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Pa3paboTan MeTORMYECKHH ITOAXOMA K ONPEAENCHHI0 HaYaIbHBIX KHHEMAaTHYECKUX H T€OMETPUUECKUX Xa-
PAKTEPHCTUK KallelIbHOro obJlaka KOMIOHEHTOB TOILIMBA, 00pa3ylolerocss B pe3yJbTaTe B3pbIBA KHIKOCTHON
pakersl-Hocutens (PH) Ha aTMocdepHOM ydacTke TPaeKTOPHH; B OCHOBY ITOJXOJa IOJOXKEeHa (peHOMEHOJIOTuYe-
CKasl aHaJIOrUsl IIPOLIECCOB pa3pyIIEHHs UMITyJIbCHONM HAarpy3Koii TPEIMHOBATHIX TBEPABIX T U MACCHBA Ta30Ha-
CHIEHHON KaBUTHUPYIOIIEH KUAKOCTH. [loTydeHHble TaKuM 00pa3oM XapaKTepPUCTHKH KalleIbHOTO 00IaKa MOTYT
OBITh MCIIOJIb30BaHBI KaK UCXOAHbIC JaHHbBIE I pacyeTa Hocieayrolleil Tpancdopmanuu obaka Mpu ero JIBU-
JKEHHH B IPABUTAIIMOHHOM IIOJIE C YYETOM TEILIOMACCOOOMEHHOTO B3aMMOACHCTBUS ¢ aTMOC(epoid, a Taoke UL
OLIEHKH DKOJIOTHYECKHX PUCKOB B 30HE BBINAJCHU IPOAYyKTOB B3pbiBa PH Ha moBepxHoCTh 3eMin.

Po3pobiieHo METOMMYHIMIA MifIXi[ 10 BU3HAYCHHS MOYaTKOBHUX KIHEMATHYHHX 1 TEOMETPHYHUX XapaKTEPUCTHK Kpa-
IUIMHHOI XMapH KOMIIOHEHTIB TaJIMBAa, 1110 YTBOPIOETHCS B Pe3yJIbTaTi BUOYXY pimuHHOI pakeru-Hocis (PH) Ha atMocdep-
Hill AUISHII TPAEKTOPIl; Y OCHOBY MiXOIy HOKIAACHO (HDeHOMEHOIOTIYHY aHANIOTIIO MPOLECIB PYIHYBAHHS IMITYIbCHIM
HABAHTKEHHSM TPIIMHYBAaTHX TBEPAMX TUI i MAacHBY ra30HACHYCHO!I KaBiTylodoil pimuuu. OnepikaHi TakMM YHHOM
XapaKTePHCTHKH KPAILUTMHHOI XMapy MOXKYTh OyTH BUKOPUCTAHI SIK BUXIIHI JaHi [T PO3PaxyHKy MOAANBIIOL TpaHc(Oop-
Mallil XMapH 1IpH ii pyci y rpaBiTaiiiifHoMy Hodi 3 ypaxyBaHHSM TeIUIOMAacOOOMIHHOI B3aeMOZii 3 aTMOC(eporo, a TaKoxkK
IUTS OLIIHKH eKOJIOTTYHIX PU3UKIB Y 30HI BHITAJaHHs IPOAYKTiB BuOyxy PH Ha moBepxHio 3emii.

The methodical approach to the determination of the initial kinematics and geometrical characteristics of
the fuel components droplet cloud derived from the liquid-propellant carrier rocket (CR) explosion at the atmos-
pheric trajectory leg is developed. The phenomenological analogy of the transient-load damage processes in the
fractured solids and a mass of a gas-saturated cavitation liquid is taken as a basis of the approach. The droplet
cloud characteristics obtained by this means can be used as the reference data for calculating the subsequent
transformation of the cloud when it moves in the gravitation field taking into account heat-mass exchange with an
atmosphere, as well as for estimating the ecological risks in the ground area of the CR fallout.

Kniouesvle cnoea: paxema-nocumens, 63pbl8, 2aA30HACHIUJEHHbBIE KOMNOHEHMbI
monuea, hpacmenmuposanue, Oucnepeuposanue, KaneibHoe 0o1axo.

CoBpeMeHHBIH dTal pa3BUTHS PAKETHO-KOCMHUYECKOW OTPaciv MHUPOBOM 3KO-
HOMHUKH XapaKTepU3yeTcsi CTaOMIBHBIM POCTOM 00beMa MOTPeOICHHS €€ MPOayK-
UM B pa3iIyHbIX chepax )KU3HU U XO3HCTBEHHOH JEATENIbHOCTH O0IIEeCTBa, UTo,
B CBOIO ouepe/b, TpeOyeT yBENUYEHHsI KOJIMYECTBA 3aITyCKOB pPaKeT-HOCHUTENEH
(PH) nnst BeIBeIeHUSI B KOCMUYECKOE ITPOCTPAHCTBO PA3IMYHBIX OOBEKTOB.

JlocTUrHYTBIN ypOBEHb HAJIEKHOCTU COBpeMeHHBIX PH, ncnosne3yromux skosto-
THYECKH omacHble KoMrmoHeHTH! TomuBa (KT), xapakTepusyercsa norepsiMu ot 4 10
10 paker Ha xaxapie 100 3amycKkoB BCEICTBHE MX aBapuil Ha y4acTKE BBIBEACHUS
[1]. Y3 aTOrO MOXKHO CeNaTh BBIBOJ O TOM, YTO YKa3aHHBIE OOBEKTHI SIBJISIFOTCS TI0-
TEHIMANbHBIMUA HCTOYHUKAMH BBICOKOM TEXHOT'€HHOW OMACHOCTH.

Amnamm3 puckoB aBapuii PH 3a 6oree deM MmoryBeKOBYIO HCTOPHIO OCBOCHIISI KOCMO-
ca[1, 2] moka3ai, yTo HaUOOJIbIIIEe KOJMYECTBO aBapHiA IIPOUCXOIUT B IiepBbIie S5 % Bpe-
MeHH nosieta (25 % Bcex aBapuii) U B nocneaaue 15 % BpemeHH mojieta Ha aKTHBHOM
yuactke tpaekropun (20 % aBapwif).

OueBuHO, YTO HAMUOOJBIIYIO OMACHOCTH MPEACTABIIOT aBapHH, MPOUCXOAS-
e Ha Ha4aJIbHOM y4acTke nonéra PH, xorna e€ torumsaeie 6aku (Th) mpaktude-
CKH ToJHOCTHIO 3armonHeHbl KT, cpenu koTopeix Hanbosee omacHbl, B OMOTHIECKOM
TuTaHe, HecUMMeTpuaHbld auMmetwruapazud (HAMI') u terpaokcua azota (AT),
OTHOCSIIIMECS] TIO YPOBHIO TIPEENBFHO JOMMyCTUMOM KOHIIEHTPALMN B OKPYKAromiei
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cpene coorBeTcTBeHHO K niepBomy (< 0,0001 wmr/m) u Bropomy (< 0,005 mr/m) knac-
caM omacHoctH [2, 3].

B o101 cBsI3M BO3HHKAeT HEOOXOAMMOCTh MPOTHO3UPOBAHHUS SKOJIOTHUYECKHX PHC-
KOB, TeM Ooiiee uTo B OmrpkaimeM OyaymieM MOTpeOHOCTh B JOCTOBEPHBIX OLEHKAaX
SKOJIOTHYECKUX MOCIIEICTBII KOCMIYECKOH JASSTENTbHOCTH OY/IET TONBKO BO3PACTATh.

