JIEP)KABHA CJIY)KBA YKPATHU 3 HAJI3BBUYAHUX CUTY AL
HALIOHAJIbHUM YHIBEPCUTET LIMBIJIBHOI'O 3AXUCTY YKPATHU

KBamnigixkariitna HaykoBa

IIpaLs Ha MpaBax pyKOMUCY

[ToniBanoB Onexkcanap ['ennaniioBuy

VJIK 614.84

HNIABUIINEHHA E@EKTUBHOCTI HOXEKOI'ACIHHSA 3A PAXYHOK
JUCKPETHOI IOJJAYI BOTHETACHUX PEUOBHH

261 — noxexHa de3neka

26 — nuB1LIbHA Oe3meKa

[TonaeTncst HAa 3100yTTS HAYKOBOTO CTYIIEHS HOKTOpa (hisocodii

Hucepranisi MICTUTh pe3yJIbTaTH BJIACHUX JOCIHIKeHb. BukopucTtanHs i7eH,

pe3yJIbTATIB 1 TEKCTIB 1HIIIMX aBTOPIB MAIOTh TOCUJIAHHS Ha BIMOBIIHE JIXKEPEIO.

O.I'. [ToniBanos

HaykoBuii kepiBuuk KannHoBcekuit A 5., KaHauIaT TEXHIYHUX HAYK, JOIIEHT

XapkiB — 2023



AHOTAIISA

[TonmiBanor O.I'. IligBuieHHs €(EKTUBHOCTI IOXKEKOTACIHHA 3a PaxyHOK
JUCKPETHOT To/laul BOTHETAaCHUX peuoBWH. — KBamidikariiiHa HaykoBa mpars Ha
npaBax pyKOIUCY.

Hucepralniisi Ha 3100yTTS HAYKOBOTO CTymneHs Joktopa (imocodii 3a
cnemianbHicTio 261 — [Toxkexxna Oe3neka. — HarioHansHu# yHIBEPCUTET LUBLIHLHOTO
3aXUCTy YKpainu, Xapkis, 2023 p.

Hucepraimiiina po0OoTa TPHCBSIYEHA BUPIMIEHHIO BaXJIMBOTO HAYKOBO-
MPAKTUYHOTO 3aBJaHHS B Taly3l TMOXKEKHOI O€3MeKw, a came: IIiIBUIICHHS
e¢(DeKTUBHOCTI TaCiHHSA TMOXKEX Kiacy A 0araTornoBepXOBUX OYAIBISAX HUIIXOM
3MEHIIEHHs 4acy BUIBHOTO PO3BUTKY IOXKEXI 3a paxyHOK IJUCKPETHOI Mmojadi
BOTHETAaCHUX PEYOBHHH B OCEPEIOK MOMKEXKI.

Y BeTymi TOJaHO 3arajbHy XapaKTepUCTUKY JUCEPTaIiifHOT poOOTH.
OOrpyHTOBaHa aKTyaJlbHICTh TEMHU JHUcepTallii, cHOpMyIbOBaHO METY pOOOTH Ta
OCHOBHI 3aBJaHHS JOCJTI/DKEHHS, TIOKa3aHO 3B’S30K pOOOTH 3 HAYKOBUMHU
nporpamamu. HaBeneHo nani mpo ocoOucThii BHECOK 3700yBava, anmpodalliro poooTu
Ta myOmiKarii.

Y mepmomy po3aiii AHAJII3 TEXHIYHUX 3ACOBIB 1 CIIOCOBIB
[MTOXEXOT'ACIHHA, IO 3ABE3IIEYYIOTH JJOCTABKY BOI'HET'ACHUX
PEUOBUWH nanano aHaniTUUHUAN OIS CTaHy MOXexk 3a nepiof 3 2018 mo 2022 pik B
Vkpaini. BusHadyeHni Ta mnpoaHani3oBaHI MOpPOOJEMH  PO3BUTKY TMOXKEXK V
OararonoBepxoBUX OymiBIsSX y wMicTax YKpainu. BcTaHOBIEHO B3a€EMO3B’SI30K
HACTYITHUX MapaMeTpiB: IUIOIII TOPIHHS, MOBEPXYy OYiBIi, Yac JOKaIi3alli moKexi
JUIS MICBKMX HACEJICHUX IyHKTIB, SIKI OyJO MOJIIEHO Ha BIAMOBIIHI TPymH 3a
YHCENbHICTIO HACeJIeHHS Ta IUIOMICI0 TEPUTOPii 13 BHUKOPUCTAHHSAM METOJIIB
KJIACTEPHOTO aHaIi3y.

Jlis KOKHOI TPynH MICT, 10 Oyiau 0OpoOJIeH! CIIOCTEpPIraeThesl 3pOcTaroyua
JIMHaMiKa CTOCOBHO IUIOII TMOXEXI Ta Yacy JoKai3alli Mpu MiJBUILCHHI MOBEPXY

OynmiBii, 1e BUHUKIIA Oxexa. OTprMaHi CTAaTUYHI JaHl CBIYATh, IO TUTOMIA TTOXKEXKI



Ta 4yac JIoKa3alii 301IbIIyEThCA B cepeIHhOMY Bija 3,5 10 6 paziB (s 8-9 moBepxiB
MOPIBHSHO 3 MEPIIUM), 1110 3yMOBJIIOE HEOOX1IHICTh 3MEHIIICHHA Yacy JoKai3amii 3a
PaxyHOK 3MEHIIEHHS Yacy BUIBHOI'O PO3BUTKY MOXKEXK1 NUIAXOM TMOJ1ayl BOTHETaCHUX
pPEYOBHH y KOHTEHHEepax (KarcyJsiax) 30BHI OyiBeb.

[IpoananizoBaHO HAyKOBI JOCHIMKEHHS IIOAO BUKOPUCTAHHS BOTHETACHUX
PEYOBHUH Ta CMOCOOIB iX JOCTABKU JUIs LIJIEH MOKeKoraciHHs. Bu3HaueHo, 1m0 Ha
TENepilIHii 4ac po3po0IeHO AEKUIbKa CIOCO01B JOCTaBKH BOTHETAaCHUX PEYOBHH, aje
BIJICYTHIM yHIBEpCaIbHUH CMIOCI0, KU O 3aI0BOJILHIB BUMOTaM 0COOMCTO1 O€3IeKu
MOXKEKHUX-PITYBAIbHUKIB, OMEpPaTUBHOCTI  PO3rOpPTaHHS, €KOHOMIYHOCT],
eKOJIOT1YHOI Oe3MeKu Ta BOTHETacHOi epekTHUBHOCTI. ToMy MozepHi3alisi Croco0iB
Mo/lauyl BOTHETaCHUX PEUYOBUH € TMEPCHEeKTUBHUM Ta AaKTyaJlbHUM 3aBJIaHHSIM
M0J1aJIHIIIOTO HAYKOBOT'O TOIIYKY.

[IpoBeneno aHasi3 AANbHOCTI JOCTaBKM BOTHETACHUX PEUOBUH, AOCIIIKEHO
NUTaHHs 3a0e3neueHHs O0e3neku Ta eEeKTUBHOCTI raciHHs MOXKeX. BuzHaueHo, 1o
IUI1  CTBOPEHHSA  CKCIEPUMEHTAJIbHOI ITHEBMATUYHOI  CTBOJIOBOI  yCTAHOBKHU
MOKEKOTACIHHS 11 JUCKPETHOI TMOJiadyl BOTHETAaCHOI PEYOBMHU HEOOXITHO
TEOPETUYHO OOIPYHTYBATH Ta BCTAaHOBUTU (GOpMYy 1 rabapuTHI XapaKTEPUCTUKH
KOHTeiiHepa (Kamcyiu), HalOBHEHOTO BOTHETaCHOIO PEUYOBMHOIO, BU3HAUYHUTU
MOYAaTKOBY WIBUAKICTh 1 KyT HaXwWiy CTBOJa Uil mocTpity. BukoHano anami3
e(EeKTHBHOCTI 3aCTOCYBaHHS TEXHIYHUX 3aC001B MOKEKOTACIHHS Ta METO/IIB JJOCTABKU
BOIHETaCHUX PEUOBHUH.

Ak oauH 13 HaNpsIMKIB BHPIIICHHS NHUTAHHS IIOJ0 TaCiHHSA TOXKEX Y
OaraTornoBepxoBUX OydIBIIAX 3alIPONIOHOBAHO BUKOPUCTOBYBATH CTBOJIOBI yCTaHOBKU
JUCKPETHOT 1MO/Iaul BOTHEraCHUX PEYOBHH Yy KOHTEHHepax (Karcysax) B oceperok
MOKEXI1 32 PaXyHOK THEBMAaTUYHO-IMITYJILCHOTO CITOCO0Y.

Y apyromy posaini OBI'PYHTYBAHHS CIIOCOBY JUCKPETHOI
I[TIOJJAUYl BOI'HETACHUX PEYOBHWH wHaBeneni wmatepiaqu Ta METOAM
JOCTIKEHHS, K1 BUKOPUCTOBYBAIMCH JJIs1 JOCATHEHHSI METH Ta BUPIIICHHS 3aBJaHb
nucepTaiiitHoi pobotu. Hamana TexHIYHa XapaKTepUCTUKA YCTAaTKyBaHHS IS

JUCKPETHOI TMoJayl BOTHEracHUX peuoBUH. OMNHMCAHO AOCTIIKEHHS KPUTHUHHUX
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MIBUIKOCTEH Ta HAaBaHTA)XCHb HA KOHTEWHEpP M1 TUCKPETHOI JOCTAaBKH BOTHETACHOI
pEeUOBUHH, fAKI 3a0e3MeuyroTh pyWHalll0 KOHTEilHepa Mpu 3ITKHEHHI 3 TBEPIOI0
noBepxHew. HaBeneHo omuc reoMeTpuyHOi MOJel KOHTeMHepa y ¢opmi Ky,
pPO3pO0ICHO HOTO CKIHYEHHO-eJIEMEHTHA MOJIeTh. Bu3HaueHO HE0OXiH1 BIACTHBOCTI
MaTepiaiy JUisi CTBOPEHHS MPOTOTUIY KOHTeWHepy uuiixom 3D npyky. OTpumano
PE3yNbTaTH TOCHTIHKEHHS YAApPHOTO HABaHTKEHHS Ha KOHTEHHEp. 3MiIHCHEHO OIIHKY
napaMeTpiB pylHYBaHHS IIMOKHU BiKHA MPH BIy4YaHHI B HbOI'O KOHTEHHEPA, OCKUIBKU
JMCKpETHA JOCTaBKa BOTHEraCHOI PEYOBHMHHU BiAOYBAETHCA CKpPi3h BIKOHHUW OTBIp.
[Tpu boMy TOOYTOBAHO TEOMETPUYHY MOJIEITh, CKIHUEHO-ETIEMEHTHY MOJIENb IIHOKH,
BHM3HAYEHO TOYATKOBI YMOBHU Ta IPOAHATI30BAaHO pe3yJbTaTH po3paxyHKiB. [lpu
aHaJi31 OTPUMaHUX PE3yJIbTaTiB MOYKHA 3pOOUTH BUCHOBOK, 110 TIPH yAapl KOHTEHHEpa
0 CKIy, BiAOyBa€Tbcsl pyiHalis sSK KOHTEiHepa, Tak 1 muOKu, 1o 3abe3meuye
JIOCTAaBKY HACTYITHUX KOHTEHHEPIB B OCEPEIOK MOKEXKI.

YV Tperbomy po3giti EOEKTUBHICTh CIIOCOBY JUCTAHIIMHO]
ITOJAUI BOT'HET'ACHOI1 PEYOBUWHU MIPEICTABIICHI TTIOCITIKEHHS
EKCTIIEPUMEHTAJIbHOI TepeBIpKU €(EKTUBHOCTI BUKOPHUCTAHHS CHOCOOY JIOKamizarii
NOXKEeX1 Kiacy A JUCKPETHOIO I0Jayel0 BOTHEracHoi pe4doBuHH. I[IpoBeneHo
JOCTI/PKEHHSI Y BOTHEBOMY MOJYJl KOHTEHHEPHOTO THUIy, B PE3yJbTaTi SKOTO
OTpUMATH pEe3ylbTaTH Yy BHIJISAI CYTTEBOTO 3HIDKEHHS TEMIEPATypU TOXKEKI
XapaKTEPHOI MJIsi TOPIHHS THIOBOTO TIOXKEKHOTO HABAHTAXKCHHS TPU JIOKaJi3amii
OCEpE/IKy 3ampOTIOHOBAHUM CIIOCOOOM.

ExcriepuMeHTansHO BUZHAYEHO MTapaMeTPH KyTHOCTI BIIyYeHHS KOHTECHHEPOM Y
b, BiamToBXyrouHuch Bil OTPUMaHUX MapaMmeTpiB, pO3paxoBaHa IMOBIPHICTb
BIIyUeHHS KOHTEHHEPOM IMPH MOCTPiIax KOHTEHHEpaMH 3 BOTHETACHOK) PEYOBHHOIO B
TUTNIOB1 BIKOHHI OTBOpH. [lokazaHo, M0 JaHa IMOBIPHICTh JOCATA€ 3HAUEHHS, SKeE
3a0e3nevyye Maixke rapaHToBaHe BiaydeHHs. KpiM Toro, orpumaHo po3paxyHKH, SKi
JIEMOHCTPYIOTh HU3BKY IMOBIPHICTh HEOA)KaHOTO BIyYaHHS KOHTEHHEPOM B CYCiIHI
BIKHA.

JIns OIIHKKM MaKCHMalbHOI BIACTaH1 mojadyi Oyjao NpOBEACHO HATypHI

eKCIIEPUMEHTH SIK1 MPOJIEMOHCTPYBAJIM BUCOKY JANbHICTD M0/1a4ui KOHTEHHEpa.
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Y wersepromy po3aiai [IPAKTUUHI PEKOMEHIALIIl BAKOPUCTAHHS
CIIOCOBY AUCKPETHOI IIOJAYI BOTHETACHOI PEUOBHHMU po3spobiaeno
CIoci0 MOJEIOBaHHS TPAEKTOPIi JIOCTaBKU KOHTEeHHepa (KarcyJsiu) 3 BOTHETacHOKO
PEYOBMHOIO JI0 BIKOH BEPXHIX MOBEPXiB OyIMHKIB, € BUHUKJIA MTOXKEXkKA, 32 YMOBH, 110
B SIKOCT1 3ac00y TOCTaBKM BHKOPHUCTOBYETHCS IMITYyJIbCHO-ITHEBMATUYHA YCTaHOBKA.
OmnucaHo KyTH BWIBOTY KOHTEWHepa (Karcyiu), sKi 3a0e3MedyroTh IEePEeTUH
HACTUIBHOT 1 HAaBICHOT TPAEKTOPIN y 3aAaHiid Toull Uil (y majxarodoMy BiKHI OyIiBI1).
Po3paxoBaHO cTapTOBY HIBHAKICTh, 37aTHY 3a0€3MEUUTH JOCATHEHHS Malaloqyoro
BikHa OymiBmi. OnucaHO TPAEKTOPIIO JOCTaBKM KOHTEiHepa (Kamcyyiu) A0 BIKHA
3aJaHOi BHCOTH HaJ pIBHEM 3eMJIi 32 YMOBHM BIOMOI BIACTaHI BiJ 3pi3y CTBOJA
YCTAHOBKH JI0 CTIHM Oy 11BJI1. 3HANIEHO 3HAaYEHHS MIHIMAJIBHOT TOYaTKOBOI IIBUAKOCTI
BUJILOTY KOHTEHHEpa (Karcymm), sike 3a0e3mnedye Horo JOCTaBKy J0 BIKHA 3 TTOXKEXKETO.
BpaxoBaHo BIJIMB IIBHUIKOCTI 1 HAampsIMKY BITpYy Ha 30BHIIIHIO Oamictuky. Jlms
3MIHCHEHHS! TPAKTHYHUX PO3PaxyHKIB pPO3POOJICHO KOMIT IOTEPHY Mporpamy s
3HAXOJKEHHsI 3HAaY€Hb IMOYATKOBHUX IIBUIKOCTEM 1 KyTIB MOCTPLIIB, 3a yMOBHU
BBEJCHHS BUXIJHUX JaHUX (BiACTaHl 10 OYIiBIi, TOBEpPXY). 3alpONOHOBAHO
BUKOPHCTAHHS IUIAHIIETa A ONEpPAaTHBHUX PO3PaxyHKIB MapaMeTpiB TPaeKTOPii
JIOCTaBKM KOHTEHHEPa, 3 METOI0 €(heKTHUBHOTO PO3PaXyHKY MapaMeTpiB PO3MILICHHS
YCTaHOBKH JJIsl TUCKPETHOI M0/1a4i BOTHETACHUX PEYOBHH.

HaykoBa HOBH3HA OTPUMAaHUX pe3yJbTaTiB.

1. Bnepwe 3ampomoHOBAaHO CMOCIO JUCKpPETHOI (KarcyjabOBaHOi) IMojadi
BOTHETaCHOI PEYOBHUHHU B OCEPENIOK MOXKEXKI, IO TO3BOJISE 3MEHIIIUTHU Yac i1 BITLHOTO
PO3BUTKY.

2. Bnepuie 3ampOINOHOBAHO 1 €KCIIEPUMEHTAIBHO MiATBEPIKEHO €(EKTUBHE
3aCTOCYBaHHSI KOHTEHHEPIB (Karcyi), CHOPSIKEHUX BOTHETACHUM IMOPOIIKOM, IS
JUCTAHIIMHOT JIOKaJi3allli OCepeIKiB MOXKEX Kiaacy A B 6araTornoBepXxoBUX Oy/IIBISAX.

3. VYoockonaneno TeopeTHUHUN OMHUC 30BHIIIHLOT OalICTUKH KOHTEWHEpa
(kamcynu) A7 TOCTaBKM BOTHETAaCHUX PEUOBHMH B OCEPENOK MOXKEXI Ha BEpXHI
MOBEpPXU OaraTornoBepXxoBUX OyA1BEIIb.

I[IpakTyHe 3HAYeHHS] OTPMMAHMX pe3yJIbTATIB TOJSITae B OMPAIIOBAHHI



CTATHCTUYHUX JIaHUX, SKI XapakTepu3ylTh TPOIEC TaCiHHA TIOKEXK Y
OaraTomnoBepxoBUX OyAIBIAX aBapiiiHO-pATYBaJbHUMH MIAPO3AUIaMH MiCT. Y
pe3yJIbTaTi MOCHIHKEHHST OYyJIO MPOBEACHO MO MICBKMX HACEJICHHX IyHKTIB Ha
BIJIMOBITHI TPYyNM 3a YHCENBHICTIO HACEJICHHS Ta IUIOMICI0 TEpUTOopii 13
BUKOPHCTAHHSAM METOIB KJIACTEPHOTO aHami3y. OTpuMaHi CTaTH4H1 JJaH1 CB14aTh, 1110
TIJIOIIIA TTOXKEXK1 Ta Yac JoKaji3allii 301IbIITYEThCS B CE€peTHbOMY Bif 3,5 710 6 pa3iB (s
3-9 moBepxiB MOPIBHSIHO 3 MEPIIMM), IO 3yMOBIIIOE HEOOXIAHICTh 3MEHILIEHHS Yacy
JIOKaJIi3a1li 3a paXyHOK 3MEHIIIEHHS 4acy BUIBHOTO PO3BUTKY MOXKEXI1 NUITXOM Moj1aul
BOTHETaCHUX PEUYOBHUH y KOHTEHHepax (KarcyJsax) 30BHI OyiBellb.

3niiCHEHO JOCHIPKEHHS BIUIMBY YIApPHOTO HABAHTAXEHHsS, BHU3HAYEHO
KPUTHYHI pPIBHI IIBUJAKOCTEM 3ITKHEHHS KOHTEHHepy (Kamcyyu), TpH SKOMY
BiI0YyBa€eThCs pyiiHyBaHHs. /{7151 BU3HAUEHHS MapaMeTpiB BUHUKAIOUOTO HAMIPYKEHOTO
cTaHy OyJi0 IPOBENICHO TUHAMIYHUIN aHaIi3 SBHUM 9YMHOM 3a noromoroto MCE. Jlns
nporo Oyno moOymoBano reomerpuuHy Ta CE Momens KOHCTpyKIi Ta TUIIONLY
3iTkHeHHs. [IpoaHanizoBaHO CTaH KOHTEHHepy (Karcyiu) Npu MagiHHI 3 PI3HOIO
MIBUAKICTIO. J{OCHTiHKyBauCs TpU PO3PaXyHKOBI MOJIENIi 3 ypaxyBaHHSM 3allOBHCHHS
KOHTEIlHepa BOJ0I0, BOTHETaCHMM MOPOIIKOM Ta 0e3 HamoBHeHHs. LIIBHaKicTh
3iITKHeHHsI BapioBanack MK 10 m/c ta 30 wm/c. Ilpu HamoBHEHI BOTHEracHOIO
PEYOBHUHOIO KOHTEHHEpa 30Ha MAaKCUMAJIbHUX HAIMPYKEHb JIOKATI3yIOThCS Ha BEPXHIN
MOBEPXHI KOHCTPYKILIi, Ha BIAMIHY BiJ] BUIMAJKy KOJIH KOHTEHHEpP HE HAMOBHEHO.
PyiinyBaHHsa KOHCTPYKIli BiOyBaeThCcss mpu MBUAKOCTI 10 m/c (30Ha yTBOpEHHS
TpimurH) 30 M/c (MOBHA pyHHAITIA).

[TpoBeneHi cepii HATYpHUX €KCTIEPUMEHTIB JO3BOJIMIIM BCTAHOBUTH MapaMeTpU
KYITHOCT1 BJIy4aHHS KOHTEHHEpoM (KarcCyJio) Mpu OOCTpUIl YMOBHOI MiIIIEHI.
3acHOBYIOUHCHh Ha OTPHUMaHMX I[apaMeTpax po3paxoBaHa IMOBIPHICTH BIIyYEHHS
KOHTEIHEepOM (Karcyioro) npu o0CTpisii TUMOBUX BIKOHHUX OTBOpiB. Ilokazano, mio
JlaHa IMOBIPHICTh IPAKTHYHO JIOCSTA€E 3HAUCHHS, 1110 3a0e3Meuye Maike rapaHTOBaHe
BIIyUYCHHSI.

3HaliJIcHO OMHCH KYTiB BWJIBOTY KOHTEHHepa (Karcyiu) 3 BOTHEracHOIO

pPEYOBHHOIO, SIKI 3a0€3MeuyroTh ICHyBaHHS HACTIIBHOI 1 HaBICHOI TPA€EKTOpIH, IO
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MEePEeTUHAIOTLCS B 3aJlaHiil TodIlll moBepxHi OymiBiai. Ha 6a3i mporo po3poOseHo
nporpaMHe 3a0e3nedeHHs Ui CKIaJaHHS TaONuIll, € OJep)kKaHl 3HAYeHHs KyTIiB
BIIMOBIAAIOTh TPAEKTOPISIM, SIKI MEPETHHAIOTHCS Y BIKHI BIJMOBIIHOTO TMOBEPXY €
BUHUKJIA TTOKeXka. Y TaOiuI 310paHi 3HAaYeHHS KYTiB, TPAEKTOPIi AKUX MONAAAI0Th Y
17T HA 3aJ]aH1{ BiJICTaHI B/l yCTAHOBKU JUCKPETHOI MOJIa4l BOTHETACHUX PEYOBUH.

Po3po6eni TexHidH1 BUMOTH 11010 3ac00y JIOCTaBKHM KOHTEHHEPIB (Karcyd) 3
BOTHETaCHOI0 PEUYOBHHOIO; MporpamMHe 3a0e3meueHHs ISl PO3pPaxyHKIB KyTiB
HEOOX1THUX JIJI1 BU3HAUCHHSI TPAEKTOPIi MOJbOTY KOHTEHHEpa (KarcyJin); MPOMO3HIIii
IIOJI0 3aCTOCYBaHHS YCTAaHOBKM JUIsl JUCKPETHOI IOAadl BOTHETaCHUX PEYOBUH.
Pesynpratn nmocmimxkens BopoBamkeni B aisbHICTE 'Y JICHC Vkpainm y
JuinponerpoBebkiid, Jlyrancekiii Tta Binaunekiii o6nactsax, TOB «IIpomucnosa
komnanis «[loxxmamHay, a TaKOX y HaBUaJbHUI Mpolec 3100yBayiB BUIIOI OCBITH
cnermianbHOCT 261 «Ilokexkna 6e3nexa» HarloHanbHOTO YHIBEPCUTETY LUBLILHOTO
3aXUCTy YKpaiHu.

Kuro4oBi ci1oBa: epeKTUBHICTD MOKEKOTACIHHS; Yac JIOKaMi3amii MoXKex1; 4ac
BUIBHOTO PO3BUTKY MOXEX1; AMCKPETHA MOJadya BOIHETACHUX PEUOBUH; KOHTEHHED

JUTSI TIOJIa4l BOTHETACHUX PEYOBHWH; 30BHIITHS OaTiCTHKA KOHTEHHEpa.

CIIUCOK MYBJIKAIIN 3JIOBYBAUYA 3A TEMOIO JJUCEPTAIIL

HaykoBi mpami, y sikux omyO0JiKOBaHi OCHOBHI HAayKOBi pe3yjabTaTu

AMCepTAaIlii:

CrarTi y HaykoBUX (paxOBUX BHMIAAHHSAX, IO BXOAATH 0 MiKHAPOIHOI

HaykoMeTrpu4Hoi 0a3u SCOPUS:

1. Polivanov O., Kutsenko L., Vanin V., Naidysh A., Nazarenko S., Kalynovskyi
A., Cherniavskyi A., Shoman O., Semenova-Kulish V., Sivak E. Development of a
Geometric Model of a New Method for Delivering Extinguishing Substances to a

Distant Fire Zone (August 31, 2020). Eastern-European Journal of Enterprise



Technologies, 4(7 (106)), 88-102. doi: 10.15587/1729-4061.2020.209382

2. Polivanov O., Larin O., Potopalska K., Nazarenko S., Kalynovskyi A.,
"Probabilistic modelling of Container for Discrete Delivery of Extinguishing Agents
based on a set of computational simulations," 2021 IEEE 2nd KhPI Week on Advanced
Technology (KhPIWeek), Kharkiv, Ukraine, 2021, pp. 634-638, doi:
10.1109/KhPTWeek53812.2021.9570100.

Crarri B HaykoBuX (axoBUX BHAAHHAX YKpaiHH, IO BXOIATH [0

Mi’)KHAPOAHUX HAYKOMETPUYHUX 0a3:

3. Jlapin, O.M., Kpuomeii, B.I., IloaiBanoB, O.I'. AHnani3z BHUKOpPUCTaHHS
BOTHETACHUX PEUYOBUH Ta croco01B ix JIOCTaBKU VIS e
noxxexoracigis. Komynansae rocmogapctBo mict, XapkiB: XHYMIT im. O.M.
bekeroBa, Bumyck 7(146), 2018 c. 146-150.

4. KamunoBcekuit A.S., Kyuenko JI.M., IloaiBanoB O.I'., ['eomerpuune
MOJIETIOBaHHS CIIOCOOY METaHHS 1J1s1 60pOTHOM 3 MmokeKaMu. M1KBIIOMUYN HAYKOBO-
TexHiuHui 301pHUK. [IpuknagHa reomerpis Ta iHwxkeHepHa rpadika. Kuis:-KHVYD,
Bumyck 98, 2020 c. 94-103. DOI: https://doi.org/10.32347/0131-579x.2020.98.94-103

5. HoaiBanoB O.I'., Kynenko JI.M., Kaimmnoscskuit A.f., KoBansos O.0O.,
[TonraBcekuii E.M., HoBuii crnoci6 AMCKpETHOI AOCTAaBKM BOTHETACHUX PEUYOBHH.
[Tpo6siemu noxkexxHoi 6e3nexu. 30ipHUK HaykoBUX mpailk. XapkiB: HYI3Y, Bumyck
48,2020 c.94-103

6. HoaiBanos O. I'. [locnimkeHHs yacy JIoKai3alii mokex y 6ararornoBepxoBUX
OymiBimsix y mictax Ykpainu. BichHuk HaiioHanpHOTO TEXHIYHOT'O YHIBEPCUTETY
«XIII». Cepis: Hosi pimenns B cyuyacHux TexHosorisx. — XapkiB: HTY «XIII». 2023.

Ne 3 (17). C. 49-55. https://doi.org/10.20998/2413-4295.2023.03.07
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IMyo6aikanii B HAyKOBHX NEPiOAMYHUX BUIAHHAX iIHIIKX JIEPKaB 3 HANPSAMY,
3 IKOT'0 MiITOTOBJIEHO INCEPTALIO:

7. Polivanov O., Kalinovskyi A. Computer modeling of the trajectory delivery
container with fire extinguisher substance for multi-story building // Polish journal of

science. Warszawa, Poland, 2023 Pp. 24-28. DOI:10.5281/zenodo0.8242545
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ABSTRACT

Polivanov O.G. Increasing the efficiency of fire extinguishing due to the discrete
supply of extinguishing substances. — Qualifying scientific work on manuscript rights.

Dissertation for the Doctor of Philosophy Degree in Specialization 261 — Fire
Safety. — National University of Civil Protection of Ukraine, Kharkiv, 2023.

The dissertation is dedicated to addressing a crucial scientific and practical
challenge in the field of fire safety, namely: enhancing the efficiency of extinguishing
Class A fires in multi-story buildings by reducing the free development time of the fire
through discrete delivery of fire suppressants to the fire zone.

The introduction provides a comprehensive overview of the dissertation. The
relevance of the dissertation topic is substantiated, outlining the purpose and main
research objectives. The connection between the work and scientific programs is
elucidated. Details regarding the researcher's personal contribution, the work's
validation, and publications are also presented.

In the first chapter, ANALYSIS OF TECHNICAL MEANS AND METHODS
OF FIRE SUPPRESSION THAT ENSURE THE DELIVERY OF FIRE
SUPPRESSANTS, an analytical overview of the state of fires during the period from
2018 to 2022 in Ukraine is provided. The problems related to the development of fires
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in multi-story buildings in Ukrainian cities are identified and analyzed. The
interdependence of the following parameters is established and analyzed: fire area,
building floors, and the time of fire localization for urban settlements, which were
categorized based on population size and territory area, using cluster analysis methods.

For each city group analyzed, there is an increasing trend concerning the fire
area and localization time as the building floor level of the fire occurrence rises. The
obtained static data indicate that, on average, the fire area and localization time increase
from 3.5 to 6 times (for buildings with 8-9 floors compared to the first floor). This
underscores the necessity to reduce the localization time by decreasing the free
development time of the fire through the delivery of fire suppressants in containers
(capsules) placed externally on buildings.

Scientific research on the utilization of fire suppressants and methods of their
delivery for firefighting purposes has been thoroughly analyzed. It has been determined
that, at present, several delivery methods for fire suppressants have been developed.
However, there is no universal method that satisfies the requirements of firefighters'
personal safety, operational deployment, cost-effectiveness, environmental safety, and
firefighting efficiency. Therefore, the modernization of methods for delivering fire
suppressants stands as a prospective and relevant task for further scientific exploration.

The analysis of the delivery range of fire suppressants has been conducted,
addressing issues related to safety and firefighting efficiency. It has been determined
that, for the development of an experimental pneumatic fire suppression barrel
assembly for discrete delivery of fire suppressants, it is necessary to theoretically
justify and establish the form and dimensional characteristics of the container (capsule)
filled with fire suppressant. Additionally, the initial velocity and angle of inclination
of the barrel for shooting need to be determined. An analysis of the effectiveness of
fire suppression technical means and methods of delivering fire suppressants has been
performed.

As one of the approaches to addressing the issue of fire suppression in multi-
story buildings, it is proposed to utilize barrel assemblies for the discrete delivery of

fire suppressants in containers (capsules) to the fire zone through a pneumatic-impulse
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method.

In the second chapter, JUSTIFICATION OF THE METHOD OF DISCRETE
DELIVERY OF FIRE SUPPRESSANTS, materials and research methods employed
to achieve the goals of the dissertation are presented. The technical characteristics of
the equipment for discrete delivery of fire suppressants are provided. The investigation
of critical speeds and loads on the container for discrete delivery of fire suppressant,
ensuring its destruction upon impact with a solid surface, is described. The geometric
model of the spherical container is outlined, and its finite element model is developed.
The necessary material properties for creating a prototype container through 3D
printing are determined. Research results on the impact load on the container are
obtained. An assessment of the fracture parameters of the window glass when impacted
by the container is carried out, considering the discrete delivery of fire suppressant
through the window opening. A geometric model, finite element model of the glass,
initial conditions, and analysis of calculation results are provided. The analysis of the
obtained results leads to the conclusion that both the container and the glass fracture
upon the impact, ensuring the delivery of subsequent containers to the fire zone.

In the third chapter, EFFICIENCY OF THE METHOD OF DISTANT
DELIVERY OF FIRE SUPPRESSANT, research on the experimental verification of
the effectiveness of utilizing the method for the localization of Class A fires through
discrete delivery of fire suppressant is presented. The study was conducted in a fire
module of container type, resulting in significant temperature reduction characteristic
of the typical fire load during fire localization using the proposed method.

Experimentally identified parameters of container hitting accuracy on the target.
Considering these parameters, the probability of container impact was computed for
shots involving containers containing fire suppressant through typical window
openings. It is shown that this probability reaches a value practically guaranteeing
successful impact. Furthermore, calculations were performed to demonstrate the low
likelihood of unintended container impact on neighboring windows.

To assess the maximum delivery distance, practical experiments were

conducted, demonstrating the container's high delivery range.
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In the fourth chapter, PRACTICAL RECOMMENDATIONS FOR THE USE
OF THE METHOD OF DISCRETE DELIVERY OF FIRE SUPPRESSANT, a method
for modeling the trajectory of delivering a container (capsule) with fire suppressant to
windows on upper floors of buildings, where a fire has occurred, using an impulse-
pneumatic system is developed. The departure angles of the container (capsule)
ensuring the intersection of tabletop and hanging trajectories at the designated target
point (a burning window of the building) are described. The initial velocity required to
reach the burning window of the building is calculated. The delivery trajectory of the
container (capsule) to a window at a specified height above ground level is described,
given the known distance from the muzzle cut of the installation to the building wall.
The minimum initial exit velocity of the container (capsule) that ensures its delivery to
the burning window is determined. The influence of wind speed and direction on
external ballistics is taken into account. To perform practical calculations, a computer
program has been developed to find the initial velocity values and shooting angles,
provided input data (distance to the building, floor). The use of a tablet for real-time
calculations of delivery trajectory parameters is proposed to efficiently determine the
positioning parameters of the discrete delivery system for fire suppressants.

The scientific novelty of the obtained results encompasses the following:

1. For the first time, a method of discrete (encapsulated) supply of fire
extinguishing agent to the center of the fire was proposed, which allows to reduce the
time of its free development.

2. For the first time, the effective use of containers (capsules) equipped with fire-
extinguishing powder for remote localization of class A fires in multi-story buildings
was proposed and experimentally confirmed.

3. The theoretical description of the external ballistics of the container (capsule)
for the delivery of fire-extinguishing substances to the center of the fire on the upper
floors of multi-story buildings has been improved.

The practical significance of the obtained results lies in processing statistical
data characterizing the firefighting process in multi-story buildings by emergency

rescue units in cities. As a result of the research, urban areas were classified into
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corresponding groups based on population size and territory area, utilizing cluster
analysis methods. The static data obtained indicate that the fire area and localization
time increase on average from 3.5 to 6 times (for 3-9 floors compared to the first floor).
This underscores the need to reduce localization time by decreasing the free
development time of the fire through the delivery of fire suppressants in containers
(capsules) external to the buildings.

The study investigated the impact of impulsive loading and identified critical
collision velocity levels at which the container (capsule) undergoes destruction. To
determine the parameters of the resulting stress state, explicit dynamic analysis using
the Finite Element Method (FEM) was performed. This involved constructing both
geometric and FEM models of the structure and the impact area. The condition of the
container (capsule) during falls at different speeds was analyzed. Three computational
models were explored, taking into account the container being filled with water, fire
extinguishing powder, or being empty. Collision speeds varied between 10 m/s and 30
m/s. In the case of the container filled with a fire suppressant, the zone of maximum
stresses localized on the upper surface of the structure, unlike the scenario where the
container is empty. Structural failure occurred at a speed of 10 m/s (crack formation
zone) to 30 m/s (complete destruction).

A series of live experiments were conducted to establish the parameters of hitting
accuracy when firing the container (capsule) at a simulated target. Based on the
obtained parameters, the probability of hitting the container (capsule) when firing at
typical window openings was calculated. It was demonstrated that this probability
practically reaches a value that ensures almost guaranteed hits.

Descriptions of the exit angles of the container (capsule) with fire suppressant
were found, ensuring the existence of both tabletop and hanging trajectories
intersecting at a specified point on the building's surface. Based on this, software was
developed to create a table where the obtained angle values correspond to trajectories
intersecting at the window of the respective floor where the fire occurred. The table
contains angle values, the trajectories of which reach the target at a specified distance

from the discrete fire suppressant delivery system.
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Developed technical requirements for the delivery system of containers
(capsules) with fire suppressant; software for calculating angles necessary to determine
the trajectory of the container (capsule) flight; proposals for the application of the
discrete fire suppressant delivery system. The research results have been implemented
in the activities of the State Emergency Service of Ukraine in the Dnipropetrovsk,
Luhansk, and Vinnytsia regions, LLC 'Industrial Company 'Fire Machine,' as well as
in the educational process for students majoring in 261 'Fire Safety' at the National
University of Civil Defense of Ukraine.

Keywords: fire suppression efficiency; fire localization time; fire development
time; discrete delivery of fire suppressants; container for fire suppressant delivery;

external ballistics of the container.
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F; - 1ie cumu, 10 JIiF0Th Ha BY3JI0B1 TOUYKH,
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YIAIIBP — ycTanoBKa TMCKPETHOI (KarCyJIbHOT) 1M01aui BOTHETaCHUX PEUYOBUH;
KBP — konTeitHep (Karcysa) 3 BOTHETaCHOI PEYOBUHOIO;

BP — BorueracHa pe4oBuHa,;

BII — Borueracuuii nopomioK.

21



22

BCTYII

AKTyaJIbHiCTL TeMH. Bimomo, mo HaiOuibm epekTuBHOW € OopoThOa 3
MOKEXKEI0 HAa TOYAaTKOBOMY €Tari i po3BUTKY. BTpaTa KOKHOT XBUIUHH BiJ MOMEHTY
BUHUKHEHHS MTOKEX1 JI0 IOYATKY ii raCiHHS MPU3BOUTH JI0 HEMIHINHOTO 301IbIIICHHS
IJIOIII OCEPEeKY, 3POCTaHHIO MaTepiaibHUX 30MTKIB 1 3arpo3 3J0pPOB’I0 1 KHUTTIO
MEMIKAHI[IB oceldb ab0 pOOITHUKIB YCTaHOB OCOOJHMBO BEpXHIX IOBEPXIB
OaratornoBepxoBux Oy/iBelb, a TaKOX HEOOXIAHOCTI 3aJydeHHsI OlIBIIUX
MaTepiaJIbHUX 1 JIFOJACHKUX PECyPCiB JIsl JTOKai3allii 1 JIKBIJaIii MOXKEexXi.

IcHye Benmuka KimbKICTh HAYKOBHX Mpallb, CIPSIMOBAHUX CaMe€ HAa PO3BUTOK
poro HampsiMky. Lle pobotu I'acanosa X.III., Song L. Z., Wang K., Arewa A. O.,
Tapscott R. E., Toapsucekuii B. 1., Ky3suk A.Jl., bacmanos O.€., Kycro O.0.,
Hixuuk B.B., KoBanenko, B.B., KapBarska M. ., Muxaniuko b.M.

B Toli xe 4Jac, raciHHs MOXEX B OyAIBJISX TPOMAJCHKOI 3a0yaA0BH (ITOMXKEK
Kjacy A), Ikl He OCHAILlEH] CYyYaCHUMH KOHCTPYKIIHHUMU PIILIEHHSIMH, 10C1 3A€01IIbIII
B1JIOYBA€ETHCS BOJOIO, IO TPAHCIIOPTYETHCA 32 JOMOMOIOI0 MOXKEKHUX PYKaBIB, SIKI
1 IKITI0YAl0ThCS. @00 0 CHCTEM BHYTPINTHBOTO BOAOMOCTAaYaHHS, a00 0 30BHINTHIX
mkepen Boau. OnepaTHBHE PO3TOPTAaHHS IMOXKEKHO-PATYBAIBHUX MIAPO3IUTIB MPH
raciHHI MOXkeX B 0araTomoBEepXOBUX OyAIBISAX MOTpeldye yacy THUM OUIBIIOTO, YUM
BUIIE 3HAXOIUTHCS OCEPEIOK MOXKEXK1 1 MOXKe ckianatu 5-25 xBuinnH. HeoOXimHICTh
MIIAOMY MOXKEXKHO-PATYBaJILHOTO BIIUICHHS B MOBHOMY EKiMipyBaHHI Ha BEpXHI
NOBEPXU TIIIKA CXOJOBUMHU MapllaMd NPU3BOAUTH JI0 3HAYHOTO 3HMKEHHS
Ipare3aaTHOCTI 0COOOBOTO CKIIAAY IIE 0 MOYAaTKy HUMU MPOIIECY MOKEKOTaCIHHS.

3MEHIINTH IHTEPBAJ YaCy BiJl MOMEHTY MPUOYTTA MOKEKHOTO PO3PAXYHKY A0
MOMEHTY MMOYaTKy JIOKaJi3arii («4ac BBEJEHHS MEPIIOTO CTBOJIA») MOXKHA 32 PaXyHOK
3aCTOCYBaHHS aJbTEPHATUBHUX METOJIIB MOXKEKOTACIHHS, 1110 MAIOTh 3HAYHO MEHIITHIA
4yac OINEpaTUBHOIO PO3TOPTAaHHS, 1 XO04a MOXKYTh 1 HE JIKBIAYBaTH IMOXKEXKY, aje
CHpPSIMOBaHI Ha MPUTHIYEHHS OCepenKy (TOOTO 3HMKYIOTh MIBHUAKICTH 3POCTaHHS ii
IJIONII Ta TEeMIlepaTypH). 3acTOCYBaHHS TaKuX OUIbII ONEPAaTUBHUX CHOCOOIB

MO’KEKOTACIHHS MTPU3BOIUTH IO MEHIIIOT TUIOITI TTOYKEXK1, MEHIIIOMY TETUIOBHIIJIEHHIO
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1 MEHIIIN TeMIiepaTypi B OCEPEIKY MOXKEXKI, B MOMEHT IMOYaTKy OCHOBHOI JIOKaTi3amii
MOXKEKHO-PIATYBUTBHUMH PO3PAXYHKOM.

Jlo HayKOBUX JOCHIIDKEHh B IIHbOMY HANpsIMKy MOKHA BiHECTH pOOOTH
Hy6inira J[.I1., Koputuenko, A.A., KipeeBa O.0., OcranoBa K.M., Wang, Q.,
Takahashi F., Kogpuka A.I.

Takox cJiji 3a3HAYUTH, 10 ICHYIOTh JUCTAHIIIHHI METOAU OOpPOTHOU 3 BOTHEM,
SIK1 IO3BOJISIIOTh YHUKHYTH 0€3M0CEPETHHOT0 KOHTAKTY 0COO0OBOTO CKIIAY TOKEKHO-
PATYBIBHUX MIAPO3AUIB 3 BpakalouuMHu (akTopamMHu MOXKexi (MpUKIagaMu SKOi
MOxe OyTH CKHMJIaHHS BOTHETacCHOI PEYOBHMHHU 3 JIITaKiB a00 T'eKOINTEPIB, a TaKOXK
BUKOPHCTAHHA TaK 3BaHUX «IOXKEKHUX O0MO» MpH TaciHHI MOXKEXK B EKOCUCTEMAX ).

B Toii ke yac 3acTocyBaHHS NMCTaHI[IHHUX METOJIB BIUIMBY Ha TOXEXi B
TPOMAJICHKiH 3a0y10BI HE HA0YJIO BIAMOBITHOTO PO3BUTKY.

OmHuM 3 TakWX JUCTAHIIMHUX METOJIB, IO XapaKTEPHU3YEThCS 3HAYHO
MEHIIIUM YacOM OIEPAaTUBHOTO PO3ropTaHHs (HE OuIbINe 2 XBWIMH), MOXE OyTH
3aIMpPOTIOHOBAHO METOJ JOCTABKH KalCyJhOBAHO! BOTHETACHOI pEYOBUHM, 200 1HAKIIIE
- MeTOJ IUCKpeTHOI moaayi. [Ipu oMy mogada BigOYBA€ETHCS MIJISAXOM «OOCTPLIY»
OCepeIKy MOXEX1 Kpi3b BIKOHHMM MpOHOM manaiovoi OynaiBlll KOHTEHHEpaMH, IO
HAIMTOBHEHI BOTHETACHOIO PEYOBUHOIO, 3 KOMITAKTHOI ITHEBMO-IMITYJIbCHOI YCTaHOBKH,
sIKa JIOCTABIISIETHCS MOXKEKHUM PO3PAaXyHKOM 1 BCTAHOBIIOETHCS Ha TIOBEPXHI 3eMIIi
Ot OyTIBIIL 16 Ma€ MICIIE TOXKekKa, a00 MOHTYETHCSI HA TIO’KEKHOMY aBTOMOOLII TI0
aHaJorii 3 JageTHUM CTBOJIOM. J[aHa ycTaHOBKAa MyCUTh OyTH IITATHAM 030pPOEHHSM
MOKEXKHO-PITYBATILHOTO PO3paxyHKy, Ma€ OyTH TPOCTOI0 B EKCIUIyaTaiii i He
noTpedyBaTH CKIAJHOTO TEXHIYHOTO 00CTYyTrOBYBAHHS.

