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B po0oTi npoBeneHo eKcriepuMeHTalIbHi JOCIIDKeHHS 00 BU3HAUCHHS IIPUIATHOCTI IIOPHCTUX IIPECOBOK
3 QIFOMIHI€BHX CIUIABIB JJI1 BAKOPHCTAHHS y CHCTEMax MACHBHOI OE3MeKH.

JUisi BUTOTOBJICHHSI IIOPUCTHX IIPECOBOK 3aCTOCOBYBAJIMCS ITOPOLIKH AIFOMIHIIO Ta aNFOMIHIEBHX CIUIABiB.
Po3mipn wacrok nopouky ckiaaganu 10 200 mxm. [IpecyBanHs 3aiiicHIOBAIOCS Ha TiApaBiivHOMY mpeci. 3MiHa
MIOPUCTOCT] 3pa3KiB 3a0e3ledyBanacsi 3MIHOIO THCKY Y TipOCHCTeMi Ipecy i 3ycwuis npecyBaHHs. CrikaHHS
3pa3kiB He mpoBoamiocs. [lnactudikatop He moaaBaBcs. B naHoMy ekcriepiuMeHTI st 3 sICyBaHHsI, sSIKa XapakKTe-
PHCTHKaA 3pa3Ka, Maca 49U MOPHCTICTh, Ma€ Oiblle 3HAYEHHS, BUKOPHCTOBYBAIHMCS 3pa3KH OJHAKOBOI MacH (Bif-
XUJIeHHs He nepesuityBaio (2,7 — 2,8) % Bix pozpaxynkoBoro 3HaueHHs 0,01 kr).

J1uist BU3HAYEHHS 3/aTHOCTI IIOPUCTUX IPECOBOK 3 MOPOIIKIB AJIFOMIHIIO Ta aJIFOMiHI€BHX CIUIaBiB ITOITIHHA-
TH CHEpriio yaapy BHKOPHCTOBYBAaBCS BepTHKAIbHHUM Komep. Maca mamaroumx 4acTuH Kompa (6abu) ckiamana
22,5 xr (Bara 220 H), mBuakicts naginus — 5 m/c, eneprist naxinas 300 k.

3MaTHICTh MOPUCTHX MIPECOBOK 3 MOPOLIKIB AMOMIHIIO Ta aTIOMiHIEBUX CIUIABIB MOTJIMHATH CHEPTIIO yaapy
BUSIBIISUTACS LUISXOM ITOPIBHSHHS IIPUCKOPEHb Ta BHCOTH BIJCKOKY MaJA0YUX YaCTHH KOIpPa 3 BUKOPHCTAHHIM
IPECOBOK 3 PO3PAXyHKOBMMH 3HAYCHHSMH LIMX BEJIMYUH B Pa3i BIIbHOTO MajiiHHs 6abu.

ExcriepuMeHTH IOKa3all, IO 3aCTOCYBaHHS 3pa3KiB 3 MaKCHMAJIBHOIO MOPHCTICTIO JO3BOJISIE 3MEHIIHTH
SHeprilo yaapy Ha BEIHYHHY POOOTH IX ruiacTU4HOI aedopMartii i pyiHyBaHHS.

IMopiBHAHHS €PEeKTUBHOCTI CIPAIFOBAHHS Pi3HHUX 3pa3KiB MPOAEMOHCTPYBAJIO, IO 34ATHICTh 0 HOTJIMHAH-
HsI eHeprii 301IbLIy€eThCsI 31 301IbIICHHSIM IOPHCTOCTI eJIEMEHTA.

