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aHaJM3a JabopaTOPHBIX METOMOB UCITBITAaHWM BB Ha 4yBCTBUTELHOCTD K YAapy — KPUTUYECKUX JaBJIeHU
1 KPUTUIECKUX SHEPTUii, OCHOBAHHBIX Ha MOMCKE ONMTUMATBHBIX U1 fTaHHOTO BB mapamMeTpoB MexaHnYe-
CKOTO MHULIMMPOBAHMS B3pbIBA, PACCMATPUBAIOTCS ITyTH MOIMMUKALIMY CYIIIECTBYIOIIUX CTAHAAPTOB MC-
MTBITAHWM JUTST TTIOBBILIEHUS] UX TOYHOCTH IPU MOJIydeHUU JaHHBIX O TTOKA3aTeNIsIX YyBCTBUTEIbHOCTH BB.
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BBEJIEHUNE

HayuHo-TexHuueckue npoodieMbl, BOSHUKAIOIINE
Ha CTaiuu pa3paboTOK KOPPEKTHBIX METOJIOB UCIIbI-
TaHWI B3pbIBUYATHIX U TIPOYNX IHEPTOEMKUX MaTepU-
aJloB Ha YYBCTBUTEJIbHOCTb K MEXaHUYECKUM BO3-
NeCTBUSIM, TIOCTOSTHHO HaXOMSITCS B LIEHTPE BHUMa-
HUSI CIIEMAJIMCTOB, 3aHUMAIOIIUXCSI CO3MaHUEM
0e30IacHbIX YCJIOBUI IJIs1 TIPOM3BOJICTBA U Tepepa-
OOTKM pas3IMYHBbIX BUAOB B3pPbIBO- U IOXapoornac-
HbIX cyocTaHluil [1—4]. TpyaHOCTh MPaKTUUECKOTO
pelIeHUs TOCTaBIeHHBIX 3a/1a4 COCTOUT MTPEX/e BCe-
r'o B TOM, YTO HEOOXOIMMO OMTHOBPEMEHHO 00ECTIEYNTh
KakK IPOCTOTY, OJOCTYIMHOCTb W Majible Tpydo3aTpaThbl
WCITIBITAHUI, TaK U BBICOKYIO TOYHOCTb 1 BOCIIPOU3BO-
JIMMOCTb PE3yJIbTaTOB ONpeAe/ICHUs IoKa3aTeeil 4yB-
CTBUTEJILHOCTU B3pbIBUYATHIX BelllecTB (BB).

VrpolieHHbIe METOABI UCIIBITAHUI, KOTOPbIE I10-
JIOXXEHBI B OCHOBY CTaHIAPTHBIX METOMOB (rocymap-
CTBEHHBIX, OTPACJIEBBIX U APYTUX), KaK MPaBUIo, [a-
IOT HEJOCTATOYHO BEpPHbIC IIPEACTABIICHUSI O YyB-
cTBUTENIbHOCTM BB, 4Yacto HemooleHUBas WX
OIMacHOCTh B obOpamneHnn. OOBIYHO 3TO CBSI3aHO C
dukcanueil Kakoro-Jimbo MeToaAUu4YecKoro rnapamer-
pa UCTIBITAHUIT — Macchl 00pa3Lia, SHEPTUHU yIapa U TIp.
B aTOM ciiygae 0OBIYHO TepsIeTCS U3 BUIA TAKOM BaXK-
HBII IT0Ka3aTelb UCHBITAaHUI, KaK (haKTop KPUTHUY-
HOCTH YCJIOBU BOBHUKHOBEHMUSI B3phIBA, TIO3BOJISTIO-
IIUI ONpeAeTuTh MAKCMMYM YyBCTBUTENIbHOCTH BB
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K JaHHOMY BMIy BozneicTBus. Kputuueckue rnoka-
3aTe WHULMUMpoBaHUsI BB MOXHO yCTaHOBUTH
TOJIBKO TIpU Bapualdu OOJILIIMHCTBA OMpeaessiio-
IIUX TTapaMeTPOB BHEIIIHETO BO3ACHCTBUS U COCTOSI-
HU UCTIBITBIBaeMOTo oOpa3ia. OgHaKoO CTPOroe co-
OoieHWe MPUHIIMIA BapUAaTUBHOCTU MapamMeTpoB
WCITBITAHUM HEU30eXKHO TPUBOAUT K YCIOXHEHUIO
WCCJIENOBATENBCKUX PA0OT U YBEJIUUYEHUIO TPYHA03a-
TparT.

