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I. OBIIIA XAPAKTEPUCTUKA HA TUCEPTAIIMOHHUA TPY /1

AKTVAJHOCT HA TEMAaTa

AKTyaTHOCTTa Ha W3CIEABAHETO CE€ OMpeeNs OT ToBa, ue B3puBHHUTE pabotu (BP)
OTTOBapAT Ha THPCEHETO M IMpaKTUYecKaTa MOTPEOHOCT Ja ce MPUAOOUSIT ONpeleseHU
CHOCOOHOCTH W Jla Ce M3MBIHSABAT 3aJauyd MPU TMPOBEXKIAHE HA aBapUHHO-CIIACHUTEIIHU
nerinoct (ACJ). OcobeHO Ba)KHO B HACTOAIIMS €Tall MPH MPOBEXKIAHE HA OINEpaIvul €
MOBUINIABAHETO HA e()EKTUBHOCTTA 32 MOCTUTaHE Ha ONTUMAIIHU PEe3yJTaTH.

[IpuponuuTe GeACTBUSI BH3HUKHAIU IIPE3 MOCJIEIHUTE TOJIMHA HAa TEPUTOPHUATA HA P.
bearapus, cBbp3aHy ¢ YOBEIIKH KEPTBU M OTPOMHHU MaTE€pPHAIIHU 3aryOHu, orpeaeanxa Heoo-
XOJIMMOCTTa OT 3aCHJIBaHE HAa €(EKTUBHOCTTA MPH CIPABSIHETO C KPU3H OT HEBOCHEH Xapak-
TEP.

boearapckaTta apmusi U3MBIHABA 3aJa4l CBBP3aHU C YYaCTHETO M B aBapUUHO-CIIACHU-
TEJHH OIepalvy, KOUTO ca OMpeesieHH B ,,3aKOH 32 BOPBKEHUTE cuin Ha PenyOnuka bbi-
rapusi” u ,Jlnana Ha bbiarapckara apmus 3a okazBaHe Ha MOMOIIl HA HAcEeJIEHUETO Mpu Oex-
cTBUS”. B pe3ynrtaT Ha U3BBHPEIHU CUTyallMH MpH OeACTBUA, aBapuM U KaTacTpodu B Hace-
JIEHUTE MeCTa U B OOCKTUTE HA MKOHOMHKATa MOJXKE Ja MMa TOJEMHU YHHIIOKEHHU TUIOUTU OT
uHpacTpyKTypaTa, MoKapHU 30HU, 30HU HA PAJMOAKTUBHO 3aMbpCSIBaHE, HABOAHECHUS, CHE-
TOHABSIBAHUS | JIP.

W3nbiiHeHHeTO Ha Te3M 3a/layu MpeJroiara nposiBara Ha yCUJIMsS C BUCOKA CTENEH Ha
CJIOKHOCT, PUCK M 3HAUUMOCT M € CBBhP3aHO C OTYMTAHE BIMSHUETO HA MHOXKECTBO (pakTopu,
C peanu3anusTa Ha Ipo(eCHOHATHU YMEHUS OT Pa3IMyHU 00JIaCTH Ha MPAKTUKATA.

XapakTepHaTta OCOOEHHOCT Ha aBapUHHO-CIIACUTEIIHUTE OIEpalldy, a MO-TOYHO Ha
aBapUIfHO-CIIACUTETHUTE ACHHOCTH €, 4e Te TpsOBa J1a ce U3BBPIIAT 32 KPaTKO BpEMeE C ajie-
KBaTHU JCHCTBHUS U CHCTEMH 3a JIOTUCTHYHA W WHXKCHEPHA MOIPHKKA. 3a crenudukara Ha
aBapUITHO-CIIACUTETHUTE IEHHOCTH MOXKE J]a Ce KaxKe, 4e Te Ce OMpeAeIsAT OT pa3nuyHu (ak-
topu. B eauH oT ciydante € afieKBaTHOTO JEHCTBUE CJIe HACTHIIBAHETO MM, a B IPYTH TOBA €
HEOOXOMMOCTTA Ja C€ OTPaHHuYM Pa3BUTUETO Ha OEJICTBUETO, aBapusITa WM KaracTpodara,
3a Jla MPeAOTBpPAaTH €BEHTYaJTHOTO HACTBHIIBAHE HAa KaTacTpodaaHU MOCIEIUIA OT Bh3HHUKBA-
HETO HAa HOBU MOXKApH, €KCIJIO3UHM, HABOJHEHMS, CBIMYAHUS HA 3€MHHM WJIM CHEXXHHM MACH,
YHUIIIO’)KaBaHE Ha MaTEPHUAITHUA CPECTBA MJIH JI0 YOBEIIKHU 3aryou. B Tpetu - 0Bp30TO BB3CTA-
HOBSIBAaHE Ha pa3pylleHaTa KOMYHalTHO-EHEPreTUYHa Mpeka (EIeKTPUYECTBO, ra3, BOJOIPO-
BOJM M KaHaJIW3alus) BCICACTBUE OT O€ACTBHE, aBapus WiH Karactpoda. ToBa ce OTBBp-
JKIaBa ¢ MHOTOOpPOHM MPUMEPH, KaKTO Y HAC TaKa U B CBETOBEH Maiao.

CbBpEeMEHHOTO HUBO Ha Pa3BUTHE HAa B3pHMBHATA TEXHUKA U TEXHOJOTHH, KAKTO U 3HA-
YIMOTO pa3lIMpsiBaHe Ha ynoTpeda Ha B3PUBHOTO BH3ACUCTBUE B pa3NUYHU ChEpH OT MaTe-
PHATHOTO HACTOSAIIE W KOHKPETHO B 00JIACTTAa HA aBapUMHO-CIIACUTEITHUTE JEHHOCTH, U3HCK-
BaT MaKCUMAJIHOTO U KOMIUIEKCHO ONTUMU3MpPaHe Ha METOIH, MapamMeTpu U (pakTopH 3a Imo-
BHIIIABaHE HA €(PEKTUBHOCTTA M C MUHUMYM HETaTUBHU TOCIICJICTBUS B3pUBHA 00paldOTKa.

AHanu3bT Ha Pe3yNTaTUTE OT M3MOI3BAHETO HA B3PUBHU padOTU MpPHU aBapHIHO crHa-
CUTEJIHH JICHHOCTHU MOKa3Ba MPUOPUTETHO 3HAYCHHE KAaTO €IMH OT OCHOBHHUTE CIIOCOOM 3a Chb-
OapsiHe Ha MOTEHIIMATHO OMACHH CTPay U OOEKTH, pa3uyUCTBAHE HA CBIMYAHE HA 36MHHU MacH,
pa3uMCTBAaHE HA HATPYNBAHHUA OT HECBHP3aHa Maca U Jp.



Ien w1 320244 HA NUCEPTALNMOHHUSA TPV

LenTa Ha AEicepTAIIMOHHUS TPY[ € U3Cle[BaHe Ha (hakTopuTe, BIUSEIIN Ha €PEeKTHB-
HOCTTa Ha B3pUBHHUTE PaOOTH M OTpaHWYABAIIM BPEIHUTE BBH3JICUCTBHS Ha B3pHBa MPHU aBa-
PUMHO-CIIACUTENHU JEUHOCTH.

3a mocTturane Ha (opmyJiMpaHaTa e ca MOCTABEHH 3a PelllaBaHe CJIEIHUTE H3CIEI0-
BaTEJICKH 3aa4YH:

1. N3cneaBaHe xapakTepUCTUKHUTE HA M3MOJI3BAHUTE B3PHUBHU BEILECTBA, CIECIUATIHU
3apsAd U CPEICTBA 32 B3pPUBSIBAHE.

2. WscnenBane eheKTHBHOCTTA U OE30MMACHOCTTA HA NMPWIATAHUTE B3PUBHU TEXHOJIO-
THM.

3. Opranu3anioOHHU ¥ TEXHUYECKU MEPONPHITHS 32 OTpaHUYaBaHE BPEIHUTE BH3/ICH -
CTBHUS HA B3pUBA.

MeToau HA H3cIeABAHETO

IIpu pa3paboTBaHe Ha IUCEPTALMOHHUS TPYA Ca U3IOI3BAaHU CIICJAHUTE METOIH: Ma-
TEMaTU4YeCKO MOJIEIUPAHE, EKCIIEPUMEHTAJIEH METO/], TEOPETHUYEH (JI€AyKTHBEH) METOJ] U Me-
TOJ1 HA CTATUCTUYHUS MTOAXO.

CTpyKTVYpa ¥ 00€M HA JTUCEPTAINMOHHUA TPV

Jucepranmonnus Tpyd € B odem or 120 crpanuuu, 62 nureparypHU HW3TOYHHUKA U
NPUIOXKEHUS.

OCHOBHHUTE pE3yJNTaTH OT TEOPETHYHHTE M EKCICPUMEHTAJTHHUTE H3CICABAHUS Ca
npenctaBeHu B 12 Opos Tabnuiu u 22 Opos hurypu.

JlucepTalluOHHUS TPYJl C€ ChCTOU OT YBOJ, TPH TJIaBH, OCHOBHH M3BOJIH, HAYYHO-TIPH -
JIOXKHM U TIPUIIOKHU pe3yJITaTh, CIIUCHK HA U3I0J3BaHATa JUTEPATypa U MPUIOKESHHUS.

Howmepanusita Ha Gpopmynute u Gurypute B aBTopedepara € ChIrilaCHO OPUTHHATHHS
TEKCT B TUCEPTALIMOHHHUS TPYI.

IL. ChAbPKAHUE HA JIMCEPTALIMOHHMS TPY ]I
YBO/JI

YBOABT BKJIIOUBA 00I[a XapaKTePUCTHKA Ha AUCEPTALMOHHUS TPYI U MPEJCTaBs ChC-
TOSIHUETO M CTENEeHTa Ha pa3paboTBaHE Ha HAy4YHHs MPoOJIeM, KaTo € 00OCHOBAaHA aKTyall-
HOCTTa Ha TeMaTa Ha U3CJIeJ[BaHE.

I''IABA 1. IOCTAHOBKA HA U3CJIIEJOBATEJICKATA 3AJAYA

1.1. KJACUDPUKAILIUS U AHAJIU3 HA 3AIIVIAXUTE U JEMHOCTH
INPU ABAPUMHO-CIIACUTEJIHU JEMHOCTH

Cnoxnarta npupogo-reorpadcka cTpykrypa Ha beiarapus m MecTOINoNIO)KEHHETO U B
00JIacT Ha BHCOKAa CEM3MUYHA aKTUBHOCT S IPABH yS3BHMa KbM OCIICTBHS M aBAPHU OT NPH-
POJICH ¥ TEXHOTCHEH XapaKTep, KOUTO MOTaT Jia MPEeIU3BUKAT 3HAYUTEITHH YOBEIIKA M MaTe-
pHaliHu 3aryou.

[Ipuponaure GenCTBUS ca CIEICTBHE OT OMACHH IE€OJOTUYECKH, METEOPOJIOTHUYECKH,
XHAAPOJOTUYECKU U APYTH HPOLIECH.



TexXHOTeHHUTE PUCKOBE Ca PE3yNTaT OT JAEHHOCTTA Ha CHIIECTBYBAIM OOEKTH C MPO-
MUIIIICHO MpeIHa3HAYeHUE, HOBO IPOMHMIIUICHO CTPOMTENICTBO, Pa3pyIIaBaIlio MPUPOIHU SKO-
CHCTEMH M HETaTUBHO BH3/ICHCTBHE Ha KOHCEPBUPAHN OOCKTH C MOTEHIIMAIHO OIACHU CBOWC-
TBa.

CratucTukaTa 1mokasBa rojisiMa 4ecToTa Ha pa3IMdyHUTE BHUJIOBE OCICTBUS, 3aCETHAIH
CTpaHaTa HU Tpe3 MOCIEIHOTO JISCETHIICTHE, TIOPAaIU KOeTo bbirapus e B kareropusra Ha Te-
PHUTOPUUTE, XapaKTEPU3UPAIIH CE C 0COOCHO BUCOKA CTETIEH Ha PUCK B Tasu cdepa.

[TporieHTHOTO pa3npeaeIcHre Ha IPUPOTHUTE OCICTBHS B OOIIMHUTE U
OTHOCHUTEITHUS JISJT HA 3aCeTHATUTE OOUIMHM OT MpUpoaHu OexctBus npe3 2016 1. ca mokasza-
Hu Ha urypa 1.1 u purypa 1.2.
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@wr. 1.2 OTHOCHTENEH A1 Ha IPUPOAHUTE OeICTBUS, 3acerHany oomuanTe pe3 2016 .

OrmacHOCTHTE CIIOpe XapaKTepa Ha IMOpaKAAIIUTe TH IMPHYMHH Ce TOAPa3IeNiT Ha:
AQHTPOTIOT€HHH, MTPUPOJHU U KOMOMHHUPAHU. AHTPOIIOTEHHUTE Ca TPEAN3BUKAHH OT HETpe.-
HaMepeHa W IpeIHaMepeHa YoBellka JedHocT. M3cnenBaHusTa Ha OOMIECTBEHHUTE IPOLECH
NIOKa3BaT, Ye B IOCIETHUTE JECETUIICTHS HapacTBa HEMPEICKa3yeMOCTTa Ha YOBEIIKOTO MHC-
JICHC 1 IOBCACHUC U T4 CTaBa ChIIOCTaBMUMa C MMOBCACHHUETO HA IPUPOAHUTE CTUXHHU.



3aab1009€HOTO M3yyaBaHe Ha MPOOJEMaTHKaTa clioMara 3aljlaxure Ja ce CBeJar J0
CIIeTHUTE TPYIH: IPUPOTHH, AHTPOIIOTCHHH, €KOJIOTHYHH, OMOJIOTUYHH, U COIIMAIIHHU.

CrnacurenHUTe ¥ HEOTJIOXKHUTE aBapUIHO-BBH3CTAHOBHUTEIHU PAOOTH MpPEACTaBISIBAT
KOMIUIEKC OT MHOTOOOPa3HHU MPOLECH M ONEPaliy, YHETO NMPOBEXKJaHE IIeJIH HaMalsiBaHEe U
NPEOTBPATABAHE HA KEPTBUTE CPeJl HACEIICHUETO U MaTepHaTHUTE 3aryOu B OTHMIIA Ha TO-
paXKeHUs1, Bb3HUKHAIM TIPH TEPOPUCTUYHU aKTOBE C YIOTpeOa Ha OPBKHS 32 MaCOBO ITOPa3si-
BaHE, CTUXUWHU MPUPOJHHU OEACTBHUS, TOJIEMHU MPOU3BOJACTBEHH aBapud M MallaOHU TpaHC-
HOPTHH KaTacTpoQHu.

OCHOBHUTE 33aJ]a4i Ha CIIACUTEIHUTE M HEOTIOKHUTE aBAPHUIHO-Bb3CTAaHOBUTEIIHHU Pa-
00TH ca MpoBEXK/AaHe Ha CIIACHTEIHU MEPOIIPUATHS M HEOTIIOXKHU aBapUITHO-BB3CTaHOBUTEI-
HU paboTH.

M3BOBT OT aHaIM3a HA PUCKOBETE U 3aIIAXUTE OT OCJCTBUS 32 HACEICHUETO M OKOJI-
HaTa cpena B PemyOnuka bbirapus e, ye € Bb3MOXKHO Bb3HUKBAHE Ha Pa3iIMyuHU 10 BUA Oejic-
TBUSI, KOUTO MOTAT Ja MPEJU3BUKAT 3HAYNTEIHH 3aryOHr Ha YOBEIIKU U MaTEPUATHU PECypcH
U J1a OKa)KaT HEeOJArONpHUATHO BIMSHUE HA HAIIMOHAJIHATA CUTYPHOCT M CTAOMIIHOCT B palioHa.
[IporHozaTta Ha B3MOKHUTE CHOUTHS MMOKA3Ba, Y€ TAXHOTO MPOSBICHHUE I TOBEJE JI0 CEpH-
O3HHM 3aTpyAHEHHUS B HOpMaiHaTa paboTa Ha HH(pacTpyKTypaTa B paiioHUTE Ha OEICTBUS, 1I1e
ce HapyllaT )KW3HCHOBAKHHU CHCTEMH 32 YIpaBJICHHE U HOPMAIHOTO (D)yHKIMOHHpAHE HA Ha-
[IMOHAJIHOTO CTOIIAHCTBO U YCJIOBUATA 3a JKUBOT HA HACEICHUETO.

1.2. AHAJIN3 HA TEOPUSATA HA B3PUBHUTE PABOTH

B nurtepatypara mnoa siBI€HHETO B3pUB ce pa3dupa MHOro Obp30 MPEBpBIIAHE HA Ja-
JICHO BELIECTBO WJIM CMEC OT BELIECTBA OT €IHO ChCTOSHUE B JIPYT0, KOETO CE€ CHIIPOBOXKIA C
OTJIe/IsIHE Ha TOIUIMHA U 0Opa3yBaHE Ha ra3oBe U MapH, CIOCOOHM Ja U3BBPIIBAT MEXaHUYHA
paboTa 1o pa3pylIaBaHeTO U MPEMEeCTBaHEe Ha OKpBHKaBallara cpeaa.

M3BecTHH ca pa3M4YHU CIlydad Ha JIOIyCHATH YOBEIIKH TPEUIKH MPH W3IIBIIHEHHE Ha
B3pPHBHU pabOTH M ChbXpaHsIBaHE HA B3PUBHH BEIIECTBA U MAaTEPHAIIH:

- aBapuy B CKJIAZIOBU pailoHW Ha (GopMupoBaHuiTa Ha beiarapckara apmust U Ha up-
MHTE, TPOM3BEKAAIIN U CKIAUPAIIH B3pUBOOIIACHN MaTepHUaIH;

- HEJIOCTaThYHA MPEUU3HOCT (HETOYHOCT) MPHU ONPENIEIsIHe KOJIMYECTBOTO HA B3PHB-
HHTE BEUIECTBA B3PUBHH BEILECTBA;

- HeCIa3BaHe Ha 0E30IIaCHOTO PA3CTOSHUE NPH Pa3INTaHE HAa KbCOBE U MOPAKCHUATA
Ha BB3AYIIHO-YapHAaTa BBJIHA,;

- OTpaBsSHE C TOKCUYHH ra30Be, apHu, a€pO30JIH U IPaxoBe U JICTAIEH U3XO0]] 3a XOpara
B OIIaCHATa 30HA CIIe]l MPOBEX/IaHe Ha B3PHBHU padoTy;

- HeTIOAXO/AIIM MaTepUald TPU HalpaBa Ha MOKPHUTHE 32 OTpaHUYaBaHE HA pa3inTa-
HETO Ha KbCOBE;

- HapyIlIaBaHe Ha MEPKHTE 3a 0€30MaCHOCT NPU U3BBPIIBAHE HA B3PHUBHU PadOTH B HE-
HOAXO/SIIN METEOPOJIOTHYHHN YCIIOBHS;

- YeCTH CITydal Ha OTKa3aJli 3apsau MOPaIy MPOIBIDKATENICH IPECTO Ha B3pUBHU pa-
00TH B 00BOJIHEHA Cpe/a WU JIMIICA Ha TyOIupaly (OCUTypsIBaIlld) MPEKU;

- HENPaBWJIHO PAa3yMTaHE Ha MOCIIEI0BATETHOCTTa Ha B3pUBSIBAHE Ha 3apsANTE BCIE-
CTBHE Ha KOETO Ce TOJIyyaBa roJsiMO KOJMUYECTBO OCKOJIKM M CHITHA BB3AYIIHO-Y/IapHa BHIIHA;

- HETOYHOCTH TPY M3TOTBSHETO HA MPOEKTH 332 POOWBHO-B3pUBHU PabOTH.

