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AHanUTUUeCKaA OueHKa B3PbIBHOIO BO3AEMCTBUA Ha 00bLEKTDI

M MeToAMKa NAaHUPOBaHUA aBapUMHO-BOCCTAHOBUTEAbHbIX paboT

AnekcaHAp AnekceeBuY PyaeHKo ™
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AHHOTALMUA

BBeaeHUe. AKTYaAbHOCTb aHAAUTUUECKOTO UCCAEAOBaHUA 0ObACHSAETCA TeM 06CTOSTEABCTBOM, UTO K HaCTosILLLeMY
BPEMEHU XapakTep U NOCAEACTBUS B3PbIBHOMO BO3AEMCTBUA Ha 3AAHMA W 3aLLMULLEHHbIE COOPYXEHUSA UCCAEAO-
BaHbl HEAOCTATOUYHO U TPEOBYIOT AOMOAHUTEABHOTO @aHaAM3a U YTOUYHEHUA OCOBEHHOCTEN MPOBEAEHWUA aBapUMHO-
BOCCTAHOBWTEABHbIX PaboT.

Llenbto MCCAepA0BaHMA ABASIETCA aHAAUTUUECKKIA 0630 B3PbIBHOMO BO3AENCTBUS Ha 3AaHUSA, 3aLLUMTHBIE COOPYXe-
HUSI TPaXXAaHCKOM 060pOoHbI (3CMO) M MX BXOAbI (BbIXOAbI), C pa3paboTKoM METOAMKM NAAHWPOBAHUS aBapUMHO-
BOCCT@HOBWTEABHbIX PaboT.

TeopeTUueckne OCHOBBI. YTOUHEH COCTaB MOTEHLUMANBHBIX MCTOYHUKOB B3PbIBHOIO BO3AEWCTBUA. PaccMoTpeHbl
pacuyeTHasi CxeMa BO3AEMCTBUS BO3AYLUHOM yAapHOW BOAHBI (BYB) M BOAHBI CXaTna Ha HazeMHoe 3AaHUe U MOA-
3EeMHOE COOpPYXEHWE, BapuaHTbl pas3MeLLeHUs 3aLUMTHbIX COOPYXEHWM B Pa3AMYHbIX TUMAx FPYHTOB, @ Takxe
XapaKrep CEMCMOB3PbIBHOIO BO3AEWCTBUA Ha NOA3EMHbIE COOPYXKEHMUS.

PesynbtaThl U Ux obcyxaeHue. NMpoaHaAMaMpoBaHbl cxema Bo3aencTBUS BYB Ha HaseMHble U MOA3EMHbIE IKC-
nAyaTMpyemble 06beKTbI KanuTaAbHOro cTpoutenbctBa (OKC), B TOM YMCAE M C YYETOM BO3MOXHOMO 06pyLIeHUs
Ha3eMHOoM YacTu 3paHus Ha 3CI0, pasmellaemble, Kak NPaBUAO, HE OTAEAbHO CTOSILLIMMMU, @ Kak NOA3eMHas YacTb
Ha3eMHOoro 3paHus. MpoaHaAM3MpoBaHbl BEPOSITHOCTb U CTeMeHb pa3pyLleHUs Ha3eMHbIX Y MOA3EMHbIX 3AaHWUM
1 COOpYXeHnn. OLeHeHbl BapnaHTbl MICMIOAb30BaHUS BXOAOB (BbIXOAOB) M3 3CIO AR 3BaKyaLMK AOAEN.

BbiBOABI. [IpOBEAEHHOE MCCAEAOBAHME NMO3BOAUMAO ONPEAEAUTD, UTO CTEMEHb noBpexaeHus OKC ana BCEX BUAOB
MCTOYHUKOB B3pblBa U 60enprnacos (B 06bIMHOM 1 AAEPHOM UCMIOAHEHUM) ONPEAENSETCS TEXHUYECKMMU XapaKTe-
PUCTMKaMM B3PbIBYATONO BELLECTBA UAM SAEPHOIO 3apPsiA@, MOLLHOCTBIO B3pbiBa, PACCTOSIHUEM A0 MecTa B3pblBa,
MECTOMOAOXEHUEM B3pbIBa (HAa3EMHbIW, MOA3EMHbIN, BO3AYLUHbIN), KOHCTPYKTUBHBIMU OCOBEHHOCTAMMU 3AaHWUM
1 COOPYXEHUN, HaAuMeM nperpaa (3kpaHoB). Kpome Toro, caeayeT npeaycMaTpuBaTh OMacHble YCAOBUS BO3AEH-
ctBKA Ha OKC oT B3pbiBa SSAEPHOr0 3apsipa. HanboabLyto CTENeEHb 3aLUMLLEHHOCTH OT BO3AENCTBUS BYB nmetot
CKBO3HMKOBbIE BXOAbl 3CIO, B OTAMUME OT TYMMKOBBIX, LIAXTHbIX, MPAMbIX U BCTPOEHHbIX. B cayuae ecan 3CIrO
ABASIETCA MOA3EMHOM YaCTbiO Ha3eMHOM0 3AaHUS, MPKU ero pa3pyLleHUn B3PbIBOM BbICOKa BEPOSATHOCTb TOFO, YTO
3BaKyMpOBaTh AOAEN He MPEACTaBUTCH BO3MOXHbLIM W NOTPEBYOTCS aBapUHO-BOCCTAHOBUTEABHbIE PaboTbl AAS
PacuMCTKM U BOCCTAHOBAEHWSA BXOAOB (BbIXOAOB) OT 06pa3oBaBLUMXCA 3aBaA0B.

KAtoueBble croBa: NOBPEXAEHUSA U pa3pyLieHna 3AAHWI; BXOAbI y6e)KVILLL; 3alLNUTHbIE COOPYXEHUA
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Analytical assessment of explosive impact on facilities

and methodology for planning emergency recovery operations

Aleksander A. Rudenko ™

St. Petersburg State University of Architecture and Civil Engineering, St. Petersburg, Russian Federation

ABSTRACT

Introduction. The relevance of the analytical study is explained by the fact that to date the nature and consequences
of explosive impact on buildings and protected structures have not been sufficiently investigated and require
additional analysis and clarification of the features of emergency recovery operations.

The purpose of the study is an analytical review of the explosive impact on buildings, civil defence protective structures
(CDPS) and their entrances (exits), with the development of a methodology for planning emergency recovery operations.
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Theoretical foundations. The composition of potential sources of explosive impact is specified. The design
scheme of the impact of air shock wave (ASW) and compression wave on the surface building and underground
structure, options for the placement of protective structures in different types of soils, as well as the nature
of seismic-explosive impact on underground structures are considered.

The results and their discussion. The scheme of ASW impact on above-ground and underground operated capital
construction facilities (CCF) was analyzed, including taking into account the possible collapse of the above-ground
part of the building at the CDPS placed, as a rule, not separately standing, but as an underground part of the above-
ground building. The probability and degree of collapse of above-ground and underground buildings and structures
have been analyzed. The options of using entrances (exits) from CDPS for evacuation of people are assessed.
Conclusions. The study allowed us to determine that the extent of damage to the CCF for all types of explosion
sources and munitions (conventional and nuclear) is determined by the technical characteristics of the explosive or
nuclear charge, the explosion yield, the distance to the explosion site, the location of the explosion (above-ground,
underground, airborne), the structural features of buildings and structures, and the presence of barriers (shields).
In addition, it is necessary to provide for hazardous conditions of impact on the CCF from the explosion of a nuclear
charge. The greatest degree of protection from the impact of ASW is provided by through-entrances of CDPS, as
opposed to dead-end, shaft, straight and built-in entrances. In case a CDPS is an underground part of an aboveground
building, in case of its destruction by an explosion, it is highly probable that it will be impossible to evacuate people
and emergency recovery operations will be required to clear and restore entrances (exits) from the resulting debris.

Keywords: damage and destruction of buildings; shelter entrances; and defensive structures
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BBeaeHue

B ycnoBusix cOBpeMEHHOTO MPOU3BOJICTBEHHO-TEXHOIIO-
THYECKOTr0 YKJIa/la SKOHOMHUKH B3PBIBHOE BO3JEICTBHE
Ha CTPOUTEIIbHBIE KOHCTPYKIUH 31aHUNH U COOPYKEHUN
CIIEyeT YYUTHIBATH KaK OIHWH M3 PEaJbHBIX (PaKTOPOB
BO3JIEHCTBUS Ha SKCIUTYyaTUPYEMBIN MTPOU3BOACTBEHHBIN
00BeKT [1, 2]. YKkazaHHOE 0COOCHHO aKTyaJILHO JIJIS OTTac-
HBIX MTPOM3BOICTBEHHBIX OOBEKTOB 1 OOBEKTOB, HAXOIA-
MUXCs BOJH3H, YTO OOBSICHACTCS CIIOKHOCTBIO TEXHOIO-
THYECKUX MPOLECCOB, OMACHOCTHIO UX COCTABISAIOIINX,
(paxTOpamu Ype3BbYaiiHbIX cuTyarmit* (UC) pasnm4aHoro
MIPOUCXOXKIEHHS, CTAaBIIMMU HCTOUHHKAMU B3PHIBOB Ha
00BEKTaX, CBSI3aHHBIX C IKCIUTyaTalluel, UCCIICIOBAaHHUEM,
XpaHEHUEM WJIM TPAHCTIOPTUPOBKOU BEILIECTB (AJIEMEHTOB,
YCTPOICTB), KOTOPBIC MOT'YT IPUBECTHU K B3PHIBY.

J1s1 3a1MTEI T0ner OT BO3JEHCTBUA OMACHBIX MPO-
W3BOJICTBEHHBIX (PAKTOPOB HA TAKUX 0OBEKTAX M B MECTax
JKU3HEIEATENIbHOCTH JIIO[EH yCTpauBaloTCs 3alllUTHBIE
COOpyXeHus rpaxnaHckoir ooopons! (3CI'O), koTopsie
B coorsercTBuu ¢ CIT 88.13330.2014° nomxknbl 060py-
JIOBaThCsl HAJJIeKAIIUM 00pa3oM B BUAE BCTPOEHHBIX,

'B Heto-Jlenn mpomsouwto 3emnerpsicenue / PUA HOBOCTHU.
URL: https:/ria.ru/20250217/zemletryasenie-199973993 1 .html (nara
nyomukarun: 17 despanst 2025).

2 Rheinmetall He cumraer B3pHIB Ha 3aBoje B Mcmanum TepakToM //
PUAHOBOCTHU. URL: https:/ria.ru/20250217/zemletryasenie-
1999739931.html (nara my6muxanum: 31 saBaps 2025).

* CII 88.13330.2014. CBox TpaBuil. 3aIMTHBIE COOPYXKEHHS TPa-
JTaHCKOH 000poHBI. AKTyanusupoBanHas penakuus CHull I1-11-77*
(ytB. Ilpukazom Munctpos Poccun ot 18.02.2014 Ne 59/mp) (pen.
or 23.01.2019).

MIPUCTPOEHHBIX, OTJEIBHO CTOSIINX, 3arTyOIeHHbIX WIN
BO3BBIIIAIONIMXCS HAJT 3eMJIEH MMOMEIEHUH WIIA COOpy-
skeHUH. Takue 0OBEKTHI JOIDKHBI 00eCIeuuBaTh rapaH-
THPOBAaHHYIO CTEICHB 3alIUTHI OT 33laHHBIX (HaKTOPOB
BO3/ICHCTBUS HA YEJIOBEKA B TEUCHUE MPETYCMOTPEHHOTO
BpPEMEHH U OBITH BCETJa B HAUICKAIIEM TEXHHICCKOM
COCTOSIHUH.

TexHHYECKOE COCTOSHHME 3IaHMIl U COOPY>KECHHI,
B ToM uuciie u 3CT'O, onieHnBaeMoe 4epe3 UX KaTeropyy,
SBJISIETCS ONIPEAEIISIFOIUM JJIsl OTEHIAIBHON BO3MOXK-
HOCTH 3KCIUTyaTalliyl U MJIAaHUPOBAHUS MEPOTPUATHI
0 TIOAJIEP>KaHUIO 00OBEKTOB B HAAJIEIKAILEM COCTOSHHU.
B ycioBusix 00BIYHOTO «ITPOU3BOJICTBEHHO-OBITOBOTOY
(hYHKIMOHUPOBAHUS TEXHUYECKOE COCTOSIHUE OOBEKTOB
OTIpeessieTCs] B OCHOBHOM IapaMeTpaMy HX (Qu3udec-
KOTO U MOPAJIBHOTO M3HOCA, U BO3MOXKHO CHMXKAsICh
B CBSI3M C HAPYLIEHUSIMH, JOMYIIEHHBIMU B IPOLECCE
MPOCKTUPOBAHMSI, CTPOUTEIHCTBA HJIM MOBCEIHEBHOMN
IKCIuTyaraui [3, 4].

