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BJIMAHUE HAHOAJIMA30B 1 HAHOYACTHIL APYT'UX AJIVIOTPOITHBIX ®OPM
YIVIEPOJA HA B3AUMOJIEUCTBUE JIASEPHOI'O JIYYHA C HEKOTOPBIMH
KOMIIVIEKCHBIMMU NNEPXJIOPATAMMU

H3yueno erusnue aniomponuvix popm yenepood — 0emoHAYUOHHBIX HAHOAIMA308, (hYIIePeH08,
MHO2OCTIOUHBIX HAHOMPYOOK, METKOOUCNEPCHOU CAXNCU — HA  BOCHPUUMYUBOCMb  NEPXTOPANHBIX
KOMNJIEKCO8 MEeMailiog ¢ NOAUAZOMUCIIBIMU TUSaHOaMU K jaasepromy umnyascy. ITlokazano, umo 8
onpedenennvix ycnogusax /[HA moeym 6vims YHUBEPCATLHBIM CEHCUOUNUIAMOPOM, CHUNCAIOUWUM NOPO2
UHUYUUPOBAHUS CBEMOYYBCNBUMENILHO2O IHEPLEMUYECKO20 MAMEPUATA K IA3EPHOMY U3LYUEHUIO.

Knrouegwie cnosa: annomponnas ghopma y2nepooa, 0emoHaYUOHHbII HAHOAAMA3, (YIIepeH,
HAHOMPYOKaA, dHepeemuyecKuil MamepuaJ, 1a3epHolii UMNYIbC.

CoBpeMEHHOE pa3BUTHE TEOJIOTUYECKOM pa3BeIKH, JOOBIYM TIOJE3HBIX HMCKOMAEMBbIX,
BOMNPOCHI 3aKPBITUS YTPATHBIIMX KOMMEPUECKOE 3HAYeHHUE IIAXT U CKBAXUH HEMBICTUMBI 0€3
MCIIOJIb30BaHHUs BEICOKOIHEpreTHYecKnX MaTepuainos (OM) u u3aenuit Ha ux ocHoBe. Mcropuuecku
no0bIua ChIphsl BCETJa COMPOBOXKaiach B3PbIBHBIMU paboTamu. B HacTosiee BpeMs KOPEHHBIM
o0pa3oM H3MEHWIHCh TpeOoBaHHS K camMuM DM W HM3AenusSM Ha MX OCHOBE JI ATHX IleNeHd, a
TaKkKe K YCIOBUSM UX NpUMEHEHHus. BaxHelmuMmu sBisitoTcss TpeOoBaHUS 0€30MacHOCTH U
HKOJIOTHYHOCTH. B3pBIBHBIE TEXHOJOTHUHU COAEpPXKAT CIEAYIOIINEe OCHOBHBIE AJIEMEHTHI: OOBEKT
nepepaboTku (Bo3aeicTBHs), 3apsan OM, JAeToHATOp, JUHHUIO Tepefadyd HSHEPreTHYecKOro
UMITyJIbCa, TEHEPaTOp SHEPTUU (MoAphIBa). PUCK aBapHilHOTO B3pbhIBa BO B3PHIBHBIX CETAX CBS3aH,
BO-TIEPBBIX, CO CBEPXIIOPOTOBBIM BO3JciicTBHeM Ha OM (Hampumep, majeHue, IMoxKap) H, BO-
BTOPBIX, C TOSIBJICHUEM B JIMHUU MEpPEJaudl SHEPrUM JOXKHOTO HMHHUIIMUPYIOLIETO HMITYJIbCA.
be3omacHOCTh B3pBIBHBIX PAa0OT MOBBIIMIACTCA TMPU KCIONB30BAaHUM JIMHUW CBSI3U TeHEpaTopa
SHEPrUd C JETOHATOPOM, HE IMEPEeNaAIoIIel M HE TEHEPUPYIOIIEH JIOKHbIE WHULUUPYIOIINE
MMITYJIbCBI IPY BO3HUKHOBEHUH aBAapUIHBIX CUTYyalnil. JIazepHOe MHULIMUPOBAHUE — OTHOCUTEIBHO
HOBBIN croco0 mozapeiBa DM, oThnuYaromuiics NOBBIIICHHON Oe3omacHocThio. [Ipu nmazepHOM
WHUIMUPOBAHUU O0ECIeYnBaeTCsl BBICOKUN YPOBEHb H3O0JIALIMU CBETOJIETOHATOpPA OT JIOXKHOTO
HUMIIYJIbCA, IIOCKOJBKY B ONTHYECKOM JUana3oHE OTCYTCTBYIOT ClIy4ailHble HCTOYHUKH
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MOIIHOCTBIO, JIOCTAaTOYHOM JUIsl MOApbIBa JeToHaTopa. CBETONETOHATOPHI HE YYBCTBUTEIBHBI K
AJIEKTPOMAarHUTHBIM HAaBOJKAM M 3apsJiaM CTaTUYECKOTO JIeKTpuuecTBa [1].