Hwuxe paccmarpuBaloTcss JOCTOMHCTBA M HENO-
CTaTKU HEKOTOPBIX M3 CYLIECTBYIOIIUX CTAaHAAPTHBIX
U 1abopaTOpHBIX METOAOB UcHbITaHUI BB Ha 4yB-
CTBUTEJIBHOCTD K YIapy X BHOCSITCSI IIPEIJIOXKEHUS I10
WX YIYYIIEHUIO Ha OCHOBE ITOCIECOHUX TeOpeThuYe-
CKUX U DKCIIEPUMEHTAJbHBIX PE3yJIbTaTOB UCCIIEIO-
BaHMIA 110 IIOBEASHMIO 3apsiI0oB TBepabix BB mpu yna-
pe Ha KoTIpe.

JJABOPATOPHBIE METO/Ibl
NCIIBITAHAUA BB

Meton kputnuyeckux gasaeHuit (MKI) mis mc-
nbiTaHuit BB Ha 4yBCTBUTEIBHOCTE K yAapy ObLT pa3-
paboran B Havajie 1960-x romoB B UX®D PAH rpym-
Mo¥ cOTpyAHUKOB nof pykoBoncTsom JI.I. bonxoBu-
tuHOBa, [.T. AdanacrkeBa u B.K. bobGonesa [35].
PaHee n1s xapakKTepUCTUMKM YYyBCTBUTEJIbHOCTU BB
KCIIOJIb30BAJIaCh MPOIIEHTHAs OILIEHKa Yuciia B3pbI-
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BOB IIpM yaapax ¢ (GUKCUPOBAHHBIMU SHEPTUSIMU 10
3apssgamM moctostHHoOUM Macchl (TOCT 4545-48). C
BBeaeHrueM MKJI chopmupoBasicss HOBBINT METOIO-
JIOTUYECKUI TTOAXO0M K UCCIJIETOBAHUSIM YyBCTBUTEIb-
Hoctu BB, ocHOBaHHBIN Ha MIyOOKOM ITOHUMaHUM
GU3NKO-MeXaHMYECKNX MPOIEeCCOB IIpU yaape U
CTPOro 00OCHOBAHHBIX KOJMYECTBEHHBIX TaHHBIX O
KPUTHMYECKUX II0Ka3aTesisix YyBCTBUTEIbHOCTH BB.
IMosicHuM ero CyTh Ha IpUMEpPE UCITLITAHUM Ha YyB-
CTBUTEJIBHOCTH K yAapy 3apsiioB U3 YIbTPaduCIIEpC-
Horo nepxjiopata ammoHus (Y/IT) ¢ pasmepom ya-
ctull 0.8—1.4 MKM. YuuTbiBasi TOT (haKT, YTO KPUTH-
YecKHe MapaMeTphl BO30YKIEHUSI B3phIBAa MPUCYIINA
BceM BB, To monydyeHHEBIe B onbITax ¢ 3apssigamMu YT
JIaHHbIE 00 0COOCHHOCTSIX MX IIOBEICHUS IIPU yaape
MMOJTHOCTBIO IIPUMEHMMBI UISI (DOPMUPOBAHUS YET-
KMX IIpEeACTaBICHU 00 0OCHOBAX MEXaHUYSCKOM UyB-
CTBUTEJIBHOCTU BB ¢ IpOM3BOIILHOM CTPYKTYpOil U
HampaBJICHUSIX ITOMCKAa KPUTUYECKUX YCIOBHI MX
WHULMHAPOBAHMSI.

ITpu onpeneneHuu yyBcTBUTEIbHOCTU BB 110 Me-
TOLY KPUTUUYECKUX aBJIeHUI MCTOIb3YIOTCS crpec-
coBaHHble non nasiieHueM 0.3—0.5 I'Tla (B 3aBucu-
MOCTH OT TPECCYEMOCTU MCCIIELYEMOrO BELLIECTBA)
IMCKOOOpa3HbIe 3apsaabl guameTpom D = 2R u To-
WKHOM Ay < D. OOBIYHO U3TrOTaBIUBAIOT 3apsilibl C
D=10mmu 0.1 <4, < 1.0 mm. 7151 ocumuiorpaduye-
CKOM 3amucy JaBJeHUI XOJOCTOTO U CHapSI)KEHHOTO
yIapoB MPUMEHSIIOTCS TPOBOJIOYHbIE TEH30AATYMKHU,
a perucTpalysi MOMEHTa BOCIIJIaAMEHEHMSI WU B3PbI-
Ba 3apsima BB ocyiiectBisiercss ¢ moMouibio GoTo-
2JIEKTPUUECKUX JIEMEHTOB.