B pesxnmMe MOHUTOPHHTA 3TO OIICHUBACTCS M IIPOTHO-
3UpYETCs JOCTaTOUHO TOYHO, YTO MOATBEPHKAECHO MPaK-
THUKOM 3KCIUTyaTaluy 31aHui U coopyxeHuil. OIHaKo
MpU BO3JEHCTBUM aBapHIIHBIX B3PBIBHBIX Harpy30kK
XapakTep BO3ACUCTBHS U MOBPEKICHUIN CTPOUTEIBHBIX
KOHCTPYKUUU U 374aHUS B L[E€JOM 4YacTO ONpPENesnTh
CIIOXHO, ITO OOBSICHSIETCS KOMIIEKCOM CYOBEKTHBHBIX
U OOBEKTUBHBIX IPHYNH.

[Ipu »TOM BOIpOCaM OLEHKH XapakTepa U MOCe-
CTBUM 4pe3BbIUAHBIX CUTYyalldil TEXHOIEHHOTO Xapak-
Tepa MOCBSALLEH P UCCIEI0BaHUH, YTO PacCMaTpUBaIOCh
B TOM UHCJIE U B pabOTax TaKKX y4eHbIX, Kak J{.A. Kopoms-
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uenko, A.5l. Koponsaenko, A.H. buproxkos, 10.A. bupto-
koB, E.B. I'Bo3neB, K.B. ®pomnos, H.A. MaxyTos,
H.JL Kyunn, B.H. Knouxkos, FO.I. Marsuenxo, E.B. Kio-
Bay, C.H. Byitnosckuii, B.U. Cunopos, A.C. IleuepkuH,
AMN. I'paxpankun, M.B. Jlucanos, H.I. Tormonsckwuii,
H.A. Axumos, A.H. baparos, H. Kumamoto, E. Henley,
R. Billinton, S. Ghosh, A. Zaboli, J. Hong, J. Kwon,
T. Bjerga, T. Aven, E.B. Zio u ap. OgHako BONpOCH!
OIIEHKH TIOCJICAICTBUI B3PHIBHOTO BO3ACHUCTBUS Ha OMac-
HBIX TIPOU3BOICTBEHHBIX 00BekTax (OI10), onpenese-
MBIX 3aKoHOM Ne 116-®3*, BiustHHe B3pBIBHBIX HArpy30K
Ha 371aHHS ¥ COOPY>KEHHSI, & TAKXKE MMPOBEICHUE aBAPUITHO-
BOCCTaHOBUTENILHBIX PAa0OT MOCIE TAKOTO BO3JEHCTBUS
MCCIIEI0BAaHbI HEZIOCTATOUHO.

AKTYaJIbHOCTh aHAJTUTHYECKOTO UCCIICIOBAHHS 00b-
SICHSIETCS] TEM 0OCTOSTENBCTBOM, UTO K HACTOSIIIEMY BpE-
MEHHU XapakTep U MOCIEACTBUS B3PBIBHOTO BO3IEHCTBUS
HAa 3[JaHUS 1 3AIIUTHBIE COOPYKECHHS UCCIICIOBAHBI HEMIO-
CTaTOYHO M TPEOYIOT AOTIOIHUTENBHOTO aHATTN3a U yTOY-
HEHUs1 0COOEHHOCTEN TPOBEACHUS aBapUITHO-BOCCTAHO-
BUTEIHHBIX paloT.

[enwto uccienoBaHus SABISCTCS aHATUTHYCCKHIMA
0030p B3pBIBHOTO BO3JCHCTBUS Ha 3[aHHS, 3aLIUT-
HBIC COOPYKEHUS TPAXKITAHCKOH 000POHBI M X BXOIBI
(BBIXOZIBI), C 0OOCHOBAaHHUEM BO3MOXKHOCTH HCITOJIB30-
BaHUs BXOAOB JJISl 9BaKyalllH JIFOJIeH U3 3alIUTHBIX CO-
OpYKEHUH TIOCIIe B3PBIBHOTO BO3/IEHCTBUSI.

3agayn UCCIeI0OBaHNA:
® aHa/IW3 BO3JEHCTBUA BO3AYIIHOM yqapHON BOJHBI

(BYB) Ha cTpouTenbHble KOHCTPYKLHUH Ha3eMHBIX

4O mPOMEIITTIEHHON 6e30MaCHOCTH OMACHBIX MPOM3BOICTBEHHBIX
o0bekToB : Denepanbhbii 3akoH 0T 21.07.1997 Ne 116-®3 (¢ us-
menenusiMu ot 08.08.2024 r.) // Tapant. URL: https://base.garant.
ru/11900785 (mara obpamienus: 26 anpeins 2025).

U TOA3EMHBIX HKCIUTYaTHPYyEeMBbIX 00BEKTOB Kalu-
tanpHOTO cTpouTtenbeTBa (OKC);

® aHAJTUTHYECKHH 0030p CTEeNeHel MOBPEKICHUS
Ha3€MHBIX SJlaHI/Iﬁ U BO3MOXHOCTHU 3BaKyallun
Jofiel U3 3alUIIEHHBIX COOPYKEeHUH;

® 000CHOBaHUE OCHOBHBIX ITAINlOB aBAPHUIHO-BOCCTA-

HOBHTEJIBHBIX PAOOT.

TeopeTuueckue OCHOBbI

B o01ieM BuJie MOHATHE W BHJIBI B3PBIBOB TPENICTAB-
JieHbl Ha puc. 1. AHaNM3upys pealibHble 00CTOATENILCTBA
Y ICTOYHHKH B3PBIBHOTO BO3ICHCTBHS HA CTPOUTEIHHBIC
KOHCTPYKIUU OOBEKTOB KAITUTAIFHOTO CTPOUTEIHCTBA
OKC, cnenyeTr UCXoauTh U3 MOTEHIHUAIBHON OMacHO-
CTH HE TOJIbKO B CBSI3M C TEXHOTCHHBIMHU aBapHUsIMU
Ha MMOTEHIUATBHO omacHoM o0bekTe (ITI0O) oT: B3pHIB-
YaTHIX BEIIECTB, CKMYKEHHOTO Ta3a, TOPIOYNX BEIIECTB,
3JIEMEHTOB IMOTEHIIMATBHO OTIACHBIX TIPOU3BOJICTBEHHBIX
00BEKTOB [5], HO M OT HHBIX YCTPOUCTB Pa3IUYHOTO THIIA
(Tabn. 1). 3a OCHOBY ITAHHBIX TAOIHIIEI PUHATEI MaTe-
puanst PykoBonctea... Pb I'-05-039-96°, nomnonHeHHbIE
aBropoM. Kpome Toro, cieyeT yuuThIBaTh MOTCHIIHAb-
HYI0 BO3MOXXHOCTH JIE€TOHAIIMU B3PBIBUYATHIX BEIIECTB
B cOCTaBe OOENPHITIACOB PA3IUYHOro THma (tabm. 2)% .

5 PB I'-05-039-96. PykoBOACTBO MO aHATH3y OMACHOCTH aBAPHIHBIX
B3PBIBOB U OIPE/ICIICHUIO TAPAMETPOB UX MEXaHHYECKOTO AECHCTBUSI.
M. : Pocaromuanzop, 2000. C. 29.

® O6 wucrnonb3oBaHMM aTOMHOW dHepruu : (MenepasbHbIi 3aKOH
ot 21.11.1995 Ne 170-®3 (pen. ot 26.12.2024).

7 06 yTBepsKIeHIH TIepedHs TIPEIPUATHI 1 OpraHu3aIuil, B COCTAB KOTO-
PBIX BXOIAT 0C000 PajialliOHHO-OMACHBIE U SIEPHO-OMACHbIE POU3BOI-
CTBAa M OOBEKTHI, OCYILIECTBIISIONINE Pa3paboTKy, POU3BOICTBO, IKCILTY-
aTalMIo, XPaHEHHe, TPAHCIIOPTHPOBKY, YTHIIM3ALMIO SAEPHOTO OPYKHS,
KOMIIOHEHTOB SIZICPHOTO OPYXKHsl, PaJMalHOHHO-ONACHBIX MaTepHaoB
n m3nemnit : [TocranoBnenue [paButenscrsa PO ot 7 mapra 1995 . Ne 238.

B3pbiB — 0cBOOOXKIEHHE OOJBIIOTO KOJINYECTBA SHEPTHU B OTPAHUYCHHOM 00BEME 38 KOPOTKHN MPOMEKYTOK
BpeMEHH ¢ (OPMHUPOBAHHEM B3PBIBHOI BOJIHBI
An explosion — the release of a large amount of energy in a limited amount in a short period of time,
with the formation of an explosive wave

\ 4

Y

1. ®usnyeckunii B3pBIB — MPOLECC, PU KOTOPOM
COCTOSIHHE BEIIECTBA MEHSETCS TOIBKO HAa (H3UIECKOM
ypOBHE 0€3 U3MEHEHUsI €r0 XUMHYECKOTO COCTaBa
A physical explosion is a process in which the state
of a substance changes only at the physical level without
changing its chemical composition

2. SlmepHbIii B3pBIB — HEYIIPABIISIEMBI MTPOIIECC
JIeJIEHHSI U CUHTE3a 1P aTOMOB HEyCTOWYMBBIX
2JIEMEHTOB
A nuclear explosion is an uncontrolled process
of fission and synthesis of atomic nuclei of unstable
elements

Y

4

3. XuMU4eCcKuil B3pbIB — MPOIECC XUMUUECKOTO MPEBPALICHHS] MEHEE CTOMKUX MOJIEKYJI BeIleCTBa
B OoJiee CTOHKME MOJIEKYJIBI IPOYKTOB PEaKIINU
A chemical explosion is the process of chemical transformation of less stable molecules of a substance
into more stable molecules of reaction products

Puc. 1. Buasl B3pbIBOB € Y4€TOM BO3JICHCTBUS Ha CTPOUTENILHBIE KOHCTPYKIMH 0OBEKTOB
Fig. 1. Types of explosions, taking into account the impact on building structures of objects
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Ta6uuua 1. Tlepedens MOTEHNMATBHBIX HCTOYHAKOB ABAPHIHBIX B3PHIBOB HA MPOU3BOICTBEHHBIX M MPAXKIAHCKUX 00beKTax”
Table 1. List of potential sources of emergency explosions at industrial and civil facilities*

WnentrduKaMOHHbINH TPU3HAK
Identification feature

HaumeHoBaHHe 00bEKTa OMaCHOCTH
Name of the danger object

OmnpenensieMble TEXHUUECKHUE
XapaKTePUCTHKU
Defined technical

characteristics

Pexomennyemas
pacdeTHast MOZIeIb
Recommended
calculation model

BspeiBuaroe BemecTso.
OOBIYHOE B3pBIBUATOE
BemecTBo (BB), oObraHbIC
6oenpunace! (OB), simepHoe
ycrpoiicTtBo (AY)* —
PpeaKTop, ycTaHoBKa, 3apan’’
An explosive substance.
Conventional explosive, con-
ventional ammunition, nuclear
device* — reactor, installa-
tion, charge®’

B npouecce xpaHeHUst — CKIIapbl,
XpaHWINIIA.

IIpu nepeBo3ke — eMKOCTH, yIIa-
KOBKa, TPQHCTIOPTHBIE CPEICTBA.
Ipu nccnenoBaHuy, UCHBITAHUH,
nepepadoTKe, TPOU3BOICTBE —
MECTa UX Pa3MEILIEHUs

In the process of storage-
warehouses, storages

During transportation —
containers, packaging, vehicles.
During research, testing, processing,
and production — their locations

MecrTo B3pbIBa U paccTosi-
HUE JI0 paCUETHOH TOUKH.
Macca, cTpykTypa u reo-
METpHYECKUE MapaMeTPBL.
Bun BB u ero sxkBuBasieHT
The location of the explo-
sion and the distance

to the calculated point.
Mass, structure, and geo-
metric parameters. Type
of explosive and its equiv-
alent

Jeronarus
Detonation

OHEProHOCUTEIH
B pe3epByapax
Energy carriers in reservoirs

IucTepHbl, eMKOCTH, OAJUIOHBI,
pecuBepsl
Tanks, tanks, cylinders, receivers

M36bITOYHOE NaBIEHHE

B pe3epByape. Tur Beme-
cTBa. DI3UKO-XUMUIECKHE
XapaKTePUCTHKH JIeTOHAIINH
Excessive pressure

in the tank The type of sub-
stance. Physico-chemical
characteristics of detonation

Hednarpanus,
JIETOHALUS, pa3-
pYILIEHHE CTEHOK
pe3epByapa
Deflagration,
detonation,

and destruction
of tank walls

Pacxomyemblie
SHEPrOHOCHUTENN
Consumable energy resources

MamvHbl ¥ MEXaHH3MbI Ha Ta30BBIX
cMmecsix. JJu3enpHble, KOTEIbHBIE,
BOZOPOAHBIE CTAHIHH

Machines and mechanisms powered
by gas mixtures. Diesel, boiler,

and hydrogen stations

Tur, o6beM, Gpu3HKo-
XUMHUYECKHE XapaKTepH-
CTHKHU SHEPTOHOCHUTEIIS.
[TapameTps! BHyTpEeHHETO
obbema

Type, volume, physico-
chemical characteristics

of the energy carrier.
Internal volume parameters

Jednarpanus
WM AETOHAIHA
Deflagration

or detonation

Cocypl BBICOKOTO AaBICHUS
High-pressure vessels

BaoHs! co cKaThIMH HHEPTHBIMHU
razamu (BO3ayX, Mporas, OyTaH,
a30T, aproH, TeJIUH U T.1I.)