OnyOnrMKkoBaHHbIE K HACTOSIIEMY BPEMEHU pPe3yNbTaThl HCCICAOBAHHUH O
OIIEHKAaM 3KOJIOTHYecKoro yiepda oT B3pbiBa PH [4, 5] mocBsIeHsl B OCHOBHOM
pa3paboTKe U OLIEHKE AMATa30HOB MPUMEHUMOCTH (PU3UKO-MATEMATHIECKUX MOJIE-
JIEH NI OTAENBHBIX SBJIEHUN U npoueccoB. OJHAKO MPOIYKTUBHOCTh TAKUX MO/IE-
JIel IPUMEHUTENBHO K OLIEHKE 3KOJIOTMYECKUX MocieAcTBUI B3pbiBa PH HeBbIcOKa.
310 00BACHSIETCS KaK HEONPEAeTICHHOCTBIO YCIOBHI BO3HUKHOBEHHS aBapHid, TaK U
OrpaHUYEHHOCTBIO UMeIoLIelcs nHpopManuK o pas3pyieHusx u B3peiBax PH B mo-
nere. B cBs13u ¢ 3TUM, OZHUM K3 HanboJiee BaKHBIX aCTIEKTOB MPH Pa3padOTKe METo-
JIMYECKOTO 00eCIIeUeHHUs OLICHKU AKOJIOTHYECKUX TocneacTBuid aBapuu PH B monere
SIBJISIETCS BBIOOP PacyeTHOro CLIEHAPHS aBapuu.

AHanus psja Takux aBapui, MPOBENEHHBIA B [6], MO3BOJNAET clienaTh BHIBOJ,
YTO HauboJiee ONACHBIMH, C TOUKH 3PEHUS HETAaTUBHOTO BO3/IEHUCTBUS Ha OKpYKa-
IOIYIO Cpeay, ABIAIOTCA aBapUU, HHULIMMPOBAHHBIE:

— HEKOHTPOJIMPYEMbIM BBIXOZOM orpaHndeHHoro koiuuectBa KT 3a mpenens
TOIJIMBHBIX 02KOB paKeThl, UX CMEIICHHEM, BO3TOPaHUEM U B3PHIBOM,;

— HapyIlIeHUeM LIEJOCTHOCTH PaKeThl U BBIXOJ0M 3a mpenensl PH 3nauntens-
ueix Macc KT, maxogsimuxcs B Th, u ux ¢parMeHTHpOBaHUEM;

— pasOpacsiBaHreM (hparMeHTOB He MmpopearupoBaBx xuakux KT u mocre-
JTYIOIUM KacKaJHBIM pa3BUTHEM IOCIEICTBUI aBapuu.

B pamMkax ocTaBIeHHOM 3a/1aud B KA4E€CTBE PaCUETHOIO cLeHapus aBapuu PH
B TOJIETE paccMaTpHUBaeTcs CLEHApHd, CONPOBOXAAIOIIMNCSA B3PHIBOM pPAaKeTHI,
KOTOPBII XapakTepusyercsi HanboJiee TSHKEIBIMA U BO MHOTOM HEOTpeIeIeHHBIMH
MOCIIEACTBUSIMHU, B TOM YHCJIE IKOJIOTMYECKUMHU.

B3peiB PH B moisiete Ha akTMBHOM YYacTKE TPA€KTOPUM — MaJOU3y4YE€HHas
po0JieMa, XapaKTepU3yIOIIasics CIeIyIIUMUA 0COOCHHOCTIMH [ 7, 8]:

— HEeTOCPEeJICTBEHHOE y4acTHe BO B3pbIBe MpUHUMAaeET He Bca macca KT, Haxo-
nsuxcs B Th, a muib ux 4acTs;

— B Tpoliecce B3pbiBa (opMHpyeTcst Bo3aylnHas yaaphas BoiHa (YB), pac-
npocTpanstomasics B okpyxkatomieii PH atmocdepe;

— B3pBIB CONPOBOXKIACTCS 00pa3oBanHueM oraenHoro mapa (OIL) — obnaka ropro-
Yell CMeCH, COCTOSIIIETO U3 ra3000pa3HbIX MPOAYKTOB B3phIBA M HEKOTOPOTO KOJIMYE-
ctBa aucneprupoBanHbix KT, koTopoe roputr 00beMHO MM BOKpPYT CBOEW BHEUIHEH
00O0JIOUKH W BCIUTBIBACT B aTMOC(Epe 0] ISHCTBHEM apXUMEIOBOM CHITbI [9];

— B pe3ysibTare B3pbIBa OOpa3yeTcsi MHOXKECTBO pa3JIETAIOIIUXCS KUAKHX
¢parmenToB He npopearupoBaBnx KT pazinyHbIX pa3MepoB;

— pa3nér u mocleayollee JBIKEHUE XKUAKNX (parMeHTOB COMPOBOMKAAETCS
WX JUCIeprupoBaHueM, (OPMUPOBAHUEM KaIleIbHOTO 00JIaka U ero TerIoMacco-
O0OMEHHBIM B3aUMOJIEHCTBUEM C aTMOC(Epoli B TIpoliecce JABIKEHHS B TIOJIE TPaBH-
TaIlMOHHBIX CHIL

Heab padoThl — CUCTEMHBIN aHAIM3 U MOJCITMPOBAHNE OCHOBHBIX TIPOIIECCOB,
WHUIIMAPYEMBIX B3peIBoM PH B moseTe, ¢ yaeToM CBS3EH MEXTy HUMH, BKIIOYAs:

— (parmenTaruio oobema xuakux KT, naxomgsamuxcs B Th B MOMEHT B3phIBa;

— (hopMHUPOBaHUE KUIKOKAICILHOTO 00J1aka gucrneprupoBannbix KT.

s pemreHns 3amadu ONpeneNeHUs apaMeTpoB B3phIBa HEOOXOAMMO PacIio-



Jarath JaHHBIMH O:
—Macce KT B Th B MOMEHT B3pbIBa;
— noie obmert Maccel KT, mpuHIMaromiel yqacTre B IETOHAITMOHHOM IIPOIIECCE;
— DHEPTHUH, BBIJEISAIONIEHCS IPH B3PHIBE.
Macca KT, npuHrMarmomas ydacThe B JETOHALMOHHOM IPOLIECCE B3pbIBA,
ompenenseTcss cootHomenueM [10]:

MBBZ(MO_mZ'TB)'qu’ 1)

rae M, —macca KT B nonHocTslo 3anpaBienHoii PH; My — macca tomnusa, pac-

XO/lyeMoro JaBHuraresibHoi ycranoBkoit (1Y) PH B monere B equHuily BpemeHW;
Tg — OTpe30K BpeMenu ot crapra PH 1o Momenta B3pbiBa; K, — koo duument

yuactus KT, Haxogsmuxcs B Th, Bo B3pbIBe, 3aBucsmnil oT KoHCTpyKiuu PH.
B [11] pexoMeHayeTCs UCTIONB30BATh CIEAYIONINE 3HAUCHUS Ky,{ :

- qu < 0,35 — ga PH TangeMHOM CXEMBL;

- qu < 0,8 — g PH makeTHOM CXEMBI.

