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HEJIb PABOTDI:

— U3y4YE€HUE OCHOBHBIX MOJIOKEHUN TEOPUM TOUEUHOTO B3phIBA U ME-
TOJWKH pacuera rnmapaMeTpoB JCTOHAIIMOHHOW BOJIHBI MPHU B3pPbIBAX KOH-
JICHCUPOBAHHBIX B3pbIBUAThIX BellecTB (BB);

— co3nanue Ha OBM B cpene GAP nporpamMm mno aHaiausy MOCHE-
CTBUH B3pPBIBOB KOHACHCUPOBAHHBIX BB.

OBIIUE ITOJIOKEHUA

B3peiB mnpencraBiasier co00M KpaTKOBPEMEHHBIA MPOIECC BeCchMa
OBICTPOTO MPEBPAIICHUS BEIIECTBA C BHIACICHUEM OOJBIIIOTO KOJTMYECTBA
SHEPTUM B HEOOJBIIOM 00beMe. YKa3aHHBIC MPEBPAIICHUS BO3HUKAIOT B
pe3yJibTaTe XUMHUYECKOW peakiuu (KOHJICHCUPOBAHHbBIC, KUJIKUE U Ta30-
oOpasnsie BB) wnn siaeproii. K B3phIBHBIM TporieccaM, BbI3BAHHBIM (PU-
3UYECKUMHU TPUUYUHAMH, MOXHO OTHECTH pa3pylICHUs PE3E€pPBYapoB CO
CKaThIM ra30M, MApOBBIX KOTJIOB, @ TAKKE MOIIHBIC JJIEKTPUYECKUE Pa3-
PAIBL.

IIpu B3pBIBE 3apsiia KOHJICHCUPOBAHHOTO B3PHIBYATOI'O BEIIECTBA B
aTMocdepe BO3HUKAIOT BO3AYIIHbIE YIAPHbIE BOJIHBI, pACIPOCTPAHSIONIU-
ecsi ¢ OOJBIION CKOPOCTBIO B BUIE O0JACTH CKATHUS — Pa3pEKEHUS CO
CKauKOM Ha cBoeM ()pOHTE JaBIEHUS, TEMIEPATyphl, IJIOTHOCTH U CKOPO-
CTH 4acTull cpebl (MaccoBoM ckopocTH). [Ipu B3ppIBax KOMIAKTHOTO 3a-
pana BB mpou3BosibHON (OpMBI Ha PaCCTOSHUSX, MPEBBINIAIONIUX He-
CKOJIBKO €T0 XapaKTEpHBIX pa3MepoB, 3PHEeKTUBHOCTh ACHCTBUS yIapHOM
BOJIHBI SKBUBAJICHTHA JAEUCTBUIO 3apsana chepuueckoit dopmbl. Dopma
(GpoHTa BOJHBI Takke sBIIETC cdepuyeckoil. Takum obpazom, hopma
3apsiia HECYIIECTBEHHO CKa3bIBA€TCS HA MapaMeTpax BO3IYyLIHOM yaap-
HOW BOJIHBI Ha PACCTOSHUSAX OT KOHCTPYKIIMH, MPEICTABIISIIOMINX MPAKTH-
yeckud uHTepec. Kpome toro, macca 3apsna BB Ha sTux paccrosiHusix
OKa3bIBA€TCSl HECYIIECTBEHHOM B CPaBHEHHHM C Maccou c(hepruyecKkoro
oO0bema Bo3ayxa (3a PpPOHTOM yJIapHOW BOJIHBI), BOBJIEKAEMOTO B JBIKE-
HUE. JTU 0OCTOSTEILCTBA MPUBEIU K MOJE3HON a0CTpakiuu, obJieryaro-
Il TMOCTAaHOBKY M PENIEHHE 3aJayd O pPACUETe MapaMeTpoOB YIApPHBIX
BOJIH — CX€Me ""TOYEYHOro B3phIBa".

B Teopuu TOYEYHOTro B3phIBA CUATAETCS, YTO KOHEYHOE KOJIUYECTBO
SHEPrUM MTHOBEHHO BBIAENSAETCS B TOUYKE, T.€. Macca MPOIYyKTOB JIETOHA-



4

MU MIpeHeOpeKuTENbHO Maia. Ha He caumkoM OoNbIINX pacCTOSHUIX OT
IIEHTpa B3pbIBa JAaBJICHHE B BOJIHE 3HAYMUTEIBHO BbIIIE aTMOC(HEPHOTO
(cunbHast yaapHas BOJHA), 1 aTMOC(HEpPHBIM JIaBJICHHEM MpPEHEOperaroT.
Pemenue 0e3 ydyeta aTMOC(hEpHOTO MPOTHUBOJABICHUSI SIBISIETCS aBTOMO-
JelbHBIM (caMoIo100HbIM). Ha paccTosiHUSX, T/ie JaBJIE€HHUE B BOJIHE CTa-
HOBUTCS COM3MEPUMBIM C aTMOC(epHBIM, GOpMUPYETCS 3a/1aya O TOYEU-
HOM B3pBIBE C YYETOM NPOTUBOAABIICHUS. Takas 3amada SIBISIETCS HEAB-
TOMOJICJILHOM M B OOIIEM CiIydyae MOKET OBbITh PEIIeHa TOJIbKO YUCIICH-
HbIMU MeTojgamu Ha DBM. IlonHoe penieHue aBTOMOJEIBHOM 3aadyd O
TOYEYHOM B3pbIBE B 3aMKHYTOM Buje naHo JI.U. CengoBeim (1946 r.). B
CBSI3U C Pa3BUTHEM BBIYUCIUTEIBHOM TEXHUKU TEOPHUS TOUCUHOI'O B3pPHIBA
WHTEHCUBHO Pa3BUBAETCSl HA HEABTOMO/IECJIbHBIE U HEOJHOMEPHBIE 3a]a4H,
a TaKXe€ Ha CUTyalluH, CBSI3aHHbBIC C (PA30BBIMU MEPEXOJIAMH U U3ITyYCHU-
eM. 3aJjladyy O TOUYCUYHOM B3PbIBE OOBIUHO (POPMYJIUPYIOT AJIsI TPEX BUJIOB
CUMMETpHUH: chepruuecKol, MUINHAPUICCKON U TuIocKor. [mmmHapudae-
CKasi CHMMETPHSI OTHOCUTCSI K 3apsijiaM, pacipeaeeHHbIM BJIOJb HEKOTO-
poil mpsSIMOM, a TUIOCKash — K 3apsjaM, PacloiO)KEHHBIM B HEKOTOPOU
MIOCKOCTH. D(DPEKT MeHCTBUS yIapHBIX BOJIH 3aBUCUT KaK OT BHUJA CHUM-
METpPUH, TAK U OT PACIOJOXKEHUS TOUKU (JIMHUU, TJIOCKOCTH) B3pbIBA OT-
HOCHUTEJIBHO 3¢eMHOU MOBEPXHOCTH.

[Ipu BO3mylIHOM B3pbIBE yaapHas cdepuyeckas BOJHA JOCTUTAET
36MHOM MTOBEPXHOCTU U OoTpaxkaeTcs oT Hee (puc. 1). Ha Hekotopom pac-
CTOSTHUM OT 3MUIICHTPA B3phIBa (ITPOEKITUS IICHTPa B3phIBAa HA 36MHYIO T10-
BEPXHOCTbH) PPOHT OTPAKEHHOMN BOJIHBI CIIUBAETCS C (DPOHTOM MaAAIOIIEH,
BCJICJICTBHE YETo 0o0pa3yeTcsi TaKk Ha3biBaeMasi rOJIOBHAs BOJHA C BEPTH-
KIbHBIM (PPOHTOM, PACHPOCTPAHSIONIASICA OT SIHUIEHTPA BIOJIb 36MHOMN
MOBEPXHOCTU. BIMKHSS 30HA, T/I€ OTCYTCTBYET CIUSIHHE ()POHTOB, HA3bI-
BAETCSl 30HOM PETYJIAPHOrO OTPaKEHUs, a NAJIbHSS 30HA, B KOTOPOM pac-
MPOCTPAHSAETCS TOJIOBHAS BOJIHA, — 30HOM HEPETYJSIPHOTO OTPAKECHUS
(HMKEe TPaeKTOPUM TPOUHOW TOUKHM CIHUSIHHS TpeX PpoHTOB). B OnmxkHe
30HE MPU YMEPEHHOM BHICOTE B3phIBA JaBJICHHUE B YJIApHOM BOJIHE OUYCHB
Benuko. [ToaTomy HanbobIIEel HHTEPEC MIPEJACTABISIOT JaHHBIE 00 yaap-
HOW BOJIHE B TAJILHEN 30HE.
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Puc. 1. Cxema BoJIHOOOpa30BaHUs MPU BO3TYIITHOM B3PHIBE:
O — snureHTp B3pbiBa; [1 — dponT magaromieit BosHbl; O — ¢GpoHT
OTpa)KEHHOU BOJIHBL; I" — (pOHT TOJIOBHOM yaapHOU BOJHBI; T — Tpaek-
TOpHUS TPOUHOM TOUKH.

XapakTep BO3AYIIHOW YJIapHOW BOJIHBI MPHU HA3€MHOM B3phIBE (32
npejesiaMyu BOPOHKH) COOTBETCTBYET JlajbHEW 30HE BO3YILHOIO B3PHIBA.
Takum oOpa3oMm, Kak IpU BO3IYLIHOM, TaK M MPU HA3EMHOM B3pbIBaxX
OOBIYHO PacCMaTPUBAIOT BO3AYIIHYIO YIApHYIO BOJIHY, PaclpOCTpaHsIO-
IIYIOCS OT DMUIEHTPA C BEPTUKAIBHBIM (DPOHTOM.

C MoMeHTa npuxoja GppoHTa BO3IYLUIHON YJapHOW BOJHBI B TOYKY
Ha 36MHOUW MOBEPXHOCTH JABJICHUE PE3KO MOBBIIAETCS A0 MAKCUMAJIbHO-
ro suadeHus P, (puc. 2), a 3ateM yObIBacT 10 atMoc(hepHoro P, u HIKe

0
atMoc(epHoro.
[lepyox 7, MOBBIIMIEHHOTO M30BITOYHOIO (CBEPX aTMOCHEPHOrO)

naBnenuss AP =P — P wna3piBaercs pa3oi cxkaTusi, a NMEPUOA 7 TOHHU-

*eHHoro naBiieHust AP < () — (da3oi pazpexenus. OQHOBPEMEHHO C JaB-
JIEHWEM B YJApHOM BOJIHE BO3HHMKAET JBH)KEHWE BO3AYIIHOW CpEIbl OT
AMUIEHTpa (LIEHTpa) B3pbIBA. 3aKOHBI H3MEHEHUSI MaCCOBOM CKOPOCTHU ¥ U
IJIOTHOCTH p Cpelbl BO BPEMEHM KAaYECTBEHHO AHAJOTUYHBI W3MECHEHUIO
JABIICHUS, OJTHAKO BCJIEACTBHE MHEPIIMOHHOCTH BO3IYLIHOTI'O MOTOKA IE-
pHOJ 7, TIOJOKHUTEIBHOM (ha3bl CKOPOCTHOTO Hamopa P =% pv’ >0 He-

CKOJIBKO Ooublle, 4eM 7, . M30BITOYHOE JaBICHHE B BOJIHE U CKOPOCTHOU

Harop SBJSAIOTCS BAXHEUIIMMH XAPAKTEPUCTUKAMU YAAPHOM BOJIHBIL,
onpeaessitomumMu 3PPEKT ee BO3ACHCTBUS Ha COOPYKEHHE.
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Puc. 2. I3MeHeHue 1aBieHUs B yIapHOU BOJIHE CO BpEMEHEM B (HUK-
CUPOBAHHOM TOYKE

ITo Mepe pacnpocTpaHeHUs yAApHOW BOJIHBI €€ WHTEHCHBHOCTh
yOBIBa€T, CKOPOCTh MPOABWKECHUS (PPOHTA BOJHBI yMEHBIIACTCA, U Ha
3HAYUTEIBHBIX PACCTOSHUIX OT SIMUICHTPA yJapHas BOJHA BBIPOKAACTCS
B aKyCTH4eCKyl0. OCHOBHBIMH MapaMeTpaMH, ONPEACISIONIUMU WHTEH-
CUBHOCTh YJIapHOW BOJIHBI, SBJISIIOTCA M30BITOUYHOE AaBJICHHE Ha (PPOHTE
AP, v NJIMTENBHOCTD (asbl CKATHA 7,. DTH IIAPAMETPhI 3aBUCSAT OT MACCHI

C 3apsga BB ompenenenHoro tuma (T.e. SHEPrUU B3pbIBa), BBICOTHI H,
YCJIOBHH B3PbIBA U PACCTOSIHUS R OT AIUIIEHTPA.

M.A. CagoBckuil — OJVH U3 MEPBBIX UCCIEIOBATEICH OIS B3pPbIBA
DKCIIEPUMEHTAIBHO YCTAHOBHII, YTO OCHOBHBIC MapaMeTpPhl YIAPHOU BOJI-
HBI MMOTYUHSIOTCS 3aKOHAM MOJA00Us. DTH 3aKOHBI UMEIOT OOJIBIIIOE TTPaK-
THYECKOE 3HAYEHHE, TaK KaK IPUMEHHUMBI U1 IIUPOKOrO JHara3oHa
sHepruit B3pbiBa. [lycth 17151 3apsana BB, nanpumep, u3 Tpotusia (TpUHUT-
potostyosn, THT) maccoit C; Ha pacCTOSHUU R; U3BECTHBI MapamMeTphl Ha
(GpoHTE yIapHOW BOJIHBI (JIaBJIEHHME, IUIOTHOCTb, CKOPOCTh YacCTHII), a
TaK)Ke BPEMEHHbIC MapaMeTpsl (7., 7, ¥ BpeMs 7 mpuxojaa GpoHTa BOJ-
Hbl). Torga te ke mapaMmeTpsl Ha (PPOHTE yAapHOM BOJIHBI B3phIBA 3apsijia
¢ maccori C; OyayT Ha pacCTOSTHUM R), MpUYEM 3TO PAcCTOSIHUE U Bpe-
MEHHbBIEC TTapaMeTpbl (KOTOPbIE HA pacCTOSIHUAX R; v R2, M, COOTBETCTBEH-
HO 0003HauuM 7, U 7,) ONpEeHeNstoTcsa mo GopmyiaM (3aKoHa MOAOOHUS
KyOMYECKOTO KOPHS):

RZZRIX/CZ/C]’TZZTIS\/CZ/CI' (1)



Ecnn BBECTH BETUUUHY

R=R/}/C, 2)

raie C — TPOTWJIOBBIM SKBUBAJICHT, K2, TO 3aKOH MOJO0OUS MOXKHO
chopMyIupoBaTh KaK pPaBEHCTBO MapaMeTpOB Ha (PpPOHTE BOJHBI Ha pPaB-
HbIX "MPUBEIEHHBIX" pacCTOAHUAX R, m/ke'". JIjist BO3MYIIHBIX B3PHIBOB
Ha BbIcOTe H, M, IS COOJIONCHUS MOI00MS HEOOXOANMMO HMMETh TaKKe
PABEHCTBO '"'IPUBEICHHBIX" BBICOT
H=H/)/C.

BaxxHo! XapaKTepUCTUKON yJIapHOM BOJIHBI SIBJISETCS €€ YJIEJIbHbBIN
umnyisc I, klla-c, onpenensemplil 1 ¢aspl cxarus (0 <t <7, ) no ¢op-

MyJIe
I=[AP(t)dt= AC*" /R, A~04, 3)

rae AP(t) — (yHKIUS, XapaKTepU3yoIas U3MEHEHUE U30BITOUHOTO

naBiieHus 3a GPOHTOM YJapHOU BOJIHBI BO BPEMEHH.
VY aenpHBI UMITYJIBC TOJOXKHUTENIbHOU (ha3bl CKOPOCTHOTO Haropa
ONPENEIAT aHAJOTMYHO, HO BMECTO AP(I,‘) noja uHrerpaiom (3) Oepyt

dynkmmo P (¢), XxapaKkTepu3yIONIyl0 H3MeHEHHe CKOPOCTHOTO HAmopa B
unTepBase 0 <t <7, . CornacHo 3aKOHY MOAOOUS Ha PacCTOSHUAX R;, R,

cooTBeTCTBYIOUX (hopmyie (1), ummynbeol /; U [> CBSI3aHBI COOTHOIIIE-
HUEM

1,=1:/C,/C, . 4)

Nmnynbse (a3el pa3pekeHuss UTpaeT CPAaBHUTEIIBHO MEHBIIIYIO POJIb,
a ero 3Ha4YE€HHE OTPUIIATEIBHO, T.€. MOJHBIM UMITYJIHC HECKOJIBKO MEHBIIIE
UMITYJIbca (pa3bl CHKATHSL.

[TapaMeTpbl BO3IYIIHONW YAApHOU BOJIHBI ONIPEAEIIAIOT 1O hopMyJiaM
M.A. CanoBckoro, B KOTOPBIX BHJI B3pbIBYATOrO BEIIECTBA YUYUTHIBACTCS
TPOTHJIOBBIM 3KBUBAJICHTOM I10 yIAPHOW BOJIHE.

Hasnenne AP, Mlla, 1uisi cBOOOAHO pacrpOCTpaHsIOMIEHcs chepu-

YECKOM BO3IYIITHON yAapHOM BOJTHBI OMPEACISAIOT 0 hopMyIie

AP = 0'984 + 0'227 + 0'37 : (5)
R R R

MOIIIHOCTP KOHTAaKTHOI'O B3pblBa Ha HEpaspyllaeMod mperpane
yABauBaeTCs B CBi3U C (popMupoBaHHeM Monycpepudeckor BosiHbI. [1o-
TOMY JJIsI HA3€MHBIX B3PBIBOB BEJIMYMHA TPOTUIIOBOIO 3KBUBaJIeHTa C B
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(2) ymHox)aetcs Ha 277, r1e KOAPHUIIMEHTOM 77 < [ YUYUTBIBAETCS PacXoj

PHEPrUM Ha 00pa30BaHME BOPOHKH B TpyHTE. [ cpeaHuX TpYHTOB
1n=0.6...0.65, 114 WIOTHBIX CYTJINHKOB U TJIUHBI 77 = (.8

MakcumanbHOe U30BITOYHOE JIABJIICHHE HAa MOBEPXHOCTU 3EMIIM MPH
BO3JIYIITHOM B3pBIBE 3aBUCHUT OT BBICOTHI B3phIBa H, 0JJHAKO MPHU B3phIBAX
Ha HEOOJBIION BBHICOTE U HA pacCTOSIHUSIX R > H (nanbHss 30Ha) MaKCH-
MyM JIaBJICHUS MPUOIMKEHHO MOKHO OIETUTH 10 opmyite (5).

JlmuTenbHOCTh (pa3pl cxKaTui 7., ¢, JJISl HA3EMHOI'O U MPU3EMHOTO

B3PBIBOB, OMPEACIISIOT 10 hopMmyJie
r =15-107-%/C-/R. (6)
CKOpOCTHO# Hanop Ha (pPOHTE yAapHOM BOJHBI P ONPEAEIAIOT 110
dopmyne (10), a AIUTENBHOCTD 7, B 3aBUCUMOCTH OT JaBJICHUS XapaKTe-
pu3yeTcs CIeIyOIUMI 3HaYeHUSMH OTHOICHUH 7, /7T, :

AP /P | 0.1 0.5 1 5 10 100

T./T, 1.15 1.50 1.65 2.5 2.15 1.83

JIs ucoyib30BaHUs MPUBEACHHBIX (POpMYJ Mpu pacyeTe mapamerT-
POB BOJIH IIPHU B3pBIBax pPa3jMuHbIX XUMUUYEeCKUX BB ¢ Temioroi B3pbiBa
O, Benumuuny C ciegyeT KOPPEKTUPOBaTh YMHOXKEHUEM Ha Kod(duiiu-

€HT, paBHbIM OTHOIIEHUIO (), naHHoro BB u TpoTuiia coriiacHO JaHHBIM,
MIPUBEJCHHBIM B Ta0. 1.

Tabmura 1

TenoTa B3pbIBa pacpOCTPAHEHHBIX TPOMBIIUIEHHBIX BB

B3psiBuaToe 0, , klic/e B3peiBuaToe 0, , klic/ie
BEIIIECTBO BEIIIECTBO
Tpotun (THT) 4240 BTEHHHHTPOXHOP(SCH' 4240
I'ekcoren 5540 Hutporyanuaun 3020
ToH 5880 JIBIMHBIN TOPOX 2790
JIMHUTPOOEH301 3650 [Tupoxkcunun 4370
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THT

B3psiBuaToe B3peiBuaToe

/] /
BEII[ECTBO Q,, wlbic/e BEIIECTBO Oy, wlhic/e
Tporun (THT) 4240 ST(E’;HHTPOX“OP‘SGH' 4240
I'ekcoren 5540 Hutporyauuaun 3020
ToH 5880 JIBIMHBIN TOPOX 2790

(N=13,3%)
TpunuTtpoOeH3omn 4520 Ammoron 80/20 4200
ITukpar aMmMOHUA 3360 Okroren 5420
TpuHUTpOAHWINH 4160 ['mukosbauHUATpAT 6640
AMMOHHIHAS 1440 OKCUIMKBUTHI (MO-
vempa TJIOTUTENU:  TOpQ
[Tentomut 50/50: OL MOX. I 3800...
50% TOH + 50% YTOIDb, MOX, 4200
4800 JIpeBEeCcHasi MyKa)

Pacuer nmapamerpoB Ha (pOHTE yJapHOU BOJIHBI IIPOBOJUTCS HA OC-
HOBE NPUBEJICHHBIX HUXKE COOTHOLIEHUW. [[puMenseMble najiee MHIAEKCHI
"u "0" oTHOCATCS K MapaMmeTpaM Ha (POHTE yIapHOW BOJHBI U B He-
BO3MYIICHHON Cpele COOTBETCTBEHHO, NPUYEM NAapaMETpPbl ¢ MHACKCOM
"(0" OOBIYHO MPUHUMAIOTCSA MO AAHHBIM MEXIyHapOJIHOM CTaHIAPTHOM

"

atmocdepsl Ha ypoBHe Mopst (MCA):
P =0.101325 MIIa, p,=1.2249 xe/m>, T, = 288.16 K.