Cylinders with compressed inert
gases (air, propane, butane, nitrogen,
argon, helium, etc.)

[MapameTpsl cocyna (00beM,
JTABJICHKE), TUIT Fa30BOM
cMecu

Vessel parameters (volume,
pressure), the type of gas
mixture

Pazpymenne
pe3epByapoB
BHYTPEHHUM
JIABJICHUEM
Destruction of res-
ervoirs by internal
pressure

Ipumeuanue: * — MOMOTHEHO aBTOPOM.
Note: * — added by the author.

Amnanmm3 cylecTByronield nHpopMauu [6] mo3Bosser
MIPOTHO3UPOBATh, YTO U3 MMEIOIIMXCS BUJIOB B3PHIB-
gareiX BemecTB (BB) (MHHUIIMHIpYIOMUX, METaTeNbHBIX
U OPU3aHTHBIX) HAUOOJBIIYIO ONIACHOCTD (IIPH PaBHBIX
o0beMax) MPENCTABIAIOT OPH3aHTHBIE — MOBBIIICHHON
momrHocTH (TOH, rekcoreH, TeTpuil) ¥ HOMUHAIBHON
(TpOTHII, TUTACTUT M MHUKPUHOBAs Kuciota (Tadm. 2).
MoryTt ucnonb3oBarscsi 1 BB moHmkeHHOM MOITHOCTH
(aMMOHUT, TUHAMOH, aMMOHaJl), KOTOpble MPHUBEAYT
K cymiecrBenHOMY noBpexaeHuto OKC. bomipmryro cre-
TMIEHb 3AIUTHl UIMEIOT 3aIUTHBIE COOPYKEHUS TPaskIaHC-
Kol 00opoHsI [7, 8].

[Ipu 3TOM cnenyeT y4uThIBaTh HECOMHEHHBIE TIpe-
HMMYILECTBA U NEPCIEKTUBbI IPUMEHEHHS B IPOMBIILIIEH-

HOCTH SIIEPHBIX YCTPOICTB, HCIOIB3YIOIINX MEXaHU3MBI
U PEaKIUU «JIeTICHHsI, CHHTE3a, ACJICHUSI — CHHTE3a», 4TO
KpOMe BBICOKOTO d(phexTa MpUMEHEHHUS CO3AET U BhICO-
KHE PUCKHU NIOCIIEACTBUM Npu aBapusx [9]. Iloarsepxxne-
HHEM YeMy SIBISIOTCS aBapuu Ha YepHoObUIbCKOH ADC
u ADC ®ykycuma-1. CymecTByronue B HacToAILIEE
BpEMsI Pe3yNbTaThl IPOU3OLIECAINX aBapUil O3BOISIIOT
YTBEPXKAATh, UTO, B CBS3U C BO3MOXKHOCTHIO BIHATH
Ha IPOHUCXOAAIINE B YCTPOICTBE MPOLECCHI, BEPOST-
HOCTh MTHOBEHHOTO BBICBOOOXKICHHS YHEPTHH, T.C.
B3pbIBA, U3 SAECPHBIX YCTPOUCTB (HAIIPUMEp, PEAKTOPa)
ocTaeTcst HeBbIcoKoi [10].

VYka3zaHHble B Ta01. | UCTOYHMKH B3pPbIBA B 3aBH-
CHMOCTH OT OCHOBHBIX (paKTOPOB, OCOOCHHO OT MecTa
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Taommuua 2. [TepeueHb B3pBIBUATHIX BEIIECTB B MPOLECCE MX MPOU3BOACTBA, XPAHEHHS, TPAHCIIOPTUPOBKH
Table 2. List of explosives, in the process of their production, storage, transportation

XapaKTepUCTUKH B3PBIBYATHIX BELIECTB
Characteristics of explosives

Tun HOCHTENSA
Media type

Tum B3pbIBUaTOrO BEleCTBa
Type of explosive

Texunueckue
XapaKTepUCTHKH
Technical specifications

CreneHb pa3pynieHust 00beKTa
The degree of destruction
of the object

ApTUIIEpUICKUI CHapsA,
MUHA.

Tum: ockonouHbIH, (yrac-
HBII, OCKOJIOYHO-(yTacHbIH,
KaCCETHBIH, OpOHEOOWHBIH,
MOJKATUOEPHBIN, KyMyJIsi-
THUBHBIN, OETOHOOOMHBII
An artillery shell, a mine.
Type: fragmentation,
high-explosive, high-
explosive fragmentation,
cluster, armor-piercing,
sub-caliber, cumulative,
concrete-piercing

TpoTui, MHKPUHOBAS
KHCJIOTA, TETPUII, TeKCOTEH,
MOPOX ! T.1.

TNT, picric acid, tetryl,
hexogen, gunpowder, etc.

Twun B3pbIBUATOrO BELlE-
crtBa. Kanubp, mm. Macca
cHapsna, KT. Macca cep-
JIeyHHKa, Kr. HaganpHas
CKOPOCTb, M/c. JlynbHast
sHeprus. [IpoduBaemMocTh
Type of explosives. Caliber,
mm. Projectile mass, kg.
Core mass, kg. Muzzle
velocity, m/s. Muzzle
energy. Penetrability

B 3aBuCcHMOCTH OT TeX-
HUYECKUX XapaKTepH-
CTHK 0/I1, MOIIIHOCTH
B3pbIBA M PACCTOSIHUS
IO MeCTa B3pbIBa, KOH-
CTPYKTHUBHBIX 0COOCH-
HOCTEH 3/1aHUs, HATUYUs
nperpaz

Depending on the tech-
nical characteristics

of the second-hand
vehicle, the explosion
power and the dis-
tance to the explosion
site, the structural fea-
tures of the building,
and the presence

of obstacles

ABunabomoOa.

Tun: ¢yracHas, OCKOJIOYHO-
(yracHasi, OCKOJIOUHas,
00BEMHO-ICTOHUPYOLIAs,
MpOHKKaromas hyracHasi,
OeToHOOOIHas1, OpoHeOOiTHas,
MIPOTUBOTAHKOBAsI, KACCETHAs
The aerial bomb.

Type: high-explosive,
high-explosive fragmenta-
tion, fragmentation, volume-
detonating, penetrating
high-explosive, concrete-
piercing, armor-piercing,
anti-tank, cluster

Tum B3pBIBUATOTO BEIECTBA!
TO e, YTO U 1. 1

Type of explosive: the same
as paragraph 1

Tun. dmunaa. namerp.
Macca. Tun 60eBoii 4acTH.
Macca 60eBO# yacTu.
Macca B3pbIB4aTOro
BEIlECTBA

Type. Length. Diameter.
Weight. Type of warhead.
The mass of the warhead.
Explosive mass

B 3aBucuMoCTH OT TEX-
HUYECKUX XapaKTepu-
CTHK 0/I1, MOIITHOCTH
B3pbIBAa U PACCTOSHUS
JI0 MecTa B3pbIBa, KOH-
CTPYKTUBHBIX 0COOCH-
HOCTEH 31aHus, HaIMIHs
mperpaz

Depending on the tech-
nical characteristics

of the second-hand
vehicle, the explosion
power and the dis-
tance to the explosion
site, the structural fea-
tures of the building,
and the presence

of obstacles

Paketsl.

Twur TpaekTopuu:
OaJUINCTHYECKHE,
KpbLIaThie (I03BYKOBBIE,
CBEPX3BYKOBBIC, THIICP-
3BYKOBBIE)

Rockets

Trajectory type:
ballistic,

cruise (subsonic, supersonic,
hypersonic)

Twur B3pbIBUATOrO BEIIECTBA:
HUTPOCOEINHEHHUS (TPOTHII,
HUTPOMETaH, HUTpoHadTa-
JIMHBI ¥ T.11.); HUTPAMHUHBI
(TeTpuI1, TeKCOreH, OKTOTEH,
TUJIEH); HUTPAThI CIUPTOB
(HUTpOIIIMLIEPUH, HUTPO-
TJIMKOJIb) U JIp.

Type of explosive: nitro
compounds (TNT, nitrometh-
ane, nitronaphthalenes, etc.);
nitramines (tetryl, hexogen,
octogen, thylene); nitrates
of alcohols (nitroglycerin,
nitroglycol), etc.

Tun TpaeKkTOpUu MoJeTa.
MecTo, HarpaBIeHHOCTD
3amrycka. JlanpHOCTH
nosera. Tvn gBuraress.
Tun 6oeronosku. Tumn
CHCTEM YIPaBICHUS

U HaBEJICHUS

Type of flight path. Loca-
tion, direction of launch.
The range. Flying. Engine
type. The type of warhead.
Type of control and guid-
ance systems

B 3aBHCHMOCTH OT TeX-
HUYECKUX XapaKTepH-
CTHK 0/II, MOIIIHOCTH
B3pBIBA H PACCTOSTHUS
JI0 MeCTa B3pbIBa, KOH-
CTPYKTHUBHBIX 0COOCH-
HOCTEH 3MaHus, HATHIUs
mperpaz

Depending on the tech-
nical characteristics

of the second-hand
vehicle, the explosion
power and the distance
to the explosion site,

the structural features

of the building, and

the presence of obstacles
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Oxonuanue maon. 2/ End of the Table 2

XapaKTepuUCTHKH B3PHIBYATHIX BEIIECTB
Characteristics of explosives

Tun HOCHTENS
Media type

Twum B3pBIBYATOTO BEIIECTBA
Type of explosive

TexHnueckue
XapaKTePUCTHKU
Technical specifications

CrerneHb pa3pylIeHHs: 00beKTa
The degree of destruction
of the object

BecnunoTHbIe TeTarenbHbIe
anmaparsl.

Tun GoenpunacoB: 0CKOI0U-
HblE, (yracHble, OCKOJIOUHO-
(yracHeie, KyMyJISTHBHBIC,
TepMOOapHUIeCKHe,
TaH/IEMHBIE

Unmanned aerial vehicles
Type of portable ammuni-
tion: fragmentation, high-
explosive, high-explosive
fragmentation, cumulative,
thermobaric, tandem

Twum B3pBIBUATOTO BEIECTBA,
cOpachIBaeMBbIi WM BCTPOCH-
HBII KOHCTPYKTHBHO

The type of explosive that
can be dropped or embedded
structurally

Tun B3pBIBUIATOTO BEIIIE-

CKopoCTh, BBICOTA TOJIETA.
JansHOCTh TONIEeTa. Tun
B3JIeTa U nocaaku. Macca

Cucrema ynpaBieHus

Type of explosive. Weight.
Size and shape. Speed

and altitude of flight. Flight
range. The type of takeoff
and landing. A lot of addi-
tional loads. The manage-
ment system

ctBa. Bec. Pasmep u popma.

HOHOHHHTGHBHOﬁ Harpy3s3kH.

B 3aBucumocTH ot TeXHU-
YECKUX XapaKTEePUCTHK O/,
MOIIIHOCTH B3pbIBa 1 pac-
CTOSIHUSI 10 MECTa B3PHIBA,
KOHCTPYKTHUBHBIX OCOOCH-
HOCTE! 3IaHus, HATMIHS
nperpaj

Depending on the technical
characteristics of the second-
hand vehicle, the explosion
power and the distance

to the explosion site,

the structural features

of the building, and

the presence of obstacles

PACIIOJIOKCHHUA UCTOYHUKA B3PbIBA, TUIIA B3PbIBYATOI'O
BEIIECTBA, (PU3NKO-XHUMUIECKHUX MTapaMeTPOB JCTOHA-
LMY, HAMPaBIEHHOCTH, MAacChl, IPUBEAYT K pa3iny-
HOW CTETNEHH MOBPEXKACHUN 3MaHUN U COOPYKEHUH

B pesynbrare Bo3aeiicteusa BYB. IIpu atom BYB ompe-
JemnseTcs Kak 007acTh Pe3KOro YIJIOTHEHHS BO3LYIIHOM
Cpellbl, PACIPOCTPAHSAIOWAACA OT LEHTPA B3pPbIBA CO
CBEPX3BYKOBOM cKopocThio [11].