B paborax [5—7] moka3zaHo, 4To TTOBeAeHME ITpaK-
TUYECKU Bcex TBepAbix BB, BKITIoyast BCeBO3MOXHBIE
CMECeBbl€ COCTaBbl, MpU ylaape MNpUOIUZUTETbHO
ONIMHAKOBO: C Hayasa ONbITa B TEYEHNE HECKOJIbKUX
NeCSITKOB MUKPOCEKYHJ TOHKMI 3apsii CXUMaeTcs
YIIPYTO U AaBJIEHUE BO3PACTAET, KaK MpU XOJIOCTOM
yaape. 3aTeM Npu IOCTUXKEHUU HEKOTOPOro JaBlie-
Hus Py HaunHaeTcs KkpaTkoBpeMeHHas (~1 MKc) ruia-
cTuyeckas nedopManus 3apsiaa rnpu ciiaboBo3pacra-
fo111eM naBjieHuu P(f), KoTopasi CMEHSIETCS pa3BUTHIM
IUIAaCTUYECKOM TeUeHUEM U/WUJIN MMPOYHOCTHBIM pa3-
pyllieHreM 3apsia, COIPOBOXAAIOIIMMCS Pe3KUM (3a
Bpems ¢~ 10—30 Mkc) cnanoM nasjieHus. UMeHHO BO
BpeMsl MTPOYHOCTHBIX pa3pylIeHUil 3apsiioB (POTO-
3JIeMEHTbI (DUKCUPYIOT BCITBIIIKU B3pbIBA.

Craj naBjieHUSI Ha OCLIMJIIOrpaMMe yaapa Copo-
BOXIIAeTCSI BLICOKOCKOPOCTHBIM (110 0.5 KM/c) pasie-
TOM (bparMeHTOB pa3pylLICHUS 3apsiga WA pacKaleH-
HBIX TIPOAYKTOB B3pbIBa B cCllydyae WHULMUPOBAHMUS
B3pBIBHOM peaklM B paavaibHOM ITOTOKE BEILIECTBA.
Ecnu oT10XUTh B KOOpnuHaTax Py—h, 3HaUeHUs 1aB-
JIEHUsI pa3pylleHUil, CHAThIe TTpU (UKCUPOBAHHOM
sHepruu ynapa Fy, = MgH (H — BbicoTa cOpacbhiBaHUS
rpy3a Maccoii M Ha 3apsing BB), To HeTpyaHO ycTaHO-
BUTb TUIIEPOOINYECKII BUJ ITOJTYYEHHOM 3aBUCUMO-
CTH, KOTOpPasl XOPOILO OIMMCHIBAET COCTOSTHUS Mpe-

JIeJbHBIX HArpPy30K MPU CXKATHUW TOHKUX IUIACTHYE-
CKUX Mpociioek [5—8]:

Ry =o(1+D/3"h), (1)

rae ¢ — npeaen nmpoyHocTu obpasna BB Ha cxkatue.
AHanu3 sKcriepuMeHTalbHON KpuBoit Py(h,) moka-
3BIBAET, YTO B3PBIBBI IIPY MaJIbIX TOMIIWHAX /1, (PUK-
CHUPYIOTCSI BCErlla B MOMEHT pa3pylleHUs 3apsiaa, TO-
rIa Kak TpU OOJBINWX A, OTKa3bl YepemyloTcsl CO
B3pBIBaMM, a ITOCJIEAHNE BOZHUKAIOT TOJILKO ITPH TT0-
BTOPHBIX, T.€. CJICAYIOIIMX 32 MEPBbIM, Pa3pyLICHUSIX
3apsiaa. [IpuueM 3apsiapl GOIbLION TOMIUHEI 4, (B HE-
CKOJTbKO MM) B30pBaTh MPAKTUIECKM HEBO3MOXKHO,
MOCKOJIBKY 3HEprusl yiapa mocjiefoBaTeJIbHO pacTpa-
YUBAETCsT HA MHOXECTBE CIIa0bIX pa3pyIleHUIA.