IIpoBeneHi excriepIMEHTAIBHI JOCTIIKEHHS BCTAHOBHIIN, IO ITOPUCTI IIPECOBKH 3 ATIOMIHIIO Ta aJIFOMiHi€-
BHX CIUIABiB IPUJATHI /Ul BUKOPUCTaHHS B SKOCTI CHEPrOINOITIMHAIOYUX CJIEMEHTIB CUCTEM ITACUBHOI Oe3leKkn
KOMEpILIITHUX TPaHCIIOPTHUX 3ac0o0iB Ta 60HOBHX OPOHBOBAHMX MAlIWH, a UL BU3HAYECHHS 3aTHOCTI MIOPUCTHX
3aIIOBHIOBAYIB, 30KpeMa MOPUCTUX MPECOBOK 3 aJIOMIHIIO Ta alIOMiHIEBHMX CIUIaBiB, MOXXHA BUKOPHCTOBYBATH
BEPTUKAJIbHI KOIPH. 3aCTOCYBaHHs HOPHCTHX IPECOBOK 3 MOPOLIKIB AJIFOMIHIIO Ta ATIOMIHIEBUX CIUIABIB B SKOCTI
€HEpromorIMHAIYOro Marepiary J03BOJISIE 3MEHIINTH MPUCKOPEHHS Bix ynapy y 30 — 85 pasiB npu MIBHAKOCTI
yaapy 1o 5 m/c. Ha 31aTHicTe 3MeHITyBaTH NPHUCKOPEHHS TIpU yaapi OinbIle BIUIMBAOTH PO3MIPH i MOPHUCTICTH
MIPECOBKH, HiX ii Maca. Halikparium YuHOM 3MEHIIYIOTh BETMYMHY NPUCKOPEHb MPU yJapi MPECOBKU 3 MaKCUMa-
JIBHOIO MIOPHUCTICTIO, B SIKMX €HEPTisl yaapy BUTPAdaeThCsl Ha poOOTY IUIaCTHIHOI JeopMariii Ta pyifHyBaHHS.

Knwouosi cnosa: nopucmi npecosku 3 anomMiHiegux cniagie, enepzis yoapy, y0apHa 8 A3Kicnb. eHepeonoe-
JUHAIOYI eleMeHmu, 6epMUKANbHI KONPU.

This work reports the results of experimental studies on the applicability of porous pressings of aluminum
alloys to passive safety systems.

The porous pressings were made from aluminum and aluminum alloy powders with a particle size up to 200
um using a hydraulic press. The porosity was varied by varying the pressure in the press hydrosystem and the
pressing force. The specimens were not sintered, and no plasticizer was added. To determine which specimen
characteristic, the mass or the porosity, is more important, specimens of the same mass (0.01 kg) were used [the
deviation did not exceed (2.7 —2.8) % ].

To determine the impact absorption ability of the porous pressings of aluminum and aluminum alloy pow-
ders, a vertical impact testing machine was used. The ram mass was 22.5 kg (weight 220 N), the fall speed was 5
m/s, and the fall energy was 300 J.

The impact absorption ability of the porous pressings was determined by comparing the accelerations and
rebound height of the ram in the presence of a porous pressing with their calculated free-fall values.

The experiments showed that the use of specimens of maximum porosity decreases the impact energy by the
value of the plastic work of deformation and the fracture energy.

A comparison of the performance of different specimens showed that the energy absorption ability increases
with porosity.

As demonstrated by the experiments, porous pressings of aluminum and aluminum alloys can be used as
energy-absorbing elements of passive safety systems for commercial and armored combat vehicles, and the impact
absorption ability of porous fillers, in particular porous pressings of aluminum and aluminum alloys, can be de-
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termined using vertical impact testing machines. Using porous pressings of aluminum and aluminum alloys as an
energy-absorbing material decreases the impact acceleration by a factor of 30 to 85 at an impact speed up to 5
m/s. The ability of a pressing to reduce the impact acceleration depends on its dimensions and porosity to a great-
er extent than on its mass. The greatest decrease in impact acceleration is provided by porous pressings of maxi-
mum porosity, in which the impact energy is converted to the plastic work of deformation and the fracture energy.

Keywords: porous pressings of aluminum alloys, impact energy, impact strength, energy-absorbing ele-
ments, vertical impact testing machines.