ChriaacHo XuaApoJUHAMUYHATA TEOpUs JAETOHALUS € ObP30TO XMMHUYECKO MpPEeBpbIIa-
He, KOETO Ce CHIIPOBOYXK/IA C PA3NIPOCTPAHEHNE HA yJapHa BbhJIHA BbB B3pUBHUTE BemecTBa. Ha
(dpoHTa Ha yapHaTa BhJIHA PS3KO CE yBEIMYaBaT: IUIBTHOCTTA (P), HAIATAHETO (p) U TeMIIe-

patypara (7).



[Ipu neroHanusATa € Mo3HaTa OCBEH yAapHa U JECTOHAIIMOHHA BHJIHA.

[Ton neroHanMoOHHA BBJIHA c€ pa3dupa CHBKYIIHOCTTA Ha yAapHaTa BbJIHA W MpuUIsra-
1a KbM HEs 30HA Ha PEaKIHMsITa Ha B3pUBHOTO XUMHUYECKO mpeBprhinane. Ha ¢ur.1.3 e ganena
CXeMa Ha JICTOHAIIUATAa Ha OTKPUT 3apsijl.

]
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@ur. 1.3. Cxema Ha neTOHAIUSA HA OTKPUT 3apsij
1 - ppoHT Ha neTOHAIMHOHHATA ITHJIHA; 2 (GPOHT Ha yAapHATa BBIIHA; 3 - GPOHT HA
pasipeHre Ha MPOIyKTUTE Ha B3pUBa; 4 - (DPOHT Ha BBIIHATA HA pa3pekaaHe; S -
HEpa3MIUPWI ce 00eM Ha ra30BeTe; - 30HA HA XUMHUYECKaTa peakius; - e(peKTHBHA J4acT Ha
30HaTa Ha XMMHYECKaTa PEeaKIysl.

[Ipueto e 1a ce TOBOpH 3a TEXHOJOTHS HA Pa3IMYHUTE HAUMHU Ha B3pUBSIBaHE, KaTO
TEXHOJIOTHs, TOBa € KOMIUIEKC OT OIepallid, KOWTO C€ W3BBPIIBAT B OIpEJeIcHa
MOCJIEI0BATEITHOCT.

N360pbT Ha HauMHA Ha B3pWBSBAHE 3aBHCH OT M3UCKBaHUATAa Ha [lpaBuiHMKa 1O
0e30MacHOCTTa Ha TPy/ia IPHU B3pUBHUTE PaOOTH Wil. 95 U HATMYHHUTE CPEJICTBA 32 B3PUBSBAHE
(eNIeKTPOACTOHATOPH, IETOHUPAII] ITHYP WJIH KaTCyJI IETOHATOPH U BHIHOBOIN).

1.3. CBIIECTBYBALIU MOJIEJIN 3A U3BBPIIBAHE HA B3PUBHHU
PABOTHU B TBBbPJA CPEJA

1.3.1. CBHIECTBYBAIIIU MOJAEJIN 3A U3BBbPIHIBAHE HA B3PUBHMU
PABOTH B I1IOYBHU

B3puBHHUTE pabOTH B IOYBH CE M3BHPIIBAT UPE3:
- pa3pylIaBaHe U U3XBbPJISHE HAa IOYBUTE;

- pa3apoOsiBaHe HAa MOYBHUTE O€3 M3XBBPIISHE,

- oOpa3yBaHe Ha AyNKHU (KyXMHU B TIOUYBHTE).

B cpoTBeTcTBHE ¢ M30pOEHUTE HAUYMHU 32 M3BBPIIBAHE HA B3PUBHU Pa0OTH B MOYBH
U3I0JI3BAHUTE 3a Ta3H 1IeJ1 B3PUBHHU 3aps/H CE JCIST Ha CIICAHUTE BUINBE:

- 3apsi/in 33 U3XBBHPIISHE,

- 3apsi/M 3a pas3apoOsiBaHe;

- kamydraeTn (3apsau 3a 00pa3yBaHe Ha TyTIKH).

B nureparypata ca mo3HaTu MEpONpPUSTHS, CBbP3aHU C MOATOTOBKATA U 3apEXKAAHETO
Ha 3apsiiHaTa npasHuHa. Ts Moske 1a Obe B3pUBHA JyIKa, COHIAX, KOTJIOBA U KaMEpHA KyXH -



Ha. B 3aBucuMOCT OT Bua U hopMaTa Ha 3apsgHATA MPA3HIUHA U3BECTHU Ca CICIHUTE METOU
(pur. 1.4):

- METOJ] Ha 3apsUTe MOCTABEHH BbB B3PUBHU JIyTIKH;

- METO]I Ha 3aps/AUTE MOCTaBEHU B COHJAXKU;

- METOJI Ha 3apsIAUTE MOCTAaBEHU B KOTJIU (I'bPHETA);

- METOJl Ha 3apsIUTe MOCTaBEHU B KaMepHu;

- METOJ Ha OTKPUTHS 3apsiI.
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@wr. 1.4. Cxemu Ha 3apsaIy B 3aBUCUMOCT OT popMaTa Ha 3apsigHaTa Ipa3HuHA
a/ 3apsi/1 BB B3pUBHA QyMKa; 0/ 3aps B COHAAX; B/ 3aps/ B KOTIOBUIHA
Mpa3HUHa; T, JI/ 3apsj B Kamepa; e/ 3apsj B Majka kamepa; 1-3apsm; 2-3a0uBKa;
3-0TBeceH U3KoM; 4-ranepus

1.3.2. CbBIHECTBYBAIIIKX MOJEJIN 3A U3BBbPIIBAHE HA B3PUBHMU
PABOTHU 3A PASPYIIABAHE HA TYXJIEHU BETOHHHU A
CTOMAHOBETOHHHU KOHCTPYKIIMHA

B nuteparypara criopeq BUja U TEXHOJIOTHTA, PUETa 3a pa3pyllIaBaHETO UM ca I03-

HATU YeTHPU OCHOBHU METOJIA 32 pa3pyllaBaHe:
BBHIIIHU U BHTPEITHH 3aPSIH;
KOHTAaKTHU U HEKOHTaKTHH 3apsiiy;
METOJI Ha 3apsANTE BHB B3PUBHU JTYIIKH;

METOJ] Ha MAJIKUTE 3apsiu.

MertoabT Ha paspyliaBaHe c€ Ompenens OT MaTrepuaabT, AcOeNrnHa, B3PUBHHUTE
MaTepuaiy, HATMYHUTE CPEACTBA 3a MPOOMBAHE M YCIOBHUATA, MPHU KOUTO Ie C€ M3BBHPIIU
B3PHBSIBAHETO.

MeToabT Ha ChCPEIOTOYEHNTE BHHIIHM KOHTAKTHHU 3apsiiM , C€ Mpujara psako
IIpU pa3pylllaBaHe Ha TYXJIEHH KOHCTPYKIMH ¢ JedenuHa mo-mManka oT 0,5 m u KOHCTpYKIUU
OT OETOH U CTOMaHOOETOH ¢ nedennna mo-Maika ot 0,4 m.

3apsauTe ce MOCTaBAT O OCHOBAaTa B €MH PEJ, a Pa3CTOSHUETO MEXAY TIX a He
TpsiOBa J1a MpeBUIlIaBa yBOCHATa JeOeIHa Ha CTeHATa by, T.€. A < 2.Dp.

MeTtox Ha 3apsiauTe BBB B3PMBHHM JYINKH C€ XapakKTepu3upa C MO-TOJSIMO
pasnpbCcKBaHE HA pa3ApoOCHUS MaTepual M TMO-TOJISIM Pa3xo]] Ha EKCIUIO3UB, OTKOJIKOTO
METOABT Ha MaJKWTE 3apsiau. lIpu Hero ce u3moss3Bar B3pUBHU JYIIKHM C JUAMETHP 10 52 mm
U apa6ounHa 10 3 m.

[Tapamerp Ha TPOOMBHO-B3pUBHHUTE pabOTH ca: JHHUS Ha HAH-MaJIKOTO
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CBIIPOTUBJICHUE MW, pa3CTOSIHUE MEXKAY B3PHUBHUTE IYIKA B pEll d, PA3CTOSHHUE MEXIY
penoBeTe b, IBIDKMHA HA B3pUBHATA JIyTIKA [,y Maca Ha 3apsaaa O u ap.
Hopmannara apin0ounHa Ha mpoOMBaHe Ha B3pHBHATA IyTKa /€ 2/3 oT nebennHaTa Ha CTe-
Hara.

IIpu MeToa HA MAJIKUTE 3aPAAU PA3CTOSHUATA MEXKIY B3PUBHUTE AYIKH U PEIOBE-
TE € OrpPaHWYEHO M HaMaJIeHO. BpemeTo 3a jeiicTBue Ha B3pUBHUS MPOIEC € YBEIUUCHO Ype3
U3I0JI3BaHE HA T.H. MAJIKU 3apsd ¥ Pa3cpeIOTOYCHATa KOHCTPYKIIMS Ha 3apsIHTe.

MeToabT HaMUpa NPHUIOKEHUE MIPU B3PUBHU PaOOTH B HACEIEHH MECTa, IPOMHIILICHH
Y JKWIKIIHY CTPaJv U B OJIM30CT 10 00CKTH, KOMYHHUKAIIMU ¥ TeXHUKA. B3puBHHTE padoTu ce
U3IBJIHABAT C 0COOCHA MPEUU3HOCT, a MapaMeTPUTE CE MOJCINPAT C TOJIIMa TOYHOCT.

[Tapamerpn Ha mnPOOMBHO-B3pHBHHUTE pabOTH ca: JHMHUS Ha Hal-MalKOTO
CBIIPOTUBJICHUE W, pa3CTOSIHWE MEXAY B3PHBHUTE IYIIKA B pell d, PA3CTOSHHE MEXIY
penosere b, IBIDKMHA HA B3pUBHATA JIyTKa [, Maca Ha 3apsina O, Opoil Ha 3apsauTe u JIp.

1.4. HU3BOJAMU, LEJI, 3AJAYU, OTPAHUYEHUA U METOJIHU HA
N3CJIEJABAHETO OT I'ABA IIbPBA

N3BOJAU OT I'ABA ITbPBA

IIpoBeneHus aHanu3 Ha aBapUHHO-CIIACUTEIHUTE JEMHOCTH U B3pUBHUTE pabOTHU 1103-
BOJISIBA J1a CE HAIIPABSAT CIICJHUTE U3BOIU:

1. B u3BecTHUTE M3TOUYHUIM CHUIECTBYBA OrpaHMYEHA MH(POPMAIUS 33 U3CIIEIBA-
HUS Ha M3M0JI3BAaHETO HA B3PUBHU BELIECTBA C 1)1 IOBHUIABaHe e()eKTUBHOCTTA HA B3PUBHU-
T€ paboTH MPHU aBAPUITHO-CIIACUTEITHU JEHHOCTH.

2. B ananu3upanuTe M3TOYHHMIIM CHIIECTBYBAa OrpaHMYeHa MH(OpMaIMs 3a Ipe-
JaraHUTe METOAM MPH JTUKBUAMPAHE HA TIOCIEICTBHUATA OT OC/ICTBHS, aBapuu U KaTacTpodu ¢
M3II0JI3BAHE HA B3PUBHU MAaTEPHUAIIN.

3. B HepocrarpyHa CTENEH ca IIPEeIIoKEHU METOAM 32 OrpaHUYaBaHE Ha yJlapHa-
Ta BBJIHA U PA3IMTAHETO HAa KbCOBE IIPU MU3I0JI3BAHE HA B3pUBHU pabOTH B aBapUHHO-CIACH-
TEJIHU JACUHOCTH.

I''IABA 2. U3CJIEABAHE HA ITPOIECA HA U3ITOJI3BBAHE HA
B3PUBHU BEHIECTBA, CHIEHNAJIHU 3APAAN U CPEJACTBA 3A
B3PUBSBAHE IIPU ABAPUHHO-CIIACUTEJIHA JEMHOCTH

2.1. M3CIUIIEABAHE N AHAJIN3 HA OBEMA U XAPAKTEPA HA
PASPYIIEHUSATA IIPU BEACTBUSA, ABAPUU U KATACTPO®HU

OcHoBHaTa 3aj7a4a Ha TO3M €Tal € Ja Ce OINpelesAT 00eMbT M XapakTepbT Ha
3aTPyNBAHMUATA, OT KOHWTO 3aBUCAT BHIBT M OpOST HAa CpEICTBaTa 3a MEXaHW3WPAaHE Ha
CHABP. B pesyarar Ha NBJIHO paspyllaBaHe Ha KWIMIIHU Crpaad Ha Beeku 1000 m’
crpouTtenen obeM ce obpasysar 350 - 500 m’ 3aTpynBaHus, a Ipu NPOMHMILIEHH crpagu 50 -
200 m’. ChCTaBbT MM 3aBMCH OT Marepvala Ha KOHCTPYKIMATa W TUIIA HA Crpajara, a
CTpyKTypaTa UM — M OT TroJIEeMMHAaTa Ha HAJSIraHETO Ha pa3pyllIuTeNHara (yAapHa WIH
CeM3MHMYHa) BBbJIHA. B 3aBUCHMMOCT OT CBhIbP)KaHHETO Ha OCHOBHaTa Maca OT OTJIOMKH
3aTpYINBAHUATA CE CBEXKJIAT /10 TPU OCHOBHU THIIA:

II'bpBu THN: 3aTpynBaHus, KOUTO CE€ CHCTOSAT OT OTJIOMKU Ha CTOMAHOOOETOHHU U
OETOHHU €JIEMEHTH ¥ KOHCTPYKINHU (CTMAaHOOSTOHHH 3aTPYIBAHHSA).
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Bropu Tum: 3aTpynBaHusi, KOUTO C€ CHCTOST OT OTIOMKM HAa CTOMaHOOCTOHHH M
OCTOHHM EJIEMEHTH, NPUMECCHH C OTIOMBLUU OT pPAa3pYLICHW TYXJIEHH CTCHU (CMECEHH
3aTpYIBAHUS).

Tpern Tun: 3aTpynBaHus, KOUTO CE CHCTOAT OT TYXJICHU OJIOKOBE, TyXJICHH OTIIOMKH
C 'bPBEHU, METAITHHU U APYTH ChCTABKH (TYXJICHU 3aTPYIIBAHUS).

B Ttabmuma 2.1 ca mnpeacTaBeHM JaHHU 3a CbCTaBa Ha 3aTPYNBaHUATA IIPU
paspylaBaHe Ha HIKOU THIIOBE CTPAIH.

B 3aBHCHMOCT OT CTpyKTypara 3aTpylBaHHATAa c€ KIACH(PHUIUPAT CHIIO HA TPU THUIA
(trabmuma 2.2). B tabmuma 2.3 ca mageHM JaHHM 32 CTPYKTypaTa Ha 3aTpylBaHHATA B
3aBUCHMOCT OT HaJISITAaHETO Ha yAapHaTa BhiHa. OOeMHaTa Maca Ha 3aTPYIBAHHATA 3aBUCH OT
MaTepHuaja Ha KOHCTPYKIHMATA HA CTPAJNUTE, KAaKTO M OT CTPyKTypaTa uMm . Tsg mMoxe jaa ce
usmens ot 1,1 no 1,6 t/m’

CheTaB Ha 3aTPYNBAHUATA B 3aBHCUMOCT OT THIIA HA crpajaTa

Tabnuya 2.1
Chbabp:kaHue HA eJIEeMEHTUTE HA 3aTPYNBAHUSATA PH
CbeTaB HA pa3pyuiaBaHe Ha pa3jndHu crpaam (%o ot odmust 06em)
3aTpynBaHUsITA TYXJI€HH
e/IponaHeTHH ABbpPBEHU
SKMJTUIHU | IPOMUIILIEHH
Tyxnenu 6JI0KOBe, 50 75 i 13
pa3apoOeHU TYXJIN
OTIIOMBIH OT CTOMaHO—
OCTOHHU ¥ OETOHHU 15 62 80 -
€JIEMEHTH
JIbpBEHU €JIEMEHTH 30 3 18 85
MeTaJIHU KOHCTPYKIIUU 5 10 2 2
Kaacudukanus Ha 3aTpynBaHeTO B 3aBHCUMOCT OT CTPYKTYpaTa Ha
pa3pylieHusTa
Tabnuya 2.2
Chabpxkanne Ha oTJIOMBIH (Y0 OT 001MA 00eM) B
3aBHCHMMOCT OT 00eMa HA eJIEeMEeHTHUTE Ha
Tun 3aTPYNBAHETO ILnbTHOCT, %
MO-TroJIsIM ) 2 . , |mo-manabk ot
ot 0,8 m’ 0,5-0,8m” | 0.1—0,5 m 0.1 m?
[TbpBH 5-10 45 - 55 25-35 5-15 60 - 70
Bropu 5 25-35 25-35 30 - 40 45 - 55
Tpetn - 5-10 15-25 60 - 80 40

OcHOBHHMTE MapaMeTpud Ha 3aTpylBaHUSATA ca BUCOYMHATa U Pa3CTOSHUETO Ha
pasiuTaHe Ha OTJIOMKH. JlaHHUW 3a Te3u mapameTpu ca AajieHu B Tabnuua 2.4. Ot Hes ce
BXkAa, 4ye npu Hamsarane 40 - 50 xPa pascrosHmeTo Ha pasnuraHe € NPUOIU3UTEITHO
MIOJIOBMHATA OT BUCOYMHATA Ha crpaaarta. [Ipu nansrane ot 100 - 120 kPa ToBa pa3cTosHue ce
yBenuuana ¢ 2,5 10 3 mbTH, a BUCOYMHATA HA 3aTPYIIBaHUATA 32 €JHOTUIIHYU CTPaJl HaMassBa
c 1,75 no 2 nmpru. [lanHute or Tabnuua 2.4 ca 3a XKWIMIIHU crpaiu. Ta3u BHCOYMHA MPH
paspyliaBaHe Ha IPOMHUIIICHH crpaau € 1,5 - 2 mbTH mo-majka.
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CprRTypa Ha 3aTPpynBaHUATA B 3aBUCUMOCT OT HAJISITAHETO Ha ylapHaTa BbJHA