Ecnu usBecTHON cuutarh BeMuuHy AP , KOTOpas MOKET ObITh I10-

aydeHa o ¢opmyie (5), To CKOPOCTh pacpoCTpaHEeHUsT PPOHTA yIapHOUH
BOJIHBL (D, , m/c), CKOPOCTh JBWIKEHHS BO3JYIIHOW Cpenbl (U, ,M/C) U €€

IIIOTHOCTE ( P, ,Ke/M’) OTIPEIENIOTCS U3 CIEyIOMHX BEIPAKEHHH:
S,AP,

v =

2y

@ - 0’
WHARP(ﬂ)

D¢=SO\/1+

2y

AP (y +1)

>

(7)

(8)
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AP, (y +1)
2]/ 9
pq, =P * ? ( )

AP (y —1

;AR =1

2y
rae S, =344 m/c — cKOpOCTh 3BYKa B arMoc(epe, y — OTHOILICHHE

1+

TEIJIOEMKOCTEN ITPH MOCTOSHHOM JaBIEHUU U 00BEME I COBEPLIEHHOTO
rasa (mns Bosnyxay = 1.4), AP, = AP, /P,.

CkopocTHOH Hamop Ha (GPOHTE yJIapHON BOJHBI PACCUUTHIBACTCS U3
BBIpaKCHUS
AP AP,
Pc;«p = y *¢ ) (10)
(v =1AP; +2y
Temnepatypa T Ha GpOHTE yIapHOI BOJHBI onpeensercs mo ¢op-
MyJie

T(l+AP
T, = "((ﬁ) (11)
P,/ P,
lpu nasnenusx AP, <10 MIla dpopmyisi (7)...(11) npeobpasyrorcs
K BUIY
%S AP
L = COAL (12)

’ JI+%AP,
D, =S, [I+%AP, (13)

_p,(64P; +7)
A (14)
_ BAFAF)
ap A]);+7 > (15)
r DU+ AR N7 +AR]) (16)

’ 6AP, +7
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JI1s OLIEHKM MOPa)Karolero AEMCTBUS yIAPHOM BOJIHBI Ha JIFOAEH U
COOPYKEHUSI HUCTOJB3YETCA PSAJI METOJHUK, OCHOBAHHBIX HAa BEPOSTHOCT-
HOM NOAXOoJA€. B HMX y4MTBhIBAETCS 3HAYECHUS NPEAECIHHOTO NABJICHUS HA
(ponTe ymapHon BOHBI AP, yAEIBHOrO UMITyJbca [ W JUIUTEIBHOCTH

BOJIHOBOT'O JIaBJIEHUA 7. XOTS B JAHHOW pabOTE OHU HE pacCMaTPHUBAIOT-

Ccsl, OHAKO JIJIsi MPUOTUKEHHON OLEHKH PUCKA MOPAXKEHUS JIFOACH MOMXKHO
BOCITIOJIb30BaThCS JAHHBIMU, TPUBEICHHBIMU B Ta0JI. 2.

Tabmuna 2

JlaBieHus ynapHOW BOJIHbBI, BBI3BIBAOIIME TOPAKEHUS YEIIOBEKA
PA3JIMYHOM CTENEHU

AP, , klla Pe3ynbpraT BO3aercTBHS
20 Pa3peiBel OapabaHHBIX mepenoHOK. Hebombime kpoBowus-
JIUSIHUS B JIETKHE
50 Kpome ykazaHHOro BbIIIE, OOIEe COTPSICEHUE OpraHu3Ma,
OOJIE3HEHHBIN yJIap MO TOJOBE, KPOBOUBIIMSIHUE B JIETKHE,
MEKMBIIIEYHOE KPOBOUBIUSIHUE, TUIIEPEMHUST MO3ra, UHOTAA
repesioMm peodep
70 JlaBieHue, TpyIHO NEPEHOCMMOE OPraHU3MOM, BBI3BIBAIO-
1[e€ COCTOSIHNE KOHTY3UU
100...150 |Ilepenombl pebep, TUNEPEeMHUs COCYAOB MITKOW MO3TOBOM
000JI04KHU
300 JleTapHBIN UCXO,

HOPAJOK BBIITIOJIHEHUSA PABOTbI

JInst 3alaHHOTO TIpernojaBaTesieM BHUJIa B3pHIBUATOrO BEIECTBA Mac-
cor 1000 kr paccuuTarh mapaMeTphl JIETOHAIMOHHOW BOJIHBI HA3€MHOI'O
B3PhIBA U OLICHUTH CTEIEHb MOPaXKeHus HaceneHus. s 3Toro:

1. CocraButh Ha OBM B cpene GAP nporpammy o pacuery mnapa-

METPOB B3pbIBa. /[ HaXoXkAeHUs Nepuona 7, MOJOXKUTEIbHON (a3bl

CKOPOCTHOI'O HAropa Ha OCHOBE MPUBEJCHHBIX B YKA3aHUSIX TaOIUYHBIX
JAHHBIX OMPEACTUTh ANIPOKCUMUPYIONIYIO (QYHKIIUIO, UCIIOIB3YS BCTPO-
eHHble B GAP cpencTBa MHTEPNONSALMY CIUTANHAMMU.
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2. [locTtpouts rpaduku 3aBUCUMOCTEN MapaMeTPOB yIapHON BOJIHBI
OT PacCTOSHUA 10 3nulieHTpa B3pbiBa (R = 10...1000 m).

3. OUEeHNUTh PUCK MOPAKEHUSI HACEIICHUS, HAXOIALIETOCS B PAlOHE
B3pbIBa. J[J1s 3TOr0, NCIOJB3Ys JaHHBIE TAa0J1.2, pacCYUTATh HA MECTHOCTHU
IpaHUIbl XaPAKTEPHBIX 30H MOPAXEHUsA, W, Jajee, miomanu 30H. [lpu
OTpEICTICHNH KOJIMYECTBA MOMABIIMX B 00JIACTH B3pbIBA JIOJCH IJIOT-
HOCTb HACEJIEHMs IIPUHATEL paBHOM / uenosek Ha 100 v’

COAEPKAHUE OTYETA

1. HammenoBanue paboTEHI.

2. Llemb paboTHL.

3. Jluctuar nanucanHoi B cpene GAP mporpamMmsel pacuera mapa-
METPOB B3pbIBa KOHJICHCUPOBaHHBIX BB.

4. T'paduku 3aBUCUMOCTEN MapaMeTpOB yIapHOU BOJHBI OT pacCcTo-
SHUS 10 SIULECHTPA B3PhIBA.

5. Tabnuua c pe3ynbTaTamMu pacuera JIOJICKUX MOTEPh MO 30HAM
MTOPAXKEHHUS.

KOHTPOJIBHBIE BOITPOCBI

1. [aitTe onpeneneHre B3phIBA.

2. OObsicHUTE, TTOYEMY MPU pacueTax mapaMeTpoB B3PHIBOB IIpUMeE-
HAETCA MOJENb "TOYEUHOTr0 B3phiBa'.

3. IlogcHuTe cxeMy BOJIHOOOpa30BaHUs MPHU BO3IYIIHOM B3pHIBE.

4. llepeuncnuTe XapakKTEPUCTUKU YIAPHOUN BOJIHBL.

5. KakoMy 3aKkOHY MOJUYMHSIIOTCS OCHOBHBIC MapaMeTphl yIapHOM
BOJIHBI U B YEM €T0 CYTh?

BUBJIMOTPA®UYECKUI CIIUCOK

1. HMudopManroHHbIE TEXHOJIOTHU B YIPABICHUU TEXHOCHEPHOM
oe3onacHocThiO [Tekcr] : yueoHnoe mocooue / B. M. Ilonos [u ap.]; FOro-
3arm. roc. yH-T. - Kypck : FO3I'Y, 2015. - 107 c.
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2. Cpa3bigbic, b.M. Dkonornueckuid pUCK [DIJIEKTPOHHBIM pe-
cypc] : yuebnoe mocoome / B.U. Cemzeinbic, E.H. TsanTOBA,
O.I1. MenexoBa. - M. : Jloroc, 2005. - 168 c. // Pexxum goctyma - http:
//biblioclub.ru/index.php?page=book&i1d=89947

3.  Ilomos, B. M. Upe3BblualiHble CUTyallMu U JECUCTBUS Hacele-
HUS B YPE3BBIYAWHBIX CUTYaAlUAX [DIEKTPOHHBIN pecypc]| : yueOHOe Mo-
cooue / B. M. Ilonos, B. B. Ilporacos, B. A. AkceHnoB ; deaepanbHoe
areHTCTBO Mo 00pa3oBaHUI0, Kypckuil rocynapCTBEHHBIM TEXHUYECKHUH
yHuBepcuteT. - Kypcek : Kypex['TY, 2008. - 140 c.



http://biblioclub.ru/index.php?page=book&id=89947
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HEJb PABOTbI:

— W3YYCHHUE METOJIUKHA pacyeTa BO3JCHUCTBUS AaBAPUMHBIX B3PHIBOB
Ha TOPOJICKHUE U JPYTHue O0BEKTHI, & TAKKE OIEHKH PUCKA TTOPAKECHUS JTIO-
Jiel OT 0apUYECKOr0 U METATENbHOTO ACHCTBUS YIapPHOUN BOJIHBL;

— co3nanue Ha OBM B cpene GAP nporpamMm 1no aHaiausy MOCHE-
CTBUM aBapUUHBIX B3PBIBOB.

OBHIHE ITOJIOKEHU S
1. JleticTBue HAa OOBEKTHI

Bo3nymHas ygapHas BOJHA B3pbIBA BBI3BIBACT Pa3pyLICHUS WJIW MOBpPE-
KJICHUS 3JIaHUM TOPOJCKOM 3aCTPOUKH, NMPOMBIILUICHHBIX 3JaHUA U CO-
OPYXEHHI, CUCTEM DJJIEKTPO-, Ta30- U BOJOCHAOXKEHUS, TPAHCIOPTHBIX
cpeactB. CTeneHb pa3pylIeHUs OMPENEIIeTCs MOIIHOCTBIO B3pbIBa, pac-
CTOSTHUEM JI0 IIEHTPa B3PhIBA, XapaKTEPUCTUKAMU O0OBEKTA, a TAKXKE yCII0-
BHUSIMU B3aUMOJECHUCTBHUS C HUM YIAPHOU BOJIHBI.

PaznuyaroT deThipe CTENEHU Pa3pyILICHUM 3/1aHUi U OOBEKTOB: IOJHOE,
CUJIbHOE, cpenHee u ciadoe. [lpyu mosHOM pa3pylieHUH OOpYIIUBAETCS
0O0JIbIIIast YaCTh CTEH, KOJIOHH U NMEepeKphITui. CUIbHOE — XapaKTepHu3yeT-
Csl YaCTUYHBIM pa3pyIICeHUEM CTE€H (KOJOHH) W MEPEKPHITUM; JIETKUE dJie-
MEHTBI (ABEpH, MEPETOPOJKH, KPBIIIN) Pa3pyIIalOTCs MOJHOCTHIO WU Ya-
ctrnuHO. CpenHee pa3pylICHUE OMPENEISIETCS] TEM, YTO OCHOBHBIE OIPaX-
JAIOIINE U HECYIIUEe KOHCTPYKIMHU MOIy4daroT Aedopmaruu (Iporuosl), a
pa3pylIarTCcs, B OCHOBHOM, BTOPOCTENIEHHbIE KOHCTpYKIuu. Ciaboe pas-
pYIIEHHUE COOTBETCTBYET MOBPEKICHUIO WM CEPHE3HBIM JiehopMaiusm
OTJEJIbHBIX JIETKUX 3JIEMEHTOB OTrpakaeHus (OKHa, JBEPH, KPBIIIU J0-
MoB). [TomHOE pa3pyllieHre Ha CeTSIX KOMMYHAIbHO-?HEPTE€TUIECKOTO XO-
35IMCTBA XapPaKTEPU3YETCS BBIXOJIOM W3 CTPOsS 3HAYUTEIBHBIX YYAaCTKOB
TpyOOIPOBOIOB, pa3pbIBOM Kabessi, OOpYIICHUEM OIMOp BO3AYIIHBIX JIH-
HUM BJICKTpOINEpPEIay.

PesysibTar BO3AEUCTBUS YIApPHOM BOJIHBI HA Pa3jMYHbIE KOHCTPYKIMU 3a-
BUCHUT OT AaBJeHUs Ha PpoHTe BOJHBI APy 1 umnyinbca / (MU AJIUTEIb-
HOCTH (ha3bl CKATHUS 7,), @ TAKKE OT JKECTKOCTHBIX, MACCOBBIX M IMPOY-

HOCTHBIX apaMETPOB KOHCTPYKIIHH.
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JI71s1 00BbEKTOB KOHKPETHOI'O THUIIA PE3yJIbTaT BO3JCUCTBUS MOXKHO MpPE-
CTaBUTh Ha MmIockoctu I - APy (puc. 1) ¢ obmactsimu, pa3rpaHU4eHHBIMU
JVHUSIMU PA3JIMYHBIX CTEIEHEW MNOBpEkIeHUU. Kak IMOKa3pIBaeT OIbIT,
JUIIH HeOOoJIbIasg 30Ha (A - Ha pUCYHKE) XapaKTEPU3YEeTCs 3aBUCUMOCTHIO
KaK OT JIABJICHUS, TaK U OT uMmyJibca. OcTajabHasi 4aCTh IJIOCKOCTH 3aHs-
Ta aCUMOTOTUYECKUMH NpsiMbIMU APy = const (30Ha B), B KOTOpOi1 Bins-
HUE UMITYJIbCAa BECbMa MAJI0 WJIM OTCYTCTBYET BOBCE, W HOpSIMbIMU [ =
const (3oHa C), T/Ie HE OIIYyIIAaeTCs BIUsSHUE AaBjicHUs. T.e. B 30He B, B
KOTOPOW JUIMTEIBHOCTh 7, JABJICHUS 3HAYUTEIBHO OOJIbIIE BPEMEHU T pe-

nakcauuu oo0bvekta (7, /7 >>1), pe3ynbTaT BO3IACHCTBUS ONpEAEIsAeTCs
TOJIBKO naBieHueM APy, a B 30He C (7, /7 <<[) — TOJIBKO UMITYJIbCOM /.

BenmuunHa 7 371€ch TpeACTaBsSeT OICHKY BPEMEHHM JOCTHIKCHHUS KOH-
CTPYKIIUEH DKCTPEMYMOB HANPsHKEHHO-Ie(POPMHUPOBAHHOTO COCTOSHHMS.
JI1s1 yIpyTuX CHCTEM T MOXKHO COIOCTAaBUTH Mepruoay I COOCTBEHHBIX KO-
JIe0aHuN.

Puc. 1. Cxema nuarpaMmbl TOpaX€HUsI yAapHOW BOJHOM OOBEKTa
(mudpamu 0003HAYEHBI TPaHULIBI oOacten MTOBPEXKACHUAM
110 BO3PACTAHUIO UX CTETICHEH)

['paHuBl pa3nUMUYHBIX CTEIIEHEW pa3pyLICHUM 3JaHUM 10 pe3yjbTaraM
o6oMOapaupoBok B BenukoOpuTaHuu anmmpoKCUMHPOBAHBI YPaBHEHUEM

_ K-JC 0
[1+(3180/C)"°

rane R — paccrostHue, m; C — TPOTWIOBBIM 3KBHUBAJIEHT MAacChl 3apsja
B3pbIBUaToro Bemiectsa (BB), ke; K — koadduiuent, paBublit: 3.8 — mis
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MOJIHOTO pa3pylieHus 3aanui; 5.6 — 50% 31aHUI OJTHOCTBIO pa3pyLIEHO;
9.6 — 31aHKsT HEMPUTOAHBI JIJIsE 0OMTaHUs; 28 — YMEPEHHbIE pa3pyIIeHUs,
MOBPEXKACHUS BHYTPEHHUX MAJIONPOYHBIX MEPETOPOJIOK; 56 — MaJible IMO-
BpeXxAeHUs 31anuii, pazouto 10% crexou.

Ilepexon ot pacdyeroB mo dopmyie (1) k auarpamme Tuma puc. 1 ocy-
HIECTBIISIETCA TMOCPEICTBOM COOTHOIIEHUW, CBS3BIBAIOIIMX MapaMeTphl
yAapHOW BOJHBI ¢ BenmnumHamu R u C. 3aBUcUMOCTH JaBiieHust APy,
MIlla, ckopoctbto Hanopa AP.., MIla, n umnynbsca I, xlla-c, oT paccros-
Hus R, m, u maccel 3apsaga BB C, ke, TakoBbI:

0.084 0.27 0.7

AP =—"——+"—"+ _— R=R/\C;Q2
* R R K @)
SPARCEE ap =t )

“ APL+7 0" P
1=04-C”/R. (4)
[Ipu B3pBIBE 30HA ACHCTBUS MPOAYKTOB JIETOHAIIUHU, PACIIUPSACH, JOCTH-
raeT NpUMEPHO IMSITHAUATH PaINyCOB 3apsiaa (puc. 2).

v, M/

10000

2000
500

YnapHbiit GpoH1

[TponykThbl
100 JeToHaINH

20+

MaccoBbli
MOTOK

010205 2 51020 50100
RC", wxe

Puc. 2. 3aBucUMOCTbh CKOpOCTEN yJapHOro (poHTa, MAaCCOBOTO MOTOKA U
GbpoHTa NMPOAYKTOB JACTOHAIIMU OT MPUBEJEHHOTO PACCTOSHUS TIPU B3pPHIBE
3apsiia TPOTHUIIA B BO3AYXE

st GonpIux paccTossHUM R, M, (HECKOIBKO JCCATKOB KHUJIOMETPOB) M3-
obiTouHoe maBieHue APx Mlla, oTpaXe€HHOW OT 3€MJIM YJapHOW BOJIHBI
B3phIBa C SKBUBAJIEHTOM C, K2, MOKET OBITh ONPEACIICHO O PopmyJie:

AP =0.272-C"-R"(10-P)" -F.

3necw Py — atmocheproe nasnenue, Mlla; F=3.3 — ko3 duiiueHt ycuse-
HUS yAapHOUM BOJIHBI, CBSI3aHHBIA C aTMOC(HEPHBIMH BOJHOBOJAMU U (HO-
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KYCUPOBKOM BCJIEACTBUE TEMIIEPATYPHOM HWHBEPCUU MPU3EMHOIO CIOS
BO3/yXa U CTPYHHBIX BETPOBBIX MOTOKOB B aTMOc(depe.

Ha puc. 3 mpuBemena auarpamMma NOBPEKICHUS KUPNUYHBIX 30aHUN
(mpuMeHUMa TaKXe i1 HEKUPIMUYHBIX HEOOIBIINX aJIMUHUCTPATUBHBIX
MOCTPOEK, JIETKUX MPOMBIIUICHHBIX KapKACHBIX COOPYKEHUH). ACUMIITO-
THYECKUE 3HAYEHUS TPaHMIl 00JIacTell ¢ pa3IuuHBIMM cTeneHsMu W 1o-

BPEKICHUN 3/TAHUM CIIECAYIOIIUE:

[ToBpexaenus AF, b, klla |1, klla-c |y
MuHUMAIIEHOE MOBPEXKACHNE (Pa3phIB
COCJIMHEHUM, pACUJICHEHUE KOHCTPYK- 4.5 0.12 0.15
1)
3HAYUTEIILHOE TOBPEKICHUE DIIEMEH-
PO 18.0 0.30 0.4

TOB, HECYIIMX Harpy3Ky
Yactuunoe paspyuenue (50...70%
CTEH pa3pylICHO WM Ha rpanu pa3-  |40.0 0.50 0.8

pYLIEHUS)

[Ipu pacuerax ¢ ucrnosb3oBaHueM Auarpammbl AP —1 cTeneHb MOBPEKIe-
nus W omnpenensercs NMHEHHON WHTEPIONALUEN MEXAY 3HAYEHUSMH,
COOTBETCTBYIOIIUMU TpaHUIlaM O0JACTH, B KOTOPYIO MOMAAI0T JEUCTBY-
IOIIME HA OOBEKT JIABJICHUE U UMITYJIbC.

I klla-c
10f
4 C
2 L
IE \  w-08
04f U:‘)-“
02r LW:O.IS AP, klla

0.1
2 4610 20 40 100200

Puc. 3. DkcnepuMeHTanpHasg guarpaMma IMOBPEXKICHUS KUPIAYHBIX 371a-
HUU
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Haunbonee nocToBEepHBIE JAaHHBIE O BO3MOXKHBIX pa3pyLIEHUSAX OOBEKTa
MOJYyYar0T €ro JWHAMHYECKMM pAacyeToM. Takou MPOYHOCTHOM pPACUET
IPOBOJSAT JJIsi 0COO0 OTBETCTBEHHBIX COOPYKEHUN C (pUKCALME MOIIHO-
CTM M TOJIOKEHHS LIEHTpa B3pbIBa. BO3MOXKHO TaKke HCIIOJIb30BAHHE
npuOIMKEHHBIX WHKEHEPHBIX METOJOB pacueTa Ha HKBUBAJICHTHbBIEC CTa-
TUYECKUE HArpy3KH, YCTAaHABIMBAEMBIE C MOMOILBIO KO3(PPUIUEHTOB AU-
HaMUYHOCTU. KoadPUmeHTsl TMHAMUYHOCTH ONPEACIISAIOT MO MapaMeT-
paMm yJapHO# BOJIHBI U OCHOBHOM YaCTOTE COOCTBEHHBIX KOJICOAHUN KOH-
CTPYKIIUU @, T.€. 0 BEJIMUUHE, 00paTHOU nepuoay 1.