Huns nanHoro BB yeTkyto rpaHuily 1o ocu Ay MeX-
Iy PETYISIPHBIMM U CTIOPAANYECK BO3HUKAIOIITUMU
B3pBIBAaMHM YIaeTCs TPOBECTH TOJIBKO MPU HECKOJb-
KHAX TIapaJIeIbHO BBHITIOJHEHHBIX 2KCIIEpUMEHTAaX.
Ho naxe u B 3TOM cilyyae TpaHUYHOE 3HAUYEHUE A,
MOJIyYMBIlIee Ha3BaHWE KPUTUYECKOM TOJIIMHBI 3a-
pana (h,,), ONPENENAETCs MO TOACYETY KOIMIECTBA
OITBITOB C PAaBHBIM YKCJIOM B3PBIBOB U, YCIOBHO TO-
BOpsI, OTKa30B, T.e. 110 50%-HOi1 YacTOTe MOJHOLIEH-
HBIX B3pbIBOB. COOTBETCTBYIOIIEe KPUTHUECKOM TOJ-
ILIMHE JaBJeHNe Ha MPOYHOCTHOM KpuBoii Py(h,) Ha3bl-
Baercss  Kpurudeckum  (P,). ITlpm  omHOKpaTtHOM
MPOBENCHUU OIbITa C 3apsimamMu BB morpeinrHocTb
onpenenexus h,, u P, nocrarouno Beicoka (15-20%),
HO TP HECKOJIBKMX TTOBTOPEHMSIX SKCIIEPUMEHTA OHA
cHikaeTcs 10 5—10%. ITocKoabKY TOHKME U YTOJIIEH-
HbIe 3apsabl BB nmpeccyroTcest HEOMMHAKOBO, OIIMOKa
orpeie/IeHUs BETUIUHBI X TPOYHOCTH G, 3HAYCHUE
KOTOPOI yCpenHsieTCsl TI0 pe3yibTaTaM pacyeToB IO
dopmyie (1), mpencraBiasgeTcs CpaBHUTEIBHO BBICO-
Koit: 15—20%.

PusnyecKu BeIMIMHA P, OTIPENEINSET NaBIeHUE,
cosaBaeMoe yaapoM B 3apsinze BB, Bpemst pa3pyliie-
HUsI KOTOPOTO, f, PABHO NEPUOY MHIAYKIIMHU TETLIO-
BOTO B3pBIBA, f;, MHUIIMUPOBAHHOTO ITPOTEKAHUEM
JUCCUTIATUBHBIX MPOLECCOB (IUIAaCTUYECKOE Tede-
HUe, GPUKIMOHHEIN pa3orpeB U APYyTUe) B TOPSTINX
TOUKax OBICTPO IOBVIKYIIEHCS Cpenbl. DHepreTude-
CKUM MCTOYHUKOM MPOUCXOXKACHUS B3PhIBA SIBJISICT-
CsI TEIUIO, B KOTOPOE TpaHC(HOpMHUPYETCs 3HAUNTEIIb-
Hasl 4acTh YIPYroil SHeprumn

E., = P.S’/2k, S =nR’, )

3aracaeMoii B KOTIPOBOI CUCTEME Harpy>KeHusl B Ha-
yajibHOM cTanuu ymapa (kK — mMexaHuuyeckas XecT-
KocTh kompa). O06oO0Iiiasg mojydeHHBI pe3yabTar,
KOHCTaTHPyeM, 4To Npu Bcex £, = E,, MpOYHOCTHOE
paspyuieHue BB 3amyckaet mpoiecchl coOpoca 3Hep-
TMU U3 KOTIPOBOU CUCTEMBbI HATPy>XeHUS B 3apsill, €€
pacxogoBaHUsI Ha IBUKEHUE U PA30TPEB MPOIYKTOB
pa3pylieHUs] 1 UHULIMUPOBAHUE B3pbIBA. DHEPTrusi
ynapa E, Takxke onpeaeaseT MaKCMMallbHY1O TOMIIN-
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Puc. 1. 3aBucMMOCTs TapaMeTPOB yaapa oT ToMUMHGI 3apsanoB YAII: I — nasnenne P(h(), 2 — BbICOTa COpachIBaHUS Ipy3a
H(hg), 3 — pacueT 3HaYeHMI1 TaBJIeHUs U 3Hepruu 1o gopmynam (1), (4). Toukn — sKCIIEpUMEHT.

Hy 3apsina (/1,), KOTOpPblii HEBO3MOXHO DPa3pyllUTh
ynapoMm (“CBEpXTOHKUI” 3apsid), 1 COOTBETCTBYIO-

1Iee eif naBjieHue xonocTtoro yaapa (P,):

he=D[3(P/o-1)] . P.=S" QEK". )