Tabnuya 2.3
ChbabpikaHue HA OTJIOMBLMTE C Pa3/juieH B
Haasirane, kPa 3aTpyNBaHUATA 00eM
>0,5m’ 0.1-0,5, m’ <0.1 m*
10 - 30 50 40 10
30- 100 30 40 30
[Toeue ot 100 10 20 70

ITapamMeTpu Ha 3aTPYNBaHETO NPHU Pa3pyliaBaHe HA KUJIUIIHHA CIPaJau

Tabnuya 2.4
o Pa3cTrosinue Ha n3uTaHe (B YHCIUTEIS1), M, HA OTJIOMBIHTE U
; BHCOYMHATA HA 3anleBaHeT0 (B 3HaMeHaTe.]'lﬂ), m, I[pl/l HaJIdAraHe,
< kPa
5
g 40 60 80 100 40 60 80 100
=
E_ TYXJI€eHH Crpaau eApoNnaHeJ I HU Crpaau
Ilo nanpasnenue na yoapHama 8viHa
7 10 13.5 13
2-3 3 2 2
4.6 10 15 21 28 13.5 21,5 28 40
i 5 4 3 3 4 3 3 2
g -10 14 22 20 41 21 31 41 56
) 7 5 4 4 5 4 4 )5
IlepnenouxynapHo no HanpasieHuemo Ha Oelucmasue Ha YOapHama 8bHd
6,5 9 10.8 12,5
2-3 3 2,5 2 2 ) ) ) )
4-6 8,5 11,5 14 16 11 14 16 18
i 5 4,5 4 4 5 4
8- 10 1 14 16 18 13.5 16.5 18 21
) 8 7 6 6 7 6 6 5

HenpexkbcHaTy 3aTpymnaHusi ¢ MPUOJU3UTEIIHO €HAKBA BUCOYMHA C€ 0OpaszyBaT MpHu
Hansirane, mo-Bucoko ot 100 - 120 xkPa. B tabnuna 2.5 ca npeacTaBeHy JaHHH 3a BUCOYMHATA
Ha HEMPEKbCHATH 3aTPYMBaHUsI, KOUTO c€ 00pa3yBarT Mpu pa3pyllIiaBaHe HA TYXJICHH CTPaIH B
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30HU ¢ Haisrane, nmo-royisimo ot 100 xPa. B paiionu ¢ BHCOKa IUTBTHOCT Ha 3acCTpPOSIBAHE
TaKWBa 3aTPYMBAaHUs c€ 00pa3yBaT | IPH IMO-MAaJIKO HalATaHe. B To3u ciyyail BucOuMHaTa Ha
3aTPYIBAHETO € MPOMEHIIMBA, KATO MAaKCUMAIHUTE CTOMHOCTH CE€ HAOIIOJAaBaT B TPAHHIIUTE
Ha KOHTYPHTE Ha pa3pylIeHUTE Crpajiu.

Buco4unHa HA HeNMPEeKbCHATH 3aTPYNBAHUSA

Tabnuya 2.5
BucoynHa Ha HeNPeKbCHATH 3aTPYNBAHUS, M, B )KUJIMIIHA KBAPTAJIHU
bpoii na (B YMCJINTEJIS1) M POMUIILJIEHH 00€KTH (B 3HAMeHaTeJisl) PH
eTaKuTe IlabTHOCT Ha 3acTposiBaHe, %
40 60 80 100
7 0,9 1,1 1,4 1,8
6-7 0,4-0,6 0,6 -0,7 0,7-0,9 0,9-1,2
14 1,9 2,1 2,7 3,9
12-15 0,9-1,3 1,1-14 1,4-1,8 1,9-2,6
20 2,7 3,1 3,9 5,7
20—-24 1,4-1,8 1,5-2,0 1,9-2,6 2,8-3,5

XapakTepbT HA 3aTPyNBAaHUATA HA YJIMIUTE 3aBUCU OT FOJIEMMHATA HA HAJATAHETO Ha
ylapHaTa BbJIHA, IUPUHATA UM, OpOsl Ha €TAXKHUTE HA CTPAAUTE, THIIA UM M OPUCHTALMATA 10
OTHOIICHHWEC Ha NCHTbPA Ha B3pHBA. OpI/ICHTI/IpOB'b‘-IHa OLICHKA Ha CTCIICHTA Ha 3aTPYIIBAHC Ha
YIHMIUTE MOXE J]a Ce HalpaBH IO JAaHHUTE OT Tabuuua 2.5. B Hes ca MocovYeHH yCpeaHeHU
3HAYCHUS Ha HAJATaHCTO Ha YyJAapHaTa BbBJIHA, IIPU KOUTO CC 06pa3yBaT HCIIPCKHCHATH
HaTpynBaHus. B 30HHUTE, KBJETO HAJSITAaHETO BBHB (PPOHTA HA yHapHATA BBJIHA € MO-MAJIKO OT
TOBa, KOETO € MOCOUEHO B Tabnuua 2.6, € Bb3MOXKHO J1a ce 00pa3yBaT MECTHH 3aTPyIBaHHS Ha
YIHILUTE, aKO CTPAJUTE MOyYaT Pa3pyIIeHUs OT CPelHA U MO-BHCOKA CTEIICH.

Hansrane Ha yiapHaTa BbJIHA, IPH KOETO ce 00pa3yBaT HelPeKbCHATH 3aTPYNBAHUS

Tabauya 2.6

CpeaHa rojieMHHa HA HAJISITAHETO HA yAapHATA BbJIHA, IPH KOATO ce
N0JIy4aBaT HeNMpPeKbCHATH 3aTpynBaHus, kPa

Bbpoii na
eTaKUTe Ha
crpaare no BbTPENIHO paiiOHHH

HANPaBJIeHU IpajJcKH MarucTpajaHu yIuIHA
anpasJjeHHe KBApPTAJIHM YJIUIHU C[MATHCTPAJIHU YIHIH P p Y
Ha yJuIuTre ¢ mupuHa 40 - 60 m

mupuHa 10 - 20 m | ¢ mupuna 20 - 35 m

2-3 50 90 120
4-5 40 70 110
6-7 30 50 110
8-10 25 40 110

[Ipu paznuunu BUaOBE O€NCTBUS, aBapuM W KaTacTpou HE BCHUYKUA Crpajad ca
OKOHYATeNHO pa3pyuieHd. OcTaBaT OTAETHU €JIEMEHTHM WM LEeIU Crpajd C HapylleHa
3paBUHA HA KOHCTPYKIMSITA, KOUTO Ca MOTEHIMATHO omnacHU. ChIIUTE € HeOOXOAMMO Ja
ObIaT pa3pyllieH! CBOCBPEMEHHO ¢ IpUIaraHe Ha B3pUBHA TEXHOJOTHSI.

2.2. METOJM 3A MIPOBEXKJAHE HA B3PUBHU PABOTHU B TBbPJA
CPEJIA
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2.2.1. METOJIH 3A TPOBE’KJAHE HA B3PUBHU PABOTHU IIPHU
KOHCTPYKIUH OT TYXJIU, KAMBK, BETOH 1
CTOMAHOBETOH

B nureparypara cnopenq BuAa M TEXHOJOIHATA, TNpUETa 3a pa3apabsBaHETO U
pa3pyllaBaHEeTO Ha TyXJICHU, OETOHHU U CTOMaHOOCTOHHU KOHCTPYKIMHU Ca TIO3HATH YCTUPU
OCHOBHH METOJIa 3a pa3pyllaBaHe:

- BBHILIHH ¥ BBTPEIIHH 3apsiiu;

- KOHTAaKTHU U HCKOHTAKTHH 3apsiau,

- METO]] Ha 3apsIUTe BbB B3PUBHU IYIIKH;

- METOJ Ha MAJIKUTE 3apsiIy.

MetoabT Ha paspyliaBaHe ce ONpeAeis OT MaTepUalbT, NeOelIHHATa, B3PUBHUTE
MaTrcpraii, HAJIMIYHUTEC CPCACTBA 3a HpO6I/IBaHe " YCJIOBUATA, IPpU KOWUTO LIC CC HU3BBPLIN
B3PUBSIBAHETO.

MeToabT Ha ChCpPeIOTOYEHHTE BHHIIHHM KOHTAKTHH 3apsiid , CE Npuiara Ipu
paspyllaBaHe Ha TYXJICHH KOHCTPYKLHH C qeOeirHa mo-manka oT 0,5 m U KOHCTPYKLIUH OT
0CeTOH U CTOMAHOOCTOH ¢ AcOenuHa mo-majnaka ot 0,4 m.

3apsiAuTe ce MOCTAaBSAT JI0 OCHOBATa B €IMH PEl, a Pa3CTOSIHUETO MEXIY TAX a He
TpsiOBa J1a MpeBHUIlIaBa yBOCHATa Je0ennHa Ha CTeHATA Dy, T.€. a < 2.bey.

3a 3a0MBKa MOXE J]a C€ HM3IIOJ3BAT YyBaJld, HAITBIHEHU C MPBCT U JIPYTH MOMOIIHH
MaTepualu.

Macara Ha 3apsaute Q ce onpezens 1o Gopmyure:

- 3a TYXJICHU CTCHU

(2.1 On=12L.bcm, kg
- CTeHU OT OETOH

(2.2) 05 =1,5.6.bcn, kg
- CTE€HHU OT CTOMAaHOOETOH

(2.3) Ocns = 5,5..bem, kg

KBJIETO [ € KOe(DUITUEHT, 3aBUCEII] OT 3a0UBKaTa (TIpU 3apsu ChC 3a0MBKa
[ =15, abe33a0uBka f =9);
b.n — nebenrHa Ha cTeHara, m.

[Tpu neGenuna Ha ctenute no-Beue ot 0,5 m, 3a Ja ce HaMaIu KOJIMYECTBOTO B3PUBHH
MaTepHalii € IeNIeChoOpa3HO ChCPEAOTOYCHHUTE 3apsiid Jla CE IMOCTABAT B HUIIM W B3PUBHU
IYTIKH, 8 yIBIDKEHUTE 3apsiin — B yieu (Opasan).

Macara Ha 3apsiiuTe, MOCTAaBEHH B HUILU H YJIEH, C€ U3YUCIISIBAT 1O (POPMYJIIUTE:

- 32 ChCPEIOTOUCHH 3aPsIH

(2.7) 0=1.2..bw kg
- 33 YABJDKECHU 3apsin
(2.8) 0,=0,5.5,0.8.benlon, kg

U 3a nBaTta BUa 3apsaau ce npuema S = 3,5.
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Mertox Ha 3apsiauTe BbB B3PMBHH JYNKH C€ XapakTepusupa C MO-TOJISIMO
pasnpbCKBaHE Ha pazapoOeHUs] MaTepual W TMO-TOJSM pa3xoi Ha EKCIUIO3HMB, OTKOJKOTO
METOABT Ha MaJIKuTe 3apsaau. [Ipu Hero ce U3Mmos3BaT B3pUBHU AYIKHU C AMaMETHP A0 52 mm
U Ab1004MHa 10 3 m.

[Tapamerpn Ha mnpoOMBHO-B3pMBHUTE pabOTH ca: JIMHUSA Ha Hal-MaJKOTO
CBIIPOTUBIICHHE W, pa3CTOsIHUE MEXKAY B3PUBHHUTE OYNKU B pEI @, PA3CTOSHUE MEXKIY
penosere b, IbIKUHA HA B3pUBHATA JIyTKa [, Maca Ha 3apsizia QO u ap.

Hopmannara apin0ounHa Ha mpoOWBaHEe HA B3pUBHATA AyNKa /[, € 2/3 or geGennHara
Ha CTeHara.

JInHMsATa HA HA-MANKOTO ChbIIPOTHUBIIEHUE W ce puema

(2.9) W=05bm ,m
Macara Ha 3apsiga Q. ce onpeaens no Gopmynara
(2.10) OQw = q.W, kg

KbJIETO W € NuHUATA Ha HAal-MaJIKO ChIIPOTHUBJIEHUE, M;
g — OTHOCHTEJIEH Pa3X0/] Ha eKCIuIo3uBa, kg/m?® (Tabi. 5.6).
3a TyXJIeHH 1 OETOHHU CTCHU PA3CTOSHUETO MEXKIY B3PUBHUTE AYIIKU d €

(2.11) an=a; =1y ,m

a pa3CTOSTHUETO MEX1y peioBeTe b e
(212) bmﬁ = dmes M
[Tpu cToMaHOOETOHHU CTEHU
(213) Aemeg — bcmg = (05 — 0,7).13(), m
Jbmkunata Ha 3apsiaa [, ce onpenens OT 3aBUCUMOCTTa
(2.14) [, =(2/3-1/2).1y, m

dakTHyeckara JbJKMHA Ha B3pUBHATA JTYIIKA [y 4 ©
- 32 CBOOOTHO CTOSIIIIU CTEHH

l L+b.,
(2.15) b =0— 3 =) m

- 3a CIHOCTPAHHO 3allbHATU CTCHU

I b
(2.16) Bgd):(,§+13(d m

CTOHHOCTH HA OTHOCHTEJIHHUSAT Pa3Xo/J HA eKCIVIO3NBA ¢

Tabnuya 2.8
TeGeauna na Tsa6oanna CroiinocTH Ha 0TH0cn3TeJ1HnﬂT pa3xoja Ha
paspyliaBaHaTa | Ha BIpHBHATA eKciI03uBa ¢, kg/m’ (3a amoHuT Neb)
cTena b, m aynKa l,,, m 3a TyXJIEeHU 3a CTEHH OT 3a CTEHH OT
CTEeHH 0eTOoH CTOMAHO0ETOH
0,45 0,30 2,20 2,40 2,60
0,50 0,33 1,98 2,16 2,34
0,60 0,40 1,65 1,80 1,95
0,70 0,47 1,43 1,56 1,69
0,80 0,57 1,10 1,20 1,30
0,90 0,60 1,00 1,08 1,17
1,00-1,30 0,67-0,87 0,80 0,96 1,04
1,30-1,50 0,87-1,00 0,77 0,84 0,91
1,50-1,70 1,07-1,13 0,72 0,78 0,80
1,70-1,90 1,20-1,27 0,55 0,60 0,65
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CToiiHOCTH HAa OTHOCHUTEJTHUSAT Pa3xoj HA
Jlebeuna Ha Aba6ounna 3
eKCILI03uBa ¢, kg/m’ (3a amoHuT Ne6)
pa3pyliaBaHaTa | Ha B3pHMBHATa
TyXJIeHU 3a CTE€HH OT 3a CTEHH OT
crena b.,, m aynka [, m aTy
CTEHH 0€eTOH CTOMAHO0ETOH
1,90-2,50 1,27-1,67 0,44 0,48 0,48

IIpu MeToaa HA MAJIKUTE 3aPSiIM PA3CTOSHUATA MEXTY B3PUBHUTE TYTKH U PEIOBE-
T€ € OTpaHMYEHO U HamalieHO. BpemeTo 3a nelicTBre Ha B3pUBHHUS MPOLIEC € YBEIUUYECHO Ype3
M3MOJI3BaHE Ha T.H. MAJIKH 3apsIIM U pa3cpeoToUeHaTa KOHCTPYKITUS Ha 3apsIuTe.

MeToabpT HaMupa MPUIOKESHHUE MTPH B3PUBHU paOOTH B HACEIIEHU MECTa, TPOMUIILICHU
Y KWJTUIIHY CTPajy U B OJU30CT 10 00EKTH, KOMYHHKAIIUUA M TeXHUKA. B3puBHUTE paboTu ce
U3IIBJIHSIBAT ¢ OCOOEHA MPEIU3HOCT, a MapaMeTPUTE CE MOJIEIIUPAT C TOJIsIMa TOYHOCT.

[Tapamerp Ha TPOOWMBHO-B3pUBHHUTE pabOTH ca: JHHUS Ha HAH-MaJIKOTO
CBHIPOTUBIICHUE W, pa3CcTOsSHHE MEXIy B3PUBHUTE AYNKH B PEA d, PA3CTOSHHUE MEXKIY
penoBeTe b, AbIDKWHA HA B3pUBHATA IyIKa [, Maca Ha 3apsana (J, Opoi Ha 3apsauTe U JIp.

JIvnHMsTA HA HA-MAIKOTO CHIIPOTUBJIEHKE W ce puema

(2.17) W=0,5b, ,m
Pa3crositHue Mexay B3pUBHHUTE AYIIKH d € MPENOPHUUTETHO Aa Obe
(2.18) a=05m+2.W,m

PaszcTosuue MCXKOY pCaAOBLTC bce OoIpeacid OT 3aBUCUMOCTTaA

(2.19) b=0866.a ,m

MaxkcumanHuTe cToiHOCTH 3a b pu ctoMaHobeToHHH cTeHu ca 0,43 m, a 3a TyXJIeHH
u OeToHHu cTeHu — 0,85 m.

3a mbIHO pa3apobsBaHe Ha CTEHM B3PUBHHUTE JYNKH CE€ pasloiaraT B HAKOJKO pera
IaXMaTHO, a 32 HEM'BJHO pa3pyIllIaBaHE HA CTCHW B3PHUBHUTE JIYyIKH C€ pas3mojiarar B
€/IMH pen.

JbxuHaTa Ha B3pUBHATa JynKa /[, ce MpUeMa Taka, 4e 3apsAabT Ja ce MOCTaBU B
cpexara Ha cTeHaTa Hpu CBOOOTHO CTOSIIM CTEHH M MO-OJMM30 10 3almbHAaTaTa 4YacT Ha
€IHOCTPAaHHO CBOOOJIHO CTOSIIIN CTEHH.

dakTHyeckata IBIDKMHA HA B3pUBHATa AyNKa log OpU €IUH MalbK 3apsia ce

OTIpeICIIS:
- 32 CBOOOJIHO CTOSIIM CTEHU
b_+I
(223) lgod; = %, m

- 3a €AHOCTPAHHO CBO60,Z[HO CTOsSIIIIHU CTCHHU

bCT
(2.24) Loy = = +1,m

q)aKTI/ILIeCKaTa ABJIZKUHA Ha B3pI/IBHaTa ):[yHKa lg()'(]) HpI/I JABa U IIOB€YC MAJIKHN 3apﬂﬂa €
(2.25) lg(),d)- = lsap+ 1305 + Vs, M
KaTto

(226) R,wg —<laMA3. + 104.114347 m
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KBJIETO /s 4 € haKkTUUecKaTa IbJDKMHA HAa B3pUBHATA JAYIIKA, M;
l,s6 — IBIDKMHA Ha 3a0MBKaTa, m;
7ys — PA3CTOSTHUE MEXKTy MAJIKUTE 3apsiiu, m;
l;4p - TBIDKWHA HA 3apsijia, m;
l..; — IBIDKUHA HA TOPHUS MAIIBK 3apsif, m;
ly..; — TBIDKUHA HA JOJTHUS MaJIbK 3apsi, m.

bmxkunata Ha 3apsga /[, € NpaBONpONOpLUMOHAIHA Ha MacaTa U 00paTHO
MIPONOPIIMOHATIHA HAa TUAMEThpa My.