Onnako ykaszaHHble oueHKH K, 10aydeHbl Ayist B3pbIBa [OJHOCTBIO 3alpaB-

JIEHHOM PaKeThI, pa3pyIlIaAIICcs TP NaJCHUH Ha TIOBEpXHOCTh 3eMiu. [Ipu aBa-
pyH, IPOUCXOSAINICH B MOJIETe U CONPOBOXKIAIOIICHCS HAPYIICHUEM LEJI0CTHOCTH
PH, nepBoHavaabHO CMEIIaHHBIMU OKa3bIBAKOTCS CPABHHUTEIHHO HEOOJBIINE Mac-
Chl KOMIIOHCHTOB TOTUIMBA, B3PBIB KOTOPHIX MIPUBOAMT K Pa3pyIICHUIO BCErO Mac-
CHBA JKHMJIKOTO TOIUIMBA HA OTJCNIbHbIC (DPAarMEeHThI U UX Pa30pachIBAHUIO.

[To3aToMy ¢ TOCTaTOYHO BBICOKOH CTEIICHBIO JOCTOBEPHOCTH MOXKHO IOJIarath,
YTO Ha 3Tane 0TXoja yAapHou BojHBI (YB) oT 0o0nacTu neToHaIWu, MPOIOIIKH-
TEIBHOCTh KOTOPOro He mpesbimaeT 0,1 ¢, XUMHUYSCKUE PEaKI[MK TOPEHUS BO BCEM
oobeme KT orcyrcrytot [9]. Ha camoii panneit craguu B3psiBa (t< 0,01 ¢) mpo-
TEeKaHHE TAaKUX PEaKIUil XOTSA ¥ BO3MOXHO, HO B CHIIy MaJoi ee MpPOJOIKUTEIb-
HOCTH B PEaKIMM MOXET MPHHATh y4acTHE JIMIIb He3HauuTenbHas dacth KT. B
oonee nmo3maue MmomeHTH BpeMeHH (0,01 <t< 0,1 ¢) yciioBus A1 BOSHUKHOBEHUS
TOPEHUSI CTAHOBSTCS €IlIe MeHee 0J1aronpusATHBIMU.

B cBsi3u ¢ uznoxeHHsM, npu oueHke K, 1enecoo0pasHo HCIOIb30BaTh KC-

MepUMEHTAIBHBIC JAHHBIE O TIOPOTOBOM (C TOYKH 3PEHUS Pa3pYIICHUS IEIOCTHO-
CTH MacCHBa J>KHJKOCTH Ha OTACJbHBbIC ()parMeHThl) 3HAUCHUM HHTCHCHBHOCTH

UMITYJIbCHOTO BbIZIeJIeHUs B HeM sHeprun |, = (4,0—-4.5) 107 JT/(xre) 3a Bpems,

paBHOE OTHOIICHUIO XapakTepHoro pasmepa maccuBa KT k ckopocTu pacrpocrpa-
HEHUSI B )KUJIKOCTH yIApHOH (JIeTOHAMOHHO#) BosiHBl D [12].

[MpuHuMas 3a XapakTepHbIi pa3Mep paanyc KOMIAKTHOTO 00beMa BCeil MacChl
KT, naxomsiuxcst Ha PH B MOMEHT B3pbIBa, U YYUTBIBAs, YTO JUIS B3PHIBYATOTO

3
semectBa (BB) ¢ miortnocthio p >10° kr/mM3 ckOpoCTh JETOHAMHU COCTaBISET
D ~10% m/c [13], MOKHO 1pescTaBUTh BhIpaxeHue s oueHku Ky, (¢ koapdu-
nreHToM 3amnaca 1,5) B Buze

1/3

-3 (Mg -y -7)
Kyq =10 1/3Z .

: )

e fKT — TEOPETUYCCKUI TPOTIOBBIM SKBUBATEHT | KT *KHIKOTO TOILTHBA, OIpeIesisie-



MBI OTHOIIEHHWEM YJIEIbHOM TEIUIOTHI €r0 CrOpaHusl K yJEeNbHOM TEMIoTe B3pbIBa TPO-
Tiw1a (TpuHuTpotoyona — THT), cocrapmsromeit E, . = 4,2 -10° Ix/kr [13].

Jns Hanbonee mmpoko ucnoib3dyeMbix B PH TommmBe, Teoperndyeckue 3Hade-
HHS UX TPOTHJIOBBIX SKBUBAJICHTOB cocTaBisitoT [3]: f,., = 2,2 — mis TommBHOK

Hapsl «KUCI0po] — kepocun»; f . = 1,6 — wig TommusHoU napsl «<AT — HIAMI .

U3 (1) CJICOYyCT, UYTO MacCa TOIUIMBA, HC NPUHUMAIOIIAAd y4aCTUA B ACTOHAIIU-
OHHOM Hponecce, COCTABIISICT

My = (Mg =iy -7)(1— Ky 3)

OJTa 4acTh TOILIMBA 6YILGT paspyuiatbCd B MPOLCSCCE B3pbiBa HAa OTACIILHBIC
q)paFMGHTLI paSJ’II/I‘IHOI‘/'I MacChl 1 pa36paCBIBaTBC$I B pa3HbIC CTOPOHBLI; IPHU 3TOM
TOoJIHag SHCPIrus B3pbiBa OMPEACIIUTCA COOTHOIICHUCM

EB:MBB'ETHT'fK’r' (4)

XapakTep W WHTEHCHBHOCTH MpoTekarommx B xunkux KT mporeccos, o0y-
CJIOBJICHHBIX B3PBIBOM, BO MHOT'OM OIIPEIEIISIOTCS SHEPTUEil B3phIBa U 0COOEHHO-
cTsiMU mocneayromeil eé tpanchopmaunu. [lepBoHadanbHO Bes 3Ta SHEPrus co-
CpemOTOYeHA B UCTOYHHMKE B3phIBa B (hOpMe MOTEHIHMAIBHON SHEPruu, KOTopas B
MOMEHT B3pbIBa NEPEXOAUT B KHHETHYECKYI0 M TEIUIOBYIO JHEPIUU CHCTEMBI,
BKITFOUAIONIeH B ceOst BCE BelecTBO BHYTPH pacmmpsitomieiics YB. YB, na dopmu-
pOBaHHE KOTOPOH YXOIUT OKOJIO MOJIOBUHBI BRIAEISIOMIECHCS IPH B3PbIBE SHEPIUH,
SIBIIIETCS] OCHOBHBIM (haKTOPOM, AVICCUITMPYIOIINM SHEPTHIO B3pbIBa [14].

IoaTBepxKIeHHbIE 3KCHEPUMEHTAIBHO 3aBUCHMOCTH AL ONpEeeICHHs TaBJICHUS
BO (hpoHTE Y B 1IpH B3pEIBE, MPOUCXOAIIEM B MACCUBE JKUIKOCTH, IMEFOT BHL [15]:

t
P=P,-e?, (5)

rae P, — nukoBoe naBnenue B YB, [la; t — Bpems, c; € — XxapakTepucTHUECKOE
BpeMs, C.
st ciyyast B3pbiBa cpepruuecKoro (TOUEYHOro) 3apsaaa B MaCCHBE KUIKOCTH

1,09
p _53.107| YMe8 fio
m - %

r

; (6)

9=0,7-10‘4‘(M BB - fKT)O’ZB-rO'”, @)

rae I — paccTosHUe OT LEHTpa 3apsajaa 1o rpaHuibl Maccusa xxunkux KT, paccmarpusa-
€MOT'0 B BUJIE KOMITAKTHOTO OOBEKTa, M.