VY cyyacHHMX TPaHCHOPTHHX 3ac00ax, TAKMX SK 3aJli3HHYHI JIOKOMOTHUBH 1 Ba-
TOHH, TpaMBaiiHi BaroHH, MIMPOKO BUKOPHCTOBYIOTHCS CUCTEMH MacuBHOI Oesre-
Kd. IX HAasBHICTH € 06OB’SI3KOBOIO y BiJIIOBIIHOCTI 3 JACPKaBHUMH Ta MiXkJIepiKaB-
HUMU cTaHaapTamu, Takumu sk EN 15227, JICTY EN 15227, AAR S-580 [1 —4].
CucteMu macuBHOI O€3MEKH € 1 B KOHCTPYKIIi JIiTaKiB, BEPTOIBOTIB, aBTOMOO1ITIB.
VY KoMepUiiiHHX TpaHCIIOPTHHX 3ac00ax CHUCTEMHU MACHBHOI OE3MEKH MpU3HAUYCHI
IUIs1 30epeKEHHsI AKUTTS 1 30pOB’S eKiNaxKy 1 MacakupiB, a TAKOXK IS 30€peIKESHHS
o0naHaHHs, PO3MIILIEHOT0 BCEpPEUHI, IPH 3iTKHEHHI 3 iHIIMM TPAHCIOPTHUM 3a-
coboM abo MacuBHOIO mepemkono0 [3]. YV Bunanky aBapii mogajibiia eKcIuryara-
1isl MOUIKO/PKEHOTO TPAHCIIOPTHOTO 3ac00y, SIK MPaBHUIIO, IPUIHUHAETHCS A0 BiHO-
BJICHHS IOTO TEXHIYHOTO cTaHy. B Toli ke yac 60iioBi OpoHboBaHi Mamau (BBM)
MTOBUHHI 3aXUINATH JKUTTS 1 3/I0POB’sI €KiMaxy 1 AecaHTy (macaxupis) i 30epiratu
00€3/1aTHICTh HE TUTBKW TPH 3iTKHEHHI 3 1HIIAM TPaHCIIOPTHUM 3acoboM a6o BEM
YH TIEPEIKO/IOI0, a 1 MpH il BUCOKOMIBUAKICHUX MEHETPAaTOpiB (KyJi, OCKOJKH,
CHapsAIU TOIIO) i (PPOHTY MiABHILIEHOTO THCKY CYIUIBHOTO cepeopuiia (ymapHa
abo BubOyxoBa xBuis) [5, 6]. Oxpim Toro BBM Moske B pe3yibTati 3iTKHEHHS pyH-
HYBaTH TIEBHI Mepemkoi. bpons 3axuiae sik Big 3aco0iB ypakeHHsS TPOTUBHUKA,
Tak 1 npu ynapax bBM B mrtydHi Ta mpupoaHi nepemkoaun. Bei HaBeneni Buiie
BUJM BIUIMBY Ha TpaHcOpTHHH 3aci®6 abo BBM 00’ eHYIOThCS Ha3BOIO «yAapHO-
XBIWIbOBa Jisi». CyTHICTh yAapHO-XBHJIBOBOI Jii MoJyisrae y 3MiHi MIBUAKOCTI abo
nopyIIeHHi nixicHocTi 00’ exty. [1if 4ac 3MiHM €HEPreTUYHOTO CTaHy 00’ €KT cTae
HEIHEPIIMHOK CUCTEMOIO, B Kiil MOYUHAIOTH JISTH CHIIN 1HEPIIil, 1110 00yMOBIIEHI
MPUCKOPEHHSIMHU. BenWuynHa TNPUCKOPEHHS  BH3HAYAETHCS YacoM ICHYBaHHS
00’€KTy SIK HEIHEPIIHOT CUCTEMHU.

3axucT Bij Takoi 1ii Moxke OyTH 3/11CHEHUH Pi3HUMH CIIOCOOaMHU, SIKi MOXKYTh
OyTH 3aCTOCOBaHI OKpeMO a00 KOMIUIEKCHO, BUKOPHUCTOBYBATHCS OJHOYACHO YU
MOCHIIOBHO B 3aJIXKHOCTI BiJl BUIYy HABaHTAXKCHHS 1 KOHCTPYKIII 1 MpU3HAUCHHS
CHUCTEMH TTaCUBHOI 6e3meku [5]:

— MIOTJIMHAHHS €Heprii yaapy 3a paxyHOK IUIacTHYHOI jaedopmaliii OCHOBHUX
YH CTeUialbHO MPU3HAYEHHX JUISA IIbOTO (’KEPTOBHHX) €JIEMEHTIB KOHCTPYKIIii KO-
prycy (pobota muactuaHoi nedopmailii) — )KepTOBHI 30HH TPAHCIIOPTHHUX 3acO0iB,
3aXMCHUX MPOTUMIHHHUX €KpaHiB, MPOTUMIHHUX CHiHb Ta iH. [1 — 4,7 ];

— pO3CiloBaHHs €Heprii yAapy 3a paxyHOK NpYXHOI Jedopmallii creriaabHo
MPU3HAYEHUX JUIsI [[BOTO €JIEMEHTIB Kopiycy (pobora mpyxkHOI Aedopmarrii) —
MPUCTPOT 34ETUICHHSI BATOHIB 1 IOKOMOTHBIB, MPYKHI 3aXUCHI MPOTHMIHHI €KpaHH,
MPYKHI KpIIJICHHs! CUJiHb Ta iH. [8, 9];

