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C uenplo M3y4eHHUs] «PHUKOILETHOM» TpaBMbl aBTOpaMM pa3paboTaHa U coO3JaHa YCTaHOBKaA JUIS
MOJETUPOBAHUS PHUKOIIETa TMYJIH B OKCIEPUMEHTANbHBIX ycioBusix. IlpoBemeno 350
HKCIIEPUMEHTAIBHBIX BBICTPENOB M3 mHUcToJieTa MakapoBa marpoHamu kamubpa 9,0mMMm 1o
YeThIpeM BHIAaM PUKOMICTHPYIOMIMX TPEerpaj;, OO0beKTaMu MONaJaHus MyJdu ObUH Os3eBbIC
MHUIIEHU M KOXKHO-MBIIIEYHBIE JIOCKYTBI, U3BATHIE C AMIyTUPOBAHHBIX HWKHHUX KOHEYHOCTEM.
PaspaGoTrana MeToKa MOJAEIMPOBAHNS PUKOIIETA IYJIM B SKCIEPUMEHTAIBHBIX YCIOBUSIX.
Kirouessle citoBa: pUKOLIET, IKCIEPUMEHTAIBHBIE BBICTPEIIBI, OTHECTPEIbHBIE TOBPEXKACHUA.

15 CTOpUS U3yYEHHUS OTHECTPEIbHBIX MOBPEKICHUN HACUUTHIBAET HECKOJIBKO CTOJICTHH.
B cBsI3u ¢ IMPOKKUM NPUMEHEHUEM OTHECTPEIBHOIO OpYkus B nepuoj Benukoir OTedecTBEHHON
BOWHBI, IIOCJIE €€ OKOHYaHUs McclieoBaHHUI0 orHecTpesnbHoi TpaBMbl B CCCP crano yaenarbcs
OTPOMHOE BHHMMaHue. bpumM ycTaHOBJIEHBI MOP(OIOTHYECKHE MPHU3HAKA BXOJHOW, BBIXOIHOU
OTHECTPEINIbHBIX paH B 3aBUCHMOCTH OT BHA OPYXXHs, OOCTPUIIAcOB, TUCTAHIIMU BBICTpena [7, C.
31-109]; ocobeHHOCTH (GOPMHUPOBAHUS PAHEBOTO KaHajda B MITKMX TKaHsax [7, c¢. 123-127],
KocTsx [6], BHyTpeHHux opranax [7, c. 138-141] u wmH. ap. [IpoBomuioce u3ydeHHe OTHe-
CTpPEJIbHBIX TOBPEKACHUN MpH BhIcTpenax 4depe3 mperpany [3]. ChopmynupoBaHbl MPUHIIHITEI
NpOBEACHHS OaNTMCTHYECKUX OJKCHepuMeHTOB [2]. B To ke Bpems Bompocy oOpa3oBaHuUs
MOBPEKACHUA TPH PHUKOIIETE OTHECTPEIHHOTO CHAapsAa yIesUIOCh KpaiHe Malo BHHMAaHHSA.
PukomernpoBaHue OTHECTPENBHOTO CHApsia MOXET MPOUCXOJUTH OT PAa3IMYHBIX MO XapaKTEPy
mperpaja: MeTajul, KUpIuY, AepeBo, BoAga M Ap. IIpu puKomieTe COOTHOIICHHE yIjla BCTPEUH H
OTpPaXCHHS ITyJIH MOXET OBITh Pa3IMYHBIM. YTOJl BCTPEYH MOXET OBITh OOJIbINe, MEHBIIE HIN
PaBEH yIily OTPa)KE€HUSA. DTO COOTHOILIEHUE 3aBUCUT OT (POPMBI ITyJIH, €€ IPOYHOCTH, CHOCOOHOCTHU
K gedopMaiuu, CKOPOCTH, BEJIMYMHBI yIjla BCTPEYM C MPErpajod, NMPOYHOCTH Marepuaia
nperpansl u 1p. [4, c. 3-5]. Pa3znnunble coderaHus yka3aHHBIX (AaKTOPOB MOTYT MPUBOJHTH K
OPUOOPETEHUIO TyJIed «KYyBBIPKATeIbHOTO» XapakTepa JBIKEHUS U, Kak CJEICTBHE,
00pa30BaHUIO Pa3pbIBOB KpaeB B 00JACTH BXOAHOTO OTBEPCTHS, HaYaJdbHBIX OTAEIIOB PAHEBOTO
KaHajla, OOMIMPHBIX MOBpPEXAeHUH KocTed. [Ipy BO3SHMKHOBEHWM MOBPEXACHHA B pE3yibTare
PHUKOIIIETa OTHECTPENHOTO CHapsiia MOXET HaOII0JaThCsl YaCTUYHOE PHUKOIICTHPOBAHHE
JOTIOJTHATENBHBIX (PaKTOPOB BBICTPENA, OJHAKO 3aKOHOMEPHOCTH OOpa30BaHMS STOTO IMpoIlecca
U3y4eHbl HeqocTarouHo [5, ¢. 237-253]. AHanu3 JuTeparyphl MOKa3bIBaCT, YTO JO HACTOSIIETO
OTCYTCTBYIOT Au(PEpeHINATHHO-TUATHOCTUIECKIE KPUTEPHUH OTHECTPENbHBIX IOBPEKICHUH,
00pa3yIommxcs MOCae PUKOIIETA IMYJH, YTO HE MO3BOJISET OOBEKTUBHO YTBEPXKIATh O HAJIHMYUU
PHUKOIIIETa B K&KJIOM KOHKPETHOM Cllydae, yCTAHABJIMBATh YTOJI M AUCTAHLHUIO BBICTPEINA, a TAKKE
OpPUPOAY Tperpanbl, OT KOTOPOH TMPOM3OILIEN PHUKOMIET. BecoMbIM MOATBEPKACHUEM
aKTyaJIbHOCTH M30paHHON TEMBI HCCIEAOBAHUS SIBISIIOTCS W KapJUHAIbHBIE Pa3jnyus B IPaBOBOU
OLICHKE JEHCTBHH CTPENSIBIIETO NPH YCTAaHOBIECHUM TPHU3HAKOB PHKOIIETa, B OTIMYUE OT
CUTYaIluH, B KOTOPOW TaKOBBIX MPU3HAKOB HE OOHAPYKEHO.