W3 Beipaxkenus (3) ciaemyeT, YTO IIpU YMEHBIIIE-
Huu E, cHuxaertcsl naBjaeHue P, 1 Bo3pacTaeT ToJ-
muHa 3apsaa h,. [lpu ynape no 3apsnam TOJIILMHON
hy < h, naBnenue P(f) ©U3MEHsSIETCS MO 3aKOHY XOJIO-
CTOTO OIIbITa (CMHYCOMUIAIbHO). 3apsmbl TOIIIMHOMN
h, < hy < hy, B3pbIBAlOTCS PETYJISAPHO, ITOCKOJIBKY TIPU
UX Pa3pyILeHUU BpeMA 1; < 1. JIJisl 3apsI0B TOJILMHOM
hyp < hy < hy, CIPABEITUBO YCIIOBUE #; > I, U BEPOSAT-
HOCTb UX B3PbIBOB (MIPU MOBTOPHBIX Pa3pyILIEHUSIX)
MOHOTOHHO CHMXAaeTcs 0 HyJISl IO MEpe TOro Kak
hy— hy,. Ha puc. 1 npuBeneHa npoyHoOCTHast Kpusasi |
g 3apsnoB YT, cHaTasg B aKkcriepuMeHTax ¢ Ey =
=24.5 Ix (P, = 1.32 I'Tla), Ha KOTOpOIi TEMHBIMU
KBaJipaTaMW OTMEUYEHbI YCPETHEHHbIE 10 TPEM Tapa-
JIEJIbHBIM OIBITaM B3PbIBbI, & CBETJIBIMU — WX OTCYT-
CTBUE TIpU TIEPBOM aKTe pas3pylleHs 3apsiIoB, a TAKXKe
LITPUXOBBIMU MPSIMBIMU MOKA3aHO TMOJIOXKEHUE KPUTU-
4ecKoii Touku: A, = 0.48 mm, P, = 0.88 I'Tla; 3nech 3Ha-
yeHus ¢ = 175 MIla, 4, = 0.3 MmMm. OTMETUM, YTO HECO-
MHEHHBIM n1ocTomHcTBOoM MK/ saBiseTcs TOT (axT,
YTO PETUCTPUPYEMBIE C €r0 TTOMOIIBI0 KPUTUYECKUE
napamMeTpbl MHULMUpOBaHUsT BB He 3aBucAT oOT
SHEPruu ynuapa, Juillb Obl BBINIOJHSUIOCH YCJIOBUE
npouHoctu (1) pu A, > A,.

PazButuem MK]I B HampaBIeHUM OTKa3za OT
CJIOXKHOTO armapaTHOro MHCTpPyYMEHTapusi, HO HE B
yiiep0 3HAYMMOCTU IMOJIy4YaeMbIX B 3KCIIEpUMEHTE
pe3y/abTaToB, CTana pa3padoTKa J1ad00paTOPHOIO Me-
Tola KpuTudeckux sHepruit (MKD), BbiIloiHeHHAs

XUMUYECKAA ®U3NUKA Ttom42 Ne3 2023

aBTOopoM c cotp. (A.A. leancaeBeiM, M.B. JIucano-
BoIM 1 1p.) B UXD PAH B 1970-x romax [7]. Kak u B
ucnbiTanusax no MKJI meromom KD ucnbITEIBaIoTCS
Ha yaap TOHKHME XOPOIIIO CIIpeCCOBaHHEIC (IaBIeHUE
npeccoBanus 0.3—0.5 I'T1a) 3apsiner BB pasnHoii Ton-
IIIUHBI /13, HO TIO KOTOPbIM HAHOCSITCS yAaphl C BapbU-
pyeMoii sHeprueii E;,. Pervcrpalius B3pbiBa WM OTKa3a
MPOBOIUTCS I10 HAJIMYMIO WIM OTCYTCTBUIO XapaKTep-
HBIX JIJISI B3pBIBHBIX SKCIIEPUMEHTOB ayIIOBU3YaIbHBIX
a(pdpexToB. OCHOBHOIM HEOOCTATOK OPraHOJICTITHYE-
CKOIl TIIpoLeayphl PEerucTpalry B3pbIBa—OTKa3a
KOMIIEHCUPYETCSI XOPOIIIO BOCIIPOM3BOAVMMBIMU pE-
3yJIbTaTaMU MHOTOKPATHO IIOBTOPSIEMBIX OIIBITOB C
BB (110 25 ombITOB € 3apsa0oM 3aJaHHOM TOJIIIIUHEIL).
st 3TOro B ombITax ¢ 3apsigamMu pa3Hou A, CHUMa-
IOTCSI TIOJIHBIE KPUBBIE YacTOCTel B3pbIBOB f(H), U3
KOTOPBIX ONPEESIOTCS 3HAUEHUS UX HUXXKHUX, Hyy, 1
BepxHUX, H,yy, MPeNesoB YyBCTBUTEIbHOCTU K yAapy
U BBICOTHI Hs,, TIpu KoTopoii dukcupyiorcsa 50%
B3pbIBOB. CiemyeT yKas3arb, 4To, IIpuMmeHsss MKOD,
MOXHO IIPOBOAWUTH HCIIBITAHUS Ha YyBCTBUTEIIb-
HOCTb K yJapy NacTooOpa3HBIX U BI3KOTeKy4dnx BB,
YTO HEAOCTYITHO TIpU McToab3oBanm MK/I.