Ha nanuii MOMEHT BiZICyTHI 0/110H1 HAYKOBI PO3pOOKH, HE ICHYE OOTPYHTYBaHb
XapaKTepUCTHK OaliCTUKH 1 THapaMeTpiB KOHTEHWHEpIB Ui MOJayl BOTHETacHOI
PEYOBHHHM, HE JOCHTIKEHA €(PEKTUBHICTh 3aCTOCYBAaHHS JAHOTO CITOCO0Y OOpOTHOM 3
noKexamu. A 0T)Ke TTUTAHHS iABUIICHHS €()EKTUBHOCTI TIOYKEKOTACIHHS 32 paxyHOK
JUCKPETHOT T0/1adl BOTHETACHHX PEYOBHH € AaKTyaJIbHOIO HAYKOBO-TIPHUKJIATHOIO

3aJa4elo.
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38’30k po0OTH 3 HAYKOBHMH MNpPOrpaMaMu, IUIAHAMH, TeMaMMu.
Jlucepraiiiine JOCHIIKEHHS MPOBOAMIIOCA B paMKax HAyKOBO-IOCTIAHOT poOOTH
«JocmimkenHs epexkTUBHOCTI MPOLIECY MOKEKOTACIHHS 332 PaXyHOK BUKOPUCTAHHS
KOHTEHEpHOi (KamCyJibHOI) JOCTaBKM BOTHEracHHX pedoBuH»  (Ne gepkaBHO1
peectpariii 0120U000001), B sikiit aBTOp OpaB y4acTh sIK BIANOBIJATbHUI BUKOHABEIb.

Merta i 3apaui aocaigxeHnssi. Metoro poOOTH € TIABUINIEHHS €()EKTUBHOCTI
MO>KEXKOTACIHHS NUISIXOM 3MEHIIEHHS 4acy BUIBHOTO PO3BHUTKY MOXKEXI Kiacy A B
0araronoBepxoBUX OYMIBIISIX 32 PAXYHOK IMCKPETHOI M0/]a4i BOTHETaCHOI PEYOBUHHU B

KOHTEMHepax (KarcyJiax) 10 OCePeaIKy MOKEXKI.

BinnoBigHO 10 copMyIbOBaHOI METH B IMCEPTAaLlii TOCTABIEHO /IO BUPIIICHHS

HaCTyrIHi 3aBJaHHA:

- HPOBECTHU CTATUCTUYHC I[OCJIiI[)KeHHH 3aJ1€KHOCTI qacy OIncpaTuBHOIO

PO3rOpTaHHs Ta MOYATKY JOKaJi3alii Bi MOBEPXY, HA IKOMY BUHHUKIIA TIOKEXKaA;

- OOIpyHTYBaTH THIN YCTaTKyBaHHS [UIsl JIUCKPETHOI T0Jlayl BOTHETACHOT

PEYOBHHH, Ta TapaMETPH KOHTEHHEpa JJIs MoJja4yl BOTHETAaCHUX PEYOBUH;

- OTPUMATH METOJIaMU KOMII FOTEPHOTO MOJICIIIOBAHHS OIUC MPOLECY pyHHALil
KOHTEIHEepy MiJ] yac 31ITKHEHHS 3 TBEPIOI0 MMOBEPXHEIO Ta MPOLIEC pyHHAIlIT BIKOHHOTO
CKJIa JIJIsl BHUIMAJKIB HAIIOBHEHHS KOHTEMHEPY PIAKOI0 BOTHETAaCHOIO PEYOBHUHOIO Ta

BOTHCTACHHUM IMOPOLIKOM;

- €KCIIEPUMEHTAIBHO MIATBEPAUTH €(PEKTUBHICTH MOMKEKOTACIHHA 32 PaXyHOK
3MEHIICHHS 4acy BUIBHOTO PO3BUTKY MOXKEXI NMPH AUCKPETHIN MOAAa4Yi BOIHEracHOI

PEYOBUHM Y KOHTEHHEpax;

- OTpUMATH MaTeMaTH4YHI MOJENi 30BHIIIHBOI OaNICTHKU KOHTEHHEpa Npu

JTUCKPETHIN 1oa4l BOTHETaCHO1 peUYOBUHH;

- pO3pOOUTH MpPaKTUYHI PEKOMEHAAlli BUKOPUCTAHHS YCTAaTKyBaHHS IS

JUCKPETHOI MOJadyi BOTHEraCHOI PEYOBHMHHM B OCEPEIOK MOXKEX1 0araTornoBepXoBOi
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Oy 1B,

O0’eKT HOCaiIKeHHs — CcrIOCi0 JUCKPETHOT MoJaui BOTHETacCHOT pEYOBUHU AJIs
3MEHIIICHHS Yacy BUILHOTO PO3BUTKY MOXKEXKI.

IIpenmer gocaiazKeHHs — TapaMeTPH KOHTEHHEPIB /1711 BOTHEIaCHOT peYOBUHU
Ta MPOIIEC MoIa9i KOHTEWHEPIB IO OCEPEAKY IMOKEXKI.

Metoan pochaiizkeHb — y poOOTI BUKOPUCTAHO KOMIUIEKCHHM METOJ
JOCITIIKEHb, M0 BKJIIOYAE aHAJI3 1 y3arajJbHEHHS HAyKOBO-TEXHIYHUX JOCSTHEHD 3
NUTaHb aHaJli3y CTAaTUCTUYHUX JaHUX MapaMeTpiB MOXKEK B 0araTonoBepXOBHUX
OyIIBJISIX; 3aCTOCOBYBAJIOCh MaTeMAaTHUYHE MOJICTIOBAHHS IMapaMeTpiB OATICTUKU 3
BUKOPHCTAHHAM amnapary JIu(epeHLIMHUX pPIBHAHb, METOJaMU KOMII IOTEPHOTO
MOJICJIIOBAaHHSI OTPUMAHO OIKC MPOLECy pyHHalli KOHTEHHEepY MiJ Yac 3ITKHEHHS 3
TBEPJI0I0 TIOBEPXHEIO0 Ta MPOIEC PyWHAIIIl CKJIa BIKOHHOTO OTBOPY NP TMOTMA aHHI B
HBOTO KOHTEWHEPY; METOU Teopli HMOBIPHOCTEH 3aCTOCOBYBAINUCH JUIsI OTPUMAHHS
napaMeTpiB Kym4acTOCTI BJIYYHOCTI KOHTEMHEpa B IUJIb Ta OIIIHKK WMOBIPHOCTEH
BIIy4YeHHS B BiKOHHMU OTBip. Ilin yac mpoBeaeHHs eKCIePUMEHTAIBHUX JTOCI1HKEHb
3aCTOCOBYBAJIMCA METPOJIOTIYHO AaTeCTOBaHI 3acoOM BHUMIPIOBAJIBHOI TEXHIKM Ta
JOCTiAHI  3pa3Kd  BIACHOTO  BUPOOHMITBA. Pe3ynpTaTH  TEOpeTHMYHUX  Ta
eKCIIEPUMEHTAJIbHUX JOCITIDKEHb OOpOOIsIMCS 3 BUKOPUCTAHHSM MPOTrPaMHOTO
3a0€3MeUeHHS 13 BUKOPHUCTAHHIM KOMIT FOTEPHOT TEXHIKH.

HaykoBa HOBH3HA OTPUMAHUX Pe3yJbTATiB:

1. Brmepuie 3anmponoHOBAHO YCTaTKyBaHHSA JJI JUCKPETHOI (KarcCyJbOBaHO1)
M0/1ayl BOTHETaCHOT PEYOBHHM B OCEPEAOK MOXKEXK] Ta EKCIEPUMEHTAIBHO OTPUMAHO
napaMeTpH BIIy4YaHHS.

2. Brepiie 3ampornoHOBaHO M €KCIEPUMEHTAIbHO MIATBEPIKEHO €(EeKTHUBHE
3aCTOCYBaHHSI KOHTEHHEPIB (Karcyi), CHOPSIKEHUX BOTHETACHUM IMOPOIIKOM, IS
JUCTAHIIMHOT JIOKaJi3allli OCepeIKiB MOXKEX Kiaacy A B 6araTornoBepXxoBUX Oy/IIBISAX.

3. YIoCKOHAJEHO TEOPETUYHUN OMKMC 30BHINIHBOI OAJTICTUKM KOHTEWHEpa
(kamcynu) A7 TOCTaBKM BOTHETAaCHUX PEUOBHMH B OCEPENOK MOXKEXI Ha BEpXHI

MOBEpPXU OaraTornoBepXxoBUX OyA1BEIIb.
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IIpakTuyHe 3HAYEeHHS] OTPUMAHMUX pe3yJbTaTiB. [[iroTOBIEHO MpaKTUYHI
peKOMEHAIi /TSI BAKOPUCTAHHS MTHEBMATUYHOI YCTAaHOBKH JIJIsl JUCKPETHOI Mojadi
BOTHEracHUX pedoBHH. [IpoBeneHi 1oCaiHKEeHHS JO3BOJIWUIN OOTPYHTYBATH HEOOX1aH1
¢i13uKo-MexaHiuHl mapaMeTpu KOHTEHHEpIB Ui JUCKPETHOI JOCTaBKU BOTHETACHOI
PEYOBHHM, BHW3HAYUTH THI BOTHETaCHOI PEYOBHHH, IO JO3BOJISAE €(HEKTHUBHO
JOKaNi3yBaTh TOXEXKYy. BHKOpuCTaHHA pPO3pOOJIEHOI MaTeMaTUYHOI MOJENl Ta
CTBOpEHOI Ha il OCHOBI MPUKIAAHOI HPOrpaMu JO3BOJISIE BHUPILNIYBaTH 3aJady
PO3paxyHKy mapameTpiB «0OCTpiay» MilieHl (BIKOHHOTO OTBOPY) B 3aJIEKHOCTI BiJl
BiJICTaH1 0 OyaiBJi Ta BUCOTH MOBEPXY, HA IKOMY Ma€ MICIIE TTOXKeEkKa, a TAKOXK BIT
IIBUKOCTI BITPY.

Marepianu MNpoBEAEHOTO AUCEPTALIMHOIO JOCHIPKEHHS BIPOBAKEHO B
nisuibHICTh ['Y JICHC VYkpainu y JlHinponerpoBcbkii, Jlyrancekidi Ta BiHHUIBKIM
obnactsax, TOB «IIpomucnosa xommanist «IloxmaiinHay, a TakoXX y HaBYaJIbHUN
nporec 3100yBayiB BHINOI OCBITH cremianbHOCTI 261 «IlokexxHa Oe3mexa»
HarionaneHOTO YHIBEPCUTETY IIUBLIBHOTO 3aXUCTY YKpaiHH.

Oco0uctuii BHecok 3100yBava. HaykoBi pe3ynbTaTy, BUKJIAACH] y TUcepTalli,
0COOHMCTO OTpHMaHI aBTOPOM Ha OCHOBI EKCIEPUMEHTAIbHUX Ta TEOPETHYHUX
JOCTIKEeHb, COPSAMOBAaHMX Ha MIABUIICHHSA €(EKTUBHOCTI TOXKEXKOTACiHHI 3a
PaxyHOK JUCKPETHOI Mojjavyi BOTHETrAaCHUX PEYOBUH. ABTOP 0COOMCTO OpaB y4acTh y
MiTOTOBII Ta IPOBEICHHI BCIX €KCIEPUMEHTAIBHIX JOCIIKEHb.

Ocobuctuii BHECOK 3700yBada y Mpalsix, SKI HaluCaHl Yy CHIBaBTOPCTBI,
MOJIATa€ y HACTYNMHOMY: y poborax [1] po3pobiieHO reoMeTpuyHy MOJENb HOBOTO
croco0y JOCTaBKM B OCEPEIOK IMOKEKI BOTHETaCHOI pEeYOBWHU; [2] BH3HAYEHO
WMOBIPHOCTI pyHHYBaHHS 3aJI€KHO BiJ] BUIIaJIKOBUX 3HAYEHb BIIACTUBOCTEN MaTepiaty
Ta KpUTUIHUX HABAHTAXKEHB NMPU PYHHYBAaHHI KOHTEWHEpa (Karcyiu) 3 pisHUM THIIOM
BOTHETACHOTO HAIIOBHEHHSI TIPH YJIAPHOMY HABAaHTAKEHHI METOJIaMUA KOMIT FOTEPHOTO
MojieNitoBaHHs; [3] TMpoBedeHO aHali3 BOTHEraCHUX PEYOBHMH, SKi IIHPOKO
3aCTOCOBYIOTHCS TIAPO3AUIAMHA JACP’KAaBHOI CIIy)OW 3 HAI3BUYAWHUX CHUTYaIlli
VYkpainu, npoaHaai30BaHO CIIOCOOU iX 3aCTOCYBaHHS Ta METOJM IMOJa4di BOTHETaCHUX

pedoBHH; [4] po3po06IeHO crioci® MOIETIOBaHHS MIEPEMIIIICHHS B MEXaX BEPTUKAITHLHOT
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IUIOLMHU KOHTEWHepa 3 BOTHEraCHOI PEYOBHMHOIO; [5] HABENEHO T'€OMETpUYHE
MOJIETIOBAHHS pyXy KOHTEHHEPY 3 BOTHETAaCHOIO PEYOBUHOIO; [6, 14] mpoaHamizoBaHO
CTaTUCTUYHI JaHi, K1 OyJIM OTPUMAaHHI BiJi ONEPAaTUBHO-KOOPAUHAIIWHUX ILIEHTPIB
JICHC VYkpainu B mictax Kuis, Xapkis, [lontaBa, bepasHcek, 1110 XapakTepu3yroTh
IPOLEC TACIHHS TOXKEXK, a cCaMe Yac MPUOYTTS MOKEKHO-PATYBATBHUX MIAPO3ALIIB 0
MICIIS TIOXKEXK1, Yac JIoKaIi3allii MoXKexxi Ta IJIONTy MOoXexi; [7] po3pobiaeHo crocio
pPO3paxyHKy TPAEKTOPIi TOCTAaBKM KOHTEHHEPA 3 BOTHETACHOIO PEYOBHHOIO /IO BIKHA
MoKeXk1 Ha BEpPXHIX TMOBepXxax OYIWHKIB, KOJU Yy SIKOCTI 3aco0y JOCTaBKH
BukopuctoByeTbest YIIIBP; [8] orpumaHo mateHT YKpaiHM Ha KOPHUCHY MO/IEIb
croco0y JOCTaBKM BOTHETACHOTO €JIEMEHTY B OCEPEIOK MOXKEXKi; [9] oTpuMaHO maTeHT
VYkpaiHu Ha KOPUCHY MOJeNb crnocoOy raciHHs mnokexi; [10] HaBemeHi OCHOBHI
criocoOM pyWHYBaHHS KOHTEWHEpPY 3 BOTHETACHOI0 pevyoBHHOW; [11] HaBemeHi
npobyieMd TaciHHA TIOXKEeX Yy BHCOTHHUX OyJIiBIsX, Ta 3alpONOHOBAHO
BukopuctoByBatu Y JIIBP [12, 16, 17] mpoBeaeHo JOCTIKEHHS PyHHYBaHHS CKJia B
MOMEHT 3ITKHEHHS KOHTEWHepa I TUCKPETHOI JOCTaBKHM BOTHETACHOI PEUYOBUHU;
[13] HaBeneHO OCHOBHI ACMEKTH JOCTIIKEHHSI AUCKPETHOI JTOCTAaBKM BOTHETACHUX
pedyoOBHH Yy KOHTeWHepi; [15] mocmimkeHo wmaTepias, 3 SKOTO BHUTOTOBISIETHCS
KOHTEHHEpP 3 BOTHETaCHOI pedoBHHOW; [18] po3pobieHo crocid po3paxyHKy
TPAEKTOPIi JOCTaBKM KOHTEHHEpA 3 BOTHETACHOIO PEYOBHMHOIO JIO BHYTPIIIHBOI
TepuTopii, 3akputoi OymiBisimu; [19] mocmimkeHo cmocid PO3paxyHKY TpPaAEKTOPil
JOCTaBKH KOHTEHHEpA 3 BOTHETACHOI PEYOBHHOIO JIO 33JIaHOTO BiKHA HA BEPXHIX
noBepxax OyJIMHKIB, Jie¢ BUHUKJIA Tokexa; [20] po3po0sieHO KOMIT I0TepHY IIporpamy,
SKa JIO3BOJIMJIA CKJIACTH TAaOJHII0 KyTiB BUILOTY KOHTEWHEpa 3 BOTHETACHOIO
PEUOBHMHOIO 3aJIE)KHO BIJI BUCOTH mMoOBepXy; [21] HaBeaeHo crocid po3paxyHKyY
TPAEKTOPIi JOCTABKM KOHTEHHEPA 3 BOTHETACHOIO PEUYOBHUHOIO 10 0araTomoBEPXOBUX
OyniBens, e BUHUKIIA TIOKEXKa; [22, 23, 24] ckimaneHo maple — mporpaMmy mo0y10Bu
TPaEeKTOpii 3a YMOBH, IO BiJJOMi BHCOTa pPO3TAIlyBaHHS «IaJar0doro» BiKHA WM
Bictanb Big YJIIIBP 1o criHm, posp’s3aHa 3ajada MOJICITIOBAHHS JOCTaBKH
KOHTEHEpa 3 BOTHEraCHOI PEYOBHMHOIO JIO BIKOH BEPXHIX IMOBEpPXIB OYJIWHKIB, 1€

BUHUKJIA TIOXKeXa; [25] mpoBemeHi eKCIepUMEHTaIbHI JOCTIIKeHb JUCKPETHOI
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JIOCTaBKH BOTHETACHUX PEYOBUH B OCEPEIOK MOXKEKI.

AmnpoOanisi pe3yabTatiB aucepramii. Pesynbratu gucepraniiiHoi poboTu
JIOTIOBIJAACS Ta OOTOBOPIOBAIMCS HAa MIDKHApPOJHUX Ta HAIIOHAIBHUX HAayKOBUX
KoHbepeHuisax: «O0’eqHaHHs Teopii Ta MPAKTUKU — 3a0pyKa MiABUILEHHS TOTOBHOCTI
OTIEPAaTUBHO-PATYBAIBHUX MMAPO3IITIB O BUKOHAHHS Mdi 3a MPU3HAYCHHSIM)
(m. XapkiB, 2019); «3amobiranHs HaA3BUYaWHUM CHUTYyallsIM Ta iX JIKBIAAIisD.
Martepianu kpyrioro croiy (BebiHapy) (M. Xapkis, 2022); Martepianu KpyrJioro CTOIy
«O0’emHaHHs Teopii Ta MPaKTUKU — 3aMOpyKa ITiABHIIEHHS TOTOBHOCTI OTIEPaTUBHO-
PATYBAJIBHUX MIAPO3AUTIB JO BUKOHAHHS 1M 3a Mpu3HaYeHHsAM» (M. XapkiB, 2022);
MixHapoaHa HayKOBO-MIpakTHYHA KOoHGepeHuis Monoanx ydeHux «lIpobnemu Ta
MEePCIIEKTUBU 3a0e3MeUYeHHs IUBIILHOTO 3aXUCTy». (M. XapkiB, 2022); MixHapoaHa
HAayKOBO-TIpakTH4HA KoH(pepeHmis «[IpobmemMu moxexHoi Oesmekn» (M. Xapkis,
2022); MixHapoaHa HAayKOBO-TIPAKTUYHOI KOH(MEpEHIS MOJIOAUX  yUYEHHUX
«IIpobGnaeMu Ta mepcreKTUBU 3a0e3neUeHHs [IUBUIBHOTO 3aXucTy» (M. Xapkis, 2023);
Proceedings of the 12th International scientific and practical conference «Progressive
research in the modern world» (Boston, USA, 2023); Proceedings of the 12th
International scientific and practical conference «Science and innovation of modern
world» (London, United Kingdom, 2023); Proceedings of the 7th International
scientific and practical conference «European scientific congress» (Madrid, Spain,
2023); V International Scientific and Theoretical Conference «Advanced discoveries
of modern science: experience, approaches and innovations» (Amsterdam,
Netherlands, 2023); Proceedings of the 12th International scientific and practical
conference «Scientific progress: innovations, achievements and prospects» (Munich,
Germany, 2023); Proceedings of the 11th International scientific and practical
conference.«Scientific research in the modern world» (Toronto, Canada, 2023);
Proceedings of the 9th International scientific and practical conference. (Stockholm,
Sweden, 2023); VI CISP Conference «Scientific researches and methods of their
carrying out: world experience and domestic realities» (M. Binnauis, 2023).

Iy6aikanii. OCHOBHI MOJOXKEHHS IUCEpTalliitHOl poboTu omyOJikoBaHi B 7

HAYKOBUX CTAaTTSX B (axoBUX BUAAHHSIX (2 BXOAATh B HAYKOMETpHUUYHY 0azy
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SCOPUS), 15 Te3ax gonoBifei Ha KOHGEPEHIIISIX; OTPUMAHO 2 MaTEHTH YKpaiHU Ha
KOPHUCHY MOJIENb.

Crtpykrypa Ta 00’eM podoTu. [{ucepraiiiitna poOdoTa CKIaaaeThCs 31 BCTYITY,
4 po3ainiB, BHCHOBKIB, CIHCKY BHKOPHCTAHHUX JIITEpaTypHUX kepen 3 132
HallMeHyBaHb 1 2 JOJATKiB, MICTUTh 177 CTOPIHOK MAIIMHOMHUCHOTO TEKCTy, 13

TalauIb, 84 PUCYHKHU.
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PO3I1LT 1
AHAJII3 TEXHIYHUX 3ACOBIB I CIIOCOBIB MOKEKOT ACIHHS, 1110
3ABE3NEYYIOTH JOCTABKY BOTHET'ACHMX PEYOBUH

BiamoBimHo n0 cratuctuuyHMX gaHux [26 — 30] cwuryamis moB’s3aHa 13
BUHUKHEHHSIM HAJ3BUYANHUX CUTYaIllll BHACIOK MOXEX 3a mepioa 3 2018 mo 2022

pik B YKpaiHi 3anumanacs ckiagHor (puc. 1.1).
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Puc. 1.1. KinbkicTs okex B Ykpaini 3a nepiog 2018 - 2022 pp.

OctanHi 1’ATb pOKiB, B1IOyJOCS 30UIBLICHHS BUAUIEHUX KOIUTIB Yy
3a0€3MeUeHHS MOXKEXKHOT 0€3MeKH, 3HIKEHHS KUIBKOCTI moxex y 2021 porl npotu
2020 poky cranoBuio Tpoxu Oubiie 21 %, a 'y 2022 poui 3HOBY CIOCTEPIraeThes
3pOCTaHHs LIbOT0 NMOKa3HUKa Ha 1,5 %, y MOpIBHAHHI 13 MONEPEIHIM POKOM. 3HIKEHHS
KUIBKOCTI TIOKEK HE NPHU3BEJIO A0 3MEHIIEHHs OOCATiB 3aBJaHUX MaTeplajbHUX
30uTKIB. binblie Toro, crocTepiraeTbes JUHaMiKa 301IbIIEHHS MaTeplaIbHUX 30UTKIB
ta BTpat (puc. 1.2). Ile roBoputh 3 0/HOTO OOKY MPO 30UTBIIEHHS KIIBKOCTI CKJIATHUX
1 0COOMBO CKJIQAHUX TMOXKEXK 3a MEPIoJI, IO PO3TIISIAETHCS, a 3 1HIIOTO OOKY IMpO
HEJIOCTATHIO €()eKTUBHICTh Cy4aCHOT TPOTUIIOKEKHOT TEXHIKH JIJIST 1X JIIKBIIAITI1.

OcranHi 5 pokiB MarepiajibHi BTPATH BiJ MOXKEX MIOPIYHO 30UIBIIYBATKHCS B
cepenaboMy Ha 10 % 3a pik, a 2022 poui marepianbhi BTpatu mpotu 2021 poky
30UTbIMBCA Y 7,4 pa3sw — 1€ TOB’S3aHO 13 TOBHOMACIITAOHUM BTOPTHEHHSIM

pociiicbkoi (enepailii B Ykpainy.
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Puc. 1.2. MartepianbHi BTpatu Bij noxex y 2018 - 2022 pokax

KinpkicTh 3arubnmx mig gac moxex Jojed 3Hu3miacs 3a mnepioa 3 2018 mo
2022 p. Ha 16,2 % (puc. 1.3), mo MoOXe XapaKTepu3yBaTH BUHUKHEHHS BEJIMKHUX
MOKEeK Ha pI3HUX O00°€KTax, CKIaAax, JaHAMAaQTHUX TEPUTOPIAX, MICIIX 3

nepeO0yBaHHSIM HEBEJIMKOT KUIBKOCTI JTHOJIEH.
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Puc. 1.3. KinbkicTb 3arubymx Bija moxxex jrojeit 3a 2018 — 2022 poku

[Tpu 11pOMYy 32 KUTBKICTIO 3arMOJIUX Ha CTO MOXKEX YKpaiHa Mmocijae oIuHAAIISTEe
MICIIE y CBITI, 32 KUTBKICTIO 3aTHOJIMX HA CTO THUCSY HACEJICHHS Y KpaiHa MOCiae TpeTe
MicIie y CBITI (TIomepey nuiie pocis Ta 6utopycs) [31].

Haiibinpim XapakTepHUMHU OPUYMHAMU CKJIaTHOT OOCTAaHOBKH 3a0€3MeUeHHS
MOKEXKHOI Oe3nekn € Mana €(PEeKTUBHICTh ICHYIOUOI MPOTHIOXKEKHOI TEXHIKH Ta
TEXHIYHUX 3ac00iB JIOCTaBKM BOTHETACHUX PEUYOBHWH, 3HWKCHHS TIOKa3HUKIB

OIICPATHUBHOI'O0 peC€aryBaHHs Ha HO}KG)Ki, IO BHUHHKAIOTH, BCJIHMKE «3HOIIYBAHHI»
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MOKEXKHOI TeXHIKM; MOTIpIIeHHS 00CTaHOBKM Ha JOpOTax, IO YCKIAIHIOE MPOi3a
MO’KEKHO1 TEXHIKH; 3pOCTar0da MOKeKHa HeOe3neKa B MPOMHUCIOBOCTI, Oy [IBHUIITBI,
Ha 00’€KTax €HEePreTUKH, 3B 3Ky, TPAHCIIOPTY, BUJOOYTKY Ta MEPEPOOKU KOPUCHUX
KONAJIMH, BUKOPUCTAHHS 3HAYHOI KIIBKOCTI MOXKEKOHEOE3MeYHNX PEYOBHH 1 CIIOIYK,
nporpecyrounii 3Hoc o0aaaHanHs (y psijl raxysei 3Hoc OCHOBHUX (QoHIIB gocsarae 70
- 90%) [32 — 33].

Benuki moxkexi, mo BimOymmcs 3a OCTaHHI 1'SITh POKIB [29] moka3zamu, 110
HEOOX1JITHO TEPEOCHAIICHHS TOXKEXKHO-PATYBAJIBHUX CIY)KO Ta  MAPO3ALUIIB
OTEePATUBHO-PATYBAIBHOI CIIY>)KOU IUBUIBHOTO 3aXUCTY SIKICHO HOBOIO TEXHIKOIO, IO
JI03BOJISIE 3aCTOCOBYBATH TIEPCIIEKTUBHI BOTHETACHI 3aCO0M Ta MOJaBaTH BOTHETACHI
PEUYOBHMHM Ha BIJIAJIEHY BiJICTaHb 1 BEJIUKY BUCOTY. HeoOXimHO po3po0aT 3pa3ku
TEXHIYHUX 3aC001B IOCTABKU Ha BIJAAJIEHY B1JICTaHb, 3aCTOCOBYIOYH HOBI TE€XHOJIOTI]

Ta COCOOH TTOXKEKOTACIHHS.

1.1. AHani3 po3BHTKY MOXex y 0araronoBepxoBuX OyAiBJIfAAX Yy MicTax

Ykpainu

[TpoGiema raciHHs MOXKeEX y 6araTornoBepXxoBUX OyAIBIIAX € OJHIEIO 3 HAWOIBII
aKTyaJIbHUX JJI1 TOXKEXKHO-PATYBAIBHUX MIAPO3JUIIB Yy Meramosicax. 3a3HaueHi
OyAiBiIl MalTh MIABUIICHUNA CTYMIHb MOTEHIINHOT HEOe3MeKH, y TMOpPIBHSIHHI 31
3BUYAHHUMHU OYyJIBISIMHM, CHJIM 1 3aCO0M 3aJy4darOThCs 3a MiABUILICHUM HOMEpPOM
BUKJIUKY [34-37].

CryniHb mokexxHoi 6e3nexku OyiBesb 1 CIOPY/ 3aJIeKUTh Bl 1X KOHCTPYKIIIT,
IUIaHYBaHHS, TEXHIYHOTO OCHAIIEHHS ¥ OCOOJMBO BiJ CTyNEHS TOPHOYOCTI CaMUX
KOHCTPYKUIHHUX 1 03700JIIOBAJIbHUX  MarepialliB, BUKOPHCTOBYBAaHHX INpHU
OyniBaunTBi. Ha >kanmb, MOBHICTIO BIIMOBUTHCS BiJl 3aCTOCYBaHHS TOprouux (abo
PI3HOTO CTYIIEHS TOPIOYOCTI 1 MOXKEKHOI HEOE3MEeKH) MaTepialiB Mailke HEMOKJIIMBO.
B Ounpmocti BumanakiB 3a0y/IOBHUKM HEXTYIOTh MpaBUJIaMH Ta BUKOPHUCTOBYIOThH
roproyi, TOKCUYH1 MaTepiajiy NMpy OyAiBHHUIITBI, IO MPU3BOIUTH 10 3aruOeni e

BHACJIIIOK OXKEK.
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Jlesski pEeyOBMHM Ha TIOXKEXKI 3roparoTh (OKHCIIOIOTHCS) IMOBHICTIO, 1HIII
yacTKOBO. He MOBHICTIO 3ropiji yTBOPIOIOTH CKJIAJHI XIMIYHI CIONYKH: CIHPTH,
aNbACT1IM, KETOHU, KUCJIOTH Ta iHI. BoHM 371aTHI TopiTu TpuBanuii yac. [Ipoxykru
HEMOBHOT'O TOPIHHS CTBOPIOIOTH OTPYHHMM, Tnkuit 1uM. [1oBITpsI, HACMYEHE TOPIOYHMHU
pedyoBUHAMH, cTae BuOyxoHeOesneyHUM. CuTyallisl yCKIAaIHAETHCS HASABHICTIO
BHUCOKHUX TEMIIEpaTyp, SIKI MPUCKOPIOIOTH XIMIYH1 MTPOIIECH.

Pinki #1 TBepal 4YAacCTUHKU NPOAYKTIB TOPIHHS OOMEXYIOTh MPOXOIKEHHS
COHSIYHOTO CBITJAa. Benuka iX KOHUEHTpAIlisi YHEMOXKJIMBIIIOE €BaKyallilo JOJeH 3
najarouux OyiBelb, mpumilieHb. OOMeKeHHS BUIUMOCTI HE T03BOJISIE OPIEHTYBATHUCS
B He3HailoMoMmy Micii. Taka cuTyalsi MOXe CyMNpoBOKyBaTucsa maHikoro. [Ipsmoi
3arpo3u KUTTIO JIIOJIEH BiJl OOMEXEHHS BUAMMOCTI HEMae, ajie MiJ] 4Yac XaoTUYHOTO
pPYXy HaTOBIY BOHH MOXYTb 3aTHHYTH 200 MOKaJIIYUTHUCS.

J7i BUCOTHHUX Oy/I1BETb XapaKTEpHIi MIBUIKUNA PO3BUTOK MOXKEXKI 110 BEPTUKAIL
1 1HTEHCHBHE 3aJMMJICHHS €BaKyallliHUX IUIAXIB, JI()TOBUX IIAXT, CXOJOBUX KIITHH
(HaliOIbII IHTEHCUBHO BIOYBa€ThCS 3aUMIICHHSA BEpxHiX moBepxiB). [loxkexi, 1o
B1JIOYBAIOTHCSI Y BUCOTHUX OYyAIBJISIX, YACTO MPU3BOJATH O YMCIECHHUX JIIOJICHKUX
KEPTB Yepe3 BEIMKY CKIIATHICTh 3a0e3MeUeHHs 0e3MeYHO01 eBaKyallii Ta TPOBEICHHS
paTyBanbHUX poOIT. [Ipu moskexki MOXKIMBUI BUXIJ 3 Jaay JTiTOBOrO 00IaHAHHS Ta
CUCTEM MPOTHUIIOKEKHOTO 3aXUCTY.

Jl7is BBEICHHS BOTHETaCHUX PEYOBHUH B OCEPEAOK IMOXKEXKI MOTPIOHO 3HAUHUI
yac, a 11e BIUIMBAE HA PO3MIPH MOXKEXK1. 3a3BUUail y 3B’ 513Ky 3 HIUIbHUM MapKyBaHHSIM
aBTOMAIIMH, BIJICYTHS MOKJIMBICTb OMNEPATUBHOTO PO3rOPTaHHS aBTOApPAOMH Ta
KOJIHYATUX aBTOMIIWOMHHKIB, IO MPU3BOAUTH A0 30UIBLIEHHS Yacy BUILHOTO
PO3BUTKY MOxex1. [Ipy 30BHINITHIN MMOXKeEXK1 TakKuX Oy/iBesib Ha BUCOTI Buie 10-12-ro
MOBEPXY MOKE CKJIACTUCS 30BCIM KaTtacTpodidHa CUTYyaITis.

[lo-mepmie, TOMy, 10 TepeBaKHa OUIBLIICTh MOXKEXKHUX aBTOJpaOUH
po3paxoBaHa Ha BUcoTy OyaiBii 10 10-ro moBepxy. [lo-apyre, 3a 3aKkoHAMU T'1IpaBIiKA
Ta THUIY MOXKEKHO-TEXHIYHOTO O30pPOEHHS MOXKEKHO-PATYBAIBHUX MiIPO3ALIIB, IO
poObOUOMYy THCKY IMIOXKEKHHMX HACOCIB TojJada BOAUW 0€3 MPOMDKHHMX HAaCOCIB-

IiBUIIYBa4YiB THCKY a00 MOTOMOMIT Ha BUCOTY BHILE 12-15 moBepxiB Haa3BUUYAITHO
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ckianna. [TorpiOGHO 3a00pPOHUTH 3aCTOCYBaHHS B OYJIBHMIITBI BUCOTHUX OYIiBENb B
SIKOCT1 30BHIIIHBOT TEIUIO130JISMIMHOI 3aXUCTy BCl BUAM TOPIOYUX, CIAOOTOPIOYHX 1
BaXKOTOPIOYHX TEIUI03aXUCHUX MaTepiaiB.

[Tonaya Boau Ha 30BHILIHIO MOBEPXHIO CTIHM BHCOTHOTO OYJIHWHKY B BHCOTOIO
50-60 meTpiB Ta IIe B yMOBaxX UIUIBHOI MICHKOT 3a0yJOBH — 3aBJaHHS MPAKTUYHO
HEpo3B's3HE, a Ha BeauKy BucoTy 100-150 MeTpiB Oinblle — B3araji He3/Q1iCHEHHA.

BupimyBatu mnpoOiemMu TOXKEXKOTaciHHS TUIBKM 3a PpaxyHOK OCHAIlEHHS
MOKEKHO-PATYBATBHUX MIAPO3ILIIB JOPOTUMH aBTO KOJIHYATUMH TilIMMadaMu BxKe
HEAOIIIBHO, TaK SIK iX 3aCTOCyBaHHS Ha BHCOTI 60 M Hee(peKTHBHO.

MacmtabHi mokexi, 10 CTalucs B OCTaHHI POKU JOBEIH HEOOX1JHICTh
nepeo30pOEHHS OMEPATUBHO-PITYBATBLHUX MIAPO3A11IB HOBOIO TEXHIKOIO Ta 3aco0amMu
MOKEKOTACIHHS.

ToOTo € HeoOXiMHICTh PO3POOJICHHS HOBOTO CITOCOOY OCTaBKH BOTHETACHUX
PEYOBUH JI0 OCEPEIKy MOXKEXKi, SKUH JO3BOJUTH 3HU3UTH Yac JIOKATi3allil MOoXKexKi.
Bimomo, mo uyuM OuIblIa IUIOIIA TOXKEXKI, THM OUIbIIe HEeOOXigHO 3aco0iB
MOKEKOTACIHHS JIJIs YCIIIITHOT JIOKaTi3allii Ta JikBiaamii ropiHHsa. OTKe HEBUPIIICHOIO
YaCTHHOIO MTPOOJIEMHU TACIHHS MOKEXK y 0araTornoBepXOBUX OYAIBISIX € BCTAHOBJICHHS
3B’A3Ky MDK TaKUMH MapaMeTpaMi, SK IUIOIIAa TOpiHHsS, MOBEPXOM OyIiBil 1e
B110YJIOCH 3aropaHHs Ta 4aCcoOM JIoKasi3arii moxexi [7].

VY pobGotax [38] MeTOrO AOCTIIHKEHHS € IMiABHUINECHHS €(PEKTUBHOCTI JIKBIAAI]
MIOKEX 32 paXyHOK CKOPOUYCHHS Yacy BHUSIBIICHHS OCEPEIKY MOXKEKi MPU BUKOPUCTAHHI
TEIJIOB130piB. Bu3HaueHO 4Yac PO3BUTKY IOXKEKI TaKOX OYyJIO MPOBEICHO aHali3
3Ha4YeHb Yacy NpUOYTTs MIAPO3ILTIB A0 MICIIS OXKEXKI1 Yac JIIKBIAALI] OXKEXK, alle 1Mo3a
YBaroko aBTOPIB 3AJIUIIIIIOCS JTOCIIKEHHS TJIOMII TTOXKEXK.

Hocnigaukamu [39] mpoaHani30BaHO YMOBH TMOKEKHOTO 3aXUCTY BHCOTHHUX
OyziBenb, HABEACHO MPHUKIAAM PO3MOAUTY OyIiBeIb Ha BIACIKH, 3alpPONOHOBAHO
KOMIUTIEKCH PO3PaxyHKIB AJIs 3a0€3MeYeHHS MOXKeKHO1 Oe3nekn. Crif 3ayBaXKUTH, 110
aBTOpaMU HE BUSBIICHO 3aKOHOMIPHOCTI Mi>K IOBEpXOM OYiBIi, € BUHUKIIA MTOXKEXKA,
IUIOIIIETO TT0YKEXK] Ta YaCOM JIOKaJi3aril.

VY pob6oti [40] 3ampomonoBano cuctema mnoxkexoracinas LY 100 GepeTbes sk
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PUKIIaI, 100 NPeICTABUTH 3aCTOCYBAHHSA MOKEKHOIO JPOHA JJIs1 KOHTPOJIIO MOXKEXK1
y BUCOTHUX OyaumHkax. HemoriikamMu AaHOro crocoOy MOXKEXKOTaciHHS €: Jopora
BapTICTh JPOHY, CKJIAJHICTh YIPaBIiHHSA, MOTPEOYETHCS JOJATKOBE HABUYAHHS
oreparopa JIpoHa, TAKOK MOCTAE MUTAHHS IOCTABKH JIPOHA JIO MICIIS TTOKEXKI.

ABtopamu [41] 1BOTO MOCHIKEHHS TOJATAIO B TOMy, MO0 3a0e3meunTtu
0013HAHICTh 1 PO3YMIHHS TOTO, SIK MOXEXKHO-PITYBaIbHI CIy>KOM BHKOPHUCTOBYIOTh
TaKTUKY TaCiHHSA TOXE€X Yy BHCOTHUX OyIIBIsX. Y JOCHIIPKEHHI TaKoX OyiH
PO3TJISIHYTI TPU TIPUKJIAIN TOXKEXK Yy BUCOTHUX OYMIBJISAX JABOX KpaiH. Y poOoTi [42]
MPOBEJIEHO TapaMEeTpUUYHE JOCHIKEHHS CTpaTeriii eBakyarii B 32-moBepXoBiit
TUTOBIH odicHIN OyaiBIl MiA Yac pi3HUX CILEHAPIiB BILUTUBY MOXKEXKi. IMiTyeTbes pyx
MacaKUPIB 3 YCBIJIOMJIEHHSAM cuTyalii Ta 0e3 Hporo. OIIHIOETHCS BIUIMB TaKUX
KPUTHYHUX T[apameTpiB, SK KIJIbKICTh TMOBEpXiB, IIMPUHA MLUISIXIB BHUXO.IY,
po3TalryBaHHS Ta KUIBKICTh BHXOJIB Ha mporec eBakyauii. Yac, moTpiOHMIA
MEILKAaHIISAM IS €BaKyallii 3 Oy A1BJI1, OLIHIOETHCS 3a 3BUYaHUX YMOB (11100 1IMITYBaTH
BIIpaBy €BaKyallii PH MOeXK1) 1 3a peaiCTUYHOTO BILUIUBY MOMKEXI.

Jocmiaaukamu [43] OLIHIOETHCS MOKEKHE HABAHTAXKEHHS Ta PO3BUTOK MOMKEXK1
JUIS Cy4aCHHMX >KMTJIOBHX KBapTHp, BUKOPHUCTOBYIOUHM pe3ynbTaTu oOcTexkeHHs 50
OaraTonoBepxoBux OyanHkiB y CtamOymi, Typeuunna. OCHOBY TOCII)KEHHS CKIIaa€e
MOKEKHE HABAHTAXKEHHSI Y KUTJIIOBUX KIMHATaX, CHIAJbHAX 1 KyXHSX.

VY nocnimxenHi [44] mpoaHadiz0BaHO 4Yac MPUOYTTS MOKEKHO-PATYBATBHUX
MIIPO3/LIIB A0 MICLS MOXKEX y BUCOTHI OY/iBIIi, 3alIpONOHOBAHO, 100 MIHIMalbHa
BUMOra OyJla TaKow: «IpUHAWMHI OJIHA TMOXKEXHAa MallliHa 3 BOJAOK Ta OJIHA
aBTOJpaOWHAa MOBHUHHI MPUOYTH HA MICLE IMOXKEXI BUCOTHOI OyaiBmi mpoTsirom 4
XBUJIKH (240 ¢)».

ABtopamu pob6oTu [45] po3poOieHo MiaXiA 10 MOJAETIOBAHHS peatiCTUYHOL
BUMaIKoBOI mBUAKOCTI BuALIeHHs Tera (HRR), ctBopenoro 3a momomororo mporecy
l"ayca.

VY pobori [46] aBTOpamMu mpoBeeHI AOCTIHKEHHS B HAaIBHUCOKIN JikapHi (17
noBepxiB) y 2018-2019 poxkax. [IpoekT Oyyio moaiIeHO Ha JiBa eTanu: 1) miAroToBKa

3D-mopeni aikapHi 3a TOMOMOTOI0 TIPOTPAMHOT0 3a0e3MeUeHHS sl MOoAefoBaHHs 3D
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CAD; 2) texnika obuucmoBainbHOi TiapoauHaMmiku (CFD) BUKOPUCTOBYETHCS ISl
NPOrHO3YBaHHS JMHAMIKH TMOXEX1 (MOIIMPEHHS TUMY, PO3IMOALT TeMIepaTypH,
IIBUJIKICTh BUJUJICHHSI TeIJIa Ta 3arajibHa €Hepris) y JkKapHi 3a jgornoMorow Fire
Dynamic Simulator (FDS).

VY poGoTi [47] MeTa HOCHIKEHHS MOJIsArana B TOMY, II00 pO3pOOUTH CUCTEMY
1HJIEKCIB TMPOTHUIIOKEKHOTO 3aXHCTy JJIi BUMIPIOBAaHHS BIJAMOBITHOCTI BUCOTHHX
KUTIOBUX OYIUHKIB NPOTHUIOXKEKHMM BuMoram B emipati I[llapmka, a Takox
pO3pOOUTH CHUCTEMY 1HJEKCIB JUIsi BUMIPIOBaHHS €(QEKTUBHOCTI pearyBaHHS Ha
MOKEXKY, SIKa IMOB’SI3y€ ABa 1HACKCH, 1 UM BUIIUN PIBEHB BIAMOBIAHOCTI, TUM O1IbIIIE
IIAHCIB HA yCMHIIIHE pearyBaHHS.

Otxe, B pe3ysibTaTi OrJIsiAy JiTepaTypHuX jkepen [38 — 47] Oynau BUSABICHI
MUTAHHS, 111€ He JOCIIKEH] 1HIITMMHU aBTOPAMH, & CaMe B3a€EMO3B’ 130K MK TaKHMH
napamMeTpaMH, K TUIOMIA MOXKEXl, MOBEPX /e BOHA BUHUKJIA, T4 Yac JOKam3aIlii Takoi
noxexi. [6, 25]. € HeoOXiAHICTh OOPOOKM CTAaTMYHUX JAHUX 010 BUHUKHECHHS
MOKEeX y 0araTornoBepXxoBUX OYAIBISIX MICT Ha MPUKIIAAl YKpaiHu, Ta BCTAHOBJICHHS
3B’S13Ky MDXK ILJIOIICIO TOPIHHS, TOBEPXOM OYIIBJII Ta 4acOM JIOKaJI13aIlii MOoXKexKI.