B nmutepaTtypaTta KaTo ChIIECTBYBAIIM MOJCIN 33 W3BBPIIBAHE HA B3PUBHH PAaOOTH B
TBBpPJIa CpeJia ca MO3HATH CIIETHUTE METOIH:

- MCTOA Ha 3apAJUTEC MMOCTABCHU BbB B3pUBHU AYIIKHU;

- METOJ Ha COHJAXHOTO B3PUBSIBAHE;

- MCTOABT HA KOTJIOBUTC 3apsau,

- METOJ1 Ha KaMEpHHUTE 3apsH;

MeTtoabT Ha 3apsiiuTe NOCTABEeHU BbB B3PHBHH AYIKH CE Ipujara npu paspy-
[IaBaHe Ha CKalli, 32 J0OMBaHE HA IIEHHHU IOJIE3HU U3KOMAEeMH, HE-TOJIEMU U3KOMH U Pa3/i-
poOsiBaHe Ha HerabapuUTHH CKAJIHU KbCOBE. ToW OCHrypsiBa paBHOMEpPHO pa3poOsiBaHe U ce
XapakTepusupa cbC c1ab0 CeM3MHYHO AEHCTBHUE Ha B3pUBA, rojsiM 00eM MpOOUBHU pa-
00T U TPYJIOEMKOCT NP 3apPEKIAHETO.

OcCHOBHU MapaMeTpH, KOUTO MPEIBAPUTEIHO TPsAOBa 1a ObJaT U3YUCICHU ca: JIMHUS
Ha Hall-MaJIKOTO CHIPOTUBIIEHUE, Maca Ha 3apsja U pa3CTOSHUE MEXAY PEIOBETE U MEXIY
B3pUBHUTE AYNKH B pej.

JluHMsITa HAa HA-MATKOTO CHIIPOTHBIICHUE CE ONPEes o popMyiaTa:

2.27) W,,=0,9.\/ £ .m
q.m

KBJIETO p € BMECTUMOCT Ha METhp JUHEEH OT B3pUBHATA JIyIiKa, Kg/m (Tabmn.1.2);

m - OTHOCHTEIHO PA3CTOSTHUE MEXKIY 3apsIUTE: PU OTHEBO B3PUBSIBAHE

m = 1,2 - 1,5; npu 3akbCcHUTENHO B3puBsaABane m =1,0 - 1,4; npu MUTHOBEHO
B3puBsaBaHe m = 0,8 - 1,1 m.

g - OTHOCHUTEIIEH Pa3X0/l Ha B3PMBHO BELIECTBO, Kg/m®.

Jpn0ounHaTa Ha B3pUBHATA JYIKAa € B 3aBUCUMOCT OT BUCOYHMHATA HA CTHIAIOTO U
II00OYMHATA HA TIPEYAbI0aBaHETO:
l 0 — H+ l m
(2.28) ¢ e

KbIeTO: H - BUCOYHHA Ha CTHIIAJIOTO, M;
l,, - TbIOOYMHA HA MIpEyAbI0aBaHETOo, M.
PascrosHIETO MKy 3apsSIUTE B pell MOXKE JIa CE IPUEME:

a=m.W.,m

(2.29) i

KBJICTO @ PA3CTOSHUETO MEXIY PEIOBETE:
- IPU MUTHOBEHO B3pPUBSIBSIBAHE:

(2.30) b=085.W,m

- IPU MUJIMCCKYHOHO B3PHUBABAHC!
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231) b=W,m.

Macara Ha 3apsaa €€ onpeaciis 1o (popMyﬂaTa:

(2.32) Ow=gq.aW.H, kg

Kb1eTo O, € Maca Ha 3apsijia 3a €JJHa B3pUBHA YIKa, Kg;
g - OTHOCHTEJICH Pa3Xx0J B3PHMBHO BEIIECTBO, Kg/m?;
a - Pa3CTOSIHUE MEXY B3pUBHUTE AYIKHU, M;
W - nuHUs Ha HAW-MaJKOTO CHIPOTUBIICHUE, M;
H - BUcounHAa Ha CTHIIAIOTO, M.

JIpyr MeTo[1 € TO3M Ha COHAAKHOTO B3pHUBsIBaHe. TO3M METOJ, B CPAaBHEHHE C Me-
TO/Ia Ha B3pUBHUTE TYINKHU ChKpallaBa ooema Ha MPOOUBHUTE paOOTH, HAMalsiBA OTHOCUTE -
HUS pa3xo]l Ha B3PMBHOTO BEIIECTBO U MOBUIIABA TPOU3BOIUTEIHOCTTA Ha TPy Aa.

OcHOBHM NapaMeTpu Ha NPOOUBHO-B3pUBHUTE pabOTH MPU COHIAXKHOTO B3PUBSBA-
HE ca: JIMHUS HAa Hai-MaJKOTO CHIPOTUBICHHUE, NUAMETHP M NBIOOYMHA HA COHAAXKA,
pPa3CTOsIHUE MEXy PEJOBETE U MEXIy COHIAXUTE B pelI, Maca U KOHCTPYKIHS Ha 3aps-
aa.

Jlunudara Ha Hall-MaJKOTO CHIIPOTUBIIEHHE € B 3aBUCUMOCT OT IMaMEThpa Ha 3apsi-
14, IUTbTHOCTTA Ha 3apEXKJAHE U OTHOCUTEIHMS Pa3sXoJl B3PUBHO BELIECTBO:

233 ) w=24d(2 m
q

KbAETO W e InHUATa Ha Half-MaJIKOTO ChIPOTHUBIICHHE, M;
D — nuameTsp HaA COHAaXa, m;
A- TWIBTHOCT Ha 3apexaane, kg/dm’;
¢ — OTHOCHTEJIEH Pa3Xx0/] B3PUBHO BELIECTBO, kg/m”.
[TnrpTHOCTTA Ha 3apeXkIaHe Ha COHAAKUTE MOXKE J]a Ce MIPUEME B TPAHUIINTE:

- 38 B3PUBHH CYCIICH3UH A =0,8-1,2 kg/dm’;
- 3 )KeJIMpaHU B3PUBHH BEIIECTBA A =1,2-1,5 kg/dm’;
- 32 MaTPOHUPAHU B3PUBHH BEIIECTBA A =0,8-0,9 kg/dm’;
- 32 IPECOBAHU B3PUBHM BEILLECTBA A =1,5-1,6 kg/dm’;
- 34 TPaHyJIMPaHK B3PUBHU BELIECTBA A= 0,8 kg/dm’.

B nuteparypaTta MHOTO aBTOpHM MperopbuBaT, W aa ce u3pas3u ¢ [uaMeTbpa Ha COHJIa-
xKa:

(2.34) W=(30-40).d, m

N3uncnenure croifHOoCTH HA W 10 ropHHUTE (POPMYIH C€ TPOBEPSBAT 10 YCIOBUETO Ha
0€e301acHOCT, OT B3pHUBSIBAHETO HA 3apAJUTe OT IbPBU PE:

(2.35) W>W,=3+H.cotg a, m
KBbJIETO W, € TMHUATA HAa Hal-MaJIKOTO CBIIPOTHUBIICHHE, 110 OTHOLIEHUE HA IIBPBUS PEL;

H - Buco4ynHa Ha CTBHIAJIOTO, M;

0 - BI'bJl HA OTKOCA HA CTHIAJIOTO, IPATYCH;

3 - MMHUMAJTHO Pa3CTOsIHUE OT IbPBUS COHAAXEH peJl 10 TOpHUsI pb0 Ha OTKOCA Ha
CTBIIAJIOTO, M.

IIpu W > W, n3uucnenusra ce usBbpuBar ¢ W, a npu W < W, nzuncieHusTa ce U3Bbp-
mBar ¢ W,.

JbKkuHaTa Ha cOHZlaXxka ce onpenens no gopmynara:

(239)  L=H+l, m
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Pa3crosiHueTo Mex 1y 3apsiiuTe B pella € B 3aBUCUMOCT OT OTHOCUTEITHOTO Pa3CTOSIHUE
“m” (m = 0,9 — 1,6) u TMHUATA HA HAK-MAJIKOTO ChIIPOTUBIICHUE “W.

(2.40) a=(0,9-16.W,m

N360pbT Ha cTOWHOCTTA Ha KoeduumeHTa “m” 3aBUCH OT KaTeropuara Ha CKajara,
CTEIEHTa Ha pa3po0sBaHe U cXxeMaTa Ha Pa3loyIoKeHHe Ha coHaaxure. [lpu TpyiHO B3puBs-
€MH CKaJli ce Jommycka m<I/,2; Ipu CpeiHO B3pUBseMU — m=I,2 W TpU JIECHO B3pUBSIEMU
m>1,2.

PascTosiHuEeTO MEX/1y peloBEeTE € B 3aBUCUMOCT OT T€OMETPUYHUTE pasMepH Ha Mpe-
xKara:

- IpU KBajJpaTHa Mpexa b=a;

- [IPU IPaBOBI'bIIHA Mpexa b=W;

- Ipu 1m1axmartHa Mpexa b=0,8635.a.

B nureparypara ce npenopbuBa pa3CTOSHUETO MEXKIY PEJOBETE MPU MHUIMCEKYHIHO
B3pHUBSiIBaHE Ja ce mnpueme B rpanunure b=(0,9-1,0).a u 3a MUTHOBEHOTO B3pHBSIBAHE
b=0,865.a.

BposT Ha pernoBere € B 3aBUCUMOCT OT IIUPOYMHATA HA pa3pyllIaBaHUs CKAaJICH MacuB
U Pa3CTOSHUETO MEXAY peloBeTe:

B

(2.41) N,= b 1
KbJeTO N, € Opoii Ha penoBeTe, Op.;

B — mupo4rHa Ha CKaJIHHUS MacuB, m;

b — pa3cTosiHEE MEX]ly peloBeTe, m.

BposT Ha cOHIa)KHUTE TYNKU B peJl € B 3aBUCHUMOCT OT JbJDKMHATA Ha CKAJTHHSI MacHB,
KOMTO TpsiOBa 1a ce pa3pyllin U pa3CTOSHUETO MEXKAY COHIAKHUTE B Pe:

(2.42) N, =2
Kb21eTo N, € Opoii Ha COHTKUTE B €IUH pej, Op.;
L — 1pmKWHA HA CKATHUS MacuB, m;
@ — pa3CTOSTHUE MEXK]Ty COHJJAKUTE B pela.
[Tpu onpenensiHe MacaTa Ha 3apsija Jia ce u3noia3Ba popmynara:

(2.43) O.=q.a.W.H ., kg

KbJeTO (. € Maca Ha COHAKHUS 3apsii, kg;

g — OTHOCHTEJNIECH Pa3X0J B3PUBHO BENIECTBO, kg/m’;

W- nuHMs Ha HAl-MaJIKOTO CHIIPOTUBIICHUE;

H — BucounHa Ha CTHIAJIOTO.

[Ipu ronsiMa BUCOYMHA HA CTHIIAJIOTO U CPABHUTEIHO HE TOJISIM HAKJIOH HA OTKOCA Ce
W3MOJI3BaT HAKJIOHCHUTE COHJIQKHH JAYTNKH. TEeXHUTE apaMeTpu c€ ONPEIETIST B MOCJIEI0BA-
TETHOCT ¥ ¢ (POPMYIIH, KaKTO IPU BEPTUKATHUTE COHMaxH. [Ipu ToBa:

H

l = +1
(2.44) aing | m M

KoncTpykuusaTa Ha 3apsiia Moke 1a ObJie HeTIpeKbCHATa M Pa3CpeoTOUYeHA.

[Tpu HenpekbCcHATa KOJIOHKOBA KOHCTPYKIIMS HA 3apsA/a, B AbHOTO HA COHAAXa e MOoC-
taBs (1/4 — 1/5).Q., ciaen KoeTo ce 1nocTtaBsi 00EBUKBT, KaTO OTPsI3bKa OT JIETOHUpAIL LIHYP
U3JIM3a HaJl yCTUETO Ha COHJaXa He rno-Manko ot 0,5 m.

IIpm pazcpenorodeHara KOHCTPYKIIHS, MacaTa Ha 3apsja € pa3eieHa Ha HIKOJIKO 3a-
psza, KaTo MEXAMHUTE MEX/Ty TAX Ca 3abJIHEHU C IUTbTEH MaTepuall WK C Bb3IyX.
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B3puBsiBaHeTo Ha 3apsaMTe MOXKE Ja C€ M3BBPIIM O OE3KalCyleH HAaYMH WIN T10
eJIEKTPUYECKH HAYKH, KaTO BbB BCEKH 3apsiJl Ce MOCTaBs Mo eauH 6oeBuk (pur.2.3).
Macara Ha 3apsa ce onpenesns o Gpopmyara:

(2.45) Q=00+ 0:+0., kg

KpAeTO (J,€ Maca Ha pa3cpeoToOueHHs 3apsi, Kg;
0, — Maca Ha nonmHus 3apsi, kg;
O, maca Ha cpeHus 3apsn, kg;
0. maca Ha ropHUS 3apsi, kg.

Macara Ha 10JHUS 3aps TpsiOBa aa Obae:

(2.46) 00<0,5.0p, a OQc=02=0,25.0p , kg
OOmara qbDKMHA Ha BB3AYIIHUTE MEXINHU MOXKE J1a Ce IPHEeMe:
(2.47) Ly=0u.1;, m

KbJIETO /,, € IbJDKMHATA Ha BB3AYIIHUTE MEKIUHU, M;
0., — KOEUITUEHT Ha MEXIHHUTE.
B 3aBucuMocT ot gxocTTa Ha cKainute o, =0,15 — 0,35
[, — meIDKWHA Ha 3apsaa 6e3 MeXIUHHATE, M.

W -

N

- AN

=

Wy
W -

\“\\\\

N
[, 3
Nvwanl

e

®ur.2.3. KoJIOHKOBU pa3cpeloTOYEHU 3apsiiv OATOTBEHU 32 B3pUBSIBAHE.
@ — pa3CcpeIOTOYCH 3apsi/ MOATOTBEH 3a B3PHUBSIBAHE MO OE3KAICYJIeH HAYuH; 0 -
pa3cpeloTo4YeH 3apsi] MOATrOTBEH 3a B3PUBSBAHE IO €JIEKTPUUECKHU HAUMH
1 — 6oeBuK; 2 — HOJCH 3aps/; 3 — TOpeH 3apsia; 4 — OTPAaHUUIUTEI; 5 - 3a0UBKa; 6 — OTPSA3BK
OT JIETOHUPAILl IIIHYD; 7 — €JIeKTPOAETOHATOD; § - MarkCTPaJIeH AETOHUPALL IIHYP

OOmiaTta ApJDKMHA HAa PA3CPEIOTOUYCHUS 3aps/l € B 3aBUCUMOCT OT JIbJDKMHATA Ha JOJI-
HUSA 3apsll, AbJDKUHATA Ha CPEAHUS 3apsij, IbJDKMHATA HA TOPHUS 3aps] U OT IbDKMHATA HA
MEXKIHHUTE.

BbB BCceku ciyyait:

(2.48) ,<l—-15d,,m

KBJIETO /; € IBIKIHA Ha Pa3CPeOTOUCHUS 3apsif, m;

[. — ThIDKWHA Ha COHAaXa, m;

d, — mnamMeTwp Ha 3apsaa, m.

3abuBKara TpsOBa Ja MMa JBJDKUHA HE TIo-MaJika oT /5.d;. O0maTta 1 KUHA HA UHEP-
THHUTE MEKJIUHU U 3a0uBKaTa 3aeMart (0,30 — 0,40).1..
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MeToabT HA KOTJIOBHTE 3apsiiH HAMUPA IPUIIOKEHUE, KOTaTo TPsOBa J1a ce MPeoi0-
Jiee TOJIIMO CHITPOTHBIICHHE B OCHOBATa Ha CTHIIAJIIOTO M 32 ChKpalllaBaHe oO0eMa Ha MPOOHB-
HUTE PabOTH.

KotnoBusar 3apsin (¢pur.2.5) npeacrasisiBa CbCpPeOTOUCH 3apsi]] TIOCTABEH B KOTJIOBA
npasHuHa. To3u HauYMH Ha pa3pyllaBaHe Ce Mpujara Npu CKalH, KOUTO UMaT IoKa3aTed Ha
npocrpensane I1,,>5 dm’ /kg .(koeTo ce u3passiBa B OTHOIIEHUETO MEXKIy oOeMa Ha KOTela U
Macara Ha MPOCTPEIOYHUS 3apsN).

3apsaabpT MpeHa3HAuYCH 32 00pa3yBaHEe Ha KOTJIOBA TPa3HUHA CE€ HapWU4a MPOCTPENIO-
YeH 3apsiJl, YUSATO Maca ce onpeaess o Gpopmyara:

Qg

(2.49) Qup m,,4° kg
KbAETO (O, € Maca Ha MIPOCTPEIIOYHUS 3aPA, Kg;

I1,,.- noKasaren Ha npocrpensade, dm’/kg;

O - Maca Ha KOTJIOBUS 3apsij, Kg;

A - IUIBTHOCT HA 3apexane, Kkg/dm’ .

[TokazarensiT Ha MPOCTPEIBAHETO C€ TPUEMa MO CIIPABOYHU JTAHHH WIJIH TIO OTUTEH ITBT:
Vi
(2.50) II =—,dm’/xg

np
np

KbJeTO V, € 06eM Ha kortena, dm’.

®ur.2.4. Kotnosu 3apsn
1 - connax; 2 - KOTJIO0BA MPa3HUHA; 3 - 3apsi; 4 - 3a0uBKa

KotnoBara mpa3HuHa ce 3apexja ¢ Ipaxoo0pa3HU WM BOJOHAITEIHEHU B3PHBHU Be-
miectBa. OTHavamno ce mocrassa 75-85 % oT MacaTa Ha KOTJIOBHUSA 3apsi, MOCIIE Ce TOCTaBs 6oe-
BUKa U Ce JIOCHIIBA OCTAaHAJIaTa 4acT OT 3apsna. [Ipu ToBa Hax KOTIOBHS 3apsij, B COHIAXa ce
MOCTaBs B3pUBHO BellecTBO Ha BucounHa (5-10)d..