Ha puc. 2 npuBenena kpuBas 3aBucumoctu f{ H) ¢
yKa3zaHHEM €€ XapaKTepUCTUUECKUX TOUYEK, CHSTasl B
omnbiTax ¢ 3apsaamu YIAIT tommuuoi A, = 0.3 MM ¢
HMCITOIb30BaHUEM IPpUOOpa CO CBOOOIHBIM HMCTEUE-
HHEM BemlecTBa u ¢ rpy3oMm Maccoit M = 10 kr. OHa
UMeeT OOBIYHYIO IJISI YAaCTOTHBIX 3KCIIEPUMEHTOB
S-o0pa3Hyio (opMmy, YTO ITO3BOJISIET HAIEXHO (HE
xyxe yeM ¢ 10%-Hoii TOUHOCTBIO) OTIPEIEINTh BHICO-
Ty Hsy = 20 cMm. TTociie onpeneneHus: BeMUYUMHbl Hy,
13 OTIBITOB C 3apsilaMy IPYroi TOJIIUHBI CTPOUTCS
KpuBasi 3aBucumoctu Hsy(h,). Ilo onuvcanHoii npo-
liefnype ToJiyueHbl KpuBble 3aBucumocteit Hy(h,) u
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Puc. 2. KpuBas yacrocteil B3pbIBOB f{H) sl 3apsiioB
VAIT c hy= 0.3 MM.

Hyo(hy). Ha puc. 3 nmpencraBieHbl Bce TpU yKa3aH-
HbIe KpuBble. OHM MMEIOT XapakTepHyo U-o0Opas-
HY1I0 GOpMY ¥ MUHMMAJIbHbIE 3HAYCHMS TIPU SAUHOM
IUJTSI HUX TOJIIIMHE 3apsiaa i, =0.48 MM, KoTopasi moJ-
HOCTBIO COBIIAZAeT C KPUTUYECKOM TOIIIMNHOMN 3apsi-
noB YIII h,,, HaiineHHoi B onbiTax o MK/I.

CoBniaieHe KpUTUUECKUX TONIIUH 3apsiIOB MPU
MHULMKUpOBaHMM BB B MeTomnyeckn He3aBUCUMBIX
skcnepuMeHTax no MK®D u MK]JI He siBisteTcs ciay-
yailHbIM. OHO CBUJIIETEJILCTBYET O TOM, YTO MOKa3a-
TeNnb hy, (TOuHee, h,,/D) ABIAETCA ONpENEIAIONIEH
XapaKTepUCTUKOIN 4yBCTBUTeNbHOCTH BB, 1o Korto-
poii pacCuMTBHIBAIOTCS 3HAUMMBbIE JJ151 TPAKTUKU KpU-
TUYECKUE NapaMeTpbl MEXaHWYECKOTO UHUIIUMPOBA-
Hust — nasnenue P, v sHeprust E,,. Ha puc. 1 Hapsimy
C KpuBOM 3aBUcUMOCTH Py(h,) IITpUXOBOI KpuBOil 2
npuBeaeHa 3aBUCUMOCTb Hsy(h,), B COOTBETCTBUU C KO-
TOPOIi HAXOAMM 3HaYeHus i, = 0.48 mm, H,, = 11 cM u
E., =10.8 Ix.

M3 ananuza xoma KpuBbiX I u 2 puc. 1 ciaeayior
BBIBOJIbI, TMOATBEPXIEHHbIE TEH30METPUYECKUMU
SKCTIEpPUMEHTAMU:

1) Ha sieBO¥i BeTBU KpUBOii 2 (hy < h,,,) YepHBIMU
TOYKaMM OTMEUYEHBI B3PBIBBI, BOSHUKAIOIIIVE TTPH TTep-
BOM aKTe pa3pylleHUli 3apsaoB, TOra Kak Ha ee mpa-
BOI BeTBU (/) > h,;,) B3PbIBbI, BOSHUKAIOLIKE JIULIIb TPU
TIOBTOPHBIX Pa3pyIIeHUsIX, OTMEYECHBI CBETJIBIMUA TOY-
KaMUu;

2) Hapsiny ¢ Hy(h,,) mapamerp Hsy(h,,) = H,, xapak-
TepusyeT (Ha ypoBHe 50%-HOI 4acCTOCTH B3PBLIBOB)
HaMMEHBIIIYIO BHEPryio yaapa, ClloCOOHOTO MHUIIUU-
poBarthb 3apsi BB. JleiictBuTenbHO, 13 BeipaxkeHus (3) 1
PACIOJIOXEHMS CXONALIMXCA K 3HaYeHuI0 H,, BETBei
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Puc. 3. 3nayenust HuxxHux (/) 1 BepxHux (3) npenesion
WHULMHAPOBAHMS B3PbIBA, a TakkKe ToueK ¢ 50%-Hoii Be-
POSITHOCTBIO BO30Y>KIeHUSI B3phIBa (2) Ha KPUBBIX YaCTO-
CTeil B3pbIBOB B 3aBUCUMOCTU OT TOJIIMHBI 3apsiioB
YIII.