Jis  momydeHHs ~HAaydHO OOOCHOBAHHBIX — PE3yJNbTATOB  HW3Y4YEHHE TIOBPEXKIEHUH,
BO3ZHHKAIOMINX B PE3YyJbTaTE€ PUKOIIETa OTHECTPEIHHOTO CHApsiaa, TpeOyeT SKCIEePUMEHTAIbHBIX
uccienoBanuii. Ha mpoTspkeHMn Bcero mnepuoja M3Y4YeHHs] OTHECTPENbHBIX TOBPEXKIACHUN B
HKCIIEPUMEHTAIBHBIX YCIOBHIX TPAJUIIMOHHO MCIOJB30BAJICS CISAYIOMNN MPUHIUI. OPYXKHE, U3
KOTOPOTO TPOM3BOAMTCS BBICTPEN, YCTAHABIMBACTCS M 3aKPEIUISETCS B CIIENMAIHLHOM CTaHKE, a
OOBEKT MOMNaJaHUs OTHECTPEIbHOTO CHapsna (TKaHeBas MMIICHb, MPEIMEThI OJEKIbI U Jp.)
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bukcupyercs mepen mysieyiaBiauBareneM. [lis co3maHWs pHKOIIETa B HSKCIEPUMEHTAIBHBIX
YCIIOBHUSAX TOJBKO OTHECTPEIHHOTO OPYKHS U ITyJICYJIaBIMBATENS C 00BEKTOM IMOTalaHus MyJu He-
J0CTATOYHO: HEOOXOAUMO KaKUM-TO 00pa3oM pacmloOXKUTh U MPOYHO (PUKCUPOBATH Mperpamy, OT
KOTOPOH TMpEANoIaraeTcsi PUKOMET, Ha ONPENEICHHOM PAacCTOSHUU OT QyJBHOTO Cpe3a CTBOJIA
opyxkus (mpeanperpagHas JIUCTAHIMUSA), OT OSKCIHEPUMEHTAIbHOW MHUIICHH (3amperpaaHas
JAMCTAHIMS) ¥ TOJ OIpPEISICHHBIM YIIIOM K JyJbHOMY cpe3y. B To ke Bpems yka3aHHbBIC
napaMeTphl PaclojIoKEeHUsT PErpajbl, KaKk u cama mperpaga (Kuprnud, kaenbHas TUUTKA | Jp.)
JOJKHBI OBITH JIETKO U3MEHSEMBI B COOTBETCTBUU C 337a4aMH, CTOSIIIIMMU MIEPET UCCIIEIOBATEIEM.
[Tpu n3ydeHnn AOCTYIMHOMN TUTEPATypbl HAMH BBISBIICH JIMIIH OJJUH CIIOCO0 3KCIEPUMEHTATHHOTO
HCCIICIOBAHUS ITIOBPEXKICHUM, BO3HUKAIOIKX B pe3yJibrare pukomera myau: JI. M. benpun ¢ 3toi
HENBI0 TPOU3BOIWI BBICTPENBl IO TOBEPXHOCTH MACCHUBHBIX KaMHEW, WMEIOUINX TJIAaJIKYI0
MOBEPXHOCTh, OT KOTOPBIX M MpOUCXoAwa pukomier mynd [1]. OxHako momo0HBIM criocoOoM He
MPENICTAaBISETCS BO3MOXKHBIM H3YYUTh HMOBPEXKACHHS, BO3HHKAIONIME B PE3yJbTare PHUKOIIETA
MyJIH OT IPYT'HX, MCHEE MAaCCHBHBIX OOBEKTOB (KUpIWY, KadenpHas TuTKa u 1p.). L{enpro nanHou
paboThl  SIBIAETCS ~ YCTAHOBJICHWE  METOAMYECKHX  TMPUHIUIOB  JKCIEPUMEHTAJIHHOTO
MOIETTUPOBAHUS OTHECTPEIBbHBIX TOBPEKACHNUN, 00pa3yIONINXCs B PE3yJIbTaTe PUKOIIETa ITyJIH.