Micta MOXYTh 3HAYHO BIJPI3HATHCA IO YMUCEITHLHOCTI HACENEHHS Ta TUIONT
TEPUTOPIi, 1110 BIUTMBAE HA KITbKICTh BUKJIMKIB MiAPO3/LIIB Ta 4aC BUKOHAHHS OKPEMUX
omnepaTuBHUX poOiIT. BpaxoBytouu 11e, HEOOX1JHO MPOBECTH MOALT MICBKUX HACETIEHUX
NYHKTIB Ha BIAMOBIJHI TPYyMU 3a YHCENBHICTIO HACEJCHHS Ta IUIOMICI0 TEPUTOPIi.
Bkazane nocmimpkeHHS MPOBOIMIIOCS Ha TPUKIAIl MICBKUX HACEJIEHUX ITyHKTIB
Vkpainu. 3aramom Oyiu 310paHi CTATUCTUYHI JaHI MPO YHCEIbHICTh HACEJICHHS
MICBKHMX HacelleHUX MyHKTIB Ta IUIONLYy iX TepuTopiid. BkazaHi cratuctuuHi gaHi Oynu
oTpuMaHi 3 odimiiHuX calTiB ['0JIOBHMX ympaBiIiHb CTAaTUCTUKH B 00JACTSIX Ta
OoQIIIHHAX CAWTIB MICBKUX paj. 3arajoM JJis AOCTIHKeHHs Oynv BiiOpaHi AaHi mpo
176 MmicbkuX HaceleHuUX MyHKTIB Ykpainu. [login HaceneHuX MyHKTIB Ha TPYINU
NPOBOAMBCS 13 BUKOPHCTAHHSM METOJIB KIJIACTEPHOTO aHamizy. Yepe3 Te, MIO
CTAaTHCTUYHI JaHl JUId MPOBEIEHHS aHali3y Majd pi3HI PO3MIPHOCTI, Ha MEPIIOMY
eTarri OyJI0 POBEACHO HOPMYBaHHs JaHuX. HacTymHui eTamn 1ociiKeHb epenoadan

MPOBEICHHS 1€PApXIYHOTO KJIACTEPHOTO aHami3y 3 MOOYIOBOI BEPTHKAIBHOI
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JIeHJIporpaMu. Y SIKOCTI MIpHM BIJCTaHI JJii O3HAK KiacTepu3aiii Oyso oOpaHO
eBKJIZIOBY METPHUKY, a 3 METOIO MOOYAOBU 1€papXiuHOT CTPYKTYpHU OyB BUKOPUCTAHUN
metoxa Bapaa. 3a mpuHIMIIOM HAOYHOCTI KJIacTepu3allii 3a IeHAPOrpaMor0 HaMu OyJIio
BU3HAYEHO KiNbKICTh KJIACTEPiB. IX KilbKicTh ckimana yotupu. Ha TpeThoMy erami
JOCTIKeHb OyJI0 MPOBEACHO MEpPEeBIPKY TOYHOCTI OTPUMAHUX 3a pe3yJibTaTaMH
lepapXi4HOr0 KIJIACTEPHOIO aHallizy pe3yJbTaTiB LUIAXOM BUKOHAHHS HOBTOPHOTO
aHalli3y 3 BUKOPHUCTAHHSM ITEPaTUBHOTO METOAY rpymyBaHHs K-cepennix. Mipoto
BIZICTaHI /AN O3HaK KJacTepHu3allii MiJ Yac BUKOPUCTAHHS BKA3aHOTO METOY
rpynyBaHHs OyJia TAKOX €BKJIiI0Ba METpUKa. B pe3ysbTati mpoBeeHHS LIOTO aHaJi3y
OyJ0 BUKOHAHO TPYIMYyBaHHS MICBKUX HACEIEHUX IMYHKTIB YKpaiHU HA YOTUPH TPYNHU
3a YHUCEJIBHICTIO HACEJICHHS Ta IUIONIeI0 TepuTopii. Pi3HMI MK BU3HAYCHUMU

KJIacTepaMu 3a KpUTEepieM €BKJI10BOI BiCTaH1 HaBeneHa B Tabm. 1.1.

Taomurs 1.1.
EBKutiioBa BijicTaHb MK KJIacTepaMu

Homep 1 2 3 4
KJIacTepy
1 0 42,54474 74,99847 68,18812
2 6,522633 0 4,88304 3,63132
3 8,660166 2,20976 0 0,23931
4 8,257609 1,90560 0,48919 0

YucenbHICTh HACEJIEHHUX MMYHKTIB IO BU3HAYEHUM IpyIlaM Ta cepeaHl 3HauYeHHs
1 cepeHe KBaIpaTUIHE BiIXWICHHS MTOKA3HUKIB 33 SIKUMH TPOBOIMIIOCS TPYITyBaHHS
HaBeqeHl B Ta0i. 1.2.

B cknan mepimioro kmactepy BBIHILIO TUIbKKM oAHe micto — KuiB. B npyruit
KJIacTep BBIMIIN MIChKI HACENEHI IMMyHKTH 3 YHCENbHICTIO HaceneHHs Bix 316492 no
1048958 domoBik Ta miomero Bim 248,2 mo 484,4 km? Jlo muX MICT HaJIeXKaTh,

Hanpukian: Xapkis, Oxeca, JIbiB, JIyrancek, Jlonensk, Hinpo ta in. Tpertiit knactep
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CKJIaJIafOTh MIiChKi1 HAaceJIeH1 MMyHKTHU 3 YHCeIbHICTIO HaceiaeHHs Big 50085 mo 110329
4oJoBiK Ta rwiomiero Big 70,7 mo 115,1 xm? o wmi€i rpynu micT BBiANUM: baxmyT,
bepnsHcwk, [loBxaHcek, [pninb, Jlucuuancek, Cenmunose, [lokpoB Ta iH. UerBepTuit
KJIACTep CKJIAJIAl0Th MIChKI HACENEH1 MyHKTH 3 YUCENbHICTIO HaceneHHs Bix 220363 o
340367 yonoBik Ta mioieto Big 59,6 no 130,8 km?. MickkuMU HacEIEHUMH ITyHKTaMH,
K1 BBIMIJIKM JI0 I[bOTO KjacTepy, Hampukian e€: Binauims, Xutomup, IBaHO-

®pankiscwsk, Kpemenuyk, PiBue, [lonraBa, Mapiymnons, Cymu, UepHiriB Ta iH.

Tabmurs 1.2.
Pe3ynbpTatu mpoBeaeHHS KIaCTEpHOrO aHali3y iTepaliiiHuM MetoaoM k-cepenHix
Homep Kinekicth Cepenns Cepenne | Cepenns Cepenne
KJIACTepy | HACENEHUX | YUCENbHICTDh | KBaIpaTUYHE | TUIOIIA | KBaJpaTUYHE
MyHKTIB, K1 | HACEJCHHS | BIAXWJICHHS | MICT, KM? | BIIXUJICHHS
BXOJIATh Y MICT, MOKa3HHUKA MOKa3HUKa
rpymy YOJIOBIK | YMCETBHOCTI TUTONII MICT,
HACEJICHHS KM?
MICT,
YOJIOBIK
1 1 2965255 — 836 —
2 12 682725 366233 366,3 118,1
3 15 80207 30122 92,9 22,2
4 16 280365 60002 95,2 35,6
HactynauuM kpokom Oysl0 OMNpalloBaHHS CTAaTUCTUYHHUX JAaHHUX, SKI

XapaKTepU3yIOTh MPOIEC TACIHHA MOXKEXK aBapiiHO-PITYBaIbHUMH (POPMYBAHHIMHU
MicT. JlaHi Oyiu B34Ti 3 €JIEKTPOHHOT CUCTEMH BEJCHHS 00JIIKY MOKEX Ta 1X HACIIIKIB,
ska BukopuctoByerbess JICHC VYkpainu. 3 koxHOi rpynu micT Oyio BimiOpaHO 10
OJITHOMY HAacCeJICHOMY IyHKTY 1 JajIi 0 HUM OIpallbOBaHi JaH1 11010 MOXKEX 3a Mepio/

2020 poky. [ns mpoBeneHHs1 AOCHIKEHb Oynu BiaiOpaHi HACTYMHI MIChKI HaceJeH1
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nynkti: KuiB (1-#i kmacrep), XapkiB (2-# knacrep), bepasucbk (3-# kiacrtep),

[TonraBa (4-# wmactep). Y Tabm. 1.3 BkaszaHi JaHi MOAO TMOBEPXIB, /1€ BHHHUKJIA

MOKeXka, TUTOIII MOXKEX1 Ta Yacy JIKBiaallii.

Tabmums 1.3.
PesynbTatn 06poOKM CTATUCTUYHUX JTAHUX.
XapkiB Kwuis
Yac (xB.) | [Tnoma (m.%) Yac (xB.) [Tnoma (m.%)

[ToBepx | nmokamizarii MOKEXI1 [ToBepx | mokamizarii MOKEeXKI
1 10,2 5,86 1 6,2 4,3

2 11,2 10,07 2 7,2 6,16
3 14,3 9,97 3 8,1 6,54
4 14,8 10,3 4 8,6 9.9

5 15,3 13 5 9,5 11,2
6 23,7 15,79 6 13,4 15,4
7 243 16,2 7 16,2 17,2
8 26,1 17,3 8 19,3 21,3
9 273 20,1 9 234 254

beprstHchK IlonTaBa
Yac (xB.) | [Tnoma (m.%) Yac (xB.) I[Tnoma (m.?)

[ToBepx | nmokamizarii MOKEXI1 [ToBepx | mokamizarii MOKEeXKI
1 6 3.3 1 10 6,25
2 5 52 2 12,25 8,1

3 8,5 11 3 13,5 9,3

4 9,75 11,2 4 15,6 11,2
5 11,1 13,2 5 17 14,1
6 23 16,3 6 20,2 16,4
7 28 20,5 7 24 18,1
8 29 22 8 24,5 19,2
9 27,2 20 9 25 22,1
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I'padiuni pesyapTat 0OpPOOKH CTATUCTUYHUX JIaHUX Yy M. XapKOBI1 MMOJIaHO Ha

pUCYHKY 1.4.
<. XapkiB
= 05 30
s (a2}
&[-\ .E ‘g /.—-_k"-—-‘
2Ez2 -
(=] ,’———h—d
Ei_ 510 —e—n —&—Yac nokanizani
S o
E X 0 ITnomma noxesxi
1 2 3 4 5 6 7 8 9
IToBepx

Puc. 1.4. 3anexHICTh MJIOLII Ta Yacy JOKaIi3allii MoXexl BiJl OBEpXYy Je BOHA

BUHUKJIA, M XapKiB.

AHaizyrouu rpadidyHy 3aJeXKHICTb, sIKa M0JIaHa Ha PUCYHKY 1.4, BCTaHOBJICHO,
10 JJ1s1 M. XapKiB XapakTepHe 301IbIIEHHS Yacy JOoKaIi3allii MoKexi, Ta BIAMOBITHO
301IbIIEHHS 11 IJIOUIl, MpH MiABUINEHHI moBepxXy Oymieimi. Yac nokamizamii mpu
BUHUKHEHHI Ha 1 moBepci OyAiBil CTaHOBUTH 01M3bKO 10 XBUIIMH, a TUIOIIA TOXKEXI
npuban3Ho 6 M. V pasi BUHMKHEHHS MOKEXKi Ha 9 moBepci yac JToKaisalii Ta mioma
MOKeX1 301TIbIIYETHCS Maike y 3 pas3u, Ta cTaHOBUTH 27 XBWiMH. [lnoma moxexi
BilNOBiIHO 36iMbIIyETHCA MPUOIM3HO Y 3,5 pasu Ta cTaHOBUTH Maibke 20 M2, OTxe
pe3yabTaTH CB1IYATS, IO MPHU MiABUIIICHHI BUCOTH (TTIOBEPXY) 3pOCTAE YaC JIOKaJi3arlil
1 IJIOIIIA.

I'padiuni pesynpratd 0OpOOKHM CTATUCTUYHUX AaHUX y M. KuiB momano Ha

pUCYHKY 1.5
= Kuis
5
E8 30
&\ = o
< % v
g »:? g 10 ~ _A—‘v—i—v/ ——Yac noxanizaui
E % 0 [Tnomra moxexi
g 1 2 3 4 5 6 7 8 9
IloBepx

Puc. 1.5. 3anexHicTh mioil Ta 4acy JIoKami3alii oxexXi Bl MOBEPXY /€ BOHA

BUHUKIIA, M. KHiB
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I'padik Ha pucyHKy 1.5 CBIAUHTH, 1110 YacC JIOKAJI3allli Ta MJIO0IIA MOXKEXK1 MaIOTh
XapaKTEepHICTh 30UIbLIyBaTHCS MNpU MIABUIICHHI piBHA (IOBEpXy) 1€ BUHHUKIA
noxkexxa. BcTaHOBIEHO MO0 HAWOUIBIIMK dYac JIOKami3alii CIOCTEPIraeThCs IPHU
BUHUKHEHHI MOXEeX1 Ha 9 moBepci Ta CTAHOBUTH Mailke 24 XBUJIMHA, TUIOMIA MOKEXKI
BianoBigHo ckianae 25,4 M. Ipu 3HMKEHH] piBHS (OBEPXY) BUHUKHEHHS MOXKEXKI,
qac JIOKami3allii 3MEHITYeThCs y 4 pa3u Ta CTaHOBUTH 6 XBWIMH. [lnoma moxexi
SHIDKYETBCS y 6 pasiB, Biamosigno Bix 25 M* 10 4,3 M2,

I'padiuni pe3ynbraTi 00pOOKH CTATUCTUYHMX TaHUX Y M. bepIsHChK o1aHo Ha

pUCyHKY 1.6.
bepasiHcbk
.40
£g30
2 % 20 i
Z 2 10 ,/ —&— Yac nokanizarii
=iz v v
a5 = TIroma nmoxexi
gg 0
- 1 2 3 4 5 6 7 8 9
52
e = IoBepx
=

Puc. 1.6. 3anexHICTh MO Ta Yacy JOKaIi3allii MoXexl BiJl OBEpXY Je BOHA

BHUHHKIJIA, M. BCp,Z[}IHCBK.

OO6poOka cTaTUCTUYHUX JaHUX y M. bepnsHcek (puc. 1.6) no3Bosimia
BCTAaHOBWTH, 3 IiBUIICHHS MOBEPXY /1€ BUHHUKAE IMOXKEkKA, 3pOCTAIOTh TAKOXK 1 Yac
JoKaui3amii mokexi Ta ii miuoma. BiamoBigHo vyac nokamnizanii npu BUHUKHEHH] Ha |
noBepci OyIiBIIi CTAHOBHUTH OJIM3BKO 6 XBUIIMH, a IUIONIA MOXKEXi npubiusHo 3 M2, V
pa3l BUHUKHEHHS TMOXEXI Ha 8§ mMoBepcl 4ac JoKali3amii Ta IJIom@a MOXKexXi
301TBIIY€EThCS Mailke y 4 pa3u, Ta CTaHOBUTH 27 XBUJUH. [1o11a moxexi BIMOBITHO
301IbLIyeThCs Maiike y 7 pas3iB Ta CTAaHOBUTE 22 M2,

['padiuni pesynpTaTét 00pOOKM CTATUCTUYHHX JaHUX y M. [lonTaBa momaHo Ha

pucyHky 1.7.
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IMoaraBa
30
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Puc. 1.7 3anexHicTh TII01I1 Ta Yacy JOKaji3allii Moxexi BiJl MOBEPXY Jie BOHA

BHUHHKIJIA, M. ITonTaga.

Y M. IlontaBa (pucyHok 1.7) TakoX CIHOCTEpIraeThbcsl 301IBIIEHHI Yacy
JOKaJIi3amii Mmoesx1 Ta IOl TOPIHHS, PH MiABUIICHHI PiBHSA (TIOBEPXY) /1€ BUHUKIIA
nokexa. TakuM YMHOM HaWMEHINa TIJI0INa TOPIHHS Ta HAWHWKYWN 4Yac JoKamizarii
criocTepiraeThes Ha 1 mosepci, BianosigHo 6,25 M? Ta 10 xBunuH. YV pasi BUHMKHEHHS
MOKEX1 Ha 9 TmoBepcCi vac JIoKami3ali CTAaHOBUTh 25 XBHWJIWH, 10 Y 2,5 pa3u OiibIie
HDK Ha 1 moBepci. CTOCOBHO IIIOIII TOPIHHS, BOHA BIJIMOBIIHO 301bIIKIIAC Y 3,5 pa3u
Ta CTAHOBUTH Maiixke 22,1 m>.

[Tix yac qocmimKeHHs: HaMu OyJI0 MPOBEIEHO MO LT MiCHKUX HACETICHHUX IMTYHKTIB
Ha BIANOBIAHI TPyNU 3a YHCEIBHICTIO HACEJNCHHS Ta IUIOIICI0 TEepUTOpii 13
BUKOPHCTAHHSAM METOJIB KJIacTepHOro aHaiizy. OmnpaipoBaHO CTaTUCTHYHI JaHl, SIK1
XapaKTEPU3yIOTh MPOIEC TACIHHS TOXKEX aBaAPIHHO-PIATYBAILHUMU (POPMYBAaHHAMHU
MICT. 3 KOKHOI Ipynu MicT OyJio BiIiOpaHO MO OJHOMY HAceJIeHOMY MYHKTY 1 Jaji 1o
HUM ONparboBaHl AaHl MOa0 moxex 3a mepiog 2020 poky. [[ns mpoBeneHHS
JTOCITIPKeHb OyJiM BiIiOpaHi HACTYMIHI MIChKI HaceneHl nmyHkTtu: KuiB (1-i kimactep),
XapkiB (2-# knactep), bepasucrk (3-i knactep), [lonrasa (4-ii kimactep).

BcranoBiieHO B3a€MO3B 430K 3B 3Ky HACTYITHUX MapaMeTpiB: IUIOIIA TOPIHHSA,
noBepx Oy/IIBJI1, Yyac JOKaJi3alli Mmoxexi.

JIist KO)KHOTO 3 MiCcT, 10 Oynam OOpOOJIeHI CIOCTEPIraeThes 3pocTaroua
JMHAMIKa CTOCOBHO IUIOIII TOXKEXKI Ta yacy JIoOKadi3alii Ipu IMiJBUIICHHI PIBHS

(moBepxy) e BUHUKIIA TIOKeka. OTpuMaHi CTAaTHUYHI JaH1 CB1IYaTh IO IJIOIIA TTOKEkKI
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Ta Yac JoKajizalii 301IbIIyEThCA Y cepeaHboMy Bif 3,5 10 6 pasiB, 110 3yMOBIIIOE
HEOOX1/IHICTh 3MEHIICHHS Yacy JOKaJi3allii 3a paXyHOK [10/1a4l BOTHETACHUX PEYOBHUH

y KOHTeMHepax (Karcyiax) 30BH1 Oy/11BEIb.

1.2. AHaJs1i3 BUKOPUCTAHHS BOTHETACHUX PEYOBHUH Ta CIMOCO0IB iX J0CTaBKH

IS IiJIeH MOosKeKOraciHHA

OmHUM 13 HANPSAMKIB MO0 3MEHIIIEHHS 30UTKIB Ta BIPOT1THOCTI TPaBMYBaHHS
Ta 3aruOei JroAei — IIe 3aCTOCYBAaHHS YHIBEpCaJbHUX BOTHETAaCHUX PEYOBHH Ta
croco0iB iX Moaul B OCEpeIOK MOXKeX1. Y CydaCHHX yMOBAX TaciHHS MOXKEX PI3HUX
KJIAC1B BIJPI3HSIETHCS OJTHE BIJl OJTHOTO. Y KOKHOMY KOHKPETHOMY BUIIAJKy HEOOX1THO
3aCTOCOBYBATH TEXHIUHI 3aCO0H, SIKi JAIOTh HAWO1IbIININ €(EeKT TaciHHA.

CporogHi BOTHEracHI PEYOBMHM 32 JOMIHYIOYUM MPHUHIMUIIOM MPHUIIMHEHHS

TOPIHHS OAUISIIOTHCS HA YOTUPHU IpynH (Tadm. 1.4).

Tabmuis 1.4.
BorneracHi pe4yoBrHHM 3a TOMIHYIOUUM MPUHLIUIIOM NPUITUHEHHS TOPIHHS
JliI0Th mepeBaXHO 3a
OxoJo/1KyBajb -~ paxyHOK po3BefeHHs | [HriOyBanibHOT
o [30mt010401 A11
HOT i ra3oBOro roprOYoro il
CepeloBUILA
BOJA, BOJIHI | TOBITPSIHO- BOJIIHA TIapa, TOHKO | FaJIOT€HOBaHI
PO3UYUHH, MeXaHiuHa miHa, | po3MujieHa BOJIa, | OpraHIvyHI
TIOKCHH BOTHETAaCHI MOPOIIKH, | XIMIYHO CIOJIYKH,
BYTJIELIIO B | HETOpIoUl CHUIIKI | MAJIOAKTUBHI Ta3u BOTHETACHI
TBEpAOMY CTaHi | Matepiasii  (TICOK, MTOPOLIKH,
3eMIId, (bmrocu, aepo30JIeBl
rpadir), JIUCTOBI BOT'HEracHi
MaTepiaiu pEUYOBUHU
(a3becToBI,
Ope3eHToB1
MOKpHBAIa, HIUTU
TOIIIO)
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OkpiM HUX ICHY€ HU3Ka BOTHETAaCHUX PEYOBHH CKJIQJHOIO KOMIIOHEHTHOTO
ckiany. BoHM BHKOpPHCTOBYIOTHCS SIK 3apsiy J0 BOTHETACHUKIB 1 CTaIllOHAPHUX
CHUCTEM IOXKeKoracinus [48-52].

VY miteparypi 3 TOXEXHOI CHOpaBHd JTOCHTh TOBHO JOCTIDKCHI MHUTaHHS
MO’KEKOTACIHHS 32 JOTIOMOTOIO TIO/IABaHHS PO3MIICHUX CTPYMEHIB BOJH B OCEPEIIOK
MOKEXK1 32 TOMOMOTOI0 pyYHUX CTBOIIB [53-61]. Sk Hemosik MOXXHA BIAMITUTH, IO
HEBHCOKA KIHEMaTH4YHA B’ A3KICTh BOJU OOYMOBIIIOE 11 IIBUJKE CTIKAHHSA 3 IOBEPXOHbD,
IO TOPSITh, Y pe3yJIbTaTl UOTO Ha caMe TaciHHS BUTpadaeThes He Ounblie 4-6% Bciei
M0/IAHO1 BOJIM, & PEIITa i MPOJMBAETHCS MAPHO, TPU3BOISTYH JI0 TICYBAHHS HETOPIOYUX
IpUMIILEHb, Oy 1iBeIb, CIIOPY, MaiiHa, TEXHIKHU TOIIO. [[J1s1 yCyHEHHS LIbOTO HEIOMIKY
3aCTOCOBYIOTHCS BOJIHI pO3UMHH (IIIHOYTBOPIOBAY, T'€JICYTBOPIOIOY1 CIIONYKH [62-68],
codi kamito) [69-84].

PesynpTatn gociimkeHp B 00JacTi MOPOLIKOBOTO TMOXEXOraciHHs [85-92]
MOKa3yl0Th, 1110 BOTHETacHA 3[AaTHICTh MOPOUIKIB 3HAYHOI MIPOIO 3aJIKUTH BiJ
crnocoOy iX MOJaBaHHA Ha OCEPENOK MOXexl. Y 1ux poboTax OyJlo pO3IISIHYTO
€()EeKTUBHICTh 3aCTOCYBaHHsS IOPOIIKOBUX CyMilleld Ta CHocOOIB iX TOJaHHS B
0CEPEIOK TTOXKEXKI.

Y pobGortax [93-96] aBTOpamu pO3TASHYTO BapiaHT TaCiHHS TOXEX B
BAXKKOJIOCTYITHUX MICALSAX IUIIXOM BUKOPUCTAHHS Cepiil yAApPHUX XBUIIb. SIK HEAOMIK
MOXHa BIMITUTH CKJIQJHICTh BHUTOTOBJICHHS YCTAaHOBKH Ta JIOCTaBKH ii JI0 MiCIIS
MOXKEXKI.

J1J1st raciHHS MOKEX METOAOM PO3BEJIEHHS 3aCTOCOBYIOTHCS ra3u-po3piIKyBayl
[97-99]. MoxHa BHAUTUTH TpU CHOCOOM TMoAaul ra3iB. Y TOBITPAHY 30HY -
3aCTOCOBYETHCS ISl MIPUIMHEHHSI TOPIHHS B 3aKPUTHUX TEXHOJOTIYHUX amnaparax i
3aKpPUTHX MPUMINIEHh MaluX 1 cepeaHix 00’emiB. ['a3 po3pimKyBad 3MIMIYETHCS 3
HOBITPSAM 1 KOHBEKIITHUMU MMOTOKAMH JOCTaBJSIEThCS B 30HY peakilii ropinusa. Kpim
TOTrO, 1€ METOJI MOKE€ BHKOPHCTOBYBATHUCS ISl 3amoOiraHHs BUOYXiB B SKOCTI
dbaermaru3aTopiB. Y 30HY TOpPIHHS - 3aCTOCOBYETBHCS JJIS TaciHHS PEYOBHH 1
MaTepiaiiB, [0 TOPSITh HA BIAKPUTOMY IIPOCTOPI. Y roprouy peHOBUHY - JJIsl 3HHXKECHHSI

IHTEHCUBHOCTI TOPIHHS PEYOBMHU 1 3HIDKEHHS TEeMIlepaTypu HOTO TOpIHHSA MpU
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MITOTYBaHHI TaCiHHS 1HIIIMM METOJI0M a0 ISl 3amobiranHs 3anaineHHs. Jlo nepesar
ra3oBOr0 MOKEKOTAaCIHHS MOXHA BIIHECTH: MIHIMAJIbHUN 30MTOK MpH BIUIMBI Ha
MaTtepiajid, 10 3aXMINAKThCs, 1 O0JaJHAHHS, ONEPATUBHICTh MPU BUKOPUCTAHHI,
MO>KJIMBICTh TPUBAJIOL €KCIUTyaTallii B aBTOMaTUYHOMY PEXHUMI, 3HHKEHHI BUMOTH JI0
npoiIaKTUKK pU 00CIYTrOBYBaHHI, MOYKHA BUKOPUCTATH MPH FACiHHI MOXKEX P13HUX
KJIaCiB B MIOYATKOBIM cTafll po3BUTKY. Oco0IMBO epeKTUBHE 3aCTOCYBAHHS THEPTHUX
raziB MpU 3aXUCTI MY3€HHHX I[IHHOCTEH, apXiBiB, 010J10TEK, OOYMCITIOBATHLHUX
HEHTPIB 1 I1HIMIUX OCOOJMBO BaXIUBHX OO'€KTIB, J€ HAWOUIbII MPIOPUTETHUM
3aBJaHHAM € MAaKCUMaJIbHO MOXIJIMBE 30€peKCHHs MaTepialbHUX IIHHOCTEH.
Henoniku 06'eMHOTO TaciHHS IHEPTHUMH BOTHETACHUMU 3aC00aMM: CyMapHa BUTpaTa
razy mnOpuOJM3HO JOPIBHIOE JIBOKpaTHOMY 00'eMy TMpUMIIICHHS, TOMY BIH
BUKOPHCTOBYETHCS Ul MPUMIIIEHb 3 0OMEXEHUM 00'€MOM, NJisi TaciHHS MOTpiOHA
BEJIMKA KIJIbKICTh OaJlOHIB, OTXKE€, BEJIMKI BUTpPATH Ha iX OOCIyroByBaHHS (MOXYTb
3aCTOCOBYBATHCSl CKpaIlJIeHI Ta3u), BOTHEracHa KOHIICHTpalis B 3-5 pa3 BuUIlle, HiXK
HeOe3meuHl IS JII0/Ied KOHLIEHTpallii, TOMy HEOOXiJHa CUTHaJi3alis 1 BUTSKHA
BeHTW A, CHOJIyKM Ha OCHOBI TaJIOIIBYTJICBOAHIB €(PEKTUBHO TaciITh MOJTyM'sTHE
rOpiHHSA Pi3HMX BYTJIEBOAHIB. IX MOYHA 3aCTOCOBYBaTH SIK 3aci6 00'eMHOTO, Tak i
JOKaJIbHOTO raciHHs. Haii0inble 3acTocyBaHHS XJIaJ0HU 3HAMIIIM B aBTOMaTUYHUX
CTalllOHApPHUX YCTAaHOBKAaX IOKEKOTACIHHS, 110 3a0e3MeuyroTh 00'eMHE TraciHHS B
IPUMIILEHHAX, 0 3aXMINAIOTLCS, 00’ eM skux He nepesunye 6000 v, 1i peuoBuny,
Ha TEPIIUN TMOTJSNA, 3MAF0ThCSl HEMIKNTMBUMHU JUIS JTIFOJAMHUA Ta HaBKOJHWIITHHOTO
CepeIoBUIIA Ta € Ty»Ke ePEKTUBHUM 3aCO00M 00'eMHOTO MOXKEKOraciHHs. AJjie HapiBHI
3 MO3UTHBHUMH SIKOCTSIMHU CTIOTYKH Ha OCHOBI XJIaJIOHIB, Ta MAlOTh Psi HeAOoIKIB. [1pu
BHCOKHX TeMIIepaTypax MOXJIMBE caMO3aiiMaHHS XJIaJOHA 1 BUIICHHS TaJOTEHIB i
TaJIOTEHOBOJIHIO, 110 BIUIMBA€ HAa CTaH JIOAWHHU. Lli pedyoBMHU MarOTh TOKCHUYHI
BJIACTUBOCTI, OCOOJMBO MPOAYKTH IX TEPMIYHOTO PpO3KIAJaHHA Ta Ta30moAiOHI
MPOYKTH TOpiHHS [97].

EdexTruBHICTh BUKOPUCTAHHS PI3HUX BOTHETACHUX PEYOBHH OY/I€ 3aJIeKaTH Bijl
knacy moxexi. Came Kilacu MOXeX, TOOTO BHIM TOPIOYMX PEUOBHMH BH3HAYAIOTH

HEOOX1/IHICTh BUKOPUCTAHHS THX Y IHIIMX KOHKPETHUX BOTHETacHUX 3aco0iB a0 ixX
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KOMOIHAIIIA.

Koxxna BoraeracHa pedoBMHa Mae€ CBOIO cdepy 3acTtocyBaHHS. BoHu
BUKOPHUCTOBYIOTHCS B SIKOCTI 3aps/IiB JjIsl MEPEHOCHUX (MePEeCyBHUX) BOTHETACHUKIB,
MOIYJIbHUX, aBTOHOMHUX, CTAIIIOHAPHUX CHCTEM ITOXKEKOTACIHHSI.

3 METOI0 MOXKEKOTACIHHA BUKOPHCTOBYETHCA IIMPOKUN CIEKTP TEXHIYHHX
3ac00iB, PO3pOOJIEHUX SK MJIA 3aXUCTy OyAiBeNb, CIOPYHA, TaK 1 JJIS JIOCTaBKU
HEOOX1THOTO CIEeIiaNbHOT0 00JIaHAHHS, IHCTPYMEHTY, 3aC001B 3aXHCTY ONIEPAaTUBHUX
PO3paxyHKIB MOXKEKHO-PATYBaIbHUX MiApo3auiiB. I[1{o6 MoxkHa Oysiao IIBUIKO 1
€()EeKTUBHO 3aracUTH MOXKEXY, BAKJIUBO MPABWIHHO MiA10paTH BOTHETAaCHUM CKJa 1
3a0e3MeYnTH MOro MIBUAKY JIOCTaBKYy B OCEpPEIOK MOokexi. Bubip cymimi s
OOpOTHOM 3 TOXKEXKEH Ha KOHKPETHOMY O0'€KTI BH3HAYA€THCS iX (QI3UYHUMU 1
XIMIYHUMH XapaKTePUCTHKAMH.

Jlo TexHIYHMX 3acO0iB TMOXKEKOTACIHHS HaJIeKaTh CHCTEMH, YCTaHOBKH,
aBTOMATHYHI CUCTEMH TOKEKOTACIHHS, MEPBUHHI, MOOLIbHI 3aCO0U MOXKEKOTaCIHHS,
MOKEXHE 00JIaHAHHS, PYYHHUI, MEXaH130BaHUM 1HCTPYMEHT.

[TinpyyauMu 3aco0aMu TOKEXKOTACIHHS € Oarpu, JIOMU, JIONATH, BiJpa, SIIUKH
3 MICKOM, EMHOCTI 3 BOJIOKO, KOIIIMa, XJIOIIAaBKH Ta IHIIIE.

Y migposninax JCHC Haii6uiblie po3NOBCIOMKEHHS OTPUMAald MOOLUIbHI
3aCO00M MOMXKEXKOTACIHHA, A0 SIKUX BIAHOCATHCS BCl THUIIM OCHOBHUX Ta CHEIlaJbHUX
MOKE)KHUX aBTOMOOLUTIB, CHeIiaibHa aBlaTeXHiKa, MOKEXKHI BEPTOJHOTH, JIITAKH,
MOKEXHI TO0i3/M, CyIHAa, MPUCTOCOBAHA 3 METOI0 IMOKEKOTACIHHS TEXHiKa, TaHKH,
TPaKTOpH, TATayi, aBTOLUCTEPHH, MPUUCTIH 31 CIICIiaIbHUM 00JIaIHAHHSM, MOMXKEXKHI
MOTOTIOMITH.

BignoBigHo mo 3aranpHO1 Kiacudikaiii ICHYE€ HIMPOKUM CHEKTP TEXHIYHUX

3ac001B JOCTAaBKHA BOTHETACHUX PEYOBHH JJIS TACIHHS TOXKEX puc. 1.8.
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peyvyoBUH onAa raCiHHA
|

lMoKexHi aBToapabuHu

MNoKexkHi aBToniginmavi

MosKexKHi aBToLmMCTEPHM

HacocHo-pyKaBHi NoxexHi aBTomobini

MoxkeKHi aBToMobiNi nepLuoi gonomoru

AepoapomHi aBTomobini

MoexHi noisan

TexHiyHi 3acobu
[0CTaBKN BOrHeracHmx

MoKexHi NiTakun Ta BEPTONbOTH

MoXKeXHi TaHKK

CneujanbHi yCTaHOBKM Ta 061aaHaHHA

PyyHi Ta nadeTHi ctBoNM

Puc. 1.8. 3aranbHa knacudikaiiis TEXHIYHUX 3aC001B IOCTAaBKU BOTHETACHUX PEYOBUH

JUIS TACIHHSA ITOXKEXK

Ha ocnamenni nigpo3ainie JJICHC Vkpainu 3HaxoguThCS TEXHIKA, KA HE €
JOCTaTHBO €(EKTHBHOIO ISl TaCiHHS CKJIAJHUX IMOXKEX 1 HE BHUpIIIye Hpodiemy
JIOCTaBKM CyYacHUX €(EeKTHMBHUX BOTHETaCHUX pEYOBHH (aep030JIeyTBOPIOIOYUX
PEYOBHH, BOTHETAaCHUX MOPOIIKOBUX CIOJIYK, €KOJIOTTYHO YUCTUX XJIAJOHIB, TBEPOTO
JIBOOKKCY BYTJICLIO ¥ METAJI0O0pTraHIYHUX CIIOJYK) Ha BifactaHb nmoHaa 100 m. Tomy
CBOTOJIHI TOCTPO CTOITh MpoOJeMa BIAOCKOHAJICHHS HASBHOTO TAapKy IMOXKEXHOI
TEXHIKH, CTBOPEHHS TEXHIYHUX 3aC001B MOKEKOTACIHHSI HOBUX MOKOJIIHb.

3a c1ocoOOM yTBOPEHHSI €HEprii BUKKy BOTHETACHUX PEYOBUH Ta MoAayl ix 10
OCepeKY MOXKEXK1 ICHYIOTh:

- J0CTaBKa BOTHETaCHUX PEUYOBUH 0€3 BUKOPUCTAHHS MOPOXOBHX 3apsiB;
- J0CTaBKa 3 BUKOPUCTaHHSIM MOPOXOBUX 3aPSIiB;
- JI0CTaBKa 3 BUKOPUCTAHHSIM TBEPIUX Ta PIIKUX MaJUB.

i cmoco6u BU3HA4YarOTh JadbHICTh JOCTABKH BOrHEracHoO1 peuoBUHU. KoxkeH 13
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CIIOCO01B JIOCTABKHU MPAIIOE Y BIATOBITHOMY Jiara3oHi JadbHOCTI JIOCTaBKU Ta BU/IIB
BOTHETAaCHUX PEYOBHH, L0 3aCTOCOBYIOTHCA.

TexHiuH1 3acO00M MOXKEKOTACIHHS peali3yl0Th Pi3HI CIOCOOU JOCTaBKH PI3HUX
BU/IB BOTHETACHUX PEYOBMH. ['aCiHHS MOXKEX 3a JOMOMOIOI0 PYYHHUX 1 JadeTHUX
CTBOJIIB, MOXEKHUX aBTOMIAIMMAaUiB, aBTOAPAOMH 3I1HCHIOETHCS 3 3aCTOCYBAHHSAM
BOJIM 1 ITIHH.

Jlo HaiOIbII 3aCTOCOBAHUX CHOCOOIB JOCTaBKM BOTHETacHOi PEYOBHHU
MOJKJIMIBO BIJHECTH CIIOCOOH, IO 3a0e3MeuyioTh Oe3NepepBHY IM0Aady MOTOKOM Y
BUTJIAM CYNUTFHOI Mach BOTHETacCHOI PEYOBHMHHU: METOAM IOAadi BOAW, MIHHHUX
pO3uMHIB, Ta3y, nopomkoBux ckiamiB [48]. Jlani cmocobu peamizyroThCcs 13
3aCTOCYBaHHSM TaKMX TEXHIYHHUX 3acOOIB JIOCTaBKH, SIK PY4YHi Ta JlaQeTHI CTBOJIH,
BOJIONIHHI YCTAHOBKH, Ta yCTaHOBKH TUMy «Ilypra», aBronpabunu, aBTOniAOMHUKA
Ta 1HII. AJie, K IPaBUIIO, PO3TISHYTI 3aCO0M CIy>KaTh AJIs JOCTAaBKH BOAU abo MiHH,
BUKITIOUAIOYH 3aCTOCYBAHHS Ta JOCTABKY IHIIMX BU/IB BOTHETACHUX PEUOBHH.

Crioci6 «xugaHHs» 3a0€3Meuy€eThCs B OCHOBHOMY PYYHUM BOTHETACHUKOM, IIIO
3aKHUIA€ThCSl, HAUMHEHUM MOPOIIKOBUMU BOTHETACHUMM 3apsaaMu [99].

Haii6inpm mupoke 3acTocyBaHHS 3HAWILIM TEXHIUHI 3acobu Ta crocodu [53],
10 HE BUKOPHCTOBYIOTh MOPOXOBI 3apsiAu AJsl JOCTAaBKM BOTHETaCHUX PEYOBHH B
ocepenok noxkexi. TexHiuH1 3aco0M 3 BUKOPHUCTAHHIM MTOPOXOBUX 3apsi/iiB, TBEPIUX 1
PIAKMX MajdvB BUCYBAaIOTh BHCOKI BUMOTH IIOJAO iX 30epiraHHs, TPaHCIOPTYBaHHS,
3aCTOCYBAHHS Ta € KOIITOBHUMHU.

Haii6inp11 epekTMBHUM 3a YHIBEPCATBHICTIO JOCTABKM BOTHETACHUX PEYOBUH €
KOHTEHHEepHUH (KancyJabHUI) crnocid MocTaBKU. BiH Ma€e MIMPOKHM CHEKTp Pi3HUX
BUJIIB BOTHETACHUX PEUOBHH, SIKIi MOXKYTh JOCTaBIATHCS. [Ipu 11boMy KOHTEHHEpHMI
Croci0 OXOIUTIOE HAWOIBIITY KITBKICTh JOCTABKHU PI3HUX BHJIIB BOTHETACHUX PEUOBHH,
110 ICHYIOTh B JTaHWUI Yac.

[lepcieKTUBHUMHU TEXHIYHMMHM 3aC00aMHM  TOXKEXKOTACIHHS € CTBOJIOBI
YCTAaHOBKHU, TaKl K JUCKPETHOI mojadi BorHeracHux pedoBwH (mami YIIIBP). Ili
YCTAaHOBKH € TPHUHIMIIOBO HOBUMH TEXHIYHHUMH 3aco0aMH TOXKEKOTACIHHA, 1X

JIOCTDKEHHsT W po3poOKa axkTyajdbHa [ PO3BUTKY CYYacHHX CHOCOOIB
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MOXKEKOTaciHHSA. BUKOpUCTaHHS IIUX YCTAHOBOK J03BOJIUTH €(DEKTUBHO BUPILIYBAaTH
3aBJIaHHS JTOCTaBKM PI3HUX BOTHETAaCHUX PEYOBMH Ha BijacTaHb moHaa 100 m 3a
paxyHOK METaHHsI B KOHTeHHepax (KarcyJiax) mij yac TraciHHA MOXKeX PI3HUX KJIaciB
Ha 0cOOJIMBO HeOe3nmeuyHux 00'ekTax, 3abe3nedyroun mpu boMy 0e3meKy 0coO0BOTro
CKJIa/1y OXKeXKHO-paTyBainbHuUX Tiapo3ainis JJCHC Ykpainu.

Y poOoTi TPOMOHYETHCS PpoO3poOKa Oe3meyHOro JUisi 0COOOBOTO  CKIIAay
noxxexHo-paryBanbHuX migpo3autiB JJCHC VYkpainum cnocoby 1g0CTaBKH pPi3HUX
BOTHETaCHUX PEUOBHUH B 3aJIKHOCTI BiJl KJaciB Moxex (puc. 1.9) Ta KOHCTPYKIIitO
KOHTEMHepa (Karcyim) 3 BorueracHoro peuoBuHoro (nani KBP) (puc. 1.10).

[IpoBenenuit anamiz CBITYUTH MPO TE, IO PO3POOJIEHO OaraTo pi3HUX BHIIB
BOIHETAaCHUX pEYOBHH, aje YyHIBEpCAJIbHOI BOTHETACHOI pEYOBHHM, sKa O
3aJI0BOJIBHSJIA BHMOI' €KOHOMIYHOCTI, €KOJOTIYHOi O€3lmeKM Ta BOTrHEracHoi
e(peKTUBHOCTI, a TOJIOBHE I TAaCIHHS YCIX KJIaCiB MOXKEX HE pO3pPOOIICHO.

Tomy MopaepHizalliss cnoco0iB TMojaydl I[MX BOTHETaCHUX PEUYOBUH €

NCPCIICKTUBHUM Ta aKTYaJIbHUM 3aBJaHHAM IIOAAJILIIOTO HAYKOBOTO ITOIIYKY.

\;Tn ;M

Puc. 1.9. Cxematnune 300pakeHHs moAava 3 O€3Me4HOi BiJICTaHI 3a JOMOMOT0I0
Y AIIBP kontelinepa (kamncyniu) 3 BorueracHorw peuoBuHoro (KBP). 1. JloctaBka
KBP y BikHO OaraTonoBepXxiBKH B ocepenok nmoxkexi. 2. JloctaBka KBP Ha 3nauny

BIJICTaHb JUIS TACIHHS CKJIAJHUX ITOXKEXK.
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Puc. 1.10. Cxema KBP nna YIIIBP. 1. Kopnyc. 2.0TBOpH 1151 pO3MMITY BOTHETaCHO1
PEYOBHUHM 3 3ariaylikaMmu. 3. ['ooBHA yacTHA Kopiycy. 4. XBOCTOBHK. 5.
[Tiponatpon ab0 €MHICTb 13 CTUCHEHUM HOBITPSAM. 6. EMHICTH 3 BOTHETACHOIO

peyoBuHOM. 7. bikdopais mHyp

CyyacHi ciocoOu raciHHs MOXKEX IUIAXOM I0jadyl BOTHEraCHUX PEUYOBUH HE
3aBXKIU € Oe3MeyHi I JKUTTS TMOKESKHUX-PATYBATBHUKIB, TOMY BBaKA€EMO, IO
3aCTOCYBaHHS CIIOCO0OIB Ta MPUCTPOIB JJIs MOJa4l BOTHETAaCHUX PEYOBHH 13 O€3MeuHOl
BIJICTaH1 € MPIOPUTETHUM HAIPSIMKOM PO3BUTKY MOKEKOTACIHHS.