KpUBOIi 2 cenyeT, 4YTo MPU CHUXKEHUU SHEPTUU yaa-
pa E, OTHOBPEMEHHO PACIIUPSIIOTCS 30HBI OTKa30B
cinesa (h, — h,,) u cripasa (h, — h,,,) oT h,. [loaTOMY
npu £y — E,, umeeM B ipenene hy = h,u P, = P,

3) pacrnojioxkeHue BKCIIepMMEHTaJIbHBIX 3Hauye-
Huit P, n E,, Ha enuHol abcuucce A, , IpeaycMaTpu-
BaeT aHATUTUYECKYIO CBS3b MEXITy HUMH HE TOJIBKO B
KPUTHUUYECKHUX YCIOBUSIX MHULIMUPOBAHUSI, HO U JJISI
BCEX IMapaMeTpoB pa3pyllieHuil 3apsinoB, Py u E,
HaWIEeHHBIX MIPU 3amaHHoO# TommuHe Ay OHa 3amn-
chIBaeTcs B BUAE (2) WM B 0011IeM BUIE KaK

Ey=aP’, a=55"/K =14.0 Ix/TTa’,  (4)

€CJIY MOJIOXKUTh IKCIIEPUMEHTATbHbIE XapaKTEPUCTUKH
ucnbITaHuii pasHbiMu S = 0.785 cm?, K=0.22TH/m, a
BeanuuHbl Py u E Beipaxats B I'Tla u JIxx cooTBeT-
ctBeHHO. CrutomHou nmuHuelt 3 Ha puc. 1 TokaszaHa
nocTpoeHHas 1o gopmynam (1), (4) nesas (hy < h,,)
BETBb 3aBUCUMOCTU Hsy(h,), a ee mpaBasi BETBb Mpel-
CTaBJIeHa KakK 3epKaJIbHOE OTpaxkeHue JieBoil. OTcro-
Jla cJaeayeT, YTo KpuBble 3aBUcUMocTu H(h,) MOXHO
MPUOJIMXKEHHO paccMaTpUBaTh Kak rMmapadojnyeckue
(YHKIMM 7151 BCEX 3HAYEHUI A, OIUBKUX K /1.

O CTAHJAPTHBIX METOJIAX UCITBITAHU

CormnacHo aeiictByomeMy I'OCT 4545-88 ucnbl-
TaHUS TBepablx BB Ha 4yBCTBUTENBHOCTH K yIapy
MPOBOJST MO JABYM METOAaM U B IBYX Ipuodopax: 1 u
2, Ha3bIBaEMBIX ITIPHUOOPaMH C 3aTPYITHEHHBIM U CBO-
OOIHBIM UCTEUEHNEM BEIIIECTBA COOTBETCTBEHHO [5].

XUMUYECKAS ®UZUKA Ne 3
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Vnapam nonBepraioTcs 3apsiibl TIOCTOSTHHOM Macchl
m = 50 Mr B ipudope 1 u 3apsabl ¢ m = 100 Mr B mpu-
6ope 2. C nomolibio Ipudopa 2 onpeaesieTcs: HuX-
HUH Mpeaen 4yyBCTBUTENbHOCTHU, Hy, T.e. MpOBOASATCS
WUCIIBITAHUS TI0 TUIY, MPEACTaBJIEHHOMY BbIlIE KakK
ucnbiTanus mo MKO. IlonydyeHHble pe3yabTaThl Ajs
V]I1 npuBenens! Ha puc. 3 (KkpuBas /). 13 Hero Bua-
Ho, uTo 3apsan YIIT tommunoit 0.7 mm (m = 100 mr)
B3pbIBaeTcst mpu Hy, = 16 cM, ToTma Kak mpu TOJIIIUHE
hy, =0.48 MM (m = 70 Mr) BeIMYMHA HYKHETO Ipee-
Jia coctapisier Hy = 7.5 cMm. OTclona cieayer, 4yTo B
JTAHHOM T0Ka3aTeJIbHOM TIpUMEpE YYBCTBUTENb-
HocTb YIII, onpenenennas no 'OCT, oka3anachk Obl
CyIIECTBEHHO HelIOoOolleHeHHOM. Tak e oO0CTOuT ne-
JJO U C OLIEHKaMM YyBCTBUTENIbHOCTU npyrux BB,
BKJIIOUYasl OLICHKU, TIOJy4eHHbIC B IKCIEPUMEHTaX C
npudopoM 1. B 1abopaTopHEBIX OIIBITaX C 3TUM IIPUOO-
poM [7] ycTaHOBIIEHO, YTO 3HAYEHUE A, 3aPSIIOB TET-
pwia, mpd KOTOPOM 4acToTa UX B3pBIBOB HauboJjee
BoIcoKa (10 100%), coctapnsier 0.3 MM, TOTIa KakK pe-
KoMeHayemble misg ucnbpiTanuii mo 'OCT 3apsimer
TeTpUJIa JOJKHbBI UMETH /1, = 0.4 MM, IIpU KOTOPOA
YaCTOCTh B3PBIBOB COCTaBIIsICT He Oosiee 45%.

