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JJIS1 CHUKeHUS BUOPOAKTUBHOCTH 3JIEKTPOMEXaHUYeCKOro YCTPOMUCTBa
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AnHoTanusa. AkmyaasHocms., CrcTeMbl BEHTUJISIIMU U KOHJULMOHUPOBaHUS HeTera3oBbIX CTAHIHUM COJlepKaT 3JIeKTPO-
MexaHU4YeCcKHe YCTPOHCTBA, paboTa KOTOPBIX CONPOBOXK/AETCS MPOU3BOACTBEHHBIM LIYMOM U BUGpalueld. ITO 0Ka3biBaeT
HeraTUBHOE BJIMSIHME HAa U3HOC CaMoOro 060pyZOBaHUs U Ha 3/[0POBbE OMEPATOPOB, HAXOJSAIMXCS B NOMELEHHUH, TaK KaK
HaJIM4yue yMa sIBJISIEeTCS BpeJAHbIM IPOU3BO/ICTBEHHBIM GAaKTOPOM. B CBsI3M C 3TUM CHIDKEHME BUOPALIMOHHOW U aKyCTUYe-
CKOH aKTUBHOCTHU 3JIEKTPOMEXaHHUYeCKUX YCTPOUCTB SIBJISIETCA aKTyaJbHOM HayYHO-TeXHUYeCKOW 3ajZjaueil, KoTopas mpH-
BJIEKAaeT BHUMaHUe pa3paboTYMKOB Ha NPOTSKEHUHU MHOTHX JieT. U3BeCTHO, UTO aJIlOMUHUI KaK KOHCTPYKLIMOHHBIA MaTe-
pHUaJ coueTaeT B cebe BbICOKYIO XKEeCTKOCTb, IPOYHOCTb U CIIOCOGHOCTD AUCCUITMPOBAThL B CBOEM 06'beMe IHEPTHIO, aKTyallb-
HBIM SIBJISIETCSI €er0 IPUMeHeHHe JJisl CO3/aHusl TBEPAOTENbHBIX TacCHTesell BUOPAlMOHHBIX KosiebaHuil. HacTosas pa6ora
MOCBsILleHa UCCIe0BaHUI0 AeMIGHUPYIOLUINX CBOWCTB aJIIOMUHHEBOIO CIIJIaBa U OLeHKE BO3MOXXHOCTU €ro IpUMeHEeHHUs B
KadeCTBe TacuTesisi KoJleGaHUH B eMIIGUPYIOLIUX YCTPOUCTBAX AJIsl 3JIeKTPOMEXaHUYeCKUX YCTPOUCTB CUCTEM KU3Heobec-
nevyeHus: HepTera3oBbIx CTaHUUHA. C 3TOH Ie/bl0 MPOBeJEHbl IKCIEPUMEHTANIbHbIE HCCJAEJOBAaHUS 00pa3L0B JIUTOrO U
BCIIEHEHHOT'0 aJIlOMUHHEBOro ciasa /J[16 ¢ ucnosb3oBaHUeEM yJapHOTO cTeHa. 06eKMmoM VcceJOBaHUs SBJSIOTCSA 06-
pasibl JIMTOTO U BCIIEHEHHOrO aJloMUHHeBoro cmiasa /116, IJeqb: skcnepuMeHTalbHble UCCIeL0BaHUSA JeMIPUPYIOIHX
CBOMCTB JIMTOTO U BCIIEHEHHOTO aJTIOMHUHHEBOro cuiaBa /I16 aJ1st OLleHKH BO3MOXXHOCTH ero NpUMeHeHUsI B Ka4ecTBe JeMII-
dupymoLero ajeMeHTa racutessi Koje6aHUH B KOHCTPYKIUAX 3JeKTPOMeXaHUUeCKHX YCTPOHUCTB CUCTEM XKU3Heobecneyde-
HUSl HedTerasoBbIX CTAaHIUNA. Memodsi. CoBpeMeHHbIe MOJX0Jbl BUOPOJUATHOCTUKH, BBIYUCIAUTENbHON MaTEeMaTUKU U
CpeJiCTB U3MepeHU. Pe3y/1bmambul viccieloBaHUs TTOKa3aJ/Ii, YTO BCIIEHEHHbIe 06pa3Ilbl 10 CPABHEHUIO C JJUTHIMU UMEIOT
OOJIBIIMH MOTEeHIUAT JUCCUIUPOBATh 3HEPTHUI0 BO3MYIIAIOIINX BO3/1eHCTBUHA BUOPOAKTUBHOCTH 3JIEKTPOMEXaHHUYECKOTO
YCTPOMCTBA U MOTYT OBITh UCII0JIb30BaHbI B KAYeCTBe JeMIIPpUPYIOLIEro 3JIeMeHTa.
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Abstract. Relevance. Ventilation and air conditioning systems of oil and gas stations contain electromechanical devices,
which operation is accompanied by industrial noise and vibration. This has a negative impact on the wear of the equipment
itself and on the health of the operators in the room, as the presence of noise is a harmful production factor. In this regard,
reducing the vibration and acoustic activity of electromechanical devices is an urgent scientific and technical task that has
attracted the attention of developers for many years. It is known that aluminum, as a structural material, combines high
rigidity, strength, and the ability to dissipate energy within its volume, making its application for creating solid-state
vibration dampers relevant. This work is devoted to studying the damping properties of aluminum and assessing its potential
use as a vibration dampener in damping devices for electromechanical devices in life support systems of oil and gas stations.
To achieve this, the authors have carried out the experimental studies of samples made from cast and foamed aluminum alloy
D16 using an impact stand. Object. Samples of cast and foamed aluminum alloy D16. Aim. Experimental studies of the
damping properties of cast and foamed aluminum alloy D16 to assess the possibility of its use as a damping element in the
oscillators of electromechanical devices within the life support systems of oil and gas stations. Methods. Modern approaches
to vibration diagnostics, computational mathematics, and measuring instruments. Results. Foamed samples, compared to the
cast ones, have greater potential to dissipate the energy of disturbing vibrations from the activity of an electromechanical
device and can be used as a damping element.