Macara Ha KOTJIOBHS 3apsi/] ¥ IPYTUTe apaMeTpH Ha MPOOUBHO-B3PUBHHUTE PabOTH ce
onpenenir no GopmyJsuTe:

(2.51) Q=qW>, kg
(2.52) W=kh, m

KBJIETO K € KOC(UIIMEHT, 3aBHCEII OT 3jpaBUHATA HA CKaJuTe: 3a 31paBu ckamu k = 0,4 — 0,6;
3a cKaM cbe cpeana skoct k = 0,5 — 0,7; 3a cnabu ckanmm x = 0,6 — 0,9;

[To-HuCKHUTE CTOMHOCTH C€ IpHUEMaT 3a MO-3/IpaBUTE CKAJIM U BUCOYMHA HA CTHIIAJIO-
To Haa 14 m; W He TpsAbBa 1@ € mo-Majnko oT 2,5 — 3 m.

(2.53) a=k,W, m
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KBJIETO K; € KOCPUIIMEHT, 3aBUCEI OT SIKOCTTA HAa CKAJUTE U HEOOXOoIuMaTa CTEIICH Ha pas[l-
pobsiBane; x;=1,2 — 1,4 3a 1e€CHO B3pHUBSIEMU /MOHOJIUTHHU €Ip0o0I0oKOBU ckayn/; k;=0,8 — 1,1
3a TPYJHO B3PUBSIEMH /CHITHO HAITYKaHH CKAJId C XOPU30HTAITHO 3aJIsiraHe/.

KBJETO K; € KOe(ULUEHT, 3aBUCEI OT HAYMHA HAa B3pHUBSIBAHE U SKOCTTA HAa CKAIIUTE;

K, = 0,9 — 1,1 nmpu MurHoseHo B3puBsBaHe; K> =1,1 — 1,4 npu MUIMCEKyHAHO B3pUBS-
BaHe.

MeTtoabT Ha KaMepHHUTEe 3apsi/iM CE Ipuiara B Cily4ail Ha paspyllaBaHe Ha TOJSIM
o0eM ckanHa Maca. 3a LelTa 3a IOCTaBsiHE Ha ChCPEJOTOYCHHUS 3apsa] ce n3paboTBa Taka Ha-
peueHara 3apsijiHa Kamepa, ¢ pa3MepH TaKuBa, ue J1a ce chOepe ChOTBETHO KOJIMYECTBO B3PUB-
HO BeriecTBo (Pur.2.5).

Macara Ha kaMepHUS 3aps] ce ornpesess no popmyiara:

(2.55) Qu.=qW’, kg

KBJIETO ¢ € OTHOCUTEJIEH Pa3X0Jl B3PUBHO BEIIECTBO, K / m’;

> >
< F | /2=
> >
[ ) |
G - > > G

®ur.2.5. Kamepen 3apsij
a - KaMepeH 3apsil; 6 - 60eBUK MOATOTBEH 3a B3PUBSIBAHE IO EIEKTPUUYECKU HAUWH; 6 -
00EBUK MOATOTBEH 32 B3PHUBSIBAHE C Bb3€J OT JIETOHUPAL IITHYD.
1 - kmanenen; 2 - kamepa; 3 - 3apsf; 4 - 00eBUK; 5 - €JIEKTPOAETOHATOD; O - OTPSA3BK OT
JIETOHUPAILL IIHYP; 7 - Bb3€J OT AETOHUpAL] LIHYD.
W - nuHMs Ha HAl-MaJIKOTO CHIIPOTUBJICHHE, M.

Pa3crosiHueTo Mexay 3apsiiuTe ce onpeens no GopMyuTe:
- IPU €THAKBA JTUHHSI Ha HAal-MaJIKOTO CHIIPOTUBIICHUE HA ChCETHUTE 3aps/Iu:

(2.56) a=mW, m
- IpU pPa3IMYHU 3HAYEHMS HA JIMHUATA HAa HAW-MaJIKOTO CHIPOTHUBIEHHUE HA Ch-
CeIHHM 3apsiau:
W+W,

(2.57) azmT, m

KbeTO W, u W, ca 3HaYeHUs Ha JIMHUATA HAa HAM-MAJKOTO CHIPOTHUBJIICHUE HA JBa
CBhCEIHHU 3apsala.

2.2.2. MOJIEJIA 3A IOBUIIIABAHE HA E®EKTA HA CHEIIMAJTHU 3APSI U
[IPU ABAPUIHO CIIACUTEJIHU JEMHOCTH

B JuTrepatypara I10J IOHATUCTO 3apHaa CC pa361/1pa OIIPCACIICHO KOJIMYECCTBO
CKCIIJIO3UB IMOATOTBECH 3a B3PpUBSABAHC.
Macara Ha 3apsAaUTE 3aBUCHU OT PASMCPHUTC Ha B3PUBABAHUTC 00CKTH U BHUJa Ha
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MaTepuaia, 0T KOHTO ca n3paboTeHu, KaTo 3a BCEKU OT/EIICH CIy4aid ce M3UnCIIsBa.

ITo hopma 3apsaure ca:

- ChCPENOTOYCHHU;

- YIbJKEHHU;

- KyMYyJIaTUBHH;

- (urypHu;

Crnopen pa3mosioKeHUETO Ha 3apsiIuTe CIPSIMO B3PUBSIBAHUTE OOEKTH T€ ca:

- BBTPEIHHY;

- BBHHILHM.

B 3aBucuMocT OT TOBa, AaidM 3apsIUTEe CE€ IOCTaBAT HPWIECNHAINM IUIBTHO [0
B3pUBSIBaHMs 00EKT WIIM Ce pas3lojaraT Ha pa3CTOSHUE OT TAX ca:

- KOHTaKTHU;

- HEKOHTAaKTHH.

WMHnuuupaneTo Ha BBTPELIHUTE 3apaJd € LelechoOpa3HO Jla ce U3BbpLIBA II0
BBH3MOKHOCT T0-0JIM30 10 TEOMETPUYHUAT UM LEHTHP. BBhHIIHNUTE 3apsinu ¢ pasnuuHa Gpopma
TpsiOBa J1a ce MHUIMUPAT OTKBM CTpaHaTa MPOTHUBOINOJIOKHA HA B3pUBSBAHUS OOEKT.

Haii-romsiMo npuioskeHue B aBapUUHO-CIIACUTEIHUTE JEMHOCTH HaMUpaT KyMyJaTUB-
HUTE 3apsiiu.

KymynatuBHuTe 3apsaM ce HW3MON3BAaT 3a MpoOMBaHEe Ha Je0enu MeTaamyecKd
JMCTOBE, OpPOHEBH M CTOMaHOOETOHHM ChOpbXkeHus U Jp. llpum B3pussBane Ha K3 ce
o0pa3yBa ps3KO HacoueHa TICHA CTPyd C TOJsIMa KOHLEHTpAlMs Ha EHEeprus, KOSATO
OCHUTYpSIBa CUJTHO MPOOMBHO M PEXKENIO0 JSHCTBUE HAa 3HAUUTETHA AbJI0ounHA (ur. 2.6).

=z 7 5

) |
) 4
JODK
XX

ARXXY

@ur. 2.6. Cxema 3a oOpa3yBaHe Ha KyMyJIaTHBHA CTPYS:
1-3apsi OT excruio3us; 2-rHe310 3a K/I; 3-kymynaTuBHa KyxuHa; 4-TpaeKTopus
Ha razoBuTe yactuiy; f-hokycHO pa3cTosHue

ChiiHOCTTa Ha ACUCTBUETO HAa KyMYJIaTUBHHUTE 3apsiiu € Moka3aHa Ha ¢ur. 2.7. Ako
eIMH OOMKHOBEH 3apsil ce€ B3pUBH BBPXY JAeOena CTOMaHeHa IuIoya, B Hes ce I0JydaBa
He3HauuTenHa BATbOHaTUHA. [IpH 3apsa cbC chluuTe pa3Mepu, HO C KOHMYHA KyMyJaTUBHA
BIBOHATHHA, TIPH B3pUBa B CTOMaHEHATa IUIoYa ce oOpasyBa KpaTep ¢ OKOJIo 5 10 8 mbTH
[O-TOJIsIMa 1bI00YMHA B CPAaBHEHHE C IIbPBUS CIydai.

@ur. 2.7. JleiicTBue Ha 3apsiiu MO OpoHeIuIoya:
a/ 0OOMKHOBEH 3aps; 0/ KyMyJaTuBeH 3apsj 0e3 o0IMIIOBKA Ha KyXHWHATa; B/
KyMYJIaTHBEH 3aps]] ¢ Me/IHa OOJIUIIOBKA
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3a na ce popmupa GpU3HMUECKH MOIET Ha SIBJICHUETO HA KyMyJIaTUBHATA CTPYs € He00-
XOJUMO Jia C€ BbBEJAT HAKOH IIPEAIIOIOKECHHUS:

1. Twii kKaTO MOA BB3/IEHCTBUETO HA OTPOMHO HAJIATaHE, IIPU KOETO ce 00pa3zyBa KyMy-
JaTHBHA CTPYs, METAIBT C€ ABPKU KaTo TeyHoCT. [Ipuemame, ye eHeprusara Ha qepopmanus
Ha 0OBHBKATa € 1M0-MajKa B CPaBHEHUE C HEHfHATa KWHEMaTHU4HA CHEPTHUsl.

2. [lpuemame, 4e TUIBTHOCTTA HA METAITHHSI KOPITYC OCTaBa NMOCTOSIHHA BEJTMYMHA
p=Const.

= /4

V) 4 /
| [ = 3

Y

@uwr. 2.8. JleficTBUe HA KyMyJIaTUBHATA CTPYS:

h — nebGenuna Ha 06/IMIIOBKATa HA KyXuHATa; Uy — CKOPOCT ¢ KOSATO YaCTULIUTE Ha
00JIMIIOBKATA BIM3AId B TOYKa ,,0”, aKO Ts € HEeNmoABMkHa ; U — CKOpOCT Ha
YaCTHIIMTE Ha 00JuIoBKaTa ; U — CKOPOCT Ha KyMyJIaTUBHATA CTPYS; lo — IbIDKHHA

Ha KyMyJIaTUBHATa CTPYys.

Te3u nBe MPCAIIO0JIOXKCHUA HU AaBaT IIpaBOTO Ja CYUTAMC MCTaJIa 3a uJcajiHa TCU-
HOCT. BbB BPb3Ka C TOBA MOKE J1a CC MPUJIOKHU 3aKOHBT Ha XUAPOAHAMUKATA.

]_He pasriicgame npo6neMa B KOOpAMHATHA CUCTEMaA C HA4YaJIO BbB (bPIKCI/IpaHa TOYKa

,»0” ( BCBIIIHOCT Ta3M TOYKa CE IBUKH ChC CKOPOCT W CIIPSMO OTHOCHUTEITHO HEMO/I-
BIDKHA Mperpaja ).

'm0

60

62 01

60

@wr. 2.9. KoopauHatHa cucTeMa Ha KyMyJlaTUBHAaTa KyXWHA:

h — nebenuna Ha 00IMIIOBKATa HA KyXUHATa; Uy — CKOPOCT € KOSATO YaCTUIIUTE
Ha 00JIMIIOBKATA BIM3alM B TOYKa ,,0”, aKO TSI € HeMmoABWKHA ; U — CKOpPOCT

Ha yacTulMTe Ha oonuioBkara ; U — CKOpOCT Ha KyMyJlaTUBHaTa CTpyst; lo —
JbJKMHA HA KyMYyJlaTUBHATA CTPYAL.
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[punarame Tpu 3aKoHa 3a 3ama3BaHe Ha GU3MUYCCKUS MO, 3a JIa MOJYIHM MaTeMa-
TUYECKU MOJICII.
a) 3aKOH 3a ChbXpaHEHHE HA MACUTE:

(2.58) my=m,+m,;

0) 3aKoH 3a ChXpaHEHHE Ha UMITyJIca:

a
(2.59) J=m,d,-mJ, —m,.J,.cosa =0
a a

(2.60) m,J,—m, U, = m,.cosa
B) 3aKOH 3a ChbXpaHEHHUE HA CHEPIUsTa:

2 2 2
mydy m ‘91+ m,U,

2.61) ; :

B nosy4eHuTe TpU ypaBHEHHUs W3BECTHHUTE Benuuunu ca: Uy, My, a HensBecTHUTE
ca-m,,U,,m,U,, Toect cuctemara He e 3arBopena. Karo cernocraBuM gpopmynu 2.59 u 2.62,
Morar j1a 6baT 3aMEeHeHH 1 [1a UMaT 06II0 PEleHHe CaMo aKo:

(262) 00201202.
Taka cucremara oT YpaBHCHMU IIpUEMa ClICIHaTa (bopMa:

my+m,=m,;

2 1 0>
2.63
( )mz—mlzmo.cosa.

Kato pemuM cucreMara OT YPaBHCHUS, II0JTydaBaMe:

.2
my=m, . sin” =5
(2.64)

_ 2
m,=m,. cos" .

TBit KaTo BIr'BIBT € OCTHP, TO MacaTa KOSITO C€ Pa3NpPbCKBA HAMPE, € BUHATH T10-
MaJjika OT MacaTa KOsITO Ce€ pa3NpbCKBa Ha3a/l.

[TomyuenuTe TO-rOpe PE3yNTaTH Ca BAJIUIHHU 332 HETIOJBMKHA KOOPIMHATHA CHUCTE-
Ma, HO BCBIIIHOCT camaTa Touka ,,0” He ce mpeMecTBa CIpsIMO CKOpocTTa ,,W.

B
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ot 9t

0 Wt 1)
C’LFJ’IaCHO CI/IHy'COBaTa TeopeMa:

Ut wt do t

(2.65) sina ~ sinB sin (a+B)’
KBIACTO:
266 w=p9m8.
sina
(2.67) 9 =9 sin (a+f3)
' ° sina

Ako bprimre ,,0” 1 ,,”’ ca U3BECTHH (a T ca JUIBXHU Ja ObAaT 3a7aJICHH) U CKOPOCT-
Ta Ha IIPEMECTBAHETO Ha YacTUIIUTE ce 0003HauaBa ¢ ,,9”, To ckopoctute ,,W” u ,.Uy” ca Ha-
MEpPCHH.

(2.68) U= W+UJ,= W+U,;
(2.69) U=WU,=W-U,
NI
sin ( B+%)
(2.70) U=—> =/
. a
S1n —
2

Cos (B+%)
(2.71) U=———-+

X

cos <
2

BponenpoOuBamuaT eQekT Ha KyMyJaTUBHUTE 3apsd € Mpolec Ha MPOHUKBAHE
Ha KyMyJaTHBHa CTpys B Iperpaja U € nogoOeH Ha oOpaTHUS mpoliec Ha oOpa3dyBaHe Ha
KyMyJaTtuBHa cTpys. CieoBaTeNHo, 3a /1a ONpeesInTe KOJMYECTBEHO XapaKTePUCTHKUTE, MO-
rar /1a ce U3MoN3BaT GOPMYIIHTE, ITOIYIEHH MTO-TOpe.

2.3. TEXHOJOT'HUHU 3A MPOBEKJAHE HA B3PUBHU PABOTH B
TBBHPJIA CPEJIA

2.3.1. TEXHOJIOI'UHA 3A ITPOBEX/JAHE HA B3PUBHU PABOTHU B
TBBPJAA CPEJA-EJIEKTPUUYECKHN HAYUH
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TexHonoruaTra Ha eNeKTPUUECKHUsS HAUWH Ha B3pPHUBSIBAHE € KOMIUJIEKC OT MOCJelI0Ba-
TEJTHH OTIePallii, KOUTO BKIIOYBAT:

- IPOBEPKA CHIPOTUBIICHUETO HA EJIEKTPOJIETOHATOPUTE U KaTHOPOBaHE C Pa3JIUKa OT
0,25 Q: Irp. 2,5-2,75 Q; U rp. 2,75 - 3,0 Q2.

- 1300p ¥ U3YKCIICHUE Ha €JICKTPOB3PHUBHATA MPEKa;

- IPOBEpKa U3MPABHOCTTA HA KIIOHOBETE Ha EJIEKTPOB3PUBHATA MPEKa;

- n3paboTBaHe Ha OOCBUIIN;

- U3TOTBSIHE HA 3apsAIHU YCTPOMCTBA, 3apexaaHe U 3a0MBKa;

- MOHTaX Ha €JICKTPOB3PHBHATA MPEKa U TIPOBEPKA CIIE]] H3TECTIISTHE Ha BCUIKU X0Pa;

- B3pUBSIBaHE.

B3aBucumocT OT Buja Ha U3I0JI3BAHNATE €JIEKTPOIETOHATOPH E€JIEKTPUIECKOTO B3PUBS-
BaHE MOXe J1a Ob/le MUTHOBEHO, MMJIMCEKYH/IHO M CEKyH/IHO. Bceku OT Te3u citydau Ha B3pH-
BSIBAHE MMa CBOWTE MPEIMMCTBA M HENOCTAaThIM M B MPAKTHUKATAa T€ HAMHUPAT MPUIIOKECHHE
cropel crneun(puyHUTe 0COOCHOCTH Ha pa3pyllaBaHHUs OOEKT M YCJIOBHUATA, IIPU KOUTO Ce
B3PUBSBA.

EQexThT 0T MUIMCEKYHTHOTO B3PUBSIBAHE 3aBUCH OT MIPABUIHMSA [10100p HAa HHTEpPBA-
Ja oT 3aKbcHeHHe. Toil TpsOBa Jja € paBeH Ha BPEMETO, HEOOXOIMMO Ha MyKHAaTUHUTE, Mpe-
JU3BUKAHU OT ITbPBATa CepHsl 3apsiay, 1a CTaHAT MAKCUMAJIHO rojieMH, 0e3 Jja ce U34akBa TAX-
HOTO 3atuxBaHe. Ha ocHOBaTa Ha MHOTO MPOU3BOJCTBEHH OMHUTU € YCTAaHOBEHO, Y€ MHTEpBa-
J1a MEXKJy B3pMBOBETE 3aBHCH OT CBOMICTBATa HA pa3pyllaBaHUTE MAaTEPUAIU U OT JIUHUAITA HA
Hall-MaJIKOTO ChbIIPOTUBJIEHHUE.

Onpenens ce nodopmynara:
(2.72) t=k.w,m
KBJETO k € Koe(UIIeHT, OTYUTAII] CBOWCTBATA HA B3PUBSIBAHUS MACHB;
W — JIMHUS Ha Hall-MaJIKOTO CBIIPOTUBJICHUC.