3aMeTuM, 4YTO JJId MOJYYEHHUS TOCTATOYHO KOp-
PEKTHOU OlleHKU 4yyBCTBUTeIbHOCTM BB mo MKD
MOXHO HE€ CHHMMAaTh IIOJIHYI0 KPUBYIO YacTocTeit
B3PbIBOB, 2 OTPAHUYUTHCS TOMCKOM MUHUMAJIbLHOTO
3HAYCHUSI HWXXHETOo Ipeaesia, BapbUpys TOJIIUHY
(Mmaccy) 3apsima. TakuM cIToco60M OIpeaeIsieTCsl OT-
pe3ok U-o00pa3Hoif KpUBOi ¢ MUHMUMYMOM B TOUKE
hyp» TIO KOTOPOW HAXOAMIUCHh OOBEKTUBHBIE ITOKA3a-~
TeJIM 1yBCTBUTEIbHOCTH BB K ynapy — Bennunna £,
u nanee — P,

KoppekTHas oueHKa 4yBcTBUTeIbHOCTH BB mo
MeTony 1, COrJIacCHO KOTOPOMY HaxOOUTCSI TIPOLEHT
B3PBIBOB IPU yIape I'py3a ¢ BBICOTHI 25 CM, MpecTaB-
JasieTcss O6oJiee mpocTtoil. OnpenensiioTcsl 4acTOCTH
B3PBIBOB B HECKOJILKUX CEPUSIX OIBITOB C 3apsiiaMu
pa3IUYIHOIl Macchl (TOJNIIUHBI) U BEIOMpAETCS Hau-
OoJTbIIIasl YaCTOCTh B3PhIBOB. COOTBETCTBYIOIIAS it
TOJIIIIUHA 3aPsIA0B paBHA KPUTUYECKOMA.

XUMUYECKAA ®U3NUKA Ttom42 Ne3 2023

BbIBO/IbI

1. YTouHeHBl (pu3MyecKre MexXaHU3MBI IPOILIEC-
COB BO30YXXIIEHUSI B3PBIBA, IMOJOXCHHBIE B OCHOBY
co3maHusg J1abOpaTOPHBIX METONOB KPUTUYECKUX
JaBJICHUM M DHEPTrUi IJIs1 UCHBITaHUM TBepabiX BB
Ha YYBCTBUTECIBHOCTh K yaapy. DKCIIEpUMEHTaIbHO
MOKa3aHO CyIIeCTBOBaHNE MUHUMAIbHO BO3MOXKHO-
ro 3HAYCHUSI SHEPTUHU yAapa JIJIsl BO3OYXKIeHUs B3pbI-
Ba 3apsgaa BB, koTropoe NpuHSTO B Ka4eCcTBE KPUTH-
YeCKOTO JIJISI SHEPTUU MHULIMUPOBAHMSI.

2. YcTaHOBJIEHBI HEIOCTATKU CTAHJAPTHBIX METO-
OB vcnibiTaHu1 BB, HenoolieHMBawIIMX ypOBEHb UX
YyBCTBUTEJIBHOCTEM K yaapy, U MPeIIOKeHbl CITIOCO-
Obl MOAU(MUKAIMU CYLICCTBYIOIIUX METONOB IS
MPUBEACHUS UX K YPOBHIO KOPPEKTHBIX OLIEHOK.

Hacrosias paboTta ObljIa BBIMOJTHEHA B paMKax
IMporpamMMel pyHIAMEHTATBHBIX HAYYHBIX UCCIIEIO-
BaHuit P® “IIpoluiecchl ropeHUsT U B3pbiBa” (peru-
cTpauuoHHbIi HoMep 122040500073-4) u umena
G1omKkeTHOE (PMHAHCUPOBAHUE.
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