S oauH 13 HANPSMKIB BUPIIIIEHHS MUTAHHSA 111010 TACIHHS TIOKEX PI3HUX KIaciB

13 Oe3MmevHoi BiJICTaHi 3aponoHOBaHO BUKopucToByBatu Y J[IIBP.

1.3. AHami3 [JaJbHOCTI [OCTABKH BOTHEraCHHUX pPEeYOBHH, OCHOBH

3a0e3neveHHs1 0e3MeKku Ta e)eKTUBHOCTI FACIHHA MOKeXK

Benuky ponb ycHoimHOi JIKBIgaIii MoXexi rpae 0esrneka 0coO0BOTO CKIIATy
MIIPO3/1TIB ONEPATUBHO-PATYBAJIBHOI CIIY)KOM ITUBUIBHOTO 3aXKMCTYy 3 OpraHi3alli€ro
orepaTUBHUX A1 mifg yac racinag noxex [100 — 103]. lanuit paxtop 3a0e3neuyerbes
MOKa3HWKaMH JaJbHOCTI JOCTaBKM BOTHEracHOi pedoBWHH. [lOHSATTS BimmanmeHOi
BIJICTaH1 JOCTaBKH BU3HAYAETLCA K BIACTaHb, HA K1 HEOOXITHO raCUTH CKJIAJIHI Ta
0COOJIMBO CKJIQHI MTOXKEXKI 32 JOTIOMOTOI0 PO3TAIIOBAHUX HA 3€MJII TEXHIYHUX 3aC001B
noctaBku. lle Biactanp monan 100 merpiB, 3 poOOYMM Jiarma3oHOM JIOCTABKU

BoraeracHux pedoBud 100 - 250 metpiB. Jlianazon 250 i 6inbire MeTpiB 1715 3aCO01IB
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MOKEKOTaCiHHS HA3€MHOI'0 PO3TAIlyBaHHS MOXHA PO3TJISAATH K Jiana3oH JTOCTaBKU
Ha JajeKl BiJCTaHl BOTHEracHUX pe4yoBHH. Bincrane goctaBku 10 100 wmetpi
crpuitmaeThes sik OnmmxHs. [lojaya BOrHeracHMX peyoBUH 3 Bi/IJ1ajIEHO1 B1ICTaH1 Ta HA
JaIeKNX BIJCTaHIX JO3BOJIsiE€ 3amoOIrTH Bpaxarodiil nii HeOe3nedyHux QakTopiB
MOKEXI Ta X BTOPUHHUX TPOSBIB HA 0CO00BUH ckiian. OCOOIMBO 11€ BAXKIUBO MPH
raciHHI MMOXEX Ha BEJIMKHUX 00’ €KTax IMABUIIEHOT BUOYXO- Ta MOXKEKOHEOe3MeYHOCTI:
€MHOCTI, pe3epByapH 3 HAPTONPOIYyKTAaMH Ta MaJbHO-MACTWIBHHUMH MaTeplalaMu;
00’ekTu HadTOrazon00yBaHHS; TaciHHS IIOXKEX Ha CBEpJIOBMHAX Ha(TOBUX Ta
ra3oBHUX POJOBHII; 00’ €KTH HaPTOXIMIi Ta 00’ €KTU XIMIYHUX BUPOOHUIITB; CKIIAIU Ta
CXOBHILZ; JicH, J1COBI HACa/HKEHHS, MIPUPOIOOXOPOHHI 00’ €KTH;
BUOYXOMOXKeKOHeOe3meuHl 00’ €KTH; pajapHi Ta acTpodi3uyHi 00’ €KTH, BUCOTHI
00’€KTH; CKJIAQAM Ta CXOBUIIA 3aBOMAIB Ta MIANPUEMCTB 3 TOPIOUUMH, OTPYHHHUMH,
XIMIYHOHEOE3NeUHUMHU Ta  BHOYXOHEOE3NMEYHHMH  pPEYOBHHAMU  YCTaHOBKH;
00JIalHAHHS aTOMHHX €JICKTPOCTAHIlIA; OO0 €KTH aepoJAPOMIB; TaCIHHS IOMKEK
aepoJpOMIB, aHTapiB MPH aBlalIfHUX KaTacTpodax; eHEPreTUyH1 YCTAHOBKHU TOMIO.

MakcumanbHy JOalbHICTh JOCTAaBKM BOTHEraCHMX PpEYOBUMH HHUHI 3[aTHI
3a0€e3MeYNTH TEeXHIYHI 3acCO0M HA3eMHOr0 pO3TAlllyBaHHS, IO BHKOPHUCTOBYIOTH
pPEaKTUBHUIN CHapsAHUNA METOJ 13 BUKOPUCTAHHSIM TBEPAMX Ta PiAKUX manuB. Tak,
Hanpukiag, y OpaHuii BUKOPUCTOBYETHCS CaMOXIJHA MPOTHUIOXKEXKHA OaTapes
pPEaKTUBHUX CHAPSIIB MPH T'ACIHHI JIICIB, YarapHUKIB Ta 3€PHOBUX KYJIbTYp Y MICLISIX,
e HEOOXITHO MIBUAKO OOMEXKHTH TIOUIMPEHHS TOoXeXl. PeakTuBHI CHapsau
MpaIoTh Ha TBEPJIOMY MAJIMBI 1 MalOTh JajdbHICTh TOIKOTY 200-1500 M. [Ipu ynapi
CHaps/a 0 3eMJII0 BOTHEraCHa pEYOBHHA, 1110 MICTUTHCS B TOJIOBHINA YaCTHHI CHapsa,
MOKPUBAE TUIONLY TaCiHHS.

[lepeBakHa OUIBLIICTh MOXKEXKHOT TEXHIKM KOTpa BHKOPUCTOBYETHCS Ha
TenepimHid yac B TteputopianbHux migposaiiax JCHC VYkpainu He m03BOJISE
JOCTaBJIATH BoTHeTacHi peuoBuHM (BP) Ha Bigcrans Outbie 100 M. HasiBHi B Ykpaini
pi3HI TUNU TOXXEKHHUX aBTOIHMCTEPH 3 PI3HUM HAa0OpOM TEXHIYHHUX 3ac00iB
MOKEKOTAaCIHHS, 3/1aTHI 3 BUKOPUCTaHHSAM Ja(EeTHUX CTBOJIB JIOCTAaBUTH BOJAY HA

BijicTaHb 10 70 M, MaKCUMaJlbHA BIICTaHb MMOJa4l PO3YMHIB BOTHETACHUX ITIH HU3bKOI
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Ta CepeIHBOT KPATHOCTI, 3 BUKOPUCTAHHSM YCTAHOBOK KOMOITHOBAHOTO FACIHHS MOMKEK
tuny «[lypray, ckimamae mo 100 m. [lpu BuUKOpHCTaHHI MOXKEKHUX ABTOMOOLTIB
MOPOIIKOBOTO TMOXKEKOTaciHHS, MaKCHUMallbHa JalbHICTh IOJadl BOTHETAaCHUX
MOPOIIKIB ckianae 10 70 M.

[lepeBaramMu IMITyJIBCHOTO TIOXKEKOTACIHHA € TIIBUIIEHHS €()EKTUBHOCTI
raciHHS 32 paXyHOK 30LJIbIIIEHHSI JUCIIEPCHOCTI MOTOKY, 301IbIIIEHHS JABHOCTI Mo 1a4i
BOTHETaCHOI PEYOBUHM 1 MiJBHUIIEHAa MOOLIBHICTh ycTaHOBOK racinus [105 — 107].
["aciHHS TOXKeX1 3IMCHIOETHCS 3a PaxXyHOK 1HT10yro4oi Jii Ha (akes BOrTHETracHOTro
MOPOIIKY, BUKHUJ IKOTO 3/IICHIOETHCSI €EHEPTIEI0 CTUCHEHOTO MOBITPs 200 MOPOXOBOTO
3apsay. Y 30HI TopiHHS (DOHTaHYy MPOTATOM KOpOTKOro 4acy (1+2 ¢) iMImyiasCHO
CTBOPIOETHCS  KOHIIGHTpAllii BOTHEraCHOI TMOPOIIKY IIISXOM  CHPSIMOBAHOTO
3aJIMIOBOTO BUKUAY YCTaHOBKOI. B YkpaiHi po3pobieHi Ta akTHBHO 3aCTOCOBYIOTHCS
MHEBMATU4HI TOpowKoBl moiayMm’simonasmioBaui [ITII1-200, mo wmictare 200 kr
BOTHETaCHOTO MOPOIIKY, 1110 BUKUAAIOTHCS 3a oauH noctpii [108]. Bimomi po3poOku
[109, 110], B sIKuX BUKOpPUCTaHI CTAI[lOHAPHO BCTAHOBJIEHI IMITYJIbCHI MOPOLIKOBI
YCTAaHOBKU TMOXKEXKOTaCciHHS, 110 aBTOMATUYHO CIPalbOBYIOTh IPH BUHUKHEHHI
MO>KEX1, 1110 BU3HAYAETHCS 1HGPpauepBOHUMH BUIIPOMIHIOBaYaMH a00 TEIUIOBI30paMH.

3 yncna HasBHUX y po3nopsmkeHHi JICHC Ykpaiau 3pa3kiB MOKeKHOT TEXHIKH,
HaWOIBIy JaNbHICTh I10Jlauyl BOTHETACHUX PEUYOBHH 3a0e3ledye 1MITyJbCHA
OararocTBoJIOBa ycTaHOBKA «IMmymbe-3» puc. 1.11 [111, 112]. Jlanuit Tvm cTBOJIOBUX
yCTaHOBOK OyB cTBOpeHU Ha KHiBCbKOMY TaHKOPEMOHTHOMY 3aBOJ1 Ha 0a3i miaci
taHkiB T-62. Mammuau MawoTe 50 ctBoniB (IMmynbc-1-40), KokeH 3  SIKHUX
3apsaKaeThes Mo 30 Kr nopoky. «IMmmynsc-IIITopM» 3aaTHHI JOCTaBUTH y OCEPENIOK
noxexi 3a 4 c¢. 1,5 T BorHeracHoro mopoiiky. Lle 103Bojisie CTBOPUTH MOTYKHY
BOTHETacHy Jil0 Biipa3zy 1 OJHOYACHO MO BCik miomi abo 06’emy. OCHOBHOIO
BIAMIHHICTIO JaHOT YCTAHOBKM € TOTY)XKHa yJIapHa i Ha OCEpelOK MOXEexXl Y
MOEHAHHI 3 BOTHETaCHUMHU €(QeKTaMM, IO CTBOPIOIOTHCS  CHEliaIbHUMHU

MOPOIIKOBUMH CKJIaAaMHu. JlanbHICTh €()EKTUBHOTO TaCiHHSA CTAaHOBUTH 70 S50 M.
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Puc. 1.11. I'ycennuna 6poHbOBaHA MOXKEKHA MaluHa « IMITyJibe-3» y TOXKEXKH1H

yactuHi YopHoOmis, 2015 pik

Haiibinpin Ge3nmevyHor0 BOTHETaCHOK PEUYOBHMHONO, 3 TOUYKHM 30py BIUIMBY Ha
JIOAWHY Ta HABKOJIMIIHE CEPEeNOBHUINE, € BOJA. 3aCTOCYBaHHS J/Jii TaciHHS B
IMIYJIbCHOMY pexumi Togadi peanizoBaHo (ipmoro iFEX y Burmsai ycraHoBok
3aJIMIOBOTO BOJSHOTO TOKEKOTACIHHSA, BCTAHOBJICHHWX HA IIAci MO3alLISTXOBHKA
(puc. 1.12), remikontepa a6o tanka Leopard 1 [113, 114]. Haii6inem Bpaxarouum
npuctpoeM 13 mnepepaxoBanux € Fire Commander (puc.1.13) 3 OGamrToBorO
JIBOCTBOJILHOIO THEBMO-1MITYJILCHOIO BOJIIHOIO «rapMaToro» Gipmu «IFEX-3000», mo
pOOUTH TOCTPUT 3aJIMIOM 3 JIBOX CTBOJIB 10 40 JITpiB BOAM, YTBOPIOIOYHU IIIKBAJ
TOHKOJIMCTIEPCHOT BOJU NaibHICTIO 10 40-50 MeTpiB, Mpu peanbHiii JaIbHOCTI TACIHHS
1o 15 metpis. Ha maci po3ramoBana nuctepHa 3 10 TOHH BOju, HACOC MOa4l BOIH B

KaHaJIi CTBOJIIB, KOMIIPECOP BUCOKOT'O TUCKY.
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Puc. 1.12. Mo6inbHI MHEBMAaTUYHI YCTAaHOBKH IMIYJILCHOTO Mokexkoracinus a) IFEX

FireHunter, 6)IFEX Helicopter

Puc. 1.13. Iloxexuuit Tauk [IFEX

Ha cpboroani cTBopeHi pi3HI TUIIM HOBUX BOTHETaCHUX PEUOBHUH 1 iX CyMIIISH,
BOTHEracHa 3/IaTHICTh SKUX 0 6araTboM mapameTpam IepeBepirye BOAHI PO3YUHU Ta
IiHU, Takl fK: aepo30JeYTBOPIOIOYI CKiaau, BorHeracHi nopomku (BII) pizaux
pelenTyp, €KOJOTIYHO YUCTI XJIAJIOHU, TBEPIUNA TBOOKHC BYTJICIIO 1 METaJI0OpraHIuHI
CIIOJIYKH, TIPU I[bOMY Ha O30pPO€HHI MPOTHUIOXKEKHUX MIAPO3IIIIB HA JAaHUN dYac
BIJICYTHI TE€XHIUHI 3aCOOM Ta MOXKE)XKHA TEXHIKA 3/]aTHA 3a0€3MeUuTH iX €(PEeKTHUBHY
BHCOKOTOYHY TOAAa4y JI0 OCEPEIKY MOXKexXKi1 Ha BifacTanb Outbie 100 m [115 — 120].

Tomy B maHuii yac rocTpo CTOiTh MpoOieMa CTBOPEHHS MPUHIMIIOBO HOBHX
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TEXHIYHUX 3acO0IB IIOXKEKOTaciHHS Ta po3poOKa HOBUX CHOCOOIB JIOCTaBKU
BOTHETaCHMX pEYOBMH Ha BIJJAJICHy BIJCTaHb MNPHU TacCiHHI CKJIATHUX TOXKEK.
Hait6inp11 pamioHaIbHUM pO3B’si3aHHM 111€1 poOiemu € Bukopuctanus Y JIIIBP —y
KBP, 10 3a0e3neuye BUCOKOTOUHY KOHTEHHEPHY (KarcyiabHy) JOCTaBKY PI3HOTO BUTY
BOTHETaCHHUX PEUOBUH Oe3mocepeHbo B 30HYy TopinHs. B skocti Y IIIBP moxe Oytu

BI/IKOpI/ICTaHI/Iﬁ OIHH 3 iCHYIO‘II’IX THIIIB ITHEBMAaTHYHOL YCTAaHOBKH MOKEKOTaCIHHS

(puc. 1.14).

Puc. 1.14. IMnynbsCcHI paHIieBl THEBMAaTUYHI YCTAHOBKH MOXKEXKOTACIHHS

a) Taitdyn-1-10; 6) Bursass YIIT 10/1(0,4)-2; 8) IFEX 3000

Bukopucranns VY/IIIBP 103BoauTh e€(pEKTUBHO BUPINIYBaTH 3aBJaHHS
BIJITAJICHOI TOCTaBKH Pi3HUX BOTHETACHUX PEUOBHWH 1 CyMIIIEH METOIOM METaHHS B
KOHTEWHEepax MpH TaciHHI CKJIaAHUX TOXKEX Yy 0araTonoBEepXOBUX OYIIBISX Ta Ha
0co0JIMBO HeOe3neyHuX 00’€KTax (30HU XIMIYHOTO 3apa)X€HHS, TEPUTOPIl MIHHUX
3aropo/>KeHb, MOXKEXI Ha apceHanax 1 T.I.), 3a0e3Medyloud Mpu IbOMY Oe3MeKy
0Cc000BOI0 CKJIay MOXKEKHO-PATYBAIBHUX IM1IPO3/ILIIB.

MakcumanbHa JaIbHICTh JOCTAaBKM BOTHETaCHUX pedoBuH Bif 50 mo 250 m
MOXXYTh MaTH T€XHIYHI 3aCO0M KOHTEHHEPHOIO0 METOTy AOCTABKH 3 YMCJIa TEXHIYHUX
3ac001B HA3€MHOI'O PO3TAaIlyBaHHS 1 TaKi, 110 HE BUKOPUCTOBYIOTH ITOPOXOBI 3apsI/IH.

BorneracHa pe4oBHHAa MICTUTHCS B KOHTEHHEpP y BUIJISAAI KallCysu, IO Mae
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00TiuHY (¢dopMy, IO JO3BOJSE JIOCATTH MaKCHUMajbHOI JalbHOCTI METaHHS
KOHTEHUHEDPA.

3a KOHTEHHEpPHUM CIOCOOOM JAJIBHOCTI JIOCTAaBKH 3 OOMEXKEHHUM HabOpOM
BOTHETACHUX PEYOBUH (BOMM, MIHK) CIIAYIOTh TOTOKOBI CIIOCOOH.

3 iX BUKOPUCTAHHSM MOKJIMBO JOCSTTH JATbHOCTI JTOCTABKU BOJIM 1 IMIHH, SIK
npaBuiio, B Mexkax J10 100 M, mOpoIIKOBUX BOTHETaCHUX CKJIaIiB - 10 70 M. HaliMeHiry
JATBHICTh IOCTABKM BOTHETACHUX PEUYOBUH 3/IaTHUHN 3a0€3MEUNTH IMITYJIBCHHM CITOCIO
- 10 30 M. IlopiBHSHO HeBelMKa JadbHICTh MOJBOTY BOTHETAaCHUX PEUYOBHUH
MOSICHIOETBCSL 1X PO3IMOPOIICHHSM TICIsS BWUIBOTY 3 yCTaHOBKH. OJIHaK CHJIbHE
pPO3MMJIEHHS BOTHETACHOTO 3apsily B 30HI TOpPIHHA BIJIrpa€ MO3UTHBHY pOJb B
YCIIIIHOMY MPUIYIIEHHI TPOIIECY TOPIHHS 13 3aCTOCYBAaHHSM IMITYJIbCHOTO METOIY
IIPU TaCiHHI MOKEeX Ha HeBeNUKHX 10 30 MeTpiB BiacTaHsaX. J[o TOTO K yCTaHOBKH, 110
BUKOPUCTOBYIOTh IMITYJIbCHHUM METOJ] JOCTaBKM BOTHETACHUX pPEUYOBWH, 3/aTHI
BUKHJIATH BEJWKY KUIBKICTh BOTHEracHOI PEYOBMHM B OJIMHMINO 4Yacy. Benwuka
KUTBKICTh BOTHETACHOI pEYOBUHH, IT10 TMOJAETHCS B OJTMHUITIO YaCcy Ha OJJUHUITIO TUIOIT],

€ OCHOBHUM (paKTOPOM JIJIsI IIBUKOI JIOKAJIi3aIlii Ta yCIIIITHOTO TACIHHS TOXEXKI.

14 Amnaniz  eQeKTHMBHOCTI  3aCTOCYBaHHSI  TeXHIYHHX  3aco0iB

MOKEeKOTACIHHSA TA CMOCO0IB J0CTABKH BOTHETACHUX PEYOBHH

JIns  TIOpOIIKOBUX  CKJAMIB  KOoe(]ilieHT e(QEeKTUBHOCTI BUKOPHUCTAHHS
BOTHETAaCHOI ~PEUOBMHHU  TPOTHIIOKESKHOI  TEXHIKOKO MOXHAa  OIIHUTH 13

criBBigHOMmEHHs [121, 122]

__ 9.
Ko S tom, (D

Ie QSR - CepelHE 3HAUCHHS BUTPATH BOTHETaCHOI PEUYOBMHU HA TaCIHHSA

TMOKexXi, 110 3a0e3MeuyeThesl TEXHIUHUM 3ac000M, KT * €™ 1;
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S s - MAKCUMAaJIbHE 3HAYEHHS BOTHEraCHOI 31aTHOCTI, Mm% - kr1;

[ - onTuManbHE 3HAYEHHs] IHTEHCUBHOCTI MOJa4l BOTHEraCHOI PEYOBUHU MPHU
raciHfi, Kr - M~ 2c™1;
M, - Maca BChOro 3aracy BOTHETaCHOI PEYOBHHH, KT.

Texniyaux 3aco0iB, 110 MOAAIOTh MOPOIIKOBI BOTHETACHI CKJIAJIM HABEJICHO B

tabmui 1.5

Taomung 1.5.
XapakTepUCTUKU TEXHIUHUX 3aC001B, 1110 MOAAI0Th MOPOLIKOB] BOTHETaCHI CKIIAIH
TexHiyaui 3aci0 3anac BP, |Maxkcuman |KoeditieHTt
KT bHa BUKOPUCTaHHS
BUTpaTa  |(BOIHETACHOL
I[IC,kr -+ |(pe4oBUHU
o1
[Torounuit MeTox1
AII-5 moa. 196 A3 «IToxmarmHa (M. 6000 50 0,05
[punyku, Ykpaina), 1982 r.
All- 4 mon. 222 T10O «IToxxmarimna (M. 4000 115 0,16
[punyku, Ykpaina), 1991 r.
['poJI® 5000 (HimeunHa) 5000 50 0,06
Bbiokap6o 6000 (Dpamniris) 6000 66 0,06
IMnynbcHUM METOT
ImITysThCHA MOYKEKHA YCTAHOBKA «IMITYJIHC 3000 300 0,57
[TTopm»

[IpoananizyBaBIIM XapaKTEPUCTUKH TEXHIYHUX 3aco0iB, MHI0 MOJAIOTh
MOPOUIKOBI CKJIa/I, MOXKEMO 3a3HAYHUTH, 1[0 MAKCUMAIILHO €(peKTUBHE BUKOPUCTAHHS
MNOPOUIKOBUX CKJAAiB MOXHA JIOCSATTH 13 3aCTOCYBaHHSIM IMIYJbCHHUX Ta

KOHTeHepHUX MeToAIB. Tak y iIMIyJIbCHOI MOXKeXHOT ycTaHOBKU «Immysbse LTopm»
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KoedilieHT cTaHOBUTH 0,57 3a paXyHOK BEJIMKOi BUTpPATH BOTHEracHoi peuoBuaH (300
Kr-c '), OgHak Beluka BUTpara IPU3BOJUTL 10 IIBHMAKOIUIMHHOCTI pobGOTH Ta
3000B’s3y€ 3a I’ SITh 3aJ1B 3a0€3MeUnTr e(PEeKTUBHUIN MPOLIeC TaciHHS (IJIsI BUTPATU
300 kr-c ! - 5 cexynn). Tak gk 3arajgpHa Maca HOPOIIKOBOIO CKIALy, IO
BUCTPLITIOETHCS 3a 1’ SITh 3B, CTaHOBUTH 1500 Kr, a Maca MOPOIIKOBOTO CKJIA Ty, IO
BHUBO3UTH YCTaHOBKA, cTaHOBHUTH 3000 KT, TO 3amacy BOTHETacCHOT peYOBHHU BHUCTAYa€E
Ha necaTh 3anmiB. [Ipu oMy MoTpiOeH 3HAUHWHN Yac AJisl epe3apsaKu Micis 1 ST

3aJIITB Ta 31CHEHHS HOBUX 3aJIMiB — 15 XBWINH.

1.5 BucHoBku 10 po3ainy 1

1. B pe3ynbTaTi qociipkeHHs 0yJIo MPOBEAEHO MOALT MICHKUX HACEIECHUX
NYHKTIB Ha BIAMOBIIHI TPYNU 32 YMCEIBHICTIO HACEJCHHS Ta IUIOUICI0 TEPUTOPIi 13
BUKOPHUCTAHHSAM METOJIIB KJacTepHOTO aHamizy. OnpalboBaHO CTaTUCTUYHI JaH1, SKi
XapaKTEPU3yIOTh MPOLIEC TACIHHS MOXKEX aBapidiHO-pATYBAILHUMU (POPMYBaHHAMHU
MICT. 3 KOKHOI IpyHH MicT OyJio BiiOpaHO 1Mo OAHOMY HACENEHOMY IMYHKTY 1 JaJii 1o
HUM OIpallbOBaHl JlaHi Moo moxkex 3a mepiox 2020 poky. s npoBeneHHsS
JOCTiKeHb Oyiu BiiOpaHi HACTYMHI MIChbKi HaceneHl nmyHkTu: Kuis (1-i kmactep),
XapkiB (2-#1 xmactep), bepmsucek (3-i1 kmactep), IlomraBa (4-if kmactep).
BcTanoBieHo B3a€MO3B’ 130K HACTYITHUX MTapaMeTpiB: IJI0IIA TOPIHHS, TOBEPX Oy 1Bl
Ha SKOMY BUHHUKJIA TIO’KEKa Ta Yac JIOKam3arii moxkexi. J[st KosKHOTO 3 MICT, 1110 Oyiu
00pO00JIeH] CIOCTEPIraeThCs 3pOCcTaroya JUHAMIKa CTOCOBHO ILIOII MOXKEXK1 Ta dacy
JoKai3amii Mpu MiABMINEHHI piBHS (MOBEpXy) A€ BHHMKIA Toxkexa. OTpumani
CTaTH4Hl JaHl CBIAYATh IO IUIOIIA MOXKEXI Ta 4Yac JOKai3alii 301IbLIyeThCS Y
cepenuboMy Bia 3,5 mo 6 pasiB (s 8-9 moBepxiB MOPIBHSHO 3 TEPIIUM), IO
3yYMOBJIIO€ HEOOX1IHICTh 3MEHINIEHHS Yacy JIOKami3allli 3a paxXyHOK 3MEHIIICHHS 4acy
BUIBHOTO PO3BUTKY MOXKEXI1 IIJISAXOM [0Ja4dl BOTHEraCHUX PEYOBHUH Yy KOHTEHHEpax
(karicyiiax) 30BHi Oy/1iBeJIb.

2. [IpoBeneHo aHami3 METOMIB TMOXKEKOTAaCiHHA Ta BHUSBJICHO, WIO
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HaWKpaIM JJis TaClHHS MOXKEXK 3 BIIJIAJICHOI BIJICTaHI € KOHTEMHEPHUH Ccrocio, 110
peani3yeThCsl YCTAaHOBKH TUCKPETHOI MO1a4di KOHTEWHepa (KarcyJim).

3. [IpoBeneHo aHai3 iICHYyIOUUX 3aC001B IMOKEKOTACIHHS, SIKI MAIOTh CITUIHHI
pUCH 3 NHCKPETHHUM KOHTEHHEPHHUM CIOCOOOM I0/adi BOTHETaCHUX pPEUYOBHH.
BceranoBieHo 6171b11 BUCOKI MOXIIMBOCTI Tpu racinHi noxexx Y IIIBP B mopiBHsHHI 3
ICHYIOUMMH CITIOCOOAMU IMITYJILCHOI 1TO[a41 BOTHETACHUX PEUOBHH.

4. 3anponoHOBaHO, SK OJWH 13 HAMPSMKIB BUPIMICHHS TMWTaHHSA, 070
raciHHs TIOXKeX B OaratornoBepxoBUX OyAiBisx BukopuctoByBatu Y IIBP piznux
CyMillleld BOTHEraCHUX PEYOBHMH B KOHTEHHEpax (Karcysax) B OCEPElIOK IMOXKexKl 3a

paxyHOK MMHEBMATUYHO-IMITYJIbCHOTO CIIOCOQY.
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PO3/ILI 2
OBI'PYHTYBAHHS CIIOCOBY JIMCKPETHOI MOJIAYI BOTHETACHUX
PEYOBUH

2.1 YeraTrkyBaHHS VISl JMCKPETHOI 01a4i BOTHETaCHUX Pe4OBHH

B po6oTi 3anmpornoHoBaHO BUKOPUCTOBYBATH B SKOCTI 3acCO0y JJI TUCKPETHOI
nmojavi BOTHEraCHOI PEUYOBUHM YCTAaHOBKY IMITYJIbCHOTO TOXKexkoraciHHs TaidyH
(8, 9].

VYHiBepcalibHI BUCOKOE()EKTHBHI IMITYyJIbCHI YCTAHOBKM TII0KEKOTACIHHS
"TAUDOYH-1-10", "TAUDVYH-1-20", "TAUDYH 60" 6ymu pospobieni Ta
Bunyckaimucs CeBepopoHenpkuM BAT  "XimaBromaruka" Jlyranceka o0xacTb

VYkpaina (puc.2.1).

TAA®YH -1-10

Puc. 2.1. Imnynbci ycranoBku Taidyn -10,20,60

VYcranoBku immynbcHOro mnoxexoracinus (TY VYV 046 812 827004-96)
3aXUIICHI MaTeHTaMu YKpaiHH Ta YCHIIIHO NPOUIUIN cepTU(IKaIiiiHI BUTPOOYBaHHS
B cucremi YkpCEIIPO Ta oTpumanu BHCOKY OLIHKY NpOBIAHMX (axiBIB Ta
CXBaJICHHsSI Ha HAWBUIIIOMY JIepKaBHOMY PIBHI Ta OyJIM 3aKyIUICHI 1 MOCTaBJEHI Ha
030po€eHHST B TOXEKHO-psTyBaibHI miapo3nimu  JICHC VYkpaiau. ['onoBHOMO
0CcOoONIMBICTIO yCTaHOBOK «TaiidpyH» € Te, 10 Mojada BOTHETACHOI PEUOBHMHHU B

OCEPEeIOK TOXKEXK1 3AIUCHIOETBCS HE TOCTIMHUM TIOTOKOM, a IMIYJbCHUMH
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BHUCOKOIIIBUKICHUMH TIOCTPUIaMH 31 ClieliaJbHOro cTBoja. [Ipu mpomy BorHeracHa
pPEUYOBHHA PO3MOPOIIYETHCS HA JpiOHI YACTHUHKU, CTBOPIOIOYHM XMapy BOISHOTO
TyMaHy.

Vcranopku «TAVIOYH» MaroTh psj IepeBar y HOPIiBHSHHI 3 HaHKpaIIMMH
3aKOPJIOHHUMU aHAJIOTaMHU.

Veranosku «TAV®YH» MaroTh:

- BUCOKY IIBHJIKO/IIIO;

- MOOUJIBHICTB - MIBHAAKA JIOCTABKA 0 MICII MOKEXK1 Ta MIBUAKA IM1ATOTOBKA 10
pobotu;

- Oe3meKa JiId JII0/Iel Ta €KOoJIOriyHa Oe3IeKa;

OCHOBHI XapaKTEePUCTUKH IMIYJbCHUX YyCTaHOBOK TaiiyH HaBeneHI B

Tabymmi 2.1.
Taomung 2.1.
XapakTepUCTUKU IMITYJIbCHUX YCTaHOBOK TaidyH
HaiiMmenyBaHHS TOKa3HUKIB Taithpyn-1-10 | Taitpyn-1-20 | Tardyn-60
1. MicTKicTb, 1:
10 23,5 ABTOHOMHHH
- I7Is1 BOAH
-OaJioHa 1715 TIOBITPSI 2 4 4x3
2. KiibKiCTh IMITyJIBCHUX
. 10 20 60
BHUKHJ[IB BOTHETACHOI PEUOBHHHU
3. BoraeracHa 3/1aTHICTh 3a
2A 4A 4Ax3
150/DUS7165E
4. JloB)KHHA IIUTAHTIB, M 15 15
5. IloBHa Maca, Kr He OlibIIe 30 70 18x3
6. KinbkicTh pATYBaJILHUKIB 715 | | ;
BUKOPUCTAHHS
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["0JI0BHMM HEI0JIIKOM YCTAaHOBKH € 11 «OJIU3KOIIs.

3Ba)karouu Ha psiJ MepeBar IMITyJIbCHOI ycTaHoBKU TaiidpyHn-10, Oyino npuitHATO
pIIICHHS] BUKOPUCTATH 11 sIK IpoToTHIl 1 nepepooutu B Y IIBP y KBP.

bamon 3 Bomot0, Ta NUIAHTH JO CTBOJA BiJ OajsioHa, OyJIM JEMOHTOBaHI JJIs
3MEHILIEHHS Bard 1 KOMIIAKTHOCTI ycTaHOBKU. ByB 30unbmieHnit o6’em OanoHa 3
CTHCHEHUM TOBITPSM, TSI 301IBIIEHHS KUIBKOCTI IMITYJIbCHUX MOCTPLTIB (BUKHIIB)
KOHTEHHEpa 3 BOTHETaCHOI PEUOBMHOIO. baloH mpuemHyeThcs dYepe3 mepeximgHe
3’€IHaHHS, SIKE BUTOTOBISETHCA Oe3mocepenHbo IMmia Tum OanoHiB. B poboTi
BuKopucToByBaBcs 6anoH DRAGER (puc. 2.2).

3a3HaunMo, 1110 OAJOHH 3 CTUCHEHUM TOBITPSIM CTOSTh Ha 030pOEHHI aBapiiiHO-

PATYBAIBHUX HiAPO3ALTIB.

Puc.2.2. banon Drager niis YAIIBP y KBP

Texniuni xapaktepucTuku 6anona [123] mis ctucaeroro nositps Ha 300 Gap:

- 00'eM 6 miTpiB;

- Bara O6ayioHa He Ounblie 4,4 KiJlorpam;

- BEHTWIb P13b0JICHHS BHYTpPIITHE 5/8;

- BupoOnuk Drager CIIIA;

- MaTtepiai — aJOMiHIHN.

JIyist 3HVOKEHHS, PEryJIIOBaHHS Ta aBTOMATUYHOTO MIATPUMAHHS TOCTIHHOTO
3aJJaHOTO POOOYOTO THUCKY BCTAHOBJICHHH penykTop puc.2.3. Pemykrop mo3Bossie

3MEHIIYBaTH IMOYAaTKOBY IIBUAKICTh KOHTEWHEpa 3 BOTHETACHOIO PEYOBUHOIO, IIO
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301IBIIY€ KUTBKICTh IMITYJILCHUX TTOCTPIIIB.

Puc. 2.3. Penykrop JOHMET BA30-150 M

OcHoBHI xapakTepucTiku peaykropa bBA30-150 IM [124]:
- Bupoonuk JJIOHMET;
- THTI peAYKTOpa a30THUH (TIAXOAUTH JIJISt TIOBITPS);
- BUKOPHUCTOBYEThCA JUIsl OalloHa 3 a30TOM, a00 MOBITPSM;
- Makc. nponyckxa 3aatHicts 100,0 M3 / ro;
- Makc. TUCK Ha Bxonl 20 MIIa;
- Makc. pobounii Tuck 3,0 Mlla;
- mpoxia PT pykaBa 6 mm 9 mm;
- Bara 1,6 kr;
- KpalHa TOProBoi Mapku Y KpaiHa.

PenyKTop po3paxoBaHuil Ha BEJIUKY NPOIYCKHY CIIPOMOKHICTE — 10 100 M*/rog.
Pi3p0a Ha Bxoai - G3/4, Ha Buxoai — M16x1,5. Hagiiinuii naTyHHUN KOPITYC 1 KPUIIIKA,
TOYHE TMIATPUMAHHS THCKY, 3HOCOCTIMKMH pEeayKIIMHUN KJamaH 31 BCTABKOK 3
NoJIlypeTaHy, 3py4YHUI MaXxOBHUK 3 yIapOCTIMKOIO IIacTuKy. st 3py4HOi poboTu —
3amipHU BEHTWJIb HA BUXOJl 3 PEAYKTOpA, IO JI03BOJISIE MEPEKPUBATH MOIABAHHS
HOBITPA 10 «CTBOJIA», HE 3aKPUBAIOYM BEHTWIb Ha OalloH1; BX1JHA Ta BUXIJHA pi3p0Oa

crangaptHa ansa kpain CHJI. MaHomeTpu 3 TyMOBUM 3aXHCTOM JJisi 3amoOiraHHs
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MOIIKO/IKEHHSM B1J] JICTKUX yIapiB.

BbyB BUroToBieHuii HacaJ0kK 3i cTajl BHYTpilHIM giameTpoM 70 MM, 3 pi3b0o10,
B HIDKHIM YacTWHI, 7S 3’€THAHHSAM 3 BEPXHBOIO YaCTHHOIO cTBoja. Ha puc. 2.4
3arajbHe (DOTO AOCIIAHOTO 3pa3ka CTBOJIA JIJISl AUCKPETHOI JOCTaBKM BOTHETACHUX
PEYOBHH, CXeMAaTHYHE 300payKEHHS TOCTIAHOTO 3pa3Ka KOHCTPYKIIii cTBoda (puc. 2.5),
OCHOBHI KOHCTPYKTHBHI €JIEMEHTH JIOCIiTHOTO 3pa3ka cTBojia (puc.2.6) Hacamox
BUTOTOBIIABCS IOBXKUHOIO 150 MM, 1J1s TPOBEICHHS €KCIEPUMEHTAILHUX JTOCTIKCHb

3 KOHTeWHepamHu pi3Hoi popmu (puc. 2.7).

Puc. 2.4. ®oto nmocnigHOro 3pa3ka CTBOJA JUCKPETHOI IMOAa4l BOTHETaCHUX
peuoBuH: 1. Peminb njis nepeHecenHs ctBosia. 2. Kamepa j1s cTucHyTOTO MOBITpS. 3.
Kamepa ansa pigunu. 4. Hacamok a5 KOHTEHHEpa 3 BOTHETaCHOIO PEUOBHHOIO. 5.
[ToBiTpstnuit manr. 6. llTynep 3 «cucTeMoro MBUIKOTO 3’ €AHAHH». 7. PykosiTka j1st
TpuMaHHsA. 8. CIycKOBUM KypoK. 9. 3amo0iKHUK BiJ] MOMUJIKOBOTO HATHCKAHHS Ha
rauok. 10. Ilrynep mns nmigsoay pinuuu. 11. Pykoste o6epTatoua BIZKPUTTS KIIaNaHy

1Sl 3aTIOBHEHHSI P1IUHOIO
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Puc. 2.6. OcHOBHI KOHCTPYKTMBHI €JI€MEHTH JOCIITHOTO 3pa3Ka CTBOJIA IJis
JUCKPETHOT JIOCTaBKM BOTHEracHUX peuoBuH. 1. Kamepa st cTUCHYTOTrO MOBITPS.
2. llpyxuna. 3. Po3BanTtaxxyBanbHa mnopoxxkHuHa. 4. IlIBuakonirouuii Kiamaxn
5. rynep nns migBody piauHu. 6. PykosTh oOepraroua BIAKPUTTS KIIAMaHy IS
3anoBHeHHs1 piauHow. 7. Kamepa nns pimunu. 8. Hacajmok s KoHTeiHepa 3
BOorHeracHo pedoBuHoo. 9. [lopoxuuna. 10. 3BopotHiit kinaman. 11. CoyckoBuii
radok. 12. Po3Bantaxyroun kanamu. 13. IloBitpsauit mrynep. 14. Jlpocens.

15. Pykosite. 16. 3amo0i>KHUK BiJl HOMHJIKOBOTO HATUCKAHHS HA TaYOK.
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107

Puc. 2.8. locnigHa ycTaHOBKA 7151 AUCKPETHOI 1MOJjaui BOTHETAaCHUX PEUYOBUH Y
koHTteiHepi. Enementu: 1.banon 3 ctucHenum noBitpsaM. 2. Jlader aiist pikcyBaHHs Ta
3MIHM KyTa Haxuwily HHEBMaTH4HOI rapmatu. 3. CTBOJI NHEBMAaTHYHOI TapMaTH
(immryecHO1 11ii). 4.Hacagok 1jis KOHTEHHEPIB 3 BOTHETaCHOK pedoBUHOI0. 5. Ckoba
dikcarii ctBoma. 6. Perymioroua miaHka MO BepTHKAIl KyT HaxXwiy CTBoJia. 7.
BeptukanbHa omopa mo sKid TepeMINIa€TbCs pEryJouYa IUlaHka. 8. YmopHa
peryioYa OCHOBAa 3MIHM KyTa HaXWiIy CTBoJia Mo ropu3oHTtami. 9. IloBiTpsHuii

nuiadr. 10. Pegykrop peryntoBaHHs THUCKY y MOBITPsIHIM KaMepi CTBOJIA
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3aranbHUM  BUIJISIL  JOCHIJHOT YCTAHOBKM I JUCKPETHOI JIOCTaBKHU
BOTHETaCHUX PEYOBHUH y KOHTEHHEP1 HaBeIeHO Ha pHC 2.8.

Jlana ycTaHOBKA MpH MPOBEACHHI HATYPHUX BUIIPOOYBaHb MPOJEMOHCTPYBaJia
BUCOKY €()EeKTUBHICTh IPHU AMCKPETHIN MOJa4l BOTHETaCHOI PEYOBHUHHU, CTIOPSIIKEHOT
Yy KOHTEUHEPH.

OcHosHi nepeBaru 3actocyBanHs Y JIIIBP y konteiinepi:

1. KoMnakTHICTh yCTaHOBKH (HE 3aiiMae 6araTo Micls NMpU TPAHCIOPTYBAHHI) 1
OTIEPATUBHICTh 11 JOCTAaBKU MPU3BOJATH 10 HE3AICKHOCTI YMOB i1 pO3rOpTaHHS BiJ
CTaHy T 'i3HUX NUIAXiB 10 Oy;iBiAl 1 ICHYBaHHS PI3HOMAHITHUX IIE€pPEroH
Oe3mocepeTHbO Ha TOABIP 1 Iepes Oy TMHKOM.

2. Jlnga mopadi BOTHETAaCHUX PEUYOBHMH y BIKOHHUH OTBIp OaratornoBepXOBOi
OyAiBal 3 MOMEHTY MPUOYTTS MOXEKHO-PATYBAIBHUX MIAPO3AUTIB MOTPIOHO HE
Oiunpine 2-3 XBWIMH, IO NPU3BOAUTH JO 3MEHIICHHS 4Yacy BUIBHOTO PO3BHUTKY 1
JIOKaJIi3aIli Moexi, B TOH 4ac KOJIU JIaHKa ra30/lUMO3aXUCHUKIB 30Mpae HEOOX1He
MOKEXKHO-PITYBaJbHE O0JIafHAHHS, pOOUTH ONEpaTHBHY IEPEBIPKYy amapariB Ha
CTUCHYTOMY IOBITPI Ta MIAINMAETHCS MO MAPLIOBUM CXOJIaM, MPOKJIAAAI0YN PyKaBHY
JHIIO B cepeHi OyaiBIi.

3. TouyHICTh NOCTaBKU KOHTEIHEPIB 1 BIICYTHICTh BTPAT BOTHETACHOT pEYOBUHU
IIPU T10/1a41 B OCEPEIOK MOKEXKI.

4. be3neuHicTh MaTepiay 3 SIKOTO BUTOTOBJICHI KOHTEHHEPH.

5. Bapiariiss BorHeracHoi pEeYOBHHM SIKa 3HAXOAUTHCA y KOHTEHHEpl IS
JUCKPETHOT Mojiayi.

6. HeoOxiquuMm € nuie oIuH MOXKEKHUH-PATYBAIBHUK B SIKOCTI ONEpaTopa

VJIIIBP na noyaTkoBi#i cTafdli JIOKai3amii moKexKi.

2.2. [ochigxeHHs] KPUTHYHUX IIBHAKOCTEH TAa HABAHTAKEHb HA

KOHTeHHeP JJIf IUCKPETHOI J0CTABKHA BOTHETraCHOI pe4OBUHU

[amum  enementom YIIBP nns aguckperHoi mogadi € KOHTEHWHEp, IO

HpeCTaBisie COO0I0 Kalcyiy - chepu, IOPOKHHUHA SKOT 3a[I0OBHIOETHCS BOTHETACHOIO
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PEYOBHHOIO.

OcKiIbKH CTIOCIO JUCKPETHOI TIOCTABKY Nependavae pyitHaIlilo KOHTeHHepa npu
yZaapl 0 TBEpy MOBEPXHIO 1 pO3NOPOILEHHSI BOTHETACHOT PEYOBHUHHU, TO BAXKIUBUM €
PO3paxyHOK (DI3UKO-MEXAaHIYHUX XapaKTEPUCTUK KOHTEHHEDY.

MeTtonamu KOMIT IOTEPHOTO MOJIEIIOBAaHHS OyJio MpoBeAcHe [2] BU3HAUCHHS
KPUTHUYHUX IIBUAKOCTEH Ta HABaHTaXEHb NIl PYHHYBaHHS KOHTEHHEpY 3 pI3HUM

THUIIOM BOTHCI'aCHOI'O HAITOBHCHHA IIPU YAAPHOMY HaBaHTAXKEHI.

2.2.1. 'eomeTpu4YHA MOJ€Jb | CKIHYEHHO-eJIeMEHTHA MO/Ie/Ib KOHTeHHepa

JInst mochiKeHHs BIUTMBY YJIa@pHOTO HABaHTA)XEHHS HAa KOHTEHHep (Karcymy),
Oyna cTBopeHa reoMeTpuyHa MoJeNb cepH, 10 Mae HACTyMHI napaMeTpu. B sxocti
TUIONIUMHY JIJIs1 yAapy OyJio CTBOPEHO MPSIMOKYTHY muiactuHy. Ha puc. 2.9 300pakena
MOBHA reoMeTpruyHa Mojeib chepu Ta IOl yaapy, a Ha puc. 2.10 reomeTrpuyHa

MoIeb chepu Ta TUIOIT yIapy B mepepisi.

Model
26.01.2021 9:41

0,000 0,050 0,100(m)
[ EE—— S

0,025 0,075

Puc. 2.9. IloBHa reomeTpruyHa Mojieb chepu Ta IUIONIl yAapy
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Geometry
26.01.2021 944

0,000 0050 0100(m)
)

0,025 0075

Puc. 2.10. I'eomeTpuuna mozaens chepu Ta IO yaapy B mepepisi

['eomeTpuuHO MozeNb chepu Mae Taki MapaMeTpu pajlyc, 10 JOPIBHIOE 35 MM
Ta TOBIIWHY, MO AopiBHIOE 3 mMM. [lmomwmua mns ymapy monemoBayiach y Gopmi
napajenienineay 3 HacTyMHUMH po3mipamu: JoBxuHa 300 mMm, mmpuHa 200 wmwm,
TOBIIIMHA 15 MM.

B po6oti q1st ctBoperHst CE-CiTKH BUKOPHUCTOBYBABCS TBEPIOTUIBHUMN €JIEMEHT,

KU 300pakeHuit Ha puc. 2.11.

Puc. 2.11 Ckinuenuuii enemenr SOLID187

Enement SOLIDI87 — ue 3D, 10-By3/i0BHIl €IE€EMEHT BUCOKOIO MOPSIKY.

EnemMeHT Mae mOBeNIHKY KBaJIpaTWUYHOTO MEPEMIIIEHHS 1 A00pe MiAXOAWTH Jis
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MOJICTTIOBAHHS HEPETYJISIPHUX CITOK.