3ajauu ucclie0BaHus:

1. Paspabotka, co3ganue W anpoOanusi OPUTMHAIBHOW YCTAHOBKH JII MOJETUPOBAHUS
PHUKOIIIETa OTHECTPEITHLHOTO CHAPSAA B OKCIIEPUMEHTAJBHBIX YCIOBHSIX.

2. Pa3paboTka METOIWMKH MOJEIMPOBAHMS PHKOIIETAa MYyJIW B SKCIEPUMEHTAIbHBIX
YCIIOBUSX.

Marepuansl 1 METOIBI

C menpro penieHus MOCTaBJICHHBIX 3a/1a4 HaMH ObUTa pazpaboTaHa W co3JaHa OpUTHHAIbHAS
YCTaHOBKA JJIi MOJEIMPOBAHUS DPHKOIIETa OTHECTPEIBHOTO CHapsia B OSKCIEPUMEHTAIbHBIX
YCIIOBUSAX, KOTOpas TPEACTAaBIIeT CO0OM CBapHYIO paMHYI0 KOHCTPYKIHIO B  BHUJE
napajulesienuIea a Ha KoJiecaX, OCHOBAaHHEM KOTOPOTO SBIISIETCS JIUCT C JKECTKO 3aKpEryICHHOM
NEPICHINKYISIPHO OCHOBAHUIO TUIACTUHOM, K KOTOPOU MPH MOMOIIHU JBYX MOABMKHBIX YCTPOUCTB
Z-00pa3Hoi (GOpMBI TPUIKUMAIOTCS Pa3HOro poja (0ObEMHBIC M MajoW TOJIIMHBI) MPErpajbl
(boto 1). JlanHHas ycTaHOBKa IO3BOJISIET HCIOJIB30BaTh B KAYECTBE PUKOIICTHUPYIOMIUX MpPErpa
Pa3IMYHOTO pojia Kak 00beMHbIC 00bEKThI (KUPIUY, OCTOHHBIN OJIOK | Jp.), TAK U 00BEKTHI MAJIOH
TOJIHHKI (KadenbHas IUIMTKA, CTEKI0 U 1ap.). OHa oOecrieynuBaeT MPOYHYIO (PUKCAIMIO MTPETPaIbl
Ha HEOOXOIMMBIX MPEANPErpagHOM M 3alperpagHoM AUCTAHLUAX, MO ONPEIEICHHBIM yIIOM K
IyJILHOMY Cpe3y CTBOJIa OPYXHs, a TAaKKe JaeT BO3MOXKHOCTh M3MEHSTh YKa3aHHbBIC YCIOBHSA
JKCIIEPUMEHTA 110 X0y MPOBeACHUS ucciaenoBanns. B HanmoHanbHbI HEHTP MHTEIIEKTYAIBHON
cooctBenHoctu PecryOnmku benapyck monana 3asiBKa Ha BbAady MaTEHTA Ha MOJIE3HYIO MOJEIb
Ne u 20080805 ot 30.10.2008 roma «YcraHoBKa i1 MOJEIHUPOBAHUS PUKOIIETa OTHECTPEITHLHOTO
CHaps/a B OKCIIEPUMEHTAIBHBIX YCIOBUAX» U HA BbIAaUy maTeHTa Ha m3obperenue Ne a 2008171
or 30.10.2008 roma «YcraHoBKa ISl MOJEIMPOBAHUS PHUKOIIETAa OTHECTPEIHHOTO CHapsaa B
HKCIIEPUMEHTABHBIX YCIOBUIX.



®oro 1. YcraHoBKa a1 MOAETUPOBAHUS PUKOIIETA MYyJIH B AKCIIEPUMEHTAIBHBIX yCIOBHUAX
(c ycraHOBIIGHHOW M (PUKCHUPOBAHHOU TpErpagoil — KUPIHY CTPOUTEITHHBIN TJUHSIHBIA TUIOTHBIH
mapku 100)