JlazepHO€ MHUIIMMPOBAHUE MOXKHO HCIIOJIB30BaTh BO MHOTIMX B3PBIBHBIX TEXHOJIOTHUSX,
HaIpumep:

— B3pbIBHBIE CBapKa, ILUTAaMIIOBKAa, YIPOYHEHHE, KOMIIAKTUPOBAHUE, CHHTE3 HOBBIX
MaTepUaIOB MOTYT OBITh OCYIIECTBIIEHBI IPU ONTOBOJOKOHHOM HHHULMUPOBAHMU OJIHOTO
WM HECKOJIBKUX CBETOAETOHATOPOB;

— TOPHOB3PBIBHBIE PAa0OTHI, KaK BCKPHIIIHBIE, TAK M B IIaXTaX, OMACHBIX MO Tra3y U IMbUIH,
TPeOYIOT OJHOBPEMEHHOTO WJIM KOPOTKO3aMEJICHHOTO HWHHUIMUPOBAHUS  OOJBILIOTO
KOJIMYECTBA CBETOJIETOHATOPOB YEPE3 ONTOBOJIOKOHHBIE JINHUU CBSI3H;

— nepdoparys r1yOOKHX CKBaXKHH.

Bo Bcex nepeuncieHHBIX Clydasx ClIeAyeT UCIO0JIb30BaTh TEPMOCTOMKUE ONTOBOJIOKOHHBIE
CBETOJICTOHATOPHI C BBICOKOH BOCIPHUMMYHUBOCTBIO K JIA3€PHOMY HMIYJIbCY, OOecreyuBaroIiye
Ha/iexHOe HHULMupoBaHue 10 100 KyMyISITHBHBIX 3aps10B Opu3aHTHBIX DM.

K OCHOBHBIM 35IEMEHTaM LIENH JIA3€PHOIO MHULMUPOBAHUS OTHOCSTCS CBETOUYBCTBUTENIBHBIC
SHEPrOEMKHE BEIIECTBA. B 3aBUCHMMOCTM OT pEIIEHHs KOHKDPETHBIX 3amad B KauecTBe
CBETOUYBCTBUTEIBHBIX DM JUIl CBETOJETOHATOPOB OBUIM MPELIOKEHBI B TOM YHCIIE SHEPrOeMKHE
METAUIOKOMIUIEKCHI € pa3M4YHbIMM  3HAYEHUSMM  [IOpPOTOB  WMHUIMHUPOBAHUS  JIa3€PHBIM
MOHOUMITY/ILCOM (IPOIOIDKHTEIBHOCTh MMIYIbca ~ 10° ¢) MM OIMHOYHBIM HMITYThCOM (BpeMs
HAMITYJIbCA 110 ~10” ¢). Tak, B CIIA YCIIEIIHO MCIHOJIB3YKOT CBETOJETOHATOPBI, COJEPKALUE
CBETOUYBCTBUTEJIbHBIC 3apsibl KoMIUiekcHoro mepxiopara BNCP (1). Hamu ans mpumeHeHust B
ONTUYECKHX CPEJICTBAX WHHULMHPOBAHUSA ObUTH NpPEIOKEHBbI Oojee UyBCTBUTENBHBIE K JIA3epHOMY
nznyueHnto, ueM BNCP, mennslif (2) u pTyTHBIH (3) KOMITIEKCHBIE IepXJiopats (puc. 1).
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Puc. 1. Komnnexcnvie nepxiopamuol