— NIOTJIMHAHHS CHEePril yAapy 3a paxXyHOK pyHHYBaHHS CIIEI[iaJIbHO TIpU3HAue-
HUX JUIS [IOTO €JIEMEHTIB KOHCTPYKIIii KopIrycy abo KpirjieHb 00naHaHHS YH CH-
JHb JUTS JIF0iel — Kpan-00kcH (poboTa pyiHYBaHHS 1 pO3pUB KiHEMATHYHUX 1 CH-
JIOBHX 3B’SI3KIB, uepe3 siKi nepeaaerses HapaHTaxeHHs ) [7, 10];

— pyiiHyBaHHs TieHeTparopa abo mepemkoan (B I[bOMY BHIIQJIKYy BCS €HEpPTis
yaapy niepenaerbes Ha bBBM abo TpancnopTaumi 3aci6) [5].
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Bci mi crmocobu, KpiM 0CTaHHBOTO, CIPSIMOBAHO Ha 3MEHIICHHS KiUTHKOCTI TIe-
penaHoi 00’ eKTy eHeprii Ta 301IbIICHHS TPUBAIOCTI MPOLIECY Iiepeaadi eHeprii.

HaiiGinem HeOe3neYHuMH TSI KOMEPIIHHUX TPAHCIIOPTHUX 3aco0iB € 3iTK-
HEHHS 3 IepeIIKoaaMu abo IHIIMMK TPaHCHOPTHUMHU 3acobamu [1—4, 9], a mis
BBM — migpuB Ha MiHHO-BUOYXOBHX TpUCTPOsX [6, 11]. JIist 30epeskeHHs KUTTS i
3I0pOB’S JIFO/IEH, a TAKOXK HUTICHOCTI OCHOBHOI HEeCyd0i KOHCTPYKIii TpaHCTIOPT-
HOTO 3ac00y 200 bBM Heob6xiqHO MakcMMaahHO 3MEHIITUTH YacTKy eHeprii yaapy,
AKa TepPelaeThCsi Ha OCHOBHUHN KOPITyC 1 Te, L0 PO3TAIIOBaHE BCEPEIUHI HBOTO.
Haiibinbem epekTHBHUM 3acO000M IJIS ITLOTO € JKEPTOBHI €IIEMEHTH, SKi I AIal0Th-
s IIacTU4Hii gedopmarii mix 9ac yrapHO-XBHIBOBOI Iii. Taki enmemenTH, Halida-
CcTillle, MarOTh KOpoO4acTy GopMy i CTUTLHUKOBY KOHCTpYKIIito [9, 12]. [lns Buro-
TOBJICHHSI BJIACHE KOHCTPYKIIii BHKOPHUCTOBYIOTHCSI METAJIEBI Marepiali 3 BHCO-
KOIO IJIACTUYHICTIO 1 yJapHOI B’s3KicTio [5, 9], Hanpukial, HU3bKOBYTIEIEBI
CTalli Ta aloMiHieBi cruiaBu cuctemMu Al-Mg [5, 12]. Jlns HaiiOinbin eeKTUBHOTO
BUKOHAHHS CBOIX ()YHKIIiH CTUTBHUKOBI KOHCTPYKIIi MOBHHHI OyTH 3alIOBHEHI 110-
PHCTUM 3aII0BHIOBAYEM, 3[aTHICTh SIKOTO MOTJIMHATH CHEPIilo 32 paxXyHOK BIAaCHOI
racTU4Hoi nedopmartii Habarato Oinbina, HiK B KOMITAKTHOTO METAJIEBOTO MaTe-
piany [14]. B SKOCTI mOpHCTHX 3allOBHIOBAYiB MOXYTh OYTH BHKOPHICTaHI pi3Hi
MaTepiay, HaMpuKiIal, MiHOMOIiypeTaH, ra300eToH, CIiHeHw amoMiHil [12, 14]
Ta iHmi. OXHAM 3 IepCIEKTUBHUX HAIOBHIOBAYIB IS KOpOOYACTUX abo CTLIBHH-
KOBUX KOHCTPYKIIiil CHCTeM MacHBHOI OE3MeKH TPaHCIOPTHUX 3aCO0iB € TMOPHUCTI
MIPECOBKH 3 TIOPOIIKIB aTIOMIHIIO Ta alFOMiHI€BUX CIUTaBiB. Ha choromHi BimcyTHI
JIaH1 MO0 CIIPOMOKHOCTI IMTOPUCTHX MPECOBOK 3 aTIOMIHIIO Ta AMFOMIHIEBHX CILIA-
BiB ITOTJIMHATH €HEPTiI0 yaapy 3a pi3HUX YMOB.