Keywords: oil and gas stations, aluminum alloy, aluminum foam, vibration activity, solid-state damper

Acknowledgements: This study was supported by the Russian Science Foundation grant number 23-79-10107 (laboratory
equipment, the results of experimental and theoretical studying on damping characteristics of materials).

For citation: Gavrilin A.N.,, Dmitriev V.S,, Ermakov D.V., Derusova D.A,, Belikov R.K. Damping properties of aluminum alloy D16
to reduce the vibration activity of the electromechanical device of an oil and gas station life support system. Bulletin of the Tomsk

Polytechnic university. Geo Assets Engineering, 2025, vol. 336, no. 3, pp. 163-169. DOI: 10.18799/24131830/2025/3 /4999

BBeaenue

Cucrempl BEHTWIILMM UM  KOHAMLMOHUPOBAHUS
HE(PTEra30BBIX CTAHIMH COAEPIKAT DICKTPOMEXaHUIC-
ckue yctpoiictBa (OMY), paboTa KOTOPBIX COMPOBOXK-
JaeTCs MPOM3BOJICTBEHHBIM IIIyMOM M BHOpammei [1—
6]. OTo OKa3bpIBACT HETATUBHOE BIUSIHUE HA M3HOC Ca-
MOro o0OpyJOBaHMS M Ha 3I0pOBbE OIEPATOPOB,
HaxOJsIIUXCA B NOMEIIEHNH, TaK KaK HaJlu4yue LIyMa,
SIBJIIETCSI BPEIHBIM NPOU3BOJCTBEHHBIM (hakTopoMm. B
CBSI3U C 3THM CHIKEHHE BHOPALMOHHON M aKkycThde-
CKOM akTUBHOCTH OMY sBNseTCS aKTyalbHOW HayYHO-
TEXHUYECKOW 3a/laueil, KOTopas MPUBIIEKAET BHUMAHUE
pa3pabOTYMKOB HA MPOTSHKEHUH MHOTHUX JIET.

[Iym, BBI3BIBa€MBIN TUCOATaHCOM POTOPOB, HMEET
HHU3KYIO 4acTOTy, HO, KaK clieayeT u3 pador [6-9], mra-
PHUKOMNOAIMITHUKOBBIE OMNOPbl T€HEPUPYIOT BBICIINE
TapMOHHUYCCKHUE COCTABJIAIOMINE, KOTOPHIE MOTYT COB-
MacTb C COOCTBEHHOW YacToTOW neranei (y3ioB). B
TAKOM Cllyyae IIyM YCTpOMCTBa pe3Ko BO3pacTaer.
HuskouactoTHast BUOpaIus MOXKET BbI3BaTh Jpedes-
YKaHME IUI0XO0 3aKPEMJICHHbIX JAeTaleld Wi MOLYJISALHII0
myMa OT KakKUX-TMOO HCTOYHUKOB. [l CHIDKEHUs
BIUSHUSI MEXaHUYECKUX BO3ACUCTBYIOMUX (HaKTOPOB B
KOHCTPYKIHAX HEOOXOIMMO MPUMEHSTH ACMI(HUPYIO-
1€ YCTPOUCTBA.