Comu 2 m 3 uMMeeT MOBBIIIEHHYIO BOCHPUMMYHMBOCTh K MEXaHUYECKUM BO3JEHCTBHSIM, UTO HE
COOTBETCTBYET COBPEMEHHBIM TPeOOBaHUAM 0€30MacHOCTH. JJoCTHYD CHI)KEHUS! UyBCTBUTEIILHOCTH
KOMIUIEKCHBIX MEPXJIOPATOB MEIUW 2 U PTYTH 3 K MEXaHUYECKUM BO3JICHCTBHUSIM MOKHO IMyTEM
¢nermatuzaumu. OgauM U3 3PQeKkTHBHBIX MyTed QuerMaTu3aluy  MOPOIIKOOOPA3HBIX
SHEPreTUYECKUX MaTEpUAIOB SBISETCS CO3AAHME KOMIIO3MLUN Ha OCHOBE OM, NOMEIEHHBIX B
MaTpuIly U3 UHEPTHOTO MOJUMEpa.

B nacrosimeit pabore B KauecTBE HMHEPTHOW MAaTpHUIbl MCIOJIB30BAIU COMOJIUMEDP 2-METHI-5-
BuHUnTeTpazona (~98%) u merakpuiaoBoit KucnoTel (~2%) (momumep PVMT). IlpuroroBumim
COCTaBBl Ha OCHOBE MeAHOro komiuiekca (2) u momumepa PVMT (cocraB BC-1) u Ha ocHOBe
prytHoro komiuiekca (3) u mommmepa PVMT (cocta BC-2). VYka3zaHHbIE KOMILIEKCHI
HCIIOJIb30BAJIA B CUCTEMAX JIA3€PHOTO MHUIIUUPOBAHMUSI.
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IIpu mnpoBeneHMHM TOPHOB3PBIBHBIX paboT TpeOyercss MOJPHIB OONBLIOTO KOJIWYECTBA
CBETOZICTOHATOPOB HMMITYJBCOM MOIIHOTO Jja3epa. D((PEeKTUBHOCTh Ja3epHOTO HMHUIIMHPOBAHUS
MOXXHO TIOBBICUTH IIyT€M CHIKEHHsS IOpOra WHULMUPOBAHUS CBETOYYBCTBUTEIBHBIX OM.
N3BeCTHO, YTO MEIKOJAUCIEPCHYIO CaXKy YCHELIHO MPUMEHSIOT Il YCWJIEHHUS BOCHPUHUMYHBOCTU
SHEPreTUYECKUX MaTepHAIOB K OJMHOYHOMY MMITYJIbCY HMH(QpaKpacHbIX ma3epoB. Tak, mpu
no6asneHun 5% caku MOPOr MHUIIMMPOBAHUS MPECCOBAHHBIX 3apsAI0B KOMILIEKCOB 1 1 3 yydom
MOJIyIIPOBOAHUKOBOIO Ja3epa (AIUTENbHOCTh JIA3EPHOTO HMMITYJIbCA — HECKOJIBKO MUJUTUCEKYH]I)
camwkaerca Oosiee yueM B 300 pa3. OgHako BIMSHUE APYrHUX aUIOTPONMHBIX (OpM yrieponaa Ha
IIOPOT'H JIa3€PHOT0 UHUIIMMPOBAHUS CBETOUYBCTBUTEIbHBIX METAJUIOKOMIUIEKCOB HE U3YUaIH.

B pabote Takke wuccienoBanu BIMsSHUE 100aBOK JIETOHAIMOHHBIX HaHoanmMasoB (JIHA
npomsBojcTBa 3A0 «AnMasHblil IeHTp», CaHkT-IleTepOypr) (pasmep koHrioMmepatoB yactui 40—60
HM) U MHOTOCTEHHBIX HaHOTPYOOK (pa3mep koHrmomeparoB yactui < 100 HMm, mpousBoactso 3A0
«ActpuH», MOCKBa) Ha MOPOr MHUIIMUPOBAHUS CBETOUYBCTBUTEIbHOTO coctaBa BC-1 oanHOYHBIM
UMITYJIbCOM HeoanmoBoro sazepa mojemu UT-181 (jumrensHocTs umiysbea 150 mxc). Jlo6aBku 3%
JJIOTPOITHBIX (POPM YIiiepojia BBOJMIN B CYCIIEH3UIO MEIHON COJIM B pacTBope noiauMepa PVMT B
JIETKOJIETYYEM OpPraHWYECKOM pPAcTBOPHUTENE WIN B CyCHEH3UI0 mopoiika cocraBa BC-1 B Tom xe
pactBoputese. JlazepHbIM JIydOM OJKCIOHMpOBajJach LEHTpalbHas 4YacTh 3apsaa. Pe3ynbrarsl
HKCIIEPUMEHTAIBHOTO OIPEIETICHHUS TOPOra MHULMMPOBAHUS 3apsI0B IPUBEICHBI B Ta0I. 1.