Enement Bu3Hauaethcsi 10 By3namu, IO MaiOTh TPU CTyHeHI cBOOOAM Ha
KOKHOMY BY3JIl: TEpEKJIaIl Y BY3JOBUX HampsMKax X, y Ta z. OyHkKIii ¢opm, 110
OTHCYIOTh TIOBEAIHKY €JIEMEHTA MAOTh HACTYITHUMA BUTJISI.
u=u-2-L-1)-L+u,-2-L,-1)-L, +u,-(2-L,-1)- L, +u, -(2-L,-1)- L, +
+4-uy, L -L,+4-uy-L,-L,+4-u,-L -L, +4-up L -L, +4-uQ -L,-L, +
+4-u,-L,-L,

v=v,-2-L,=-1)-Li+..+4-vy-L,- L,
v=v-2-L-1)-L+..+4-v,-L,-L,

w=w -2-L-1)-L+..+4-T,-L,- L, (2.1
r=T7,-Q2L-1)-L+.+4-T,-L,-L

4
V=V -Q2-L~-1)L+.+4V, LL,

V=V-Q2-L-1)L+..+4V,L-L

4

$=¢,-(2-L,~1)-L +..+4-¢,-L,-L

4

C=C,-2-L,-D)-L+..+4-C,-L,- L,

Puc. 2.12. CkiHueHa eneMeHTHa Mojielb cepu Ta IOl yaapy
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byna moOynoBaHa ckiHueHa eJeMEHTHa Mojielb chepu Ta IUIOLIl yaapy
puc.2.12. B 30H1 01151 0TBOpY rycTHHA CiTKM Oyia 3011blIeHa a0 YHUKHYTH IITYYHUX

KOHLIEHTpAIlil HAalIPY>KEHb.

2.2.2. I'panu4Hi YMOBH, BJaCTHBOCTI MaTepiany

Martepianom cdepu, npototun skoi OyB cTBopeHHil musixom 3D npyky €
rmactuk tuny PLA. PLA-mmactuk (momiakrtia) - 6iopo3kinagaHuil miactuk s 3D-
JIPYKy METOJOM TMOIIapoBoro HaruiaBieHus. OCHOBY MaTepialy CKJIaJaroTh
HATypaJbHI IHTPEIIEHTH: KYKYypy[I3a, I[yKpOBUH OYEpeT, KpOoXMmalb, IIeN0yo3a. Y
HaTypanabHOMy BUrIIs PLA-mmacTuk e mposopum. Moro MosxHa hapOysati B Gyib-
SIKUH KOJIIp, TIpU Oa’kaHHI - 31 30€peKEHHSIM MTPO30POCTI.

[To minHOCTI PLA He mocTynaeTbes 1HIIUM IJIACTUKAM TaKOTO THUITY, ajie BiH
O1JIBIII )KOPCTKUM, 1110 MPHU3BOJUTH 10 KPUXKOCTI. MexaHiuHi xapaktepuctuku PLA-

IUIACTUKY HaBeAeHi B Tabnuii 2.2.

Tabmuns 2.2.

Mexaniuni xapakrepuctuku PLA-mtactuky
[inbHICTh MaTepiamy 1,25 r/cm3
['panuIsg TeKy4oCTi PU PO3TATYBAHHI 53-70 MIla
['panuIss MIITHOCTI PU PO3TATYBAHHI 10-60 MIla
['panuIs MIITHOCTI HA PO3PUB 40 MIla
Moy npyXKHOCTI IPU PO3TATYBAHHI 350-2800 MIla
BigHocHe MOJ0BKEHHS MPU PO3TATYBAHHI 1,5-380 %
PyiiniBHE Hanpy>XKeHHsI TIPU 3THUHI 88-119 MllIa
Monynb NpyHOCTI TIPH 3THHI 0,89-1,03 MIla
TeMmneparypa po3M'aKIIIEHHS 52-165 °C
Temnepatypa 1naBJIeHHS 165-195 °C
Ycanka -
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3aKkpiluieHHs IUJIOIIMHUA yJapy OyJo BHUKOHAHO METOJIOM 3aKpiIIeHHS
KOPCTKOTO TiJIa. 3aKpIIJICHHS >KOPCTKOTO TUIa CHPOIIY€e MPEACTaBICHHS MOJETI,
3MEHIYIOUU ii 10 KOHTAaKTHUX OOJlacTei Ta LEHTpOoina Mojemi. [HIUMHU clioBamu,
KOJIM JIeTalh BU3HAYAETHCS SK TBEPJE TUIO, CITKA 3HAE, K 3UCMUTH JIUIIE JITISTHKH
KOHTaKTy Ta CTBOPHTH €IMHHUN €JIeMEHT Macu y ueHtpoigl mopaem. (Llentpoin
MpEeACTaBICHUN 1HEPIIIHHOIO CUCTEMOIO KOOP/IMHAT. )

MiiHe 3aKpirieHHsI KOPITyCY MOXK€ BUKOPUCTOBYBatucA K s 2D, tak 1 ais
3D xontakty. [Hns 2D-moneneit nuiie Kpai TBEp/Oi MOBEPXHI, II0 KOHTAKTYE, €
CITYACTUMHM, OCKIJIBKU CITKA MOBEPXHI HE MOTpiOHa /i aHamizy. [lomiOHUM drmHOM,
JUIS TPUBUMIPHUX MOJENEH, JUIIe TpaHl TBEPAOro Tija, IO KOHTAKTYIOTh, €
CITYACTUMHM, OCKIJILKM 00’ €MHA CiTKa HE MOTPIOHA.

[Ipu BupileHH1 3a1a4l BIUIMBY yAapHOTO HABAaHTAKEHHS Ha cepy, mapaMerp,
110 BIUIMBA€E HA 3HAYCHHSI BAHUKAIOUHNX HAMPY>KEHb, € MBUAKICTb.

3ajaya JUHAMIKU BHPINIyBAJIach SBHO 3 BUKOPUCTAHHAM CXEMHU IHTErpallii
LEHTPAJIBHOI PI3HULI Yacy. AJITOPUTM BUPILIECHHS HACTYTHHI: PO3PaXOBYIOThCS CHUIIH
y By3J1aX CITKH (1110 BUHUKAIOTh BHACIIOK BHYTPIIIHBLOTO HAIIPY>KEHHS, KOHTAKTY a00
TPaHUYHUX YMOB), BY3JIOBI MPHUCKOPEHHS OTPUMYIOTHCS, TpPU MPHUPIBHSIHI
MPUCKOPEHHS 10 CHJIH, MOAIEHOT Ha Macy.

TOMy IIPUCKOPCHHA BU3HAYAETbLCA SIK
. I
U=—+b, (2.2)

e U — KOMIIOHEHTH By3JI0BOTO mpuckopenns (i = 1,2,3),

F} — 1€ CHJIH, 110 JIIFOTh Ha BY3JIOB1 TOUKH,

b,' — KOMIIOHCHTHU IMIPHUCKOPCHHA TiJ'Ia,

m — Maca, 10 MPUITUCYETHCS BY3TTY.
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[Ipu BU3HAYEHHI MPUCKOPEHb B MOMEHT 4acy N, HIBUIKOCTI B MOMEHT 4acy

n+1/2 spaxonars 3

*n—1/2 *n—-1/2 ] n
u C=utu A 2.3)

1, HapellTi, MOJIOKEHHS OHOBIIOIOTHCA N0 4Yacy n+l NUIIXOM I1HTErpyBaHHs

IBUJIKOCTEHN

n+1/2 . Atl’H-l/ 2

U =u, +u,

1

, (2.4)

06 3a0e3neunT CTaOIBHICT 1 TOUHICTh PIIICHHS, PO3MIP KPOKY 4acy, L0
BUKOPUCTOBYETHCSA B SIBHOMY IHTErpyBaHHI 4acy, oOMexyeTbcs ymoBoro Kypanra-
®pinpixca-Jlesi. L{s ymoBa o3Hauae, 110 KpOK 4acy NOBHHEH OyTH OOMEXKEHHUM TaKUM
YUHOM, 1110 30ypeHHsI (XBWJISI HAIPY>KEHHS ) HE MOKE pyXaTUCA J1ajil, HIXK HalMEHIITUN
XapaKTepHUIl po3Mip eeMeHTa B CITL, 32 OJIMH KPOK yacy. TakuM 4MHOM, KpUTEpiEM

qacy AJis CTaOlIbHOCTI PIIIEHHS €

At f|— (2.5)

ne Af - MIPUPICT Yacy;

| - koedirieHT yacy crabiabHOCTI (puitMaeTbes 0,9);

h - XapaKTepHUI po3Mip eeMEeHTa;

C — micueBuii MaTepial, Mo BUKOPUCTOBYETHCS y €IIEMEHTI.

XapakTepHUl PpO3MIp TETPACIAPUYHOTO €JIEMEHTa (]’l) , OOYHCITIOETBCS SIK

MiHIMaJbHa BIJICTaHb OYJIb-SIKOTO BYy3JIa €JE€MEHTa JI0 HOro MpPOTHJICKHOI TpaHi

CJICMCHTA.
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2.2.3. Pe3yabTaTH J0CTII’KEHHS] HA yIapHe HABAHTAKEHHS

[Ipu BupiIeHHI 3a/1a4i BIUIMBY yJAapHOTO HaBaHTa)XXEHHS Ha cdepy, mapamerp,
110 BIUIMBAE HA 3HAUYEHHS BUHUKAIOUUX HAMNPY>KEHb € MIBUAKICTb. Y JAaHOMY BUIAAKY
MIBUJKICTH 3MiHIOBasIach y Mexkax Big 10 m/c 1o 30 m/c, 1o 0OyMOBIEHO TaKTHKO-
TEXHIYHUMHU XapaKTePUCTUKAMH yCTATKyBaHHS.

Po3paxyHkyn mpoBOAMINCH ISl TPHOX BHUMAJAKIB HEHANOBHEHOI, HANOBHEHOI
BOJIOIO Ta HATIOBHEHOIO MOPOIIKOM KOHCTpYKIiH. [Ipu mpoBeneHHi cepii po3paxyHKiB
Oynu OTpUMaHi MepeMillleHHs, 1[0 BHUHUKAIOTh MPH YAAPHOMY HAaBaHTAXEHHI IpU
pI3HUX MBUAKOCTAX. Po3mopilieHHss mMepeMilieHb Yy €JIeMEHTax KOHCTPYKIIi
300pakeHo Ha puc. 2.13.- 2.15.

PoznoninenHs nepeMiiieHb y 000X BUMaJAKaX Ma€ XBUIbOBHM XxapakTep. 30HA
MaKCHMaJIbHHUX MEePEMIIICHb BUALIEHA YEPBOHUM KOJIHOPOM Ta PO3MOBCIOHKYETHCS MO

OTHHAIOU1M MO0 KOHCTPYKII].

0,0012 Max
0.0010667
0,00003336
0,00080002
0,00066669
0,00053335
0,00040001
0,00026667

0,0012 Max
0,0010667
0,00003336
000080002
000066669
0,00053335
0,00040001
0,00026667
0,00013334
0 Min

0,00013234
0 Min

a) 6)

Puc. 2.13. [lepemimenns y cepi npu yaapi HalloBHEHOTO BOOO:

a) MOBHA MOJIeJIb 0) B mepepisi
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0,0012086 Max
0,0010743

0,00094005
0,00080578
0,00067146
000053717
0,00040288
0,00026859
0,00013429
0 Min

Ry
it
S A,

Puc. 2.14. Ilepemimienns y cepi 3a110BHEHOMY IMOPOIIKOM TP yaapi B

nepepisi

0,0047569 Max
0,0042288
0,0037006
0,0031725
| 00026444
0,0021162
L 0,0015881
= 0,00106

0,00053184

Puc. 2.15. Tlepemimenns y He3amoBHEHOMY cdepi pH yaapi B mepepisi

[Ipu mopiBHSHI MepeMillieHb pe3yJIbTaTiB PO3PaxXyHKIB BHUJIHO, IO 3HAYCHHS
MaKCUMaJbHUX BUHHUKAIOUUX MEpPEeMIIIEHb y KOHCTPYKLII MpHU 3amoBHEHI BOAOIO
3MEHIIyeThcs Maike B 4 pasu. Lle cBiAuuTh npo Te, 110 HAIOBHEHICTh KYJIi 3MEHIIIY€E
IHTEHCUBHICTh pyHHYBaHHSA KOHCTPYKIIii, a y HAlIOMY BHUMAJKY 301IbIIy€ 3HAUCHHS
KPUTHUYHOT IIBUKOCTI MaIIHHS.

[Tpu mociigkeHHI BIUIMBY YJApHOTO HAaBAaHTa)KEHHS BU3HAUEHO MapaMeTpu

nedhopMOBaHOTO CTaHy MICHs 3ITKHEHHS 3 TBEPOI0 moBepxHew chepu. [lpu anamizi
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pYWHYBaHHS y BUINAJKY AOCIIHKCHHS KPUXKOTO Marepiajay y Iepiry 4epry tpeba
BU3HAYUTH MAKCUMAaJIbHI PO3TIATYIOUN HATIPY)KEHHS, 110 BUHUKAIOTh Y KOHCTPYKIIIi Ta
MOPIBHATH 1X 3 TPAHMIICIO MIIMHOCTI. SIKIIO 3HAYEHHS BUHUKAIOYUX HAIPYKCHb
MIEPEBUIIYIOTh TPAHUITIO MIITHOCTI 1€ BBAKAETHCS PyHHYBaHHSIM.

Jnsa PLA-nnactuky, mo € MatepiajioM cepu TpaHULsd MIIHOCTI 3MIHIOETHCS
Bix 10 MIla no 60 MIIa B 3ane)HOCTI Bijf CIOCOOY BUTOTOBJICHHS KOHCTPYKIIi. Y
po06oTI peanbHa MOZEINb CTBOPIOBAIACH 3a Aonomoroo 3D npuHTepa, TOMy 3HaYSHHS
IPaHMINl MIIHOCTI JOCTeMEHHO He Bigomo. OTXe, MpU aHalli3l PO3IVISIaBCI BECh

MIPOMIXKOK.

et i 6.4961e7 Max 3177204007

Ge? - 6e7
3,033e7 Max

3,57
=[ 1e7
6
66
46
26
- 0

p ’ & 217524007 & -7.2489¢6 Min
. e

8e6

0,000

0000 0,015

a) 10 m/c 0) 20 m/c

8.4247e7 M.
e Max 1,004%e8 Max
L Be? 5,0885e ~007 8 6e7
o ne7 Eazgieroor 3

N 35155007 3 v
Bed
deh
2ed
= 1]
-5,6273eb Mi

(234
426 516452 1007 N
2e8
0

-8,5926e6 Min

0,000
0,015

B) 25 m/c r) 30 M/c
Puc. 2.16. MakcumanbHi HOpMalibHI pO3TATYIOU1 HANIPYKEHHSI 3 HATIOBHEHHSM

BOAOIO
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Ha puc.2.16 - 2.18 300paxkeHO XapakTep PO3MOIIEHHS MaKCUMaJIbHUX
PO3TATyIOUMX HAMpy>KeHb Y cdepl Ipu Pi3HUX IMIBHIKOCTAX Ta 3 ypaxyBaHHAM
3alOBHEHHS BOJIOK (puc. 2.16), BorHeracHuMm mopomkom (puc.2.17) Tta 06e3
3anoBHEHHS (puc. 2.18).

[TomapanyeBa Ta 4yepBOHA 30HAa — 1€ 30HU HAMpPY>KEHb, IO MEPEBUIIYIOTH
MIHIMAJIBHO JOMYCTUMI 3HaueHHs BennuuHoto 10 MIla Ta mocsraroTb MakCuMaibHO
nomyctumi 3HadueHHs — 60 MIla. ®iomeroBa 30Ha — 1€ 30HA HAMNPYXKEHB, IO

NEPEeBUILYIOTh MAaKCUMAJIBHO A0y CcTUMI 3HauYeHHs — 60 MI]a.

Ge7 Ge?
6e7

4,121e7 Max 51445 7 Max

1e7 : 1,5760: 007 g 1e7

6502206 § 00646
3,0044¢6 3,9926e6

-4,0335¢5 i Gt 1,557 e+ 007 0,8018e5

-i,i:;;ez -2,014e6
. -5,018e6

-1,0087e7 Min -8,0216e6 Min

0,000

a) 10 m/c 0) 20 m/c

6,3586e 7 Max
Be7

de¥

Te?
6,7564e6
3,512%6
2,683e5
-2,9743e6

-4 823766 10 351020+007 5
-6,2178e6 AT e

-9,4614e6 Migls i T ; -1,2234e 7 Mi

7.8353e7 Max
Ge?

A S— -

B) 25 m/c r) 30 M/c
Puc. 2.17. MakcumanbHi HOpMaJibHI pO3TATYIOU1 HAMIPYKEHHSI 3 HATIOBHEHHSM

IMOPOUIKOM
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XapakTtep po3NnoJIiIeHHs] HAPyKEeHb MPU HAIOBHEHOCTI ChepH Ta y BUMAJKY,
KOJIM BOHA MIOPOXKHS, Pi3HI. Y BUMAIKY, KOiu cepa HarmoBHEHa puc. 2.16 - 2.17 30Ha
MaKCUMaJIbHUI HANpPY>KEeHb 3HAXOJUTHCS Y BEPXHiM yacThHi chepu. A ko chepa
0e3 HarmoBHEHHS pHC. 2.18 30Ha MaKCUMaJIbHUX HANPYKEHb 3’ ABISETHCS Y HUKHIM

YaCTUHI KOHCTPYKIIIi.

6e7

67
Ge7

4.9927e7 Max
2,1924e 7 Max

1e7
Be
Geb
4e6

-1,638e7 Min

a) 10 m/c 0) 20 m/c

6,584e7 Max 8,4629e7 Max
Be? . Be7
1,567 3,5e7
1e? 1e7
Beb Sed
Beb 6ed
4ef 4e6
2e6 2e6
Q 2}
-2,i271e7 Min -2,51e? Min

B) 25 mM/c r) 30 M/c

Puc. 2.18. MakcumanbHi HOpMaJbHI pO3TATYIOUl HANPY KEHHS 0€3 3alI0BHEHHS

KpuTtnuHa mBUAKICT MPH KUK pyHHYBaHHS KyJIl MO>KHA BB)KaTH MOBHUM, JJIs
BUMAJKY KOJHU KyJIsl 3alIOBHEHHI BO010 opiBHIOE 30 M/c puc. 2.17, 1, sIK 1 y BUNIAAKY

KOJHK KYJId 3aIIOBHCHO BOTHETACHHUM ITOPOIIKOM. Yy OUX BHUIIaAJKaX MalXe B YCIﬁ
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KOHCTPYKIIIi BHHUKAIOUI MaKCHMaJbHI PO3TATYIOUl HABAHTAXEHHS TEPEBUIIYIOTH
rparuiro MinHOCTI y Mexi Bim 10 MIla mo 60 MlIla (puc. 2.17). 3 posnomineHHs
HaIpyKeHb BUIHO, 1110 30Ha KOHIICHTpAIlll Hampy»XeHb € 1 01 oTBOpPY (puc. 2.17).
Ane micns 30UTbIIEHHS MIBUIKOCTI MaAiHHA 30HA OIS OTBOPY HE PO3IIMPIOETHCS Ta
3 SBISIETHCSL  JOJIATKOBA 30HAa YEPBOHOTO KOJHOPY BIAMOBIAHO [0 XapakTepy
PO3MOIITICHHSI HAIIPYKEHb Y 000X BUITIAIKAX.

VY Bumajaky, Kojau cepa HE HAllOBHEHA Ta MIBUAKICTh 31TKHEHHS Oijbie 3a 20
M/c 1o ycii orubarodii Ha cdepi BHHUKAIOTh HAMNPYXKEHHs, 110 IEPEBUIYIOThH
rpaHuio MinHocTi Ha 5% (puc. 2.18, B) Ta 30% (puc. 2.18, r), 110 TEX € 03HAKOIO
MOBHOTO pyWiHyBaHHS. [1iciist 301IbIIICHHS MBUAKOCTI 3ITKHEHHS 30Ha MaKCUMaJIbHUX
HaTpy KEeHb O1JI1 OTBOPY HE PO3IIUPIOETHCS, a 3’ ABJISETHCS 101aTKOBA 30HA YEPBOHOTO
KOJBOPY Y MICIIl KOHTakTy cdepu 3 TIUIONMHOK Yyaapy. 3a pO3MOAUICHHSIM
MaKCUMaJIbHUX PO3TATYIOYMX HAIMPYKEHb MOXHA 3pOOWTH BHCHOBOK, IO TIPH
HATNIOBHEHHI c(epH, BOJOI0 a00 BOTHETACHUM IOPOIIKOM, IIOBHE PyWHYBaHHsS Oyne

BiOyBaTHCs pU OIBIITN MIBUAKOCTI aAiHHA, a came 30 M/c.

—s—yith water
—e— without filling
—a— yith fire extinguishing powder

100

Maximum principal stress, MPa

Fall rate, m/s

Puc. 2.19. I'padik 3MiHH MaKCUMaJIbHUX HOPMAJIBHUX PO3TATYIOUMX HANPYKEHb B

3aJICKHOCTI B IIBUAKOCTI 31 TKHEHHS
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['padixk 3MiHM 3HaUYe€Hb MAaKCUMaJbHHX PO3TATYIOUMX HABAaHTAXCHb B
3aJIeKHOCTI B1J] IIBUKOCTI 31ITKHEHHS 300pakeHo Ha puc. 2.19.

Ha puc. 2.19 pigkuMm mTpUXyBaHHSM BHJAUICHO MPOMIKOK 3HAY€Hb T'PAHMII
mirHOCTI Big 10 MIla no 60 Mlla, 3HadeHHs, 110 3HAXOIATHCS BUIIE IOTO TPOMIKKY
NEPEBUILYIOTh MAKCUMAJIBHO JOMYCTUMI 3HaYEHHS TPaHUIll MIIIHOCTI.

Ha puc. 2.20 - 2.22 300pakxeHo po3M0/1iJl EKBIBAJICHTHUX HaNpy)eHb 1o Mizecy

B 3aJIC)KHOCTI BiJ] IIBUKOCTI MaiHHS Ta 3alIOBHEHHS cepH.

5.5755e7 Max 5,3e7

5,367 i Lo - 237 252126 +007 B
463757 g2 141346+ 007 3 463677 Max 7
3.975e7 o 3,975e7
| 9,3125e7 3312567
.‘ 2,85e7 2,65e7
i 1,987567 1,967567
léi:i 1,325e7
DJM'E 662506
in
- 0 Min
0,000
a) 10 m/c a) 20 m/c
: 0,6876e7 Max
8,186e7 M. 55483 +007 '
83857 Max ; - w0t 3
E b 4637567 5,5351: 007 3
4637567
o 3,975e7 -
& 3,3125e7
3,3125¢7 2,65e7
2,65e7 1,9075e7
1,967567 1,395 7
1,325¢7 662566
£,625e6 B_E™
0 Min
z —:
0,000
nnts
B) 25 M/c r) 30 M/c

Puc. 2.20. MakcumaiibH1 €KBIBAJICHTHI HaNpy>KeHHs 110 Mi3ecy 3 HallOBHEHHSIM

BOAOIO



81

1,0956e8 Max 5367
- 5,37
463757 4,9028e7 Max
3,975 7 39797
3,31257 3,3125e7
26567 2657
108757 1,0675¢7
1,325 7 1,323e7
66256 662526
= 0 Min 0 Min
a) 10 m/c a) 20 m/c
7.5506e 7 Max
6,066e 7 hax 5927
537 4637567
4,6375e7 39757
3,975 7 3312567
3,9125e7 flg;;zg
g 13257
1,98757 el
13257 b
662526
0 Min

B) 25 M/c r) 30 M/c

Puc. 2.21. MakcumaipHi €KBIBaJICHTHI HAPYKEeHHs 110 Mi3ecy 3 HallOBHEHHSIM

IMOpOUIKOM
8,3881e7 Max
537 1,2986e8 Max
4,6017e7 5367
3,934e7 37
3,325¢7 167
2,6667e 7 2:;3:;5
e 5,2315¢6
1,3501e7 o
2 ot 2,0525¢6
3,3406e5 Min

=
h“v‘g

st

a) 10 m/c a) 20 m/c
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1,4876e8 Max
5,367

4,6524¢7
4004867
3,3571e7
270057
2,0619¢7
1,4143¢7
7666326
1,19e6 Min

1,5107e8 Max
5367

8512266
| 7004506
H 5,336526
&l 4,045726
2,5609%6
1,0731e6 Min

ity
P
A

o e e VN
B vt o s
A

ik
L
o

ANTIE
S

)
!
T

0,015

B) 25 m/c r) 30 M/c

Puc. 2.22. MakcumanbH1 €KBIBAJICHTHI HaIpy>XeHHs 110 Mizecy 6€3 HallOBHEHHS

Ha puc. 2.23 mokazaHi MakcHUMaibHI 3HAYeHHS BUHUKAIOUWX CEKBIBAJIEHTHUX
HAnpyXeHb Y KOHCTPYKLII B 3aJ€XHOCTI BiJ MIBUAKOCTI 3ITKHEHHA. YopHa
TOPU3OHTAJbHA JIHIS BIJOKPEMIIIOE BHIMAJKH KOJM MAaKCHMajbHI €KBIBAJICHTHI
HANPYKCHHS TEPEBUIIYIOTh MEXY IUIMHHOCTI, IO CBIAYNUTh NPO BUHUKHEHHS

IUTACTUYHUX AePopMalliil, aKi TeX MOXKYTb IPU3BECTU A0 PyHHYBaHHS.

I
i

—a— with water
100 |—®—without filling
—&— with fire extinguishing powder

80|
P_ﬂ
=
Z 60 /._.__—a
g
5
s 40
&
z

20
Fall rate, m/s
. Ho—.

a

30

s

Puc. 2.23. I'padix 3MiHM MaKCUMAaJIbHUX €KBIBAJIEHTHUX HAIPY>KEHb B 3aJI€KHOCTI

B1JI IIBUJKOCTI 31TKHEHHSI
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[Ipy aHami3i BUHUKAIOUMX EKBIBAJICHTHUX HAMPYXEHb MOXHa 3pOOUTH
BHCHOBOK, I1I0 TIPU 3ITKHEHHI HEHANOBHEHOI BOJOIO0 cepu B Hil OyAyTh BUHHUKATU
nacTuyHi aedopmariiii HaBiTh Mpu MBUAKOCTI 10 m/c. 30Ha, B IKUH BUHUKAIOTh TaKl
HaIpy>KeHHs rpu mBUAKOCTI 10 m/c (puc. 2.20) He Benuka, TOMY 11€ CKOPIII CBITYHUTH
Opo MOSIBY TPIIIMHU Y KOHCTPYKINI. Y BHUMAIKy Koiu cepu HamoBHEHA BOJOIO,
nmacTuyHl jaedopmaiii B KOHCTPYKIIT BHHUKAIOTh MPU 3ITKHEHHI 31 MIBUAKICTIO
Oinpine 25 M/c. Ane, sk 1y BUNAAKY MpH 31TKHEHHI mMycToi cdepH 31 mBuakictio 10
M/C, 30Ha PO3MOBCIOJKEHHS JOCTATHHO MaJla, TOMY 1€ CBIIYUTH PO MOSABY TPIIUHH,
ajie He Mpo MOBHE PYWHYBaHHS.

Taxkum 9rHOM TIpOBEACHI AOCTIHKEHHS 3 BU3HAUCHHS KPUTHYHUX ITBUIKOCTEH
Ta HaBaHTaXE€Hb PyHHYBaHHS KOHTEWHepy (Karcyiu) 0e3 HalOBHEHHS BOTHETaCHOIO
PEYOBHHOIO TIpU YAApPHOMY HaBaHTaKECHHI. BCTaHOBIEHO, MO0 TPH yAApPHOMY
HAaBaHTa)XCHHI y HE3allOBHEHOMY KoOHTeWHepl mepemimieHHs ckmanua 0,00476 wm.
MakcumanibHI HOpMaJIbHI PO3TATYIOUN HAIPY KEHHS MPU MIBUAKOCTI najiHHs Bij 10
no 30wm/c, ckmamm Big 21,92 Mlla go 84,46 Mlla BignoBimHO. MakcHMaibHI
€KBIBJICHTHI HampyXeHHs 1o Mizecy npu mBuakocti naminas Big 10 mo 30 m/c,
cknaiu Bijg 83,88 MIla no 151,07 MIla BignosigHO.

[IpoBenenHi MOCHIKEHHS 3 BU3HAYEHHS KPUTUYHUX IIBHIKOCTEH Ta
HABAHTAXKEHb [IJI1 PYWHYBaHHS KOHTEHHEpY (KarcyJjii) HAmOBHEHOTO BOJOKO MpPH
yAapHOMY HaBaHTAKCHHI. BCTaHOBIEHO, MO0 TPW yAAPHOMY HaBaHTAKCHHI Y
KOHTEMHEP1 HAMOBHEHOTO BOJOK mepemimenHs ckiamu 0,0012 m. MakcumanbHi
HOpMaJbHI PO3TATYIOYM HAIpy>XKeHHS Npu MmBUAKOCTI mamiHHs Big 10 go 30 m/c,
ckiaanmu Big 30,33 MIla no 100,49 MIla BimmosigHo. MakcuManabHI €KBIBAaJIEHTHI
Harnpy:xeHHs 1o Mizecy nipu mBuaKocT maaiaHsg Bij 10 go 30 M/c, cknanu Big 55,75
MIIa no 96,88 MIla BiamoBigHO.

[IpoBeneHO MOCHIKEHHS 3 BU3HAYECHHS KPUTUYHUX IIBUAKOCTEH Ta
HABAHTAXKEHb Il PYMHYBaHHS KOHTEHHEpY (KarcCyJii) HAllOBHEHOTO BOTHETaCHHUM
MOPOIIIKOM TIPW YJapHOMY HABAaHTAKCHHI. BCTaHOBIEHO, IO TPHU yAAPHOMY
HaBaHTAXXE€HHI y KOHTEHHEepa HAIIOBHEHOTO BOJIO0 nepeminieHHs ckiand 0,00121 m.

MaxkcuManbHl HOpMalIbH1 PO3TATYIOUM HANPYKEHHS MPH IIBUAKOCTI maaiHHs Big 10
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mo 30 m/c, ckmanu Big 41,21 MIla no 78,35 MIla BignmoBimHO. MakcuMaibHI
eKBIBAJICHTHI HaNpy>KEeHHs MIBUAKOCTI 3iTkHEeHHA Bia 10 no 30 m/c, cknanu Bix 22,5

MIIa no 75,59 Mlla BianoBigHO.

2.2.4. IMoBipHicHe MO/1e/IIOBAHHS PYHHYBAHHS KOHTelHepy y ¢opmi chepu

BnacTuBocTi HOBOro Marepiaiay iHOJI BaXKO TOYHO BH3HAUUTH. Y JTEpaTypl
B1JIOMO, IO PO3KU MeX1 po3TaryBanHs Ajid PLA-niacTuky 3HaXOAUTHCS B MEKaX B1J
10 MIla no 60 MIla. Tomy neil mapaMeTp MU MOKEMO PO3IIISIAATH K BUITAJKOBY
BETMYMHY. 3 IHIIWUX TOCTITHHUKIB BIJIOMO, IO BJIACTUBOCTI MaTepiany MiTKOPSIOTHCS

Jorapu(GMIYHO HOPMAIIBHOMY MIHIMYMY PO3IOALTY:

(ln(O'T )—,u)2 ]

2-;/2

1
for (07)= N I , 2.6)

JIe | Ta Y € TapaMeTpaMu JIOTapU(PMIYHOTO HOPMAIbHOTO HU3BKOTO PiBHSI.
JInst OIIHKK WMOBIPHOCTI BIJIMOBH PO3MVISIAAIOTH 1i 3 TOYKH 30py MPOOJIEeMHU

HaAiiHOCTI. IMOBIpHICTH pyliHyBaHHS F y 1IbOMY BUIIQJKy CTAaHOBUTH
R[F]zE[GTSG]_ (2.7)

Takum unHOM, WMOBIPHICTh pyHHYBaHHsS OyJie po3paxoBYBaTHCS HACTYITHUM

1HTErpaaoM:
O=P[F]= j o (o, Mo, 2.8)

ne O (V) — 3aJIC’)KHICTh BUHUKAIOYUX HANIPY>KEeHb B1JI IIBUJIKOCTI A IHHS.



O'(V)zpl-x2+p2-x+p3
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(2.9)

Jlani HampyXeHb JUIs TPbOX BHIAJKIB OYyJM ampOKCUMOBaHI MOJIHOMOM

JPYToro CTyIeHs. 3HaueHHs Koe]illieHTiB HaBeIeHO B Tabui 2.3

Taomung 2.3.
[TapameTpu anpokcumariii
p1 p2 ps3
HenanoBHeHuii 0.035 1.725 1.2
3 BOJI0IO 0.013 1.835 0.2
3 BOTHETaCHUM MOPOLIKOM 0.0236 0.769 5.1

ImoBipHICTh pyiiHYBaHHS OKa3aHa Ha puc. 2.24.

Zai

|7

2
2 / e
)
© / / —— with water
B o —— without filling
= / / — with fire extinguishing powder
=
3
o] 0,
o
Q
=
0,2
0 20 20 50 80 100

Puc. 2.24. IMmoBipHICTb pyiiHyBaHHS c(hepH B pI3HUX BUIAAKaX

Fall rate, m/s
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[Ticng awnamizy pe3ynbTaTy MOKHA 3pOOMTH BUCHOBOK, IO HAlOBHEHUM
KOHTEHHEp PIAMHOI0 WMOBIPHICTh PyHHYBaHHS B LbOMY BHUIMAJKY BHILE, HIX IpU

HAIOBHEHH1 BOTHETAaCHUM MOPOIITKOM (CUHs JiHis) ( puc. 2.24).

2.3. locaiazkeHHs1 mpouecy pyidHauii ImoKu

OCKUIbKM NTUCKPETHA JOCTaBKAa BOTHETACHOI PEYOBMHHU BiOYBa€THCS CKPIi3b
BIKOHHUM OTBIp, TO HEOOXITHO 3IMCHUTH OLIHKY HapaMeTpiB pyHHYBaHHS IIMOKH
BiKHA P BJIy4aHHI B HbOTO KOHTEHEPY, 1110 OyJ10 3pobiieHo B poborax [12, 16, 17].

JIisi BU3HAYEHHS BIUIMBY [ii IMITyJLCHOTO HABAaHTAXXEHHS Ha CKJIO, IO
BUKIIMKAHO yJapoM BiJ KOHTeiHepy 3 PLA-miacTHKy HamoBHEHOTO BOTHETACHOIO
PEYOBMHO 31HCHEHO CEpilo BaplaTUBHUX PO3PaxXyHKIB MPH 3MiHI TAKUX MMapaMeTpPIB:
- TOBIIMHA CKJIa
- BIJICTaHb MK IBOMA €JIEMEHTAMHU CKJIa
- MOYATKOBA MIBUAKICTb.

Jl7ist MOCATHEHHSI IOCTaBICHOT METH HEOOX1THO BUKOHATH HACTYITHI €TaIlu:

- moOy10Ba MapaMeTpUIHOT TEOMETPHUIHOT MO
- CTBOPEHHSI CKIHYEHO €JIEMEHTHO1 CITKH;
- BU3HAYEHHS MBUAKOCTI NMPHU AKINA BIAOYBAETHCA yaap KOHTEUHEPY 31 CKIIOM;

- MPOBEJICHHS PO3PAXYHKIB MPHU PI3HUX T€OMETPUIHHX Ta (DI3UUHUX MMapameTpax.

2.3.1. IloOyxoBa reoMeTpu4HOI MOAeJdi IMHUOKHM i ii CKiHYEHO-eJIeMEeHTHA

MOJeJb

['eomeTpuyHa MOJIETH CKIAJAETHCA 3 MAKETy CKJIa, KOHTEHHEpYy y (hopMi 1mapy
Ta pigHu BcepenuHi Hboro. Posmip ckia 3amaBaBcst 300x300 mm. ToBumna ckia
3agaBanacs 3 MM, 5 MM Ta 6 MM. Biacranp MiX JBOMa MjacTHHAMH 3MiHIOBAJach

BigmoBigHO 0,6 MM, 1 MM, 2 MM, 2,5 MM.
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0,000

0,000

L - I
0,050 0,050 0,050
a) 3 MM 0) 5 Mmm B) 6 MM

Puc. 2.25. 'eomeTpruuna MoieNTb KOHCTPYKIIT IPU Pi3HIN TOBIIMHI CKJIa

Konrelinep 3naxoauthes Ha Biactani 0,1 MM Bij ckia. ['eomeTpruyHi mapameTpu
KOHTeHHepy: paaiyc R=35 mm; ToBIIMHY 0=3 MM

Jns mpoBeneHHST PO3paxyHKIB HEOOXIHO CTBOPUTU CKIHEUHHO-EIEMEHTHY
mozenb. [Ipu BupimenHi 3aaa4i OyJi0 BUKOPUCTAHO TPUBUMIPHHM €JIEMEHT 3 TphOMa
cTeneHssMu cBOOOAM B By3ii. [[ns ckiia Oylo CTBOPEHO PEryJsipHY CITKY, PO3MIp

€JIEMEHTY JOpIBHIOE 1 MM, Ta IO TOBIIKHI OyJI0 3a7aHO 2 eJIeMEeHTA.

¥
0,000 0,100 0,200 (m)
[ |
0,050 0,150

Puc. 2.26. I'eomeTpruHa Mozelib KOHCTPYKIIIi IPU TOBILIKHI CKJIa 6 MM
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2.3.2. BusHayeHHsI MOYATKOBUX YMOB

3 eKCTIIepUMEHTY BiJIOMO, IO MMOYATKOBA MIBUAKICTH KOHTEHHEPY CTAHOBUTH 0
50 m/c. YV naHomy BUMNAAKY Mepen0dadyaeTscs, 10 MOYATKOBUN KyT IOpIBHIOE 54
rpamyciB, a BiAcTaHb 10 yaapy 15 wm. [[ns Bu3HAYEHHS KIHIIEBOI IIBHIKOCTI
PO3TISTHEMO PyX TiJIa Y MOJI TSHKKOCTI 3€MITl, OTip MOBITPS BpaxoByBaTH HE OyaeMo.
Hexaii mouaTkoBa MBHAKICTE KHHYTOTO TLTa CIIPSMOBAHA ITi/T KyTOM TOPU30HTY 0O (Y

HaIoMy BUIAJKy 54 rpamxyca ) (puc. 2.27). Tijgo kuHyTe 3 BUCOTH y=ho; X = 0:

e W

Puc. 2.27. Cxema pyxy Tija mij KyToM

Tomi B mOYaTKOBHIT MOMEHT Yacy TiJIO Ma€ TOPU3OHTANBHY (V) Ta BEPTUKAILHY
(vy) cknamoBl mBHAKOCTI. Ilpoekuii mBuAKOCTI Ha ocl KoopauHaT mpu t=0

JOPIBHIOIOTH:

Vo, =V, -COsa

Vo, =V, -SINa (2.10)

[IprckopeHHsl Tina NOPIBHIOE MPUCKOPEHHIO BUIBHOTO MAJIHHSA 1 MOCTIHHO

CIIpAMOBAHC BHU3:

<Y
Il
0Ql

2.11)
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OTxe, MpOEKIliss NMPUCKOPEHHsS Ha Bick X JOPIBHIOE HYIIO, ajie B BiCh Y
nopiBHIOE a,=g. OCKIIbKM 1O oci X CKJIaJ0Ba IPUCKOPEHHs JOPIBHIOE HYIJIIO,
IIBUJIKICTh PyXYy TUIa B I[bOMY HAIpPsSMKY € TOCTIHHOI BEJIUYMHOIO 1 JIOPIBHIOE
MPOEKITi TOYaTKOBOI MBUAKOCTI Ha Bich X (puc.2.27). Pyx Tima mo oci X
piBHOoMipHuU#. [Ipu cutyanii, 300paxeniit Ha puc.2.27, Tijo mo oci Y Oyae pyxaTucs
CIIOYaTKy BTOpY, a MOTiM BHU3. [Ipy 1IbOMY IPUCKOPEHHSI pyXy TiJia B 000X BUMAAKaX
JIOP1BHIOE MTpUCKOpeHHI0. Ha mpoxomkeHHs NUIXy Bropy Bi JOBUIBHOI BUCOTH Y=hy
JI0 MakCUMaJibHOI BUCOTH miaiomy (h) Tijo BUTpayae CTUIBKH K 4Yacy, CKUIbKU
najiaHsg BHU3 Bia h 10 y=hy. OTxe, cMiMeTpUUuHI TOUKH 11010 BEPIIUHM MiIHOMY Tija
JIeKaTh Ha OJTHAKOBIHM BUCOTI. BUXOHUTH, IO TPAEKTOPIS pyXy TiIa CHMETPUYHA II0]T0
TOYKHU-BEPIIMHM TIiAHOMY - 1Ie mapadosa. 3ajaHl MOYaTKOBI YMOBH Ha KOHTEWHEp
puc.2.28.

HIBuaKicTh pyXy TijIa, KHHYTOTO MiJl KyTOM J0 TOPU30HTY, MO>KHA BHPA3UTU

bopmyIioro:

v(t)=v+8"t, (2.12)

ne Y0 — MBUAKICTH Tia B MOMEHT KHMIKA.

@opmyny (2.12) MoxHa SK pe3ysbTaT CKIaJaHHS IIBUJIKOCTEH JBOX
HE3aJICKHUX PYyXIB 3a MPSAMUMHM JIHISIMU, Y SIKUX Oepe ydacTb Ti10. Bupasu s

poeKIii MIBUAKOCTI HAa OC1 HA0YBaIOTh BUTTISAY:

Vo, =V, "COSa

Vo, =V SINQ—g -1 (2.13)

BinnmoBigHo 10 po3paxyHkiB (2.13) Oyno nochmikeHo yaap MpU TPbOX

MOYaTKOBHUX MIBUAKOCTAX (Tabnuiist 2.4).



90

Tabnuus 2.4.
[IIBUAKICTE KOHTEHHEPY
40 m/c 45 m/c 50 m/c
X 5, 94 (m/c) 6,75 (m/c) 7,45 (m/c)
y 5,614 (m/c) 6,84 (m/c) 7,96 (m/c)
[Ipu po3paxyHkax BpaxOBYBaJUCh BJIACTUBOCTI MaTepiaiiB. BignmosigHi
BJIACTUBOCTI TIOKa3aHi y Tadsmii 2.5.
Tabmums 2.5.
BractuBocTi Matepiany ckiia Ta KOHTEHHEPY
Mopynb Koedimient [inbHiCcTh, | ['panus
npyxHocTi, [la | [Iyaccona Kr/M° minHocTi, MIla
Ckiio 7-101° 0,2 2560 60
[Tnactux PLA | 3,3-10" 0,35 1230 20

0,000

0,100

0,050

0200(m)

Puc. 2.28 3anani moyaTkoBi yMOBU Ha KOHTEHHEP
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2.3.3. AHaJ1i3 pe3yJabTaTiB PO3PaXyHKIiB

PosrnsHemMo HalOUIbI HECIPUSATIUBHUIN BUMAA0K: MBUAKICTH 40 M/C, TOBIIMHA
ckiaa 6 MM, BiIcTaHb MDK ckioM 2,5 MM. Ha pucyHkax moka3zaHO MHepeMilIeHHS,

IHTEHCUBHICTh HAMpPY>KE€Hb Ta MAKCUMAaJIbHI TOJIOBHI HAMIPY>KEHHSI.

P: 40

Total Deformation
Type: Total Deformatid
Unit: m

Time: 1,e-003
Cycle Number: 38840

0,0083578 Max
0,0074297 |
0,0065016
0,0055735

| 0,0046454
0,0037173
0,0027891
0,001861
0,00093292
4,8036e-6 Mi

0,200 (m)
0,050 0,150 ‘
a)
P: 40

Total Deformation
Type: Total Deformation
Unit: m

Time: 1,e-003

Cycle Number: 38840

0,0083578 Max
0,0074297
0,0065016
0,0055735
0,0046454
0,0037173
0,0027891
0,001861
0,00093292
4,8036e-6 Min

4,515e-003
1,9669e-003 2

0,000 0,100 0,200 (m)
I I ]
0,050 0,150

Puc. 2.29. [lepemimenns y ckimi 1 (a) Ta'y ckii 2 (0)

[lepemimieHHst y Micli KOHTaKkTy AOpPiBHIOWTh y ckmi 1 — 4,5 mm (75% Bin
TOBUIMHU cKJa), ckii 2 —2 MM (33% Big ToBIIMHU cKkia) (puc.2.29).
Takoxx BHM3HAUYE€HO I1HTEHCHBHICTh HANpPY>XE€Hb Ta MAaKCHUMajbHI TOJOBHI

HarnpyxeHHs y ckii (puc.2.30).
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®d1071€TOBUM KOJILOPOM 300pakKe€HO MICLS B SIKMX HANPY>KEHHS MEPEBUIIYIOTh

TPaHUII0 MIIHOCTI 7Sl CKJa. 3 pe3yNbTaTiB BUAHO, 10 NPU 3aJaHUX MapaMeTpax,

CKJIO OyJie 3pyHHOBaHE.

P: 40

Stress Intensity

Type: Stress Intensity
Unit: Pa

Time: 1,e-003

Cycle Number: 38840

15,243e+007 |
\ |

2,5133e8 Max  |8,9827e+007 J [
2e7 12478e+008 J |
1752e7 =

1,5041e7 5,7939¢+007

1,2561e7

4,671e+007 ,
1,0082e7 ]
7,6023e6 2,6994e+007 |

5,1228e6
2,6433e6
1,6375e5 Min

P: 40

Stress Intensity
Type: Stress Intensi
Unit: Pa 2,8866e+007
Time: 1,e-003

Cycle Number: 38840

2,5133e8 Max

Sy 8,9827e+007 j
1,752e7 1,2478e+008 |

1,5041e7

1,2567e7 57939¢+007 3

1,0082e7 ‘ ‘
5,1228e6 ‘

2,6433e6

1,6375e5 Min

0,000 0,100

0,050 0,150

6)

Puc. 2.30. InTeHcuBHICTh HaNIpy>keHb y ¢kl 1 (a) Ta 'y ckii 2 (0)
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Maximum Principal Stress
Type: Maximum Princip3
Unit: Pa

Time: 4,0001e-004
Cycle Number: 15534

Maximum Principal Stress
Type: Maximum Principal
Unit: Pa

Time: 1,e-003

Cycle Number: 38840

1,6637e8 Max
2e7

1,7143e7
1,4286e7
1,1429¢e7
8,5714e6

{ 5,7143e6

{ 28571e6

= 0

-9,4501e7 Min

2,0345e8 Max

1,7143e7
1,4286e7
1,1429¢7
8,5714e6
| 571436
2,8571e6

-8,6088e7 Min

a) 0)

Puc. 2.31. MakcumainbHi TOJIOBHI Hanpy>KeHHs y ¢kl 1 (a) Ta 'y ckiii 2 (0)

Ha puc. 2.31 yepBOHUM KOJBOPOM 300pa)K€HO 30HU B SKUX MAaKCHUMaJbHI
TOJIOBHI ~HANpPY>XEHHS TMEPEeBUIIYIOTh TPAHUII0 MIIHOCTI CKJIa. XapakTep
PO3MOICHHS HANpY’KeHb IO IJIACTHHI CKJIa Ma€ XBUJIBOBHM XapakTep, TOMY 30HH
MaKCUMaJIbHUX HaIpy>KeHb 3MIHIOIOTHCA B MPOIIECI pyXy KOHTEWHEpa.