Jus Bu3HaueHHs (i3WKO-MEXaHIYHUX XapaKTEPUCTUK MarepiaiB MOPHUCTUX
3aIOBHIOBAaYiB HEOOXITHO PO3POOUTH METOJIUKY BUIIPOOYBaHB 3pa3KiB MOPHUCTUX
€JIEMEHTIB, SIKi MPU3HAYCHI UII BUKOPUCTAaHHS y CHCTeMaxX MacuBHOI Oe3neku. J[ist
BUIPOOYBaHb MaTepialliB 3 BUCOKOIO 3JATHICTIO JIO TOTJIMHAHHS €HEeprii ynapy
HaiOinbm edexkTuBHI BepTUKanbHI KompH [15]. OwniHka mpumaTHOCTI Matepiaity
JUISl 3aCTOCYBAaHHS B SIKOCTI IIOPUCTOTO 3allOBHIOBAaYa B €HEPrONOTIIMHAIOYMX KOH-
CTPYKLISAX MOXXe OyTH 3AiiCHEHa IIISIXOM BHUMIPIOBAHHS 3HAY€Hb NMPUCKOPEHHS
Majardrx JacThH (6a0u) Kompa TpH yaapi 1o 3pasKy, SKHi po3MilleHui Ha oc-
HOBI KOTIpa, 1 TIpH yJapi 1o OCHOBI 0e3 3pa3kKa.

Mertoto naHoi poOOTH € BU3HAUEHHS MPHUIATHOCTI IOPUCTUX IPECOBOK 3 ANIIO-
MIHI€BOTO CIUIABY Il BUKOPUCTaHHS Yy CHUCTeMax MAacHBHOI Oe3reku, BUOIp 4
po3poOKa METOANKH BUIPOOYBaHb 3pa3KiB MMOPHUCTUX 3aIMIOBHIOBAYIB CTITHHUKOBHX
KOHCTPYKLiH TaKUX CUCTEM.

JU1st BUTOTOBJICHHS! HOPUCTUX MIPECOBOK 3aCTOCOBYBAIMCS IOPOIIKH aJIOMiHi-
esoro craBy AJl 33. Posmipu wactuHOK mopomky — Bifg 1 mo 200 mxwm. IIpecy-
BaHHS 3/IIHCHIOBAJIOCS HA TiIpaBIiYHOMY Tipeci y JIHIMpOBCHKOMY HalliOHATbHOMY
yHiBepcuteTi iMeHi Onecs ['onuapa. 3MiHa MOpUCTOCTI 3pa3KiB 3a0e3neuyBaacs
3MIHOIO THCKY y TIPOCHCTEMI mpecy i 3ycuiuisi npecyBanHs. CHikaHHs 3pa3KiB He
npoBoauiocs. Ilnactugikarop He nonaBaBca. B naHomy ekcriepuMeHTI BUKOpHC-
TOBYBAJIUCS 3pa3KM OJHAKOBOI MacH (BiIXWJIEHHs He mepeBuuryBaio (2,7 — 8) %
BiJ po3paxyHkoBoro 3HaueHHs 0,01 kr). 3pa3ku HaBeeHI Ha PUCYHKY 1.

111



t

10"

RIS
|

Puc. 1 — 3pa3ku mpecoBOK 3 aJIIOMiHIEBOTO CIUIABY JI0 BUMPOOyBaHb

XapaKTepHCTHKH 3pa3KiB, AKi Oyl BUKOPHUCTaHI B €KCIIEPUMEHTI, HABEJICHO Y
Tabmumi 1.