[lepuoabl cOOCTBEHHBIX KOJIEOAHHUM 3IaHUI C KECTKOM KOHCTPYKTHUBHOM
CXEMOMW OLIECHMBAIOT IO SMIMPUUYECKUM (POpPMYJIaM B 3aBUCHUMOCTH OT pas-
AUYHBIX napameTpoB. Crenyroume Gopmyinbsl s I gar0T OpHUEHTHPO-
BOYHBIE 3HAYEHUSI IEPUOOB:

T=a-n, T=0017-H T=0095-H/\B T=03-H/.[B-g

3nech ' — 9yuCio dTaxke, ¢ — KOIDPUIMEHT, 3aBUCIIINN OT KOHCTPYK-
MK 3[aHUS ¥ BUIA OCHOBAHUsA (IIPH CPEHEN IUIOTHOCTH IPYHTOB OCHO-
panusa & =0.04...0.09) H _ ppicora 3manus, M; B — mupuHa Win JyiMHA

_ 2
snanus, M; & =981 mle’ ycKopeHue cBo6ogHOro mageHus. ONbITHBIE
3HAYEHHUS IepUOA0B T JJIs Pa3IMYHBIX TUIIOB 3aHUH U COOPYKEHHH TIpU-
BeieHbl B Ta0i. 1. [ KpyIHBIX B3PLIBOB, KOI/IA JOIYCTUMA OLIEHKA CTe-

AP
IIEHU MOBPEXKIACHUA IO JABJICHUIO, OPUCHTUPYIOTCA HA 3HAUYEHUS ¢,
pUBEJCHHBIE B Ta0. 2.
JIJ1s1 OLIEHKM BO3MOXKHBIX ITOCJIEICTBUUA BO3IACUCTBUS yIAPHOM BOJIHBI Ha

AP,
OOBEKT JIaBJICHHE ~ ¢, paccuuThiBaeMoe 1o Gopmyie (2), KOppeKTUPYIOT

C TIOMOIITHI0 KOA(DPUIIMEHTOB K!, K?, K;

APQ]) :KI.KZ‘K_?.APQ])’ (5)

AP, K
rjae — pacyeTHOE JIaBJICHUE, COMOCTABIISIEMOE C JAaHHBIMHU Ta0d. 2; !

— KO3 PUIIHEHT OpUEHTAIIUU O0OBEKTa Ha IIEHTP BO3MOKHOTO B3pbIBA; K,

— KO3 UITMEHT SKPaHUPOBKH, YUUTHIBAIOIINA BO3MOXKHOE 3aTCHEHHE
00BEKTa COCEAHUMH COOPYKECHUSIMU 3aCTPOUKH; Ky _ KO3 dULIeHT
nepdopanuu, oTpaKarolmui BIUSHUE MPOEMHOCTH (OTHOIIEHHWE & ILIO-

[aJIA OCTEKJICHUS K IMOJHOW MTOBEPXHOCTH CTEHOBBIX OT'PAXICHUN).
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He6naronpusTHOW cuMTaeTCsl OpUEHTAIMST HAUOOJBIIEH CTEHBI MO HOP-
MaJli K HalpaBJICHUIO paCIPOCTPAHEHUS yIAPHOU BOJHBI (PEKOMEHIYETCS

K, =11 ), OJArONPUSTHONW — TPHU PACIIONIOKEHUH CTEH MOoj yriom ~ 43°
(Ki=08): s npomexyTodHBIX MOTOKCHMIT 06BEKTA (HEHTPANBHBIX)

MPUHUMAIOT K, =1

Ta6auma 1 - Ileproabl cOOCTBEHHBIX KOJeOaHUM 3JaHUI U COOPY-
KECHUU

31anue Yucno [Tontepeu- |IIpogomnb-
TaXeu HBIE HbIE
T, c T, c
Kunoe ¢ HecymmMu KaMeHHbIMA |3 0.15 0.16
CTCHaMH 5 0.26 0.22
6 0.37...0.39 |-
8 0.43 0.43
[IIxonpHOE C HECYIIUMU KUpOUY- |3 0.22 0.21
HBIMHM CTCHAMH 4 0.30 0.27
5 0.32 -
JKuiioe kpynmHOnaHEIbHOE 4 0.16 0.15
5 0.30 0.22
6 0.36 -
9 0.40 0.32
XKunoe cobopHoe KapKacHO- 14 0.86 0.76
NAHEJIBHOE 16 1.20 0.76
Kunoe ¢ HWKHUM KapkacHbIM 1 |4 0.28 0.30
BEPXHHUMH KPYITHOIIAHEIbHBIMH 10 0.64 0.44
ATAXKAMHU 18 1.14 1.05
AJIMUHUCTPAaTUBHOE KAPKACHOE C
KUPIUYHBIM 3aM0JIHEHUEM:
&KEJIe300€TOHHBIN KapKac 12 0.69...0.96 (0.62...0.89
CTaJIbHOM KapKac 12 1.17 1.12
AJIMUHUCTPATUBHOE KapKACHOE 22 1.10 1.16
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Tabnuma 2 - OneHka nopa)karoliero ASHCTBUS YIapHON BOJIHBI Ha
00BEKTHI 110 AaBiieHHIo (30Ha B Ha puc. 1)

JlaBiieHuE APQ”, klla |
O6BeKT COOTBETCTBYIOIIEE CTENECHU Pa3pyIICHUS
IlonHoe |cuibHOE |cpegHee |cnaboe
JKunbie 1 mpOMBITIUICHHBIC 30aHUS
Kupnnunasie MHOrOsTaxkneie |30...40 20...30 |10...20 |8...10
Kuprnnuneie MasiosTaxsbie 35..45 (25..35 |15..25 |8...15
JlepeBsiHHBIE 20...30 |12...20 |8...12 6...8
[TpombIiIeHHBIE 3TaHUS
¢ TspkenbiM MeTamyeckum — (60...100 |50...60 40...50  |20...40
U 7KeJ1€300€TOHHBIM KapKacoM
[TpoMelnieHHbBIE 31aHus Oec-
KAPKACHOM KOHCTPYKIWMM M |0 o) |40 50 (3040  |20..30
JIETKUM METAJNTNYECKUM Kap-
Kacom

IHEPIr€¢TUKHU, CBA3H

CoopykeHHusI U CeTH TOPOJACKOI0 KOMMYHAJbHOIO XO3M1iiCTBA,

Termnoselie anexkrpocrannuu  |10...15  15..20 |20...25 |25...40
KorenbHble, perynsiTopHble
CTaHIMU B KUpNU4YHbIX 30anu- (10...15 |15..25 |25..35 |35...45
X
[TogzemHble ceTH KOMMYHaJIb-
HOTO X03stiicTBa (Bogomposon, |1500 ;8801 800'"100 400...600
KaHaJu3aIus, ras)

Tpy6onpoBoabl HazemHble |20 50 130 —
TpyOonpoBose! Ha actakagax |20..30 |30...40 (40..50 | —
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JlaBiieHuE APQ”, klla |
O6BeKT COOTBETCTBYIOIIEE CTEIECHU Pa3pyIICHUS
[TonHoe |cusibHOE |cpenHee |ciaboe
CMOTpOBBIE KOJIOILIBI U 3a-
o ADIDREE _ 1500|1000  |300 200
ceTell KOMMYHAJIBHOTO XO03sIH-
CTBA
TpaHCq’OpMafl‘;p;He MOACTAR= 1100 140...60 [20..40  [10..20
Bononanopssie OaiiHu 70 40...60 |20...40 10...20
AHTEHHBIE YCTPOMCTBA 10...20 |20..30 (30..40 [>40
BBICOKOBOJIBTHBIE JIMHUU 120...20 20120 15070 120...40
AJIEKTpoIepeay 0
Kab6enpubie mogzemubie aunuu 1500 ;8801 200...100 1o 800
Coopy:xeHus TPAHCIIOPTA
[loccetinbie goporu ¢ acdaib-
TOBBIM U O€TOHHBIM NOKpBITU- (4000 3000 1500 300
eM
Merannuueckue U xene300e-
TOHHBIE MOCTBHI IPOJIETOM J10 250... 200...25 150...200 |100...150
300 0
50 m
B3neTHo-11ocaiouHbIe MOJI0CHI 4000 3000 1500 400
a’pPoJIPOMOB
Kenesnomopoxnsie mytu  |400 250 175 125
CuiioBbI€ IMHUU 3IEKTPOPU- 120 100 60 40
IIUPOBAHHBIX JKEJIE3HBIX TOPOT
Tpancnopt, noaABM:KHASI TEXHHUKA, XPAHUJIUIIA
TeroBo3bl ¢ maccoi 10 S0 T |90 70 50 40
Baronsl ToBapHbBI€ I€pEBSIH- 40 35 30 15
HBIC
[{ucTepHsbI AJ1si HIEPEBO3KH MO
KEJIE3HBIM J0pOraM CxKmxkeH- |80 70 50 30
HBIX Ta30B, HEPTEITPOIYKTOB
[{enpbHOMETAIITNYECKUE BATO- 150 90 60 35
HbI KPBITHIC
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JlaBiieHuE APQ”, klla |
O6BeKT COOTBETCTBYIOIIEE CTEIECHU Pa3pyIICHUS
IlonHoe |cuibHOE |cpefHee |cnaboe
3eMJIEPOHHO-T0POKHO- 300 200 125 20
CTPOUTEIBHBIE MAIINHBI
[ToxxapHble MAIIMHBL 70 50 35 10
PesepByapsl 1 eMKOCTH CTaJIb- 90 20 55 35
HbIE HA3EMHBIC
["a3zronpaepsl U XpaHUIHIIA 40 35 75 20
I'CM n XMMHYECKHX BEIICCTB
YacTruuHo 3ariyOsieHHbIE pe-
3€pPBYaphl Il XPAHCHUS 100 75 40 20
He(PTETPOYKTOB
[Tomzemusbie pezepByapbl  |200 150 75 40

I[JI?[ INPpOMBIIIJICHHBIX U I'PAXKIAHCKHUX 3I[3HHﬁ C IpocMaMMn 3HAYCHHUC K3

INPUHUMAIOT PaBHbBIM:

o 0..0.3 0.3..0.5 10.5..0.7 >0.7
K, 1.1 1 0.9 0.85

a 1St Apyrux oOBEeKTOB Oepercs Ky=1

[Tpu pacnonoxeHnn oObEKTa Ha OTKPBITOM TEPPUTOPHUU (a TaKXkKe, KOTja
paccTosiHue 10 Onmrkaiiiiero crpoenus npesbimaet S50...70 M) ko puiu-
et X2 =/ [Ipu nanmumu sKpaHUPYOMUX OCTPOEK, PACIIONOKECHHBIX HA

JIMHUU PACIpPOCTPAHCHHS yAAPHOM BOJIHBI HA PACCTOSAHUAX MeHee S0 M,

K,=0.7...0.9

IMPUHUMAIOT 3HAYCHUC KOB(l)(I)I/IHI/IGHTa B 3aBUCHUMOCTH OT

CTCIICHU 3aTCHCHUS.

2. JlericTBHE yITapHBIX BOJIH HA JIFOJECH

[Topaxaroliee nerMcTBUE yAApPHOW BOJIHBI HA YEJIOBEKA TAKIKE OIPEHEIIsi-

AP, ]
€TCsl IaBJICHUEM u umnysibcom /. Ha puc. 4-6 npuBeneHsl rpaduku
(GyHKIMNA pUCKa MOPAXKEHUS JIFOAEH OT OJHOKPATHOTO 0apUUeCKOro U Me-
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TaTEeJIbHOrO JECUCTBUS B3pBIBHOM BOJIHBL. Ha puc. 4 nmpuBeneHa auarpamma
BEPOSTHOCTH BLEDKMBAHMS /4 OTKPBITO CTOSIIETO YEIOBEKA IIPH IOPAXKe-
HUU €r0 OpPraHoB JbIXaHWs (JIETKMX) B 3aBUCUMOCTU OT IapaMeTpOB

yAapHOMW BOJIHBI - JJaBJICHUsI U uMityJbca. [1o ocu opauHaT 0T/IOXKEHO 06e3-

pasMepHOe HaBieHne L5, a 1o ocu aGeuuce - IpUBEACHHBIN UMITYIIbC s

T A
SR R ©)

rIe AP, _ AMILIUTY1a U30BITOYHOIO JABJIEHUs B3PBIBHOM BOJIHLI, 114 ;

— armocepHoe nasnenue, 116 ; I — yrensupiii ummynbe, 1a-c; Fo — vak-

CUMYM CKOpPOCTHOT'O Harmopa, Ila; m — wmacca Tena yenoBeka, k2. Jlus

B3PBIBOB 3apsi10B OpuzaHTHBIX BB AP, = Aqu.

ACUMNOTOTHYECKHE 3HAYCHMS TpaHMIl 00JacTell ¢ pa3IMYHOM BEPOSTHO-
CThIO 4 BBIKMBAHUA YEIOBEKA CIEAYIOIIHE:

5

P, 09 3 5 6 7 8
Is,Ha-c-Ke"” 0.2 1.0 1.35 |1.8 2.3 3.0
A 1 0.99 0.9 0.5 0.1 0.01
P,
107 |
l() ()
50 A Yo
90
10 99
A
10"}
L ad"cxe"”
10" ' l .

10" 10° 10 1(f 1

Puc. 4. BepoATHOCTh BBDKMBAaHUS 4 IIPU MOPaXEHUH OPraHOB JBIXAHHS
YeJIOBEKa B 3aBUCHMOCTH OT MPUBEAECHHBIX MNapaMEeTPOB yIAPHON BOJIHBI
(A - TOpOT TOPA’KEHMUS)
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BepostHocTs nopaxenus G mpencrapiser 10MoNHeHne 4 10 €AUHULIBI
G=I1-4 (7)

AP, > 6.9 lla
OmnacHBIM 11 4YeJIOBEKa SIBJISCTCS U30BITOYHOC JaBJICHHUC .

TpaBMbl 0apaOaHHBIX TEPETOHOK BO3ZMOXKHBI TIPU APy >33 xlla puc. 6

MpUBEJICHA 3aBUCUMOCTbh BEPOATHOCTU pa3pbiBa OapabaHHOU MEPENOHKU

AP(ﬁ
YeJIOBEKa OT U30BITOYHOTO JIABJICHUS .
P, lla

10 \\ 1
2
>.\--./.._
10° A ‘\.=
\\._
10°

10° 100 10* 100 10° 10
[, lac

Puc. 5. JluarpamMmma OlIEHKU MOPAXKEHUS YEJIOBEKAa METATEIbHBIM JCHCTBU-
eM B3pbIBa. KpUBBIM COOTBETCTBYIOT CKOPOCTH OTOpOCa TeJa YETOBEKa:

1 - 3w (6e3omacuocts), 2 — 02 Mjc (nopor nopaxenus), 3 — 167 Mjc
(50 % moteps), 4 — 42 Mje (100% moTeps)

A, %
98

95t
2}

80f
70

sol
30}

L AP Ila

e |

2 4 6 10 2 4 6

—_—bd L ©

Puc. 6. BeposatHocts 4 paspbiBa 6apaOGaHHON MEPENOHKH YEIOBEKA B 3a-
BHCUMOCTH OT JABJICHUS B YJIAPHOW BOJIHE
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HOPAJOK BBIITIOJIHEHUSA PABOTbBI

JIst 3alaHHOTO MIPENOJABAaTENEM BHU/Ia B3PBIBUATOrO BEILIECTBA MaC-
cor 1000 kr m pacnoyioKeHUs 3MULEHTPA B3pbIBA HA MECTHOCTH PaCCUM-
TaTh MapaMeTpbl JACTOHAIIMOHHOW BOJIHBI HA3€MHOTO B3pPbIBA, OILCHUTH
CTEIECHU pa3pylIEHUs TOPOACKUX OOBEKTOB U MOpaKeHUs HaceneHus. Jiis
3TOTO:

1. Ucnonp3ys co3paHHyIO B jabopaTopHoii padore «Pacyer mapa-
METPOB B3PbIBOB KOHJAEHCUPOBAHHBIX B3PBIBUATHIX BEIIECTBY» MIPOTPAMMY
[0 pacyeTy MapaMeTPOB B3pbIBA M BhIpAKEHUE (5), TPOBECTH OLIEHKY MO-
paXkaroliero JeUCTBUS yIapHOW BOJIHBI Ha OOBEKTHl. B KkauecTBe pac-
CMaTpUBAEMbIX OOBEKTOB B3STh 3/IaHUSI U COOPYKEHHUS, HAXOISIINECS B
200-meTpoBOM 30HE OT 3MULIEHTPA B3pbIBA.

2. O1eHUTh PUCK MOPAKECHUST HACEJCHMS, HaXOJAIIETOCS B paiioHe
B3pbIBa. s aToro, ucnonsidys dhopmyisl (6), (7) u puc.4-6, paccuuTtaTh
Ha MECTHOCTHU T'PAHMIIBI XapaKTEPHBIX 30H NopaxeHus. [Ipu onpenenenuu
KOJIMYECTBa MOMaBIIUX B 00JIACTh B3pbIBa JIIOJCH MJIOTHOCTh HACEICHUS

2
NIPUHSITH paBHOW / 4eIOBEK Ha 100 m°

COAEPKXAHUE OTYHETA

1. HameHnoBaHnue paboTHI.

2. llens paboTHI.

3. JIuctunr HanucanHou B cpene GAP mporpaMMbl OLIEHKH CTEIEHH
pa3pyleHus: TOPOJACKUX OOBEKTOB U MOPAKEHUS HACETICHUS.

4. Kapta MeCTHOCTH C M300paXEHHBIMU HA HEW TOPOJACKUMHU OOBEK-
TaMH, MOJABEPTHYBIIUMUCSA BO3JICHCTBUIO aBaApUMHOTO B3pHIBA, U C HaHE-
CEHHBIMU Ha HEW 30HAMU MOPAKECHUS YEJIOBEKA.

5. Tabnuia ¢ onvcaHueM OOBEKTOB U COOPYKEHUM C COOTBETCTBY-
IOIIMMU CTETICHSIMU pa3pyIICHUS.

6. Tabmuupl ¢ pe3yiabTaraM pacueTa JIOJICKUX MOTEepb MO 30HaM
NOPAKECHUS.



15
KOHTPOJIBHBIE BOITPOCBI

1. [lepeuncnuTe cTEneHU pa3pylieHUs 31aHUI 1 OOBEKTOB.

2. B kakoii (hopme npeacTaBiaseTcs: pe3yiabTaT BO3ACHCTBUS aBapUii-
HOT'O B3pbIBa?

3. Kakue nyTu CymecTBYIOT AJisl OJIYYEHHS] JAHHBIX O BO3MOXKHBIX
paspyuieHus1x oobexTa?

4. Tlouemy HeoOxoAauMMa KOPPEKTUPOBKA 3HAUYCHUN H30BITOYHOTO
JABIICHUSI B MIPU OLIEHKE IOCJIEJICTBUIA aBApUUHOTO B3pbIBA U B YEM €€
CyTb?

5. C momouipl0 KakuxX 3aBUCUMOCTEH MOXHO MNPOaHAIU3UPOBATH
NEWCTBUE YAAPHBIX BOJIH Ha YeJIOBEKa?

CIIUCOK UCITOJIB3OBAHHBIX UCTOYHHUKOB

1. ABapuu u karactpodsl. [IpeaynpexnaeHue u TUKBUIAIMS T10-
cneacTBuil. YueoHoe mocoobue B 4-x kaurax. Kaura 1. / ITox. pen.: K.E.
KouetkoBa, B.A. KotisipoBckoro u A.B. 3aberaesa / B.A. Kotisipos-
ckuit, K.E. KouetkoB, A.B. 3abderaes, A.A. Hocau u ap. — M., U3narens-
ctBo ACB / 1995. — 320 cTp. ¢ ui.

2. ABapuu u karactpodnl. IlpenynpexnaeHue u JTUKBUAAUS TO-
cieacTBuil. YuebHoe nocobue B 4-x kuurax. Kaura 2. / Ilox. pexn.: K.E.
KouerkoBa, B.A. KotnsipoBckoro nu A.B. 3aberaesa / B.A. Komisipos-
ckuii, A.B. Bunorpanos, C.B, Epemun, B.M. KoxeBuukos, A.A. Koctun
u ap. — M., I3patensctBo ACB / 1996. — 383 cTp. ¢ ui.

3. betikep VY., Kokc I1., Yacraiin I u np. B3pbIBHBIE SIBIICHUS.
Ouenka u nocnencteust. Ku. 1,2.- M., Mup, 1986.
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HEJIb PABOTHDI:

— W3Y4YECHUE METOJMKM pacyueTa IapaMeTpOB JIETOHAIMOHHON BOJIHBI
IIPY B3PbIBaxX ra30MapoOBO3AYIIHBIX CMECEN B OTKPBITOM MPOCTPAHCTRBE;

— co3nanue Ha OBM B cpene GAP nporpamMm jisi aHanu3a Mociie-
CTBU B3PBIBOB Ia30MMapOBO3IYIIHBIX CMECEH.