R

(P
ettty

A A A A A A S

G o an

P,

P

Puc. 2. PacueTHas cxema BO3JCHCTBHA B3PBIBHOM BOJHBEI HA HA3eMHBIE U TIOI3EMHBIE OOBEKTHI: | — Ha3eMHOE 3[JaHne; 2 — MOJ3EM-
HOe coopyxeHne; 3 — (GpoHT Bo3ayLIHOH ynapHoii BoiHbl (BYB); 4 — (poHT BONHBI CKaTHs B TpyHTE; 5 — (asa cxaTus Bo HpoHTe
BYB; 6 — ¢a3a paspsbxenus 3a ppontom BYB; 7 — atmocdepHoe naBnenne; § — uMIyisC ynapHoii BOIHBI B (ha3e cykaThs

Fig. 2. Calculation scheme of the impact of an explosive wave on ground and underground facilities: / — ground building; 2 — under-
ground structure; 3 — air shock wave front (ASW); 4 — compression wave front in the ground; 5 — compression phase in the ASW
front; 6 — discharge phase behind the ASW front; 7 — atmospheric pressure; § — the shock wave pulse in the compression phase

32 POZHAROVZRYVOBEZOPASNOST/FIRE AND EXPLOSION SAFETY 2025 VOL. 34 NO.5



MPOLIECCHI TOPEHWSA, AETOHALIUA U B3PbIBA

XoTs, KOHEUHO, JIJIsl TOJTHOTHI OLIEHKH BO3ACHCTBUS
Ha CTPOUTEIbHbIE KOHCTPYKIIUU CIIEyeT MpeaycMa-
TpHUBaTh KOMIUIEKCHOE Bo3aelcTBue 1 BYB n mexanu-
4yeckoe (OCKOJIOUHOE) BO3/ACHCTBUE B3pPhIBA OT AJIEMEH-
TOB CaMOI'0 MCTOYHHKA B3pbIBa WJIH 3JIEMEHTOB CPE€AbI,
B KOTOPOM IIPOU3OILIEIT B3PHIB.

Pe3yabTatbl U UX 06CY)XKaAEeHUE

PacueTHast cxema OIIEHKH MOCIEICTBUIN B3PHIBHOTO
BozaeicTust Ha OKC onpeznensieTcs pacnpocTpaHeHHEM
BYB B B031y111HO#1 Cpefie ¥ BOJH B TPYHTE, BO3ICHCTRYIO-
vy Ha OKC Ha OBEpXHOCTH 3€MJIH, a TAKXKE SIBIISIO-
myecs 3arTyOJieHHBIMU WIIM TIoJ3eMHbIMH. Ha puc. 2
MOKa3aH coCTaB 30H (JOPMHUPOBAHUS, ABMKEHHUS U BO3-
JIeIICTBHS B3PBIBHOI BOJIHBI.

B3priBHas BodHA B MpoOIECCe paclpoCTpaHEHUs
00pa3yeT BO3AYIIHYIO YAApHYIO BOJIHY C YIapHBIM
UMITYIECOM B (paze cxKaTus, 4TO U MPUHATO 0003HAUaTh
(hpOHTOM BO3YIITHOM yIApHOH BOJHBI, BO3ICHCTBYIONICH
Ha Ha3eMHble 0OBEKTHI, @ TAKXKE BOJIHY CXKaTHsl B PYHTE,
BO3/ICHCTBYIONIYIO HA TIOA3EMHBIC WJIM 3arTyOJeHHbBIE
COOpY)KEHHMSI, 9TO OBIJIO HCCIIEJOBAHO B TOM YHCIE
u A.1O. CaBenkoBeM [12—-14].

[Nokazannas Ha puc. 2 cxema BYB ctpykrypHO Oyner
COCTOSITh M3 4 yacTel: Ha3eMHOM YacTH 3JaHHs, IOJI-
3eMHOM YacTH 3/1aHUsl, TPYHTOBOTO MacCHBa M BO3/IYIII-
HOWU cpenpl, B koTopoii BYB, pacnipocrpansisics, TpaHc-
(hopMupyeTcsi B BOJHY CXKaThs B TPYHTE, C BAPHUAHTOM
MOI3€MHOTO COOPYKEHUSI BCTpOEHHOTO Tuma. OmxHaKo
Ha MPaKTHUKEe, B 3aBUCUMOCTH OT 3ariyOJIeHHOCTH, OHU
MOTYT OBITh KOTJIOBAHHOTO, HA36MHO-O0CHIITHOTO | TTO/I-
36MHOTO THITOB. XOTs CJICAYeT NPU3HATh, 4TO Hauboree
yacto 3CI'O SBIAIOTCS MOA3EMHON YacThIO JKHIIOTO,
aAMUHUCTPATUBHOTO WJIM TIPOU3BOJICTBEHHOTO 3/IaHUSI.
OueHb peKuMHu SBISIIOTCS ciydan ycrpoiictea 3CTO
B BUJIE OTJIEIBHO Pa3MEIEHHBIX COOpyKeHni. BomaHo-
Bas KAPTHHA, IPEACTABICHHAS HA PHC. 2, BOJHA CXKaTHUs
B TPYHTE Oy/IeT 3aBHCETh OT JAaBJICHHUSA BO (DPOHTE BOTHBI
CXKaTusl, TUMA TPYHTOB U 3arTyOIEHHOCTH MOJ3EMHOTO
COOPY>KEHHUSI.

OuennBas xapakrep pacnpoctpanenus BYB u ee
B3aUMOJEHUCTBUS C Mperpanoi, ciaeayeT y4YHTHIBaTh
XapakTep B3PHIBHOTO BO3JIEHCTBUS Ha 3aIlUTHBIE OTpa-
K IIAroIIHe KOHCTPYKIUK. M 0cOOEHHO BXOIBI (BBIXOIBI),
KOTOpEIE mocie Bo3nencTBua BYB MoxeT 3akiIuHUTH
(pacKIIMHHTE), YTO HE TIO3BOJUT MX OTKPHITH U 0OecIie-
YHTh dBAKyalHWIoO Jrofei. B 310 cBsi3u Oomnee ycTtoiun-
BBIMH (3aIUIIIEHHBIMU) K Bo3/ielicTBUI0 BYB sBisitorcst
CKBO3HHUKOBBIE WM OTKpbIThIE BX0ab! 3CI'O (puc. 3, b, ¢,
d) TI0 CPaBHEHUIO C TYIMUKOBBIMHU BXOIaMH (puc. 3, a Win
e).

Cxema nBuxenus BYB sBnsieTcs clioxHBIM mpo-
neccoMm. Bce BUABI BONIH, a TAKXKE yIap U KOHTAKTHBIN
B3PBIB OKa3bIBAIOT Ha OrpakAarolIue KOHCTPYKLUU
JMHAMHUYECKOE BO3/EICTBHE, B PE3yJbTAaTe KOTOPOTO

KOHCTPYKTHBHBIE 3JIEMEHTHI HAXOAATCS B CIOXHOM
HaIpPsLKEHHO-IE(OPMUPOBAHHOM COCTOSIHHH, & COOPY-
JKEHHUE B IIEJIOM COBEPIIAET CIOXKHOE KoJieOaTeIbHOE
JIBUXKEHHE. DTO IBI)KEHUE XapaKTePU3yeTCs CIeAyIo-
LIIMMH KHHEMaTHYeCKUMHU MapaMeTpaMu:

® MepeMEUICHUSIMH, CKOPOCTSAMHU U YCKOPEHUSIMH CO-

OpYXECHHSI B HAIPaBJICHUHN TPEX KOOPIMHATHEIX OCEH;
® yIJaMH, YIJIOBBIMU CKOPOCTSIMU U YCKOPCHHUSIMHU

MIOBOPOTa COOPYKEHHSI BOKPYT TPEX KOOPAWHATHBIX

OCEH.

BenuuuHbL 3THX TapaMeTpoB U XapaKTep U3MEHEHHS
UX BO BPEMEHH 3aBHCAT OT MHOTHX (DaKTOPOB, OCHOB-
HBIMH U3 KOTOPBIX SIBJISIFOTCSL:
® KOHCTPYKTHBHO-KOMIIOHOBOYHAs ()opMa COOPYXKe-

HUS1, Macca, YCIIOBUS MOCAAKH U THIPOTEOIOTHS;
® BeIMYMHA U XapaKTep AMHAMHUYECKHX Harpy3o0K;
® (hU3HKO-MEXaHWYECCKUE CBOICTBA TPYHTa, B KOTO-

poM pacmonioxeHo coopyxenwue [15].

C TOUYKM 3peHUs pacyera MmapaMeTpOB JABUKCHHS
MHOT000pa3ne Te0NIOTHYECKIX Pa3pe30B, B KOTOPBIX pac-
OJIATa0TCSl COOPYHKEHUS], MOXKHO CBECTH K TPEM Haubo-
Jiee XapakTepHbIM THIaM (puc. 4).

1. MArkuii OMHOPOAHBIA WM CIOWCTHIA TPYHT.
CkaJpHOE OCHOBAaHHE 3ajieraeT Ha OOJBIINX DIyOMHaxX
(400...500 ™) 1 He OKa3bIBACT BIUSHUS HA MOJIE HATIPSI-
JKEHUH B BEpXHUX closix (puc. 4, a, b).

2. Msrkuii TpyHT Ha CKaJbHOM OCHOBaHUH, 3aje-
raronieM Ha HeOonpmx nryouHax (50...150 M), win
MSTKHH TPYHT ¢ BBICOKUM TOPU30HTOM I'PYHTOBBIX BOJ,
pacronokeHHbIX Ha TyouHe He meHee 30 M (puc. 4, ¢).

3. CrtomHo# ckanbHBINA MaccuB (puc. 4, d).

[Ipu pacronoxeHu COOPYKEHUI B MOIIIHOM CJIO€
MSITKOTO TpyHTa (11. 1, 2) OCHOBHOE BO3/ICHICTBHE OKa-
3BIBaeT BO3MYyIIHAs yIapHas BOJIHA W IOPOXKICHHAs
€10 BOJTHA CXKaTHs, a B CIydasX pacueTa cOOpyKEeHUH
Ha fasnenue APy, > 2 Mlla n SIUIEeHTpaIbHbIE BOJIHBI.
IIpu HernmyOOKOM 3ajieraHWU CKAJIbHOTO OCHOBaHHUS
(1. 2) UM HAJIMYUM BOJAOHOCHOTO IJIaCTa MOIIHOCTBIO
Oosee 10 M Hapsy C BOTHAMU COKaTHS Ha MapaMeTphl
JIBIKEHUSI COOPYKEHHS CYIIECTBCHHOE BIUSHHUE OKa-
3BIBAIOT CEHCMHUUYECKUE 1 OTpakKeHHBIE BOJIHEI [16, 17].

IIpu pacnonoxeHUu COOPYKEHHS B CKaJIbHBIX TPYH-
Tax TOMUHHPYIOIIee 3HaYCHHE MPHOOPETAIOT CeHCMU-
geckue BONHBI. KoieOaHUs e COOpyKEHHUS OT BO3-
JIyUTHOW YIapHOW BOJHBI M BOJIHBI CIKATHS, B CBSI3H
C MaJIOCTBIO UX TIO CPAaBHEHHUIO C KOJIEOaHUAMH OT Ceiic-
MHUYECKHUX BOJH, MOXKHO HE yUUTHIBATb.