Tabmn. 1 — 'abaputHi po3Mipu, Maca, TyCTHHA i IIOPUCTICTh 3pa3KiB,
BUKOPHCTAHHUX B EKCIIEPUMEHTI

e Maca 3pa3ska, Bucora, Hiamerp, Po3paxynkoBa Iopucricts,
- KT MM MM rycTuHa, Kr/m® %
1 0,01027 35,50 15,03 1631,38 41
2 0,01028 28,42 15,05 2034,35 26
3 0,01010 35,00 15,03 1627,29 41
4 0,09980 34,43 15,04 1632,41 40
5 0,01001 28,17 15,04 2001,16 27

i BU3HAYEHHS 34AaTHOCTI MOPHCTUX IIPECOBOK 3 IMOPOILIKIB aJIOMIHIIO Ta
IIOMIHIEBUX CIUIaBIB MOTJIMHATH €HEPrito yaapy OyB 3aCTOCOBAaHMH BEpPTHKAJb-
HUH KoIlep, cxeMa SIKOT0 HaBeJeHa Ha PUCYHKY 2. Maca magarouux 4acTuH (6alu)
konpa — 22,5 xr (Bara 220 H), mBuzakicte mamiHHs — 5 M/C, eHepris magiHHA
300 /Ix. BumpoOyBanHs npoBomwaucs B IHCTUTYTI mpoOieM MilHOCTI iMeHi
I'. C. Ilucapenxa HamionaneHOi akanemii Hayk Ykpainu. [eranbHuii onuc HaBe-
IleHo B poborti [16].
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1 — ocHOBa; 2 — omopa; 3 — crilika; 4 — ITUTa JKOPCTKOCTI; 5 — BEPXHSA IUIUTA )KOPCTKOCTI; 6 —
pedpo xopceTkocTi; 7 — HampsiMHa; 8 — TpaBepca; 9 — Tsra 6adu; 10 — 6abu; 11 — ygapauk; 12 — ono-
pa 3i 3pazkom; 13 — crin onopu; 14 — amoprtusarop; 15 — 3amok; 16 — pydxa ckugaHHs

Puc. 2 — [IpuHnunoBa cxemMa BEpTUKAILHOTO KOTIpa

Puc. 3 — Beprukanphuii korep 3 narankamu npuckopedb DYTRAN i
BCTaHOBJIEHUM 3pa3KoM
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3aTHICTh MMOPUCTUX MPECOBOK 3 MOPONIKIB aTIOMIHIIO Ta aTFOMiHIEBUX CIIIa-
BiB NOTVIMHATH CHEPril0 yAapy BHUSBIUIACA LUIIXOM IOPIBHAHHS NPUCKOPEHBb Ta
BHCOTH BiICKOKY ITaJal0YMX YaCTHH KOIIPa 3 BAKOPUCTAHHSAM IIPECOBOK Ta 0€3 HUX
B pasi BUIBHOTO majiHHg 0abu. 3pasku 1, 2, 4, 5 BCTAHOBIIOBAIHCS BEPTUKAIBHO
(sIK TIOKa3aHO Ha PHCYHKY 3), a 3pa30K 3 — TOPU30HTAIBHO. Pe3ynbraTi BUIIPOOy-
BaHb IIPECOBOK HaBeJeHI B Ta0mmili 2.

Tabun. 2 — Pe3ynbraT BUIPOOYBaHb MPECOBOK

Pos- P Pospaxy- BEI(};eEHE

Bu- |paxyn- |Pospa- ospa- 3 | TTpue- | Bucora | 3mina | HroBe CKiEBK;Iy
cota |KoBa XYHKOBa )lfng‘?a- c Hﬁ;{;’_ H X (? P;CH_ 3paska | BHCO- |3HQYCHHS | ..o

Ne | majin | mBuA- | eHepris manine | upvin Hﬂp micis | TH, | IPUCKO- gMeH]HPI-
Hi, |KicTh TaIHHS, Hﬂaz[ pr};]rv’ ’ yzaapy, % |peHna | oco
M | Da1HA, ’ c 9 MM TpH yaapl1 TPUCKO-

Mm/c KOMPOM | o)

108 391 |176,518 | 0,404 | 63,85 | 66,8 5683,40 | 85,1
2|06 | 3,430 |132,388 | 0,350 |13510| 141,3 | 20,9 | 26,5 | 4508,18 | 31,9
31|06 | 3,430 | 132,388 | 0,350 | 202,10 | 2114 4508,18 | 21,3
4106 | 3,430 | 132,388 | 0,350 | 85,84 | 89,8 4508,20 | 50,2
5103 | 2426 | 66,194 | 0,247 | 81,61 | 854 240 | 148 | 274540 | 32,2