B Toi1 j)xe yac Hanpy>KeHHS, 1110 BUHUKAIOTh Y KOHTEHHEP1, TAKOK MEPEBUIILYIOTh
TPAHMITIO MIIHOCTI TJIACTUKY. MakcuMallbHa 1HTEHCUBHICTh HANPYKEHb JTOPIBHIOE
250 Mlla, a MmakcuMaJdbHUX TOJIOBHUX HarpykeHb 200 MIla, mo 103BoJisi€ 3poOUTH
BHCHOBOK, III0 KOHTEHHEP PYHHYE CKIIO, Ta TaKOX OyJie 3pyHMHOBAaHUM NpU 3a1aHUX
BX1JTHUX MMapaMeTpax.

IIpy 30UIbIIEHH] IIBHUIKOCTI XapakTep PO3MOJIIEHHS TMepeMillieHb Ta
HanpyKeHb 3anumiaerscs. Hwkue HaBeneHo puc. 2.32 - 2.33 pe3ynbTaTé po3paxyHKiB

npu MBUIKOCTI 50 M/c.
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G: 50

Total Deformation
Type: Total Deforma
Unit: m
Time: 1,e-003
Cycle Number: 3880

0,011182 Max
. 0,0099407
0,0086994
— 0,007458
0,0062166
. 0,0049752
— 0,0037339
0,0024925
I 0,0012511

9,7261e-6 Mi

0,000 0,100 0,200 (m} 0,000 0,100 0.2
I

a) 0)
Puc. 2.32. Tlepemimenns y ckii 1 (a) Ta y ckii 2 (0)

G: 50
Maximum Principal Stress
Type: Maximum Principal §
Unit: Pa

Time: 5,e-004

Cycle Number: 19414

. 2,6498e8 Max

]
!
{1
N

2e7
171437
1,4286e7
o 1,1429¢7
8,5714e6
5,7143e6
2,8571e6
0
-1,0005¢8 Min
0,000 0,100 0,200 (m 0,000 0,100
I I
0,050 0,150 0,050 0,150
a) 0)

Puc. 2.33. MakcuManbH1 TOJOBHI Hanpy»eHHs y ckii 1 (a) Ta 'y ckii 2 (0)

Pozrassaemo BHUIIAJIOK ITPU HACTYIIHUX BXi,Z[HI/IX nmapamMeTpax: TOBIOIMHA CKJIa

5 MM, BIICTaHb MK CKJIOM 2,5 MM, IOYaTKOBa MBHIKICTEL 40-45 M/c.
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Puc. 2.34. Tlepemimenns y ckii 1 (a) Ta y ckii 2 (0)

P: 40

Unit: Pa
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Puc. 2.35. IaTencuBHICTh HanpyXeHb y ¢k 1 (a) Ta 'y ckii 2 (0)

Stress Intensity
Type: Stress Intensity

Time: 1,e-003
Cycle Number: 38840
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P: 40
P: 40 Maximum Principal Stress
Maximum Principal Stress Type: Maximum Principal Stress
Type: Maximum Princip Unit: Pa
Unit: Pa Time: 1,e-003

Time: 4,0001e-004
Cycle Number: 154

1,6637¢8 Ma
2e7
1,7143e7

Cycle Number: 38840

2,0345e8 Max
2e7

1,7143e7
e
1,14297 (1 4EIE
8,5714e6 8,5714e6
5,7143e6 5,7143e6
2,8571e6 2,8571e6
0 0
-9,4501e7 Min -8,6088e7 Min

0.000 0150 0,000 0,150
— — — —
0,075 0075
a) 0)

Puc. 2.36. MakcumaiibH1 TOJIOBHI Hampy»eHHs y ckii 1 (a) Ta y ckii 2 (0)

AHami3y04 OTpUMaHi pe3ynbTaty Ha puc. 2.34 - 2.36 npu TOBUIMHI CKJIa 5 MM,
MOXHa 3pOOMTH BUCHOBOK, IO IMPH MOYATKOBIM mBHAKOCTI y 40 m/c ckio Oyne
3pyHHOBaHE, TaK K MAKCUMAaJIbHI TOJIOBHI HANIPYKEHHSI T4 IHTEHCUBHICTh HANIPYKEHb

MIEPEBUIILY€ TPAHUITIO MIITHOCTI.

R: Copy of Copy of Copy of Copy of Explicit Dynami
Total Deformation
Type: Total Deformation
Unit: m

Time: 1,0001e-003
Cycle Number: 7976

. 0,0082002 Max

0,0072892 4,6017e-003
0,0063782 2,5892e-003

— 0,0054672
0,0045562
_ 0,0036452
— 0,0027342
0,0018232
I 0,00091216

1,1471e-6 Min

0,000 0,100

0,050 0,150

Puc. 2.37. [lepemimenns y ckii 1
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R: Copy of Copy of Coj
Stress Intensity

Type: Stress Intensity
Unit: Pa

Time: 1,0001e-003
Cycle Number: 7976

3,2049e8 Max
I 2e7

1,75e7

— 1,5001e7
1,2501e7 \ 3,6308e+007

. 1,0002e7
7,5019e6

5,0023e6
l 2,5026e6

3023,4 Min

2,6242e+007

 —
0050 0150

Puc. 2.38. IHTeHCUBHICTH HaMpy>KeHb y CKIi 1

PosrnsayTo yci Bapiamii BXiIHUX TapaMeTpiB (TOBIIMHA CKja, BIJICTaHb MIXK
CKJIOM Ta Mo4YaTkoBa MBUAKICTH). [lepemimenns (puc. 2.37), 0 BUHUKAIOTh IpU
PI3HUX Bapiallisgx BXITHUX MapaMeTpiB OJHAKOBI MPH BIAMOBIIHIN BIJICTaHI MIDK CKJIOM
Ta MIBUJKOCTI B HE3AJIE)KHOCTI B1J] TOBIIMHHU CKJ1a. PO3MOBCIOKEHHS MaKCUMAJIbHUX

TOJIOBHUX Hampy»KeHb (puc. 2.38 - 2.39) mae XBUILOBUN XapakKTep.

R: Copy of Copy of Copy of Copy of Explicit
Maximum Princi
Type: Maximum
Unit: Pa

Time: 1,0001e-00:
Cycle Number: 79

R: Copy of Copy of Copy of Copy of Explici
Maximum Principal Strag
Type: Maximum Prind
Unit: Pa

Time: 1,0001e-003

Cycle Number: 7976 2,7168e 4007
3,7536e8 Max I ?.7536:8 Max
2,01e7 = 2,01e7
1,722%7 1,72297
1,4357e7 1.4357e7
1,1486e7 m 1,1486e7

[ | 86143e6 8614326

|| 5742966 5,7429¢6
2,8714e6 2,8714e6
0 [}
-1.3189e8 Min -1,3189¢8 Min

0200 (m)
a) 0)

Puc. 2.39. MakcumainbHi TOJIOBHI Hanpy>KeHHs y ¢kl 1 (a) Ta 'y ckiii 2 (0)

[Tpu anami3i OTpUMaHUX PE3yJIbTATIB MOXKHA 3p0OUTH BUCHOBOK, IO MPH yaapi
HAIOBHEHOTO PIIMHOIO KOHTEHHEPY B CKJI1, TOBIIMHOK 6 MM Ta BiJICTAHHIO MIXK CKJIOM
2,5 MM OyayTh BUHUKATH Halpy>KeHHS, 10 MEPEBUIIYIOTh IPAHULIIO MIITHOCTI HaBITh

npu noyaTkoBid mBUAKOCTI 40 M/c. 30Ha, B KMl BUHUKAIOTh TaKi HANIPYKEHHS MIPH
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mBuKoCTi 40 M/c Benuka (IepeBHIIye TlaMeTp KOHTEHHEPY) Ta 3’ IBJISIOTHCS 10 BCii
TOBIIMHI CKJIa, 10 CBIAYUTH MPO PyHHYBaHHS KOHCTPYKIIii. Taki pe3ybTaTH CB1I4aTh
npo Te, IO Mpu 30UIBIIEHH] TOYAaTKOBOI IIBUIKOCTI, HAMpPy>XEHHS OyAayTh

301IBIIYBATUCh Ta XapaKTep IX PO3MOBCIOKEHHS Oy 1€ TOM caMuid.

2.4. BucHOBKH 32 po3alIoM 2

1. 3niliCHEHO AOCHI/DKEHHS BIUIMBY YAapHOTO HABAaHTAKCHHS BU3HAYCHO
KPUTHYHI PIBHI IIBUJIKOCTEH TAIHHSI KOHTEHMHEpPY NIpU SKOMY BiJIOYBa€ThCS
py¥iHyBaHHs. /{715 BU3HAYCHHS MMapaMeTpiB BUHUKAIOUOTO HANPYKEHOTO CTaHy OyJio
IPOBEJCHO TWHAMIYHHUM aHalli3 SBHUM 4MHOM 3a gornomoror MCE. Jlns nporo Oyio
nobynoBaHo rteomerpuuHny Ta CE Mojenp KOHCTPYKINi Ta TUIONIY IaiHHS.
[IpoananizoBaHO CTaH KOHTEHHEPY MPU MaiHHI 3 PI3HOIO MBHIKICTIO. Posrasgammcs
TPH PpO3paxyHKOBI MOJeENi 3 ypaxyBaHHSIM 3allOBHEHHS KOHTEHHEepa BOJIO0,
nopoikoM Ta 6e3 HamoBHeHHs. [IIBuakicTe maninHs BapitoBaiach Mixk 10 m/c Ta 30
Mm/c.

2. OTpuMaHi 3HaUYEHHS MEpPEeMillleHb Y MOMEHT MaJiHHS KOHTehHepy. Jms
BU3HAYEHHS KPUTUYHOI IIBUIKOCTI NpU SIKIA BiAOYBAa€TbCs MOBHE pPyHHYBaHHSA
BUKOPHCTOBYBAJINCH JBa KpUTEpil: 1) KOJIM MaKCHMalbHI pO3TATYIOUI HANpy>KeHHS
MEPEBUIIYIOTh TPAHUITIO MIIHOCTI, 2) KOJIM MaKCUMaJIbHI €KBIBAJICHTHI HAIPY>KCHHS
MIEPEBUIYIOTh TPAHMIIIO TUTMHHOCTI.

3. Busnaueno, 1o npu mBuakocTi nagainHsg 30 M/C HAMOBHEHOI KOHCTPYKITIT
(SIK 3 BOJIOIO TaK 1 3 MOPOIIKOM) 30Ha BUHUKAIOYMX MAaKCUMAIbHUX PO3TATYIOUUX
HaIpyeHb, 110 MEPEBUILYE TPAHUIIIO MIITHOCTI JOPIBHIOE MaiKe IMOJIOBHHI TUIOIT
KOHCTPYKIlii, 10 TMPU3BOJAWUTH JIO TOBHOTO pPYWHYBaHHA KOHTeHHepa. 30Ha
MaKCUMAaJIbHUX €KBIBAJICHTHHUX HAIPY>KEHb, 10 MEPEBUITYIOTh TPAHUINIO TIMHHOCTI
JI0CATAE TPETI IO KOHCTPYKIIIi y BUMAIKy KOJIM KOHTEHHEp HATIOBHEHO BOJIOIO.

4. [Ipu maminHI KOHTEHHEpa 31 MBHUIKICTIO 25 M/C 30HUA 3 MAaKCUMAJIbHUMH
HANpy)KCHHSAM MAaloTh MEHINY IUIONLy aje TaKOoX MPHU3BEAYTh /0 pPYyHHYBaHHS

KOHCTpPYKLIi. Y BHNAAKy, KOJM MIBUAKICTh NaAiHHA MeHma 3a 20 M/c, 30Ha
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MaKCUMAaJIbHUX HAalpy>XeHb JIOKATI3yeThCsl 30JU3y OTBOPY. 3HAUEHHS BMHUKAIOUUX
HAIMPY’>KEHb TEPEBUINYIOTh TPAHUITI0 MIIMHOCTI Ta IUIMHHOCTI, aje 30Ha iX
PO3IMOBCIO/PKEHHST JIOCTaTHRO Mania. Y JaHOMYy BHIAAKY 1€ NPU3BOAUTH JI0
BUHUKHEHHS TPIIIMHU.

5. [Tpu anamizi craHy KOHTeiHepa Oe3 HAMOBHEHHS BHU3HAYEHO, WIO
KPUTUYHA MIBHJKICT MAagiHHS MEHIIA Ta JOPIBHIOE 32 MaKCHUMaJbHUMHU
PO3TATYIOUMMH HaIpy>KEHHSIMU 25 M/C, a 32 €KBIBAJICHTHUMU HanpykeHHamu 20 m/c.

6. 3 oTpuMaHUX PO3paxyHKiB MOKHA 3pOOMTH BUCHOBOK, 1110 IIPH HATIOBHEHI
KOHTEWHEepa 30Ha MaKCUMAaJIbHUX HAmpy>KeHb JIOKANi3ylOTh Ha BEPXHiMl MOBEpXHI
KOHCTPYKILIi, HAa BIAMIHY BiJl BUIIAJKy KOJM BIH HE HAmOBHEHUU. PyiiHyBaHHs
KOHCTPYKIIi Bi0OyBaeThCsl MpW TaaiHHI 31 mBuAKicTio 30 M/c, ane y BUIAIKY
HAIMTOBHEHHI BOJIOI0 30HA MAKCHMAJIbHUX HAIPY>KEHb O1jbIIa.

7. [IpoBeneHo nocmikeHHs pyHHAIll [MUOKKM TpU BIy4YeHHI B HeEi
KoHTelHepa. [lokazaHo, 10 MpH yJapi HATOBHEHOTO KOHTEWHEPY B CKIJIi, TOBIIMHOIO
6 MM Ta BIACTaHHIO MDK CKJIOM 2,5 MM OyAyTh BHUHUKATH HAINpPY>KEHHS, IO
MEePEBUIIYIOTh TPAHUITIO MIITHOCTI HAaBITh MPU MoYaTKoBid mBuaAKOCTI 40 m/c. 30Ha, B
AKUI BUHHUKAIOTH Taki HampyxXeHHs npu mBuAKocTi 40 m/c Benuka (MepeBUILyE
JiaMeTp KOHTEHWHepy) Ta 3 SBISAIOTbCA MO BCI TOBIIMHI CKJA, IO CBIAYUTH IPO
pyHHYBaHHS KOHCTpYKIi. Taki pe3yiapTaTd CBiAYaTh MPO Te, IO MPU 301IbIIEHHI
MOYaTKOBOI IIBUAKOCTI, HAmNpy>XeHHA OyIyThb 30UIbIIyBAaTHUCh Ta XapakTep IiX

PO3IOBCIOJIKEHHSI Oy/1e TOM CaMUiA.
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PO3/11 3
E®EKTUBHICTH CIIOCOBY TUCTAHLINHOI MOJAYI BOTHETACHOI
PEYOBUHHU

3anponoHOBaHUIM METOJ AUCTAHLIWHOI 024yl BOTHETACHOI PEYOBUHU MAE€ Psijl
nepeBar Irepei ICHYIOUMMHM MeToJaMH. BpaxoByrouw 1e, MU  TPOBEIH

eKCIIEPUMEHTAJIbHY OIIHKY JAaHUX MepeBar, KIIbKICHO.

3.1. EkcnepuMeHTa/IbHA NepeBipKa e()eKTUBHOCTI BUKOPUCTAHHA METOY

JIOKAJI3aLil MoKexkKi KIacy A JTUCKPETHOIO MOJa4Y€l0 BOTHETaCHOI pe4OBHHH

MeTor0 TpOBENEHHS EKCHEPUMEHTANIbHUX JOCIIHKeHb MIOJ0 TNepeBipKa
e(pEKTUBHOCTI BUKOPHUCTAHHS METOMY JIOKaji3alii MOXexi Kiacy A AUCKPETHOIO
M0/IaY€I0 € BUSBIICHHS €(PEeKTy 3HM)KEHHS TeMIEpaTypH MOXKEXK1 MiJ 4ac JTOCTaBKU
BOTHETaCHUX PEUYOBUH (BOIHETAaCHOTO MOPOLIKY) [25].

Jlns uporo OyB oOpaHUM BOTHEBUU MOJYJIb KOHTEHHEpHOIro TUIy. BiH sBise
co0010 MEeTaJeBUil KOHTEHHEP, B IKOMY MPOBOASATHCS HAaBYAHHS 3 TaCiHHS MOXKex. B
BOTHEBHUI MOJIYyJIb PO3MIILEHO MOKEKHE HABAHTAXKEHHSA 45 KI/M? 3 COCHOBOT JIEPEBUHU
BoJioricTiO JAepeBUHM 14% (cepenHe 3HAYEHHS TMOXKEKHOTO HABAHTAXKEHHS JUIS
GararornioBepxoBux Oyaisens 40 kr/m?). Ilicas uporo, s AepeBrHa Oyia IignaieHa,
yepe3 10 XBIWIMH BUTBHOTO PO3BUTKY (CEpeiHIi Yac MpUOYTTS MOKEKHO-PATYBaJIbHUX
MIIPO3ILIIB O MICI TOXEX1) MojaBajlach BOTHEracHa pPEYOBHHA 3a JIOTIOMOI'OIO
YCTaHOBKH ISl TUCKPETHOI JJOCTAaBKH BOTHETACHUX PEUOBHUH.

3rigHo noBinHKMKa [48] opieHTOBHA TeMnepaTypa B ocepeaxy noxesxi 900 °C i
Yyac TOPiHHS JAEPEBUHU COCHOBOI B OTOPOKEHHI MPH MOXKEKHOMY HaBaHTakeHH1 50
kr/mM?. TeMnepaTypa mojyMm’s Iij yac ropinss aepesunu ckianae 700-1000 °C [48].
JI1si BU3HAYEHHSI TEMIIEpaTypu B OCEPEIKY MOXKEXKI BUKOPUCTOBYETHCS TEILIOBI30P
FLIR K33 (puc.3.1) [125]. Ha TemnoBi3opi MakKCUMallbHa TeMIepaTypa
BimoOpaxkaerses 800 °C ma 10 XBHIMHY BiTBHOTO PO3BHUTKY IOKEXI B BOTHEBOMY

Moy puc. 3.3.
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Puc. 3.1. Tennosizop FLIR K33

Borueracna peuoBuna: ABC-nopoiiok (bocdhopHoaMoHiliHI coJll  Ta
TEXHOJIOT14HI J0OABKH), IKUW BUKOPUCTOBYETHCS JUIsl TaciHHs Moxex kinacy A,B,C, a
TaKOX €JIEKTPOOOIaHAHH i HAaNpyroto. BorueracHuii mnopomiok 0yB po3MilieHH
B KOHTeiHep (puc. 3.2, B.), Bara HamoBHEHOI cdepu MOpOmKoM ckimagae 145 rp.
MarepiajioM KOHTEiHEpYy, MPOTOTHUIN SIKOro OyB cTBOpeHuM nuisixom 3D apyky €
miactuk tumy PLA (puc. 3.2, a), Bara mycTtoro KOHTeWHepy ckiamae 44 rp.
(puc. 3.2, 6). PLA-tmactuk (momiakTia) — Olopo3kinamHuii miacTuk mist 3D-mpyky
METO/IOM TOIIApOBOro HamiaBieHHd. OCHOBY Marepially CKJIaJaloTh HaTypalibHI
IHTpEJIEHTU: KYKYpPYI3a, LIyKPOBHUI OUEpET, KPOXMaJb, LENI0I03a. Y HATypalbHOMY

Burisial PLA-mutacTuk € mpo3opum.
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Weiklsng

Puc. 3.22. a) 3D npyk koHTeiiHepa i noctaBku BP; 6) myctuii konTeitHep ans
nocraBku BP; B) 3 BorHeracHUM mopoIkoM Jist JOCTaBKH B OCEPEIOK MOKEK1

JIBaausTh eB’SATh KOHTEHHEPIB 3 BOTHETACHUM MOPOIIKOM (3arajibHOI0 Macoro

2 kr 900 rpamiB), ski OyiM MOJAAHO HA TAaCiHHS TOXEXi, TpoTsiroMm 145 cexyH.

Temnepartypa 3a ueit yac 3ausmwiach 3 800 °C no 130 °C (puc. 3.4). IHTEeHCUBHICTb

nomadi - 1 cepa 3a 5 cexynn (101 rpam Boraeracaoro nopomky (mami BIT)).

Puc. 3.3. a)remneparypa B ocepenxy noxexi Ha 10 XBIIMHY BUTBHOTO

PO3BUTKY




103

Puc. 3.4. Temneparypa B ocepeaKy moxKex1
a) micist 30 cexyHau novaTky racinas cgepamu 3 BII; 0) micns 60 cexynau
noyaTky racinus cdepamu 3 BII; B) micis 90 cexynau nouarky racinis cpepamu 3
BII; r) micns 110 cexynau nmouarky raciass cepamu 3 BIL; o) micns 135 cekynau
noyaTky racinus cdepamu 3 BII; e) micis 145 cekyHu nmoyaTky racinas cepamu

3 BII

OOpoOuBIIIM pe3yabTaTH EKCIIEPUMEHTY, OTpUMaHO Tpadik 3aJekKHOCTI Yacy

raciHHs Ha TEMIEPaTypy NpU AUCKPETHIN JOCTaBIll BOTHETaCHUX peyoBHH (puc. 3.5).

0
S
S
®

600

400

TEMIIEPATYPA (°C)

200

0 15 30 45 60 75 9 105 120 135

YAC 3 [IOUATKY FACIHHS, TTICJIS 10 XBUJIMH BUILHOIO
PO3BUTKY MOXEXI, (CEKYH/I)

Puc. 3.5. I'padik 3anexHOCTI yacy raciHHs Ha TEMIIEpaTypy MpU JUCKPETHIN

JI0CTaBIll BOTHETACHOI PEUOBMHU B KOHTEHHEP1
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Takum 9rHOM, TIPOJOBXK 2,5 XBUJIMH BiIOYJI0CS CYTTEBE 3HIKCHHS TEMIIEpaTypH
B OCEpeAKy TOXeXi, [0 TMOKa3ye MPUTHIYCHHS PO3BUTKY TOPIHHS 1 MOXeE
TpPaKTyBaTUCA SIK JOKami3allisd MOXKeXi. 32 Ied 4Yac CWIM TMOXKEeKOTaciHHS MYCSTh
IPOBECTU TOBHOI[IHHE ONEpPAaTUBHE PO3rOPTaHHS 1 MNPUCTYNHUTH JO OCTATOYHOI

JIKBIIALT TOXKEXKI.

3.2. ExcnepuMeHTA/IbHE BH3HAYEHHS MApaMeTpPiB KYNHOCTI BJIy4YeHHS

KOHTEeIHEPOM Yy HijIb

HocraBka KBP B ocepenok mokexki MOXJIMBA TMPH 3aJ0BUIbHIM KyIMHOCTI
BJIy4aHHS KOHTEHHEPOM B BIKOHHHUM OTBIp.

Jlnig excriepuMeHTalbHUX AOCTKeHb KynHocTi noTpamwisinasi KBP B ymoBHy
MillieHb OyB BUTOTOBJICHHWM crierianbHui nader (muB. puc. 2.8), SKUN JTO3BOJIUB
3akpinutu gociiany Y AIIBP i BapiroBaTu KyT CTBOJIA BIIHOCHO 3€MJIi B IHTEpBaJIl BiJ
10° no 80°.

J1sist BpaxyBaHHS IIBUJIKOCTI BITpY BUkopucTtoByBaBcs aneMomerp BENETECH
mudposuii (GM816) (puc. 3.6) 3 XapakTepUCTUKAMH: Jiala3oH BHUMIPIOBAHHS
MIBUAKOCTI MOBITPsIHOTO MOTOKY 0.1~30M/c; moxuOka mpu BUMIPIOBaHHI HIBUAKOCTI

MOBITPSHOTO NOTOKY + 5%; po3ainapHa 3aatHicTh 0.1 m/c).

Puc. 3.6. Auemomerp BENETECH uudposuii (GM816)
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JInst BU3HAYEHHS KYyTy HaXWiIy CTBOJIAa 1O TOPU30HTY BUKOPUCTOBYBABCS
iHKIiHOMETp (puc. 3.7) — HU(pPOBUN KyTOMIP 3 PO3AUIBHOIO 3IaTHICTIO BUMIPIOBAHHS
+0,01°. Bin mae nBi ¢yskiii: REF (0OHyMiHHS BHUMIPIOBaHHS 10 €TaJIOHHOTO
srHadenns) 1 HOLD (3amopoxyBanHs nokaszanb). PK-nucrneit 1 BOygoBaHuii B OCHOBY
MarHiT MOJIETIIYIOTh poOoTy. BumiproBaHHS MOXYTbh NPOBOJUTHCS B HYOTHPHOX

OJMHUIAX: ° TpaayciB, %, MM/M abo IN/FT. [luButhcs Bix nBox Oarapeiiok 1,5V AAA.

Puc. 3.7. Hudposuii inkainomerp NEO TOOLS

[IpoBogunauch  €KCriepUMEHTalbHI  JOCTIIPKEHHS  KYIHOCTI  IOIMaJaHHs
KOHTeiHepa 3a gomomoror aociianoi YIIBP y BikHO 4 moBepxy HaB4YajabHOI
noxkexHoi Bexi (11 meTpiB 65 cM. 10 LEHTPY MillIeHI IO BEPTHKaIl BiJl MOBEPXHI
3emui). Mimens po3mipom 1x1 M (puc. 3.8) (kona 3 BiacTtanHio B 10 cM Bij LIEHTPY)
BUTOTOBJICHA 3 TIIHOIIACTY, 0OMOTaHA MOJTIETHJIEHOBOIO CTPIUKOIO Ta MPHUKPITUICHA 710
nepeB’ssHoro murta (puc.3.8), SKui MOTIM BCTAHOBIIOBABCA y BIKHO HaBYaJIbHOI
MOKEeXKHOT BeXl. BijcTaHp BiJ MpoEKIii 3pi3y CTBOJA 10 OCHOBHU BEXI1 MIpsIU
T'€0JIC3UYHOI0 PYJIETKOIO TI0 MTOBEPXHI 3€MITi.

ExcnepuMeHTaibHe JOCTIKEHHST TPOBOJWIIOCS B TPU €TalU - MIHSUIACh
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JAJbHICTh PO3MIIICHHS CTBOJIA IO BIJHOIICHHIO JO TMOXEXHOI BexXl. B mepuiomy
BUIAJIKY JAJIbHICTH BIAMOBIIHO CKJana 9 MeTpiB, y Apyromy 12 MeTpiB, y TPETHOMY
15 metpi. Ilicns 3a1licHeHHs cepii OOCTPLIIB MillIeHb 3HIMAJIACh 1 IO XapaKTEPHUM
YIIKO/PKEHHSM MIIICH] BIAMIYAIKCS TIEHTPU BIyYaHb, MICIS YOTO 3HAXOJIMUIIUCH iX
JIEKapTOBl KOOPAMHATH B CHUCTEMl KOOPJIMHAT, MOB’SI3aHOI 3 IIEHTPOM MIIIEHI.

OTtpumaHni pe3ysibTaTu MpuBeaeHo Ha puc. 3.9 - 3.10 1 B Tabm. 3.1.

Puc. 3.8. MieHp 3 NiHOIIACTY JJIs €KCIIEPUMEHTAIBHUX JTOCIIIKEHb

MPUKPITITIEHA 10 AEPEBHOTO MIXTA 33 JOTIOMOTOI0 CTPIYKH MOJTIETHICHOBOT

[Ipu mpoBeseHHI €KCIIEPUMEHTY 3 KYIMHOCTI BJIy4YaHHS 3 IIIJUTIO 3amoOiraHHs
pyWHYBaHHSI KOHTEHHEPIB, BUKOPUCTOBYBABCS IIJIBHUIA IMITATOP KOHTEHHEPY, KUl
MaB Ti’ cami Maco-rabapuTHI MapaMmeTpH, 1110 1 OpUriHAIBHUN KOHTeHHep (Bara 155 1).
Cnouatky OyJyio mpoBeAeHO MpOOHE BUMPOOYBaHHS 3 BiAcTaHi 9 MeTpiB, pe3yibTaT
SIKOT'O HAaBEJIEHO Ha puc. 3.4.

byna npoBenena cepis 3 27 mocTpiiiB IpH BiAcTaHl 9 METpiB /10 HaBYAIBHOT
MOKE)KHOT BEXI BIJ] TPOEKINi Kpar CTBOJIA, KyT Haxuiay cTtBosia S50 rTpamycis.
[IIBHaKICTH IOBITPSHUX Mac KOJUBaJlach B Mexax 1,5 M\c — 2,5 M\c B CTOpOHY BeXi.

Hpyra cepis 3 37 mocTpiniB OyJia 3aiiicHeHa 3 BiZiIcTaH1 12 MEeTpiB BiJl HABYAILHOT

MO’KEKHOT BEXI1 JIO Kpar CTBOJA JOCHIAHOI YCTaHOBKH, KyT Haxwuiy cTBojia 46
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rpaayciB. [IIBuAKiCTh MOBITPSHMX Mac KoJuBaJach B Mexax 1,5 m\c — 2,5 M\c,

TEeMIEpaTypa HaBKOJIHUIIHHOTO cepenoBuia 18 °C, BiTep B CTOPOHY BEXi.

S

Puc. 3.9. ExciepuMmeHTa bHe JOCTIKEHHS KYITHOCTI IUCKPETHOT Moaadi

BOTHETAaCHHUX PEYOBHH, 9 METpiB A0 MilleHi (MpoOHe BUMPOOYyBaHHS)

Puc. 3.10. ExcnepuMeHTanbHe JOCTIIKEHHS KYITHOCTI JOCTIAHOT YyCTaHOBKU

JIMCKPETHOI 1M0J1aul BOTHETAaCHUX PEYOBUH y KOHTEHHepax 12 MeTpiB A0 MillleH1
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Tpets cepis 3 BifcTaHi 15 MeTpiB Bijl HABYAIBHOT MOXKEXKHOT BEXK1 CKJIa1aiach 3
35 moctpiniB. IIBMAKICTP MOBITPSAHUX Mac KOJIMBajach B Mexax 2 M\c - 5 M\c,
TeMrepaTypa HaBKOJUIITHLOTO cepenoBuina 16°C, BiTep B cTopoHy Bexi. Kyt Haxuiny
cTBosa cranoBuB 40 Tpagycis.

Jlnis BCix TppOX cepii Oyia mpoBeneHa ¢ikcallis KOOpJUHAT LEHTPIB BIyYaHb

tabn. 3.1.

Tabmurs 3.1.

Koopaunaty 1ieHTpiB Biay4aHb IpU 0OCTPLIl MillI€H]

Ne 9 MeTpiB 12 meTpiB 15 metpiB

X y X y X y
1 -20 11,8 -57 59,7 -62,3 | -66
2 -22 0 0 57,3 -61,7 62
3 -6,8 8 14,7 58 -55 31,7
4 -2,8 8,8 34 50,7 -18,7 67,7
5 -6,3 12,7 48,7 48,7 9,3 67,3
6 -1,8 13,8 53,3 15,3 -0,3 57,7
7 -16,5 -13,7 52 4 14,3 53,7
8 -20,8 -29.8 44 -53 41 38,7
9 -6,2 -22,7 -34 -51,3 56,7 0
10 -1 -25,3 -52 -49 53,7 -36
11 -9,3 -29,2 24 55,7 28,7 -55,7
12 -13,8 -38,8 24 -39,3 11 -56,3
13 5 -36,3 36,7 -35,7 14 -63,3
14 10,5 -17,2 -16,7 -11,3 0 -63,7
15 15,2 -7,8 -16,7 -6,3 -4,7 -63,3
16 31,3 23 -2,7 0 -27,7 -63
17 36 2 1 9,3 8,3 44,7
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[Iponomxenus Tabmui 3.1

18 39,7 0,7 20 41 -18,3 29,3
19 33,2 -4 28,7 40,7 -46,3 -7,3
20 35,5 -22 36,3 20 -23,3 -25
21 29 -41,7 0 23 18 14
22 15,5 -50 0 32,3 11,7 9,3
23 15 -55,7 0,7 44,7 11,7 3,7
24 19,8 -54,2 -30,3 2,7 -15,7 4,3
25 -16,8 -49,5 -34 4 16 -17,7
26 -17,2 -52 -8,7 7,7 38 -26,7
27 -17,5 -55,7 -11,7 10,7 10,3 -46,3
28 - - -23,3 20 -20,3 21,3
29 - - -43 21 -18,7 1
30 - - -33,3 31,7 -38,3 -12,7
31 - - -15,3 32,3 24,7 31,7
32 - - 9,3 44,7 19,7 21,3
33 - - -12 443 1 -1,7
34 - - -12 47,3 12 -38,7
35 - - -15,3 46,7 32,7 -38,7
36 - - -18,3 45,3

37 - - -47 7,3

Pe3ynbrariB BiayuyaHb [IJIs TPhOX €TaliB EKCHEPUMEHTAIBbHUX JOCIHIKEHb

HaBEJECHO Ha pucyHkax 3.11 - 3.13.
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Puc. 3.11. PesynbraTu By4yanHus B mimenb 3 Puc. 3.12. PesynabTaTu Biy4ans 3

BijIcTaH1 9 MeTpiB BijicTaHl 12 MeTpiB

Puc. 3.13. Pesynbratu Biay4yanb B MillIeHb 3 BiJicTaHl 15 MeTpiB

[lopiBusinast puc. 3.11 - 3.13 miaTBepKy€e OYEBUAHE TBEPIXKEHHS, IO

30UTBIIICHHS BiJICTaHI TPU3BOIUTH A0 3MEHIIICHHS KPYITHOCTI.

3.3. Ouinka eQeKTHBHOCTI YCTATKYBAaHHSI JAJIsl KOHTCHHEPHOI NOCTABKH

BOTHETraCHOI pe4YOBUHHU

OTpumaHi pe3yJbTaTH y3araJIbHIOBAJIUCh Yy BUIJISIAI MAaTeMAaTHYHOI MOJENi

KYITHOCTI BIIY4Y€HHS.
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3 Tteopii mocTpity Bimomo [126, 127], mo (yHKIS MIIIBHOCTI 1IMOBIPHOCTI
KYIHOCTI OIHUCYETHhCSI HOPMAaJbHUM JBOBUMIPHUM pO3MOJILIOM, TOMY 3a OCHOBY

MOJIeNTi 171 KOSKHOTO 3 TphoX Bumaskis (j=1,2,3, N, =27, N, =37, N, =3) p3aro

popmyy

o o

fj(x=y):e :

, (3.1)
T-OX, -0y,

Jie MaTeMaTU4HI CIIOAIBaHHS 1 JUCTIEPCis 3a/1al0ThCs BIIOMUMH (popMyIamMu

Nj 2
_y ST WL R
M, =D 0%y, My, =25y, 0% = — —Mx;,
J
Nj 2
Uyl
2 =171 2
cy; =—N1. ~—My; (3.2)

J

Jlnisg KOKHO1 cepii IOCHiiB OTPUMAHO 3HAYEHHS MapaMeTpiB, sSKI HABEACHO B
Tabdi. 3.2.

Taomurs 3.2
3HaueHHs mapaMeTpiB AJs cepii JOCTiAiB
Mx;, cMm My;, cm ox}, cm? oy}, om?
=1 3.8 -20,3 402 558
=2 -2,2 18,3 906 1020
=3 0,6 -1,0 896 1770

3 anamizy TaOdMIl BUAHO, IO MO MPHUIIBHOCTI Mae Miclle MOXHOKa —

MaTeMaTU4YHE CIOJIBaHHS 3HAYHO Binpi3HIEThC Big 0 (WMo BepTukaii), TOOTO
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HEOOX1THO MiABUIYBAaTU MPUIIUIBHICTh 3a PaxyHOK JOJATKOBOI'O YIOCKOHAJICHHS
oOnanHaHHs (3a0e3meuyBaTH 3aco0aMM  JIa3epHOTO MPHIIUIIOBAHHS, a TaKOX
BHUMIPIOBaHHS KYTiB Ta JAJIEKOMIPOM), a TAKOX 32 PaxyHOK JOJaTKOBOTO HAaBYAHHS
orieparopa TaHOTO yCTaTKyBaHHS.

[lepeBipka CTATUCTMYHOI TINOTE3M MIOAO  HOPMAIBHOTO  PO3MOALTY
31MCHIOBAJIACh 3T1IHO CTaHAAPTHOI mporneaypu [ 128, 129].

[Ipuxnan rpadiky ¢pyHkuii posnoainy f (x,y) HaBeAeHO Ha puc. 3.14.

OTpuMaHi MareMaTH4yHI MOJIeJIl KYIHOCTI JO3BOJIMJIM OIHUTU IMOBIPHICTh
BJIy4YEHHS B BIKOHHUH OTBip. OIIHUMO IMOBIPHICTb BJIy4€HHS B HE3B sI3HY 00J1acTh 0,
110 3aXHUIIeHa MHOKO¥O.

3po3yMmijo, 10 B 3aJ€KHOCTI BiJI BHOOpPY TOYKH MPHUILIIOBAHHS (Xo,Y0)
IMOBIpHICTb P BiyuyaHHSi KOHTEiiHEpoM B o0jacTb Oyjae 3MIHIOBATUCS, TOOTO

HEO0OX1THO OTpUMaTH (PYHKIIIIO PO3NIOALTY P(X0,)0).

A006—

D00

004

D003

0002+

D001+

{F=he

Puc. 3.14. I'padik miinbHOCTI po3MOALTY KYITHOCTI JIsl BIIy4aHHs 3 BiicTaHl 9 M

ImoBipHICT, ~ OOYHMCHIOBANACh  YHCENBHO  HA  PEIINTI,  BapIIOIOYU

MICIICTIOJIOKEHHSI TOYKH TMPULIIIOBaHHS (X9, Yo) Ha TMPSMOKYTHIH 00sacTi
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interpysanns {2 rtakoi, mo € < Q, srigHo Gopmyim

(x‘ij‘x0)2 (y‘Myj‘y0)2

2 2
foge o,

P(x,5y)= HQ . dxdy (3.3)

TOX, -0y,

B 3asie’kHOCTI Bl MiCIIETIONIOKEHHSI TOUKH MPUIILTIOBAHHS, 3T1IHO Bupasy (3.3),
PO3paxoOBaHO 3HAYEHHS WMOBIPHOCTI BIIy4eHHs B BIKOHHUH OTBip (0ob6macth 0) (mis
pO3MOATy, 3aCHOBAaHOTO Ha TMapaMeTpax TMepHioi cepii eKCIepUMEHTATbHUX

00CTpiIiB), 110 POLTIOCTPOBAHO Y BUTJISIII TOHOBOT 3aJTMBKH HA puc. 3.15 - 3.16.

. 0 -t”

0.74

Fed
7

™

pEE)

M5

0.50

0.25

2 | é . 33107
h5

Puc. 3.15. Ilpuxnan oOurcieHHs] IMOBIPHOCTI BIIy4aHHS B TUIIOBUX BIKOHHUU

OTBOPI

BuaHo, 1110 iMOBIPHICT BJIyY€HHS B IIUOKY MPHU MPHUIILIIOBAHHI B LICHTP MHUOKHU
€ JyXe BHCOKOI, csrae 10 0,99. Takum 4MHOM, 3ampOMOHOBAHUI CIOCIO TOCTaBKH
KOHTEMHEPIB 3 BOHETAaCHOK PEUYOBUHOKO JIEMOHCTPYE CBOIO €()EKTHBHICTh 3 TOUKH

30py JIOCTaBKH BOTHEraCHOI PEYOBHH.
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19 20

15

168

175
200

13 14

17 1§

77 45
70

Puc. 3.16. IIpuxnaa oOurcieHHs] IMOBIPHOCTI BIIy4aHHS B TUIIOBUX BIKOHHUUN

OTBOPI

Kpim Toro, mist ogHOro ¥ TOrO X BIKOHHOTO OTBOPY OyJO TPOBEICHO
PO3paxyHKH BIyYaHHS B HHOTO P KYIMHOCTI, IKa OTpUMaHa I KOYKHO1 3 TPhOX cepii

€KCIIEPUMEHTIB, 1110 MTPOLIOCTPOBAHO Ha puc. 3.17.

0.00013
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0.00042

Puc. 3.17. IMOBipHICTb BIIy4€HHs B BIKOHHUH OTBIp AJIsi TapaMeTpiB KyMHOCTI:

a) mepla cepisi eKCIepUMEHTIB; 0) Ipyra cepisi; B) TPETs cepis

Bunno, mo mpu 3pocTaHHI BIACTaHI J0 CTBOJA IMOBIPHICTH BIyYaHHS B
BIKOHHUM OTBIp 3HMKYEThCS. KpiM TOTO cTae 3p0o3yMiJIMM, 110 MIPX MaJjiii BiICTaH1 BiJ
CTBOJIA JI0 BIKHA MA€ CEHC ILJIUTH B IIEHTP OKpeMoi (Kpaile - HalO1IbIIo1) muoKu, a
MIpU 3pOCTaHHI BiJICTaH1 HEOOX1HO IITMTH B IIEHTP BIKHA.

OCKUTBKM IMOBIPHICTh BJIIYYE€HHS B BIKOHHHUM OTBIpP 31 3pOCTaHHSM BiJICTaH1
3HMXKY€ETHCS, TO, BIATIOBITHO, 30UIBIIYETHCS IMOBIPHICTD BIIy4YEHHS 32 MEXaMU BIKHA.
BaxnuBuM € oTpuMaHHS BIJIMOBIII HA MUTaHHS 00YUCIICHHS IMOBIPHOCTI HEOaXaHOTO
BIy4YaHHS B CYCIJIHE BIKHO NpPH MPHUIUTIOBAaHHI caMe B BIKHO, 32 SIKMM Ma€ MicCle
0CEPEeIOK TTOXKEXK1, 00 HE HAHECTH 30UTKH CYCITHIN OCEel, JIe TIOKEkKI HEMAE.

PosrnssHeMo MpsMOKyTHE BIKHO, 32 SIKUM Ma€ MICIIE TTOXKeXKa, 1 PO3MIPH SIKOTO
L X H, mOMICTHBIIN HOTO LEHTP B MOYATOK CUCTEMHU KOOpAUHAT. To/i 006JacTh BIKHA

OyJie 3a1aBaTUCs HEPIBHICTIO

—L/2<x<L/2;

(%)= “H/2<y<H/2. (3.4)

Baysaxxumo, o W < @ - o6nacth, 1m0 3aiiHATa MUOKAMU € YACTUHOIO 00J1acTi



116

BIKHA 1 TOMY IMOBIPHICTh BJIYY€HHsI B 00JIacTh BiKHa OyjJe€ CYTTEBO BHIIOK HIK B
oOnacth mMHMOOK (OCKIIBKM JJIsl IIMOOK HE BPAaXOBYETHCS pama BikHa). BiamosinHo,
IMOBIPHICTh TOINACTH 32 MEXI1 BiKHA OyJie HM)KUOI0, HI’)K IMOBIPHICTh HE TOMACTH B
IOKY.

@OyHKIIS UITBHOCTI PO3NOIITY BUIAAKOBOI BEIMUUHU JJIs1 KOOPIUHATH TOUYKU

BJIYYaHHA 6yz:e 3aJaBaTHCH SIK

()c—Mx)2 _(y_MJ/)2
S S
e *oo-e ’
f(xy)=
( ) 7o, -0, (3.5
Bynemo nimtucs npu o0CTpiii B CepeIMHY BiKHA, TOOTO
Mx=0 My=0, (3.6)

IMOBipHICTB BiTy4eHHS B 00J1aCTh BIKHA JIOPIBHIOE

P, = ﬂw f(x,y)dxdy 3.7)
3aamM0 HaBKOJIO BiKHA 00J1ACTh 3MIHHOT IITUPUHHU

—L/2-X<x<L/2+X;

X:;Y)=
o(X:7) _H/2-Y<y<H/2+Y. (3:8)

OcKinbpKu J._O:o Jjo f(X; J’)dxa’y =1 , TO

”Q/wf (o )y +wa (x5 )dxdy =1, (3.9)
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—00 < X < 00;
O =

fie —0< y <o,

3BiJIKM 3HAXOJUMO IMOBIPHICTh MTOTPATUISIHHS KOHTEHHEPY Ha BIJICTaHb OLIBIITY

HiK X 1Y BiJ Kparo BiKHA.

x<-L/2-X;x>L/2+X

P(X:Y)=P _ . _
(X:7) Y<—H/2-Y:y>H/2+Y Jfoy f (i) sy

L/2+Y pH/24Y (310)
=1_jjwf(X;y)dXdy:1_I_L/z—YI—H/z—Yf(X;y)dxdy'

Hanwuii inTerpan o6uncmtoBascs nonaioHo (3.3). Ha puc. 3.18 naBeneHo rpadik
3aJIE)KHOCT1 IMOBIPHOCTI MOTPAIUISIHHS KOHTEHHEPY Ha BiJICTaHb HE MEHITY HiX (X, Y)
HA30BHI BiJ Kparo BikHA. BuaHO, 1110 31 3pOCTaHHM Lii€i BIICTaHl IMOBIPHICTb IIBUAKO
3HIDKYETHCSA 1 Bike Ha 40 cM mipakTudHO MopiBHIOE (. TakuM 4MHOM, JOCTaBKa B BIKHO

3a IKUM 3a(piKCOBAHO MOXKEXKY € OC3MEUHOIO JIs CYCIJIHIX BIKOH.