Tabnuia 1. Pe3yabTaThl HCc/1e10BaHUSI TOPOTOB JIa3€PHOI0 HHHIIMUPOBAHUS 3aPsI/10B
cocrtaBa BC-1.

Obpasen Cocras BC-1 + 3% | Kommieke 2 + 3% | Kommieke 2 + 3%
JTHA JTHA + 10% PVMT HaHoTpyOok + 10%
PVMT
IInoTHOCTB MOTOKa 0,06 0,034 0,051
sHepruu, E, I[)K/MM2

[IpuBeneHHbIE pe3ynbTaThl ABJISIOTCS CPEIHUMH U3 5—6 mapajieNbHbIX ONbITOB. CpenHss
MOTPEIIHOCTD dKCIIEpUMEHTOB — £10%.

Cnenyer oTMeTHTh, 4TO Ans cucreMbl kommiekc 2 + 3% JHA + 10% PVMT npu
OTIpe/IeNICHNN KPUTUYECKOW SHEPrMM MHUIIMMPOBAHUS HAOIIOAAIM CPBIB Ipoliecca JAETOHALUU BO
B3pBIBHOE ropeHHe. EcTh OCHOBaHUS HpeArosarath, 4YT0 UMEHHO B 3TOM pEXUME HaOI0JaeTcs
ObIcTpoe pasnoxkeHue cocraBa BC-1 npu sHeprum HHUIUUPOBaHUS, OM3KONW K KPUTHUYECKOH.

CpaBHeHue TaHHBIX TabJ. 1 MO3BOJIAET 3aKIIOYUTh, YTO:

— BBegeHue 3% po6aBok JIHA wu HaHOTpyOOK MPHUBOAMT K CHIKEHHIO IOpoOra
nHunuuposanus cocrasa BC—1 B 2-3 pa3sa;
— a¢dexruBHocTs JJHA Kak ceHcuOumusupyromei 100aBKHU 3aBUCUT OT CIIOCOOa CMEIIEHUS

KOMIIOHEHTOB B COCTaBE;

— TpU  OAMHAKOBOM  CrHoco0e  CMEIIMBAaHUS  AIOTPONHBIX  ¢GopM  yriepoja
ceHcubunuaupyromas cnocodHocts JJHA, oueBUIHO, 3TOT MOKa3aTelnb HAHOTPYOOK.

Takum o00Opa3oMm, 3KCIEPUMEHTAIbHO TOATBEPXKICHA BO3MOXKHOCTh CEHCHOMIN3ALUU
cocraBa BC-1 k UMITyJIbCHOMY HM3JTy4EHHIO HEOJMMOBOTO JIa3epa B peKUMe CBOOOTHOM reHepanuu
Ha"oyactuiamu JIHA u HaHOTpYyOKaMu.

Bnusinue 106aBOK HAHOYACTUII AUIOTPOIHBIX (POPM yriepoaa Ha 4yBCTBUTEIBHOCTh DM K
JeicTBHIO JMazepHoro MoHoumnynbca (nmazep LF 114-10, nnmuna Bomubl 1,06 MKM, ATUTETHLHOCTD
uMIynbca 9 He) u3ydanu Ha npumepe cocraBa BC-2, Kk KoTopoMy 100aBIsUIM yAbTaIUCIIEPCHYIO
caxy (nmpousBoactBa 3A0 «UCP—Kemukancy, Cankr-IlerepOypr) (mpoxykt special black 4,
pasmep uwactun ~1 mrm), JJHA (mpomsBoactBa 3A0 «Anmaszueiii meHtp», Cankt-IlerepOypr)
(pa3mep konrsomeparoB yactul, 40—-60 uHM), ¢ymaepens (Ceo/Cro — 80/20 mpoussoactBa 3A0
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«AcTtpun», MockBa, pa3mep KoHriaomeparoB yacTui < 100 HM) U MHOTOCTEHHbIE HAHOTPYOKH
(nmpouszBoactea 3A0 «Actpun», Mocksa, pasmep koHrsiomepatos yacTull < 100 HM,).