W3BecTHO, YTO MEHOATIOMUHHIA KaK KOHCTPYKIIH-
OHHBI MarepHaj codyeTaeT B ce0e BBICOKYHO JKECT-
KOCTb, NPOYHOCTh WU CIIOCOOHOCTH IHCCHIMPOBATH B
CBOEM 00BEME JHEPruio, aKTyalbHbIM SBIAETCS €ro
NIPUMEHEHHUE AJI CO3AAaHUS TBEPAOTENbHBIX IacuTenei
BHOpaMOHHBIX Kosebanmii [10-25].

Hactosmass paGoTa moOCBsIEHa HCCIEIOBAHUIO
JIeMITQUPYIONINX CBOWCTB MCHOATIOMUHHEBOIO MaTe-
puasia ¥ OLIEHKH BO3MOXKHOCTU €ro NMPUMEHEHUs B Ka-

9ecTBE TacHuTeNs Koie0aHui B JIeMIIDUPYIONINX
ycrpoiicTBax ansi OMY cucteM jxu3HeoOecreueHus
HedTerazoBelx cranuuil. C 3TOH mEIpI0 MPOBEICHBI
CpPaBHUTEJIbHBIE HKCIEPUMEHTAIbHBIE HCCIIEI0BAHUS
00pa3loB JIMTOTO amtoMUHHEBOTo cruiaBa /(16 u me-
HOAJTIOMHUHUS Ha OCHOBE aJTFOMHUHHEBOTO crijiaBa J[16 ¢
HCIOJIb30BAHUEM YJApHOTO CTEHJIA.

JKcnepuMeHTa/IbHOE HUCC/Ie 0BaHM e
AeMNnPHUPYOLIUX CBOMCTB, TUTHIX U NOPHUCTBIX
06pasunoB aJIOMHUHHEBOTO CIlJIaBa

OOBEeKTaMH HACTOSAIIETO HCCICIOBAHMS SBILSIOTCS
00pasIbl JUTOTO U BCICHEHHOTO aTIOMUHHEBOTO CILTA-
Ba /{16, usrorosnenHsle Ha KameHck-YpaibckoM Me-
TaITyprudeckoM 3aBopae [26]. I'abGaputer 00pasios,
MPUMEHEHHBIX B UCHBITAaHUAX, 97%92x30 MM wu
97%x92x16 mm (puc. 1).

Uccnenopanne nemndupyommx cBORCTB 00pas3ioB
13 ATIOMUHUEBOTO craBa /(16 mpoBeaeHo ¢ MCmoib-
30BaHUEM YyIApHO-IA00paTOPHBIX cTeHIOB. [Ipu mpo-
BEJCHUM YAApHBIX BO3JCHCTBUI HcciemyeMblii o0pa-
3€Il JKeCTKO 3aKperusieTcsl Ha IuaTgopMe yaapHOTo
CTEHJa IOCPEICTBOM KpPEMEKHOI0 IMPUCIOCOOICHNUS,
Kak MOKa3aHo Ha puc. 2.

KoHTpons mapamMeTpoB HUCHBITATEIBHOTO PEXHMA
OCYIIECTBISUICS Ha IUIaTGOpMe CTEHAa C MCIIONh30Ba-
HueMm BubponpeoOpaszosateneit (BUII) ¢ oceBoii u mno-
TEPEYHON MOTPEeIHOCThI0 M3MepeHus 2 %. MexaHu-
YeCcKHe UMITYJIbChl, 3apeructpupoBanHble Ha BHUII,
peoOpa3oBBIBATKCH B DJIEKTPUUECKUI CUTHAI U Tiepe-
JIAaBATUCh Ha BXOJl CHUCTEMBl aHaIW3a JaHHBIX. MM-
MyJbCHBIE CHUTHAJIbl, MOJYYEHHbIE OT aHaIMU3aTopa,
COXPaHSJINCh HAa KOMIIBIOTEP M MOAJIEKATIH MOCIEAy-
IOLIEMY aHAJIU3Y.
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ala o/b slc 2ld
Puc. 1. Pomoepagus aumvix - (a) obpasey Ne 1, (8) obpasey Ne 2 - u ecneHeHHblx — (6) obpasey Ne 3, (2) obpazey N2 4 - 06-
pasyos, U320mos/1eHHbIX U3 aMuHuUesoz2o cnaasa /J16
Fig. 1.  Photo of cast - (a) sample no. 1, (c) sample no. 2 - and foamed - (b) sample no. 3, (d) sample no. 4 - samples made of
aluminum alloy D16