P(x:y)

0.04-
0.037
0.027

0017

0 10 20 30 40
Y, CM

Puc. 3.18. IMOBipHICTh yIIKOIKEHHS CYCITHROTO BIKHA B 3aJIC)KHOCTI BiJI BiJICTaHI

MIDXK BIKHaMU ISl TPhOX BapiaHTIB KYIMHOCTI
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Takum 4MHOM TOKa3aHO, IO 3aMpPONOHOBAHUN METOJ| AMCKPETHOI JOCTaBKU
BOTHETACHOI PEUYOBUHU XaPAKTEPHUIYETHCS BUCOKUM CTYNEHEM TOYHOCTI BIIy4YaHHS —
IMOBIPHICTb MOTPAIUISIHHS KOHTEMHEPOM B TpaHUlll BikHAa HE MeHIa 95%, npu Tomy,
10 IMOBIPHICTH BIy4YaHHS 1032 BIKHOM (1, BIATIOBITHO, HEOaKaHEe BIyYaHHS B BIKHO
CYCIIHE) MIBUAKO CHaJa€ MpH 3pOCTaHHI BiJICTaHI BiJ] BikHA 1 Ha BijcTadi B 0,4 M BiA
rpaHuIll BikHa He nepeBuirye 0,1 BiacoTKa.

Kpim Toro, Oyma mpoBereHa cepisi HATypHUX MOCTPUIIB Ha MaKCHUMAaJbHY

BiJIcTaHb AocTaBku. OTpUMaHO AaH1, HaBeJeH1 B Ta0. 3.3.

Tabmur 3.3.

Pe3ynbratu 10CTaBKM KOHTEWHEPIB HA MAKCUMAJIbHY BiJICTaHb

No [Tapamerpu Pesynbrar
nocmny| Kyr, rpanycu | Tuck, atm. y 10 y20 y30 Cepenne
1 55 24 115 118 120 117,6
2 75 24 65 68 67 66,6
3 50 24 128 125 130 127,6
4 45 23 140 137 138 138.,3

OTpumMaHi JaHHI JE€MOHCTPYIOTh €(EKTHUBHICTh METOAY B CEHCl HOro

«IAJTBHOIIDY.

3.4. BucHoBKH 32 po3aijiom 3

[IpoBeneHi eKCHEPUMEHTH 1 PO3PAaXYHKH [O3BOJWIM CTBEPIKYBATH TIPO
¢(EKTHBHICTh 3allPOIIOHOBAHOTO METOJY JWCKPETHOI JOCTaBKM BOTHETracHOi
PEUYOBHHU B OCEPEIOK MOKEKI.

1. BukopucranHs mojiadi BOrHEracHOTO TOPOIIKY TS JIOKAJTI3aIlii MOoXKekKl
METOJIOM JUCKPETHOI JIOCTaBKM TPOACMOHCTPYBAJIO 3HIKCHHS TEMIICPATypH

ocepenky moxkexi 3 800 mo 130 rpamycis 3a 145 cexyH.
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2. [TpoBeneHi cepii HaTypHUX EKCIEPUMEHTIB [O3BOJIMIN BCTaHOBHTHU
napaMeTpy KyMHOCTI BIydaHHS KOHTEHHEpOM NpH OOCTpPLIl yMOBHOI MIiIIEHI.
[TokazaHo, WIO 3ampONOHOBAaHE YCTaTKyBaHHS XapaKTEPU3YEThCS JTOCTATHBO
BHUCOKHMH TTapaMeTpaMK KyITHOCT1 BJIy4aHHS B MillleHb. 3aCHOBYIOYHCH HAa OTPHUMaHUX
napamMeTpax po3MoUTy BIy4aHb pO3paxOBaHa IMOBIPHICTH TOMAIaHHS KOHTEHHEPOM
IIpU OOCTP1JIl TUTIOBUX BIKOHHUX OTBOPIB. [Toka3aHo, 1110 1aHa IMOBIPHICTh MPAKTUYHO
nocarae 3HaueHHs 0,9-0,95, mo 3abesnedye Maibke TapaHTOBAaHE BIIYYCHHS
KOHTEHHEPOM B BIKOHHUM OTBIp. B TOM ke yac, IMOBIpHICTh HEOAXXaHOTO BIIy4aHHS B
CycCiHe BIKHO (3a ssikuM HeMae moxkexi) nopiBHioe 0,001 Bxxe Ha Biactani 40 cMm Bif
IPaHUIlb BIKHA, 32 IKUM I0KeKa Ma€ MiCIIE.

3. [TpoBeneHa cepiss MOCTPiNIB B JOBXKHHY IPOJEMOHCTPYBaJIa 3HAYHY
JAbHICTh 3alpONOHOBAHOTO METOAY, SKa IMEpeBaka€ 1CHYIOUl METOJIU JOCTaBKH
BOTHETAaCHUX PEYOBHMH — 3alpOINOHOBAaHE YCTAaTKYBaHHS JO3BOJIAE€ JIOCTABIATU

KOHTEMHEP 3 BOTHETaCHOIO PEYOBHHOIO Ha BiJICTaHb 110 140 M.
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PO3/LI 4
IMMPAKTHYHI PEKOMEHJIALIII BAKOPUCTAHHSI CIOCOBY
JTUCKPETHOI IOJAYI BOTHET'ACHOI PEHOBUHHA

4.1 Iligxix [0 poO3paxyHKY 30BHIIIHBOI OaJiCTUKM KOHTeliHepy s

AMCKPETHOI JOCTABKH BOTHETaCHOI Pe40BUHH

OpHi€ero 3 mepeBar 3arporoHOBAaHOTO METO Ty AUCTAHIIIMHOT 1T0/1a4i BOTHETacHO1
pEUYOBMHU € HOro 3HA4YHA BiJCTaHb JOCTaBKM 1 TOMY BXKJIMBE MICIE TOCiIae
pPO3paxyHOK TpPA€EKTOPii MOJaBaHHS KOHTEWHEpa 3 BOTHETACHOI PEYOBHHOIO B
OCepEeIoK MOXKEXK1 Ha BEpXHiX nmoBepxax OyauHkKiB [1, 4, 7, 18-24].

Jlis BU3HAYEHHSA TPAEKTOpli OCTaBKM KOHTEHEpa 10 BEPXHIX IOBEPXIB
OyaiBai OyJ0 3aIy4yeHO BIJOMI 3 MEXaHIKH AU(EpeHLiaabHl PIBHAHHSA Ta iX PO3B’SI3KU.
JIOTIOBHEHHSIM JI0 IIMX PE3yIbTATIB € OTPUMaHi 3aJIe)KHOCTI I OMUCY HaBICHOI Ta
HACTUIBHOT TPAEKTOPIH, 10 MEPETUHAIOTHCS B TOULIl MaJIal0oyoro BikHa OyaiBii. Takox
BU3HAUYEHI 3HAUEHHS MIHIMAJIbHOI CTapTOBOI IMIBUIKOCTI JJISI TOCTABKU KOHTEHHEpa B
3aJjaHe BIKHO Oy[iBIl He0oOXigHOro moBepxy. IIpu IbOMYy BBaXKaeThCs, MO IS
pPO3paxyHKIB BiJilOMa BHCOTa PO3TallyBaHHS MaJal0uoro BikHA (Bix piBHS 3emill), a
TaKOXX BiJJoMa BIJICTaHb BiJ 3pi3y CTBOJIa YCTaHOBKU 110 cTiHM OymiBmi. CkIaJieHO
maple-nporpamy s TMEPEBIPKH OTPUMAHUX 3AJIEKHOCTEH NUIIXOM TOOYAO0BH
TPAEKTOPINA TOCTABKK 3aC00aMU KOMIT FOTEPHOT Irpadiku.

JlaHa mporpamMa J03BOJISIE:

- OmHucaTh KyTH BHIBOTY KOHTEHHepa, sKi 3a0e3MeduyloTh MepeTHH
HACTUIBHOI 1 HABICHOI TPAEKTOPIM B 3aJ1aHiil Toull 1Tl (Y TajalouoMy BikHI OyiBIi);

- po3paxyBaTd MIHIMAJIbHY CTapTOBY IIBHIAKICTh, 37aTHY 3a0€3NEUYUTH
JIOCSITHEHHSI MAJIAI0Y0T0 BiKHA OYTiBIIL;

- OIMHCATH TPAEKTOPIIO JOCTABKU KOHTEHHEpa JI0 BIKHA 3aJJaHO1 BUCOTH HaJl
dbyHIaMEHTOM 32 YMOBH B1IOMO1 BiJICTaH1 BiJl IMITyJIbCHOTO BOTHETaCHUKA JIO0 CTIHH;

- po3paxyBaTH BIUIUB BITPY Ha 3MiHy «IITHJIBOBOI» TPAEKTOPIi

KOHTEHUHEDPA.
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Kpim Toro, oneprkaHi pe3yJbTaTH B MOAAIBIIIOMY JOIIHHO TIOKJIACTH B OCHOBY
CTBOPEHHSI KOMII IOTEpPHUX CHUMYJATOPIB JUIsl TMPOBEIEHHS TpPEHYBaHb OCOOOBOTO
CKJIaJly B PEXKHUMI IITaOHUX 1r0p.

PesynpTatu cumynsmii MOXKHA TaKOX OJEpXKaTH y BUIJSAL Tabmuii, ne
MOYATKOBI IIBHJKOCTI Ta KyTH BHJIbOTY KOHTEHHEpa MOCTaBJICHI y 3aJIEXKHICTh BiJ
HOMEpY MOBEPXyY OyiBIi.

byaemo BBaxkaTtu, mo ¢opma TpaekTopii 3aJeKUTh BIJ] OCHOBHHX
reOMeTpUYHUX Ta (I3MYHUX MMapaMeTpiB: Macu KOHTEHHEpa, MOYaTKOBOI IMIBUAKOCTI
Ta KyTa HOro BWIbOTY (BIITHOCHO PiBHS TOPU30HTY), pajiyca chepudHOro KOHTeHHepa,
koedimiedaTa onopy ¢hopMu KOHTEHHEpa (SIKy 9acTO HA3WBAIOTh MAPYCHICTIO), @ TAKOXK
XapaKTepHOI TUIOII OTIOPYy PyXy KOHTeHepa. MeTa MOCIiHKeHHS MoJisArae y BHOOpi
TaKUX 3HAYEHb KyTa BUJIBOTY Ta MOYATKOBOI MIBUIKOCTI BUIBOTY, 100 KOHTEHHED 3
BOTHETaCHOIO PEUOBMHOIO BIIYUHB Y BIKHO, 32 SIKUM TaJIa€ MOXKexXa.

[Tig MOHATTSAM «JIOCTaBKU KOHTEWHEpa JI0 Majaldoro BikHa» Oy/1eMO pO3yMiTh

JIOCTAaBKY IIEHTPA MacH KOHTEHHEPa JI0 EHTPAITbHOI TOYKH BIKHA 3 TTOKEKETO.

4.2. IloOynoBa HACTIJILHOI i HABICHOI TPA€EKTOPIii, AKI NMEPETHHAKTHCH B

3aJaHid ToYli BiKHA

[lepmnii eTan po3paxyHKy TPaeKTOp1i BUSBISETHCS Yy BU3HAYEHHI Mapu KYTiB
BWJIBOTY KOHTEHHEPA, sIKi 3a0€311eUy0Th ICHYBaHHS HACTLJILHOI 1 HABICHOI TPAEKTOPIH.
[Tpu oMy 3a3HaueHI TPAEKTOPii MAIOTh NMEPETHHATHCS B 3aJaHii TOUIl MaJal0d0ro
BikHa OymiBii [20].

Hexaii B nexapToBiii cuctemi koopauHat Oxyz y BEpTUKAJIbHIHN IJIONTUHI 33]1aHO
TOUKY 3 KoopauHaTamu M(x,z). 3 mMOYaTKy KOOpAuHAT BWiIiTae (i3UYHE TUIO -
KoHTelHep y (opmi cdhepu 3a yMOBH, IO HAa HBOTO JI€ TOJE 3€MHOTO TSKIHHS.
HeoOximHo BHU3HAUMTH (OpMYITy Ui OMUCY KyTa BHIBOTY KOHTEHHEpa, 3aTHOTO
BIYyYUTH B TOYKYy M(x,z). BBakatuMemo, IO TII0 Ma€ TMOCTIAHY IIBUIKICTH V.
Heo0xigHo 3HAWTH MiJ SKUM KyTOM J0 TOPU30HTY HANpaBUTH KOHTEHHEp, 1100 BiH

IIOTPAanuB y TOUKy M.
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Jlnst BuBOIy (hOPMYJIHM PO3TIISTHEMO BiJIOM1 3 MEXAaHIKU PIBHSHHS PYXYy TOUKH

xX=vicosa, (4.1)

o gt’
z—vtsma—T , (4.2)

TyT t — yac, v - MIBUAKICTb.

PiBusaHs (4.1) onmucye TOPU3OHTAIBHI KOOPJIMHATH TEPEMIIIEHHS TOYKH, a

piBHsIHHS (4.8) — i1 BepTUKaIbHI KOOpAWHATH. 3 piBHIHHS (4.1) BU3HAUMMO Yac f:

t=— (4.3)

Ham, miactaBuBiiyg Bupas (4.3) B bopmyity (4.2), 01epKUMO:

vxsina ax’
zZ= - 5. (4.4)
veosa Vv cos’a

. Sino
Bukonaemo TPUTOHOMCTPHUYHY IT1ACTAHOBKY
cos

={ga 1 OTPUMAEMO

zZ=XIga — Lz (4.5)
2vicos’a '
Jlami, aHaJI0T14HO, BUKOHAEMO TT1JICTAHOBKY = l+1g ‘a
COS &
gx’
z=xtga —>—(+1g’a) (4.6)

2v°
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Y dbopmyi (4.6) po3KpUEMO TY>KKH 1 3AIMCHUMO ii CIIPOIIEHHS

2 2
0=-& tg’a + xtg o — &

Y

-z. 4.7)

Posrnsnaroum Bupas (4.7) sk KBaJpaTHE PIBHSIHHS BITHOCHO IZQ , 3aCTOCYEMO

dbopmyIly BU3HAUEHHSI KOPEHIB IIbOTO PIBHIHHS

—ox? —ox’
—Xi\/xz— 2g2 (Zgz —Z)
v v i (4.8)
)8
2v?

ga =

2
[TOMHOXMMO YHCEILHUK i 3HAMEHHMX Ha BUpa3 — ~ . [ToTiM nepeHecemMo Bupas
X

4

\% . .

— ma 3HaK KOPCH: 1 OACPKUMO
X

2+ 4 2 2
tga:v _\/v g(gx™ +2v Z). (4.9)

gX

Ha 3aBepiiieHHs 3aCTOCYEMO 10 KOKHOI YACTUHH APKTAHT'E€HC

v:it vt = x> +2viz
a = arctg vt g ) | (4.10)
X

B pesynbrati omepxkaHO ABa KOPEHI PIBHSAHHS AKI BU3HAYAIOTh OMHCH JIBOX
KYTIB BWIBOTY TiJIa, IO 3a0€3MeUy0Th 1ICHyBaHHs HACTUIBHOI 1 HABICHOI TPAeKTOPii
roro pyxy. ToOGTo /Ba KOpeHi piBHSHHS BIANOBIJATUMYTh JBOM MOXJIMBUM KyTam
3aITyCKy 3a YMOBH, 1110 BOHH HE YsBHI. B TpoTHBHOMY BUTIa[IKy MOKHA CTBEP/I)KYBaTH,
110 TTOYaTKOBA MIBUAKICTH (PI3UIHOTO Tijla HEIOCTATHHO BEJIMKA JIJISl TOCATHEHHS] HUM

00paHoi TOUKH (X, ).
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[Ipu MonentoBaHHI reOMETPUYHOI (POPMH TpaEKTOPii MepeMIlIeHHs] KOHTEeHEepa
3 BOTHETACHOIO PEYOBMHOIO HEOOX1AHO MPHUALIUTH yBary ii agekBatHocTi. [[ist 1iporo
B nudepeHIliaibHi PiBHSIHHS BBEJCHO MEBHY KUIBKICTh apaMeTpiB. Ha manomy erarri
JIOCTPKeHb OyAyTh BpaxoBaHI OCHOBHI (Di3W4HI BENMYMHHU, SIKI CYTTEBO
BIUTMBAaTUMYTh Ha (JOPMY TPaeKTOPIi.

3a OCHOBY po3paxyHKiB 00paHo audepeHiiaabHi piBHIHHA [23, 24]

a’zx__(ﬁjzc pScosa
) ' 2m

4.11
dt 2m (4.11)

d’z dvY . pSsina
=—g— (—j C,—
Jie m — Maca KOHTeWHepa; & — KyT BHUJIbOTY KOHTeiHepa; C; — 0e3po3MipHUil
koedinient onopy GopMu KOHTEHHEPA; P — IIBHICTL cepenoBuiIa (TOBITPs), (Kr/M>);
v — IBHJKICTh BITpY (abo Tina B moToiii), (M/c); g — MPUCKOPEHHS BUIBHOTO MaiHHS,
(M/c?); S — XxapaKkTepHa IJI01Ia NEPIEHAUKYIIAPHO ITOTOKY BITPY, (M%) — 115t chepudHmX
Tin S € pyHKuicro Big 06’ emy: S =R’
Bbyno ckmaneno maple-nporpamy noOynoBu 3a3HadeHUX TpaekTopii (4.10), saxi

JOCSITal0Th 33JJaHOT TOYKH Ha OyiBii. @parMeHT nporpaMu HaBeJieHO Ha puc. 4.1.

alphal:=
arctan((v0"2 - sqrt(v0*4-g*(g*L*2 + 2*H*v0"2)))/(g*L));
strim1:= plot([x(t,v0,alphal,m,Cf,rho,S),
y(t,v0,alphal,m,Cf,rho,S), t=0..2.3], scaling=CONSTRAINED,
color=blue,thickness=3,linestyle=4):
alpha2:=
arctan((v0"2 + sqrt(v0"4-g*(g*L"2 + 2*H*v072)))/(g*L));
strim2:= plot([x(t,v0,alpha2,m,Cf,rho,S),
y(t,v0,alpha2,m,Cf,rho,S), t=0..3.5], scaling=CONSTRAINED,

color=red,thickness=3,linestyle=4):

Puc. 4.1. ®parmenT male-nporpamu 1Mooy 10BH TPAEKTOPIH pyXy KOHTEHHEpa
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Tyt Bupasu ang GyHKIIN x(2) 1 y(t) ONEPKYIOThCS B pe3yJIbTaTi PO3B’sI3aHHS

nudepeHiiagbHuX PIBHAHb pyXy KOHTeMHepa (4.1) npu TakuxX MOYaTKOBHX YMOBAax
x0:=0: y0:=0: v0_x:=v0*cos(alpha): v0_y:=v0*sin(alpha):
7€ vy — MOYaTKOBA MIBUJIKICTh BIJIOTY KOHTEIHEpa.

B pesynpTaTi oTpuManu aHaNITUYHI BUpa3W A QYHKIIN x(¢) Ta y(?), 10
BH3HAYAIOTh KOOPAMHATH TPAEKTOPIl pyXy KOHTeWHepa. AHAIITUYHI BUpa3ud MalOTh
IPOMI3IKUI BUTIIAM 1 TYT HE HaBOJAThCA. [lepexoHaTucs y iX JOCTOBIPHOCTI 3MOKEMO
3a JIOTIOMOI'OI0 TECTOBUX pO3paxyHKiB. B mporpami Ha puc. 4.1 a; 1 a — kyTH (y
pajaiaHax) N0 TOPU30HTY, IMMiJ SKUMU HEOOXIJHO 3allyCTUTH KOHTEHHep, 100
TPAEKTOPII MEPETHYIUCH Y HEOOX1IHIN TOYIll BIKHA Oy TiBI1.

Ha puc. 4.2 300paxkeHo pe3ysbTaT BUKOHAaHHS CKJIageHoi maple-iporpamu. [1pu
IIbOMY 3Ha4YeHHs TmapamerpiB oOpano Taki: m=0.145; r=0.069; Cf=0.01; rho=1.2;
S=r*r"2; 2:=9.81. 3HaueHHs KyTiB BUWIbOTY Ta OYATKOBI IIBUAKOCTI BUJIHOTY BKa3aHi
Ha puc. 4.2.

[ToOynoBani 300pakeHHS TEPEKOHYIOTh Y ICHYBAaHHI JAESIKOI MIHIMaJbHOI
IIBUJIKOCTI BUJIBOTY, sIKa JO3BOJISIE MOEIHYBATUCH (3JIMBATHCS ) HABICHIN Ta HACTUIbHIN

TPAEKTOPISAM, a TAKOXK 3a0e3Meuye MOTPAIUITHHS KOHTeHHEpa y 3a/1aHy TOUKY OyIiBIi.

259

207

10 %

ol :=1.169860957 ol :=1.222734960 ol :=1.300624112
o2 = 1.464633192 02 =1.411759189 o2 = 1.333870037
v0:=24 v0:=21 v0:=19.5:

Puc. 4.2. ImocTpariist 3aJIe)KHOCTI KyTiB BWIBOTY B1JI IOYATKOBOI IIBUIKOCTI

BHIILOTY
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4.3. Po3paxyHOK /J0CTAaBKM KOHTeHHepa 3 MIHIMAJbHOI IMO0YATKOBOIO

IIBUAKICTIO 10 BIKHA 3 MOKEkKEI0

Jpyruii etam po3paxyHKY TpaeKTOpiil mojsirae y OOYHCIIEHH! MiHIMajJbHOI
IIBUKOCTI BHJIBOTY, SIKa TPOSIBISIETHCA Y BUIIIAAI YMOBH TO€AHAHHSA (3JIUTTS)
HABICHO1 Ta HACTUIBHOI TpaeKkTOpiii [23].

BBaxxatumMeMo, 110 KOHTEHMHEpP 3 BOTHETACHOIO PEYOBMHOK BUMIYIICHUN 3
MOYaTKy KOOpAWHAT cucteMu Oxz MiJl KyTOM « 10 TOpU30HTY. PiBHAHHS pyXy 1O

napaloJIiyHiil TPAEKTOPIi Ma€ BUTJISA

gx’

z=Xlgo — ,
2v; cos’ a

(4.12)

HeoOxiqHO BU3HAYUTH MIHIMAJIBbHY IOYaTKOBY IIBUJKICTh BHJIBOTY, 37aTHY
JOCTaBUTH TIJIO 3 TOYKM TIOYATKy KOOPAWHAT JI0 Hamepes 3aJaHoi TOYKH 3
koopauHatamu M(L,H). TlincraBumo koopauHatd Touku M(L,H) B piBHAHHS

TpaeKTOpii pyxXy Tina. B pe3ynbTaTi ogepx umo

2

g
H:Ltga—m, (4.13)

0

I{e ekBiBaJIEGHTHO YMOBaM IOCTaBJICHOT 3a1a4i.

PiBusHHS (4.13) BCTaHOBIIIOE 3B'A30K MK KyTOM BHJIBOTY O, Ta MIHIMaJIbHOIO
IIOYaTKOBOIO IIBUJKICTIO Vy, HEOOX1THOI JIJIg TOr0, 100 TIJ0 JOCSTIO 3aaHO01 TOUKH.
st onep>kaHHS TPUHHSATHOTO JUIsl MPAKTUKA PO3B’SI3KY HEOOXIIHO OOYUCIUTH
noxigHy ¢yHkii (4.13) mo ¢, 100 3HaWTH KPUTUYHE 3HAUEHHS Qi KyTa ¢, TIPU SIKOMY

MOYaTKOBA IIBHUJIKICTh Oy/ie MiHIMaIbHA
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0— L N gl dv, gl'sina
cos’a  v,cos’a da 2v,cos’a’

(4.14)

[Ipu kpuTHYHOMY KyTi ax Matumemo dv,/doa =0 I3 piBusuus (4.14) coigye

CIBBIJHOIIICHHS
V2
tgo, =—- 4.15
- (4.15)
3 BpaxyBaHHsAM piBHsHHSA (4.15) i ToTOXHOCTI 1+1g°c = , 3 PIBHSIHHS
cos” &
(4.12) orpumaemo
2 2 4
v L v
H=—°—g2 1+——1, (4.16)
g 2v, gL
110 €KBIBAJICHTHO BUpa3y
2 2
v, gL
H=—-—-2— (4.17)
2g  2v;

Bupa3s (4.17) moxxna niepeniucatu (4.1 - 4.3) y Burisiaii 6ikBaapaTHOTO PiBHSIHHS

BIJTHOCHO Vg
vi —2gHv. —g’L’ =0, (4.18)

Po3B’s130k piBHsHHS (4.18) Mae BUTIIAL

L 2
Vo=\/gH\/1+ 1+(Ej . (4.19)
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KpI/ITI/I‘{He 3HAUCHHS KyTa Ol AJI1 JOCATHCHHSA MiHIMaJIbHOT HIBI/II[KOCTi BUIBOTY

BU3HAYAETHCS IUIAXOM MIIKITF0YeHHS piBHSAHHS (4.19) no piBHaHHSA (4.15):

2

ta—£1+ 1+£
8% =7 7l | (4.20)

[Tokaxemo, 10 TPAEKTOPIs 3 MiHIMAIBHOIO MTOYATKOBOIO IIBUIKICTIO HE AOCATAE
eKCTPEMyMY y MOJOXKEHHI TOUKH 11i1i. BukopucroByroun piBHsHHSA (4.14) po3paxyemo
TOPU30HTANIbHE TIOJIOKCHHS MAaKCHMalbHOI BHCOTH TpaekTtopii. [lms 1poro
CKOpHUCTAEMOCS PIBHAHHAM dz/dx=(0. OTxe, TOJOXKEHHS MaKCUMaJIbHOI BHUCOTH

(exctpemymy (GyHKIIIT 3 (4.14)) 3HaXOAUTHCS HA BIACTaHI

2

v, 1ga
xX= —°g—f . (4.21)
gl+igia,
A 3 BpaxyBaHHAM ¢opmyinu (4.15) onepkumo iHIy (peaibHy) BiACTaHb
. L
= : 4.22
1+(gL/v2Y (+22)

Bupasz (4.22) Bu3zHadae Miclle MaKCUMaIbHOI BHUCOTH TMEPEMIIIEHHS TiJa.
MakcumymMm ocsiraeThes Tiepe1 Toukoro 1. Ile o3radae, 1mo KoHTelHep Ha KIHIIEBIH
YACTHHI HUISXY 3aBXKIU PyXaTUMETHCS IO HABICHIN TPAEKTOPIi O TOUKH JOCTaBKU. Ls
BJIACTUBICTh TPAEKTOPIl 3 MIHIMAJIBHOIO MOYATKOBOIO IIBUIKICTIO PYXy BHUSBHIIACH
KOPHUCHOIO JUUISI ITPAKTUKK 3acTocyBaHHs Y JIIIBP.

[TepeBipumo 1€t pe3ynbTaT «Ha Iudpax». Jas 1p0ro BUKOPUCTAEMO €JIEMEHTH
maple-nporpamu.

A) TeopeTHYHO 3HalIeHe 3HAYEHHS MiHIMaJIbHOI BUAKOCTI (4.19)
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vOmin:=sqrt(g*H)*sqrt(1+sqrt(1+(L/H)"2)"2);

b) 3HailneHe 3HaUeHHs TAHI€HCA KPUTUYHOrO KyTa BUILOTY (4.20)

tgk:=H*(1+sqrt(1+(L/H)"2))/L;

B) BizcTaHb 10 0JI0KEHHS HAWBUINOT TOYKU TpaekTopii (4.21)

x1:=v0min"2*tgk/(g*(1+tgk”"2));

') BimcTanp 10 MOJOKEHHS 3HAWIEHOTO eKCTpemMyMmy (4.22)

x2:=L/(1+(g*L/v0min~2)"2);

Bapianr 1. Bigcrans g0 criau L=10, BucoTa TpeThoro nosepxy #4=9.
vOmin :=16.89911241 . gk :=2.245362405 . x/ :=10.81905925 . x2 :=8.944542900

BapianT 2. Biacrans 1o ctinu L=10, Bucora mocroro nosepxy h=18.
vOmin :=20.19059187 . tgk :=3.859126028 . x/ :=10.09058091 . x2 :=9.452613939

Bapiant 3. Bigcrans g0 crinu L=10, Bucora nes’saroro mosepxy h=27.
vOmin :=23.79229567 . tgk :=5.579236010 . x/ :=10.02066233 . x2 :=9.708430785

OTxe, po3paxyHKH BKa3ylOTh Ha Te, [0 MakcuMyM QyHkis (4.22) gocsratume
Ha BIJICTaH1 MEHIIIOI0, HIXK BIJICTaHb JI0 CTIHU. A IIe BKa3ye Ha Te, 110 TPAEKTOPIs Ha
npukiHiesii ¢asi oyae HactuibHOIO. To6TO, KBP mpulyne no BikHa 3 MiHIMAIbHOIO
KIHETUYHOIO €HEPTi€l0, 1110 MIHIMI3Y€ HMOBIPHICTh MOLIKOIKEHB CYCI1/IHIX BIKOH Y pa3i
MOMMWJIOK Y PO3paxyHKax TPAEKTOPIT pyXxy.

Ha 3aBepiieHHst HEOOX1THO BIAMITUTH, 10 TOCTIPKEHHS] CTOCOBHO MIHIMAJILHOT
MOYaTKOBOI IIBUJKOCTI CIIPSIMOBaH1 HA €KOHOMHE BUKOPUCTAHHS CTUCHEHOTO TIOBITPS
B Iporieci omepatuBHoro 3acrocyBaHHs YJIIIBP. [lns ekoHoMii 1IbOTO pecypcy
JOLUUIBHO 3M1MCHIOBAaTH PE3yJNbTaTUBHI «IIOCTPUIN» 3 MIHIMAJIbHUM THCKOM JUJIS

3a0e3MeueHHs] He0OX1THOT MiHIMaJIbHOI IIBUIKOCTI BUJILOTY KOHTEHHEDPA.
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4.4. Po3paxyHOK TPa€KTOPil JOCTABKH KOHTEelHepa 10 BiKHA 3a JBOMA

BiIOMMMH BiAcTaHAMHU

Tperiit eTan po3paxyHKy TpaeKTOpiil TOCTaBKU KOHTEHHEpa A0 Mallalouoro BikHA
MoJIATaE 'y OJIep>KaHHI BUPA3iB I OOYHCIICHHS 3HA4YEHb IMOYATKOBOI IIBHIKOCTI
BUJIBOTY 1 KyTa BWIBOTY. OcCOOMMBICTH pe3ylbTaTy y TOMY, IO JUIS OIHUCY
BUKOPUCTOBYIOTHCS JIMIIIE JBA BXIJHI MapaMeTpH - 3ajaHa BHCOTa (IEHTPaJIbHOI
TOYKH) BIKHA JIO PiBHS 3e€MJI1, a TAKOXK 3a7aHa Bijctanb Bix Y AIIBP no ctinu [24].

Armpiopi  BB@XaeTbCs, MO0 IIEHTP Mac KOHTEWHEpa pPyXaTHUMEThCA TI0
napaboiniyHuil Tpaektopii. Came 1ei QakT CyTTeBUN MPH OJEp>KaHHI 3aJICKHOCTEH.
CyttreBuM Oyzie 1 yMOBHE MOHSTTS KOOPAMHAT MAJjar0vuoro BiKHA, SIKE BHMIPIOETHCS
TakuMu Bigctadsmu: L - Big Y IIIBP o cTinum, a Takox H - BUCOTOIO ITOJIOKEHHS BIKHA
BiJl PIBHS 3€MJIL.

s peanizariii po3risiHyTOTO CIIOco0y HEOOXI/IHI JIMIIIEe 3HaUYCHHsI BiicTaHeH L i
H, BuMipsiHHX 32 JOIIOMOT010, HAIPUKJIIa, TazepHoro nanekomipa Flus «FL-60y», skuit
BUKOPHUCTOBYETHCA B OYJIBHHUIITBI. A Tak0oX HEOOXiIHI GopMyJH JJisi OOUMCICHHS
MUTTEBOI MBUAKOCTI V) BIWIBOTY KOHTEHHEPA, 1 3HAYCHHS KyTa BWJIBOTY & BITHOCHO
piBHA Topu3oHTY. lli mapamerpm MOXHa BHpaxyBaTH TaKOX uYepe3 3a3HauyeHi
koopauHatu L 1 H, ski ciig cropuiiMatd SK MOYATKOBI JaHi PO3B’sI3aHHS 3a7aul
napaboJIiuHOro pyxy KOHTEHHepa.

Hexaii B pgekaprtoBiii cuctemi koopauHat OXYZ 3amano Ttouky M(L,H),
pO3TaIlioBaHy y BEPTHKAJIbHIN TUIOMIMHI. 3 TOYATKy KOOPJAWHAT i€l TUTONTUHU 3a
JIOTIOMOTOF0 TTHEBMATUYHOI TapMaTH BHJIITA€ KOHTEHHEP 3 BOTHETACHOIO PEYOBHHOIO,
Hanpukiag, y Gopmi kym. Kopuctyrouncs numie koopauHaramu L 1 H Todku 1imi
M(L,H), BU3HaUMMO 3HAYE€HHS KyTa ¢ BHJLOTY KOHTEiHEepa, a TaKOXX 3HAUYCHHS
MIHIMAJIbHOI IMBHJIKOCTI vy I JOCSATHEHHS Touku i M [130 - 132].

PiBHSHHS pyXy KOHTEWHEpa 3a7a€MO Y IMapaMeTpuuHiil hopmi

: t*
X=v,cosat;z=v sinat——. (4.23)
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Buxmrounmo 3 mepmioi ¢opmynu (4.23) gac ¢ 1 micTaBUMO HOro B Apyre

piBHsHHS. B pe3ynbpTari ofepkKUMO DPIBHSHHS pyXy KOHTEWHEpa B KOOPAWHATHIH

dbopwmi:

2

ax

z=Xxtgo —————. 4.24

& 2v: cos’ a 429
[Tpurnyctumo, 1o TpaekTopis pyxy NpoxoauTh yepe3 Touky mimi M(L,H):
gL’
H=xtga ——~—— (4.25)
2v,cos" a
[Tepenuiemo piBHsAHHSA (4.25) y BUTITIAL:

gl tg’a—2Lv; tga+ gL’ +2Hv,; =0. (4.26)

Bupas (4.26) posriasiHeMo K KBaJpaTHE PIBHSHHS BITHOCHO MmapameTpa tga. s
BU3HAUEHHS KPUTUYHOTO 3HAUYEHHS IIHOTO TapaMeTpa BHKOPHUCTAEMO AaHAJITHYHI
MOJMBOCTI MOBU maple. [l uporo ynkuiro (4.24) nepenuiiemo y Burisiai (4.25),
BUKOPHUCTOBYIOUM CHHTakcuC MOBHM maple. Jlam Bu3zHauuMo mnoxigHy ¢yHkiii F mo

napaMeTpy /g 3a I0OMOTOI0 oreparopa solve:
F:=g*L"2*tan(alpha)*2-2*L*v0/2*tan(alpha)+(g*L"2+2*H*v0/2)=0; (4.27)
F =gl tan(ex)’ — 2LV, tan(a) + gL’ + 2HV, =0; (4.28)

solve(F, tan(alpha)); (4.29)
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22+ 2. vi — g L —2gHV;
2gL '

(4.30)

Bupas mig 3HakOM KOpeHs KBaJpaTHOTO TMOBHMHEH AOPIBHIOBATH HYNO (60
IIYKa€EMO KPUTHYHE 3HA4YeHHs mapamerpa). Po3B’spkeMO HOBE piBHSHHS BiTHOCHO

HIBUJIKOCTI BUIIBOTY V() :

f:=v0"4-g"2*L."2-2*g*H*v(0"2=0; (43 1)
f=v, —g’[’-2gHv,; (4.32)
solve(f,v0); (4.33)

\/ gH +gNH?> + 7. (4.34)

Kopinp po3B’sizky (4.33) HamacTh BUpa3 Jjisi OOYMCIICHHS MIHIMaJIbHOT
IIBUKOCTI BUJIBOTY KOHTEIHepa. JJis 00UnCIeHHsT KyTa BIUIBOTY CIIiJT BUKOPUCTATH

Bupasu (4.29) 1 (4.30) 3 BpaxyBaHHSAM TOTO, 1110 (GyHKIIA (4.27) TOPIBHIOE HYJIIO:

tan(alpha)=1/2/g*(2*v0"2+2)/L; (4.35)
2
v +1
tan(a) = = 4.36
(@) ol (4.36)

OcraTouyHO OAEPKUMO Taki (OPMYJU IJIsl PO3PAXYHKYy MOJENI PyXy IO
napaboIivHIi TpaeKTOpIi TOCTaBKU KOHTEHHEPA 3 BOTHETACHOIO PEUOBUHOIO 3 TOYATKY

KOOpPJIMHAT A0 TOYKH 3 KoopauHatamu M(L,H):
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v, =y Hg+ g\ +H" ; 4.37)

2
a= arctg(v—(’) : (4.38)
gL

Ha ocHoBi 3anpornionoBaHoi mojeni 0yio ckianeHo maple-porpamy (puc. 4.3)
noOy10BY TaOJMIIl 3HaUYEHb MOYAaTKOBUX MIBHIKOcTel pyxy KBP, a Takox 3HaueHb
KyTiB BuiIb0TYy KBP BigHOCHO piBHS TOPHM30HTY 3a YMOBH, IO Bigomi Bucota H
«Tajarvyoro» BikHA BiJ ¢yHIaMmeHTy OyaiBmi, a Takox Biactanb L Big YIIBP no

CTIHH.

Digits := 6: g:=9.81:

L :=5.: # Bigcranb 10 OyaiBiai (M)

for i from 3 to 9 do

H :=3*i:

vO[i]:=sqrt(H*g + g*sqrt(L"2+H"2));

alphali]:=arctan(v0[i]*2/g/L);

ugol[i]:=evalf(alphali] *180/2/Pi);

end do:

print(" Bincrans Bin YAIIBP no crinn", L,"'Mm");

print("moBepx"," Ne 3"," Ne4"," NeS",
"_N(_) 6",'l_N‘9 7""'_N9 8!"'l_N9 9");

print("mBuakicTs' ,seq(v0[i],i=3..9));

print("paniann ",seq(alphali],i=3..9));

print(" rpaagycu ",seq(ugolli],i=3..9));

Puc. 4.3. Tlporpama o6y 10Bu TabJuIll 3HaY€Hb MIBUIAKOCTEH 1 KYTIB

Ha puc. 4.4 HaBeieHO IPUKIIAAHN PE3yIbTaTy BUKOHAHHS IPOrPAMH.
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" BIICTaHBL BYI MHEBMOTapMaTH Jo ctiHn”, 5., "m"
"moBepx”, " Ne 3. " Negq" " No LU Ned'," NeT",." NeBU," No OO
"meiakicTs”, 13.7583, 15.6605, 17.3856, 18.9696, 2(0.4396, 21.8159, 23.1137
" rpagyc ", 37.7363, 39.3450, 40.3913, 41.1190, 41.6518, 42.0580, 42.3772

" BUICTAHBb BLI MHeBMOTapMat Jo crHi”, 10, "M

"moBepx", " Ne3"," Ne4"." NeS"." Neg"," Ne7"," NeB8"," NeO"
"mpnakicTs”, 14.8415, 16.4608, 18.0001, 19.4572, 20.8371, 22.1472, 23.3949
" rpagyven ", 32.9970, 35.0488, 36.5776, 37.7363, 38.6342, 39.3450, 39.9193

Puc. 4.4. 3HaueHHs MOYaTKOBUX IIBUAKOCTEH 1 KYTiB BUJIITAaHHS KOHTEHHEpa

Takox cknazeHo maple-rporpaMmy-cuMyJisiiio MoOya0BU 300paXKeHHs Oy TiBJI1
Ta TpaekTopli pyxy KoHTeiHepa. Ha puc. 4.5 HaBeaeHO NpUKIIA] BUKOHAHHS

IPOrPAMH.

Puc. 4.5. Tlpuknan MmoaenoBaHHs Oy iBJI1 1 TPAEKTOPIi KOHTEHHEPa

Ha mpaxTuii A 3py4HOTO BUKOPHUCTaHHS KOMII FOTEPHHUX OMHCIB TPAEKTOPIN
HEOoOX1/1HI 3aBUACHO CKJIaJieHl Tabnuill. Bonn BkazyBaTUMyTh 3HAUEHHS KyTa BHJIbOTY
KOHTEIHepa 3aJIe)KHO BiJ] KOOPAWHATH HEOOX1IHOT TOYKU MOTPAIUIIHHS KOHTEHHEpa
Ipu  BIAOMIN TOYATKOBIM IBUJAKOCTI BWIBOTY. IS yCyHEHHS HE3pYy4HOCTI
3aCTOCYBaHHA TaOMWIb 1 3a0€3MEUeHHs] ONEPaTHUBHOCTI PO3TIISIHEMO MOKJIHMBICTh
BUKOPUCTAHHS IUIAHIIETA JAJIS ONEPAaTUBHUX PO3PAaXyHKIB MapameTpiB TPAEKTOPIii
JOCTaBKU KOHTEHHepa.

Ha puc. 4.6 naBegeno ¢parmeHT maple-porpamu, sika y pasi HEOOXiTHOCTI
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MPOCTO MepeknagaeThess MoBoto Basic for Android-F.:

2:=9.81: Digits :=5:

L :=20.: # BizcTanb 10 OyaiBiai (M)

forifrom 1 to 9 do

HJi] := 3*i:

v0:=sqrt(H[i]*g + g*sqrt(L"2 + H[i]*2)):
alpha:=arctan(v0"2/g/L):

z:=x*tan(alpha) - g*x*2/(2*v0”*2*cos(alpha)"2):
strim[i] := plot(z, x=0..L+0.5, scaling=CONSTRAINED,
color=red,thickness=3,linestyle=4):

end do:

zdn:=line(|L,0], [L,29], color=yellow, thickness=5):
for i from 1 to 9 do

oknali] := disk([L,3*i], 0.5, color=red, thickness=3)
end do:

display(seq(oknali],i=1..9), seq(strim[i],i=1..9),
zdn, scaling=constrained); #, insequence=true);

Puc. 4.6. ®parMeHT MporpaMu OMKCY TPAEKTOPIi pyXy KOHTEHHEPA 3aJI€KHO
B1JI ITIOJIOKEHHS TOYKH {111

Ha puc. 4.7 HaBeieHO pe3yabTaT BUKOHAHHS nporpamu. I'padiuyHo 300pakeHo
MHOXHHY TPAEKTOPii KOHTEHHEpa 3aJIe’KHO Bl ITOJIOKEHHS TOUKH 111J11. KomsopoBumu
TOYKAMU TIOKa3aHO IOJIOKEHHSI BIPTyaJlbHUX BIKOH, /€ MOXJIMBE BUHUKHEHHS
MOXKeXi. BincTane Big MHEBMAaTWUYHOI TapMaTH A0 CTIHH OYIIBIII BUPAXKAETHCS
3HaYEHHSIM napameTpa L.

CkrnazeHa nporpama peajiizoBaHa y BUTJISA1 aHIMaliiHoro giasmy. s uporo
B IpOrpaMmy CIiJ aKTUBI3yBaTH OMIIIO insequence=true. 3MIHHOIO BEJIMYHWHOIO €
napameTp H — BUCOTa MOJIOXKEHHS BikHA. B mpoiieci 00unciens reHepyroThes Kaapu

TPAEKTOPIl KOHTEWHEpa, HAaKIaAeHUX Ha MPoQiib Oy IiBIi.
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BuxopuctoBytouu nporpamy 3 puc. 4.3 MOKHa CKJIaCTH TaOJIHUIll 3HAYEHb KYTIB

1 BUKOCTEH MPH SKUX TPAEKTOPIA AOCATAE MOTPIOHOTO 300pakeHHs BIPTYyaIbHOTO

BikHa. KopuctyBau maniiera Moxke 00paTu oTpiOHI BapiaHTH JJIsl BUKOPUCTAHHS.

JIJ1st IpHIIUTBHOI TOCTaBKM BOTHETACHUX PEYOBHH B ocepenok moxkexi Y [[IBP

ITIOBHHCHA 3&663HC‘IYB3TI/ICB 3aco0amMu Ja3€pHOro HpI/IHiJIIOBaHHSI,

BUMIPIOBAaHHS KyTIiB Ta 1aJ€KOMipOM, aHEMOMETPOM.

a TaKoOX

KiHmeBowo MeTO TPOBENCHHMX TOCHIKEHb CTaHE MOJICTIOBAHHS CHUTyaIlii

MTOKEKOTaCIHHS BUCOTHHUX 6y,Z[iBCJII> 3 BUKOPUCTAHHAM CYYdaCHHUX TJIAHIICTIB.

4.5. BiiiuB 0IYHOr0 BiTPY HA TPAEKTOPIiI0 10CTABKH KOHTelHepa

JIisg AucTaHLIWHOI TOCTaBKM KOHTEMHEpa Ciiiff BpaxoByBaTh (DaKTOpP BILIUBY

OOKOBOTO BITPY Ha (POpMy TpaeKToPii.