OBIIUE ITOJIOKEHUA
1. B3pbIBBI ra30napoOBO3AYIIHBIX CMECEW B OTKPBITOM ITPOCTPAHCTBE

B3phIBBI ra30MmapoBO3AYIIHBIX U MBUIEBO3IYIITHBIX CMECE 00pa3yroT
KJIacC 0ObEMHBIX B3PBIBOB. ECIIM B3pBIBHI MBLIN MPOUCXOASAT B 3aMKHY ThIX
oObeMax (MOMEILIECHUSIX), TO B3PBIBbI Ta30MapPOBO3YIIHBIX CMeECeH
(I'TIBC) MoryT mpouCXOJUTh KaK B MOMEIICHUSX, TAK U B HEOTPAHUYEH-
HOM IIPOCTPAHCTBE.

B3peieel I'TIBC B nomenieHusx (31aHUsAX) BOZHUKAIOT B pe3yJibTaTe
YTEUYKH Ta3a U3 3JeMeHTOB 00opynoBanusa. B3psiBel [ TIBC MoryT Takxke
BO3HMKATh B €MKOCTSX (pe3epByapax, ra3rojpiaepax, HUCTEpHaX, TPy30-
BBIX OTCEKax TAHKEPOB) ISl XPAHEHHUS U TPAHCIOPTUPOBKU B3PHIBO- U
II0KapOOIIACHBIX BEIIECTB. B3pBIBBI CMECEN TOPIOYUX ra30B ¢ BO3AYXOM C
TSIKEIIBIMU MMOCJIEACTBUSAMU MPOUCXOIAT HA IIAXTaX.

B3peieel ['TIBC B HEOTrpaHMYEHHOM IPOCTPAHCTBE MOTYT ITPOUCXO-
AT B PE3YJIbTATE PA3PYLIEHUIN Ia30MPOBOIOB, PA3JIMBA CKUKEHHOIO IO-
proyero rasa, €ro UCapeHusi ¢ mepexoAoM B JeToHaIui0. M3BecTHO 00Ib-
[I0€ YKCJIO aBapUHHBIX B3PHIBOB PE3EPBYApPOB C OOJBLIUM KOJIHUYECTBOM
CKMDKEHHOTO TOPIOYETro Ia3a, COMPOBOKIAEMBIX 00pa30BaHUEM OCKOJIOY-
HOTI'O TIOJISL.

B 3aBucumoctu ot nasineHus P u temreparypsl 1 BELIECTBO MOXKET
HaXOJUTHCSI B PA3JUYHBIX arperaTHbIX cocTosiHUsX (puc.l). [ns cxuke-
HUSI Ta30B UX OXJIAXKIAKOT U CKUMAIOT 10 IapaMeTPOB, COOTBETCTBYIOLIUX
KUIKOU (haze, KOTOpble B OOIIEM Cilyyae OTJIMYAIOTCS OT JaBJICHUSA U
TEMIIEPaTypbl OKPYXKAIOWIEH CPeIbl. YYacTOK KpUBOU AB mpenacTtaBisieT
yCJIOBHSI paBHOBECHS JIBYX (pa3 — KUJKOCTH U Tapa (JUHUS HACBIIIEHHO-
ro napa). TpoitHast Touka A GUKCUPYET OJJTHOBPEMEHHOE PAaBHOBECHE TPEX
¢da3. B kputuyeckoil Touke B mpomnagaer rpaHulia MEXAY >KUAKOCThIO U
mapom: mpu T >T_ BemecTBO HaXOAUTCS B ra3000pasHOM COCTOSHUH,
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HE3aBUCHUMO OT JaBJeHHS. PE3KOW IpaHULBI MEXy MapoM U ra3oM Ipo-
BeCTH Hemb3sl. [[oaToMy 00a 3TH COCTOSIHUS 1J1s1 KPAaTKOCTH 0003HAYAIOTCS
kak ['TIBC. Kputnueckue napaMeTpsl HEKOTOPBIX BEIIECTB ITPUBEICHBI B
Tabm. 1.

CKMKEHHBIE YTIIEBOIOPOAHBIC Ta3bl, XJIOP, AMMHUAK, (PEOHBI, HAXO-
JSMecs MoJl cBepXaTMOoC(EpHBIM JaBJICHUEM IPU TEMIIEpaType BbIIIE
WJIM PABHOU TEMIIEPATYPE OKPYKAKOUIEH CPEABI B COCYAaAX, pe3epByapax u
JIPYTrOM TE€XHOJOTUYECKOM OOOPYAOBaHUU, SABISIOTCS MEPErPETHIMU KU I~
KOCTSIMH.

Puc.1 Ilmarpamma coCTOSIHHS BEILIECTBA:
A - TpoliHas Touka; B - kpuTndeckas Touka; 1 - TBepaas ¢asza;
2 - )KUJIKOCTh; 3 - ra3; 4 — nap

Tab6muma 1

3HAYEHUs KPUTUUECKUX [TAPAMETPOB U INIOTHOCTU O
B COKMKEHHOM COCTOSTHUM HEKOTOPBIX BEIIIECTB

T xuneHus npu
BerectBo masnennu 0.1 | T, °C | Py, MITa | p.., ke/M’
Mlla, °C
Bonopon Ha -252.0 -240.0 1.28
Azot N» -196.0 -147.0 3.40
Kucnopon O; -183.0 -118.0 5.05
Metan CHy4 -164.0 -82.0 4.65
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T xuneHus npu
BemecTBo nasnennu 0.1 | T, °C | Py, MITa | p.., ke/M’
Milla, °C
Otunen C,Hy -103.7 9.5 5.02 567
Otan CyHe -88.6 32.1 4.83 546
[Tpormunen C3;Hg -47.7 91.4 4.55 608
[Tpoman C3Hsg -42.17 96.8 4.21 582
Xnop C1 -34.5 144.0 7.70
Ammuak CH3 -33.35 132.4 11.30 682
byran C4H o -0.6 153.0 3.70 601
IMuknorekcan Ce¢Hi2 +80.7 280.0 4.01
N3o00yTan (CH3);:CH -11.7 133.7 580
[Tentan CsHia +36.0 197.0 626
JIBYOKHCE  yrIepoma) ;g 55 31.0 1180
CO,
TerpadTopmeran CF4 -128.0 -45.5 1960
Bona H»0 +100.0 374.0 21.8 1000

B TennousonupoBaHHbIX ("H30TEpMUUECKUX') COCylaxX U pe3epBya-
pax mpu OTPULATEIbHBIX TEMIIEpATypax XPaHsT CKUKECHHBIC ra3bl (METaH,
a30T, KUCJIOPOJ), KOTOPhIE HA3bIBAIOT KPUOTE€HHBIMU BenlecTBamu. Kpu-
TAYECKas TeMrepaTypa TaKWX BEIIECTB 3HAUUTEIHHO HIKE, YeM OKpY-
JKarolier atMochepsl.

BemectBa npyroil xapakTepHoW rpymnmbl (IpomnaH, OyTaH, aMMHaK,
XJIOP) XPaHAT B KUJIKOM COCTOSTHUM O] JIABJICHUEM B OJIHOCIIOMHBIX CO-
CyJlax U pe3epByapax IMpHu TEMIEPAType OKPYKAIOIIECH CPEIbl.

B. Mapman kinaccuduuupoBai BeIecTBa Mo MpU3HaKy X pacrosio-
JKEHHSI B 30HAX JuarpamMmbl coctosiHusa. K mepBoil kaTeropuu OTHECEHBI
BEIIIECTBA C KPUTHUYECKOW TEMIEPATypOd HUKE TEMIEpaTypbl CPEIbI
(KproreHHbIE BelllecTBA — CXKIWKEHHBbIM mpupoansii raz (CIII), comep-
YKaIlMi, B OCHOBHOM, METaH, a30T, KUCIIOPOI).

Ko BTOpOI1 Kareropun OTHECEHBI BEIIECTBA C KPUTHUYECKOW TEMIIE-
paTypoM BBIIIE, @& TOYKOW KHUIIEHHS HHUXKE, YEM B OKPYKAKOLIEU Cpene
(cxwmxenabid HeTsaHOU Ta3 (CHI'), mponan, Oytan, aMmmuak, xjop). Mx
OCOOCHHOCTHIO SIBJISIETCA "MTHOBEHHOE'" (OU€HBb OBICTPOE) MCIApEHUE Ya-
CTH KUJKOCTH TIPU pa3repMeTH3alluyd U OXJaXKIACHHUE OCTaBIIEHCS J0JU
JI0 TOYKH KUIICHHS TIPU aTMOC(EPHOM JIaBJICHUMU.
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TpeTpr0 KaTEropuro COCTABJSIOT KUIAKOCTH, Y KOTOPBIX KpPUTHYE-
CKO€ JaBJICHHE BbIII€ aTMOC(PEPHOTO U TOUKA KUIICHUS BBIIIE TeMIEpaTy-
pBI OKpY>Karolen cpeabl (BEIIEeCTBA, HAXOASIIUECS B OOBIYHBIX YCIOBUAX
B JKHJAKOM cocTossHuM). Croa momajaroT TakKKE HEKOTOpPbIE BEIIECTBA
NpeabIAyIeH KaTeropuu, Hanpumep, OyTaH — B XOJIOJAHYIO TIOTOJIy U ATH-
JIEHOKCH/JI — B KapKYIO.

UYerBepTasa Kateropusi — BEMIECTBA, COJEPKALIMECS IPU MOBBILICH-
HBIX TemrepaTypax (BOJASHOM Map B KOTJIaX, HIUKJIOTEKCAH U APYTUEC KU I-
KOCTH MOJ JaBJICHUEM U IPU TEMIIEPATYPE, MPEBBILIAIOIIEH UX TOYKY KH-
NIEHUS NPU aTMOC(HEPHOM JTABJICHHH ).

ITpu paznuTuun XuIKOCTEN 3-M KATETOPUM UX UCIIAPEHUE 3aBUCHUT OT
CBOWCTBA JIETY4YECTH, TEMIIEPATYPhl BHEIIHEW CPEAbl U CKOPOCTH BETpA.
Ha puc. 2 npuBeneHa OpUEHTUPOBOYHAS 3aBUCHMOCTH CKOPOCTH HCHa-
pPEHUS U, PA3JIUTHUSA OT CKOPOCTH BETPA.

UnanKr/(C.Mz)

10t

54

v,,M/C
073 4 6 8§ 10

Puc. 2. 3aBUCHMOCTb CKOPOCTH HCHApPEHUS PA3IUTHS KHUIAKOCTEN
TPEThEN KaTErOPUM OT CKOPOCTH BETpa

[Ipu moaHOM pa3pylIeHUH €MKOCTEH ¢ KPUOTEHHBIMU KUJIKOCTSIMU,
BEILECTBAMU BTOPOM KaTErOpUU MPOUCXOAUT UX BBIOpPOC B atMmocdepy,
BCKHUIIAHUE C OBICTPBIM UCHAPEHUEM M 00pa30BaHUEM OOJAKOB Ira30Iapo-
BO3yLIHBIX CMECEN.

ABapuilHO€ BCKPBITUE €MKOCTEH C HETOPIOYMMHU WM TOPIOYUMU
NEPErpeThIMU KHUJKOCTSIMH COMPOBOXKIACTCS B3PHIBOM W ONACHBIM JICH-
CTBHUEM OCKOJIKOB.

Bocnnamenenue o6naka I'TIBC npoucxoaut npu HaaIuyuKd HCTOY-
HUKa 3axuranud. [Ipu 3ToM BO3MOXKEH Mepexo A03BYKOBOIro aeduarpa-



7

IIMOHHOTO peXrMa (PEeKUM OBICTPOTO CrOpaHHUsA) C YCKOPSIOIIUMCS Iijia-
MEHEM K JIETOHAIIHOHHOMY CBEPX3BYKOBOMY.

OrHenHbIil map 0e3 JeTOHAIMKM BO3HUKAET OOBIYHO MPU TOPEHUH
I'TIBC, nepeoboraiiieHHONW TOTUIMBOM, a TaKXK€ B HEKOTOPBIX CIydasx —
COCTaBa, OJIM3KOTO0 CTEXUOMETPUUYECKOMY.

[lepexony K AETOHAIIMU CIOCOOCTBYIOT pa3IUYHBIC MPETSITCTBUS
(cTpoeHwus1, MPEeIMEThI, MEPECEYEHHAs] MECTHOCTh) Ha MYTH pacmpocTpa-
HEHHUS TIJITAMEHH, BBI3bIBAIOIINE TYpOyIH3allUIo.

2. YcnoBus neronarmu [ TIBC

Cdepuueckas AETOHAIIMOHHAS BOJIHA MOXXET BO3SHUKHYTH W HETO-
cpeactBeHHo B I'TIBC ot cinaboro »HEpreTHYecKoro UCTOYHUKA, HAMpPU-
Mep, OT UCKPBI, €CJIH pa3Mep o0s1aKa MPeBHIIaeT HEKOTOPOE KPUTHIECKOE
3HavyeHue (Tabi. 2) U B mpejaeiax KOHIEHTpaIui, yKa3aHHbIX B Ta0JI. 3.

Tabmuna 2

MunumaneHas 3Heprus E  nHunuuposanus ['TIBC, naubonee
9yBCTBUTENBHBIX K IETOHANU (CMeCEH ¢ 00BEMHOU
KOHIICHTpALUeN (4 TOIINBA)
Y MUHUMaJIbHBIE AMaMeTphl d_  o0Jaka, cCllocOOHOr0 AETOHUPOBATH

I"oprounii KOMIOHEHT U, 00.% Enin, Hoic Amin, M
Aunerunien CoH, 12.5 1.3 102 3.12
Bogopoa H, 29.6 4.2 °10° 109.6
ITponan CsHg 5.7 2.5°10° 85.8
[Mpomunen CsHeg 6.6 7.6 °10° 58.5
Otan C,Hg 5.7 5.1°10° 109.6
Dtunen CoHy 9.5 1.2°10° 31.2
Metaun CHy 12.3 2.3°108 398.0

Cratuctuka 150 aBapuit B Poccun u ctpanax CHI' B mepuon 1970-
1989 rr. nokaszeiBaer, uto B 42.5% cinyudaeB B3pbiBOB 00s1akoB ['TIBC
y4acCTBOBAaJIM YyTJIEBOAOpPOAHbIE Ta3bl, 15.5% — mapel JerkoBoc-
miaMeHstomuxcst xxuakocred, 18.0% — Bomopon, 5.3% — mbulh opra-
HUYECKUX TPOAYKTOB. ABapHilHbIE B3pPbIBbI KOHJACHCHPOBAHHBIX HECTAa-
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OmnbHBIX BeriecTB coctaBuwin 12.0%. B 30 ciayuasx npu aBapusix u3 yka-
3aHHOTO YMCJa MPOUCXOUIN BBIOPOCHl 3HAUUTEIBHBIX MACC TOKCHUYHBIX
BEWIECTB: xjopa — 17, ammuaka — 11, okcuzioB yriepona u azora — 2.

N3 150 kpynHbIX B3pbIBOB 84 MPOMU30ILUIO B TEXHOJIOTHYECKOM arima-
parype, 66 — B atmocdepe. B 73 cinydasx mpu B3pbiBax ObUIM CEPhE3HBIC
paspylieHus: 3AaHUN, COOPYXKEHUW M Pa3TUYHOTO OOOpYAOBaHUSA MPO-
MBILIJICHHBIX TPEAIPUSITHN.

Tabmuna 3

KoHuentpaunonnsie (00.%) npeaensl 1eTOHAIUA U BOCIIIAMEHEHUS
['TIBC B HEOrpaHMYEHHOM MPOCTPAHCTBE U B 3aMKHYTBIX 00bEMAX

JleToHauus
Bocnnamene-
. Heorp. mpo-
['oprounii KOMIOHEHT otp. 3aMKH. 00BbEM HHE
HIDKH. |BEpXH.| HUOKH. |BEepPXH. | HIDKH. | BEpXH.
Anernien C,H; 4.2 50.0 | 2.5 80.0
bytan C4Hio 2.5 52 198 | 6.18 1.8 8.4
Boaopon Ha 18.3 589 | 4.0 75.0
[Ipoman C3Hg 3.0 7.0 257 | 737 | 2.1 9.5
ITpormunen CsHg 3.5 8.5 355 {1040 24 11.0
Dtan C,Hg 4.0 9.2 2.87 122 |1 3.0 12.4
Otunen C,Hy 3.32 14.7 | 2.7 36.0
benzon CgHg 1.6 5.55 1.3 7.9
Kcunonx C¢Hio 1.1 6.4
[Muknorekcan CsHi2 0.57 | 7.8
*Metan CHy 5.0 15.0
* AMmuak NHj 155 | 27.0
*Oxkucse yraepoaa CO 12.5 | 74.2
*CepoBojopoa HaS 43 | 455

AHanornyHble JaHHbIE XapaKTepU3yIOT aBapUIHOCTh, CBSI3aHHYIO CO
B3phiBaMU B BenukoOputanuu. Tak, u3 oOIlero uuciia aBapuii ¢ BIOpO-
camu u oOpazoBanueM obOnakoB ['TIBC B 40% ciydaeB oOiaka cocTOsUH
U3 yriieBojioposioB ¢ 3 unu 4 aromamu yriepoza. Ilpomnan, 6ytan u ux
CMECH, a TAKXKE CKMKCHHBIM HE(PTAHON ra3 y4acTBOBAJIMU B aBapusAX B TPU
pasa yarie, yeM napel 6en3uHa. C yuetoM 00beMOB BBIPAOOTKHU 3TUX MPO-
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IYKTOB MPOMBIIIUICHHOCTBIO TMOJYYaeTCsl, YTO BEPOSTHOCTh aBapui, CBS-
3aHHBIX C YriIeBogopoaamMu, mpuMepHo B 30 pa3 OoJibIle, 4eM ¢ OEH3MHOM
(B pacyeTe Ha TOHHY MPOIYKTA).

Yro xe KacaeTcsi MeTaHa, MIUPOKO HCIOIb3YEMOr0 B MPOMBIIIICH-
HOCTH, TO CYUTACTCS YCTAaHOBJICHHBIM, YTO ATOT IPOIYKT B HEOTPAHUUYECH-
HOM IIPOCTPAHCTBE B3PHIBACTCS BEChbMa PEIKO, TOCKOIBKY OH HE 00pa3yeT
CTaOMWIbHBIX 00JAKOB BOJIM3M MOBEPXHOCTH 3eMiu. Ero neronanus Bo3-
MOKHa B OTPAaHUUYCHHBIX 00beMax B Pe3ysbTaTe Pa3IUTHUSI U BOCTUIAMEH -
HUS, & TaKKe MPU UHUIMUPOBAHUU B3PHIBOM 3apsijia B3pHIBYATOTO BEIllE-
ctBa (BB).

JleToHaIMsl cMecH BOAOPOAA C BO3IYXOM MPOUCXOIUT MPH WHUIIMH-
POBaHUM B3PHIBOM BCETO OJHOTO IpamMMa TPOTHIIA, YTO MEHBIIE, YeM Tpe-
OyeTcs I MHULIIMUPOBAHUS yTIIEBOIOPOI0B, BKJIFOYAsi METaH.

3. MeTouka pacuera nmapameTpoB JETOHAIIMOHHON BOJTHBI

JIeTOHaIMOHHYIO BOJIHY B ra3ax MpeACTaBIsIOT KaK yJIapHYyIO BOJHY,
COMPOBOXKAAEMYIO BOJHON ropeHus. B oTimune ot aediarpaioHHOrO,
JAHHBIA TPOIIECC CBSI3aH C Pa30orPEBOM rasza yAapHOU BOJHOMN JI0 TeMIIe-
paTypsbl, 00ECIIeUnBaAIONIEH BBICOKYIO CKOPOCTh PEAKIMU U CKOPOCTh pac-
MPOCTPaHEHUS TIJIAMEHHU CO CKOPOCTHIO yIapHOM BOJIHBI.

VYuuThiBas BHICOKYIO CKOPOCTh JE€TOHAIMH (THICSTYM METPOB B CEKYH-
ny), copMupoBaniieecs npu ovictpoM ucnapenuun oodiako I'TIBC B 1e-
JSX pacyeTa CUMTAIOT HEM3MEHHBIM 3a BEChb IMEPUOJI PaCIpOCTpPaHCHUS
(GbpoHTa BOJIHBI JI0 BHEITHEW TpaHMIlbl 00JlaKa, CXEeMAaTU3UPYEMOTO TMOJTy-
chepoli paguyca rp C IIEHTPOM Ha MOBEPXHOCTU TpyHTa (puc.3), coBMe-
IIICHHBIM C UCTOYHMKOM WHULIMUpPOBaHUs. JlaBieHue Ha (poHTE JETOHA-
IIMOHHOW BOJIHBI B Ta30BBIX CMECSIX MOXeET jgocturath 2 Mlla, a mpu B3a-
UMOJICUCTBUA C KOHCTPYKLIMSIMU B TOMEHICHUSIX BCIIECJICTBUE MHO-
TOKPATHBIX OTpakeHUl — foxoauTh 10 10 MlIa.
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AP

Puc. 3. Cxema B3pbiBa [ TIBC u n3smenenns naenenuii 4P 110 KOOp-
nuHate R:

1 - obnacte obnaka I'TIBC c paguycom rp; 2 - 30Ha paznera 1] u
BO3AYIIHOW YJIapHOW BOJIHBI (R>7)); 3 - ”3BMEHEHUE NABJICHUM JJIs1 B3pbIBa

['TIBC; 4 - n3ameHeHue NaBICHUH T B3PbIBA 3apsifa KOHICHCUPOBAHHOTO
BB.

[TapameTpbl 1€TOHALIMOHHOW BOJIHBI B IPOLIECCE PACIIPOCTPAHEHHUS B
npeaenax obsiaka CyliecCTBEHHO He MeHstorcs. [Ipu BbIxoze 3a mpejesnbl
rpaHullbl o0naka pacuupsromuyecs npoaykrsl aetonauuu (I11) Bo30yx-
JAFOT BO3IYIIHYK YAAPHYIO BOJIHY.