A

PAcCHONIOKEHHBIMA MEXy Hajaromiell miathopmoil u
ceficMudeckor Maccoit. OOpasibl MOJABEPTaINCh yIap-
HO-MMITyJIbCHBIM ~ Harpy3kaM MOJIyCUHYCOMJAIbHOIO
THUIA C TUKOBBIM YCKOPEHHUEM HOMUHAIBHOTO UMITYJIbCA
100 g (980,665 M/CZ), JUTATENTLHOCTHIO UMITYJTbca 3,4 MC.

Ananmuzatop
CHI'HAJIOB <

Hsmepiremsas
Toua

s Pe3y/ibTaThl 3KCIEPUMEHTA/IbHBIX UCCIE€J0BAHUN
B xone uccnenoBanus oOpasuoB 1 u 2 Ha yaapHoe
BO3/IeHCTBHE B TeueHne 15 Mc OblIa 3aperucTprupoBaHa
aMIUTHTYAHO-BPEMEHHAs 3aBHCHMOCTh (pHC. 3, a)
CUMMETPUYHOTO TIOJyCHHYCOMJANBHOTO MMIYJIbCa, a
TaKXe COOTBETCTBYIOIINE yIapHBIE CIIEKTPHI B AHMAIa-
3one yactoT ot 10 T'r 1o 10 k' (puc. 3, 6).
Puc. 2.  B/oK-cxema 2a60pamopHotli ycmaHosku 04 nposede- Kak Bunno u3 rpaduka (puc. 3, a), IEHOATIOMUHUIHA
HUS Ucnbimaruti 06pasyos Ha yoapHoe gosdeticmeue JEMOHCTPHUPYET TMOBBIIIEHHBIE XaPAKTEPUCTHKU aMop-
Fig. 2. Block diagram of a laboratory setup for impact TH3ALMK YJapa MO CPABHEHMIO C JTUTHIM 06pasoM 3
testing of samples QJTIOMHUHHEBOTO CIIaBa. B 4acTHOCTH, Ha TIOBEPXHOCTH
JUTOTO 00pasiia HaOIIOAAeTCs YBEIHUYCHHE aMILTHATY-
Iel yekopenus Ha 4 g (39,226 M/CZ) 10 OTHOIIEHHIO K
aMIUTUTYle CUTHAJIA B KOHTPOJBHOW H3MEPHUTEIBHON
TOYKE Ha IIaTQopMe CTeHIA.

Vnapusri crenz

[TapameTpbl HCHBITAaHWIA OOpPA3IOB W3 AFOMHUHHE-
BOTO CIUIaBa Ha yJapHOE BO3JEHCTBHE (aMILIUTyIa U
JUTITENIBHOCTh MMITYJIbCA) 3a/IaBAMCh BBICOTOM maje-
HUS TUIATQOPMBI M TIporpammaropaMiu (TPOKIIaIKaMH),
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Puc. 3. AmnaumydHo-spemeHHas 3agucumocms (a) u yoapHslil cnekmp (6) cuMmempuyHo20 NOAyCUHYCcOUdaNbHO20 UMNYAb-
ca, 3ape2ucmpuposaHHsie 8 xode ucnbimanuill o6pasyos 1 u 2 Ha so3deticmaue ydapHulx Hazpy3ok amnaumydoil 100 g
(980,665 m/c?) u daumenbHocmbio 3,4 Mc

Fig. 3. Amplitude-time dependence (a) and shock spectrum (b) of a symmetrical half-sine pulse recorded during tests of
samples 1 and 2 under the impact of shock loads with an amplitude of 100 g (980,665 m/c2) and a duration of 3.4 ms
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Fig. 4.