Iocne npoxoKIeHUsI BOIHBI CKATHS IPOUCXOANUT CHATHE JOCTUTHYTHIX JABJICHUN
W TeMIEpaTyp BOJIHON pa3pekeHus B aquadaTHyecKoM IPOLECCE pasrpy3KHd MacCHBa
XKUIKOCTH. JlaBieHNe nafaeT, HO MOBBIIICHHAS TEMIIEpaTypa Cpelpl COXPaHAETCs He-
KOTOpOE BpeMsl BBUIy MHEPIIMOHHOCTH TEIUIOBBIX IIPOLIECCOB. YKa3aHHOE 00CTOSITENb-
CTBO OKa3bIBACT 3HAUMTENILHOE BIMSHHE HA MHTEHCUBHOCTH IPOLIECCOB, ONPENEIISIO-
LIMX Ta30COAEP)KaHNEe MAacCHBa KUIKOCTH, 0COOCHHO Tra30HACHIIICHHOH, XapaKkTep U
OCOOEHHOCTH €€ Pa3pPyILEHHS B3PHIBOM.

Jns ciydas MrHOBEHHOTO BBIIETICHUS 3HEPrud, (opMHpYIOIIascs B pe3yJbTare
B3peiBa PH Bo3mymHas YB, pacnpoctpanssice B atMocdepe, oka3bIBaeT OapuuecKoe
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BO3JICHCTBHE HAa HAXOISIHECS B Helf 00beKThl. C JOCTATOYHOM TS TIPAKTUYECKHX OIle-
HOK TOYHOCTBIO M3MEHEHHE JaBjicHus Bo (poHTe YB omuceiBaeTcs BeipaskenueM [16]:

P, (R) =Py -R?, (8)

rae R — paccrosiaue ot PH, M, a P, ompenensiercs u3 (S) npu t=r- D! [16].
Hapsiny ¢ renepameil ynapHoit BosHbl, B3pbIB PH Ha akTHBHOM y4acTke TpacKTOpHH
conpoBoskaaercs oopazoBanreM Ol VMmynbcHBIE BEIOPOCH! OOIBIINX 00BEMOB TIPO-
JIYKTOB JISTOHAIIMH W TIapOra3oKarelibHbIX CMeCel, COMPOBOKIAIONIHECS HX BO3TOPAHH-
€M, TIPHBOIAT K (hOPMHPOBAHMIO B aTMOC(EpEe MOIIHBIX BOCXOISIINX KOHBEKTHBHBIX
MOTOKOB C XapaKTepHBIM CHJIBHO TypOYJIM3HPOBAHHBIM BHYTPCHHUM JIBHOKCHHEM.
Bcembitre 00pa3oBaBInerocsi TEIIOBOrO0 TEPMUKA B TPABUTAIMIOHHOM TOJIE 3EMIH CO-
TIPOBOKAAETCS €0 IMPeoOpa3oBaHNEM B BUXPEBOE KOJIBIIO — «OTHEHHBIH 1mapy [17].
Temmnepatypa BHyTpu OLLI cocraBmser ot 2000°K no 2500°K [8, 9], a Bpems cyiie-
CTBOBaHUsI HE TIPEBBILIAET HECKOJIBKUX JIecsiTKoB ceKyH. [loatomy OLL xapakrepu3syert-
Csl MHTCHCUBHBIM paJIMAIlMOHHBIM W KOHBEKTHBHBIM TCIUIOOOMEHOM C OKPYKaromeh
Cpeoii 1 HaXOASIIMMHUCS B Helt 00BEKTaMH, OCIIOKHSIEMBIM TIPOLIECCAMH TypOYJISHTHOTO
ropenust komrnoneHToB Ol 1 ux cMecu ¢ armochepHbM Bo3myxoM. [1ogo0HbIe 00pa3zo-
BaHMA ABJEIOTCA HCTOYHUKAMU MHTCHCHUBHOI'O TCIVIOBOI'O U3JTYUCHUS.
OcHoBHbIe MTapaMeTpsl 1 Xapakrepuctuku OLL onpenernsitorest cootHoteHusMu [9]:
— nuametp O, m:

D, =446

ol

: (9)

TAe pg, Cp — INIOTHOCTH M TEILIOGMKOCTE BO3/yXa B okpyxatomeid PH cpene; t —
TeKyIlee BpeMms, C;
— CKOPOCTb MOABEMA, M/C:

¢ 0,25
U,y = 26,5 M 4705 ; (10)
PcCpc
— BBICOTA MTOIBEMA, M:
M ¢ 0,25
H=Hg+53.| —BB 105, (11)
PcCpc

rae H, — BbIcoTa, Ha KOTOPO MPOU3OILEN B3PHIB, M;
—Macca BO3yXa M3 OKpy»karomeit cpenbl, BoBiekaemas Ol B mpouecce ero
noJrbema, Kr:
0,75

Mgg : fir
—BB_ | (p, - p.)0° 1P, (12)

M, =14,3-10%.
PcCpc

rae p, — IUIOTHOCTH Ta3oBoii cpeasl B OLLL.

Bripaxkenue (12) mo3BosisieT pacCUUTHIBaTh BpeMs npekpaiienus ropeaus OLL
KaK COOTBETCTBYIOIIEE TOCTHKEHHUIO B €0 Ta30BOM Cpe/ie HUKHETO KOHIIEHTPALIH-



orHoro mpezena BocruiameHeHnus: (HKIIB) mpu mepememmBanuu ee ¢ BOBJICKae-
MbiM B OIII Bo3myxom [9].

WHTEHCHBHOCT PaJUalliOHHOTO TEIIOBOTO MOTOKa, u3aydaemoro OII (Bt/m?),
COCTaBJISIET (C YIETOM €ro ociiadiieHus: aTMochepoit)

i+05
Ooy = 45-10° Do : —-exp —7~10‘4[\/R2+H2—D§“1j . (13)
H R
4| ——+05| +| —
omr omr

rae R —paccrosaue ot snunertpa OlLl qo obmyyaemoro o0ObeKTa, M.

Bonee TpyaHoii 3anaueii siBisieTCsl OLieHKa 10U Macesl )xuakux KT, nokuaarommx
MECTO B3PBIBA B BH/IE KPYITHBIX ()parMeHTOB KOMITAKTHBIX 00beMOB Kumkux KT.

B gwactm dhopmupoBaHus XHIKUX (PparMeHTOB Kak cieAcTBHs B3phiBa PH, He
CYIIIECTBYET €IUHOM TOUKM 3PEHHUS Ha MEXaHU3M Pa3pyIICHUs] KOMIIAKTHOTO 0ObemMa
JKUJKOTO T'a30HACBIIIEHHOIO ToIuiMBa npu B3pbiBe PH. 3anaua ompenenenus mace
3THX (PparMEeHTOB M HAYaJbHBIX MTAPAMETPOB MX IBWKCHUS (METaHWE B3PHIBOM) HE
MMeeT Jake TPUOIKEHHOTo perieHus. TeM He MeHee, 3HAaYNMBIE — B TUTaHE pac-
CMaTpHUBaEMbIX 3a/1a4 — 3aKOHOMEPHOCTH MOTYT OBITH TIOTYYEHBI C UCTIOE30BAHUEM
AHAJIOTHH, BBITEKAIONINX U3 (PEHOMEHOIOTHUECKOTO aHAIN3a MPOIECCOB APOOICHUS
Y METaHUS, HHUIIMAPYEMBIX B3PBIBOM B 00bEME Ta30HACHIIIIEHHOTO KHUIKOTO TOTIIH-
Ba M TPEIIMHOBATBIX TOPHBIX mopox [ 14, 20].