[TockoybKy TIpu BBIOpOCAX HE BCE KOJIUYECTBO KUJKOTO MPOJYKTa
NEePEeXOAUT B 00JIAKO, K PACUETHOMY 3HAUYCHUIO MACChl MPOJIYKTa BBOAST
kodddunment v <1. Ha puc. 3 cxemaTndecku nokazaHo U3MEHECHUE MaK-
cuMyMa naBieHus no koopauHare R npu B3peiBe [ TIBC B cpaBHEHUU CO
B3PBIBOM 3apsifia KOHJIEHCUPOBAaHHOTO BB.

s pacuera nopaxaromiero neuctsus B3pbiBoB [ TIBC onpenensror
IapaMeTpbl AETOHAIMOHHOW BOJHBI pacimuupsatommxces 11/ u Bo3aymHou
YIIAPHOW BOJIHBL.

HauanwHsblil paguyc rp, m , nonycpepudeckoro oomnaka ['TIBC B 3a-
BHCHUMOCTH OT €ro o0sema Vy, »°, onpenensior no gopmyie

3V,

r =3 ) 1
) o (1)

HOCKOHBKy COIJIaCHO 3aKOHY ABoraz[po KHJIOMOJIb 4. UACAIIBHOTO

raza 3aHuMaeT oobem V. =22.4 M’, 115 Ta30BOM CMECH CTEXHOMETpHYE-

CKOTro cocTaBa ¢ 00beMHOM KOHUeHTpauuel C_., U MOJEKYISIPHOU Mac-

X
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COil 4 roproyeil KOMHOHeHThl Maccel C, nmpuOnmkeHHas Gopmyna i
o0beMa 00J1aKa 3aMKMChIBACTCS CICAYIOIMMM 00pa3oM:

v, =S¥l ®)

II’IFCCTX

3Havyenue koddduirenTa $ NpUHUMAIOT B 3aBUCUMOCTU OT CIIOCO-
0a xpaHeHud npoaykTa: 4 =1 — s ra3oB npu aTMOCchEepHOM JIaBIICHUH;
0.5 — nag ra3oB, CXKWKEHHBIX MHOJ AaBjieHueMm; (./— i Ta3oB, CXKH-
)KeHHBIX oxjaxacHueMm; 0.02...0.07— npu pacTeKaHUU JETKOBOCILIA-
MEHSIOIIUXCS AKUATKOCTEM.

[Ipu B3phIBE ACTOHAIIMOHHAS BOJHA PACIPOCTPAHSIECTCS CO CKOPO-
cTeio D, m/c,

D= \/2(7CTX2 o I)Qm 2 (3)

3nece u ganee Q_ — TemoTa B3pbIBA E€AMHHUIBI MACChl CMECH,

Lc/ke; .., — OKazareb aguadaTsl MPOAYKTOB JIETOHAIUY; O, ., — IUIOT-

HocTh obmaka I'TIBC, xe/a’.
BpeMs nonHoi neroHanum obiiaka ¢z, ¢, paBHO
t,=r,/D. (4)
MakcuMyM H30BITOYHOTO JIaBJ€HUS Ha (POHTE JETOHAIMOHHOMU
BOJIHBI (XUMUYECKUN MHK)
AP] = 4(7/CTX - I)QmpCTX - Po‘
UYepes BechbMa Majiblii HHTEPBAJI BpEMEHU 7 M30BITOYHOE JTaBJICHUE B

JIETOHAIIMOHHOM BOJIHE YMEHBIIIACTCS B JIBa pa3a (Tak Ha3bplBacMas TOYKA
Kyre)

2
AP, = P _p. (5)
7/CTX + 1
Bpewms 7 mopsizka JeCATKOB MUKPOCEKYH U ONIPEACIISICTCS TITUTEb-
HOCTBIO TIPEBpaIllcHUH B 30HE XMMHUYECKOW pPEaKIWH, T.C. TMepexoia OT
aanadaThl UCXOJHOTO BEIIECTBA K ainadaTe MPOAYKTOB JE€TOHAIINH.
XapaKTepUCTUKU PACTIPOCTPAHEHHBIX Ta30- M MapOBO3IYIITHBIX CMe-
cell IpuBeeHbI B Ta0muIIe 4.
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Tabnuna 4
XapaKTepUCTUKU ra30MapOBO3AYITHBIX CMECEil
rop}oqnﬁ HOMITO" Perxo KZ/M3 Qm ’ Yerx K CCTX’ 00.%
HEHT M ic/ke
['a30BO31ylIIHBIE CMECH
Amvmuak NH3 1.180 2.370 1.248] 17 19.72
Anerunen CoHp 1.278 3.387 1.259] 26 7.75
byrtan C4Hio 1.328 2.776 1.270] 58 3.13
bytunen C4Hg 1.329 2.892 1.260( 56 3.38
Bununxnopua
CoHLCl 1.400 2.483 1.260| 63 7.75
Bonopoa H; 0.933 3.425 1.248| 2 29.59
JuBuani CsHe 1.330 2.962 1.260| 54 3.68
Metan CHy4 1.232 2.763 1.256( 16 9.45
Oxkwucs yriepoma CO 1.280 2.930 1.256] 28 29.59
[Tponan C3Hg 1.315 2.801 1.257( 44 4.03
[Tponunen C3He 1.314 2.922 1.259| 42 4.46
Otan CyHe 1.250 2.797 1.257( 30 5.66
Otuned CoHy 1.285 3.010 1.259| 28 6.54
ITapoBo3nyiiHbIE CMECU
Aneron C3HsO 1.210 3.112 1.259] 42 4.99
DH3MH  ABMALHON-| 35, 2973 | — | 94| 210
HBII
benzon CsHe 1.350 2.937 1.261| 78 2.84
I'excan CsHi4 1.340 2.797 1.261| 86 2.16
Juxmoparan
CoHLCL, 1.490 2.164 1.265( 99 6.54
Juastunossliid 3pup
C.H 100 1.360 2.840 1.261| 74 3.38
Kcunon CeHio 1.355 2.830 1.259] 106 1.96
Metanon CH40 1.300 2.843 1.253| 32 12.30
[Tentan CsHia 1.340 2.797 1.258] 72 2.56
Tomyon C7Hg 1.350 2.843 1.260] 92 2.23
[uknorexkcan CsHiz 1.340 2.797 1.248| 84 2.28
Otanon CoHqO 1.340 2.804 1.256| 46 6.54
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Ha paccrosaum R, m, 10 LeHTpa B3pbIBA, IPEBBIIIAONIIEM HAYallb-
HBII pazmep oOnaka (R>rgp) Takue mapameTpbl yAapHOW BOJHBI KaK Mak-
cuMyM d(PhHeKTUBHOTO U30BITOUHOTO AaBieHust AP, Ila, n yaenbHBIA UM-
nynbc 1, [1a-c, onpenenstorcs no Gopmysam:

AP =PP, (6)
lgP=065-2.181g R +0.52(IgR), R=R/>/m,, (7)
[=L/m,, (8)
Ilg1=2.11-0.971g R +0.44(IgR)". 9)

31ech m, — TPOTWIOBBIM SKBUBAJIEHT HA3€MHOI'0 B3pbIBA MOJIyCcde-
puueckoro obiaka ['TIBC, ke,

m, =2mQ, /Q,, (10)

m= p..V, — Macca roprouero oodsaka, x2; Q. — TemIoTa B3pbIBA

0
Tpotuna (npuHsta paBHoi 4.184-10° Ik /kr); Py — aTtMocdepHoe naBiie-
Hue, //a.
JUis cluMBaHus MapamMeTpOB Ha TpaHUIle 00Jaka BEJIUYMHA 7 3aMe-
HsIETCSl Ha OJIM3KOE 3HaueHHe Ry, OmpenensieMoe U3 YCJIOBUS HENPEpbIB-
HocTH QyHKIMU AP (R) B TOYKE R=Ry:

R, =10/m,, a=K, - K] -A,

K, =1.09/0.52, A=1.25—1g(€1)522/1)°). (11)

DTO 03HAYaeT, YTO MPHU PACCTOAHMIX R<R) 3Haue€HHE U30BITOYHOIO
JABJICHUs IPUHUMACTCS IOCTOSHHBIM U paBHbIM AP (RO), a 3HA4YECHUE

MMITyIbca pUHIMaeTcs pasEbM I(R ) u3 (8).

DddextuBHoe BpeMs O, c, nelcTBUs Pa3bl CXKATUS YIAPHOU BOJIHBI
omnpeaenseTcsa no hopmyJie
© =2I/AP . (12)

4. IIpumep pacuera napaMmeTPOB JI€TOHALIMOHHOW BOJTHBI

PaccuuraeM napametpsl B3pbiBa o0aka I'TIBC, obpazoBanHOro npu
pazpyuieHun pezepyapa ¢ 1000 T CKHKEHHOTO MpoTaHa.
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HUcxonunie aHHbBIC:
C,=10"ke; 9=0.5; C_.,=4.03%; Q =2.801-10" Hoc/xe;
. =44, .. =1257; p.,. =1315ke/m’; P =1.013-10° Ila.

Omnpegensiem o6bem I'TIBC no popmye (2)
V.=224-05-10")(44-0.0403)=6.316-10° »’.
[TapameTpsl 1E€TOHAIMOHHON BOJIHBI
D=./2(1.257"-1)-2.801-10° =1.8-10° m/c,

_1.315-(1.8-10°)

T 1257+1

—1.013-100=17.9-10° Ila.

[TapameTpsl ymapHOW BOJHBI TIpU R>rp ompeaeauM 1o Gopmyliam
(6)...(12):

Macca ra3oBoro ooJjaka

m=1315-6316-10"=8.31-10" k2,

m, =2-831-10"-2.801-10°/4.184-10" =1.11-10" ke;

YTOYHEHHOE 3HAYCHHUE pajnyca o0raka

A:].25_1g(17.9-](0)§12.013-10 ):_1.]49,

K, =2.096, a=2.096—--/2.096"+1.149 =—-0.258,

R =10""-2/1.11-10 =123 m,

Ry =123/3/1.11-100 =0.551 m/xe"” ;

yAEIbHBIA UMITYJIBC HA PACCTOSIHUM R:

lg 1, =2.11-0.971g 0.551+ 0.44(1g 0.55])2 = 2.364,

I,=10"" =2311la-c/ke"”,

[,=231-2/1.11-100 =5.15-10° Ila-c;

s dexTuBHOE Bpemsi (ha3bl CHKATHUS

®,=2-515-10'/17.9-10° =0.0575c.

OnpenenuM mapaMeTpsl YAAPHOW BOJHBI Ha paccTosiHuu R=200 m
OT IIEHTpa B3phIBa (R>Ry):

R=200//111-10 =0.897 m/x2"",
lg P=0.65-2.181g0.897+0.52(1g 0.897) =0.754,

P=10"""=5.675,
AP =1.013-10°-5.675=5.76-10" Ila,
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lg1=2.11-0.971g0.897+0.44(1g 0.897) = 2.156,
I=10"""=1432Ila-c/ke"”,
1,=1432-4/1.11-100 =3.19-10" Ila-c,
®,=2-319-10"/5.76-10° =0.11c.
3aBucumoctu AP, (R) u I(R) npuBenenst Ha puc. 4.

i
2-10 T T T T

15100 | -

APm(R) 1-10°

5.10° F .

0 200 400 &00 200 1000

I(R)

0 | | | |
0 200 400 600 500 1000

Puc. 4. 3aBucumoctu AP, (R) ul (R) K pacueTy B3pbIBa IIPOIAHO-
BO31yHIHOro obnaka npu pasznuse 1000 T CKUKEHHOTO MpoIiaHa
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HOPAJOK BBIITIOJIHEHUSA PABOTbBI

Hnsa 3amanHoro mpenopasareneM cocraBa [TIBC maccou 1000 T
paccuMTaTh MmapaMeTpbl JTETOHAIMOHHOM BOJIHBI U OLIEHUTH CTEIEHB I10-
paxkeHus HaceyeHus. [ aToro:

1. CocraBute Ha OBM B cpene GAP nporpammy no pacuery napa-
METPOB B3PbIBA.

2. TlocTpouTth TpaduKu 3aBUCUMOCTEN MapaMETPOB yIAPHOU BOJIHBI
OT pacCTOsIHUS 10 AnuieHTpa B3poiBa (R=10...1000 m).

3. OUEHNATh PUCK MOPAXKEHUSI HACEIICHUS, HAXOIALIETOCS B PAliOHE
B3phIBA. J[J11 ATOTO, UCTIOIB3Ysl IaHHBIC TaOJ. 2, TPUBEICHHBIE B METOIH-
YECKUX yKa3aHUX K jJabopaTopHoii padote "PacyeT mapaMeTpoB B3pHIBOB
KOHJEHCUPOBAHHBIX B3PBIBYATHIX BEIIECTB', PacCUUTAaTh HA MECTHOCTH
IPaHULbl XaPAKTEPHBIX 30H MOPAXEHUdA, W, Jajee, miomanau 30H. [Ipu
ONpE/ICIICHUM KOJIMYECTBA MOMAaBIIMX B 00JIACTh B3phIBA JIFOJEH IJIOT-
HOCTh HaCEJIEHUS IPUHATH paBHOi / yemoBek Ha 100 m”.

COAEPKXAHUE OTYHETA

1. HaummenoBaHue paOoOTHI.

2. llens paboTHI.

3. Jluctuar HamucanHoM B cpene GAP mporpammsel pacuera mapa-
MeTpoB B3pbiBa [ TIBC.

4. T'paduku 3aBUCUMOCTEN MapaMeTpOB yIapHOU BOJHBI OT paccTo-
SHUSA 10 SIIULECHTPA B3PbIBA.

5. Tabnuna c pe3ynbTaTamMH pacuera JIOJICKAX MOTEPh MO 30HAM
MOPaXKCHUS.

KOHTPOJIBHBIE BOITPOCBI

1. B Kakux arperaTHbIX COCTOSHUSX MOTYT HaXOJUTHCS KOMIIOHECH-
1ol [ TIBC?

2. KakoBa kimaccudukaiusi BEIIECTB MO IPHU3HAKY HX PacIojo-
YKEHUS B 30HAX JUArPAMMbI COCTOSIHUSA ?
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3. OObsicHUTE, B KaKUX YCIOBUAX MPOUCXOIUT BOCIUIAMEHEHHUE 00-
nmaka I'TIBC, a B kakux — qeToHaIus.

4. Ucxoas u3 Kakux AOMyLIeHUU, GOPMUPYETCS MaTeMaTH4ecKas
Mojenb B3pbiBa [ TIBC?

5. B yeM cocToUT OT/IMYME 3aBUCUMOCTEW M30BITOYHOI'O JaBJICHUS
OT pacCTOSAHMS TIPU B3pbIBE KOHJEHcHpoBaHHOro BB u ob6naka

['TIBC?

BUBJIMOTPA®UYECKHUI CITMCOK
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HEJb PABOTDI:

— U3y4YEHHUE METOJIUKU pacyeTa MOPaKarollero JEUCTBUS OCKOJIKOB
IIpHY B3pbIBax razo- u napoBo3ayHbix cMecei (I'TIBC) B eMkocCTsIX;

— co3nanue Ha DOBM B cpene GAP nporpamm mo oneHke JeHCTBUS
CIIEKTpa OCKOJIKOB Ha OOBEKTHI.

OBIIUE ITOJTOKEHUA

[Ipu aBapuitHOM pa3pyieHun 000JI0YEK pe3ePBYyapoOB, ra3roabICPOB
Y COCYJIOB JIaBJICHHS CO CKAThIM B3PBIBOOIACHBIM WJIM MHEPTHBIM T'a30M
(ra3oBBIMH CMECSIMH) 00pa3yroTCsl OCKOJIKH, CLIOCOOHBbIE HAHOCUThH MaTe-
pUANIbHBIN y1IepO 1 BbI3bIBATH MOPAXKEHUE JTIOACH.

Ananu3 niocnenctsuil B3pbiBoB ['TIBC mpoBonsT B nBa srana. Ha
IIEPBOM PACCUUTHIBAIOT MAPAMETPhI B3pbIBA EMKOCTH C SJHEPTOHOCUTEIIEM,
Ha BTOPOM, — HUCXOJd U3 MOJYYEHHON HAYAIBHOW CKOPOCTH OCKOJKOB, —
OLICHUBAIOT MOPaXKarollee IeMCTBUE OCKOJIKOB Ha 00BEKThI-MHUILEHHU.

1. PacyeT mapaMeTpoOB B3phIBa EMKOCTH C SHEPTOHOCUTEIEM

Temo Q,, /{orc/ke, BbIAETAIONIEECS NIPU B3PBIBHOM IPEBPALLEHUN U

paciupCHUN CAUHUIIBI MACChl SOHCPTOHOCUTCIIA, OIIPCACIIAOT U3 BBIPAKCEC-
HUA

Q,=0,+A0. (1)
3nech () — TEIUIOTa B3pbIBa €IMHMIIBI MacChl cMecH, Joc/ke; AQ —

yAeJbHas SHEeprus raza (CMecH ra3oB), CKaTOro M30bITOYHBIM TABJIECHUEM
AP=P—P (P — naBnenue B eMmkoctH, [la; P, =1013251la — atmo-
cheprnoe nasnenue). [Tapamerprsl Hekotopbix ['TIBC npu HOpMaibHBIX
YCIOBHSX JaHbl B TaOu. 1, 2, rie y — mokasaTenb aauadatel; pg — MJIOT-
nHocth ITIBC, ka/m’. OT™MeTHM, 4TO IS MHEPTHBIX Ta3oB BenuuuHa QO

IIPUHUMAETCS PABHOM HYIJIIO.



Tabmumna 1

XapaKTepUCTUKHA HHEPTHBIX Ta30B MPU HOPMAJIBHBIX YCIOBUIX

a3 P, KM’ | Y
Boznyx 1.225 1.40
JByokuch yriepoaa CO- 1.872 1.28
['ennit He 0.170 1.67
Bonopon H 0.0853 1.40
Kucnopon O; 1.352 1.40
A3oT N 1.181 1.40
JIByokucs cepbl SO» 2.768 1.26
Haceiennsiii BogsiHo map  |0.763 1.28

Xapaktepuctuku B3peiBoonacHeix I'TIBC mpu

HOPMAJIbBHBIX YCJIOBHAX

Tabmuna 2

I'oprounu P> 0,,
KOMITOHCHT ke/m’ MI]oic/ke
l"a3oBO3ay1IHBIE CMECH

Ammuak NHj 1.180 2.370 948
Anernnen CoH; 1.278 3.387 959
byran CsHjo 1.328 2.776 970
byrunen C4Hg 1.329 2.892 260
o ctopHA 1400 | 2483 |,
Bonopon Ha 0.933 3.425 148
JuBuann C4He 1.330 2.962 260
Metan CHy 1.232 2.763 56
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Toprouwii P> O,

KOMIIOHEHT Kke/m’ M /re

Oxkwucs yriaepoaa CO 1.280 2.930 256
[Mpomnan CsHg 1315 2.801 257
[Tponunen CsHe 1.314 2.922 259
Otan C;Hs 1.250 2.797 257
Otunen C,Hy 1.285 3.010 959

ITapoBo3ay1IHbIE CMECH

Aneron C3HgO 1.210 3.112 959
benzon CsHs 1.350 2.937 261
I'excan CsH 14 1.340 2.797 761
é‘fﬁféim‘* 1.490 2.164 |
)éfﬁ:la:gﬂwmn a¢up 1.360 2 840 261
Kcunon CgHio 1.355 2.830 259
Meranon CH40 1.300 2.843 953
ITentan CsHiz 1.340 2.797 158
Tonyon C;7Hg 1.350 2.843 260
Huxnorexcan CeH iz 1.340 2.797 248
Oranon C,HsO 1.340 2.804 56




VYnensnyro suepruro raza AQ, [ic/ke, cxKaToro W30BITOYHBIM JaB-
aeHreM AP, mojy4aroT 1mo popmyiie

AP
AQ=———, (2)
p-(y-1)

rae P — IJIOTHOCTh CMECH IIPH JaBIeHuH P, ke/w’, — paccunTeiBaer-
Ci KaK

p=p, +/P/F.(3)

OlleHUTh HAYaJIbHYI0 CKOPOCTh OCKOJIKOB pa3pyliaeMo 000JOUKH
Vo, m/c, MOKHO 13 BBIpQXKCHUS

V,=[2:8-0,. @

3necy 8 =C/m — OTHOLIEHHWE MACC YHEPrOHOCUTENS U OOOJOUKH.
Macca C, ke, S9HEPrOHOCUTENIS € TUIOTHOCTBIO p, HAXOSIIEr0CsA B COCYIE C
o0beMoM V, m’, paBHa

C=p-V.(5

IIpu B3pBIBaX ra3oBbIX cMecel (Tabi. 2) ajs MPOoAyKTOB JETOHALUU
MaJIOH IJIOTHOCTH ONPENEISIOT CKOPOCTh AeTOHAIMU D, m/c,

D:\/2'(7/2 _]).QB b (6)

N MaCCOBYIO CKOPOCTH IIPOAYKTOB ACTOHAIIUN
D

VHH - - (7)

y+1

Tak kak CKOpPOCTH Vo HC MOXCT IIPCBbIIIATH 3HAYCHUA MacCOBOH

CKOPOCTH V,w , BBOISIT CIEAYIOIIEE OTPAHUYECHUE
- K,ﬂ<ﬂ,
Vieo B2 P.
_r—1
T er

TpoTunossliit 3kBUBaieHT B3pbiBa [ TIBC onieHuBaroT o hopmyiie

C,.,=2-1n- 9, -C, Ke, (8)

THT

rne O, =4.24 M/[xc/ke — temnora B3pbiBa Tpotwia. Kodhdunu-
€HT 77 </ y4UTBIBAE€T pacXoJ SHEPruM Ha 00pa30BaHUE BOPOHKU B IPYyHTE
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JUISl HAQ3EMHBIX B3PBIBOB (M1 CpeHUX TPYHTOB 77 =(.6...0.65, 175t TIIOT-
HBIX CYTJIMHKOB U IIUHBL 17 =(0.8).
M30biTounoe nasnenne AP, Mlla, na ppoHTE yaapHOU BOJIHBI U y/IEIb-

HBbIA UMITyJbC [, klla-c, Ha pacCCTOSIHUU R, M, ONIPEEIISIIOT U3 BBIPAKECHUN:

0084 027 07 -
A})qb R R R/\/ rHr > (9)

I=04- A/C;HT /R.