Pe3ynbTaTsl u 00Cyx)aeHe

OKCIIepUMEHTAIbHBIE ~ HMCCIENOBAHHUA NPOBOIMINCH Ha 0a3e  CTPEIKOBOTO  THpa
['ocynapcTBEHHOTO 3KCIEpTHO-KpUMHUHaIUCTHIeckoro nentpa MBJI PecnyOnuku bemapycs. B
KayeCcTBE OPY’KUS HAaMU MCIOJB30BaJICs MUCTONET MakapoBa, B KauecTBe OOETPUIACcCOB — HAaTPOHBI
kamuoOpa 9,0mMm. DKcrepruMeHTaIbHbIE BHICTPENBI MPOU3BOIUINCH U3 BHIYUIIEHHOTO, CMa3aHHOTO
OpYKUs, 3apsKAEMOTO KaXAbli pa3 oJHUM naTpoHoM. C 1eIbI0 NCKITIOYEHHS CMEIICHUS CTBOJIA B
nepeHe-3aHeM, BEpXHEe-HIDKHEM UM OOKOBBIX HANpaBICHUSX OPYXKHUE MPOYHO (HUKCHPOBAIOCH B
CHEIMaJIbHOM CTaHKe. B KauecTBe pUKOMIETHPYIOMIMX MPErpaj HaMu HCIOJb30BAJICS MaTepual,
Han-00Jiee 94acTO BCTPEUAIOMIMKCA B OOBEKTAX OKPYKAMOIIEro MHpa (3IaHHsIX, COOPYKEHHSX,
TPAHCIOPTHBIX CPEJICTBAX U T.II.) — KUPIIUY CTPOUTEIBHBINA TTHHIHBIHN 10THBI Mapku 100, 6eToH
ssaencthii Mapku ['C-150, 6eron mapku b-30, crame Ct 45. Mcnonb3yembie mperpajabl UMenu
POBHYIO TOBEPXHOCTH, 0€3 BMSITHH, TPEIIMH M CKoJoB. Kaxmas W3 HccleayeMbIX Mperpan
MOOYEPETHO paclojarajach U MpoYyHO (PUKCHPOBANIACh B BBHIIMICONHCAHHONW yCTAaHOBKE U MOJE-
JUPOBAHUSI PUKOIIETa OTHECTPEIBHOTO CHAapsAa B IKCIEPUMEHTAIBHBIX yCIOBUAX. OObeKTaMu
WCCJIEIOBAHUS SIBJSUIMCH SKCIEPUMEHTAJIbHBIE MHIIEHH, B Ka4eCTBE KOTOPBIX HCIIOIH30BAIACH
05136 pazmepom 50x50 cM, a Takke KOKHO-MBIIIEUHBIE TOCKYThI pazmepom ot 40x40 cm 1o 50x50
CM, U3BATHIE C aMITyTHPOBAHHBIX HWXHHX KOHEYHOCTeW. [IpeameroM mcciemoBaHust SIBISUIHCH
BXOJIHbIE IIyJI€BbIE€ OTHECTPENIbHBIC MOBPEKIACHHUS M NPUIISKAIMe K HUM 30HBI Ha O0OBEKTax
uccienoBanus. [Isi M3rOTOBICHHS SKCIEPUMEHTAILHON MHIIEHU BBINICYKAa3aHHBIE OOBEKTHI
YKPEIUBINCh C yYMEPEHHBIM HATSHKEHHEM Ha JEpPEeBSIHHOM paMKe, KOTOopas yCTaHABIWBAIHUCDH
BEPTHUKAJIHHO, B HAMPABICHUU MPEAINOIAraeMoTo IMOJIeTa MyJIu MOCJe PUKOUIeTa, Iepe] CTEHOMH,
MOKPBITON JEPEBSIHHBIMU TUTUTAMH, PACHOJIOKEHHBIMH BIUIOTHYIO APYT K JAPYTY. YTOJ BCTpEUH
IyJId C PUKOIIETUPYIOUIEH Mperpaaoil uaMepsicsa ¢ MOMOLIbIO JazepHoi ykasku LP 17 Hama
3517, ycTaHOBIIEHHOU Ha 3aTBOpPE OPYXKHWs, U TpaHCcTOpTUpa. HampasieHue yryda 1eneykazareis
COBIAJIaJI0 C HANPABJICHUEM MPOJOJIBHON OCH KaHaia cTBoJsia opyxus. [Ipeanperpannas u 3ampe-