Amplitude-time dependence (a) and shock spectrum (b) of a symmetrical half-sine pulse recorded during testing of

samples 3 and 4 under the impact of shock loads with an amplitude of 100 g (980,665 m/c?) and a duration of 3.4 ms

B 10 xe BpeMms oOpasell NMEHOATIOMHHHUS OKa3all
HauOOIBIIYI0 3((EKTUBHOCT, aMOPTHU3AINN HMITYJIb-
CHOTO yZAapa, 4TO TPOSBISICTCS B BHIC YMCHBIICHHS
aMIUTMTYbl yaapa Ha 5 g (49,033 m/c%) o oTHoOIIe-
HUIO K aMIDIUTYJC CHUTHAJIA B KOHTPOJIBHOH H3MEpH-
TEeJIBHOM TOUKe Ha ratdopMe cTeHaa u Ha 9 g (88,259
M/Cz) 10 CPAaBHEHMIO C aMIUIUTYJOW YCKOpEHMs, 3ape-
THECTPUPOBAHHONW Ha MOBEPXHOCTH JUTOTO 00pasia.
TakuM 00pa3oM, aMIUIHTyJa OTKJINKA MEHOATIOMUHHUS
B yactorHoM auamnasone or 10 I'm mo 10 xI'y Ha 7 %
HWKE COOTBETCTBYIONIECTO 3HAUSHUSI, U3MEPEHHOTO JIJIS
muroro obpasna. CTOHT Takke OTMETHTH, YTO IOCIE
OKOHYAHHS YAapPHBIX UMITYJIHCOB 3aTyXaloIINX KoJie-
Oanuii He HaOMIOAaIoCh (puc. 3, a), YTO CBUACTEIb-
CTBYET 0 AeMI(HUPOBAHIH UMITYyJILCHOTO yaapa.

O6pazusl 3, 4 moaBeprajiuch TOMY XK€ YPOBHIO
YAApHO-UMITYJIbCHOTO BO3JICHCTBHUSI B TeueHue 15 mc.
Pe3ynbTaThl MCTIBITaHMI TTOKA3aHBI HA puUC. 4, a, 6.

U3 rpaguxos (puc. 4, @) BUaHO, 4TO 00Opasel Beie-
HEHHOTO AFOMHHUS MMOKA3bIBACT MOBHIIICHHBIC XapaK-
TEPUCTUKU aMOPTU3AIX yAapa [0 CPAaBHEHHUIO C MO-
HOJMHUTHBIM 00OpasnoM. Ha moBepXxHOCTH THTOrO 00pas3-
na (obpasen 3) HabnrOHaeTCs YBEIUYCHUE aMILTUTYIbI
yckopenus Ha 3 g (29,419 M/Cz) 110 OTHOIIEHUIO K am-
IUIUTYAEC CHUTHAIa B KOHTPOJBHOH W3MEPHUTEIbHON
TOYKe Ha raThopme cTeHaa. B To ke BpeMms BCIeHEeH-
HBI amoMuHHNA (0Opasenr 4) mokaszain HauOOJBIIYIO
3¢ (EeKTUBHOCT, aMOPTHU3ALMU HMMITYJILCHOTO yIapa,
CHIKasi aMILTATYy yjapa Ha 5 g (49,033 m/c?) (5 %)
M0 OTHOIICHHUIO K aMIUIUTY/IE CUTHANIA B KOHTPOJIBHOMN
HU3MEpPUTETHHON TOUKE Ha IUTaTGopMe CTeHIa M Ha 8 g
(78,453 M/Cz) (8 %) Mo CcpaBHEHHIO C aMILIUTYIOU
YCKOPEHHsI, 3apEeTHCTPUPOBAHHONW HAa TOBEPXHOCTH
JUTOTO 00pasma (obpaser 3).

I[lo pesympTataM MpPOBENCHHBIX HCCICIOBAHUI
MOXHO CJIeJIaTh BBIBOJ O TOM, YTO MCHOATIOMHHUIM

MOXeT OBITh HCIOJIB30BaH B KauecTBE ASMI(HPYIOIIe-
r'0 3JIEMEHTA UMITYJIbCHBIX Harpy3oK.