JlazepHOMY BO3ACHCTBUIO MOJBEpraiu 00pas3ibl, KOTOPbIE MPEICTaBIsLIN cO00M MeIHbIe
KOJITIAYKH IMaMETPOM 5 MM U BBICOTOM 2 MM, 3amnoJiHeHHble cocTaBoM BC-2. TouHOCTh U3MEpeHust
II0pora MHUIUUPOBaHus cocrasisia ~10%.

B pesynbrare wuccienoBaHHM yCTAHOBIEHO, 4YTO caxka, (yuiepeHbl M HaHOTPYOKH
MOBBIIIAIOT HOPOT MHUITMMPOBaHUs cocTaBa BC-2, T. e. sBisitoTCs (hrierMaTu3aTopamu.

[Tomy4eHHbIe pe3ynbTaTbl 00YCIOBICHBI MOBBIICHUEM a0COPOLMU H3ITy4eHUS TOBEPXHOCTHIO
3apsiia B IMPUCYTCTBMM 3TUX J00aBOK, JUCCHIIAIMEN TMOTJIOIMIEHHONH MENKOIUCIEePCHOM caxeid,
¢bynnepeHaMn M HaHOTPYOKaMH JIa3epHOM PHEPrHMM C MOBEpXHOCTH obOpasua cocraBa BC-2, uyto
IPUBOJUT K YXYALICHUIO YCIOBUN (DOPMHPOBAHMS OYara MHUIMUPOBAHUS BHYTPU CJOSI COCTaBa U
MOBBIIIEHUIO KPUTHUECKON SHEPTrUu 3axxuranus (Tabdi. 2 u puc. 2).

Tabnuua 2. 3axuranue coctapa BC-2 1a3epHbIM MOHOUMITYJIBLCOM

Jlob6aBKa 3apsn W, MxJDx
- BC-2 310
Caxa BC-2 +0,5% 2450
BC-2+ 1% 2550
BC-2 +2% 3050
BC-2 + 3% 3250
JIHA BC-2 +0,5% 260
BC-2+ 1% 200
BC-2 + 3% 190
BC-2+ 5% 340
DyuiepeHsl BC-2+ 1% 630
BC-2 + 3% 830
BC-2 + 5% 730
HanotpybOxu BC-2 + 0,5% 640
BC-2+ 1% 590
BC-2 +2% 640
BC-2 + 3% 850

prweltaﬁue. PCSyJ'IBTaTOM WHUIIUUPOBAHUS ABJIACTCA B3PbIB.

Puc. 2. Brusnue 0o6asox annomponHuix ¢hopm yenepooa na nopoe 3axcueanus cocmaea BC-2
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HeiictBue JIHA nHa coctaB BC-2 otnuyaercs OT JEHCTBUS HA HErO APYTUX aJZIOTPOIIHBIX
¢dopm yriepona. JJHA o6GnamaroT BBHICOKOW TEIIOMPOBOJAHOCTHIO M MOJOXKHUTEILHOW SHTAIBITHEH
oOpa3oBaHUs. DKCIIEPUMEHTAILHO OIMPEIEICHHOE 3HAYCHHE AH'y cocraisier 2560-2950 kJK/KT,
yro B 18 pa3 mpeBblmaeT TabnM4yHOE 3HaueHWe Uil anmasza. C yuyeToM COCTOSHHS pEIIeTKH
pacyeTHOE 3HAYECHUE — BAH) — 3500 xJIx/kr [2]. Takoe cocTosiHUE anMa3a MPeaoIpPEeAeIIUI0 €ro
CHJIbHOE CTPYKTYpHUPYIOIIee BO3JCHCTBHE Ha OKPYKAIOIIYIO Cpeay U aJcOpOLMOHHBIE CBOMCTBA.
Beenenne JIHA 1o 3% cHmwxkaer nopor wuHuLuupoBaHus cocraBa BC-2 moHoOuMMIynbcOM
HeoauMoOBOro Jiasepa. JlanpHeiliiee yBenumueHue koaudectBa JIHA B cocraBe npuBOIUT K
CHIDKEHHIO €r0 BOCIIPUMMYHUBOCTH K JIa3epHOMY U3IydeHuto. [lomydeHHbli pe3yiabpTaT 00ycIoBieH
MOBBIIIEHUEM O00BEMHOW OCBEIIEHHOCTH BHYTPH 3apsijia U YAy4IlIeHHEM YCIOBUH (HOPMHPOBAHUS
oyara MHHULUMPOBAHMS BCIEACTBUE BBEACHHUS JCTOHALMOHHBIX HAHOAJIMAa30B CO 3HAYUTEIIBHO
Oosiee BBICOKMM IIOKa3aTejeM IPEeJIOMJICHHs, YeM Yy MCXOJHOIO COCTaBa. YBEJIMYEHHE I[Opora
nHunuupoBanus cocraBa BC-2, copepxamero 5% JIHA, oueBumHO, sBiS€TCA CIEACTBUEM
HETraTUBHOTO BIMSAHUS pa30aBI€HUsI CBETOUYBCTBUTEIILHOTO COCTaBa MHEPTHOM T0OaBKOM.