2. [lopaxarolee AeCTBUE OCKOJIKOB

B MoMeHT ymapa ockojiKka Mo OOBEKTY-MHUIIEHH CKOPOCTh BCTPEUH
Ha paccTosHuM R OyAeT MEHbIIle, YeM HadajibHas CKOPOCTh V), MO mpHu-
YHHE TOPMOXEHUS JIOOOBBIM COTMPOTUBICHUEM Bo3ayxa. s ompexene-
HUS W3MEHEHUH CKOPOCTH OCKOJIKA C PACCTOSHHEM HCIOJb3YeTCs IPH-
ommkennas ¢popmyna I'. U. ITokpoBckoro

V=r: exp( Rj (10)
@

rae V — ckopoctb ymapa, m/c; [ =./d; +[; — XapakTepHbIi pa3mep
OCKOJIKA, OIpeAesieMbld €ero TOJUMHOM [, um auamerpoM d,, M;
® = p,/p, — OTHOILICHUE TUIOTHOCTEH MaTepHrana 000J0UYKH U BO3IyXa.

[IpuBenennas Gopmyiia orpaHudeHa BEIUYUHON R,, M, JATBHOCTH
MoJIeTa OCKOJIKA

R =2V - |/H/g,R<R, (11)

rae H — BbicoTa LieHTpa B3pbiBa, M; g = 9.81 M/c — ycKOpeHue CBO-
OOIHOIO MaJacHUI.

Or11eHKy MOpaXkaroIiero JACHCTBUS OCKOJIKA M0 00BEKTY OyaeM Ipo-
BOJIUTH C YYETOM TOJIBKO pa3MEpPOB U MacChl OCKOJIKA, 0€30THOCUTEIBHO K

XapakTepy ApoOieHus 000J0YeK U 3aBUCUMOCTH OAUTMCTUKH OT mapa-
METPOB OCKOJIKOB. B 3TOM ciydae TonmmHa ockoika [, mpu pacuerax

MPUHUMAETCS PaBHOM TOJIILIUHE d MaTepuaaa 00O0JOYKH, a TUuaMeTp d; —
KpaTHeIM TosimuHe d (d, =z-d, z=1,2,...). Torna macca OCKoJKa My,

Ke, ompejiensieTcs no hopmyJie
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2
712
4
rae A — MUIEIEBO CeUYEHUE OCKOJIKA, M . HHUCIIO 1 OCKOJIKOB C ceue-
HUEM A oNpeeNsaeTcsl uepe3 OTHOIIEHUE TIJIONIAAN MTOBEPXHOCTH 000JI0Y-
KM S K TUTOMIAU MTOTIEPEYHOr0 CEYCHUS OCKOJIKa, T.e. n =S/ A.
CxopocThb yaapa, IIpd KOTOPOH Mperpajia TONIIUHON /4, TpoOHUBaeTcs
C TIOJIHOM MOTEepe KMHETUYECKON SHEPrUH, Ha3bIBAETCA MpeIebHON 0al-
JIUCTUYECKON WJIM KPUTHUYECKOM CKOPOCThIO. ECin CKOpOCTh yjaapa Ipe-
BBICUT KPUTHUYECKOE 3HAYEHHUE, OCKOJIOK MPOKOJIET Mperpajy TOJIIUHOU
h, < h,, IOTEPSIB JINIIb YACTh KHHETUYECKON SHEPTHH.

m,=d-A-p, A=

IIpyu BBICOKOCKOPOCTHOM YyJIape€ NPUHSTO CUUTATh, YTO COMPOTUBIIEC-
HHAE BHEIPECHUIO B METAJUIMYECKYIO MPETPAAy AOCTATOYHO ITOCTOSHHO,
oOycioBIMBasl JUHEHHOE yOBIBAHME CKOPOCTH OCKOJIKAa JI0 TMOJIHOTO €Tro
TOPMOKEHUSI B Mperpajie TOJIUHON /A, . Torma mopsiok 0CTaTOYHOM CKO-

poctu V, 1uist mperpajsl TOIIMKUHON /4, < A, MOKHO OLEHUTH 110 GopMyJie

K:V-]—%. (13)

*

[IpenenbHast TOJIIMHA METAJUIMUECKOW Tperpaasl A, m, MpoOuBae-

MOU OCKOJIKOM € 50% BEpOATHOCTBIO, ONPEAEISIETCS U3 BBIPAKECHUS
138-d - o -
h*ZO 38-d, - p, V. (14)

A0, P,

3necb 0, U p, — IAHAMUYECKUU Ipenen TeKydecTH, [la, u IIoT-

HOCTh Marepuala Iperpaabl, k2/m’. 3HaueHus o U p I HEKOTOPBIX Me-
TaJIJIOB IPUBEACHBI HIXKE.

Meraun JAnHaMUYeCKUM npeaen [lnotHOCTS p,
TekydecTH a, [ Tla Ke/m?

Cranu 0.30...2.10 7800
UyryHbI 0.12...0.40 7100
Maruuessie ciassl | 0.21...0.34 1800
AJTToMHUHUEBBIC 0.44...0.55 2780
CILIABEI

Turanossle ciiaBel | 0.45...1.50 4500
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[Topaxaromiee neicTBUE OCKOJIKa Ha 4yenoBeka, ¢ 50% BeposATHO-
CThIO BBI3BIBAIOIIECE CHIIbHBIC PAHCHUS, OLCHUBAIOT MO MPEACIBHON CKO-
poctu ynapa V., m/c, coraacHO SMIIUPUYECKON 3aBUCUMOCTH

V ;w+22. (15)

50
m,

3. IIpumepsl pacueTa B3pbIBOB YHEPIOHOCUTENEH B 000I0UKaX

Ipumep 1. Ouenka nmapamMeTpoB aBapUMHOTIO B3PbIBA Ta3roJibAcpa
CO CXKaThIM BO3JyXOM M JIEMCTBUSA OCKOJIKOB IO MHUIIEHSIM W3 aJTIOMUHHE-
BOT'O CILIABA.

B cdepuueckom cTambHOM ras3rofibJiepe BBICOKOTO JIaBJICHHS 00be-
MoM 600 M’ co CKaTBIM BO3JyXOM, HE UMEIOIIEM CPEJICTB cOpoca JaBiie-

HUSI, B PE3YJIbTATE CBEPXHOPMATUBHOIO MOCTYIUIEHHS BO3/lyXa IABJICHUE
P =2.961Mlla 3HaunTenbHO TPEBBICUIIO pacyeTHOE pabodee NaBJICHHUE

(0.8 Mlla), BcineACTBHE YETO IMPOU3OILIO B3PBIBHOE pa3pylleHHUE 000-

JIOYKHU.
[TapameTpsl 000JI0UKM: paguyc 7»=J5.25.m, TOJNIMHA CTEHKHU

d =16 mm . I'a3ronpaep pacrnosioxeH Ha Boicote H =4 m, TPYHT — cpell-
Huii (7 =0.6).

[1moniaap MOBEPXHOCTH ra3royibaepa

S=4-7-r’"=4-3.14-5.25 =346.361 m".

O0Obem razroibaepa

VZj-ﬂ'-l"j =§-3.14-5.253 =600.131 m".

Macca 0060J109KH MpHU IUIOTHOCTH MeTaina p, = 7800 ke/m’ paBHa

m=S-d-p, =346.361-0.016-7800=43.23-10" ke.

[InoTHOCTE BO3A4yXa B Trasroipiepe IpH H30BITOYHOM JaBICHUU
AP=P—-P =2961-0.101=2.86 MIla naxonurcsi 10 ypaBHEHUIO U3€H-

Tpomsl (3)

p=p, i/P/P =1.225-142.961/0.10] =13.68 xr/™’ .

IMonnast macca raza C=p-V =13.68-606.131=8.292-10" k. Or1-
HOIIIEHHE MAacC CKATOr0 BO3AyXa M MeTalljla 000JI0UKH
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L=C/m=8292-10°/43.23-10" =0.192.
ITo dpopmyne (2) moacuuThIBaeM yJEIbHYIO SHEPTUIO ra3a
AQ = AP 286100 s 0hg.00° Tlonc ke,

p-(y=1) 13.68-(1.4-1)
M, COOTBETCTBEHHO, O, =AQ =5.227-10" [oc/ke.
HauvanpHas CKOpOCTh OCKOJIKOB 000JIOUKH COCTaBUT 110 hopmyiie (4)
V,=.2-B-0,=/2-0.192-5.227-10° =447.796 m/c.
TpOTUIIOBBIN 3KBUBAJIEHT B3pPbIBA Ia3TrOJIbAEPA
C,. :2-77-QB-C:2-0.6-W-8.292-103 =1227ke.

6
THT

PaccMmoTpuM mopakaroliiiee JIeiMCTBUE CIIEKTpa OCKOJIKOB IO IIperpa-
naM w3 aopamoMuHus (16 ¢ AuHaMUYEeCKUM TIPEesioM TEKy4eCTH
o, =440 Mlla na pacctosauu R =10 m oT 00004Ku. [IJIs1 BOBMOMXKHOTO

IpoOIeHNsT 000JIOYKH MPUMEM OTHOIICHUS TUAMETPOB OCKOJKOB K TOJ-
IMHE CTEHKU 000n0uku z=d, /d =1,2.5,5,10. Tax, [y nepBoro 3Haye-

HUs d, = d noirydum
[=./d; +1; =/0.016" +0.016" =0.023 u;
w=7800/1.225=6.367-10".
Cxkopocts Betpeun 1o gopmyiie (10)

V=V -exp(— R) =447. 796-exp(— 10 j =
-l 6.367-10°-0.023

=417.77 m/c
JlanbHOCTH MoJieTa OCKOJKOB 1o (opmyne (11) opueHTHUPOBOYHO
COCTaBUT

R =2V, ]—I/g :2-447.796-A/4/9.8] =571.881m.

Yucio 0CKOJIKOB ¢ MUAEIIEM

A= ﬂjl _ 00167 2011-10° m°

paBHO n=S/4=346361/2.011-10" =1.723-10°. Macca ockoJKa

m,=d-A-p,=0.016-2.011-10" -7800=0.025 ke.

[IpenenbHast TONIIMHA MPOOUBACMON TIOPATIOMHUHUEBOM TIPETPabl C
mapametpamu p, = 2780ke/m’u o, =440 Mlla no ¢dopmyne (14) co-
CTaBIISIET
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_0.138-d,-p,-V _0.138-0.016-7800-417.77

Jo, - p, 440-10° - 2780

JU1a mpoOMBaeMbIX MMILEHEH TOJUIMHOW A, < A, ONpenensieTcss CKo-

h, =6.506-10" m.

pOCTh OCKOJIKa V, Ha BbuIeTe U3 mperpaisl. Hanpumep, mid MulieHu c
h, =5 mm 1o popmyine (13)
5-10°

V.o=V- 1=t g7 -
h, 6.506-10°

JInsi OLIEHKH MOPa)KCHHUSI 4YEJIOBEKA OCKOJIKOM BBIYUCISETCS Tpe-
JenbHask CKOPOCTh yaapa V,, coriaacHo 3aBUCUMOCTH (15)

_1247-2.011-10"

0.025

B T1abn. 3 npuBeneHbl pe3ynabTaThl pacyuera JEWCTBUS CIEKTPA
OCKOJIKOB Ta3roJibjiecpa MO JIOPATIOMUHUEBBIM MHUIICHSM Pa3IudyHOU
ToMmuHbl. ['paduku 3aBUCHMOCTENW TPENETbHONW TOJIIUHBI TPErpagbl U
OCTaTOYHON CKOPOCTHU OCKOJIKOB NP MPOOMBAHUM MUIIEHEH Pa3IudHOU

] =96.681m/c.

+22=31.992m/c.

50

TOJIIUHBI OT IMAMCTPa OCKOJIKOB ITOKAa3aHbI HA pI/IC.l, 2.

Tabauna 3

Pe3ynbTaThl pacyeTa OCKOJIOYHOTO JIEUCTBUS B3phIBA C(HEPUIECKOTO

pasroJibaepa
Huamerp | Macca Cxopocth | Tonmuua | Ocratounas | ['myOuna
OCKOJIKa |OCKOJIKA |BCTPE€YHM |MHUIIEHU | CKOPOCTH MPOHUKAHUS
d,, mm m,, K2 V, mjc h,, mm V., mc h,, mm
6| 0.025 41777 1o T -1 65
10 174.895
40 0.157 431.766 15 46.459
_________________________________________ 20 |- lies
10 310.823
15 246.605
20 182.387
80 0.627 439.258 75 118.170
30 53.952
_________________________________________ 35 e fm2
160 2.509 443.444 10 379.226
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15 347.117
20 282.899
25 282.899
30 250.790
35 218.682
40 186.573
45 154.464
50 122.355
55 90.246
60 58.137
65 26.028
70 - 69.05
h. , mm
120
100 -~
_~

80 //

60 //

40 //

20 -

/
0 50 100 150 200 250

Puc. 1. 3aBuCUMOCTb NpeeIbHOM TOJIMUHBI MPOOUBAEMOM
nperpaasl
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500

400

300 P _—
h,= IOMy /

/
200 =30 MV
’ h,= 60 mm /
100 / -
/ / / V=32 mc
0 7

50 100 150 200 250
d,, mm

Puc. 2. 3aBUCUMOCTH OCTaTOYHOU CKOPOCTH OCKOJIKOB IIPU MPOOU-
BAHUU MUIIECHEN PA3JIUYHOMN TOJILIUHBI

IIpumep 2. OnieHKa napaMeTpoB aBapUUHOTO B3PbIBA 8-OCHOU XKe-
JI€3HOJOPOKHOM UCTEepHBI (Moaenb 15-1581).
Pasmepsl uctepHsl: mmHaA h = 23.4 m, pagnyc » = 1.5 m. Marepu-

an xotna — cranb 0912C ¢ npenenom npounoctu o, = 330 Mlla, Tonu-
Ha cTeHkH d =30 mm. KoTen cogepXuT ra30BO3AYIIHYIO CMECh C TOPIO-

yell KOMIIOHEHTOW MeTaHoM. B3pbIB mpousomiesn TMpu  JaBICHUHU
P=3.101 Mlla, coOoTBEeTCTBYIOIIEM Ipeie]ly MPOYHOCTH MeTaiuia. BeI-

coTa 3MULIEHTpa B3pbiBa H = 3 M, TpyHT — cpeauuii (17 = 0.6).
AHanu3upyeTcs 1eMCTBHE OCKOJIKOB Ha MUIIICHU U3 BBICOKOTIPOYHOM
CTaJlM ¢ InpeaesnoM npouHoctu o, =2100Mlla Ha paccTOSIHUU

R=100m.
[1;momaae MOBEPXHOCTH LIUCTEPHBI
S=2-n-r+2-7r-r-h=2-314-1.5"+2-3.14-1.5-23.4 =
=234.677m".
O0bem KoTia
V=rm-r’-h=314-15-234=165.405m".
Macca 060J109KH TP MIOTHOCTH MeTauna p, = 7800 ke/m’ paBHa
m=S-d-p,=234.677-0.03-7800=54.91-10’ «e.
[InotHocts [TIBC B wnucrepHe mpu U30BITOYHOM JIaBJIICHUU
AP=P—-P =3.101-0.101= 3 MIla naxoauM 1o ypaBHEHUIO U3EHTPOIBI

)
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p=p,-%/P/P =1232-123/0.10]1 =18.822ke/m" .
[Monnas macca cmecu C=p-V =18822-165405=3.113-10’ ke.

OTtHomeHue
B=C/m=3.113-10°/54.91-10°
=(1.256—-1)/(1.256+1)=0.113.

p.

Macce

CoKaTOM

CcMECH

=0.057;

n

METalliia

000JIOUYKH

[To dopmynam (1) u (2) moaCYUTHIBAEM CYMMapHYIO SHEPTHUIO B3PbI-
BOOMIACHOTO CXAaTOTO ra3a

0,=0,+

AP

p-(y-1)

=3.386-10" [Joc/xe.

HauanbHasi CKopoCTh OCKOJIKOB 000JI0YKU COCTABUT 1O (popmyrie (4)

V,=.[2--0,=/2-0.057-3.386-10°

=2.763-10" +

3-10

a CKOpOCTB neroHauuu D

D=./2-(y

18.822-(1.256-1)

=619.583m/c,

*—1)-0,=/2-(1.256" —1)-3.386-10° =1978 m/c.

HOJ’IY‘IGHH&H BeanuuHa Vy He IMIPCBLIIACT 3HAYCHUA MacCCOBOM CKO-
pOoCTH NTPOAYKTOB ACTOHAIINHN

nzz:

TpOTHUIIOBBIN 3KBUBAJIEHT B3PbIBA IUCTEPHBI C METAHOM

C,,

THT

D 1978
y+1 1.256+1
=21 9 -C=2-0.6-

3.386-10°
4.24-10°

=876.563m/c > 619.583 m/c.

-3.113-10° = 2983 ke .

Pe3ynbTarhl OLIEHKM AEHWCTBUS CIIEKTPa OCKOJIKOB ILIMCTEPHBI MO
CTaJbHBIM MUIICHIM Pa3IMYHON TOIIIMHBI IpUBEACHBI B Ta0. 4. Ha puc.
3 moKa3aHbl 3aBUCUMOCTH OCTATOYHOM CKOPOCTH OCKOJIKOB MPH MPOOHBa-
HUU MUILICHEH.

Tabnura 4

Pe3ynbTaThl pacyeTa OCKOJIOYHOTO JIEWCTBUS B3pbIBA UCTEPHBI

Huametp | Macca Ckopoctb | Tommmna | Ocratounas | ['myOuna
OCKOJIKA |OCKOJIKa |[BcTpeun |muiIeHM |CKOpOCTb IPOHUKAHUS
d, mm | m,, ke V, mjc h,, mm VA, m/c h,, mm

A — 0165 1427893 1> Lo | 34 ]
60 0.662 490.256 |5 176.926




IS I S I 1 — R | [ S
5 433.796
10 308.464
150 4.135 559.128 15 183.132
20 57.8
_________________________________________ 5 ol l23
5 525.469
10 462.803
15 400.137
20 337.471
25 274.805
300 16.54 588.135 30 212.139
35 149.473
40 86.807
45 24.141
50 - 46.9
V, ,M/c
600
—

400 ~

200
/ 4 h,= 15 MM
/ / V., =[27.3 m/c
0

50 100 150 200 250 300
d, , Mmm

Puc. 3. 3aBUCMMOCTH OCTATOYHOW CKOPOCTH OCKOJIKOB IIPU
NpOOMBAaHUM MUIIICHEHW PA3IMYHON TOIIIMHBI
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HOPAJOK BBIITIOJIHEHUSA PABOTbBI

st 3amaHHOrO TpernojaBaTesieM BapuaHTta (Tali. 5) paccuuTarhb
napaMeTpbl B3pbIBa CTaIbHOM €MKOCTH C SHEPrOHOCUTEIIEM U OLECHUTH
nopaxaroiiee JACHCTBUE OCKOJKOB Ha OOBEKTHI-MUILIECHU (Mperpajbl W3
MeTaJlJla U 4YeJIoBeK). /[ HEYEeTHhIX BapHAHTOB €MKOCTh C YHEPrOHOCH-
TEJIEM PACIIOJI0KEHA HA CPEHEM CPYHTE, ISl YETHBIX — HA MJIOTHOM CY-
TJIMHKE.

OTHoIIEHUE AUAMETPOB OCKOJIKOB K TOJIIMHE CTEHKU OOOJIOUKH Z
M3MEHSEeTCs B AuarazoHe ot / g0 15. JIecTBHE OCKOJKOB HA METaJInYe-
CKHME MUILIECHH aHaJIu3UpyeTcsl Ha paccTostHud R =100 m.

Tabmnura 5
BapuanTel 3aianuii
Bapu- | Pazmepsnl d, |DHeproHocu- MuieHb H,
aHT €MKOCTH mm | tens (AP, Mlla) | (o,, Mlla) M
(r unu h xr),
M
1 Cdepa (3) 10 [ Bo3ayx (3) Craib (300) 2
5 Hunuuap 15 byran (0) MarnaueBsiit 2.5
(20x2) cras (300)
3 Cdepa (4) 20 ITpoman (0.05) 22}(()))1\4HH cruiaB | 3
4 Humaaap 75 ITap (4) UyryHn (400) 3.5
(22x2)
benzon (0 TutaHoBbIN 4
. Chepa (3) 30 © cruas (450)
6 Hunuuap 10 HuxmopsTan Craib (500) 2
(25x1.5) (0.15)
lemuu (5 MaruaueBbli 2.5
/ Cohepa (6) 15 ® crias (250)
2 Hunuuap 20 Ammuak (0) AJIFOMHWH. CIUIaB | 3
(20x3) (500)
9 Cdepa (7) 25 | Iponunen (0.2) |[Yyrys (150) 3.5
10 Hunuuap 30 A3zot (3) TuTraHoBbIN 4
(20x2) cras (1000)
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Jli1st aTOTO:!