Pacyer mapameTpoB IBHKEHHST COOPYKEHHS B CTPO-
rol TIOCTAaHOBKE, T.€. C y4eTOM 00beMHOH AedopMariiu
TPYHTOBOM Cpebl C HEIMHEWHOM 3aBUCUMOCTBIO G — €
JedopMaIui COOPYKEHUS M €T0 KOHCTPYKTUBHBIX 3JIe-
MEHTOB, IPEACTaBIsIET COO0I CIIOKHYI0 MaTeMaThuiec-
KyI0 MOJI€JIb, KOTOPYIO Ha MPaKTHUKE YIPOILAIOT JI0 Tpe-
OyemMoro ypoBHsI.
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Puc. 3. Tunbl OCHOBHBIX U aBapHUHBIX BXOJOB (BBIXOIOB) 3alIMTHBIX coopyxkernii 'O u YC: @ — TymUKOBBIN; H — CKBO3HUKOBBIN;
¢ — MIAXTHBIN; d — BEPTUKAJIBHBIH BCTPOCHHBIN; € — MPSIMOI OTKPBITHIH; /| — BHYTPEHHUH 00bEM 3alIHMIIEHHOTO COOPYKEHNUS;
2 — nBepH Ha BXOJax; 3 — JIIOKH HA aBapHHHBIX BBIXOJAX; 4 — BXO/Has MOTepHA (TIOA3EMHBIH KOPHIOP); 5 — IPyHTOBast OOCHIIKA
Ha/Jl 3alIAIMIEHHBIM COOPYKEHHEM

Fig. 3. Types of main and emergency entrances (exits) of civil defense and emergency protection structures: a — dead-end;
b — through; ¢ — shaft; d — vertical built-in; e — direct open; / — the internal volume of the protected structure; 2 — doors
at the entrances; 3 — hatches at the emergency exits; 4 — entrance tunnel (underground corridor); 5 — soil sprinkling above the pro-
tected structure

BaKHO y4YMTHIBATH MECTHOE BO3IEHCTBHS B3pHIBA, AP, _ AP,
ITOJT KOTOPBIM MMOHUMAIOT 00pa3oBaHUE BOPOHKH, 30H NI i”ﬁ | |-L AP,
pa3pylIeHHsl B TPYHTE, BCIyYUBaHMs, HaBajda IPyHTa /’ :

v KamHenana. [Ipy Ha3eMHBIX B3phIBax B ITPyHTE 00pa- o —Giﬁ E

3yeTcsl BOPOHKA B3pbIBA 32 CUET BAABIMBAHUS €r0 B Mac-
CUB, BBIJIaBJIUBAaHUS B CTOPOHBI B paJHaIbHOM U BEPTH-
KaJIbHOM HaIpaBJICHUAX, a TAKXKe BCIEACTBHE BHIOpOca
4acTHU TPyHTa U3 BOpPOHKHU (puc. 5). BrinaBieHHbIi

¥ BBIOPOIICHHBIN W3 BOPOHKH T'PYHT 00pa3yeT 30HY l ¥ lJ'J' - ﬁf;cb
HaBaja (3aBaja), KOTOpas MOXET 00pa30BaThCs U MPH R
pa3pylLIEHUN 3aHHUS. ek /< :
OCHOBHBIMU TTapaMeTpaMu BOPOHKH B3PHIBA SIBIISI- k _GB,G Ll
IOTCH(pI/IC.S): -i+++++++++--"--r-'-'-+ T-I-‘-+1+++++1‘1-’1_ri-11'++1
® paauyc BOPOHKH 7}
e rnIyOWHA BOPOHKH /1,; c d
® BBHICOTA HaBaja, BBHIOPOMICEHHOTO W3 BOPOHKH
rpynTa, h,; Puc. 4. OCHOBHbIE CXeMBI PACIIOJIOKEHHS COOPYKEHHS B TPYHTE
YHTA, My C Pa3IMYHBIMH CEHCMOTEONIOrHYECKUMHU Pa3pe3aMu: @ — B MST-
© BCPTHKATBHOC (O ¥ TOPU30HTAIBHOC M, OCTATOUHBIC g4y onHOpoaHOM IPYHTE; b — B MATKOM CIOMCTOM IPYHTE;
CMEILEHNUS; ¢ — B MSTKOM IPYHTE, OICTHIAEMOM CKaJIOH; d — B CKaJbHOM
® paauyc HaBaja I'pyHTA r,,. rpyare ‘ o
. Fig. 4. Basic diagrams of the structure’s location in the ground
HemocpencTBeHHO 32 BOPOHKO# 00pa3yercs 30Ha . . . : : . .
N . with various seismogeological sections: a — in soft homoge-
PaspylI€HNH I'DYHTA, B KOTOPOHU I'PYHT IIPOHHU3AH TPC-  neoys soil; H — in soft layered soil; ¢ — in soft soil underlain by
IIYHAMH B OCHOBHOM B paJvaJIbHOM HaIlpaBJICHUH. rock; d — in rocky soil
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Puc. 5. [Tpodune BopoHKH B3pbIBa: / — BBIIABICHHBIA TPYHT;
2 — 30Ha pa3pyleHust; 3 — 30Ha yIpyro-mIacTHIecKux aedop-
Maluii; 4 — HaBaJ rpyHTa

Fig. 5. The profile of the explosion funnel: / — the extruded soil;
2 — the destruction zone; 3 — zone of elastic-plastic deforma-
tions; 4 — bulk of soil

Pannyc u rirybuHa BOPOHKH Ha3€MHOTO SJEPHOTO
B3pBIBA IIPUBE/IEHBI B TA0M. 3.

CeiicMOB3pBIBHBIE BOJIHBI B TPYHTOBBIX MacCHBax
[18, 19] mpu Ha3eMHBIX B3phIBaX BO3HUKAIOT BCIICICTBUE
KOHLIEHTPUPOBAaHHOM IIEPEau SJHEPTUM TPYHTY B paiioHe
B3pbIBA WIN BO3/AEHCTBYUSI HA IPYHT BO3ILYLIHON ynapHOH
BOJIHBL. B3phIBHOE BO3IEICTBHE Ha 3MaHUSI U COOpYXKe-
HUSI B BUJIe MecTHOTO AeicTBrsl BYB u ceiicMOB3pBIBHBIX
BOJIH B3pbIBA MOXET MPHUBECTH K MOBPEKICHUSIM Ha3eM-
HBIX 1 TIOI3EMHBIX O0BEKTOB (pHC. 6).

MecTtHoe AeiicTBHE NPUBOANUT K TOMY, YTO Ha3eM-
HBIC COOPYXKEHUsI, & TAaKXKE Ha3eMHBIC SJIEMEHTBI 00b-
€KTOB, HAXOMSAIINXCS B TPYHTOBOM MaccuBe (HampHMep,
Bxo/bpl B 3CI'O, OTONOBKH MX Ta30BO3/YIIHBIX TPAKTORB),
MOTYT OBITH 3aCHITTAHBI HABAJIOM TPYHTa BOPOHKH B3PHIBA.
BenyuuBanue U pacTpecKuBaHHUE OBEPXHOCTH IPyHTA
MOTYT BBIBOAMUTH U3 CTPOsI JOPOTH, B3JIETHO-IIOCAI0U-
HBIC MOJIOCHI a3POIPOMOB, KaOeNbHBIC JIMHUU, TPyOO-
MIPOBOJIBL, a TAKXKE ApyTrHue 0ObeKTHl. MeCTHOCTh CTaHO-
BUTCSI TPYZHOIPOXOAUMOM ISl TPAHCIIOPTHBIX CPEICTB.
Ilonaganue 37aHUN U COOPYKEHUN B 30HY BOPOHKH
MPUBOAUT K HanOOIIee CHITLHOMY HJIH ITOTHOMY HX pa3py-
menuro [20-22].

CelicMOB3pBIBHBIE BOJIHBI, BO3ZEUCTBYS Ha COOPYKe-
HUSI, HAXOSIIUECS B MACCUBE TPYHTA, OYIyT BHI3HIBATH
B UX KOHCTPYKLMAX 3alpeesibHble Harpy3KH U YCUIIHA,
BOBJICKATh BCE COOPY)KEHHE B KOJIEOATEIIEHOE JBHIKE-
HUE, CMellasi €r0 OTHOCUTEJIHO OKPYXAIOLIEero rpyHTa,
PE3YIBTAaTOM YEro SIBISIOTCA OCTaTOYHbIE OTHOCUTENb-
Hble cMmemeHus (puc. 7, 1). M3rubaronme MOMEHTHI
U NIepepesbIBaIOIINE CUIIBI MOTYT IPUBOIAMTE K pa3pylie-
HUSIM KOHCTPYKLUH coopykeHuii (puc. 7, 2) [19].

[Ipu konebareabHOM IBHXKEHUH COOPYKEHHS BO3-
HUKAaIOT YCKOPEHHUS, O] JeHCTBUEM KOTOPBIX MOSBIISA-
I0TCSl HHEPLMOHHBIE CUJIbI /. DTH CUJIBI MOTYT OBITH
CTOJIb BEJIMKH, YTO MOTYT NPUBECTU K IOPAKEHUIO
JFOZICH, CPBIBY CO CBOMX MECT M ITOBPEKICHUIO 000pPY-
noBanwus u anmaparypsl BHyTpu 3CI'O (puc. 7, 3, 4).
O6opynoBaHue U anmapaTypa MOTYT BBEIUTH U3 CTPOS
u 0e3 cpeIBa CO CBOMX MECT 3a CUET BHYTPEHHHX

Ta6auna 3. Panuyc u niryOuHa BOPOHKH Ha3eMHOTO SIIEPHOTO
B3PbIBA
Table 3. Radius and depth of a ground-based nuclear explosion

crater
MoIHOCTG B3pHIBaA ¢, T
Iapametp Explosion power g, t
P’(ll'éllﬂ\,‘tcl'
10* 10° 10°
To M 30/25 60/50 120/100
rpm
hys M 14/10 25/20 45/36
h, m

Ilpumeuanue. B uuciourene ykazaHO s JUCIHEPCHBIX TPYHTOB,
B 3HAMEHATEJIE — JUIA CKaJIbHBIX.

Note. The numerator indicates dispersed soils, and the denominator
indicates rocky soils.

oBpeKJeHUU. TpaBMbl y Jt0fell MOTYT BO3HMKAaTh
1 32 CYET ITOTEPH UMH YCTOHUMBOCTH IIPH OOIIEM TIepe-
MellleHuH coopyxeHus. [lorepsB paBHOBecHE, YEIOBEK
MOJKET YNacTh, yAAPUTHCS O HAXOASILIUECS B IIOMEILEe-
HUU NIPEIMETHI U OTpakJarolliye KOHCTPYKIMH.

CwMmeleHne coopy>KeHUsI OTHOCUTEIBHO OKpYXKato-
LIEr0 IPYHTa MOXET MPUBECTHU K Pa3pyLIECHUIO BXOOB,
3aKJIMHUBAHUIO JBEPE, OOPBIBY U pa3pyLIEHUIO MO/~
BOJALINX CeTel BOAOCHAOXKEHUS, DIIEKTPOCHAOKEHNUS,
CBSI31, KAHAJIN3AI[UU U TEXHOJOTUYECKUX KOMMYHHUKA-
uuii (puc. 7, ).

AOCONIOTHBIE CMEIIECHUS, Pa3pyILIEHUE U Pa3BOPOTHI
coopyxeHus (puc. 8) OTHOCHTEIBHO CBOETO MEpPBO-
Ha4YaJIbHOTO TMOJIOKEHUS MOTYT IPUBECTH K MOBPEXK-
JICHUSIM BXO/IOB (BXO/IHBIX IMOTEPH) U HEBO3MOXXHOCTH
BBbIXO/1a (TIpOX0/1a) JTFOIEH.

KonkperHoe 3HaueHne HaNpsHKEHUS HA ONpeIeTeH-
HOM YJIaJIEeHUH OT LIEHTPa B3PbIBa 3aBUCUT OT MOILIHO-
CTH B3pbIBa, PACCTOSIHUS O B3PbIBA U CBOMCTB IPyH-
TOBOI'O MacCHBa, BAXKHEHIIMMH U3 KOTOPBIX SIBIISIOTCA
IUIOTHOCTb TPYHTA ¥ CKOPOCTH PAaCIpOCTPaHEHUs yIpy-
TUX ¥ yOPYyromjacTU4eCKUX BOJIH.

Kax u cnexyer u3 cxem Ha puc. 2 u puc. 8 [12], mpu
COOTBETCTBYIOUINX 3HAYCHUSIX U30BITOYHOTO JABICHUS
AP, Bo pponte BYB (tabn. 4, cronGen 4) GyayT cuiib-

iR

Puc. 6. Cxema BO3AEHCTBYS HA COOPYKEHHE MECTHOIO JCHCTBUS
B3PBIBA M CEHCMOB3PBIBHBIX BOJH: / — OTOJIOBOK BXOJ[a (Ta30B03-
ITYILHOTO TPAKTa); 2 — BOJIHA CKAaTHs; 3 — SIULIEHTPaIbHAs BOJIHA
Fig. 6. Scheme of the impact of a local explosion and seismic
waves on the structure: / — the head of the entrance (gas-air
path); 2 — compression wave; 3 — epicentral wave
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Puc. 7. CelicMOB3pbIBHOE BO3AEHCTBHE Ha IIOI3EMHBIE COOPYKe-
HUS U BO3MOXHBIC TIOCIIEACTBUS

Fig. 7. Seismic and explosive effects on underground structures
and possible consequences

HBIE paspylueHus, T.e. (Tadi. 5, cronbers 4) CIIOMIHBIE
pa3pyleHus] HECYIINX KOHCTPYKIIUI Ha3eMHBIX 3[aHUH
1 TIOJI3EMHBIX COOPY>KEHHUH.