rpagHas JMCTAHIMU HM3MEPSUIMCh C TMOMOIIbI0 Mexanudeckod pyserku Kraftool 34125- 05.
Hamnpasnenue mosera mynu MOCi€ IUIAHUPYEMOTO PHUKOIIETA ITYJIH OMPENENsiIoCh C MOMOIIBIO
YIOMSIHYTOM JIa3epHOM yKa3kH, (PUKCHPOBAHHOTO HAa CTBOJIE OPYXHS U 3epKalia, 3aKpETICHHOTO
Ha nperpazge. C nenp0 coOroaeHusT Mep O€30MAaCHOCTH TPH CTpeNib0e 3apspKaHue U QuKcarus
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OpPYXWUsI B CIEIHAJIbHBIX THCKaX MPOW3BOJWIOCH C WCIOJB30BAHUEM WHIAMBHIYaIbHBIX CPEICTB
OpoHe3anmThl — OpoHeXWIeTa u Kackd. [locie pacnonoxeHust U PUKCAUU IKCIIEPUMEHTAIBHOM
MUIIEHH, PACIIONIOKEHNS U (DUKCAIMU B yCTAaHOBKE MPETPajbl, 3apsDKaHus U PUKCAIMU OPYXKHS B
TUCKaX, 3a CITyCKOBOW KPIOUYOK (PUKCHPOBAIACH BEPEBOYHAS METIISI, KOHEI KOTOPOI NMPOTSITUBAICS
B CIIEIMANIbHO 000pPYZ0BaHHOE YNAJICHHOE YKPBITHE, M3 KOTOPOTO HAMH IPOU3BOJMICS BBICTPEI
NyTeM HaTsOKeHHs BepeBodHOW mneTiu (dporo 2). [lo kaxmoil W3 BBIMIEyKa3aHHBIX IPErpaj
MPOU3BOAMIOCH TI0 3 BeICTpena ¢ npeanperpaaabix paccrossauit 50cm u 100cwm, mox yrmamu 100,
200, 300, 400, 500; 3anperpamnsie paccrosiHus coctaBisutu 30 cM, 40 cm u 50 cwm. [Tocne kaxmoro
BBICTpEJIa Ha TOPAKEHHOW ITyJIell MUIIEHU (IIOMACTepOM OTMEUAIHCh IMapaMeTphl IPOBEICHOTO
JTara MCCIECOBAHUS — MPEANPErPAIHOE U 3aMPETrPaHOC PACCTOSIHUS, YTOJI BCTPEUH ITYJIH C Tpe-
rpajioi. 3a4eTHBIMU (HCIIOJIB3YEMBbIMU ISl JAIBHEHIIEr0 W3y4YeHUs) CUHUTAIUCH MOBPEKICHHUS
MUIIEHEH, KOrja MMell MECTO PUKOIIET IyJId M HE MPOU3O0ILIO0 pa3pylmIeHHs mperpansl. Beero
npousseneHo 350 BricTpenoB — 308 mo Osi3eBBIM MUIICHSIM B 42 — 1O TPymHOMY MaTepuany.
3aueTHpIMH TIpU3HaHBI 288 mopakeHuil Os3eBbIX MUIIeHeW U 42 — TpymHOTrOo Matepuaina. B 20
HE3aYeTHBIX CIIydasX MPOHUCXOAMIO JUOO0 paspylieHrne nperpaapl (Ipu BBICTpETIax MO KUPIUYY),
aub0 o0pa3oBaHHME CIENOro WM CKBO3HOTO IOBPEXKICHHS Nperpaapl (OpH BBICTpeNax II0
sYeucToMy OeToHy) Oe3 oOpa3oBaHHUs puKoIleTa. B manbHeiieM, ¢ IEJIbI0 YCTAaHOBJICHUS
nudpepeHIraTbHO- THATHOCTHYECKUX KPUTEPUEB IMYJIEBBIX OTHECTPENLHBIX HOBPEKICHHUN, BO3-
HUKIIMX B Pe3yJbTaTe PHUKOIIETA, MOBPEKICHHS dKCIEPUMEHTAIBHBIX MUIICHEH IJIaHUPYETCs
HOJIBEPTHYTH KOMILJIEKCHOMY CYyJ1€OHO-MEAUIIMHCKOMY HCCIIEJOBAHUIO.