Hexaii B nekapToBiil cuctemi koopauHaT Oxy 3aaHO TOYKY 3 KOOpAMHATAMU

M(x,y). 3 modaTtky KOOpAMHAT BuJIiTae (pisuuHe TiNO (KOHTEHHEP 3 BOTHETACHOIO
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peuoBuHOO y (opMmi chepu). HeoOximHo BuzHauuTH (HOpPMYITy IJIsS OMHUCY KyTa
BUJILOTY KOHTEHHEPA, 3AaTHOTO BIYYUTH B TOUKY M(X,)). BBaxkaTmemo, 110 T170 Ma€e
MOCTIWHY MIBUIKICTh V, a TpaBiTallisl BU3HAYAETHCSA MTPUCKOPEHHSIM 3€MHOIO TSDKIHHS
2=9,81 m/c?.

Jl1is po3paxyHKy BIUIUBY OOKOBOTO BITPY Ha TPA€KTOPIIO CIIOYATKy HEOOXITHO
BU3HAYUTH 3HAYCHHS KyTa ¢, SIKE MAKCUMI3y€ TOPU3OHTAIBHUM HUISX TPAEKTOPII.

3BepHEMO YyBary Ha Te, IMOYaTKOBHM pyX KOHTEHHEpa IO TPaEKTOpii
B110yBa€ThCs B OJHIN IJIOIIMHI. BCcTaHOBIIOEMO OC1 TaK, 11100 KOHTEHHEP HAJIXOIUB 3

toukd (0,0) mouatky koopAauHaT. OCKUTbKU CUJIA TSKIHHS /i€ BHU3, MAEMO

F=ma=-mgj. (4.37)

Takum ynHOM a =—g - j. Ockinbku V(¢ ) = a, TO OACPKUMO

v(t)=—gt-j+C, (4.38)
ne
C =v(0)=v, cos(a) - j + v, sin(a)- j. (4.39)
3Bizcu MaeMo
F(£) = v(t) = v, cos(a) - i + (v, sin(a) — gt) - . (4.40)

[Ticnist iHTErpyBaHHS OTPUMYEMO

2

F(£) = v, cos(@)t -i + (v, sin(a)t —%) j+D. (4.41)
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Aner(0) =D =hj, Tomy

r(t)=v,cos(a)t-i+(v,sin(a)t —‘%2 +h)-j. (4.42)

OTxe MiATBEPINIH, IO TApaMETPUUHI PIBHSHHS TPAEKTOPIi MAaIOTh BUTJISI

2
x=v,cos(a)t; y=v,sin(a)t —% +h. (4.43)

['opuzonrtanbHa BiacTanb d € 3HaueHHAM X, Kosn y=0. [Tpu y=0 otpumyemo

2

v, sin(a)t—%+h ) (4.44)

BpaxoBytoun v0, o 1 h, MU MOXEMO BH3HAYUTH t B pe3yJibTaTl PO3B'A3aHHS

KBaJIPaTHOTO PIBHSHHS

‘e 2v, sin(@r) .
g

(4.45)

Tomi

2v,sin(@) _ v, sin(2a)
g g . (4.46)

d=v,cos(a)-

[{ro BimOMy 3 TEOPETHMYHOI MEXaHIKU 3aJIC)KHICTh JJIs OOYMCICHHS BIJCTaHI
NOJILOTY KOHTEHHepa OyJie BUKOPUCTAHO Ul BU3HAYEHHS BIUTUBY OIYHOTO BITpPY Ha
BEJIMUMHY 3MilleHHsT KoHTeiHepa. Y mitepatypi [130] edexT BIIMBY omucyeTbes

bopmyIior
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y =W, (T-——), (4.47)

Vocosa

ne W, — wmBuAKICTb OiluyHOro BITPY; 7 — TPHUBAIICTb PYyXy KOHTEHHEpa; X —
TOpPU30HTAJIbHA JAJIBHICTh PyXy KOHTEHHEPA; V) — MoYaTKOBa IIBUAKICTh KOHTEHHEPA;
0L — KyT KAJIaHHS KOHTEUHEPA.

@opmyna (4.47) orpumaHa NpU TaKUX OOMEKEHHAX — CHJIAa ONOPY PYXy

KOHTEIHepa Mpu BIACYTHOCTI BITPY 33Aa€ThCS y BUIIISII

1
F==2pSCV, (4.48)

1ie p— TyCTUHA OBITPS; S — MaKCHUMaJlbHA IJI0IIA MTOTIEPEYHOT0 Mepepi3zy KOHTEHHEPa,
Cy— 6e3po3MipHUi KOeQILIEHT ONOpY; V — BEKTOp IIBUJKOCTI KOHTEHHEpA.

[ToOymoBy TpaekTopii MepeMilieHHS KOHTEWHepa MAONUIBHO 3IHCHUTH 3a
JIOTIOMOT010 orepaTopa maple-nporpamu
strim:= plot([X(t),Y(t), t=0..2.3], scaling=CONSTRAINED,

color=blue,thickness=3,linestyle=4).

Jle omucu KOMIIOHEHTIB Tpa€eKTOpli oOfep)kaHl B PE3yJbTaTi PO3B’SI3aHHS
nudepeHItiaTbHUX PIBHIHB PyXy KOHTEHHEpa

X = x(t,v0,alpha,m,Cf,rho,S);

Y =y(t,v0,alpha,m,Cf,rho,S).

B mporpami a — kyt (y pagiaHax) 10 TOpPU30HTY, MiJ SKUMU HEOOX1JIHO
3alyCTUTU KOHTEMHEp, 1100 TPAEKTOPIs JOCATIIa HEOOX1THOT TOYKM BiKHA OY/IiBIIL.
ITpy poMy Tako BpaxoOBYIOThCS Takl MapaMeTpH: m- Maca KoHTeiHepa (kr); Cr—
Oe3posmipHuii KoedilienT omopy (OpMH; p — IIbHICTH NOBiTPs, (Kr/M); vy —
MIBUJKICTh KOHTEHMHepa, (M/c); S — XapakTepHa IUIOIIA MEPHEHAUKYJSPHA MOTOKY
nositpsa, (M?); g=9.81 (m/c?). OTxke, ofepKaHi PO3B’SA3KH 3aJ0BONBHAIOTH BUMOIaM
CTOCOBHO 3aJIy4EHHIO J10 Po3paxyHKy dopmyiu (4.48).

byno ckmageno maple-mporpaMy BU3HAYEHHS KyTa BUJILOTY KOHTEHHEpa, a

TaKO0X MOOYA0BH BIJIMOBIAHOI TPAEKTOPIT, sIKAa TOCATHE 0OpaHy TOUYKY BiKHA OyAMHKY.
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SIx mapamerpu o6pano: m=0,145 xr; r=0,069 m; C= 0.01: rho=1,2 kr/™* ; S:=m".
Bincranp Binm mHeBMaTU4yHOI TapMat 10 cTiHu L=10 (m). Yepe3s H (M) mo3HaueHO
HEOOX1THY BHUCOTY TOTPAIUISHHS y BIKHO, Vy (M/C) — MOYaTKOBA IMIBUAKICTH BHJIBOTY
KOHTEHUHEDPA.

Ha puc. 4.8. 1 4.9. 300paxkeHo TpaekTopii, (HACTUIbHY 1 HaBICHYy) SKi
MOTPAIUIAIOTh B TOYKY «IIOCTOro ToBepxy». I[lapamerpm pospaxyHkiB H=18 w;

vo=23 m/c. KyTu BUIBOTY BKa3aHl Ha pUCYHKaX.

Puc. 4.8. TpaekTopis HaCTIIbHA, Puc. 4.9. TpaexTopis HaBiCHA;

KyT BUIbOTY 0=1,183 KyT BUIbOTY o=1,451

BinxuneHHst TpaekTopii NpH MIBUAKOCTI OOKOBOTO BITPY 5 M/C 00UUCITIOEMO 32

10
opmyiJioro (4.47). Jlnsg HacTiabHOI TpaekTopii Mmaemo y =512 ——— |=0,25
hopmyioro (4.47). /1 TPA€EKTOP y ( 23*0’378J

T0OTO MpuOIM3HE BiaxwieHHs Oyae 25 cm. s HaBICHOT TpaekTopii — O cemu

MeTpiB. TOOTO y BITpsIHY MOTOy MEepeBary CJiijJl HaJlaBaTH HACTIILHUM TPAEKTOPISM.



141

PesynbpTaTi cumynsiii g pi3HUX 3Ha4€Hb OOKOBOTO BITPY Ta BUCOTH MOJadyi

KBP naBeneno Ha puc. 4.10-4.13.

Puc. 4.11. IIBuakicTs BiTpy 2 M/C Ha BUCOTY 18 MeTpiB
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Puc. 4.12. IIBuakicts BiTpy 3 M/c Ha BUCOTY 18 MeTpiB

[

Puc. 4.13 IlIBuakicte BiTpy 2 M/c Ha Bucoty 30 MeTpiB
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4.6. IIpakTHuyHe 3aCTOCYBaHHS CIHOCOO0Y JIOKAJI3amil MOXKekKi NISIXOM

AMCKPETHOI JOCTABKH BOTHEraCHOI Pe40OBUHM

JUis TmpUIIIBHOI JTOCTaBKM BOTHETACHUX PEYOBMH B OCEpPEIOK TMOXKEXKI 3
HeoOximHoto TouHicTIO Y]/I[IBP moBmnHeH 3abe3nmedyBaTHCh 3aco0aMu J1a3epHOTO
IPUIUTIOBAHHS, a TAKOXX BUMIPIOBAHHS KYTIB, JAJEKOMIPOM Ta aHEMOMETPOM IS
BUMIPY HIBUAKOCTI 1 HAIIPSIMY BITPY.

[Tix yac npuOyTTS MOXKEKHO-PATYBAIBHUX MIIPO3/ITIiB O MICISI BUKIUKY IS
OMEepPaTUBHOTO PO3TOPTAHHS YCTAHOBKU [JISl JUCKPETHOI JOCTaBKM BOTHEraCHUX
pPEYOBHUH Y KOHTEIHEpax HEOOX1qHO:

1. 3’ennaTtu noBiTpsAHUN HUIAHT 9 (AuB. puc. 2.8) A0 MITyIEpa 3 «CHUCTEMOIO
HIBUJIKOTO 3’ €qHaHHs» 13 (puc. 2.6).

2. IlpamroBaTvl 3 YCTAaHOBKOIO JUIsl AUCKPETHOT M0/1a4i BOTHETACHUX PEYOBHH Y
KOHTEMHepl MokHa sk 3 Jjadety (puc. 2.8), (mo 3abe3neuyro TOUHINIY TOJady
BOTHETaCHUX PEYOBHUH Yy BIKOHHUI OTBIp), TaK 1 3 0€3MOCEPETHBO 3 «PYK».

3. BuzHauuTu MBUAKICTH BITPY Ta HOro HampsiM 3a JOMOMOIOI0 aHEMOMETPA,
JAbHICTh A0 OYIIBIl 1 BUCOTY Ha SIKy HEOOXITHO 3MIMCHUTH IMOAAaYy BOTHETacHOI
pPEYOBHHHM B KOHTEHHEpI 3a JOMOMOTOI0 JIA3epHOT0 JajieKoMipa-KyTomipa. 3a
nornoMororo peaykropa 10 (puc. 2.8) BiiperyatoBaTi TUCK B KaMepi JJIsl CTUCHYTOTO
NOBITPs CTBOJA. BBecTw mapaMerpu BiACTaHI 1 BUCOTH Ta MOYATKOBOI MIBHUAKOCTI
BUJILOTY KOHTEWHEpa B IMpOrpamMHe 3a0e3leyeHHsl Ta OTPUMATH KyT HaXMWIy CTBOJIA
JUISL IBOX TPAEKTOPIM HACTHIIHHOI Ta HaBiCHOI. BUOpaTH KyT Haxuiay Jjisl HEOOX1HOT
TPA€EKTOPil JOCTaBKM KOHTEHHEpa 3 BOTHETacCHOI pe4YOBHHOIO. PeMiHp s
MepeHEeCeHHsT 000B’SI3KOBO MEPEKUIAEMO Uepe3 Tuiede, i1 HaAIHOCTI (hiKCyBaHHS
CTBOJIa MOKEKHUM-PATYBaIbHUKOM. [lomicTuTu B Hacazok (puc. 2.7) KOHTEHHep 3
BOTHETaCHOIO PEYOBHHO. 3a IOMIOMOT'OI0 IHKIIIHOMETpa (KyTOMipa) HaXUJIUTH CTBOJI HA
HEOOX1IHMI KyT BIJTHOCHO IIOBEPXHI 3€MJIl, HATUCHYTH Ha CITyCKOBHH radyok 11
(puc. 2.6). [loBTopuTH Aii MyHKTY 3 AJi MOBTOPHOI JOCTaBKH BOTHETACHUX PEUYOBHH.
CepenHs IHTEHCUBHICTB 10/1a4l BOTHETAaCHUX PEYOBHUH CKIIafae 5 cekyH | | koHTelHep.

4. Jns 3akpiruieHHs cTBosia y naderti (puc. 2.8) nmnst OUIbIn BIYyYHOTO
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MOTPAIUISTHHA KOHTEHHEPa 3 BOTHEraCHOK PEUYOBUHOIO B BIKOHHUM OTBIP 1 30UIbIIICHHS
IHTEHCHUBHOCTI MT0/1a4l HeOOX1THO:

5. IloBTOpuTH MyHKT 1.

6. Bu3HauuTH MBHUIAKICTH 1 HampsiM BITPY 3a JOMOMOTOK) aHEMOMETpA,
JAbHICTh A0 OYIIBIl 1 BUCOTY Ha SIKy HEOOXITHO 3AIMCHUTH IMOAAaYy BOTHETacHOi
PEYOBMHM B KOHTEWHEpl 3a JOMOMOTOI0 JIA3E€pPHOro JajeKkomipa-KyToMipa. 3a
JOTIOMOTOI0 PEAYKTOpa BIIPETYIIOBATH THUCK B KaMmepi ISl CTUCHYTOTO TOBITPS
cTBOJMa. BBecTn mapameTpu BiACTaHI 1 BUCOTH Ta MOYATKOBOI HIBUIKOCTI BHJIBOTY
KOHTElHEepa B MpOrpaMHe 3a0e3MeUeHHs Ta OTPUMAaTH KyT HaXuiy CTBOJA JUIsl IBOX
TPAEKTOPI HACTUIIBHOI Ta HaBICHOI. BubpaTu KyT Haxumy /Uit HeoOX1HOT TPaeKTOpIi
JIOCTaBKU KOHTEWHEpa 3 BOTHETACHOIO PEYOBUHOIO.

7. BuOpatu HeoOX1AHMI KyT HAXUJTy, 3aKPIMUTH CTBOJI B JTa(eTi 3a TOOMOT OO
ckobu 5 (puc. 2.8), 3adikcyBaTH pPeTyNIO0YY TUIaHKY 6 (puc. 2.8) Mo BepTUKATl KyTY
HaXWJIy CTBOJIA Ta YIOPHY PEryJitoroua OCHOBY 8 (puc. 2.8) 3MiHU KyTa HaXWJIy CTBOJIA
110 TOPU30HTAII 32 IOTIOMOTOX0 OOJTIB.

8. Ilicas HamiiHOTO KpIIUICHHS 1 TEpPeBIPKKM KyTa HaXWJy CTBoJia B jaderi,
MOMICTUTH KOHTEHHED 3 BOTHETACHOIO PEUYOBUHOIO B HAcaoK 4 (puc. 2.7), HATUCHYTH
Ha CIycKHHA Tadok. [loBTOpWTHM TyHKT 8, Il MOAANIBIIOT TMOJadi BOTHETACHUX
peuoBUH Yy BiKOHHHH OTBip. CepeaHsl IHTEHCUBHICTh I10JIadi BOTHETaCHUX PEYOBUH
CKJIajae 2 cekyH/ | KoHTelHep.

CepenHsl KUIBKICTh IOJayl KOHTEHHEPIB 3 BOTHETACHOK PEYOBUHOK IIPHU
MaKCHMAaJIbBHOMY THCKY B 26 atmocdepu ckianae 30 pasiB, 1110 CKiajaae 2,5 XBUIMHHU.
[Ticns 11pOTO HEOOX1AHO 3aMIHUTH OAJlOH 3 CTUCHYTHUM TOBITPSM Ha 3aImpaBiICHUIM.

CepenHiii yac 3aMiHM OaJIoHA 3 CTUCHYTHM IOBITPSIM 3aiiMae He OuibIne 1 XBUIUHM.

4.7. BucHOBKH 3a po3aiyiom 4

1. Buxoasuu 3 po3paxyHKiB TPa€eKTOPIi 30BHIIIHBOT OaTICTUKN KOHTEHHEpa IpU

noctpiti iM 3 YJIJIBP orpumano Mozeni mjis KyTiB BWJIBOTY KOHTEHHepa, SKi

3a0e3MevyloTh MEePEeTUH HACTUIBHOI 1 HABICHOT TpaekTopid B 3adaHiil Toumi mim (y
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najardoMy BiKHI OyiBIi).

2. Po3paxoBaHO MiHIMaJIbHY CTapTOBY IIBHIKICTb, 3[aTHY 3a0€3MedyuTd
JOCSITHEHHSI MaJIal0uyoro BiKHA Oy AiBIIL.

3. OnmcaHo TPAEKTOPiIO JOCTABKA KOHTEHHEpPA 10 BIKHA 3aJ1aHOT BHCOTH HaJ
piBHEM 3eMJIi 32 YMOBH B1JJOMOT BIZICTaHI BiJl IMITyJIbCHOTO BOTHETaCHUKA JIO CTIHU.

4. Po3paxoBaHO BIUIMB BITPY Ha 3MiHY «IITHJIBOBOI» TPAEKTOPii KOHTEWHEpa,
MOKa3aHO NIepeBary B CEHCI BIYyYHOCTI HACTUIBHOI TPAEKTOPIT MOPIBHSIHO 3 HABICHOIO
IIpU HAIBHOCT1 OOKOBOTO BITPY.

5. HaBeaeHo mnpakTU4YHI pPEKOMEHJAIl 1 aJropuTM il omeparopa MpH
3aCTOCYBaHHI iM 3aIPOMOHOBAHOTO YCTAaTKyBaHHS, SIKE peaii3ye Crocid AUCKpPEeTHOT

JIOCTaBKU BOTHETaCHOI PEYOBHHM B OCEPEIOK MOXKEXkK1 B 0araTornoBepXoBUX OY/IIBIISX.
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BUCHOBKH

B npencrapneHiit poO0Ti po3B’si3aHO aKTyaJlbHE HAYKOBO-TEXHIYHE 3aBIaHHS
MiIBUIIEHHS €()EKTUBHOCTI TOXKEKOTACIHHS MUIIXOM 3MEHIICHHS 4acy BUIHHOTO
PO3BUTKY IMOXKEXKI 32 paXyHOK IUCKPETHOI MOa4i BOTHETACHOT pEYOBHUHU B OCEPEIOK
MOXKEXKI.

[Tpu 1bOMy OTpHIMaHO HACTYITHI BUCHOBKH:

1. IlpoBeneHe cratucTUYHE AOCHIHKEHHS 3aJ€KHOCTI 4Yacy ONEPATHUBHOIO
pO3ropTaHHs 1 TMOYAaTKy JIOKadi3allii BiJl MOBEpPXY, Ha SKOMY BHMHHKJIA TMOXKEkKa
MPOJEMOHCTPYBAJIO, IO JJII KOXXHOI TPYyHH MICT, CIOCTEPITAEThCS 3pOCTar0da
JIMHAMIKa CTOCOBHO IUIOII TMOXEXI Ta Yacy JoKai3alli Mpu MiJBUILCHHI MOBEPXY
OynmiBii, 1e BUHUKIIA Moxexa. OTprMaHi CTAaTUYHI JaHl CBIYATh, IO TUTOMIA TTOXKEXKI
Ta Yac JoKam3alii 301IbIIyeThest 171 8-9 moBepXiB MOPIBHSAHO 3 MepimuM B 3,5 - 6
paziB (B 3aJ€XKHOCTI Bij KJIaCTepy MICTa), 110 3YMOBJIIOE HEOOXITHICTh 3MEHIIICHHS
Jacy JIOKaji3alli 32 paxXyHOK 3MEHILIEHHS 4acy BUIHOTO PO3BUTKY MOXKEXI HUIIXOM
nojayi BOTHETaCHUX PEUOBHH Y KOHTEHEpax (Karcysax) 3 30BHi Oy/1iBellb.

2. B poboti OOrpyHTOBaHO THN YCTaTKyBaHHS UIs JOMCKPETHOI Mojayl
BOTHETACHOI PEYOBMHHU. B SKOCTI YCTaHOBKH 3ampONOHOBAHO BUKOPHUCTOBYBATH
IMITYJIbCHUM BOTHETACHUK TAﬁ@YH-lO, SKUWA CTOITh HAa OCHAIIECHI MiAPO3AUTIB
JICHC VYkpaini Ta BiANOBIAHUM YHHOM MOJIEPHI30BaHMIA, a B IKOCTI KOHTEHHEPIB, 1110
MICTATh BOTHETaCHY PEYOBUHY — IIJIACTUKOBI KancyJyu chepuyHoi popMu, napaMmeTpu
SKUX OTPUMAHO Ha OCHOBI PO3pPaxyHKIB iX MEXaHIYHUX BJIACTUBOCTEH.

3. MerogaMu KOMIT'IOTEPHOTO MOJEIIOBAHHS OTPUMAHO OMHUC MPOIECY
pyiHaIi KOHTEHHEpY MiJ Yac 31TKHEHHS 3 TBEPAOI0 MOBEPXHEI0 Ta MOKAa3aHo, 110
KOHTeiiHep 3ale3meuye HajliiHe 30epiraHHs 1 TPAHCIOPTYBaHHS BOTHETacHOI
PEYOBMHU i 4Yac MOCTPiLy, a B MOMEHT 3ITKHEHHS HOro 3 TBEPJOI0 MOBEPXHEIO
BIJIOYBA€ThCS MOT0 pyHHAIllA 3 PO3MOPOLICHHSM BOTHETacCHOI PEYOBHMHHU, SIKY BIH
MICTHUTH B COOIi.

[TokazaHo, 1110 mpu 31ITKHEHH] 3 UOKOI0 BIKHA BiAOYBAETHCS PYWHAITIS CKJIA, 1110

3a0e3neyye NPOHUKHEHHS HACTYNHUX KOHTEWHEpIB B NPUMIIIEHHS, B SKOMY
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B110YBa€THCS MOXKEXKA.

4. Ha OCHOBI MPOBEJICHUX €KCIIEPUMEHTAIbHUX JIOCJ1KEHD
IPOAEMOHCTPOBAaHA €(PEKTUBHICTh 3aIIPOIIOHOBAHOTO CIIOCO0Y JUCKPETHOI JOCTaBKU
BOTHETaCHOI PEUOBUHU — TEMIIEPATypa B OCEPENIKY MoxKex1 3HMKYeThes 3 800 10 130
rpaayciB B MPOJIOBXK 145 cexyH.

OTprMaHl mapaMeTpu KYMHOCTI BIyYEHHS KOHTEHHEpa B LJIb JO3BOJIMIU
OLIIHUTH IMOBIPHICTh MOMAaJaHHs KOHTEHHEPOM B BikOHHUIN OTBip. [lokazaHo, mo us
iMOBIipHICTh TiparHe 10 0,95, B Toi 4yac, ik IMOBIpHICTh HEeOa)KaHOTO BJIyYaHHS B
cycingae BikHO niparue 10 0,001.

OTprMaHi 1aHHI OO0 «JAIBHOAID» METOIY — YCTaTKyBaHHS 103BOJISIE TOCUIIATH
KOHTEMHep Ha BijcTaHb 10 140 M.

5. Otpumani MaTeMaTH4HI MOJEJ1 30BHINIHBOI OaTICTUKH KOHTEWHepa Mpu
JUCKPETHIM TOoJadl BOTHETaCHOiI PEYOBMHM, a caMe - IMapaMeTpu HACTIIBHOI Ta
HABICHO1 TPA€EKTOPIi, MIHIMAJIbHOI MTOYATKOBOI IIBUKOCTI KOHTCHHEPY MPU BUXOJI 31
CTBOJIA Ta BIUTUB OIYHOTO BITPY.

6. Po3po0neHo mpakTU4HI peKOMEHJAlll BUKOPUCTAHHSA YCTaTKyBaHHS JIs
JUCKPETHOI MOJadyi BOTHEraCHOI PEYOBHMHM B OCEPENIOK MOXKEeX1 0araTornoBepXoBOi

OymiBIIL.
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NOJATOK B
3ATBEPIKYIO

IIpopekTop 3 HaBIATBHOI Ta METOAHYHOI POOOTH
HamionansHoro IBEPCUTETY  LHBLILHOTO
3axHucTy YKpainu .7

IOpiit KJIFOYKA
2023 p.

IIPO BIIPOBAJKEHHS PE3yJIBTATIB JUCEPTalifHOTO HOCIiIKEHHST
«ITinpumieHHs eeKTUBHOCTI HOXKEXOraciHHs 338 paXyHOK AMCKPETHOI ofiagi
BOTHETaCHUX PEYOBMH», IIOAAHOTO Ha 3100yTTS HayKOBOI'O CTYIICHS JOKTOpa

dbinocodil y ramyzi 3aans 261 «IloxexHa Ge3nexa»
BHKIIa1a4a KadeapH iHkeHepHOT Ta aBapiifHO-pATYBANBHOI TEXHIKH
HanionansHoro yHiBepCcHTeTY MHBITEHOTO 3aXHCTY YKpaiHH
ITonisanosa Onexcanapa I'ennagiioBrya

Kowmicis y cknani:
rojioBa KoMicii — HavanbHMK Kadenpuw iHXKeHepHOI Ta aBapiiiHO-
patysanbHoi TexHikd HVYII[3 Vkpaiuu, kaHIuOaT TeXHIYHHX HAyK, AOLEHT

KanmuraoBcekuit A S
YJIeHH KOMIiCiT:

I'onosa xomicii

HaYaBHUK KadeIpH IMOXEeXHOI TaKTHKH Ta aBapiHHO-pATYBAJIBHHX POOIT
HVYII3 Vkpaiau, kaHIuaaT TeXHIYHUX HayK, AotenT Jlicask A.A.;

JoueHT kadenpu iHeHepHOi Ta aBapiifHO-psTyBansHOI TexHiku HYII3
VYkpainn, kanmuaat TexHivHuX Hayk Kosanenko P.1.

CKJIaja JaHWH aKT Mpo Te, IO aHali3 CBITOBHX 3pa3KiB MpHIALiB Ta CIIOCODIB
MIOXKEKOTaciHHA, a TaKOX HOBHH croci6 JUCKpeTHOI MNOCTABKH BOTHETACHHX
pPEYOBHH B KOHTEHHeEpi, 10 po3pobneHo B aucepraniini poboti Ionisanosa
Onexcanapa ['enHafilioBHYa, BIPOBaJXKEHO i BHKOPHCTOBYIOTHCH Ha Kadenpi
imKeHepHOI Ta aBapiiHO-PATYBAIGHOI TEXHIKA B HABYAILHOMY MPOILECI MpH
BUKNIAfaHHI JUCHHUIUIIHE «[IpOTHIIONKEKHA Ta aBapiHHO-PATYBalbHA TEXHIKa»
IIpH BUBYeHHI TeMH «CBIiTOBI T€HAEHII PO3BUTKY IIPOTHITOKEKHOI TEXHIKM» Ta
Ha Kadeapi NMOXEeXHOI TaKTHKH Ta aBapilfHO-pATYBaIbHMX pOOIT 3 HABYAIBHOI
mucuurnind  «[loxe)xHa TakTHKa» TIpH BHBYEeHHI TeMH «CHid Ta 3acobu
MTOXKEKHO-PATYBATBHUX IiAPO3ALIIBY.

7 Anppiii KAJTMHOBCBKHWIA
YneHu KOMicii: ﬁ Amngpiit JICHAK
§&, ~—Poman KOBAJIEHKO
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JACHC Ykpainn
T'OJIOBHE YTIPABJITHHS JTEPXKABHOI CJIYKBU YKPAITHA
3 HA/BBUYAMHUX CUTYALIM Y BIHHULBKIA OBJIACTI
('Y JICHC Vipaitu y Binauiskiit obnacti)

Bya. 600-piuus, 11, M. Binnuus, 21021, ten.: (0432) 56-65-01, daxc: (0432) 46-90-57, (0432) 56-65-39
vn.dsns.gov.ua xon €JIPTIOY 38635397 E-mail: mail@vn.dsns.gov.ua

04 A4D.2023 3o 47 DA EEFINZ1S

" Ha Ne B1JT

JOBIJIKA

Npo BIPOBAZKEHHNA Pe3y/AbTATIB AHCEPTALIHHOIO A0CHIKEHHA
«llinBumenns epeKTHBHOCTI NOKEKOraciHH 32 PAXYHOK J{HCKPETHOI noAavi
BOFHEraCHHX PEYOBHH» TAa MOJAHOT HA 3100yTTH HAYKOBOIO CTYNEHHA 10KTOpa

dinocodii y raaysi suans 261 «lloxexxna 6e3nexa» BHKIaAa4a kadeapu
iHKeHepHOI Ta aBapiiino-paTtysaiabHol Texniku HanionansHoro
YHIBEpCHTETY HHBLILHOIO 3axucTy Ykpainu Ilonisanosa Onexcanapa
I'ennapiiiosuua

ITpoBeneHi noCHiPKEHHS CIIPAMOBAHI HAa PO3BUTOK TAKTHKM FaCiHHS MOMXKEK
y OGaraTonoBepxoBHUX OymMHKaX. Y SAKOCTI 3aco0y [JOCTaBKH 3aCTOCOBYETHCS
iMOysabcHuit  BorHeracHuk Taidys-10, saxuii OyB MoAepHI30BaHHI Ta
BUKOPHUCTOBYETRLCS SK IMITYJIbCHA MHEBMAaTHYHA rapmara. Lle no3soisie qocrasiasitu
JI0 OCEPEIKY IOKEeXi BOTHEracHI PSYOBHMHM JIMCKPETHO, TIOMIICHI Y CTIEIiaIbHUA
KoHTElHep (Kancyy).

Huceprartiiina poGoTa CTaHOBHTH MNPaKTHYHWI Ta HAYKOBHH IHTEpec
OCKLIBKH B Hil BUPILICHI 3a/1a4i 100 T1iIBHILCHHS e()EKTUBHOCTI M0MKEHKOTACIHHA
3a paxyHOK JUCKPETHOI M0/a4i BOTHEraCHUX PevOBUH Y KOHTeiiHepax (Karcymax)
Ta 3MEHINIEHHS Yacy BUTBHOTO PO3BHTKY MOXeXKi B BACOTHUX Oy /IBIIAX.

Y TonoBHoMy ympasiiHHi JlepkaBHoi ciay:kOH YKpaiHu 3 HaI3BHYAHNX
curyaiiti y BiHHMIBKOT 005acTi BOPOBAIKEHO Ui NMPAKTHYHOTO BUKOPHCTAHHS
pesyJsisTaty auceprauiiinoi podotu [lonisanosa Onexcanapa, 30Kpema:

- TEXHIYHI BHUMOTM WIOAO 3aco0y /IOCTABKM BOTHETaCHUX PEYOBHH Ta

KOHTEIHEPIB 3 BOTHETACHOI) PEYOBHHOM),

- mnporpamHe 3a0e3MeYeHHs /Uil PO3PaxyHKy KyTiB HEOOXITHMX [UIf

BU3HAYCHHS TPAEKTOPII MOJILOTY KOHTEIHEepa (Karncyiu);

- TIPOMO3UINIT IMOJO 3aCTOCYBAHHS YCTAHOBKM /U1 JUCKPETHOI 10Jadi

BOTHETaCHHX PEYOBHH B KOHTEHHepax (Karncymirax).
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DHRUPALIGHIA  PUOYIDLALID  MWPLAIIANUL  pUuvLn AT MUAULSDIV LD
MABUIIUTH €()eKTUBHICTb FACIHHA TA 3MEHILIEHHS Yacy BUILHOTO PO3BUTKY MOKENK
B BHUCOTHHX OYIIBIAX INpH BHUKOPHCTaHI YCTAHOBKM /IS JUCKPETHOI mMojadqi
BOTHET'aCHUX PEYOBUH y KOHTCIHEpaXx (KarcyJjax) .

Havansrauk I'Y ICHC

Ykpainu B BiHHULBKI# 001acTi Pycnan LLIEBUYK
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JTOJATOK I'
TOBAPHUCTBO 3 OEMEXEHOID
BIOMNOBINANBHICTIO LIMITED LIBILITY COMPANY
«MPOMUCNOBA KOMMAHISA «INDUSTRIAL COMPANY
«HO)KMALUMHA» ((POZHMASH'NA))
(TOB «nK ((HO)'KMALUMHA») (LLC «IC ((POZHMASH'NA»)
Byn. Mupy, 100A, cmT. NagaH, Mpunyuskuit p-H., Mira street, 100 A, Ladan, Priluky district,
YepHirieckka obn,, 17583 Chernigov region, 17583
Ten. +38 044 228-98-88, 0 800 751-101 tel./fax: +38 044 228-98-88, 0 800 751-101
E-mail: office@pkpm.com.ua E-mail: office@pkpm.com.ua
Koa EOPMNOY 33742637 USREQU code 33742637

Bux Ne //ﬁ’ﬁ sin AOAY jaf:)jp

JOBIIKA
NpOo BNPOBAXKEHHS1 Pe3yAbTaTiB AHCEPTALIHHOrO 10CTiIKEHH
«ITixBnuieHHst eeKTHBHOCTI MOKEKOraciHHA 3a paxXyHOK JHCKpeTHOT moxayvi
BOTHEraCHUX PEYOBHH» Ta MOJAHOT HA 3100YTTH HAYKOBOI0 CTYNEHS J0KTOpA
(pitocodii y ramysi 3uanb 261 «Iloxesxkna Gesnexa»
BUKJIa1a49a KadeqpH iHKeHepHOT Ta aBapiliHO-PATYBAIBHOI TEXHIKH
HauionaabHOTro YHiBEepCcHTETY HHBIJIBLHOTO 3aXHETY Y KpaiHH
IMoniBanoBa Onexkcanapa I'ennaniiioBnua

TOB «IIK «lloxmamuna»y crewLiani3yerbcs Ha BHPOOHHMITBI  ITOKEKHO-
pATYBalbHOI, aBapiiHO-PATYBATBHOT Ta CrelianbHOT TeXHIKKH. Y ToMy 4ducii, haxiBLsIMu
MiANIpHEMCTBa BHKOHYIOThCA po3poOKa i BHTOTOBJIEHHS CIEelLiaJpHOro o0nafHaHHI,
YCTAaTKYBaHHA, TEXHIYHMX 3acobiB A Monepe/PKeHHs BUHWKHEHHS Ta JiKBigauil
MOMKEK.

Pesynbrat, otpumani B auceprauiiiHiit poGoti IloniBanosa Ounekcanjpa
Bukopuctani B gismeHOCTI TOB «ITK «IloskMamimna»» y BHIMSAl OPOIO3ULIH 3
PO3pOOKH Ta 3aCTOCYBAHHS YCTAHOBOK JUISl IMCKPETHOI M0Jadi BOTHEraCHUX PEYOBHH Y
KOHTelHepax (kamcynax). BukopucTaHHs po3poOKHM MO3BONMIO CKOPOTHTH 4ac
NPOEKTYBaHHS Ta BHUTOTOBIEHHS YCTAHOBOK JUIs JWMCKPETHO! TOAadi BOTHETacHHX
PEYOBHH.

l"onoBHUI KOHCTPYKTO] Cepriit IBAXHEHKO

JupeKxTop KoMepLiiHKE Irop HEAXMBEHKO
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JTIONATOK [T

«3ATBEP/DKYIO»
3acTylHUK HavaJIbHMKA
INonosHoOroO yrpasiinus

Ha Ha/[3BUYaiHI

dprif [TOJISIKOB

2023 p.

.|
> ? /l

ve)

JOBIJIKA
PO BIHPOBA/KEHHS] PE3YJIbTATIB JIHCEPTANIMHOIO [OCHI/KCHHS

«Iligsuimenns eeKTUBHOCTI MOKEKOTACIHHS 32 PAXYHOK JIMCKPETHOT

110/124i BOTHEraCHUX Pe4OBHH» TA I0AAHOI HAa 3100y TTs HAYKOBOI'0
cTylens JokTopa isocodii y ranysi snann 261 «lloxexna desnexar»
BHKJIa/1aua KadeapH in:KeHepHOT Ta aBapilHHO-PATYBaILHOT TCXHIKH

HauionajibHoro yHiBepcHTeTY HHBLILHOTO 3aXMcTy YKpainy
[MoaiBanoBa Ouiexkcanapa INennagifiosnua

Komicis y ckiraji:

[OJOBM KOMICII: 3acTylnHHMKAa HayalbHMKa [0JOBHOrO ynpasiinnsg 3
pearyBanus Ha Haj3suuaini curyaril 1Y JICHC Vkpainu y Jlyrancskiit
obusacti [TOJISIKOBA Ceprist Bonopumuposiya

YIIeHIB KOMICiT: Ha9aIbHAKA BiJJIITy opramizallii moxexoraciims ta podorTu
3 00 CKTOBHMH IJIPO3IIAMHE  YIIpaBIiHHsS pearyBaHHsS Ha HaJ/[3BAYaiHI
curyariii 1Y JICHC Vxkpainuw y Jlyramcekitt obmacti KAPITEHKO
Ounekcanjipa BosojiuMupoBrya, HavaIbHUKa OllepaTHBHO-KOOP/IMHAITIITIOro
nentpy 1Y JICHC VYxpainm y Jlyrancskist odmacti BEJIMYKO Cepris
BonojmMuposrya, crapmoro MoMidndKa 3 pearyBamnis Ha Ha/3BHUaiii
curyarii oneparusHo-koopjuHatiiiore nenrpy 'Y JICHC VYkpainm y
Jyranceskiit obnacti [TYJIMKW Biranis Jleoninosuya, cknas jificnuii akt
1po e, o jucepraitiina podora [Tomisanosa O.1°. cranoBuTh HaykoBuil Ta
HPaKTUYHUKA THTEPEC OCKUIBKK B HIW BHUPIIICH] 3aj1a4l [0/I0 [1J{BUINCHII
epeKTHBHOCTI OKEIKOTACIHHS 38 PaXyHOK JIMCKPETHOT 110J1a41 BOI'TICIACHHX
pevyoBHH Y KOHTeHHepax (Karcylax) Ta 3MeHIIEeHHs 4acy BUIBHOIO PO3BATKY
I10Ke1 B BUCOTHUX OYy/TiBIISIX.

B I'Y JICHC VYxpaimm y Jlyrancekiii obnacti BOpoBajpKeno Juis
NPaKTHYHOTO  BHKOPHCTAHHs  pe3yJibTard  JUceprariinoi  podoru
Ilonisarosa Onekcanjpa | ennajiiiosrya, 30kpema:

- TCXHIYHI BAUMOI'M II0JI0 3ac00y JOCTABKM BOI'HCIACHHMX PCHOBMH Ta

KOHTeHHepiB (KarcyJi) 3 BOTHEIaCHOIO PEYOBHHOKO;
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- nporpamHe 3abe3nedeHHs Ui PO3PAXyHKY KyTIB HEOOXUIHMX JUIS
BU3HAYEHHS TPACKTOPIl MOJIBOTY KOHTEeHHepa (Karncyin);

- TIPOMO3HUII 110/10 3aCTOCYBAHHS YCTAHOBKH JUIS JIMCKPETHOT 110/1a4l
BOI'HETACHUX PEHYOBHH B KOHTeHHepax (KarcyJliax).

Bukopucranus pesyibraris Jiucepraiiiinol poboTH J1a€ MONIMUBICTH
MJIBAIIMTH eeKTUBHICTh IaCiHHS T4 3MEHIICHIsS Yacy BUIBHOTO PO3BUTKY
MOXKEK B BUCOTHHUX OyNiBISIX IPH BUKOPUCTAH] YCTAHOBKH JUISL JIMCKPETHOL
110J1a4i BOI'EIaCHUX PEUOBUH y KOHTeHHepax (KancyJax) . :

Yienu komicii

Hauanpnuk Bigaury opramizanii
1107KEIKOraciHHs Ta poboTH

3 00’ €KTOBUMH 111/{pO3/1i/1aMu
YUPaBIIHHS pearyBanis Ha
naj3suyaini curyarii I'Y JIGHC
Vkpaiuu y Jlyrancbkii odmach

> Onexcannp KAPITEHKO

[HauanpHuK orepaTHBHO-KOOPMHAIIHHOTO
nenrpy I'Y JICHC Ykpainu
y Jlyrancekiii obracti Cepriit BEJIMYKO

Crapumii noMiYHUK 3 pearyBaHHS
Ha Ha)3BUYali cuTyarrii
OlICPATUBHO-KOOP/IMHALIIHOIO 1IIEHTPY

1Y JICHC Vkpainu y Jlyrancekiil obnacri Birami [HTYJIMKA




176

JIOJATOK E

3ATBEP/DKYIO

Onekcangp SIPOBUN
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JOBIJIKA
NMpOo BIMPOBA/PKEHHsI Pe3y/1bTaTiB UCepTaliiiHOTo AOC/TI/KeHHA
«ITigBuIeHHs e)eKTHBHOCTI MOXKEKOTACIHHSA 38 PaXYHOK /MCKPeTHOI
1ojaui BOrHeracHUX PpeyoBHH» Ta 110/[aHol Ha 3/{00yTTsi HAYKOBOTO
crynens fokropa isocodii y ranysi snanns 261 «Iloxexxna beznexa»
BUKJ/Ia/ja4a KadeApu iF)KeHepHOI Ta aBapiiHO-PATYBAILHOI TeXHIKH
HarjioHa/IbHOT0 YHIBEPCHUTETY LHBIJILHOIO 3aXHCTy YKpalHu
TToniganora Ouexkcanjipa I'ennajiiioBuua

Komicia y cknagi:

rogoBu Komicil: Hawanehuka 8 [AIP3 TI'Y JCHC ¥Ykpaiuu vy
HuinponerpoBckkrid 061acti APOBOI'O Onekcanypa BosojguMuposrya.
WIeHIiB KOMICil; 3aCTyllHMKA HaudajbHUKa 3aroHy (3 pearysBaHus Ha HC) 8
ArP3 'y JACHC Ykpainu y /[luinponerpoBcekid obnacti JIMMAPA
Onekcanzgpa BonogumupoBuua, 3acTyrnHuka HadasbHuka 8 [AIIP3 'Y
NCHC Ykpainu y  [uinponetrpoecekid obnacti 303¥YJIl Makcuma
FOpilfioBuua, HauanbHUKa BijjineHHs oprasisauil c1yKOM Ta pearyBaHHs Ha
HC 8 AMNP3 TY JACHC VYkpainu y [uinponerpoBcbkii obnacti
3AXAPOBA Tlapna Baaumobuua ckiana JAIMCHME akT 1po Te, 110
Jucepraliiina pobora IloniBamoa O.I'. craHOBUTH HAyKOBHH Ta
MPaKTHUYHKMK IHTEpec OCKUJIbKA B HiH BUpilLeHi 3ajaui 1100 NijiBHILeHHS
eeKTUBHOCTI MOKeXOTaCiHHs 3@ PaxXyHOK JMCKPETHOI Mojlayui BOrHeracHmux
PEUOBHH Y KOHTeHHepax (Karcysiax) Ta 3MeHIIeHHs Yacy BiJIbHOTO PO3BHUTKY
MOXeXKi B BACOTHUX Oy/IiBIsIX.

B 8 AITP3 T'Y JICHC VYkpainu y [lHinporieTpoBchkiii o6sacti
BIIPOBA/PKEHO [JIA TIPAKTHUHOIO BMKOPHMCTAHHS Pe3yJibTaTh JucepTaliiiHol
pobotu IloniBanoBa Onexcan/ipa ['enHailiosuua, 30Kkpema:

- TexHIUyHi BUMOTH M[0/i0 3acoDy /J0CTaBKH BOIHEraCHUX PEYOBUH Ta

KOHTEHHEPIB 3 BOIHEI'aCHOK PEUOBHHOIO;



- nporpaMHe 3abe3rieueHHs JJIsl PO3paxyHKY KyTiB HeoOXigHMX s

BU3HAUeHHs! TPAEKTOPIl M0/ILOTY KOHTeHHepa (KarcyJiu);

- TIPOMO3MILIT 040 3aCTOCYBaHHSl YCTaHOBKM [UIsl JUCKpeTHOI rnoJaui

BOTHeTaCHUX PeYOBMH B KOHTeHHepax (Karcysax).

BukopUCTaHHs pe3y/ibTaTiB AWcepTaliiHol poboTH [ae MOMUIMBICTE
MiJBUIMTH e@eKTUBHICTL TaciHHsA Ta 3MEeHLIEeHHs! Yacy BUILHOIO PO3BUTKY
NOJKeXK B BUCOTHMX OYJiBAAX MPHU BUKOPHUCTaHI YCTAHOBKH JIJISL IMCKPETHOT

rnojiaul BOrHeracHUX pevyoBUH y KOHTeHHepax (Karcysax) .

YneHd KoMicil

3aCTyNMHUK HavaJbHHUKA 3aroHy
(3 pearyeanHs Ha HC) 8 ATTP3
I'Y ACHC Yxpainu

y Huinponerpoeckkiit obaacTi | Onekcanap JIMMAP

3acTynHuK HayaneHuka 8 TIP3
'Y JCHC ¥Ykpaiuu
y JuinponerpoBcbkil 0bacti

akcum 303 ¥JIA

Hauanenuk sigginenus opranizatii cinyou
Ta pearysants 8 [AI1P3
'Y ICHC ¥Ykpaiuu

y HuinponeTtpoBcbKiit obsacti IMasno 3AXAPOB
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