B camom o0mem Buje mpoliecc pa3pyIlieHus MpeicTaBsieT coO0W TOcIenoBa-
TENFHOCTh SIBIIEHHH, MPOTEKAIOMINX B MACCHBE XHIKOCTH B TEUYCHHE IMPOMEXKYTKa
BpPEMEHH OT MOMEHTA BBIZIEJICHHUS SHEPTUH HCTOYHUKOM B3pPBIBA, HAXOISAIINMCS BHYT-
pH MaccuBa, ¥ A0 00pa30BaHMs U METAHMS KHUIKUX (PparMeHTOB, pasMephl H Ha4alb-
Hasi CKOPOCTh JBIKEHUSI (METaHWsT) KOTOPBIX 3aBUCST OT MOIIIHOCTHY B3pHIBA.

K HacrosmeMy BpeMeHHU CUUTAETCs] YCTAaHOBJICHHBIM, YTO MEXaHU3M pa3pyIie-
HUS KUAKOCTH TIPH MMITYJIbCHOM Harpy>XeHHH HOCUT KaBUTAI[MOHHBIA XapakTep,
00yCIIOBIIEHHBIA TIOTEPEH KUAKOW CPeJIOW CIUIOIIHOCTH BCJIEJICTBUE HHTEHCHUBHO-
T'O POCTa 3apOJIBIIIEH KaBUTAIMU B BOIHE pa3peikeHus, 00pa3yroleics mpu oTpa-
JKEHUH yIapHOW BOJHBI OT CBOOOIHOM MMOBEPXHOCTH XKUIKOCTH [21].

B mo06oii xuakocty, a TeM 0oliee B HACKHIIIEHHBIX 3aMEINAONUM Ta30M KOM-
HOHEHTaX PaKeTHOTO TOILIMBA, COAEPKUTCA 3HAUMTENbHOE KonmuecTBo (or 10° mo
10'? pa 1 M%) Xa0THYHO PACIIONOKEHHBIX 3aPO/BIIIEH KABUTALMHI — ITy3bIPHKOB CO
CPEIHHM paguycoM OT 107M mo 10 ™ [22].Takas Ta30XKUIKOCTHAs CHUCTEMa
BeCbMa YyBCTBUTENIbHA K N3MEHEHUSIM JIaBIICHVSI U, B YaCTHOCTH, XapaKTepHU3yeTCs
Ype3BBIYAHO HU3KOW MHEPIIMOHHOCTHIO BCKUTIAHUS TP CHIDKEHUM JABIICHUS HU-
YK€ JIaBJICHUS HACBIIIEHHBIX apOB. B MaccuBe ®HUIKOCTH B YCIOBUSIX B3PHIBA BCE-
I/1a PeaM3yIOTCsl CKOPOCTH M3MEHEHUs JaBICHUS B OTPAKEHHOM BOJHE pasrpys-
KH, COOTBETCTBYIOIIHNE PEXKUMY 00bEMHOTO BCKUManus [21].

ITy3bIpék 06pazyeTcs 3a MPOMEKYTOK BPEMEHH, UMEIOIIHIA TIOPSIOK 10712 C, T. €.
MPaKTUYECKH MTHOBEHHO. [Ipu 1octaTroyHo O0JIBIIOM HCXOAHOM MEPECHIILIEHHH, 00pa-
30BaHHUE My3bIPHKOB OyJIET IPOMCXOUTH HEMPEPBIBHO B TEUEHHE BCETO MpoLecca pas-
TPY3KH; TPU 3TOM BHOBb OOpa3yIOIIMecs] Iy3bIPpbKH OyIyT BO3ZHHMKATh MpEUMYILe-
CTBEHHO B HENOCPEACTBEHHOM OJM30CTH K yXE CYLIECTBYIOIIMM, YTO OOYCIIOBICHO
YBEIIMYEHUEM PACTATHUBAIOIINX HAMNPSDKEHUH B MPWIETAOIIUX CIIOSX KUIKOCTH. YKa-
3aHHBIN MPOLECC, COMPOBOXIAIOUIMICS MOCIETYIOINM COMMKEHHEM U CMBIKAHHEM



MY3BIPHKOB TIOJT JICHCTBHEM CHIIbI MOBEPXHOCTHOTO HATSDKEHWS W CHIIBI bhepkreca,
00YCITOBIIEHHOM HEOHOKPATHBIM MPOXOXKICHUEM Yepe3 MacCHB KHUIKOCTH yIAAPHOU U
OTpa)XEHHOW BOJIH, HHULUHMPYET (POPMHUPOBAHKE B )KUAKOCTH PACTYIINX ITy3bIPHKOBBIX
CTPYKTYP (IIOJIOCOBBIX, CETYATHIX, JICHTOOOpa3HbIX [23]).

Taxum 00pa3om, Ha KaXKIOM dTarie Harpy KeHHs B3pbIBOM MacCHBa SKUIIKOTO TOTLIH-
Ba €r0 BHYTPEHHSIS CTPYKTypa OyIeT XapaKTepru30BaThCsl HEKOTOPHIM HAOOPOM ITy3bIPh-
KOBBIX CTPYKTYp («KBa3HTpEIHMH»), PacIoJioKeHHe, Pa3BUTHE W Tepepacrpe/iesieHe
KOTOPBIX B MPOIIECCE B3aNMOACIHCTBHS U OTIPE/IEIISeT CTETIEHb IOBPEXKICHHOCTH MacCHBa
1 €r0 Pe3yIbTUPYIOIINI OTKIIMK Ha Harpy3Ky, 00YCIIOBIICHHBIE B3PBHIBOM.

Jia anmexBaTHOTO OMHCAHHWA Pa3pyIICHHS B3PHIBOM KOMITAKTHOTO OOBEMa
KUAKOCTH, 00aqaioniero mogo0Horo poja HapyIIEHHSIME CIDIONTHOCTH, HE00X0-
JIUMO, HapsAy C YCIOBUSIMH Harpy>KeHUs, IPUHUMATh BO BHIMaHHE aHU30TPOIIHIO
pacnpezeneHus My3bIpbKOBBIX A€(EKTOB U KHHEMATHKy WX Pa3BUTHSI.

Paspymienue MoXeT UMETh pa3iIU4YHbIN XapakTep. B 3aBucuMocTH OT TOTO, Ka-
KM€ CBOWMCTBA MaTepualia HIPAlOT IPH Pa3pyIICHUH ONMPEIEIISIONIYI0 POJIb, PAa3IH-
YaloT XPYIKOEe, KBA3UXPYIKOE, BA3KOE, YIPYTOBsI3KOe paspyiienue u T. 1. [13, 20].