C.A. JlaBuoB npenopbyBa CIEIHUTE CTOMHOCTH Ha Koe(HUIleHTa k: 32 MHOTO 3/paBH
ckanu k = 3; 3a 31paBu k = 4; 3a cpeHO 37paBHu k = 5 U 3a MEKHU CKallu k = 6.

AXO M3YHCIICHUAT HMHTEpBall ! C€ pa3janyaBa OT TO3H Ha €ICKTPOACTOHATOPHUTE, MpHE-
Mat C€ CIICKTPOACTOHATOPH C HpI/I6J'II/ISI/IT€J'IHO CbIIOTO BPEMEC HAa 3aKbCHCHUC.

2.3.2. TEXHOJOTIUHU 3A MPOBEXJAHE HA B3PUBHU PABOTHU B
TBBPJA CPEJIA C HEEJIEKTPUYECKA CUCTEMA 3A
B3PUBSIBAHE ,,HOHEJ“

ITocnenoBarenHOCTTa Ha ONIEPALIMUTE HA Ta3U CUCTEMA €:

- MOCTaBsiHE Ha OOEBULIU C JIOJIHO WK TOPHO MHULIMUPAHE;

- 3apexzaHe Ha B/l, conaxa, KoTena nin Kamepara ¢ eKCIUIO3UB;

- CBBbp3BaHE KpauuiaTta Ha BIHOBOAUTE Ha neroHaTopute NPED ¢ nmoBespxHOCTHHTE
CBhEIMHUTEINH;

- ChEIMHSABAHE HA MAaruCTPaJHUS BBJIHOBOJ C Kpasi Ha IPUCHhEIUHUTEITHUTE €IEMEHTH
SL, & ki, rpynupani ckeAnHUTeN Wid Snapline 0 ¥ ¢ MallIMHKaTa 3a B3pUBSIBaHE
SyHuaoctapt” (K, EX u ap.).

3a uHMOUUpaHe Ha mojero mbpBO ce Hatucka OyroH CHARGING — 3apexnawne,
JIOKAaTO CBETOJAMOJIa Ha MalllMHATa 3allOYHE J1a CBETH HenpekbcHaTo. Cien ToBa, IbprKEeHKU
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oyrona CHARGING narucnar ce Hatucka u 6ytona FIRING — 3ananiBane.

EjlekTpoHHATa cucTeMa Ha B3pUBSIBAHE € Hail-HOBaTa TEXHOJIOTHS 3a W3BBPIIBAHE Ha
B3pHBHU paboTu . [Ipy HEesl MUPOTEXHUYECKOTO 3aKbCHUTEIHO TSJIO B €IEKTPHUECKUTE U HEe-
JIEKTPUUYECKUTE IE€TOHATOPH CE 3aMEHs C €JIEKTPOHEH YuIl. 3aKbCHEHUETO MOJIy4aBaHO C €JIeK-
TPOHHHMS YUIl € a0COITIOTHO TOYHO Oe3 pasceiiBaHe. 3aToBa MPU NPUWIATAHETO Ha Ta3H CUCTEMaA
Ce U3MO0JI3BaT Hal-IIbJIHO e()eKTUTE HA MUIMCEKYHIHOTO B3PUBSBAHE.

M3no13BaHeTo Ha €IEKTPOHHATA CUCTEMA Ha B3PUBSABAHE BOJU JI0:

- HaMaJIsIBa Ce TOYTH JIBa ITBTH CEM3MUYHOTO JICHCTBHE Ha B3pUBA BCIIEICTBUE ITbJIHATA
uHTep(EpEHIINS HA BBIHUTE U U3PAaBHABAHETO HA MO-BUCOKU M NMO-HUCKU B3PUBHU ITHKOBE;

- 10-100po pa3apolsBaHe Ha MaTepuaia, MOpPaay IMbJIHOTO B3aUMOJIEHCTBHE HA OTHAEN-
HUTE 3apsy;

- HAaMaJIsIBaHE HAa OTHOCHUTEINIHUSI Pa3Xo/] Ha eKCIJI03UBa, OPAIH MO-IIbJIHOTO U3I10JI3Ba-
HE Ha €Heprus u Jp.

N3BOJAHN OT BTOPA I''TABA

Ot aHasM3a W M3CIIEABAHETO Ha pasrjeJaHnuTe CPEICTBA 3a B3PUBABAHE M METOINUTE U
TEXHOJIOTUMTE Ha B3PUBSBAHE Ca HAIIPABEHH CJICITHUTE U3BOJINU:

1. PazuncTBaHeTO Ha 3aTpymnBaHUATA NP OCACTBHS, aBapUU U KaTaCTPOQH € IeNeCh-
o0pa3Ho n1a Obe 0OBBP3aHO C METOJUTE M TEXHOJOTHMHUTE Ha B3PUBSBAHE U BH3MOKHOCTHUTE
3a M3I0JI3BaHe HA MH)KEHEPHA TEXHHKA;

2. Meroaure Ha B3pUBHMUTE AYNKH M MAJKUTE 3apsid, KAKTO M 3aKbCHU-TEIHOTO
B3PHBSIBAHE Ca C HAW-TOJISIM €(EeKT 32 OrpaHWYaBaHE BPETHHUTE Bb3-ICHCTBUS HA B3PUBA;

3. Cucrema ,,Honen* e cbBpeMEHHA HEENEKTpUUYECKA CUCTEMA 3a B3pUBSABAHE, KOSATO
NoBHUINaBa 0e30MacHOCTTa IpHU padoTa U JaBa Mo — J00pU pe3yiaTaTH MO OTHOIICHHWE Ha YII-
paBICHUETO U OE30IIaCTHOCTTA Ha B3PUBHUTE pabOTH.

I'IABA 3. METOJH 3A TIOBUINABAHE HA EOFEKTUBHOCTTA HA
B3PUBHUTE PABOTHU ITPU ABAPUNHO-CITACUTEJIHU JEMHOCTH

3.1. OITUMU3UPAHE HA MATEMATHUYECKHUA MOJAEJI 3A
ONPEAEJISIHE HA BE3OITACHHUTE PA3CTOSHHNS HA BPEJHUTE
BB3AEUCTBUSA HA B3PUBA

3.1.1 OITUMHN3UPAHE HA MATEMATHYECKHUSA MOJIEJI 3A
ONPEAEJIAHE HA BE3OITACHUTE PA3CTOSAHUSA HA BPEJHUTE
BB3JEMCTBUSA HA B3PUBA IIPU YIAPHA BbJHA

PaSCTOﬂHI/IeTO, Ha KOCTO YAapHO-BHB3AYyIIHATA BbJIHA OT 3apsAAd HEC HAaHACA IOPaAKCHUA
C OompeaciicHa CTCIICH CC U3UUCIIABA 110 (bOpMy.]'II/ITCZ

(3.1) Ry=K,VQ, m
(3.2) Ry=K,VQ,m

KBJETO:

Ry e MUHUMANTHO 1OMTYCTUMO pa3CTOSHUE, M;

Q e maca Ha 3apsaa, kg;

K, u K, ca koeuiieHTH Ha TOPHIOPIIMOHATHOCT, 3aBUCEIIN CHOTBETHO OT Maca-
Ta Ha 3apsAIUTE U OT XapaKTepa Ha MOBPEIUTE.
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[Tpennarat ce Tpanchopmupanu dpopmyinu (3.3.) u (3.4) ¢ koedunent K, — koedurieHt
Ha 3a0KMBKaTa, 3aBUCEII OT BU/Ia M CBOWCTBATA HA M3MOJ3BAHUTE MATCPHAIIH.

(3.3) Ry=K,K,VQ ,m;
(3.4) Ry=K,K,VQ ,m.

CroitrocTute Ha Koepunenrure K, K,u K, 3a oTkpur 3apsia ce onpenensT mo tabiu-
na 3.1., KaTo ce crma3Bar CIEeTHUTE YCIOBHUSA:

- 3a oTkpuTH 3apsaau, no-rojgemu ot 10t, mo 1-Ba, 2-pa u 3-Ta creneH Ha 6e3omac-
HOCT | 3apsiid, mo-rojieMu ot 20t, KOUTO M3IIO ca BKOMAHU, NP 1-Ba U 2-pa cTerneH Ha Oe-
30macHOCT ce mpuema koeduieHt K, u ce n3momnssa popmyina 3.4.;

- 3a BCHYKH OCTaHaJIM CTETEHHU ce U3Moi3Ba Gopmyna 3.3;

- IIpu u3bopa Ha creneHTa Ha 6E30MACHOCT U 3HAUYCHUATA HAa KOS(UIICHTUTE CE OT-
YHTa [sJ1aTa ChbBKYMTHOCT OT MECTHH YCJIOBHS;

- Koeduuenture B Tabmuna 3.1. ce naBaT B U3BECTHM I'pAaHUIM; €IHA WM ApyTa
CTOHHOCT ce M30Mpa B 3aBUCUMOCT OT ChCTOSTHUETO Ha 00€KTa, 3a KOUTO ce ompenens paauy-
ChT Ha Oe30macHaTa 30Ha; KOJKOTO TMO-31paB € 00EKTHT, TOJIKOBA MO-MaJlka CTOHHOCT Ha KOe-
duneHTa Moxe J1a ce prueme;

- 3apsj MocTaBeH BHB BOJA Ha JBIOOYMHA ITO-MajKa OT IOJIOBHHATA OT BHCOYMHA-
Ta Ha 3aps/a, ce MpruemMa KaTo OTKPUT 3apsij;

- JlanexonpoBOAUTE C€ OTHACAT KBbM KaTETOPHTa Ha YCTOWYMBHUTE KOHCTPYKITUH
M0 OTHOIIIEHHE Ha JEMCTBUETO HA YAAPHO-BH3AYIIHATA BBIIHA;

- Iloka3zarenurte Ha B3pUBHUTE BEIIECTBA HE CE OTUUTAT.

AKO 3alMTaBaHUAT OOEKT € Pas3MoJIOKEH HEMOCPEACTBEHO 3al mperpaaa (B Kpas Ha
I'bCTAa TOpPA, B MOJHOKUETO HA XBJIM), CTOAIIATA HA IIBTS HA Pa3lpPOCTpaHEHHWE HA BAAPHO-
BB3/IyIIHATA BBJIHA, PA3CTOSTHUETO MOXKeE Ja Ob/ie HaMaJlIeHO, HO He MOBeYe OT 2 MbTH.

[Tpu w3BBpIIBaHE HA B3PUBHH PA0OTH B TECHU JOJWHH, MPOXOJH WU MEXKIY CTCHH
(ynuim) pa3cTOSIHUETO ce yIBOSIBA.

3a HamasnsBaHEe Ha MOPAa3sABAIIOTO JCHCTBHE Ha BB3AYIIHO-yAapHATA BBJIHA MOXE Ja
ce M3MOJ3BaT CIETHUTE CPEACTBA:

- 3acumnBaHe Ha OTKPHUTHTE 3apsid ¢ PaxooOpa3Ha Maca ¢ BUCOYMHA HAW-MaJIKO 5
I'BTH BUCOYMHATA HA 3apsija U HIMPOYMHA HE MO-MalKo OT 6 MbTH BHCOYHMHATA HA 3apsja B
OCHOBATa Ha 3aCHIIBAHETO; B TAKMBA CIy4Yad PaHyChT Ha OlacHAaTa 30Ha MOXe Ja ObJe Ha-
MaJjieH 4 IIbTH;

- 3a 3ammTa Ha OCTHKISBAHETO HA CTPAJH C€ CBAIAT PaMKUTE Ha MPO30PLUTE WIN
ce M3MOJI3BAT 3[paBH IIMTOBE, IUTBTHO 3aKpUBaIIK Ipo3opuute. Jlomycka ce oTBapsiHEe U 3aK-
perBaHe Ha MPO30PIUTE B OTBOPEHO MOJIOKEHHUE, KOETO HE M3KIII0UBA OTACITHH MOPAKEHUS HA
OCTBKIISIBAHETO;

- 3ammra ¢ 9yBaJH OT ISICHK MU CAHIBITHN, HAIIBJIHEHU C TSICHK HITH TPBCT.

W3non3BaHeTo Ha YyBalld M CaHAbBLIU, IIBIIHU C ISCHK, C€ MPENophYBa J1a ce Mpuiara
3a 3aIMTa Ha MPO30PIH U BPaTH B CIy4ad, KOTaTo € HEOOXOIMMO Jla Ce 3allUTH OT YAapHO-
BB3/IyIIHATA BBJIHA BTPEIIHOTO 00OPY/IBaHE HA CcrpajaTa.

CroitnocTn Ha koedunenture Km, Knu K3

Tabnuya 3.1
f;gg::_ Bh3MOIKHH OB~ OTkpuT 3apsan Bbrpenien 3apsa
ACHOCT peau Q,t K. | K. K. Qt | K, | K, K,

1. OTCHCTBHE HaA o- 50- - 0,9- o- 20- - 0,8-
TOBpEIU majako | 150 0,92 maiko | 50 0,82
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Crenen | Bb3MOKHU MOB- OTkpur 3apsjg BbTpenien 3apsia
Ha 0e30- peau Q. t K. | Ki K, Qt | K, | K, K,
ot 10 ot 20
ToBe-
noBseye 0,9- 0,8-
S T B I S T S B e B
N I T R S N O B B X
clyyaiinu nospe- | 30 0,94 o1 20 12 0,84
2. JIA TI0 OCTBKJISIBA- oBe-
HETO noseye | 60- | 0,92- 4e or ) 50 0,82-
ot 10 100 | 0,94 20 0,84
II'BJIHO pa3pylia-
BaHEC HA OCTBKIJIA- no- 0’94_ 0,84-
BAHETO; YaCTHYHK | MAJIKO 5-8 - 0.96 - - - 0.86
noBpeu Ha pam- | OT 10 ’ ’
3. KUTE, BpaTUTE,
HapylllaBaHe Ha
Ma3WiKara u BpT- | IIOBEYC | 30- | 0,94- _ 4 | - 0,84-
pPELIHU JIEKU ot 10 50 0,96 0,86
nperpajau
paspyliaBaHe Ha
BBTPEIIHU MpET-
0,96- 0,86-
4. paau, paMKH, Bpa- - 24| - ’ - -2 ] - ’
TH, OapaKu, HaBe- 0.98 0.8
CH U JIp.
paspyllaBaHe Ha
TBPBEHH, TyXJIC-
5 HHU IIOCTPOMKH, ) 1,5 i 1 i 0,5 i 0.9
npeoOpbIllaHe Ha -2 -1
JKEJIC30IIbTHU
ChCTaBH

PanuychT Ha 30HAaTa omacHa Mo JAEWCTBUMETO Ha BB3AYIIHO-yJapHaTa BbJIHA 332 XOpa

Ry, ce u3zuncssa no ¢popmynara:

(3.5)

R =15VQ ,m

KbAeTo Q € Maca Ha OTKpUTHSA 3apsi, kg

PascrostareTo mo popmyna (3.5) ce u3nosn3Ba caMo, KOrato € He00X0IMMO MaKCHUMaI-
HO MpUOMIKaBaHE HA XopaTa JI0 MACTOTO Ha B3puBsBaHe. B ocTaHanmuTe ciiydau MOIy4eHOTO
pascTosiHME clie/iBa J1a ce yBenuuu 2-3 nbTu. [Ipu Hanmuuue Ha yKpUTHE pa3CTOSTHUETO U3UHUC-

JIeHO 1o Ta3u (popmyia, MOxke Ja ce Hamanu 1o 1,5 mpTu.

[Tpu BBTpelIHN 3apsSAu U3UMCIEHOTO Pa3CTOsIHUE 10 popmyia 3.3 MOXKe J1a ce HaMau

0 2-3 ObTH.

3.1.2. OITUMU3UPAHE HA MATEMATHYECKHUA MOJEJI 3A
OHNPEJAEJAHE HA BE3OITACHHUTE PA3CTOAHUSA HA BPEJHUTE

BB3JEMCTBUSA HA B3PUBA INPU PA3JIMTAHE HA KbCOBE
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MuHUMaITHO AOMyCTUMHUTE 0€30MaCHH PAa3CTOSHUS 3a XOpa MPH pa3IuTaHe Ha CKAJTHU
KbCOBE MPH B3PUBSBAHC Ha 3apsay B COHIaXH R, mpecmerHatn Ha qpobsmio aeiicTBue, ce
omnpenens mo ¢gopmMynara:

_ _f d
(3.6) R,=1250.r, 1+r_a , m

[Ipennara ce Tpanchopmupana popmyna 3.9. ¢ koedunent K, - koeduieHT, 3aBucer
OT IJTBTHOCTTA HA MaTepuaa U3MOI3BaH 3a 3a0MBKa:

_ _f 4
(3.9) R,=1250.ryy st

CrolinoctuTte Ha koepunenrta K, ca npeanoxxenu B Tabauna 3.2.

CroiinocTn Ha koedunenrta K,

Tabnuya 3.2
Bupa Ha matepuana CroiinocTuTe Ha Koepuuenta K.,
Enbp xBapiioB msachk 1,20
CureH KBapLOB ISICBK 1,25
IlechbunuBO-TIMHECTA TTIOYBA 1, 30
I'mmHecTo-nIechUINBA TTIOYBA 1,40

IIpu B3puBsIBaHE Ha CepUs 3apsid B COHIAAXUTE C €JHAKBB IUAMETBHP C IPOMEHIIMBU
HapaMETPH a, I U I3 0€3011aCHOTO Pa3CTOSHUE CE NPECMATA [0 HAau-MaJKUTE 3HaYeHUs Ha a U
I'sa6 M1 HAM-TOJIAMOTO Ha I3 OT BCHYKH, HAMHUPAIY CE B Aa/ICHATA CEpUsl.

AKO B3pHBSIBaHUS y4acCThK OT MacuBa € OT CKaJIM C pa3jv4dHa 3paBUHA, IIPHU IPECM-
TaHeTo Ha R, ce B3emMa MakCHUMalHOTO 3HauUeHHE Ha Koedurenra f.