3pasku 1, 3, 4 3pyiiHyBanucs, 3pa3ku 2 1 5 — 3MEHIIMWIKCS B po3Mipax (3MEH-
muiacs BucoTa). Halikpaiili pe3yJibTaTH 3 TOYKH 30py 3MEHIICHHS BEJIMYUHU TIPH-

Puc. 4 — 3pyiiHOBaHMiA 3pa30k

114

CKOpPEeHb MpH yaapi MpOJIEMOHCTPYBaB
3pa3zok 1, sIKWit Ma€ MakCHMaJbHY MOpHUC-
TiCTh. 3aCTOCYBaHHsI 3pa3KiB 3 MaKCHMa-
JBHOIO TIOPHCTICTIO JIO3BOJISIE 3MEHITUTH
EHEpril0 yaapy Ha BEJIMYUHY POOOTH iX
IUTACTHYHOI Jedopmartii i pyHHYyBaHHSI.
3pa3ok 3, SKUi Ma€e MOPHUCTICTh OJIM3BKY
JI0 3paska 1, ane OyB po3TalllOBaHUii FOpH-
30HTAJIBHO, [TOKAa3aB HAUTIPIIII Pe3yJIbTATH.
3 1[bOr0 MOXHA 3POOMTH BUCHOBOK, 1[0 HA
3/IATHICTh TIOTJIMHATH €Hepriro ynaapy Oi-
JpIlIe BIUIMBA€E MOPHUCTICTh 1 rabapuTHI
po3MipH, HiXK Maca 3paska. [lopiBHSIHHS
e(eKTUBHOCTI CITpalfoBaHHs 3pa3kis 1 1 4
JEMOHCTPYE, IO YUM BHIIA NIBHJIKICTH 1
Oiybllla eHepris yaapy, TUM OLIbIIE OPH-
CTHIl €JeMEHT 3MEHIIYE MPUCKOPEHHS Ia-
JAl0YMX YacTHH KOomIpa 1, BIiJNOBIIHO,
Kpalle IOTJIMHAE eHEePTiio yaapy.




Puc. 5 — 3oBHimHiit Bursia 3paskiB 2 1 5 micis BunpoOyBaHb (MOPiBHSH-
Hs 31 3pYIHOBaHHMHU 3pa3KaMu)

Takum 4WHOM, TPOBEJCHI EKCIIEPUMEHTH TO3BOJIVIIN BCTAHOBHJIM HACTYITHE.
[MopucTi pecoBKH 3 aNOMIiHIIO Ta aTIOMIHIEBUX CIUIABIB MOXYTh OYTH MpHIATHI
JUIE BUKOPHCTaHHA B SKOCTI €HEPTONOITHHAIOYMX EJIEMEHTIB CHCTEM MacHBHOI
0e3meKkn KOMEpIiHHUX TPaHCIOPTHUX 3ac00iB Ta OOMOBMX OPOHHLOBAHMX MAIIWH.
s BU3HA4YeHHS 3[aTHOCTI MOPUCTUX 3allOBHIOBAUiB, 30KpeMa MOPUCTUX MPECO-
BOK 3 QJIOMIiHII0 Ta aTIOMiHIEBHX CIUIABIB, MOTJIMHATH CHEPTiI0 yAapy MpHIaTHI
BEPTUKAIbHI KOTIPH.

BucnoBku. Po3po0iena Metoaunka BUNIPOOYBaHb 3pa3KiB MOPUCTHX EICMEH-
TiB 711 BU3HAYCHHS MPUIATHOCTI MOPUCTUX TPECOBOK Y CHCTEMax MAcHBHOI 0e3-
neku. [IpoBeneHi ekcriepuMeHTH TOKa3ald MEePCHEKTHBHICTh BUKOPUCTAHHS LIS
CHCTEM TMacHBHOI Oe3MeKH TPaHCIOPTHUX 3ac00iB €HEProMOTIMHAIOYNX MaTepia-
7B Ha OCHOBI MOPOIKIB aJTIOMIHIIO Ta aTIOMIHIEBUX CIUIABIB.

BukopucTaHHSI BEPTHKAIBHOTO KOMPA JIO3BOJISIE BU3HAYHTH, SIK TIO3HAYAETHCS
Ha BEJMYMHI MPUCKOPEHHS MPH yJapi HasBHICTh CHEPTOMOTIIMHAIOYOTO eJIeMEHTa
Y BHTJISIZII TOPUCTOT MTPECOBKH 3 aTFOMIHIIO 200 allfOMiHIEBOTO CILIaBY.
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