CnenoBarenbHO, JieiicTBUE 100aBOK aJUIOTPOMHBIX (OpPM Yriiepojia Ha UyBCTBHTEIHHOCTD
METAJUIOKOMILJIEKCOB 3aBUCUT OT JUIMTEIBHOCTH JIa3epHOTo UMITyibca. Hanbonee yHuBepcambHbIM
CEHCHOMIIN3aTOPOM, CHIIKAIOIIUM HOPOT HHUIIMHPOBAHUS CBETOUYBCTBUTEIBHBIX DM K Ja3epHOMY
U3IYYCHUIO, KaKk B peXUMe CBOOOJHOM TeHepaluu, TaK M MOHOMMITYJbCA, SIBIISIOTCS
JIETOHAIMOHHBIE HAHOAJIMA3BI.

[Tonyyennsle B paboTe pe3ylbTaThl MOHO HCHOJIB30BATh IPU CO3JaHUU ONITUYECKUX CPEICTB
MHULIMUPOBAHUS JIJIsl TOPHOA00bIBatoOIIEl U He(hTera3oBoi MPOMBIIIIEHHOCTH.

PaGorta BbImonmHeHa mnpu (UHAHCOBOM moanepkke MuHucTepcTBa obOpasoBanus PP B
paMKax MEXKBY30BCKOW aHAJIMTUYECKH LieneBas Iporpammbl «Pa3BuThe Hay4yHOro IOTEHIHAja
BbIcieil mkoabs» Ha 2009-2011 rr. ITpoextst 2.1.1/2908 u 2.1.2/1581.

Bugueno ennue anomponuux ¢hopm 6yeneyio — OemoHAyiUHUX HAHOAIMA3I8, (hynepeHis,
bacamowiapogux HaHomMpy6boxK, OpiOHOOUCNEPCHOT cadici — HA CHPULHAMIUBICMb NEPXIOPATMHUX
KOMNIEKCI6 Memaiié 3 Noaiazomucmumu jgieanoamu 00 naszepnoco imnyascy. Iloxkazano, wo 6
nesnux ymoeax JIHA moocymsv Oymu yHigepcanvbHum cencubinizamopom, wjo 3HUNCYE Nopie
IHIYII08AHHS CEIMIOYUYMIUBO20 eHEePIeMUYHO20 Mamepiany 00 J1a3epHO20 GUNPOMIHIOBAHHSL.

Knwuosi cnosa: anomponna ¢hopma 6yeneyio, OemoHayitiHuii HAHOAIMA3, @ylepeH,
HaHoOmMpyoOKa, enepeemuyHull Mamepia, 1a3epHull iMnyabC.

The influence of detonation nanodiamonds, multiwall carbon nanotubes, fullerenes and
ultrafine soot upon the sensitivity of complex perchlorates to laser pulse has been investigated.
Detonation nanodiamonds showed the ability to enlarge the sensitivity investigated complex
perchlorates to laser pulse.

Key words: allotropic form of carbon, detonation nanodiamond, fullerene, carbon nanotube,
energetic material, laser pulse.
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