1. CocraBute Ha OBM B cpene GAP nporpammy no aHanusy IoO-
cnencreui B3pbiBa emkoctu ¢ ['TIBC.

2. IMocTpoutsh rpaduk 3aBUCUMOCTH MPEAEIbHON TOJIIHUHBI MPOOU-
BAEMOU METAJUIMYECKOU IPErpaabl OT JUAMETPA OCKOIKOB.

3. Iloctpouth 3-X MepHBIN rpaduk 3aBUCUMOCTH OCTATOYHOM CKO-
POCTH OT JUaMeTpa OCKOJIKOB M TOJIILWHBI IPErPaabl, a TAKKE HECKOJIBKO
CEYCHUU TTOJYYEHHOU TOBEPXHOCTH.

4. Onpenenuth Ha miockoctd (d,, R) o6nacTh, B KOTOPOH Topaxe-

HHE YEJI0BEKa OCKOJIKAMH MAJIOBEPOSATHO (OHA OrpaHMYeHA BEIMUMHON R,

AJaJIbHOCTHU IIOJICTA OCKOJ'IKa). Ecnmu ona CymeCTBYyCT, IIOCTPOUTb 3aBHUCH-
MOCTh MHUHHMMAJIBHO 0O€30IacHOTO pacCcCTOAHUA A0 SIIMLCHTPA B3PbIBa OT
ANaMCTpa OCKOJIKOB.

COAEPKAHUE OTYETA

1. HaumeHoBaHue pabOTHI.

2. Ilenb paboTHI.

3. Jluctuar HanucanHou B cpeae GAP mporpaMmel o OLUEHKE JEH-
CTBHUA CIIEKTpa OCKOJKOB Ha OOBEKTHI MPHU B3PbIBAX HEPrOHOCUTENEH B
000JI0YKaX.

4. I'padmku 3aBUCUMOCTEHN, YKa3aHHBIX B MOPSAKE BBHIIIOIHEHUS pa-
OOTHI.

KOHTPOJIBHBIE BOITPOCbI

1. Kakum oOpasom paccuuthiBator sHepruto ['TIBC B ciydasx
WHEPTHOT'O U B3PBIBOONACHOTO ra3oB?

2. Kakoe orpannyeHre HCHONB3YETCS MPHU OLICHKE HAYAIbHOWU CKO-
POCTH OCKOJIKOB?

3. [To kakoMy 3aKOHY U3MEHSETCS CKOPOCTh OCKOJIKA B IIperpae?

4. JlaniTe onpeeneHne KpUTHUECKON CKOPOCTH.

5. Kak o1eHuBaroT nopaxaromiee JIeiCcTBUE OCKOJIKa Ha YeJIoBeKa?
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Kanaunat TexHuueckux Hayk, noueHt .11 Tumoghees.

OueHka nopaamuiero AeiMcTBUs TENJI0BON pagualuM IPH Cro-
PaHNH YIJIeBOJAOPOAOB: METOJAMUYECKHE YKa3aHUsI K MPOBEICHUIO JTabopa-
TopHO#l paboTel / FOro-3am. roc. yH-T; coct.. M.O. Kupuipuyk, A.B.
['meznunosa. Kypck, 2017. 15 c.

B MeTomnueckux ykazaHUsSIX H3JIaraeTcs METOJMKa pacuera mnapa-
METPOB OTHEHHBIX IIapPOB, BOZHUKAIOIIUX MPU CTOPAaHUU YTJIEBOJIOPOIOB
U JedarpalliOHHBIX B3pbIBaX ra30MapoOBO3AYIIHBIX CMECEH B OTKPHITOM
IPOCTPAHCTBE.

Mertoauueckue ykazaHus MpeJHa3HAYEHBbI I CTYJCHTOB HaIlpaBIICHUMN
noarotroBku 20.03.01, 20.04.01 TexnocdepHas 6€30MaCHOCTb.

TekcT neyaraercs B aBTopCKOfI peaaKkunun

IToamucano B reyaTh dopmar 60x84 1/16.
Ve ned. 1. 0,87. Yu.-uzp.u. 0,83. Tupax 30 k3. 3aka3z . becriarHo.

FOro-3amnannblii rocygapCcTBEHHBIN YHUBEPCUTET.
305040, r. Kypck, yi. 50 net Oxtsa6ps, 94.



HEJIb PABOTDI:

— M3YyYECHHUE MEXAaHU3MOB BO3HUKHOBEHUS MOXKAPOB IMPU ABAPUIX HA
XUMHYECKH OMMACHBIX O0BEKTaX;

— OCBOCHHME METOJIMKHM pacueTa mapaMeTpOB TEILUIOBOTO ITOTOKA OT-
HEHHOrO Iapa, oOpa3ylollerocs MNpU CTrOpPaHUM Ta30MapOBO3IYILIHBIX
cMeceH;

— co3ganue Ha DBM B cpene GAP nmporpammsl 1o aHanu3y mnopa-
JKAIOIIETO JCMCTBUA TEIUIOBOM pPaJualdM NPUA CTOPAaHUHU Ta30IapOBO3-
JYIIHBIX CMECEH.

OBIIME ITOJIOKEHUA

[Toxkap — 2TO CTUXMHHO pa3BUBAIOLIEECS TOPEHUE, HE MPELYCMOT-
PEHHOE TEXHOJIOTUYECKMMHM Ipoueccamu. B cirydae, xoraa Hpou3BOI-
CTBEHHBIH TMPOIIECC CBS3aH C MEpepabOTKON, XpaHEHHEM U TPaHCIOPTH-
POBKOIl TOpPHOYMX BEUIECTB (HAMPUMEP, YHEPTOHOCHUTENEH), BO3HHUKAIO-
M B PE3yJbTATE aBapUU MOXKAP XaAPAKTEPU3YETCs KPYNMHBIMU MAcCIITa-
0aMH ¢ BBICOKOW MHTEHCUBHOCTBIO TOPEHUS U/WUIU CKOPOCTBHIO Pa3BUTHA.
Takue nmoxkapbl BKJIIOYAIOT U OTHEHHBIE IIAPhI, MEXaHU3Mbl BO3HHUKHOBE-
HUS KOTOPBIX 00CYKIAI0TCSI HUXKE.

[TpunsTa ciaenayromas KjiaccupuKaius moxapos:

Kuaace A. Tloxapsl TBEpIbIX MaTepualoB (OOBIYHO OPTraHHUYECKHUX
0 CBOEH MPUPOJIE), B MPOIECCE KOTOPBIX TOPEHUE COMPOBOXKAAECTCS 00-
Pa30BaHUEM PACKAJIEHHBIX YTJIEH.

Kuaacce B. [Toxapsl ) KMAKOCTEN U CKUKEHHBIX MAaTEPUATIOB.

Kuaacc C. IToxapsl ra3os.

Kuaacce D. [Toxapsl MeTanminos.

Jlanee B paboTe paccMaTpuBarOTCs moxkapsl kiaccoB B u C.

1. ITpupona XMMHUYECKHUX MMOKAPOB

3a UCKJIIOYEHUEM OIPEJICICHHBIX pPeaKklnil B TBEPbIX (azax, mpe-
MoJIaraeTcs, YTo XMMHYECKas MPUPOIa MOKAPOB 3aKITIOYACTCS B OKHUCIIE-



HUM Ta30BOM MJIM MapoBOM (a3bl.

B kauecTtBe mpumepa paccMoTpum ropenue cseur. OObIUHAS cBeYa
U3rOTaBIMBACTCS W3 cMecu mnapaduHa (mpubnusurenbHas Gopmya
Cas5Has) ¢ canom. Ilapadun — BeliecTBO roproyee, HO HE BOCILIAMEHSIO-
nieecs, T. €. OH TOPUT, HO C TPYAOM, TaK Kak B XOJIOJHOM COCTOSIHUH JaB-
JIEHUE €ro MapoB HE3HAUUTENbHO. Hanmuuue QuTuisg U3 HUTKU — Cylle-
CTBEHHas 0COOCHHOCTh, 0€3 KOTOpOM cBeda roperb He cMoxeT. Korma
CB€UAa HAYMHAET YCTOWYMUBO TOPETh, TEIUIO OT IJIAMEHU paCTarlIMBaET
BOocK (Temmeparypa tuiaBieHus 50 °C), koTopblil Onarogapsi Kanusisip-
HOMY JCHCTBUIO MOANMUTHIBACT GUTWIb. B QuTuiie oH ucnapsercs: u/uiu
pacramaeTcs Ha 0oJjiee KOPOTKHE IIEMOYEHHBIE YIJIEBOJOPOJIbI; UMEHHO
ATU Mapbl U ONPOJYKTHI pa3j0KEHUs TOpAT B m1aMeHu. Kpome Toro, npu
TOPEHUH Pa3JiaratoTcs NJIMHHOIIETIOYEYHBIE YTIIEBOAOPOIbI, U BBIACISACTCS
HEKOTOPOE KOJIMYECTBO CBOOOJHOIO YTJIEpOJia, YTO M MPUBOJUT K IOSB-
JICHUIO JIbIMA.

OTOT OPOIECC CIYKUT MPUMEPOM MHOTHX OCOOCHHOCTEM XMMHUE-
CKHMX I0KapOB, U3 KOTOPHIX IJIaBHAs 3aKJIIOYACTCS B TOM, UTO IJIaMsi MO-
KET JaBaTh TEIUIO, PABHOE CKPBITOM TEIJIOTE IUIABJICHUS, UCIIAPECHUS U
pasnoxkenus. B ciydae xkuakocteld HEOOX0AUMO KOJIMYECTBO TEIjia, paB-
HOE MMEHHO CKPBITOM TEIJIOTE HCMapeHus; B Cliyyae ra3oB WJIM MapoB
noABOJA Teryia He TpedyeTcsi coBceM. Takum oOpa3oM, TBep/ble Bellle-
CTBa C HU3KUM JaBJICHHUEM MapoB OyyT ropeTh HAMMEHEE UHTECHCHUBHO, a
HanOOoJIbIlIasi UHTEHCUBHOCTh TOPEHUS OyJeT HaOII0AaThCs IS BOCILIA-
MEHSIIOIIMNXCS Ta30B U MapoB.

[TpoMeXyTOUHBIM CiIydyaeM SBJISIETCS TOPEHUE BOCILIAMEHSIOIIUXCS
KUJKOCTEH, JaBJICHWE MapoB KOTOPHIX MPU OOBIYHBIX TeMIepaTypax
MEHBIIIE JABJICHUS, COOTBETCTBYIOIIETO HIKHEMY TIpeJiey BOCILIaMEH -
emoctu (HIIB), a Takke ropeHue JIETKO BOCIUIAMEHSIOIIUXCS KUIKOCTEN
¢ Temrneparypou Benbiku (TB) Huke okpyKarolen TeMIepaTypsl.
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2. OCHOBHBIE OITACHOCTY XMMHYECKHUX MOKAPOB

SABIIeHUA, COMPOBOXKIAOIINE 3aKUTAHUE PA3IUTHS WX BBIXOJ BOC-
MJIAMEHSAIOMICNCS KUAKOCTU TIPU MOTEPE T€PMETUYHOCTH, 3aBUCAT OT KO-
JIMYECTBA MMapa HaJ PA3JIUTHEM, & HE OT MOJIHOTO KOJMYECTBA PA3JIUTOU
KUJIKOCTH. DTHU SBJICHUS 3aBUCSIT TAKXKE OT CTEIECHU CMENICHUS BOCILIA-
MEHSFOIIMXCS TTAPOB C BO3AYXOM.

Bce xuakoct, cioCOOHBIE BBI3BIBATH MOXKAPHI, JEIATCS HA 6 Kiac-
COB.

Knace 1 — XUAKOCTH, UMEIOIIKUE TIPU OKPYKAKOIIEH TeMmepaType
HE3HAYUTEIBHOE JaBjieHHUE MmapoB. [Ipexne yeM Takas KUJIKOCTh 3aro-
pUTCS, K HEM HEOOXOAMMO TMOJBECTH 3HAYUTEIHLHOE KOJUYECTBO TEIIa,
JIOCTATOYHOE JIJIs TTOBBIIICHUS €€ TEMIIEPATypbl HA HECKOJBKO COTEH Ipa-
nycoB no Llenbcuto. XoTst mogo0HbIE KUAKOCTH HECTIOCOOHBI CaMOCTOSI-
TEJIbHO TOAJEPKUBATH TOPEHUE, TEM HE MEHEE, UX MOXHO paccMaTpu-
BaTh KaK COCTaBHYIO 4acTb OoJjiee KpynmHOro mnoxkapa. JKuakocTtsMm 3Toro
KJIacCa JIY4Ill€ BCEro MOAXOJUT HAa3BaHWE '"TPYyJAHO Topsime’, HO HUKAK
HE "BOCIUIAMEHSIOIIMECS'; OHU HE BXOJST B KPYT OCHOBHBIX XUMUYECKHUX
onacHocter. [IpumepoM TakoW KUIKOCTH MOXKET CIYKUTh CMa304HOE
Maco.

Kuace 2 — )XuaKocT ¢ BBICOKOW TEMIIEPATYPOU BCUBIIIKU. 151 TOTO
yTOOBI MOJIYUYHUTh JAaBJIeHHE MapoB, cooTBeTcTBytolee HIIB, k HuMm Hamo
MIOJBECTU OIPEACICHHOE KOJIWYECTBO TEIUIA. XOTA TAKHE KUIKOCTH
MOHO Ha3bIBaTh ''BOCIUIAMEHSIONIMMHUCS', OHU HE MPEJCTABIISIOT COOOM
OonbiIol onacHocTH. [TpumMep: n-kcumnon (temmneparypa Benbimku 39 °C).

Kuaace 3 — XHAKOCTH, y KOTOPBIX TEMIIEpaTypa BCIBIIIKU WA paBHA
HOMUHAJIBHON TEMIIEPATYpEe OKpYKarollen cpensl, uan Hmke ee (32 °C).
B npunumiie Hajg TakMMU KUIAKOCTSAMH, IO KpaWHEW MEpPE HEMOCpE-
CTBEHHO HaJl X TOBEPXHOCTHIO, HAXOJAUTCI CMECh Mapa U BO3JAyXa B KOH-
uenTpauuu Bbilie HIIB. Ha HekoTOpOM paccTOSsHUM OT IMOBEPXHOCTHU
koHieHTparus Oyner Hmwke HIIB. OgHako B 3aBUCHUMOCTH OT XUMHUYeE-
CKOTO COCTaBa Iapa BO3MOXHbI IIHUPOKHAE BAPUALMU €r0 KOHUECHTPALUH
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Ja)ke JIJIsl BEIIECTB, KJIACCU(PUIIMPYEMBIX KaK JISTKOBOCIUIAMEHSIOIITHUECS U

npu  OOBIYHBIX TEMIIEpaTypax MNPECTABISIIONUX COOOW >KHUIKOCTH.
Hamnpumep, Temnepatypa Benbiiku okTaHa 13 °C, a audTuioBoro sdupa
—49 °C.

Knaccudukaiuss BOCIIaMEHSIONIUXCS BEIIECTB ATOTO THUMA HanMe-
HEE OIPEJICNICHA, TaK KaK TEMIIEpaTypa OKPYKAIOIIEH CPEJbl MOXKET U3-
MeHsIThes o Kpaiiaent mepe Ha 30 °C. [ToatoMy menecooOpa3Ho IPOBECTH
JOTIOJIHUTEIBHYIO KJIacCU(UKAIUIO, OTHECA K KJaccy 3 KUJIKOCTH, UMe-
IOIIME MPU TEMIIEPATYPE OKPYKAOWIEN Cpenbl HABICHUE NMAPOB MEXKIY
HIDKHUM W BEPXHUM MpeAeIaMH CaMOBOCIUIAMEHEHUS, U BBIICISIS OT-
JIEJILHO KUJIKOCTH Kitacca 4.

Knace 4 — xuaKoCcTH, TaBICHUE MAPOB KOTOPBIX IIPU TEMIIEPATypPeE
OKpY>KalolIe Cpelbl 3aKIIOYCHO MEXKIYy BEPXHUM IPEIEIOM CaMOBOC-
wiamenenus (BIIB) u atmocdepubim naBinenuem. Takum o6pazom, mnpu
TemrnepaTtype Bozayxa 20°C okTaH, UMEIOIIUNH 00BEMHYI0 KOHIICHTPAIIHIO
napa 1,3% (HIIB = 1%), cneayeT cuntaTh BEECTBOM 3-TO KJacca, a Jiu-
ATUJIOBBIN 3¢up ¢ KoHIeHTpanueit mapa 60% (BIIB = 28%) - BemectBom
KJ1acca 4.

Kunace S — BocmaMeHsIromuecs: )XKUIKOCTH, Y KOTOPBIX MPHU XpaHe-
HUM JaBieHue napoB (abcomtorHoe) okoio 0.1 MIla. Crona oTHOcsATCS
OXJIQXKJECHHBIE WM KPUOTECHHBIE BOCIUIAMEHSIIOIIMECS Ta3bl, TaKUE, KAK
CIII'. XoTsg npu pa3IuTUX NPUMBIKAIOMUN K TOBEPXHOCTU CJIOW CIIHII-
KOM Oorat, 4TOOBI TOPETh, MPU PACCESTHUU 3aMETHAS JIOJI Pa3IUTHS Hpe-
BpPATUTCS B CIIOCOOHYIO CropaTh CMECh Mapa M BO3ayXa.

Knacc 6 — 310 CxMKEHHBIE BOCTUIaMEHsIIoIMecs rasel. [Ipu pasrep-
MeTHU3alMu 000PYAOBAaHUS 3HAUUTENIbHAS YaCTh CHKHUKEHHOTO Ta3a BblJIe-
JA€TCSA B BUJIE Mapa. DTOT Hap BMECTE C YBJICKAEMbIMHU KaIlJISIMU KHUJIKO-
CTH B OIPEJICICHHBIX CIy4asix MOXHO MPEJCTaBUTh Kak map, o0pa3oBaB-
IIUKACS MPU MMOJIHOM MCIIAPEHUHU KUJIKOCTH, BMECTE ¢ a’po3ojieM. [Ipume-
POM KHAKOCTH KJIacCa 6 MOXKET CIYKUTh CKVKCHHBIN MPOTIaH.

IToBeneHne pa3aUTHIX U 3K KEHHBIX KUJKOCTEN CHIIBHO 3aBUCUT OT
PaCCMOTPEHHBIX BBIIIE CBOMCTB. Ha Hero BIMSIOT Takke KOH(GUTypalus
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OKPYIKCHHA, CKOPOCTb BCTPA U BpCM:A, ITPOMICAIICC C MOMCHTA HCTCUCHU I

110 3aKUTaHMS.

B03MOXHBI IECTh CIy4acB OTBETHOM PEAKUUM KUIAKOCTH HA MPU-
CYTCTBHE UCTOYHUKA 3aKUTAHUSI.

1) JKugkoctu mepBOro kiacca HE 3aXWTalOTCA OT HAXOASIIETrOocs
B HEMOCPEICTBEHHOW OJIM30CTH MCTOYHUKA U MOTYT HE 3a)KE€UbCSl Jaxe
IpU yaape MmiaMeHH.

2) XKuakocTu BTOpPOIo Kiiacca He 3aKMIal0TCsS OT HaXOISIIErocs psi-
JIOM UCTOYHUKA, HO OYAYyT 3aKUraThbCsl OT yJapa IJIaMEHHU U TOpEeTh B ca-
MOTIOIJIEPKUBAIOIIEMCS [TOKAPE PA3TUTHSL.

3) Kuakoctu TpeThero Kjiacca 3a)KUTaloTCs OT HaXOMASIIErocs psi-
JIOM HUCTOYHUKA U MOTYT OBICTPO 00pa30oBaTh CaMOIOJJICPKUBAIOITUINCS
nokap paziautusi. PaccTosiHe MeXay UCTOYHHUKOM, CIIOCOOHBIM 3a)K€Ub
00J1ako, 1 OJMMKaIIed K HEMY TOYKOW Pa3fUTHUs 3aBUCUT HE TOJIBKO OT
CBOMCTB O0Jlaka, HO M OT CKOpPOCTHM BeTpa. DTO PACCTOSIHUE HAMHOIO
OoJBIIIE IO BETPY, YeM IMOMNEpEeK Wiau mpoTuB BeTpa. [Ipu HEeKOTOpBIX 00-
CTOSITENIbCTBAX, KOT/Ia BETEP MMEET CKOPOCTh, HAMHOI'O IMPEBBIIIAIOITYIO
CKOpPOCTh IUIAMEHHU, O0JIAKO MOXKET BBIFOpATh HE C OJMKaWIIero kpas
paznuTusi. ICTOUHUK 3a)KUTaHUSI BBI3OBET MOSIBJICHUE TJIAMEHH, KOTOPOE
OyzeT OBICTPO TMepeMeNaThCs U MOKUTATh BECh 00bEM MapOBO3TYITHOMN
cMecH, KoHleHTpanus kotopoit Boiiie HITB. [TogoOHy0 cutyanuio Mox-
HO Ha3BaTh '"BCIBIIIEYHBIM MOkKapoM' unu "moxkapoM obrnaka". B Takux
CiIy4asix 00JaKo CIOCOOHO CropaTh LIEITUKOM.

4) KuIKOCTH 4eTBEPTOTO KjIacca 3aKUTaroTCs OT HAXOASIIErocs psi-
JIOM HCTOYHHMKA C OOpa30BaHMWEM BCHBIIIEYHOTO MOXKapa U CHOCOOHBI
00pa3oBbIBaTh CaMOIOAACpKUBatOIUCS moxkap pasnutus. [lapoBoe 00-
Jako OyJeT coaepkaTh MmepeoOoraIeHHbINd 3JIEeMEHT 00beMa, U Oaroaapsi
niddy3un mporecc TOpeHus ITOTO dJIEMEeHTa OyAeT MPOUCXOIUTh TOIBKO
Ha €ro rpaHulle.