Paspymienue B3peiBOM kuAKOCTeH mpu Temmeparypax T < 530°K Hocur
XPYIKUH XapakTep ¥ MPOUCXOIUT MO «KBA3UTPEIIUHAMY, COCTOSIIMM U3 IMy3bIPh-
KOBBIX CTPYKTYP, KOTOpPbIC (POPMHUPYIOTCS B MAaCCHUBE JKUIKOCTH B Pa3JIMYHBIX, B
TOM YHCJIE mepecekaronuxcs mwiockoctax [13]. s mocTpoeHus ycioBus paspy-
HICHUS W ONpe/esICHUs] pa3MepoB (parMeHTOB, HA KOTOpBIE OyAeT paspymaTbes
TOIIMBO TpH B3pbiBe PH, HeoOXoauMo pacmonarate CBEACHUSIMH O KOHKPETHOM
pacrmpeneneHur TpaHHmIl My3bIPbKOBBIX 00pa30BaHUH («KBa3UTPEIINH») B MACCUBE
JKUJIKOCTH, a TaKXK€ O KOOpJHHATaX IUIOCKOCTEN W JIMHUM WX MEPECEYEHUM, Onpe-
JEISIONINX TPaHUIbI OTJIEIBHBIX (PparMeHToB.

Y IOBNIETBOPUTENHHOTO PEIIeHNs paccMaTpUBaeMO 3aJauu B HACTOSIIEE Bpe-
Mst HeT. MOXHO TOBOPHUTD JIUIIL 00 MCTIONB30BAaHUHU C ATOH MEIbI0 Ka4eCTBEHHOTO
aHanm3a MpoOJIeMbl U HEKOTOPBIX PEIIeHUH (EHOMEHOJIOTHYECKH aHaJOTHYHBIX
3a7lay pa3pylleHUsI B3PBIBOM XPYIKHUX CpEJl; XapaKTep TaKOTo pa3pyLICHHUs Ompe-
JIeJISIeTCSl BHYTPEHHEN CTPYKTYPOW MaTepuana, HaJu4ueM B HEM MHUKPOTPEILIMH U
UX Pa3BUTHEM B TPOIIECCE HATPYKEHHUSI.

B cBsi31 ¢ U3NOKEHHBIM U C YYE€TOM YCTaHOBJICHHOTO, B TOM YHCIIE SKCIIEPUMEH-
TanbHO [13], KBa3UXpyNKOro xapakrepa pa3pylleHus] Harpy>kaeMoro B3phIBOM MacCH-
Ba KMJIKOCTH, 11e71ecO00pa3HO MCIIONB30BaTh JUIs OTpeJIeieHHs] pasMepoB 00pasyro-
mmxcst (PParMeHTOB KHUAKOCTH dKCIIEPUMEHTAIIbHBIE JIAaHHBIE 0 (DEHOMEHOJIOTHYECKH
AHAJIOTWYHOM TIPOIIECCE Pa3pyIICHHUs] B3PHIBOM MACCHBOB TPEIIMHOBATHIX TBEPBIX
nopoy [20]. Ha ocHoBaHUM TaKuX JaHHBIX, TPUBE/ICHHBIX B [24], MOTyYeHa SMITUPHYC-
ckasi hopMyIta, ONpeeIISIONIas CPeaHmi pasMep dparMenta X, o (M) B 3aBHCUMOCTH

ot maccel BB (Kr) 1 06b6Ma pa3pylIeHHOro MacCuBa KUKOTO TOILTHBA (M°):
3/2

1-K
Y1 , (14)

Xo=01-(Mgg - f )% | ———
KT qu'pT'fKT

ra€ P, — IJIOTHOCTH TOIJIKMBA.

Hpe;[naraeMmﬁ noAXoa MO3BOJIACT MOJYHYaTh IIPUCMIICMBIC 1T IIOCTaBJICHHOM
3aa4yu pCHICHUSA B BUAC KOHCUHOI'O PE3yJibTaTa, HC MCPErpyxkas NpOoUCAYpPY HX
OTBICKAHUS OOJIBIIIMM KOJIHYECTBOM TPYAHO OIPEACIACMBIX MTapaMCTPOB.

Pa3pymeHHe MacCCHBa XHUAKOIro TOIIJIMBAa Ha (bpar MCHTBI 1 UX p336p0C IpoOuCxo-



JIUT 3a cYeT dHeprun aeToHarmu BB, oOpa3yromerocs mpu cmemennu KT B mportec-
ce passutusa aBapuu PH. Ecnu 3apsin BB 3axumiodeH B skunkyto 000J04Ky, Macca Ko-
TOPOIl MPEBOCXOAUT €T0 Maccy, TO IIPU pacueTe CKOPOCTU 000JIOUKH MOXKHO, B IIep-
BOM IPUOJIMKCHUH, TIOJIb30BATHCS TUIIOTE30i O €0 MrHOBEHHOM JeToHarmu [13].

Hns BB ¢ mnotHOCTRIO p 2> 10® kr/m® CKOPOCTbH JIETOHAIIUU COCTABIISAET

D:Kq)VETHT'fKr' (15)

rae koodduiment Ky n3mensercs ot 3,5 1o 4,0.

Ecmu cnapyxu obomouku 3apsiqa BB Haxomutcs BO3AyX ¢ IUIOTHOCTBIO P, TO,
MIPUHUMAS €T0 32 WJICATBHBIN Ta3 U YUUTHIBASL, YTO JUIS CUJIBHBIX YIAPHBIX BOJH 3HEPTHs
E., mepemaBaemast cpezie, paBHa paboTe, KOTOPYIO COBEpIIIAET PacTSATHBAIOMIAACS 000-
JI0YKA TI0 MPEOIOIICHHIO TIPOTUBO/IABIICHHUS CO CTOPOHBI CPe/ibl, MOXKHO 3anmcath [13]:

2k+1 R

E.=Vp.u —
c Pc Ro

1], (16)

rae kK = 1,4 — moka3arens aguabarel Bo3ayxa; V — o0beM 000JI04KH 3apsiia; U —
MaKCHUMAJIbHAsI CKOPOCTh 000J10UKH; R — HauaibHBINA BHEIIHUI pagnyc 000JI0UKH;

N — mokazarens crenenu (N =3 mns chepudeckoit m N =2 mus mumuHApUYe-
cKoit o6onodek 3apsina BB).
Bennunna R=R;, COOTBETCTBYeT MOMEHTY MOJydYeHHsSI OOONOYKOH MakKcu-

MaJIbHOMN CKOPOCTH; 3HAYCHUE R OINPECACIIACTCA IO OINBITHBIM JaHHBIM 6o

mp
pacdeTHbsIM myTeM [13].

[Ipu MeTaHnM IPOAYKTaMU AeTOHAINH c(heprudecKoi U MIIHHAPUIECKONH 000-
JIOUeK BEITMUNHY KMHETHYECKON S3HEPTUH MOKHO 3alHCaTh B CAEAYIOLIEM BH/JIE:

kK-

7

E @17

Tie | — HOPMHUPYIOIINI KO PHUIIEHT.