ITpu onpenensiHe Ha O6e30IACHUTE PAa3CTOSHUSA € HEOOXOIMMO J]a CE OTYUTAT BB3MOXK-
HUTE B Ipolieca Ha NPOOMBHO-B3PUBHHUTE PaOOTH OTKJIOHEHHS Ha OTICIHUTE MapaMeTpu Ha
B3PUBSBAHETO HA COHJAXHUTE 3apsAau OT IIPUETUTE B IIPOeKTa. 3aToBa R, ce onpenens, npue-
MaiKi MUHUMAJTHO Bb3MOXKHUTE B IpOIieca Ha U3BBbPIIBAHE HA B3PUBHU paOOTH 3HAYCHHS HA
[apaMETPUTE Q, Iz © MAKCUMATHO BB3MOXKHUTE 34 T3,

[Tpu mpoBex1aHe Ha B3pUBHU paOOTH HA CTPBMHH CKJIIOHOBE M KOTaTO TOpHATA JIMHUS
Ha B3PUBSBAHUSA Y4acTbK € I10-BUCOKA OT OCTaHaIMTE C noBede oT 30 m, paauychT HA OIac-
HaTa 30Ha B [IOCOKA HAJIOJy CE yBeJIN4aBa ¢ 0€30MaCHUTE Pa3CTOSIHUSA IO PA3JIMTAHETO HA OT-
JICIHUTE KbCOBE C€ M3UUCIIABAT MO opMyiara:

(3.10) R, =R,. K,

KbACTO: Rpag_ € OIMaCHOTO PA3CTOSAHUC IO paA3JIMTAHC HA OTACIIHU KbCOBC B CTpaHAaTa HAa HAKJIO-
Ha Ha CTPBMHUA CKJIOH WJIM MECTHOCTTA, Pa3IOJIOKCHO IMO-HHUCKO OT 30m, CUHUTAHO
OT I'OpHaTa JIMHUA Ha B3pUBABAHUA YYATHK;
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K, e xoedurieHT oTunTaI ocobeHOCTUTE Ha pereda Ha MECTHOCTTA; IPH B3PHUBSIBAHE
Ha cTpbMeH cKJIoH K ce onpenens o popmynara:

(3.11) K, =1+tgB
KBJETO 3 € BI'bIbT HAa HAKJIIOHA Ha CTPBMHHUS CKJIOH KbM XOPU30HTA,IPayCH;

Koraro BmecTo [} € U3BECTHO MPEBUILIEHUETO HA MSCTOTO Ha B3pUBA HaJ TPAHUILIUTE HA
oracHara 30Ha, K, ce onpeznens no ¢popmynara:

_ .. 4H
(3.12) Kp—0,5 1+ 1+R_p ,m

KkbAeTo: H e mpeBuilleHneTo Ha ropHara JMHUS HA B3pUBSABAHUS y4yacThK Ha IpaHHUIATa Ha
olacHaTa 30Ha.

N3uncnenara cTOWHOCT Ha G€30MACHOTO PA3CTOSHUE CE€ 3aKPBIVISIBA KbM IO-TOJISIMO
YKCII0, KpaTHO Ha 50 m.

MUHHUMAIHO JOMYCTUMOTO 0€30MacHO PAa3CTOSIHUE 3a XOpa MPH Pa3IMTaHe Ha KbCOBE
ce mpeyara ga ce ompenens mo tadsmma (3.3) B 3aBUCHMMOCT OT ITOKa3aTelisd 3a IeHCTBHE Ha
B3pHUBa Ha 3apsja (n) U AbDKUHATA HA JIMHUATA HA Hali-MaJIKOTO chlpoTuBieHue (W).

[Tpu B3puBsiBaHE Ha cepusl 3apsau ¢ pa3nuaHud W U n, paguychT Ha ONacHaTa 30HA Ja
ce onpezens no tabuuna (3.3), KaTo ce nprueMa Hal-roJIMOTO 3HaueHre Ha W Ipu eIHaKbB N
VI HA-TOJISIMOTO 3HAa4YeHHE Ha N mpu eqHakBH W. Ako W H n ca MpOMEHIIMBH, CE MpHeMa
Haif-rojeMus pajuyc npu gaaeHu n u W.

AKO ce U3BBpILIBA B3pUBSBAHE HA Tpace ChC 3HauuTeNHa IbjokuHa (500 m u noseye),
IIPY KOETO B Pa3IMYHM YacCTH OT HEro 3apsAuTe ca C OTJIMYaBaly ce 3HaueHus Ha W u n, yc-
JIOBHO IISUIOTO TPace ce pasJelis Ha HAKOJIKO yJacThKa ¢ OJM3KHM MM €JHAKBH 3HaYeHHUS Ha W
U N ¥ Ha BCEKH YYaThK Ce ONpeeNsl paiuychT Ha OllacHaTa 30Ha.

B pesynrtar Ha mpoBeneH MPAaKTUYECKH EKCIEPUMEHT ce TpeajiaraT CICAHHUTE CTOM-
HOCTH Ha IIOKa3aTels Ha IeHCTBUETO Ha B3pHBa Ha 3apsaa n npu Q = const:

Tabauya 3.3
Paguyc HA 0MacHATA 30HA 32 XOPa M, NPH 3HAYEHHE HA 10-
JInHust Ha HA-MAJIKOTO KasaTeJisi Ha B3pMBA Ha 3apsa (n)
cbrporuBJieHue (W) He
noBedve 0T, m 15 20 25
1,5 250 300 350
2,0 350 450 550
4,0 450 650 750
6,0 550 750 950

3.2. IPUJATAHE HA CIIENMAJIHU 3APAIU IIPU
PAZPYIIABAHE HA EJIEMEHTHU HA KOHCTPYHIIMU U CTPA/IN

3.2.1. IPOBUBHO JIEMCTBUE HA KYMYJIATUBHU 3APSI N
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[TporiechT Ha MPOHWKBAHE HA KyMYJIaTUBHATA CTPYS B mperpajaa € nogodeH Ha oopat-
HUS Tporiec Ha oOpa3yBaHeTo i (Dur. 3.1.).

o Tonko®airadKodkpoanserpsa HaTRy NiypEer [PRETR CIP Y SDHAPEAaHa KyMyJIaTUBHATA
CTpysl, TOTaBa:

(3.13) U= W-Uy=0
win wW=U,;
TOraBa:
(3.14) U=Wi0,=2W:
OTKBJIE H/IBA CKOPOCTTAa HA IPOHHUKBAHE HA KyMYyJIaTUBHATA CTPYSI
(3.15) w:%.

OmnpenensiMe 1pI004YMHATA HA IPOHUKBAHE HA KyMyJIaTUBHATA CTPYs B IIperpaja, ako
ebeKTHBHATA IBIDKUHA HA CTPYsTa € Ly, ckopocTTa B Touka A (Dwur. 3.2.), KOATO ce paBHsBa

. U
Ha U , a ckopocTTa Ha HEITHOTO MPOHMKBAHE B Mperpajara e W:?'

@ur. 3.2. /IbnbourHa Ha IPOHUKBAaHE Ha KyMyJlaTUBHATa CTpys

Bpeme Ha mpoHWKBaHE HA CTPYsITa B Mperpaaara:

(3.16) {, — o

. Yy
Touka ,,0° e ©3MHUHE Pa3CTOSIHUE B MperpajaTa:
(3.17) h=t,,. W=l

JIbnbounHaTa Ha MPOHUKBAaHE HAa KyMyJIaTUBHATA CTPYs B IIperpajara B ciiydas,
KOTaTO MaTepHalbT Ha CTPYATA U MPErpajara ca eAHAKBH:
(3.18) h=l,

A KoraTo MaTepHa bT Ha CTPYSTa U MperpajaTa € pa3indueH, TO:

(3.19) p=y| Peme
pnp
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[Ile cuntame BB3ACHCTBUETO HA CTPYSTa CPEIlly Mperpaaara karo abCoJIFOTHO Heelac-
TUYHO.

@ur. 3.3. Bp3aeiicTBue Ha KyMyJlaTUBHATa CTpYs BbpPXY Iperpana

(3.20) dJ = P.dt = W.dt.p.dF.(W-0)
OTKBIETO P= pW;
_U,
HO =5
TOraBa:
2
3.21) p= PZJ .

[Ipu onpenensiHe Ha HaJIATaHETO BHB (hopMyIiaTa TpsaOBa Ja ce B3eMe M0-HUCKaTa OT
IUTbTHOCTUTE Ha CTPYATA U Mperpajara.

3.2.2. IEICTBUE HA B3PUBA HA KYMYJIATUBHUTE 3APSIU MPHA
PA3PYIIABAHE HA JIPYTU MATEPHUAJIU (C U3KJIOYEHUE HA
METAJT)

OT U3uKCIeHHsITa CTaBa SICHO, Y€ 3a pas3riiekJaHUTe ClIy4yal CKOPOCTTa Ha CTpysTa €
U = 10000 m/sec, ckopocTTa Ha ipoHUKBaHe € W = 5000 m/sec v CKOPOCTTa HA 3ByKa € a; =
5100 m/sec, T.e. IPOLIECHT TYK IIe ObJIC JO3BYKOB B OTJAAJICUEHN MaTCPHUAIIH.

B HsikouW apyru marepualiv, CKOpOCTTa Ha 3BYKa, € 3HAYUTEIHO MO-MaJIka U Tporeca
e Obie CBPBX3BYKOB, T.€. MPEAH CTPYysITa BCeE OIlE Ie UMa yaapHa BbiHa. [lopaau ynapha-
Ta BBJIHA OT MPOTHUBOIOJIOKHATA CTPAHA HA MpErpajara Bh3HUKBA OTKOJN (OTKBPIIBAHE) U CE
00pa3yBar MyKHAaTHHH | 10 TO3W HAYWH CE yBeJMyaBa pa3pymmteaauar eext (dud. 3.4).

VYYY Iy ey YTYY

@ur. 3.4. O6pa3yBaHe Ha MyKHAaTUHU OT KyMYJIaTUBHATa CTPYsI

B MHorocioiiHa nperpana (HarmpaBeHa OT MaTepUaNd ¢ Pa3IniHa CKOPOCT Ha 3BYKa) €
BBH3MO’KHO JIa C€ JIOKAJIM3Upa pa3pylIeHHEeTo B MOBbpXHOCTHUS cioi (Pud. 3.5).
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w0

Ak

T

@ur. 3.5. Pa3pyiieHue B IOBbPXHOCTHHS CJIOM HA MHOT'OCJIOWHA IIperpajia

3.2.3. METOJIUKA 3A U3YNCJIABAHE HA EOEKTUBHOCTTA HA
KYMVYJIATUBHUTE 3APA/IN

W3uucnsBanero Ha epeKTUBHOCTTA Ha KyMYJIATUBHUTE 3apsiid ce Ipejyiara i1a obe
U3BBPIICHA B CJI€IHATA MOCJIE0BATEIHOCT:
- opmara Ha KyMyJaTHUBHUS 3apsi]l TpsaOBa 1a Obje 3a/1ajieHa;

I | {- | |
+ r L) ¥ ) -

| |
—t -~ +—4- 4
19713 127 i 10°(9° 8 7" 6 5 4

I — qu: -
.‘ £

Xo

= —

@wur. 3.6. 'padukara Ha pa3pOCTPaHEHUETO HAa B3PUBHUTE MPOJYKTH Ha 3apsijia

- rpaduKaTa Ha pa3MpPOCTPaHEHHETO HA B3PUBHHUTE MPOAYKTH Ha 3apsanga (Pdwur. 3.6)
nokasBa eeKTHBHaTa JAe0eIMHA Ha B3PUBHUS CJIOH 32 peaulia HEMOABMKHNA TOYKU Ha OOJIH-
[IOBKaTa Ha KyMYJIaTUBHUS pa3pes;

- Karo ce B3emar npenBuj peaqHaTa CKOPOCT Ha JIETOHAIMS M CKOPOCTUTE HA BCAKA
YJaCTHILIA, OTIPEICJICHN OT IIPEAXO0JHATa TOUKA, MPOGUINTE HAa OOBUBKATa ca KOHCTPYUPAHH 3a
MOMEHTHUTE Ha MpHOJMKaBaHEe Ha BCUYKHM TOYKH KbM OCTa Ha maspesa. Taka ompeneneHuTe
BIJIM MEXAY MOCOKaTa Ha OOBMBKAaTa M OCTa HA KyMYJAaTUBHHS Pa3pe3 ca B3ETU CIIOpPEN U3-
YHCIIEHHATA (32 BCSIKA TOYKA I1I€ MMa CBOH BI'bJI (L);

- ceraacHo Gopmynn 2.71 u 2.72, CKOPOCTUTE HA KyMyJIaTUBHATA CTPYS CE M3UUCIIS -
BaT 32 BCSIKA KOHTPOJIHA TOYKA,

- MOMEHTHT Ha 3aBBbpIIBaHE Ha 00pa3yBaHETO HAa KyMyJaTHBHATa CTPYs ce Ompe-
nens o opmyara:

ly.tga,
t =220
(3.22) g
kbjeTo: U, - M3X0/s11a 0cTa Ha MocyieIHaTa TouKa Ha KyMyJIapHBHATa CTPYS;
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- TO3WIMATA Ha HyJIeBaTa TOYKA B Kpasi Ha 00pa3yBaHETO Ha KyMyJIaTUBHATA CTPYs

(3.23) X=U,t,;

- 0 ChIIWA HAYHH CC ONPCACIAT MECTATa HAa BCUYKHW KOHTPOJIHU TOYKH;

- Ha MecTaTa Ha HaMEpPEHUTE TOYKH BHB BepTHKaIHaTa ckaya (ur.3.6) ce HaHACAT
CKOPOCTHUTE B T€3H TOYKH;

- Ha rpaduKara Ha CKOpPOCTTa 3HAYEHUETO Ha KPUTHYHATA CKOPOCT 3a MaTepuaa
Ha JaJieHaTa Mperpaja U KymyJlaTUBHATa CTPYys ,,U’,jp“ ompezens epekTUBHATA IBDKMHA Ha
CTpySTa;

- ONpEeNeJIeHOTO MO TO3W HA4YMH pa3CTosHME OT Touka ,,0”7g0 3apsan ,L” e
ONTUMAITHOTO OT/IAJIeYaBaHe Ha 3apsijia OT Mperpajaara;

- nmen0bodrMHATA HA IPOHUKBAHE B Iperpajata ce ompeaels no ¢popmynu 3.18 wim
3.19;

AKO W3UYHUCIICHUS 3apsIbT HE MPOOMBA Mperpajarta, M3YUCICHUETO CE MOBTaps,

JIOKATO Ce TIOJIYYH 3apsi/i C HEOOXOMMHUTE TTApaMETPH.

3.3 TEXHUYECKHU PEIIEHUSA 3A ITIOBUIIABAHE HA
E®EKTUBHOCTTA HA BP IIPU ACJ

3.3.1. ONPEJAEJAHE HA HEOBXOANMMUA BAJIACT BbPXY
B3PUBHOTO II0JIE

OCHOBEH M3YUCIUTENCH €JIeMEHT IIPU MPOEKTUPAHE Ha 3AIIUTHOTO YCTPOWCTBO € He-
roeaTta Maca. Macara Ha 1m” mOKpHMBHA ILIOL Ce Onpeess 110 hopMyiara:
(3.23) P.=k.w.p, kg/m?
KbJIETO: k € KOe(UIIEHT, 3aBUCEIIl OT THITA HAa TIOKPUTHETO;
w — np100YMHATA HA pa3apoOsBaHe, m;
p — o0eMHaTa ITbTHOCT Ha MaTepuajia Ha paspyluaBaHus oOexT, kg/m’ (Tabnmua
3.4).
[Tpu razonponyckauBUTe 3alUTHA ycTpoiicTBa k = 0,07, a 3a Ta30HETIPOIYCKIMBUTE Kk
= (0,25, KOorato CbOPBKEHUETO € MOCTAaBEHO Ha U3BECTHA BUCOUMHA Hax obekta u k = 0,33, Ko-
raTo CbOPBKEHUETO € MOCTAaBEHO HEMOCPEACTBEHO BhPXY 00EKTa.

O0eMHA IIBTHOCT HA CTPOUTEJTHH MATEPHAIN

Tabauya 3.4
MarepuaJ ILasTHOCT p, MarepuaJ IlasTHOCT D,
kg/m’ kg/m’

CkanHu matepuaiu beron

6azant 2700-3000 OOMKHOBEH 2300

TpaHUT 2600-3000 CTOMaHOOETOH 2500

MSCHYHUK 2700 acdanrobeToH 2200

Mpamop 2600-2700

BapOBHK 2500-2900 Mertan

Mepren 2500 CTOMaHa 7800

[JIMHECTU IIUCTU 2500-2600 YyTyH 7200
W3kycTBeHN MaTepuaiu

TyXJIU 2500-2600

Crypus OT JOMEHHU

e 1100
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[Tpu u3noI3BaHE Ha 3AIIUTHO YCTPOWMCTBO, YMATO Maca € ompezeiieHa mo ¢opmyia
(3.23), kbcoBeTe OT pa3pylIaBaHus OOCKT ce JTOKATU3upar B 30Ha ¢ paguyc 10-15 m.

B®B B3pHBHOTO /€710 CEe M3MOJI3BAT 3alIMTHU YCTPOUCTBA OT HAW-pa3IMueH XapakTep,
MOBEYETO OT KOUTO ca U3pabOoTeHU OT MOJPHYEH MaTepHal.

3.3.2. 3AIIIUTHYU MOKPUTHUS HA EJEMEHTHA U KOHCTPYKIIUU HA
CTPAIM

3amUTHO MOKPUTHE CE M3MOJ3Ba NP pa3pylllaBaHe Ha UBHYHU U MAacCHBHU (yHIa-
MeHT. KoHcTpyKuusTa My ce ChCTOM OT AbPBEH CKEJET, BbPXY KOWTO € IMOCTaBeHa MEeTalHa
Mpeska. ToBa moKpUTHE c€ OTHACS KbM ra30HENPOINYCKINBUTE 3aIUTHU YCTPOICTBA.

KyTueo6pa3HoTo MeTa/iHO MOKPUTHE C€ M3IMOJI3Ba MPH YCTPOWBaHE HA TPAHILIEH U
KaHaJIM 10 B3pUBEH HAYWH B OMM30CT M0 oXpaHsBaHU 00ekTH. [IOKpUTHETO TpencTaBiisBa
1IeiHa, BbpXY KOATO ca 3aBapeHu MeTaiHu pedpa, u uMma ¢popMa Ha KyTus Oe3 Kamak. Brpxy
METAJIHUSI CKEJIET € MPUKPETNeHa TellieHa Mpexa (pabuma). OOMKHOBEHO € ¢ mupodynHa 3-4,
IbJKUHA 6-8 1 BUCOUMHA 0K0JI0 1,5m. M3noii3Ba ce KaTto ra3onpoIyCKiIuBO U Fa30HENPOITyC-
KIIUBO ChOPBKEHHE.

IloxkpuTHe 0T ABTOMOOMJIHM F'YMH ce U3pab0OTBa OT CTapy TaKUBa, KOMTO Ca CBHP3a-
HU TIOMEXAY CH C Jiebera Tesl WM apMaTypHO JKeJsA30 Ha oTAenHu muroBe. [lopaau cBosra
cOOCTBEHa Maca U 3[paBHHA OCUTypsBa BUCOKOKaYECTBEHA 3aIllUTa.