doTto 2. Bzaumopacnonoxenue 9JIEMEHTOB, HCTI0JIb3YEMBIX
IS MOJIEJIMPOBAHUS pHUKOILIETa OTHECTPEJIBHOTO CHapsaa
B AKCIIEPUMEHTAJIbHBIX YCIIOBUSX (cTpenkamu MMOKa3aHbI
TPACKTOPHUH TOJIETA IYJIH JI0 U MOCIIC PUKOIIETA)

BriBoasl

1. JInst  DKCIEpUMEHTAIBHOTO  MOJCIUPOBAHUS  pPHUKOIIETa TyJdd HaMu  ObLla

CKOHCTPYHpPOBaHA W anpoOMpoOBaHA OPUTHHAJIbHAS YCTAHOBKA, MMO3BOJISIONIAS U3MEHSITH YCIOBHUS
OTbITa B 3aBUCUMOCTH OT €T0 LI U 3a/1a4.

2. llpennoxxeHbl SKCHEPUMCHTAIbHBIC MHIICHU C IICJIBI0 H3YYCHUS OCOOCHHOCTEH
OTHECTPEJIbHBIX TMOBPEXKICHUN, 00pa3ylonMxcs B pe3yjibTaTe BO3JACHCTBUS PHUKOIICTUPYESMOMN
ITYJIH.

3. Pa3paborana wu ampoOWpoBaHa METOAMKAa MPOBEACHHUS OKCHEPUMEHTOB IS
(GOpMHUPOBaHMsI OTHECTPEIIbHBIX TOBPEKACHUNH OT JEHUCTBUS PHUKOIICTUPYEMON MyJH MpHU
Pa3IMYHBIX 00CTOSTEIILCTBAX.
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