B onieHOUHBIX pacueTax MOXHO MpeHeOpeub SJHEpPTrUel pa3pymeHus 000I09KN
[13, 20] u BemMUMHOM PHEPIHH YAAPHBIX BO3AYLIHBIX BOJIH. B 3TOM cilydae CKO-
POCTh pacTshKeHHs 000104KH 1711 BB 0051611107 MJI0THOCTH paBHA

D
w2 | B (18)
2\ 21+281y)
rae f=Mgg/My.
Ecnu cumnrtath, 4TO BCSI SHEPIHsl B3pbIBA PACXOJyeTCsl HA METaHUuEe 00OJIOUKH,

TO Mq,uzl 2=Eg. Ora ¢opmyna npu ycnosun, uto D =4,/Eg , Moxer ObITh

_Db /s
u—2\/;, (19)

YTO JACT BEPXHUI TEOPETHYECKUI Npe/esl CKOPOCTH METaHHsI 0OOJIOYKH MPOIYK-
tamu getoHaiuu (I11). YuurteiBas, 4to:
— st chepryeckoit obomoukn y =10/ 3;

npeaAcTaBJiCHA B BUC

10



— U HUIIMHIPHYECKON 000I0uKy i =4,
u3 (17) COOTBETCTBEHHO CIIEAYET, UTO:
— 1 cepudeckoit odbonouku 3apsaa BB

u=p |8 . (20)
8(5+3))

— IS IIWTMHAPUYECKOH o0oouku 3apsiia BB

D | A (21)

2\2+ 8

Uro kacaeTcsi OlpeneieHns 3aKOHOB ABIKEHUST 000JI0UeK 3apsaa, METaeMbIX
NPOAYKTaMH ACTOHALMH, TO B HPEANONOKeHUH, 4T0 My >Mpgg, a sneprus I1J{

pacxomyetcs Ha MeTaHue 00onouku u Metanne camux [1/], B [13] momrydensr coot-
HOIIICHUS, OTMCHIBAIOIINE 3aKOH U3MCHEHHS CKOPOCTH JIBYDKEHUSI 000JI0YKH 3apsi-
Jia B IIPOIIECCE €€ PACTSDKEHUS U Pa3pyIICHHS:

— 7151 cheprudecKort 000JI0UKH

_D | 158 1_(&JS : (22)
41\ 2(5+38)

— IS IIWTMHAPUIECKON 000JI0UKH

5
u-p |2 1_(&j . 23)
52+5)| LR

Benuunna R B (22), (23) cooTBeTCTBYeT MpeAeabHOMY 3HAYEHHUIO BHYTPEH-
HEro pajauyca, Ipu KOTOpOoM 000JI0uKa 3apsijia MPpUoOpeTaeT MaKCUMAaIbHYIO CKO-
POCTb, €CIIH pacuIMpsieTcs 10 Hero 0e3 paspbiBa, MO0 TOMY 3HAYCHUIO paanyca
R, mpu KOTOPOM MPOUCXOUT pa3pylIeHHE 0OOIOUKH.

Kak nokasbIBaioT pe3ynbTaTsl SKcriepuMeHToB [13], paspyiienue obonodex u3
HEIUTACTHYHBIX MaTepHasioB npoucxoaut mpu R < (1,6 +1,65)- Ry, T. e. panbie, yem

OHU YCIIEBAIOT HaOpaTh MaKCUMAaIIbHYIO CKOPOCTh U 4y ; IPU 3TOM HadajbHAasl CKO-
POCTh JBIKEHHUS ()PArMEHTOB, Ha KOTOPBIE PACIAAAOTCsl 000JIOUKH, COCTaBIISIET

Uy =(0,89+0,92) U 0. (24)

OOpazyromyecss Mpy B3pbIBE (parMeHThl MO JACHCTBHEM CHJI MOBEPXHOCTHOIO
HaTsHDKEHUs OyyT MPHHUMATh B JATBHEHINEM JIBIDKEHHN (OPMY, XapaKTEPHU3YIOIIYFOCT
MUHMMAJIBHOHM CBOOOIHOM SHEprHeH, TpaHC(OPMHPYSCH B IIAPOOOpasHbIe Karlii ¢ ua-
metpoM d, = X, o (cM. cootHomenue (15)). Ha Takyro Kammo, IBIKYILYIOCS B OKpY»XKa-

IOIIEH €e BO3MYIIHOM cpefie, AEHCTBYIOT MTOBEPXHOCTHOE HATSDKEHHUE U a3pOIUHAMUYE-
ckoe conporusiieHre. OCHOBHBIMH (DaKTOpaMy, BIVSIFOIIMMU Ha €€ TIOCIIe Y OIIHI pac-
naj, SBJSIOTCSI OTHOCUTENBHASI CKOPOCTh (pa3, MOBEPXHOCTHOE HATSHKEHUE KHUAKOCTH U
BSI3KOCTb YKHUIIKOCTH, CBSI3aHHBIC KPUTEPHATHLHBIM COOTHOIIICHHEM [25]:

2
We = %dK 1 (25)
(o}

rne d, — Amamerp Kammm; p, — IUIOTHOCTh BO3IyXa B OKpyatomen cpene; U —
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CKOpPOCTh JBMXKEHHs Karmu ((¢parMeHra), o — KO3()(UIMEHT MOBEPXHOCTHOI'O
Hatsokenusa KT.

Jlnst pacniaa karum HeoOXOIUMO JTOCTHXKEHUE KPUTUYSCKOTO 3HAUYCHUS YHCIia
Bebepa We,,, . B wactroctn, npu 7 < We < 8,5 mocturaercsi BEpXHHUI mpenern

npobienus, koraa apodsarcs Bce 100 % kamelnb; Takol pesKuM IPOOJICHUS COXpa-
HAETCS TIpH Beex 3HadeHmsix We > 8,5. [25, 26].

Jlns pemraemoit 3aaun HAaHOOJIBITAI WHTEPEC TPEICTABIISICT PEKIUM B3PBIBHO-
ro pa3pylIeHus1 Karuid, o0yCIOBIEHHBIA BO3JCHCTBAEM Ha HEE MOIHBIX FMITYIIb-
COB CKOPOCTH M JJaBJICHUS, TEHEPUPYEMBIX B3PHIBOM.

CooTHoIIeHHE IS OMPEIEICHNs XapaKTEPHOTO BPEMEHHU pa3pyIICHHs KarlTu
IIPH B3PBIBHOM pacliajie uMeeT BU [26]:

dK -0,25
tp =10 We 0%, (26)

[Tpwm olieHKe AUCTIEPCHOTO COCTABa, pacueTax JBHKCHUS M UCTIAPCHHS KaIleb,
00pa3zoBaBIIUXCS TPH pacmaae GparMEeHTOB KUAKOCTH, IEIeCO00pa3HO IOJB30-
BaThCsl JJAHHBIMH 00 UX CPEIHHMX pa3Mepax, YTO MO3BOJSET YIPOCTUTH pEIICHHE
Pa3NIMYHBIX TEXHUYECKUX 3anad. [IoMMIUCTIepCHBIH MOTOK MPEACTABIISIOT, KaK
MPaBUIO, B BUJC (DMKTUBHOTO TMOTOKA C HEKOTOPBIM CPEIHHM Pa3MepoOM Karmelb,
OTPAXKAIOIIUM T€ MM WHBIC XapaKTepHbIC CBOMCTBA UX COBOKYMHOCTH. Hanbonee
YacTO UCMOJIL3YIOTCS CIIEAYIOIINE MOHATHS CPEAHEr0 TUaMeTpa Karelb MOJUInC-
MEPCHOT0 MOTOKA!