[o pe3ympTaTtam sKCIIEpEMEHTOB 00Opaser; HoMep 2
nmokaszan Haubosiee 3QpPEeKTHBHOE CHUKCHHUE aMILTUTY-
OBl AMITYJIBCHBIX HArpy3oK. OTO MOXHO OOBSCHHTH
TE€M, YTO JaHHBIA oOpa3zel] uMeeT OONbLIe MEXaHU3-
MOB, CBSI3aHHBIX C BHYTPEHHUM H3MEHEHHEM MHKPO- U
MaKpOCTPYKTYp TBEPAOTENbHBIX MAaTE€pPUaIoB, a UMEH-
HO JHUCIIOKalWi, JIOKAIBHBIX Je(eKTOB KpHCTaJuInye-
CKUX PELIETOK, pellakcaluil HalpsDKEHUI Ha ITpaHuLax
3epeH W T. M., KOTOpPBIE BIMSAIOT Ha 3((PEKTUBHOCTH
paccenBanus sHeprun. O0pasen HoMmep 4 Takxke obna-
JaeT MOTCHLHAIOM JAEMI(UPOBAHUS HMITYJIBCHBIX
Harpy30K, OJHAKO M3-32 MCHBIINX Ia0apuTOB OH UMEET
MEHbIIIE MEXaHHU3MOB JUCCUIIALMM 3HEPruu TBEpPIO-
TEJIBHOTO MaTepuana.

3ak04eHue

B mnacrosmeii pabore mnpoBeAeHO HCCIeIOBaHHUE
JINTBIX U BCIICHCHHBIX 06pa3u013 AJIFOMHUHHEBOT'O CILIa-
Ba JI16 mis OIEHKU CHIIKCHHS BHOPOAKTUBHOCTH
AIIEKTPOMEXaHUYCCKUX  YCTPOUCTB  HE(TEera3oBBIX
cTaHnuid. B Xoje cpaBHUTENIBHOrO aHanmu3a AeMidu-
PYIOIIUX CBOMCTB 00pa3IoB MOKa3aHo, 4To 00pasIlsl U3
BCIIEHEHHOTO alIOMHUHUA Oonee 3((EKTUBHO aMOPTHU-
SUPYIOT UMIIYJIbCHBIC yAapHBIC BO3}1€ﬁCTBI/Iﬂ, 4yeM JIU-
ThIe 00pa3IBl U3 TOTO K€ ATIOMHHHEBOTO CIiaBa. B
YacTHOCTH, IPU YpPOBHE 3aJaHHBIX Harpy3ok 100 g
(980,665 m/c?) aMIUIUTYJla YCKOPEHUs, U3MEPEHHAs Ha
TMOBEPXHOCTHU TNCHOAIIOMHUHUA, YMEHBIIACTCA Ha 5 g
(49,033 M/CZ) (5 %) o OTHOIIEHUIO K aMIUTUTYIE CHT-
Halla B KOHTPOJEHOW M3MEPUTEIBHOW TOYKE HA ILIAT-
¢dopme crenna, u Ha § g (78,453 m/c?) (8 %) mo cpas-
HCHHIO C aMIUIATYAOH YCKOPEHUS, 3apeTHCTPUPOBAH-
HOI Ha MMOBEPXHOCTH JIUTOTO 00pasla alltOMUHUSL.

IIpy 3TOM NOTpemHOCTh, BO BpeMs MNPOBEACHUS
SKCIIEPUMEHTA 3aBHCeNa OT YyBcTBUTENbHOCTH BUII B
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OCEBOM H TIOTNIEPCYHOM HAINPABJICHUU U BIHSHUS yCTa-
HOBKHM 00pa3ioB. YcCTaHOBKa 0OpPa3lloB OCYIIECTBIIS-
JIach 10 MapKepaM Ha OJHHU U T€ jK€ MecTa C OJHHAKO-
BEIM YCHIIMEM 3aTsDKKH BHHTOB TPIDKAMAIOMINX HX
CTPYOLIMH, T. €. BIUSHHEM 3TOU MOTPEIIHOCTH MOYKHO
npeHeOpedb, MpHU ATOM YyBCcTBHTENBHOCTE BUII co-
craBuia 2 %.

Torma MOXHO CKa3aTh, YTO MOJTYYCHHBIC JaHHBIC B
X0Jle AKCIIEpUMEHTa C MOTPEeHIHOCThI0 2 % MoATBEp-
JKIAIOT TIEPCHEKTUBBI HCIIOJNB30BAHUS BCIICHEHHOTO
aJIOMUHUS TIPH aMOPTH3AIMHA WUMITYJIbCHBIX yAapHBIX
BO3JICHCTBUAX, BO3HUKAIOIINX B PE30HAHCHBIX PEXKH-
Max DIIEKTPOMEXaHUYCCKHUX YCTPOHUCTB HE(TEra30BBIX
CTaHIINH.
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