[Ipu cuNBHBIX pa3pyLIEHUSAX MOTYT COXPaHATHCS
Haubosee NPOYHbIE MEMEHTHI 34AHUS U COOPYKEHUS:
3JIEMEHTHI KapKacoB, A7pa KECTKOCTH, YJACTUYHO CTECHBI
W TIEPEKPBITUS HUKHUX JTaXEH, HO 3a CUeT MEHee
MPOYHBIX KOHCTPYKITHH U y3JI0B 00pa3yloTCs 3aBabl.
Jnd mpou3BOACTBEHHBIX 3JaHUN 3TO HACTYIAET MpH
AP, Bo pponte BYB = 65-95 klla (Tabmn. 4, ctonben 4).
1 Haq3eMHON YacTH «KUJIBIX ¥ aIMUHUCTPATUBHBIX)
npu AP, = 20-80 xIla. Jlyist nonBaios CUilbHbIE paspy-
weHus HacTynsaT ot AP, = 160 kITa.

CaMoii BBICOKOH CTETIEHBIO 3aIUIIEHHOCTH 001a-
JIAFOT 3aIUTHBIE COOpYKeHwus (Tabm. 4, cronber 3), rae
CIJIBHBIC Pa3pyIlIeHHs HACTYIAlOT B HHTEPBAJIC 3HAUE-
Huit APy, = 160-1200 xIla. IIpuyem Ha10 TOHUMATH,
YTO pa3pylleHus HACTylalT He cpa3y II0cie BO3AeH-
ctBus ¢pponta BYB Ha 3CI'O, a mocie npoxoxaeHus
BCETo IUKIA (ha3 «cxkatusi — paspsukeHus». Kpome Toro,
cJenyeT IOHUMAaTh, 4TO B cilydyae Bo3aciicTBus BYB
¢ AP, NpeBIIAONIMMY 3HAYEHUSIMHU [T CTETIEHH Pas-
PYIIEHUS «CHIbHASH HACTYHAeT elle Ooee KpUTHIHOE
TEXHUYECKOE COCTOSIHUE COOPYKEHHUS CO CTENEHBIO
paspyuieHus «moiHas» (tabin. 5, cronbden 4), koTopas

Puc. 8. [loanemenTHast pacueTHasi JUHAMHYECKast MOZIENb UK
«oOpyuieHue 31aHus — 00pa3oBaHUe 3aBasia Haj 3alIUTHBIM CO-
OpY>KEHHEM»

Fig. 8. Piecemeal computational dynamic model of the cycle
“building collapse — blockage formation on a protective structure”

XapakTepu3yercsi OOpyLIEHUEM 3JIaHHUS U COOpYXKe-
HUS ¢ 00pa30BaHUEM 3aBAJIOB, C COXPAHEHUEM TOJIBKO
HE3HAYUTEIFHOM YacTH MPOYHBIX AJICMEHTOB.

Takum 00pa3oMm, TapaHTUPOBAHO MPHU CUIBHBIX
U TIOJHBIX Pa3pyLIEHUAX B CiIydae CO CBSI3aHHBIMHU
B €JIMHYIO CUCTEMY «HaJ3eMHas 4acTh 31aHust — 3CTO»
3arnyOJeHHOE COOPYKEHHE MOJ 3aBaJiOM B CBSI3H
¢ oOpyImIeHreM Ha HEr0 CTPOUTENBHBIX KOHCTPYKIIHH.
[Tpu 3TOM, YeM OoJIbIIIe TUTOIAL 3ACTPONKHU U BBICOT-
HOCTB 3/JaHHA, MacIITaObl 3aBajioB OYAyT OIIyTHMEE.

CreHapHbIC BApHAHTHI TOBPEIKICHHUN U OIICHKA TEX-
HUYECKOTO COCTOSIHUSI CTPOUTEIBHBIX OT'Pa)TalOIIIX
KOHCTPYKUHMA 31aHUN NOCJIE B3PBIBHOIO BO3AEHCTBUSA
MPUBEACHEI B Ta0N. 6. YKPYITHEHHO X MOXHO cop-
Muposars B 5 rpynin. IlepBele ueTbIpe nociie BO3AeH-
CTBUSI OOBIYHBIX CPEJICTB MOPAKEHUS HA OCHOBaHUS
U (PyHIAMEHTHI, IEPEKPBITHS, CTCHBI, KPOBIIIO, U TISITas
rpymnna — Kak pe3yiabTar Bo3aeiictBus BYB mocne
B3pBIBA SAICPHOTO 3apsia.

B xauecTBe HOPMAaTUBHOTO OIIEHOYHOTO HCTOYHHUKA,
OTIPENEISIIOIIEr0 KaTerOPHI0 TEXHUYECKOTO COCTOSIHUSA,
npunsat FOCT 31937-2024%, B COOTBETCTBHH € KOTO-
PBIM KITIOUEBBEIMH XapaKTePUCTHKAMHU SIBISIOTCS: 1-o
KaTeropusi — HOPMaTUBHOE (Ae(EKThl OTCYTCTBYIOT,
BCE MapaMeTPhl CTPOUTEIBHBIX KOHCTPYKIIUH COOTBET-
CTBYIOT TpeOOBaHUAM); 2-5 KaTeropus — pabdOTOCHO-
cobHoe (1epeKThl UMEIOTCSI, HO HecyIas CliocOOHOCTh
obecrieueHa); 3-s1 KaTeropusi — OrpaHHIEeHHO-PadO0TO-
croco0Hoe (CHMKEHA HeCyIIas ClioCOOHOCTh TPYHTOB
Y KOHCTPYKIIUH, OIaCHOCTH OOPYIICHUS HeT); 4-51 KaTe-
ropust — aBapHuitHOE (Je(eKTh 3HAYUTEIBHBL, HECYIIast
CIOCOOHOCTh MCYEpIaHa, OMAacCHOCTb OOpYIIEHHS).
B Tabn. 6 onieHOYHBIE KaTErOPHH TEXHIYECKOTO COCTOS-
HUSI IPUBENIEHEI B CTONOLIE 5.

[Tnarnpys o0IIIe MEPOTPHUSTHS 3aLTUTH OT B3PbIB-
HOTO BO3JICHCTBUS Ha 3arTyOJICHHBbIE W TOA3EMHbBIE
3amuTHBIE coopyxkenus 1O, s dekTuBHBIMU cremyeT
cumTars 5, 11, 19]:
® aMOpTH3aIUs BCEr0 BHYTPEHHEro o0beMa coopy-

®eHus (001Ias aMopTU3aIs) TUO0 OTACIBHBIX €ro

JacTel MM OTJCNIbHOTO, Haubojee TyBCTBUTEIIb-

HOTO K YCKOPEHHUSAM 00O0pYIOBaHUS U almaparypbl

(MecTHasg amopTHU3auys);
® paccpenoTOUYCHHE COOPYKEHUH U OOBEKTOB IS

HCKITIOYCHHS MX B3aHMHOTO TTOPAKCHHS;

3anTyONeHne COOpPYKCHUH B IPYHT;

BBIOOP COOTBETCTBYIOMIUX I'€OJIOTHYECKUX YCIOBUI

MOCAKH COOPYKEHHSI, 00€CIIEUNBAIOIIIX HAOOIb-

IIee 3aTyXaHHe TeX IMapaMeTpPOB CEHCMOB3PBIBHBIX

BOJIH, K KOTOPBIM COOPYXCHHE HanOomee TyBCTBH-

TEJBHO;
® POEKTHUPOBAHHE M CTPOUTEIHCTBO OrPaXKAAIOIIUX

KOHCTPYKIUH COOPY)KEHHMH, CIIOCOOHBIX BBIIEPKH-

BaTh PacueTHHIC BO3ACHCTBUS CEHCMOB3PBIBHBIX

BOJIH, HE Pa3pyIIasch;
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Ta6auna 4. Crenenu paspymenns OKC npu pasIHdHbIX 3HAYEHHUSIX H3OBITOYHOTO JaBIeHNS BO BpoHTe, Klla®
Table 4. Degrees of destruction of the CCF at different values of overpressure in the front of the, kPa*

Twune! 3manuii

Crenenu pa3pyuienus 00beKTa IIpH pasandHbIX 3HaYeHusx AP, klla
The degree of destruction of the object at different values of AP, kPa

Types of buildings Cnabas Cpennss CunpHas
Weak Average Strong
1 2 3 4
1. Ilpomvluunennwvle 30anus
Industrial buildings
[IpoMbIIIIEHHOE C METAIUTMYECKUM WIIH JKEeJe30-
OETOHHBIM KapKacoM 32-65 65-80 80-95
Industrial with metal or reinforced concrete frame
[TpoMBIIIIIEHHOE ¢ METATUTHYECKUM KapKacoM
U KPaHOBBIM 000pYIOBaHUEM 3248 48-65 65-80
Industrial with metal frame and crane equipment
2. XKunvie u admunucmpamuervle 30aHus
Residential and administrative buildings
Kupriritioe MorooTaskiioe 12-20 20-32 32-48
Brick multi-storey building
Kupnuynoe oHO- 1 AByX3TaKHOE
One- and two-story brick buildings 12-24 24-40 40-56
3. 3awummnvle coopyscenus
Protective structures

VY6exuIne oTAeNbHO CTOsIIee, PACCIUTAHHOE Ha: B B _
The shelter is free-standing, designed for:
350 kIla (3,5 xrc/cm?)
350 kPa (3.5 keflem?) 640-960 960-1200 1200
100 kIa (1 krc/cm?)
100 kPa (1 kgf/cm?) 160-240 240-320 320
VY6exuine BCTpOEHHOE, paCCUNTAHHOE Ha: 3 B B
The shelter is built-in, designed for:
100 xITa (1 krc/cm?)
100 kPa (1 kgflem?) 110-160 160-240 240
50 xIla (0,5 krc/cm?)
50 kPa (0.5 kgf/cm?) 48-65 65-160 160

® YBEIWYCHHUE CTOMKOCTH BHYTPEHHETO 000pYIOBa-
HUS Y annapaTtypsl K BO3IEHCTBUIO YCKOPEHHI;

® yCTPOMCTBO THMOKHX BBOJIOB M KOMIICHCATOPOB
HAa MOIXOSAIINX KOMMYHHKAIIHUAX;

e yONupoOBaHUE OTIAENBHBIX JIEMEHTOB COOPYKEHHUS.
Heo0xoanMo OTMETHTB, YTO TOIBKO KOMIUIEKCHOE

IPOBEICHIE BCEX MEPONPHUSATHH 3alIUTH MO3BOJSET

CTPOUTH COOPYIKCHHA, OTBCHAIONIUC MTPEABABIACMbBIM

K HUM Tpe60BaHI/IﬂM.

$TOCT 31937-2024. 3nanus u coopysxenus. [Ipasuia obcnenosa-
HUS 1 MOHUTOPHHIa TEXHUYECKOTO COCTOSHUSL.

IIpoBenennslii aHanu3 (Tabn. 4—6) MO3BOIAET OT-
METHTh, 4TO creneHb noBpexaeHus OKC s Bcex
BHJIOB MICTOYHUKOB B3PbIBA U OOETIPHITACOB (B OOBIYHOM
U B SIICPHOM HCIIONHEHHUH) OIPEACIIETCS TEXHUIECKUMU
XapaKTepUCTHKaMH O/I1, MOIIHOCTBIO B3PBIBA, PACCTOS-
HUEM OO0 MECTa B3pbIiBa, MCCTOIIOJIOKCHHUEM B3phbIBa
(Ha3eMHBIN, TOA3eMHbIH, BO3AYIIHBIIT), KOHCTPYKTHBHBIX
0COOEHHOCTEH 3aHKA U HAJTMIKUEM Tperpajl (3KpaHoB).

IIpu »TOM, MCXOAS U3 MOTEHLHAILHON BO3MOXK-
HOCTHU TOBPEXJEHUS 3aHUA U COOPYXKEHHUH, Jajnee
IpeIaraeTcss METOANKA IUIAHUPOBAHMS aBapUITHO-BOC-
CTaHOBUTENBHBIX padboT (ABP) u ux pecypcHoro obec-
TIeUeHMs Ha TIOBPEKICHHOM 00BbekTe. DPPEKTUBHOCTh
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Ta6auna 5. XapakTepucTuka CTeNeHeH paspylIeHus 30aHui OT AefiCTBUA BO3AYLIHOH yIapHOH BOIHBI
Table 5. Characteristics of the degrees of destruction of buildings from the action of an air shock wave’

CreneHb pa3pyIieHust
Degree of destruction

Cnabas Cpennsis CuiibHas TTomnas
Weak Average Strong Full
1 2 3 4
Paspymenue CHuxeHue dKcrtyaraioHHoil | CruionHoe paspyiieHue OO0pyl1eHue 30aHNH.