5) B ciyuae pa3nuTusi *KUJIKOCTH ISITOTO KIacca HAXOASATCA B paB-
HOBECHH CO CBOMMHU TapaMu Ipu adbcomtotHoM napienuu 0.1 Mlla. Iloa-
BOJI TEIJIa OT OKPYXAIOMIEH Cpeibl BBI3BIBAET KUIICHUE, MPUBOJIAIICE K
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YBEIIMYCHUIO 00beMa MapoBOro oo1aka. 3aKUraHue MOXKET IIPOU30MTH OT

MCTOYHUKA, OTHOCUTEIBHO YAAJIEHHOIO OT Kpasi pa3iuTus, U BO3HUKIIUN
B pe3yJbTaTe ATOTO BCIBIIICYHBIN MOXKap OyJeT 3aXurarb 000JIO0UYKY Ma-
poBoro ob6isiaka. [losiBlieHME OTHEHHOrO Ilapa BO3MOKHO IPU OYECHb
OOJBIIUX PANIUTHUSIX, OCOOCHHO €CIIM MPOUCXOIUT OOJIbIIAsi 3a7eprKKa
MEXK]ly pacTeKaHUEM U 3axuraHveMm. Takue paznutusi OyayT OpUBOIUTH K
noKapy pas3iuTHs.

6) XuakocTu IIecToro Kjiacca CIOCOOHBI 3aKUTaThbCs OT OTHOCH-
TEJIBHO YJAJICHHOTO MCTOYHHUKA C 00pa30BaHHEM BCIHBIIIEYHOTO MOXapa,
a BO3MOXHO, TAK)KE M TTOKapa pa3jIUuTHs B T€X CIIy4asx, KOrJa MTHOBEHHO
UCIIapUBIIascs 4acTh Majia (Ckaxem, okojio 0.1, kak 3To MOXeT ObITh B
ciny4yae OyTtaHa). 3HAYUTEIbHAA YacTh O0JIaKa OKaXKEeTCsl mepeoboraiieH-
HOM; ATa 4acTh, Onarogaps auddy3uu, OyeT ropeTh Ha TpaHUIAX CBOESH
o0omouku. Ecam macca pa3nuTusi COCTaBIAET MOPSAIKa TOHHBI, BCIBIIICY-
HBIN TOKap MOXKET MepepacTu B OTHEHHBIN IIap. B onpeneneHHbIX Ciy-
qasx CUTyaIsi MOXKET YCYTryOUThCS 710 B3phIBA MAPOBOTO 0OJIaKa.

OTMeTUM, 4TO BOCIUIAMEHSIONIMECS Ta3bl WX Maphl (B TEX ClIydasx,
KOTJ]a OHM TsKeNlee BO3/yXa) MpU BbIOpocax BeAYyT ceOsi MOJO00HO KHA-
KOCTSIM KJ1acca 5, Ho 0e3 00pa30BaHus MOKapa Pa3IUuTHsL.

NnmoctpupyeT cka3aHHOE 3aBUCUMOCTh Ha puc.l, Ha KOTOpoM
PEACTABICHO MOBEJACHUE KUIKOCTEH OMUCAHHBIX KJIACCOB B OTHOIICHUU
HMCTOYHUKOB 3aKUTaHUS.

B 3aBHCMMOCTH OT yCIIOBUII BO3TOPAHUE KUAKOCTU WJIU ra3za MOXKET
MPUHUMATH B (POPMBI: TIOXKAP PA3TUTUSI WJIM BUJl OTHEHHOIO I11apa.

[Toxap paznutus onpeaesnsieTcs Kak "pa3inuTue BOCIIaMEHSIOIIECs
KHUJTKOCTH, TOPSAIIEE YCTOUUUBBIM JU(PGHY3MOHHBIM TIIIaMeHeM "

[Toxapsl pa3auThs TOAPA3IALIAIOT Ha:

1) moxkapsl C 4ETKO ONpPECICHHON IpaHulle U GOpMOil, MOCTETHSISA
MOET OBITh KPYIJIOM WM MPSIMOYTOJbHOM (Hampumep, moxkap B pesep-
Byape XpaHEeHHUsl, KOrJa B pe3yJbTaTe JM0O BHYTPEHHETO, TUOO0 BHEIIHETO
B3PBIBA PE3EpPBYyap OCTACTCS 0€3 KPHIIIN);

2) moapsl, AJisl KOTOPBIX (popma U TIIyOMHA pa3UTHS ONPEIEISIOT-
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Cs1 OCOOCHHOCTSIMU M€CTa pa3auTus (BbIOPOC roproyueid >KUJIKOCTH Ha Io-

BEPXHOCTh 3€MJIM; BBHIOPOCHI KUIKOCTEH HA MOBEPXHOCTh BOJHBIX O0BEK-
TOB, IJI€ BO3MOXXHOCTH JJIsl paCIIpOCTpaHeHUs (PAaKTUUECKU HEOTPaHUYCH-
HBI).

VYcaoBusi BOSHUKHOBEHHSI OTHEHHBIX IIAPOB M pacyeT UX MapameT-
POB IPUBOAUTCS HUXKE.

10"

[® OTuneH \
OrHeHHble IIAPBI A

_‘
S

®
Onatnnosbin
achnp

— —
= =
[ [

-

JloJis BBIOpOCa, HaXoMAIascs B apoBoit (ase
S
I

10°L | 1 1 | 1
-150 -100  -50 0 50 100

Temmneparypa kunenus,’C

Puc. 1. 3aBHCHUMOCTH XapaKTEpPUCTHUK MOXKapa OT TEeMIEPaTypbl
KHUIIEHUS BEIIECTBA

3. Pacuer nmapaMeTpoB TEIJIOBOTO MTOTOKAa OTHEHHOTO I1apa, 00pasy-
IOILEroCs IPU CTOPaHUU Ta30MapOBO3TYIIHBIX CMECE

IIpu aBapuMHOM BCKPBITMM Ta30IPOBOJOB U €MKOCTEU, Pa3IUTUAX
YIJIEBOJOPOJIOB U HUX HCMAPEHUHM OO0JaKO Ta30MapoBO3AYIIHOW CMECHU
(I'TIBC), nepeoboraiiieHHOE TOIUIMBOM U HE CIIOCOOHOE MO3TOMY OOBEM-
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HO JIETOHUPOBATh, HAYMHAET TOPETh BOKPYT CBOEH BHEITHEH 00OJOUKH U
BBITSTUBAETCS, 00pa3ys OTHEHHBIN Imap. bosblmas BEpPOSTHOCTh TaKOTO
mpoiiecca 00yCJIOBJIEHAa TaK)Ke TEM, 4YTO JUIsi OOJBIIMHCTBA YTIE€BOJI0OPO-
JIOB KOHIIEHTPAIMOHHbBIE TIpeneiibl BociuiameHnenus ux ['TIBC mmpe, yem
JIETOHAITUH.

Takue orHeHHbIE IAPBI KpaliHEe OMACHBI, T.K. ”THTEHCUBHOE CBEUCHUE
U U3ITy4YCHHUE TeIla MOXKET MPUYUHUTHh CMEPTENIbHbIE 0KOTH HaOJI01aTe-
JSM U 3aKedb, HAIPUMED, IepeBO WK oAexkay. [logHuMasch, OTHEHHBIN
miap oOpasyer rpuboBuHOE 00J1aKO, HOKKA KOTOPOTO - 3TO CUIILHOE BOC-
XOJIs11lee KOHBEKTUBHOE TeueHHE. Takoe TeUeHHUE MOXKET BCAChIBaTh OT-
JeNbHBIC TIPEIMETHI, 3AKUTaTh UX U pa30pachiBaTh TOPAIINE MPEIMETH Ha
OOJIBIIINE TUIOMIIAIHN.

Bo3HUKHOBEHNE OTHEHHBIX IIIAPOB BO3MOYKHO TIPH Pa3pyIICHUSAX pe-

3€pBYapoOB U COCYJIOB C TOPIOYMMH KUIKUMH NEPETrPETHIMU MPOAYKTaAMHU
(CKIDKEHHBIC YTIIEBOJOPOJHBIE Ta3bl, aMMHUaK, XJIOp, (DpPEoHBI, coaep-
Kaluecs: B 3aMKHYTBIX 00beMax MPU MOBBIIIICHHOM JIaBJICHUN).

IIpu pa3pylieHnr CUCTEMBI C MEPETPETON KUAKOCTHIO IMPOUCXOIUT
ee pasiiuB U OBICTpOE MCIapeHue. B3pbhIBHON xapakTep mpoiiecca 00bsic-
HSAETCA KPAaTKOBPEMEHHOCTBHIO aBAPUMHOTO BCKPBITUSL COCYJ0OB, PE3EPBYa-
POB U APYroro oOOpyAOBaHUsSI, COAECPXKAIIUX MPOAYKT IOJ JTaBICHUEM.
Harmpumep, BpeMsl IIOJHOTO pa3pylleHus cocyna oobemom 100 m® mpu
nasinenuu [ Mlla coctaBisieT IpUMEPHO 7 Mc.

OOBIYHO OTHEHHBIH MIap BechMa OBICTPO (IOJM CEKYHIbI) JOCTUTAET
MAaKCHMyMa CBOETO paauyca Ry, KOTOPBIA COXPAHAETCA B TEYEHHUE BCETO
BPEMEHH CYIIECTBOBAHUA I1apa.

Panuyc oraennoro mapa Ry, m, ONPEAEISIETCS U3 BIPAXKECHUS

R =29 /M,

a BpeMs €ro CyIllecTBOBaHus f , ¢, o popmyre

t, =4.5 /M,

rae M — noJIoBUHAa BMECTUMOCTH €MKOCTH 110 MacCe€ B TOHHAX.

[Ipyn HanmMuuu rpymnmnsl U3 TPEX PE3EPBYapPOB 3a BEIUUYMHY M NMpUHU-
maetca 90% BMECTUMOCTH.

[Topaxaroiiee AEMCTBUE TEIUIOBOTO W3JIYYEHUS ONPENCISIETCS TEIl-
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JIOBOM DHEPTUEH, MPUXOAAIIECUCS HA €AUHUILY IIOBEPXHOCTU HA KOHKPET-

HOM PacCTOSIHUM ¥ OT LEHTpa OrHEeHHoro Imapa. [loTok wm3myuenus g,
xBm/v’, magaromuil Ha MUIIEHb, ONPEAENIETC 110 GopMyJIe
gq=E-F-T,
rae £ — MOIHOCTh ITOBEPXHOCTHOM S3MHUCCHM OTHEHHOrO Iapa,
2. . :
kBm/m*; F — k03 dHIMeHT, yInuThIBatOmUA (pakrop yria nauenus; 7, —
IPOBOAUMOCTb BO3AyXa. st OangoHOB, BEPTUKAIBLHBIX U FOPU30HTAIIb-
HBIX pe3epByapoB E = 270 kBm/m’ , ajst cOCy0B 11apooOpasHoii hopMbI
E =200kBm/m’ .
Koappurment F v poBOAMMOCTE T ONPEENISOTCs 1o (hopMyiam
Rr
s I =1-0.058-Inr.
(R, +77)

rae r > 2R, — paccrostHue o ropuszonTtanu ot xpanunuma ['TIBC go

F =

MHUIIICHH.

Benuunna TemioBoil sHepruM (J103a WIKM UMIYJIbC TEIUIOBOTO M3JTY-
ueHHs), MaJarolel Ha equHuIy nosepxHoctu Q, k/lxc/v’, onpenensercs
o opmyiie

O=q-t,.

BocniameneHue pa3inyHbIX MaTEPUAIOB 3aBUCUT OT TEIJIOBOTO UM-
yJabCa U €ro JUIMTEIbHOCTU. MUHHUMAaJIbHAsl BEJIMYMHA UMITYJIbCA, BBI3bI-
BAIOIIEr0 BOCILUIAMEHEHHE JPEBECHBIX MATEpPUAJIOB, COCTABIISICT MPUMEP-
Ho 0.4 M,Z]:)fc/MZ. Kakx BugHo n3 tabn. 1, BeanynHa BOCINIAMEHSIOIIETO
UMITYJIbCA PACTET BMECTE C €ro JUIUTEIbHOCTBIO, T.€. C MOIITHOCTHIO B3PhI-
Ba.
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Tab6mauna 1

IMIyJIbCHI TEIIOBOTO U3ILydenust, M/oc/v’,
JUTUTEIIBHOCTBIO T, BBI3BIBAIOIINE BOCIUIAMEHEHNE MAaTEPUATIOB

M T,C

arepran 1.56 [3.16 [8.71 [24.0
JpeBecuna cyxas (CocHa) 0.58 [0.67 |0.88 |1.00
Jlocku 1ociie paciujIoBKH (COCHA, €J1b) 1.67 |1.76 |1.88 [2.10
JloCcKkH, OKpaIlIEHHBIE B TEMHBIN [IBET 0.21 [0.25 ]0.33 [0.42
KpoBist msirkast (Tosb, pyoepounn) 0.54 |10.59 |0.67 |0.84
Crtpyxka, cojioMa, ceHo, Oymara temuas |0.12 [0.17 [0.21 [0.25
TkaHb BUCKO3Has YepHas 0.04 [0.05 |0.08 [0.09
Tkanp xsomuaroOymaxknast kopuuneBass  |0.29 [0.33 [0.42 |0.50
CykHo cepoe, Ope3eHT, koxka kopuuHeBas |0.62 [0.70 [0.84 |1.26

CylecTBYIOT pa3Hble MOAXOJbI K OIEHKE CTEIECHU MOPAKCHUS Ye-
JIOBEKa OT JICUCTBUSI TEIJIOBOW paaualidy Npu OBICTPOM CrOpaHUU YrJie-
BOJIOPOJIOB U JIe(hIarpallMOHHbBIX B3PbIBaX Ia30M1apOBO3AYIIHBIX CMECEN.

Tak, Hanpumep, 00J€BOM TeMHepaTypPHBIM MOPOT JJIsl KOXKU YEJIOBE-
Ka cooTBeTcTBYyeT Temreparype I ~44°C. Ilpu T'>T crenenp nopa-
KEHUSI 3aBUCUT OT YJeJbHOU sHepruu (O W JJIUTEIbHOCTH OOJYyUCHHUS T.
Cuuraercs, uro 0e3 O0JEBBIX OUIYIICHUN KOXa BBIAEPKUBAET TEILJIOBOU
MOTOK MHTEHCHBHOCTBIO ¢ ~ 21 kBm/m’ B Teuenue 2 c. Ilpu crammonap-
HOM MOTOKE 3TUM JaHHbIM cooTBeTcTBYeT Q =~ 42 k/{orc/m’ . Ucxoms u3
ATUX JAHHBIX, IPEAEIBbHO Oe30macHbIl paguyc R, (nmo B. Mapmamry —
paauyc PBaKyalllu) I YEJIOBEKa COCTABISIET MPUMEPHO (3 Ad...3.6 ) R,.

OueHUTh CTENEHb MOPAKEHUS YEIOBEKA IMPU JACHCTBUU TEILIOBOU
paauanyy MOXKHO Mo rpaduky puc. 2, Ha KOTOPOM JaHa 3aBUCHMOCTb
MPOIIEHTA TOPaKeHUs (BEPOSTHOCTU MOPAKEHUS) A OT mapameTrpa Terio-
BOU paguanuu Q = q% -t (Bm/ M )% -c. IIpu 3TOM CTENICHSIM TTOPAKEHUS
COOTBETCTBYIOT OXOTH KOXH Ha Ti1yOuHy Mmenbiie 0.12 mm — 1 cTenens,
MEHBIIIE 2 MM — 2 CTEIIEHb U 0OJIbIIE 2 MM — 3 CTEIICHb.
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Puc. 2. 3aBUCHMOCTb TIPOIIEHTA MOTEPH JH0/Iei 0€3 3aIIUTHOM OJ1eXK-
JIbl OT BO3JICMCTBUS TEIJIOBOM paJvally IPU TOPEHUHN YTIIECBOJOPOOB:

1 — mepBas creneHb MOpaKeHUs1, 2 — BTOpast CTENECHb MOPAXKEHUS, 3 —
TPEThs CTENECHb MOPAKECHUS (JICTAIbHBIM UCXO/)

HOPAJOK BBIITIOJIHEHUSA PABOTbDI

Paccunrtarh nmapaMeTpbl OTHEHHOTO I1apa, 00pa3yronierocs Mmpu Cro-
paHuM NPOMNAHO-BO3MYIIHOW cMecu B pesynbrare pasnmuea 100...1000
TOHH (BMECTUMOCTb €MKOCTH 33JaeTCs MpEnoaaBaTeiIeM) >KUIKOTO Mpo-
NIaHa, OMPEAENIUTh MOPOr BOCIUIAMEHEHUS OOBEKTOB (MaTepuai 3al1aeTcs
IIPENOIABATENEM) U OLICHUTh CTENEHb MMOPaXXEHUs HaceJieHus. s 3Toro:

1. CocraButs Ha DBM B cpene GAP nporpammy no pacyery xapak-
TEPUCTUK OTHEHHOTo mapa. [loctpouTs rpadukm 3aBUCUMOCTEN TapaMeT-
POB TEILIOBOT'O U3IIyYEHHUsI OT paccTosiHus 10 xpanunuma ['TIBC.

2. Onpenenuts MUHUMAJIBHOE PACCTOSHUE, HA KOTOPOM HE MOXKET
BO3HUKHYTh BO3rOpaHUE MaTEpHAIbHBIX OOBEKTOB. [/l HAXOXKACHUS UM-
MyJIbCa TETUIOBOTO M3Jy4YE€HUS, BBI3BIBAIOIIETO BOCIUIAMEHEHUE 3aJaHHOTO
Marepuaja, Ha OCHOBE NMPUBEACHHBIX B YKa3aHUAX TAOJUYHBIX JTaHHBIX
ONPENETUTh ANMPOKCUMUPYIONIYIO (DYHKIUIO, UCIIOJb3Yysl BCTPOCHHBIE B
GAP cpeacTa HHTEPIIONSALNH CIUIAHHAMMU.
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3. OueHuTh PUCK IMOPAKEHUS HACEICHUS, HAXOIAIIErOCsS B pallOHE
aBapuu. J[J1s1 3TOro, UCIONB3ys 3aBUCUMOCTH, TPEICTABICHHBIC HA PUC.2,
paccuuTaTh HA MECTHOCTHU T'PAaHMIbI 30H, COOTBETCTBYIOIIUX PA3IAYHBIM
cTeneHsaM nopaxenus. s onpenenenus QyHKIUN, ONMUCHIBAIOIIUX 3aBU-
CUMOCTHU TPOIEHTA MOTEPh, UCIIOIB30BATh BCTPOCHHYIO B GAP dyHKIHUIO
JMHEWHOW uHTepnosiuuu linterp.

COAEPKXAHUE OTYHETA

1. HaumenoBanue paboTHhl.

2. Ilenb paboOTHI.

3. JIuctunr HanucanHou B cpeae GAP mporpammel pacdera xapak-
TEPUCTUK OTHEHHOTIO IIapa.

4. I'paduky 3aBUCUMOCTEN TTOPAXKAIOIIETO JCHCTBUSI OTHEHHOTO IIIa-
pa OT pacCTOSHHUSL.

5. Tabnuna ¢ pe3yJbTaTaMu pacyeTa JIIOACKUX MOTeph MO 30HaM To-
pa’keHUA.

KOHTPOJIBHBIE BOITPOCDBI

1. TaiiTe onpeneneHne noxapa.

2. OOBSICHUTE TPUPOTY XUMHUECKUX MOKAPOB.

3. IlepeuncnnTe OCHOBHBIE OMTACHOCTH XUMUYECKHUX MOKAPOB.

4. KakoBbI OTBETHBIEC PEAKIIMU TOPIOYEHN KUIAKOCTH HA MPUCYTCTBUE
VMCTOYHUKA 32)KUTaHUS ]

5. Kakue ¢hopMbl MOXKET IPUHUMATh BO3TOpAaHUE KUJKOCTH WM Ta-
3a?

6. [losicHuTe yciioBUSI BOBHUKHOBEHUS OTHEHHOTO 11apa.

CIHIUCOK UCITOJIB3OBAHHBIX UCTOYHUKOB

1. ABapuu u xaractpodsl. [Ipeaynpexaenue u TMKBUAALUS TOCIE]T-
cTBUi. YueOHoe nocooue B 4-x kuurax. Kaura 1. / IToa. pen.: K.E. Ko-
yeTkoBa, B.A. KornsipoBckoro u A.B. 3aberaesa / B.A. KotnsipoBckuid,
K.E. KouetkoB, A.B. 3aberaes, A.A. Hocau u np. — M., U3naTenbcTBO
ACB /1995. -320 ctp. ¢ uin.
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2. ABapuu u karactpodsl. [Ipenynpexienre u TUKBUIALNS TTOCIIEI-
cTBUil. YueOHoe nocooue B 4-x kuurax. Kaura 2. / IToa. pen.: K.E. Ko-
yeTkoBa, B.A. Kotnsiposckoro u A.B. 3aberaesa / B.A. KotnapoBckuii,
A.B. Bunorpanos, C.B, Epemun, B.M. KoxeBnukos, A.A. KocTuH u Jp.
— M., UznareasctBo ACB / 1996. — 383 c1p. ¢ ui.

3. beukep VY., Kokc I1., Yacraitn I1 u np. B3peiBHbIE siBneHus. OneH-
ka u nocnencteus. Ku. 1,2.- M., Mup, 1986.

4. Mapuan B. OcHOBHbIE OTACHOCTH XUMUYECKUX TPOU3ZBOJACTB. M.,
Mup, 1989.