— 0315 — /Ul OMHMCaHUs CyMMApHOW CHIIBI a9POJMHAMUYECKOTO COMPOTUBIIE-

HUSI IBH)KEHHIO TTOTOKA,;

— d3, — 00BEMHO—TIOBEPXHOCTHBIN (3ayTEPOBCKUIA) — JUISi ONMUCAHHS TEILIO-
MacCOOOMEHHBIX MPOLECCOB;

— d3g — B3BCILICHHBII M0 00BEMY BCeX Karlelb — JUlsl ONUCAHHUS WHTEHCHBHO-
CTH HOTOKA.

B nmxeHepHBIX pacueTax IpU pacdeTe CIeKTpa IpoOseHHs Kameiab Haubojee
LIMPOKO UCIIONB3yeTCsl ypaBHeHUE Posuna—Pammiiepa [25]; mpu 3ToM COOTHOLLIEHMUS,
OIIPEACIAIONINE CBSI3b MEXy 3HAUCHUSIMU YKa3aHHBIX BBILIE CPEAHUX JUAMETPOB U
MeJMaHHBIM JUaMeTpoM Karesb (d,,) MOIHAUCIIEPCHOTrO MOTOKA, UMEIOT BUI:

d3.1,5 = O,781'dM , d32 = 0,677 dM , d30 = 0,826dM . (27)

OreHKa HaYaJILHOTO pa3Mepa KareabHOro o0aka, 00Opasyromerocs py B3pbIBe
PH Ha akTMBHOM y4acTKe TPAaeKTOPHH, B CHEPUYECKU CHMMETPHYHOM NPHOIMKE-
HHH, C y4ETOM CKOPOCTHOM HEpPaBHOBECHOCTH (a3 U B NPEHEOPEIKECHNUH BIMSIHUEM
CUJIBI TSDKECTH, MOXKET OBITH IOJTy4eHa U3 ypaBHEHUs JBIIKEHUS OJMHOYHON KaIuli
B IIOKOSIIIEMCs BO3yXe co ckopocteio U , m3menstromeiicst or Uy o U, [27]:

d—Uz—CD(Re)-%-&-UZ, (28)

OreHKa BpEeMEHU CKOPOCTHOHM peNakcalliy W IyTH, MPONICHHOTO KaIuled C
muamerpom d, =d3 ;5 3a Bpems TopmoxeHus U, onpenensercs u3 (28) ¢ yuerom

3aBUCHMOCTH 0e3pa3MepHOro Kod3(h(HUIMEeHTa adpOJMHAMHYECKOTO COIPOTHBIIE-
Hust Cp ot uncna PeitHonpaca Re (XxapakTepHusylomero cpeHion Mepy OTHOIe-
HUS CUJI MHEPLMHU K CHJIaM TPEHUsI), KOTOpoe omnpezensercs no ¢opmyie [25]:
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Re = m , (29)

He
rae U, —Kod(pdUIMEHT TMHAMUYECKON BSI3KOCTH BO3LyXa B OKpY’KAIOIIEH cpefe.
Crenyst oOLICTIPUHATOMY TOAXOMAY, BBeleM (YHKIHMIO compoTuBieHus fp

KaK OTHOIIEHHE Oe3pasMepHOro Kod(pQHUIHMEHTa a’dpOJUHAMHUYECKOTO COMPOTHB-
nenusi Cp K ero 3Ha4YCHHUIO MPH BA3KOCTHOM pexume odtekanus [25 — 27]:

Re
fp =Cp—. 30
p=Co, (30)
Beipaxast orciona Cp u mojctasisis ero u Beipaxkenue it Re (29) B (28),
MOTYYHM

Y _ _gp, Y (31)
dt Py
P07
Hcnonb3ys MOHATHE BPEMEHHOH MOCTOSHHOM Ty = ——— , mpeacrasuM (31) B
18 1:D/uc
0oJ1ee MPOCTOM BUJIE:
du
—=-U. 32
B gt (32)

J1st moTy4eHHst OLIEHKU CBEPXY HadalbHBIX pa3MEpPOB KalelnbHOro o01aka mpu
Ha4yaJbHOU CKOpPOCTH JIBMKEHUS Kariu U, MOXXHO MCHOIB30BaTh pPe3yibTaThl pe-

ureHust ypaBHeHusi (31) Ui BSIBKOCTHOTO pexuMa OOTeKaHWsS Karud (Koraa

Cp = % , a fp =1). B atom ciyuae pemenue ypaBHeHus (31) mpu HayaabHBIX
€
yenoBusix U (0) =U, x(0) =0 umeer Bux:
tK
U(t,)=U, exp[— —J; (33)
Tp
X(t,) =TgUg|1- exp(— t—“j . (34)
Tg

YT0OBI ONpeNenTh JUTMHY ITyTH KaIlIi, Ha KOTOPOM OHA 3aTOPMO3HTCS JI0 CKOPO-
cru U (t,) =U, <U,, nocrarouno u3 ypaBaenus (33) onpeaennrb COOTBETCTBYIOIICE

t
3HAYCHUE exp(— T_K) Y TIOJICTAaBHThH €T0 B ypaBHeHHUE (34); B pe3y/bTaTe MOITyUHM:

B

x|uK=TBuo(1—3—“J=TB(Uo U, (35)
0

Cootromenwust (34), (35) Mo3BOISIIOT OIEHUTS, 3aj1aBasich 3HaueHueM U , Hauaib-
HBIE pa3Mephl KareIbHOro 00J1aKa MpH HaYaIbHOW CKOPOCTH ABMbKeHws Karum U .

Takum 00pa3om, H3ITOKEHHOE BBIIIE TTO3BOJISIET CIETATh CIICTYIOITHE BBIBOIEI.
1. Pa3paboTaH METOUYECKUI MTOIXO/T K OTPE/ICIICHUIO HaYalIbHBIX KHHEMaTH4e-
CKHX M TEOMETPHUECKHX XaPAKTEPHUCTHK KaIleIhbHOTO O0JaKa KOMIIOHECHTOB
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TOIUTHBA, OOpa3yIOIIEerocss B pe3yibTare B3phiBa KUAKocTHOM PH Ha atmo-
chepHOM YyYacTKe IIOJIETa; B OCHOBY IOJIXOJIa IMOJIOKEHA (heHOMEHOJIOTHYC-
CKasi aHaJIOTHs TPOoIIecca pa3pylieHU UMITYJIbCHON Harpy3KOH TPEINHOBATO-
r'O TBEPJOTO TEJIa U MACCHBA T'a30HACHIIICHHON KaBUTUPYIOIMICH KUIKOCTH.

2. [lomyueHHbBIE XapaKTEPUCTUKH KaIEILHOTO 00JIaka MOTYT OBITh HMCIIOJIB30-
BaHBI KaK MCXOJIHBIE JaHHBIE JUIA pacueTa MocieAyIollei ero Tpanchopma-
LIUU TPU JBWXCHUH B TPABUTAI[MOHHOM TIOJIE C YYETOM TEIIOMAacCOOOMEH-
HOTO B3aMMOJICHCTBUA ¢ aTMOoc(epoit, a TakKe JJIT OIEHKH SKOJIOTHUECKHIX
PHCKOB B 30HE BBINAICHUS TPOIYKTOB B3phiBa PH Ha moBepxHOCTH 3eMiu.
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