BHYTPEHHUX Tiepe-
TOPOJIOK, KPOBJIH,
JIBEPHBIX U OKOHHBIX
KOpPOOOK, JIETKHX
MPUCTPOCK U JIp.
OcCHOBHBIE HeCyIUe
KOHCTPYKIHU
COXPaHSIFOTCS
Destruction of inter-
nal partitions, roofs,
door and win-

dow frames, light
outbuildings, etc.

IpUrogHOCTH 30aHui. Hecymue
KOHCTPYKIMH COXPAHSIOTCS,

HO YaCTUYHO J1e(OPMHUPYIOTCS.
CHWXaeTcst HecyIias crocoo-
HOCTB KOHCTpyKIuid. OOpyiie-
HUH HET

Reducing the operational
suitability of buildings. The sup-
porting structures are pre-
served, but partially deformed.
The bearing capacity of struc-
tures is reduced. There are no
collapses

HECYHIMX KOHCTPYKIMH. MoryT
COXPAHSATHCS HAaHOOJIee IPOYHBIE
3JIEMEHTBI: JIEMEHTHI KapKacoB,
sIpa KECTKOCTH, YACTHYHO
CTEHBI U TIEPEKPBITUS HUKHUX
staxed. [lpu cubHOM paszpyiie-
HUM 00pa3yeTcst 3aBall

The continuous destruction

of load-bearing structures.

The most durable elements

can be preserved: elements

of frames, cores of rigidity,
partially walls and floors

MoryT COXpaHHUTBCS TOJIBKO
MOBPEXKCHHBIE (WIN He-
TIOBPEXXICHHBIE) ITOJIBAJIBL,
a TaKke He3HaYUTeTbHAs
4acTh MPOYHBIX JIEMEHTOB.
OO6pa3yroTcst 3aBajibl

The collapse of buildings.
Only damaged (or undam-
aged) basements can be
preserved, as well as

a small part of the durable
elements. Blockages are
forming

The main supporting
structures are
preserved

of the lower floors. In case
of severe destruction,
a blockage is formed

ABP u ux pecypcHoe obecriedeHue SBISIOTCS B3aUMO-
CBSI3aHHBIMH M Ba)XHBIMH JJIEMEHTaMHU 00eCIeUeHUs
OpraHU3alOHHO-TeXHOTOTHIecKoi HanexxHocT (OTH)
BOCCTAHOBJICHHSI, TaK KaK IPSMO BIHSIOT HA CPOKH,
3aTparbl ¥ kKadecTBo pabor [23]. biok-cxema ykazaHHOTO
IpezcTaBleHa Ha puc. 9.

ba3oBbIM 21IEMEHTOM CHCTEMBI TUIAHUPOBAHUS PECyp-
COB SIBIICTCS] YTOUHEHHE arperHpOBaHHBIX TAPaMETPOB
MIPOHM3BOACTBEHHBIX IPOILIECCOB: TPYAOEMKOCTH, BEIpa-
OOTKH, pacxojia pecypcoB, c€OECTOMMOCTH M CTOMMOCTH
pabor, o chopMHUPOBAaHHBIM 0a30BBIM KOHCTPYKTHBHO-
TEXHOJOTUUECKUM PEIICHUSIM BOCCTAHOBIICHUS 0ObEKTa
[24].

AHaTUTHYECKOE pElICHUE 33aJa4u ONpeneIeHUs
noTpeOHOCTEH B BOCCTAaHOBUTEIBHBIX O0BEKTax
MTO3BOJISIET ONPEISIUTh U ONTHMHU3UPOBATH IapaMe-
TPpbI IPOU3BOJACTBCHHBIX MPOLECCOB B arperupoBaH-
HOM BHJIE.

[Ipu pacuere obecrnieueHus! CpenCcTB MEXaHU3ALUU
BOCCTaHOBHUTENBHBIX Pa0OT HCIIOIB30BAHA CTATUCTUYIEC-
Kasi MoJIellb pecypcHoro obecriedenus [25]. C ydaerom
9TOTO CTallMOHApPHBIE, OpAWHAPHBIE ITOTOKH C OTPaHH-
YCHHBIM NTOCIIE/ICHICTBUEM OAHO3HAYHO OIPEACIISIOTCS
(hyHKIMEH TIIOTHOCTH BEPOSTHOCTEH.

[Ipu 3TOM HHTEpBaJ BPEMCHH f; MEXKIY MOCTYII-
nenueM (i — 1) u i 3a9BKH, TO NIpH i > 2 BCe ¢; pacipe-
JEJIeHbl OMWHAKOBO C (PYHKIHEH IUIOTHOCTH BEPOST-
HocTed f(t). IIIMIOTHOCTh BEPOATHOCTEH CIIy4alHOU

BEJINYMHBI #; (MOMEHTa HOCTYIUICHHS TTEPBOH 3asBKH)
BO3MOXKHO OIpenenuTs o popmyie (1):

KD =M1-F(2)], (M

rae A — WHTEHCUBHOCTH ITOTOKA 3asBOK HA PECypCHI;

z
F(Z)= jf (f )dl‘ — (YHKIMS pacIipee/iCHHs] HHTEp-
0 BAJIOB MEXKJLy 3asBKAMHU.
Bxomsimuii motok TpeOoBaHUH IesecooOpasHO
3aJ1aTh B BUJIC HHTETPAILHOM (YHKIMH pacupeaeaeHust
UHTEPBAJIOB MEXIY IOCTYILIEHHEM IBYX IIOCIEN0Ba-
TEIBHBIX PECYPCHBIX 3aBOK:

jf(co)dco npui > 2
g TS

.Z[fl (oo)dm npui =1

Hcxonst U3 BRIMIECIPUBEACHHOTO II€JIECO00pa3HO
BEPOATHOCTHYIO XapaKTCPHCTHKY CUCTEMBI PECYPCHOTO
o0ecrieueHNsI MPEACTaBUTh B BUEC CUCTEMBI (PyHKIINO-
HHUPOBaHUS OOCIYyXUBaeMbIX OOBEKTOB C YUETOM
eIMHHUII PacXxo/a PeCypcoB W 3alnaTh QyHKIHEH pac-
TpeIeNeHus JUINTEIEHOCTH 00CITyKUBAaHHUS 00BEKTOB
MOCTaBKH pecypcoB D(7s..) = P(t e, < X).

B BenuuuHy BpeMeHU OOCIIy>KHBaHUS B YCIOBHAX
ABP nenecoo0pa3Ho BKITIOYATh BCE 3aTPaThl MaTepuab-
HBIX, ()MHAHCOBBIX 1 BPEMEHHBIX PECYPCOB, CBSI3aHHBIX
C MOTepsAMHU U3-3a HapyuieHus >¢pdexkruBHocTH ABP
BBUJly OTPAHUYCHHOCTU BPEMEHH Ha KaueCTBEHHYIO
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Tadauua 6. BapnaHnTsl 1 OLIeHKA CIICHAPHBIX MTOBPEKACHUH CTPOUTENBHBIX KOHCTPYKIMHI 31aHUI OT B3PBIBHOTO BO3/ICHCTBUS
Table 6. Variants of damage to building structures from explosive effects

udp
nedekra
The cipher
of the defect

Bun nospexaenus
Type of damage

dotodukcarms
CIIGHAPHOT'O TIOBPEXKICHHSI
Photofixation
of scenario damage

OrieHOYHAs KaTeropust
TEXHHUYECKOTO COCTOSHHS
00BbeKTa
(TOCT 31937-2024)*
Estimated category
of the technical condition
of the facility
(GOST 31937-2024)®

2 3 4 5
30HBI MOBPEKICHUS TSI CKAJTbHBIX TIOPOJI: Jlns ocHOBaHMIA
BOPOHKH; CMATHS; TPEIIMHOOOPa30BaHHUS; KaTeropus
1.1 MUKPOTPEIIHBI HE [IpelyCMOTpeHa
Damage zones for rock formations: funnels; There is no category
crumpling; cracking; microcracks for grounds
30HBI HOBPEXACHUS IJIs1 TPYHTOBBIX MTOPOLL; .
BOPOHKH; I;LI)IaBJ‘II/IBaHI/Iﬂ; I1))}3113py111<e}n/151;p Jlna OcHOBaHHH
. KaTeropus
12 YHPYTo ImiacTu4eckue nedopManim; HaBal He MpeyCMOTpeRa
Damage zones for ground rocks: funnels; :
extrusions; destruction; elastic plastic There is no category
. o for grounds
deformations; bulk
OnHOBpEMEHHOE MOBPEXICHNE OCHOBAHHUS
13 U 37aHH . Jns (bYHI[aME?HTOB 3,4
’ Simultaneous damage to the foundation For foundations 3, 4
and building
Bosmorkuble neeKThl hyHIaMEHTOB I 2
MIPU OTCYTCTBHU MPSMOTO BO3ACHCTBHS
Ha QYHIAMEHT, HO BO3IEHCTBHU
Ha IPyHTOBOE OCHOBaHME: pa3pyllIeHHE;
1.4 MTOBPEKACHHE 4
Possible defects of the foundations
in the absence of direct impact on
the foundation, but impact on the ground
foundation: destruction; damage
Pazpymenue uim noBpexIeHUE
15 (hyHIamMeHTa IpH IpsSIMOM BO3IEHCTBUH 4

Destruction or damage of the foundation
by direct impact
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IIpooonacenue maobn. 6 / Continue of the Table 6

OreHOYHasE KaTeropus
TEXHUYCCKOI'O COCTOSIHUA
udp dorodpukcanys o0bekTa
nedekra Bun noBpexieHus CLICHAPHOTO MOBPEKACHHS (TOCT 31937-2024)*
The cipher Type of damage Photofixation Estimated category
of the defect of scenario damage of the technical condition
of the facility
(GOST 31937-2024)
2 3 4 5
21 JlokanpHOE MOBpEXKACHNE 4
’ Local damage
Paspymenue
22 Destruction 4
IToBpexeHne CTeH 1 OKOHHBIX
3] KOHCTPYKIHUH OT B3pLIB§oﬁ BOJIHBI 23
) Damage to walls and window structures
from the blast wave
32 [oBpexaeHne cTeH MpoLyKTaMu B3pbIBa 23
’ Damage to the walls by explosion products
MecTtHoe moBpexaeHne CTeH
U3 MEJIKOPa3MEPHBIX 2JIEMEHTOB
33 (B3pBIBHOE BO3/ICHCTBUE CHAPYKH) 34
’ Local damage to walls made of small-sized
elements (explosive impact from
the outside)
MecTHOE NOBpEXIEHNE CTEH 30aHUs
U3 MEJIKOPAa3MEPHBIX 2JIEMEHTOB
34 (B3pBIBHOE BO3/I€iCTBHE BHYTPH) 34
’ Local damage to the walls of a building
made of small-sized elements
(explosive impact inside)
TToBpexxeHne CTEeH MaHebHOTO 3aHHs
35 (Bo3zeiicTBUE BHYTPH) 3.4
’ Damage to the walls of a panel building
(impact inside)
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IIpooonoicenue maon. 6 / Continue of the Table 6

OHCHO‘IHaﬂ Kareropus
TEXHUYECKOTO COCTOAHUA

udp dotopuxcanus oObexTa
nedexra Bun noBpexieHus CIICHAPHOTO MOBPEXKICHHUS (TOCT 31937-2024)*
The cipher Type of damage Photofixation Estimated category
of the defect of scenario damage of the technical condition
of the facility
(GOST 31937-2024)®
2 3 4 5
[ToBperxaeHne cTeH MaHeIbHOTO 3IaHus
36 (Bo3zelicTBHE CHAPYXKN) 34
’ Damage to the walls of a panel building
(external impact)
Pazpymenue yactu 3nanus (CeKuum, OIoKa)
3.7 Damage to the walls of a panel building 4
(external impact)
3nanue pa3pyuieHo,
TpebyeTcs CHOC U BBIBO3
TTonHOE pa3pylieHye 31aHus IpH BHEIIHEM
. CTPOMTENBHOTO MycOpa
3.8 BIPPIBHOM BO3/ICHCTBHH - The building is destroyed,
Complete destruction of the building due o o
to external explosive impact rchITCS.dcmolltlon
and removal
of construction debris
3naHue paspyIeHo,
[Tonuoe pa3pymieHne 31aHus IPU pa3Melne- TpeOyeTcst CHOC U BBIBO3
HHUH UCTOYHHKA B3pBIBA BHYTPH 30aHUS CTPOUTENBEHOTO MycOopa
3.9 Complete destruction of the building when The building is destroyed,
the source of the explosion is located inside requires demolition
the building and removal
of construction debris
3.10 TTonmHOE pa3pyleHre KOMILIeKca 3AaHui

Complete destruction of the building
complex

3naHus pa3pyIleHsL,
TpeOyeTcst CHOC U BBIBO3
CTPOUTENBEHOTO MycOopa
The building is destroyed,
requires demolition
and removal
of construction debris
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Oxonuanue maon. 6 / End of the Table 6

Mudp
nedekra Bun nmoBpexieHus
The cipher Type of damage

of the defect

OrneHOYHAs KaTeropHst
TEXHUYECKOTO COCTOSTHUS
00BeKTa
(TOCT 31937-2024)*
Estimated category
of the technical condition
of the facility
(GOST 31937-2024)*

dorodpuxcanys
CLICHAPHOT'O TTOBPEXKICHUS
Photofixation
of scenario damage

2 3

4 5

4.1 IMoBpexeHne Uin pa3pylieHne KpoBian
Roof damage or destruction

4
4.2 KoMOuHMpOBaHHOE OBPEKACHUE KPOBIH
U CTCH
Combined damage to the roof and walls
4

5.1 IMoBpexaeHue Uiy pa3pyleHue 00beKTa
HOCJIE B3PBIBA AJEPHOTO 3apsiia

B 3aBUCHMOCTH OT MOIIHOCTH

W PacCTOSIHUS J0 B3pHIBA

Damage or destruction of an object after

the explosion of a nuclear charge, depending
on the power and distance to the explosion

3, 4 unu pazpyuieHo
3, 4 or destroyed

npopaboTKy U 00O0CHOBaHUE BCEX OPTraHM3allMOHHO-
TexHonorndeckux pemreHuid (OTP), BO3MOKHBIMHE JIOTH-
CTHYECKUMH MPoOIIeMaMH BBHY TOJIBKO c(DOPMUPOBAH-
HBIX KaHAJIOB IIOCTABKH, B PSIC CIyYaeB SKCTPEMAaTbHBIX
IPUPOTHO-KIMMATHYECKHUX YCIOBHUH, HETIPEABUACHHBIX
1 HEKOTOPBIX JPYTHX OPTraHH3allHOHHO-TEXHOIOTHYEC-
KHX ¥ TEXHUYCCKHUX TPHYHH.

[TnarupoBanue cpeacts Mexanmsarmu (CM) cienyer
MpeyCMaTPUBATh HCXOJIS M3 HEOOXOMUMOCTH Tpedye-
MOTO PEMOHTA M HMPOPHIAKTHIECKOTO 00CITyKUBaHHS
B COOTBETCTBHH C PErIAMEHTAMU U 33JJaHHBIMH rpadu-
Kamu g Kaxaoro CM nmociie OKOHYaHUS BOCCTaHOB-
JICHUSI O4epeNHOro 00bEKTa U HAXOKICHUS B PEMOHTE
HEKOTOPOE BPEM 1., XaPAKTEPHU3YIOIErocs (pyHKIUEH
pacnpenenenus G(f,,) = P(f,, <y) 10 Hayama paboT
Ha cieayroneM oobekte [26].

B ycnmoBusx oTCyTCTBHS HEOOXOIMMBIX CPEICTB
MEXaHU3aluu U oxunaHus Ha oo0bekre CM HekoTopoe
BpeMs f,, JUIUTEIbHOCTD OXKUAAHUSA OyICeT BETHUUHON
CITy4aifHOM cO CBOCH (DYHKIMEH pacTpeIelICHHS:

H(ty,) = Pl < ©). 3)

B rtakoii curyanuu HeobecnieueHHoctn CM crienyet
IPEeIyCMOTPETh TUHAMHUYECKYIO KOPPEKTHPOBKY COCTaB-
JICHHOTO paHee IUIaHa paboT W BBHIIOIHUTH PE3CPBHBIC
pabotsl. TakuMm 00pa3oM, MOJICIHMPYsI CHCTEMY Macco-
BOTO OOCITY)KUBaHUsI, B YCIOBHSIX PHCKOB, ClienyeT (op-
MHPOBATh CITyJaliHbIe HHTEPBAIBHBIC BETMINHBI MEXKIY
MTOCTYIUICHHUSIMHE 3asBOK OT OOBEKTOB, ONPENEIIATh [UTH-
TEBHOCTH 00CITY)KUBAHKSI 00BEKTOB U ITPOCTOS CPENCTB
MeXaHHU3allHd B PEMOHTE M HEMOCTYIUICHUS Pecyp-
COB, YTO OTPAKACTCS 3aJaHHBIM 3aKOHOM pacIipezese-
Hus F(x), 3aKITI0YAIONTUMCS B TTOJIYYCHUH 3HAUYCHUS X
U3 YpaBHEHUS:

x=F(©), “4)

e F'(§) — Qynkuus, o6parnas F(x); & — ciyuaiiHoe
YKCJIO U3 COBOKYITHOCTH C PABHOMEPHBIM pacipesie-
nenuneM B unTepraie (0...1).

Takum 00pa3oM, B TAKHX SKCTPEMAITbHBIX YCIOBHUIX

ONTHUMAJIbHBIM pelieHneM 3P HEeKTHBHOCTH BBIIOIHE-
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OHeHKa XapakTepa U Buaa NoBpEKIACHUSL 00beKTa

Assessment of the nature and type of damage

ABapHﬁHBIe 1 3BAKYallMOHHBIC MEPOIIPUATU

to the object

\i

Emergency and evacuation measures

Omnpenenenne BUIOB 1 00BEMOB e(EKTOB

Texuunueckoe obcaemoBaHne 00bEKTa
U TpUJIETaIoNIeH TEPPUTOPUHN

Determination of types and volumes of defects

Technical inspection of the facility

and the surrounding area

v

Omnpenenenne BUIOB U 00bEMOB paboT

Pacuer Tpynosarpat (pabounx 1 MaIInH),

110 BOCCTAHOBJICHHIO OOBEKTa
Determination of the types and scope of work
on the restoration of the facility

\

MarepHaoB, CMETHOH CTOMMOCTH
Calculation of labour costs (workers and machines),

materials, estimated cost

Y

PazpaboTrka METOIOB H CIIOCO-
0OB BOCCTaHOBIIEHHS 00BEKTa

Development of methods >
and methods of restoration
of the facility

Pa3paboTka KaJeHJapHOro
Iu1a"a paboT
Development of a work

schedule

PazpaboTka CTpOHTEILHOTO
TeHepaJIbHOTO TUIaHa
BOCCTAHOBJICHHS 0OBEKTa

Y

Development of a construction

master plan for the restoration

Puc. 9. biiok-cxema METOAMKH IIAHUPOBAHUS aBAPUHHO-BOCCTAHOBHTEIIBHBIX PA0OT U UX PECYPCHOTO obecedeH s
Fig. 9. Flowchart of the methodology for planning emergency recovery operations and their resource provision

HHsL pabOT MOXKET CTaTh MPUMEHEHUE TUHAMHUYECKOI,
JETePMUHUPOBAHHOW MOJENHN IJIAHUPOBAHUS PadoT
U UX PECypCHOTO 00eCIIeYeHusI.

BbiBOADBI

[IpoBeneHHOE HCCenOBaHUE TTO3BOJSET OTMETUTh
cleyomiee.

1. Crenens noBpexaeauss OKC mist Bcex BUIOB
U UCTOYHUKOB B3pPbIBA ONPEEISIETCS TEXHUYECKUMHU
XapakTepPUCTUKAaMHU B3pPbIBUATOrO BEIECTBA, MOLIHO-
CTBIO B3PbIBA, PACCTOSIHUEM 10 MECTA B3pPbIBA, MECTO-
MOJIOKCHUEM B3pbiBa (Ha3eMHBIHN, MOA3EMHbBINA, BO3-
JIYIITHBIN ), KOHCTPYKTUBHBIMH 0COOCHHOCTSIMU 3JaHHIA
Y COOPYXKCHUH, HAJTMUMEM Tperpal (IKpaHoB).

2. I'apanTupoBaHo OynyT pa3pylleHbl Ha3eMHBIE
00BEKTHI HE3aBUCUMO OT UX CEHCMOCTOMKOCTH: KUJIIbIE
Y aIMUHUCTPAaTUBHbIE 30aHUS TIPU 3HAYEHUSIX H30BITOY-
Horo naeieHus Bo pponte BYB 3280 kIla, a mpousBox-
CTBEHHBIE 3/1aHUs TIpH 3HaueHusx 65-95 klla. B atom
cirydae OyayT 0Opa3oBaHbI CHITLHBIC pa3pyIICHUS | 37a-
HUs OyAyT B KaTETOPHH TEXHUYECKOTO COCTOSHHS —
aBapuiiHOE, BCIIEACTBUE YErO MPOBEICHHUE aBapHITHO-
U PEMOHTHO-BOCCTAHOBUTEIBHBIX PaboOT JeiaeTcs
TEXHUYECKH U SKOHOMHUYECKH HEIeJIeCO00pa3HbIM.

3. Cneayer mpeaycMaTpuBaTh ONAacHbBIE YCIO-
Bus Bo3aeicTBus Ha OKC ymapHoii BonHbl. OLeHKa
COCTOSIHUS BXOJOB Ilocie Bo3neiicTBus BYB naer
OCHOBaHHE CYUTATh, YTO €CTh ONACHOCTb PaCKJIH-
HUBaHWS (3aKIMHUBAHUSA) IBEPEH BXOMOB (BBIXOJOB)

W3 COOpYKEHHIA. B 3Toii CBs3H OoJiee OMacHBIM SIBIISI-
€TCA HaIllpaBJICHUC IIPAMOTO BOJIHOBOTO BOSHCﬁCTBHH
Ha KoHCTpyKuuu BxogoB 3CI'O. Haubomnpmyto cre-
IEeHb 3alUINEHHOCTU Ipu Bo3jelicTBuu BYB OynyT
UMETh CKBO3HUKOBBIC BXOIBI, B OTIIHYUE OT TYIHKO-
BBIX, IIAXTHBIX U MPSMBIX OTKPHITHIX. B 3T0i# cBsI3n
IpU MPOCKTHPOBAHWH BXOJOB Hamboyee Ieneco-
OGpaSHBIMI/I BapvuaHTaMH ABJISIIOTCA CKBO3HHKOBBLIC,
YTO MOBBICUT KUBYUCCTb U 53BAKYAIIMOHHBIC IMapaMe-
TPBI COOPYXKEHHSI, MUHUMHU3HPYET OMAaCHOCTb PACKIIH-
HHUBAaHUS ABEPEH.

4. B cmyuae ecam 3CI'O sBnseTcss moa3eMHOM
9acThI0 HA3EMHOTO 3/1aHMS, TO TIPH Pa3pylICHNH Ha3eM-
HOHM 4acTU B3PbIBOM CYILECTBYET BBICOKAas BEPOSAT-
HOCTb, YTO 3BaKyHnpoBars Jtofei u3z 3CI'O He mpexcta-
BUTCS BOSMOXHBIM B CBS3M C 00pa3oBaHUEM 3aBaJiOB
1 3aKJIMHUBaHHUEM IBepeil. B aToM ciryuae morpebyroTes
aBapHIHO-BOCCTaHOBUTEIBHBIC PAOOTHI TSI PACUUCTKU
OBaKyallMOHHBIX HyTeﬁ 1 BOCCTAHOBJICHHUS BXOJ0B
(BBIXOIOB) IS IPOXOJIA JIFOMEH.

5. Ocobble ycoBUs aBapUiTHO-BOCCTAHOBUTEIBHBIX
paboT, BBUy OrpaHUYEHHOCTH BPEMEHH, BO3MOXKHBIX
PHUCKOB OOpYyIIEHUH, HEOOXOAMMOCTH dBaKyallMOHHBIX
paboT, HOBU3HEI JIOTHCTUYECKHUX CXeM OOecCIeueHns
BCEMH BHIAMU PECYPCOB U HEKOTOPHIMH IAPYTHMH
npoOsieMaMy, JIOTHYHO MPEANOaraloT UCIONb30BaHNe
JUHAMUYECKOH, IeTEepPMUHUPOBAHHON MoJieliel IaHu-
pOBaHHA PabOT U X PECYPCHOTO 00CCIICUCHHSI.
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