IlokpuTHe OT rpeau MM TAINH ce u3paboTBa OT rpenu ¢ aumeTsp 20-25 cm wim
tanmu ¢ aedenuna 8-10 cm, CBbp3aHU NOMEXKAY CU ¢ O0ITOBA, BhKETa WU TEl. 3a yBelIuya-
BaHE Ha TAXHATA TPAHHOCT OT BHTPIIHATA CTPAHA C€ IOKPUBAT ChC CTAPH ABTOMOOUITHH T'yMH.

AMOpTH3aTOPBT € MpeAHa3HAueH Ja MoeMe ylapa OT MaJaHeTo Ha pas3pylleHara
crpaja ¥ Ja mpejmnas oT MoBpeaa Ha TPHOOIPOBOAM U IPYTH MOJI3EMHH ChophkeHus. Konc-
TPYKLMSATA My C€ CbCTOM OT JB€ MACHYHM BBH3IVIABHUIIM C BUCOYMHA lm, pa3noyioKeHU MO
JIBbJDKUHATA Ha OXPaHsIBAaHOTO ChbOPBKEHUE. BbpXy TAX ce HapexxaaT rpeau ¢ quamersT 15-20
cm.

3alMTHUTE CTEHH HAaMUpaT MPWIOKEHUE IMPHU pa3pylllaBaHE HA OTACIIHU CTCHH U
crpaau. [IpeacraBnsBar muTOBE M3PAOOTEHH OT ABPBEH MaTepHajl WIH OT YyBaJId HAITbJIHE-
HU ¢ 1cbK. [lo OTHOLIEHNE Ha 3alMTaBaHaTa CTEHA MOrar Ja ce€ IOCTAaBSAT BEPTUKAIHO WIN
noj, HakJIoH 45°. Tlpu BepTUKAJIHUTE 3alIUTHU CTEHHU CE€ YCTPOBAa KO3UPKA, KOSITO JlaBa Bb3-
MOKHOCT pa3/ipoOeHaTa 3ujapus Jja ce CTpyIia B MPa3HOTO MPOCTPAHCTBO MEXKAY 3alUTHATA
U pa3pyllaBaHaTa cTeHa. 3allUTHUTE CTEHU ce pas3mnojarat Ha 1,5 — 2 m oT BbHIIHATA CTpaHa
Ha CTpajiara 1o Is1aTa 1 0OMKOJIKa ¥ UMAaT BUCOYMHA 2 — 2,5 m.

IIpenna3nu mMTOBE IPEANA3BaT CTHKIATA HA MPO30PIIM, ATPETATUTE U CHOPHIKEHUS -
Ta OT pa3lpbCKBAHETO Ha napueTa ot 3ujapusd. [IpeacraBinsBar AbpBEHU IUTOBE U3PAOOTEHU
OT I'bCKU C JlebennHa, He Mo-Majka oT 3 cm.

IlokpuTHe 0T HAKOJIKO CJI01 CTOMaHEHA MpeXKa, 3aTHCHATA C YyBalu OT IISICHK,
MpeJina3Ba pa3iMTaHETO Ha MAJIKU CKaJIHU KbcoBe. HeoOxonumo e aa ce cieau Aa HsMa KOH-
TaKT MEX/1y IPOBOJHUIIMTE HA €JIEKTPOB3PUBHATA MpEka U CTOMAaHEHATa Mpexa.

IIpenna3HuTe IMUTOBe U MOKPUTHUSATA OT CTOMAHEHA MpeKa ce Mpuiaratr Hail-Beue
3a 00IIMBaHE Ha B3pUBSBAHUTE KOJIOHU IPU pa3pylllaBaHe Ha CKeleTHH crpaiu. [lokpuBaneTo
Ha KOJIOHUTE C AbPBEHU IIUTOBE CE MPaBU OT BCUUKHU CTPAHH, a IIPHU MOKPUTHE ChC CTOMaHEHA
MpeXxa Ha KOJIOHUTE Ce€ TPaBAT 5-6 OOMKOJIKH.

I'eoTekcTH/IHM MJIATHA C€ MOCTABAT OT BBIIIHATA CTPAHA HA CKEJIETHUTE CIPaau Cle[
OOIIMBAaHETO HA KOJIOHUTE C LIeJ1 HaMaJsiBaHEe Ha Pa3IUTaHETO Ha Mo-ApeOHU Kbcoe. llpu
Crpajii ¢ BUCOYMHA JI0 ABaHA/IECET eTa)ka IJIaTHOTO TPsOBa Ja 00XBaHE Hail-MajKo MbPBUS U
BTOpUS eTax. [Ipy Mo-BUCOKM Crpajiy ce MOKPUBA U TPETUS €TAK.
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H3noa3BaHeTo Ha 3allIUTHHU YCTPOﬁCTBa HaJilara ga ¢€ HaMaJId OTHOCUTCIIHUA Pa3Xol
Ha BB u Ja C€ YBCJIIMYU ObJDKMHATa Ha 3a0uBKaTa. 3a I/13pa6OTBaHCTO, IIOCTAaBSAHETO U CHEMA-
HCTO MM Ca HCO6XOI[I/IMI/I AOI'BJIHUTCIIHU CPCACTBA, BPEMC U TPYd, KOCTO BOAMN OO yBCIMYaBa-
HE Ha pa3XOoJUTE Ha BPUBHUTC pa6OTI/I.

He3aBucuMo oT TOBa B HaCEJIEHU MECTA U B OJIU30CT 0 OXpaHsABaHU 06CKTI/I, CC HaJia-
ra aa c€ HU3I10JI3BaT 3allIMTHU YCTpOﬁCTBa.

3.3.3. YCbBBbPIIEHCTBAHE HA TEXHOJIOI'MUTE HA B3PUBHH
PABOTHU IIPU ABAPUUHO-CITACUTEJIHU JEUMHOCTHU

KwinimHuTe ¥ NIPOMHUIUIEHUTE CIPajy c€ OTJINYABAT ChC CBOMTE KOHCTPYKTHUBHH OCO-
6enoctu. Ilpu HIKOM OT TAX TOBApHT CE MOEMa OT CKeJeTa Ha Crpajara, a mpu APYrd — OT
BBHILHUTE HOCEIIM CTEHU. BB Bpb3Ka C TOBa BbB B3pUBHATA IIPAKTUKA CTPATUTE CE Pa3IIIeK-
JIaT KaTo CKEJIETHU M OE3CKENICTHH.

KoHCTpyKTHBHUTE OCOOEHOCTH Ha CrpaJiuTe MAJKO WJIM MHOIO BIIMSAT BBPXY paspy-
maBaHeTo uM. Ilpu ckeneTHUTe crpaam TpsiOBa a ce pa3pylld HOCelaTa UM KOHCTPYKIHS, a
npu Oe3CKeNIeTHUTE Pa3pylIaBaHETO Ha HOCEIIUTE CTEHU € I0CTaThYHO 32 Jja ce CbOOpH crpa-
JaTa.

Koraro pa3pyiaBaHeTo ce U3BbpILBA IPU OTPAHUYEHU YCIOBUS, T.€. B OJIM30CT ce Ha-
MUpAT CTPaIH U CbOPBHKEHUS, KOUTO TPAOBaA J1a ce MPEANassaT OT MOBPE/a, 3a MPEINOYUTAHE €
cbOapsHeTO J1a ce U3BBPIIM 10 HanpasieHue. OCHOBEH METOJI Ha pa3pyllaBaHe Ha Crpaju ce
CUMTa METOABT HAa MAJKUTE 3apsiau. B oTnennu ciaydan, Korato MEpKHUTe 3a 0€30MacHOCT ca
3aHW)KEHU M JIMIICBAT OXpaHsIeMU O00EKTH B OJU30CT 0 pa3pyllaBaHaTa Crpaja, MOXe Ja ce
npuiara MEeToAbT Ha KOHTAaKTHUTE BBHIIHU 3apsSad, HO MHOTO TOYHO TPAOBa Ja ce Onpeaeiu
panuychT Ha IEHCTBHE Ha Bb3/yIIHATA yIapHA BbJIHA U PA3JIUTAHETO HA OCKOJIKU.

Pa3pymiaBaneTo Ha CKEJIETHU Crpajid MOXKE JIa C€ U3BBPILU 110 B3PUBEH HAUMH HA MSIC-
TO WJIM IO HaIpaBJICHE.

Pa3pymiaBaneTo Ha CKeJIETHHU Crpajy IO HAIPaBICHHUE BKIIOYBA Pa3pylIaBaHe HA Ipe-
JUTE, IUIOLUTE U KOJIOHUTE MoeTakHo. ['peanTe U muiomuTe ce pa3pyliaBar Ha apyera, a Ko-
JIOHWTE CBIIO Ha MapyeTa, HO Ha pa3IMuYHU HUBA B HAKJIOHEHA moi brbj 15-20° miaockocT.
ITpu ToBa 3a na ce ocurypu cbOapsiHe 10 HAIIpPaBJICHHE, YEITHUTE KOJIOHH CE pa3pyllaBaT C
TPHU pela 3apsau, CPEIHUTE C 1B peia U 3aIHUTE C €I0H pe/l.

IIpu Ge3ckeneTHU crpaju Ha paspyllaBaHe HMOJIekKAT HOCEIUTE CTEHH, IIPErpagjHUTe
CTEHH , KOJIOHUTE M IJIOYHTE, aKO MMa TakuBa. [Ipu paspymiaBane Ha OE3CKENETHU CIPaaH IO
HalpaBJIEHUE 3apsiiuTe Ce pasloJiaraT B €Ha B3pUBHA IUIOCKOCT, HAKJIIOHEHA CIPSIMO TepeHa
noJ brea 15-20°. B3puBHUTE Mynku ce mpoOMBAT OT BBTPEIIHATA CTPaHa Ha Crpajara o -
nata i obukosika. B crenute, 0ObpHATH 110 OCOKA Ha MaJaHETO, ce MpoOUBAT 2-3 XOPHU30H-
TaJIHU peJia B3PUBHU AYIKH 32 TYXJICHH U Hail-Manko 3 pena 3a CTOMaHOOETOHHU CTEHU. B
CTpPAaHUYHHUTE CTEHU ce NMPOOMBAT 2 HAKIIOHEHU peNia, a B TWJIHUTE CTEHU — €UH XOPU30HTa-
neH pen. [IspBust HakJIOHEH pen ce pasmnosnara noj bruja 20°, BTopusT pea — noj brea 15° .
ITpu ToBa TecHMA Kpail Ha KJIMHA € Ha BUCOUYMHATa HAa XOPU30HTAIHUSA peJl 3aps iy Ha 3a/HaTa
CTEHA.

BbTpemHuTe cTeHM ycopenHU Ha cTpaHaTa Ha cbhOapsHETO ce NpoOuBaT ¢ €IUH-IBa
pena B3pHBHU AYIKM Ha HUBOTO HA B3PUBHHUTE AYIKH OT HAKIIOHEHUTE PEIOBE HA CTPAHUYHH -
TE€ CTEHH.

[Ipu pa3pymaBane Ha O€3CKEJIETHU Crpajau MapaMeTpuTe Ha MPOOHMBHO-B3PUBHUTE pa-
00TH ce OIpPEeeNAT KaTo ce U3M0JI3Ba METOIMKA B ClIEHATA M10CJIEA0BATEIHOCT:

- MapaMeTpu Ha MPOOUBHO-B3PUBHUTE PAOOTH 32 BHHIIHU CTCHU;

- IapaMeTpHu Ha NPOOUBHO-B3pUBHUTE PAOOTH 32 BHTPELIHU CTEHH;

- mMapaMeTpu Ha NPOOUBHO-B3pUBHUTE PAOOTH 32 BIIIOBH B3PUBHU JYTIKH.
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BbHIIHNTE CTEHU ce pas3riiexaT KaTo HOCEUIU (HaTOBapeHN), a BbTPELIHUTE KaTo He-
HaTOBapeHH. B moBeueTo ciydyau Te ca CBOOOJHOCTOSIIIH.

[TocnenoBarenHocTTa 3a ONpElNEIsIHE HA IapaMETpUTE € KaTo IpU pas3pyllaBaHE Ha
CTEHU OT TyXJIM, OETOH U CTOMaHOOETOH:

- OlpelessHE Ha JIUHMSTA HA Hall-MaJKOTO ChIIPOTHUBIICHUE
(3.24) W=05.bem m
KbJIETO W € NMHUATA Ha HAal-MaJIKOTO ChIIPOTUBIICHUE;
b.,- nebenvna Ha crenara.
- ompeneisiHe Ha Pa3CTOSHUETO MEXAY B3pUBHUTE AYyIKU
(3.25) a=052W,m
KBJIETO @ € Pa3CTOSHUETO MEXAY B3pUBHUTE AYIKU.

Haii —4gecto a = W; a = 1,5W nu a = 2W. Haii — 1o0po pa3pylieHue ce Mmojy4aBa mpu
L5W<a<W.

3a CTeHU OT TyXJIU U O€TOH NpH b, >2m U 32 CTEHU OT CTOMAaHOOETOH NpH b, >1m ce
npuema a < W.

MakcuMaTHHUTE PAa3CTOSHUS MEXKIY B3PUBHUTE IYIKHU MPU CTEHU OT CTOMAHOOETOH €
0,5 m, a mpu cTeHH OT TyxJik € 1 m.

I'onemure ¥ MacuBHU IOCTPOMKM CE€ pa3pyllaBaT Ha JABE 4acTU. B TakbB Ciydai IO
BEepPTHUKAJIHATA TUIOCKOCT, KOSITO MMa 3a 3ajiaya Jia OTpeXe 4YacT OT crpajara, ce pa3pyliaBar
BCUUYKH KOHCTPYKTHUBHH €JIEMEHTHU (CTEHH, rpeau, mioun). [Ipu ToBa B3pUBSIBAHETO HA 3apsi-
JUTe, Pa3MOJOKEHH BHB BEpPTHKAIHATa IJIOCKOCT, M3MpPEBapBa C €IHA CTEINEH OCHOBHOTO
B3PUBSIBAHE.

[Ipu paspymaBane Ha 00€KTH ¢ KyOndHa popMa B HaIlpaBJIEHUE 32 CUTYPHOCT Ha pa3-
PYILIaBaHETO € IeNIechoOpa3HO ChIIO MbPBOHAYAIHO CTpajaTa Aa Obae pazps3aHa Ha JBE OT-
JIEJIHY YacTH U TIOCTIEI0BATEIHO B3PUBSBAHE HA BCSKA YACT MO OT/AETHO B €JHO HAIPaBIICHUE.

[Ipu paspymiaBaHe Ha BUCOKH CTpagu M KOHCTPYKIHH ¢ (hopMa Ha mapaselielumne] B
HaIpaBJICHUE ce Mpeyiara B3puBsABaHe Mol brui 15° camo Ha mbpBUTE 3 — 4 e€Taxka, MpU Koe-
TO C€ IIOCTUTAT CIEAHUTE PE3YJITaTH:

- 3HAUMTEIHO HamaysgBaHe Ha Opos Ha B3PUBHUTE QYNKH U ChKpalllaBaHE Ha Bpe-
METO 32 TAXHOTO MPOOUBAHE U 3apeKIaHe;

- HaMajsiBaHE KOJIMYECTBOTO Ha M3IMOJ3BAHUTE €KCILIO3UBU U OTpaHUYaBaHE Mepu-
MeThpa Ha BPEITHUTE UM Bb3/ICUCTBUS;

- paspyliaBaHe Ha KOHCTPYKIUUTE MPU OTPaHUUYEHO MPOCTPAHCTBO B OIU3OCT 10
OXpaHSIeMH OOCKTH.

MN3BOJAU OT I'JIABA TPETA U INPEIVIOKEHUSA

B pesynraTt Ha npoBeieHUTE U3CIEBAHUS U TIOJIYUYEHUTE Pe3yJITaTH MOraT Jia ce Hall-
paBST CIIETHUTE U3BOIU:

1. [IpemoxenuTe CTOMHOCTH Ha KoedurieHTUTe Ha 3a0uBKata K3 u Ha koedureHTa
3aBUCCI] OT INTBTHOCTTA HAa MAaTCpHaJia NU3II0JI3BAH 34 38.6I/IBK8. KHJI, HaMaJIiBaT BPCAHUTC Bb3-
JIeHCTBHS Ha B3pHBa MPH yJapHa BbJIHA U PAa3JIUTaHE HAa CKAJIHU KbCOBE, KATO CE HaMalsiBa
paanyChT Ha OMACHATA 30HA 32 XOpa M BB3MOXKHUTE MOBPEIU 32 MPHIIICKAIIUTE CTPAIU B 30-
HaTa Ba JCHCTBHE Ha B3PUBA;

2. 3non3BaHeTo Ha 3alIUTHH YCTPOICTBA € 3aIBJDKUTEIHO, KOTaTO TPsiOBa Jla ce ChK-
paTH paauyca Ha omacHarTa 30Ha, IPU B3pUBSBAHE HA TEPUTOPHUATA HA HACEJIIEHU MECTa WU B
MPOMHIIUIEHH MPEANPHUATUS U KOTaTo Xopara ce HaMUpaT CPAaBHUTEIHO O30 10 00EKTa,
KOWTO IIIE € pa3pyliaBa;
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3. Ilpu paspymiaBane Ha BUCOKH CTPaJH U KOHCTPYKIUH ¢ (hopMa Ha Hapaliesenune],
MPETOPHYUTENHO € B3PUBSIBAHETO Ja C€ U3BBPIIHU O] BI'bI 38 MbPBUTE 3-4 eTaxka MpH paspy-
I1aBaHEe Ha KOHCTPYKLUUTE MPH OTPAHUYECHO MPOCTPAHCTBO B OJIM30CT 10 OXpaHIEMHU OOCKTH
Y 3a JIa ce HaMaJId 3HAaYUTEHO Oposi Ha B3PUBHUTE IYNKH, KOJMYECTBOTO HA M3MOJI3BAHUTE
€KCIUIO3MBM U J]a C€ OTrpaHMYU IEPUMETbpa Ha BPEIHOTO BB3/ECHCTBHE HA B3pUBA.

HAYYHO - [IPUJIOKHU U ITPUJIOKHU PE3YJITATHU

HAYYHO - IPUJIOKHU PE3YJITATHU

1. YcTaHOBEHO €, 4e pa3iMyHUTE 3alIUTHU MIPEeTpaayd MEX/IU 3allUTaBa-HUTE OOEKTH U
BpPEIHUTE BBH3/ICHCTBHSI HA B3pHMBA HAJlaraT KOPEKIIMU Ha ChIECTBYBAIIMs (GOpMyJIeH arapar
3a ompeensHe Ha 0e30MacCHUTE Pa3CTOSTHHUS.

2. YCBBBPIICHCTBAHU U KOPUTHPAHU Ca CHIIECTBYBAIUTE U3YUCIICHHUS Ha Oa3aTa Ha
IIPOBEK/IaHE HA EKCIIEPUMEHT C B3pMBHU BEILIECTBA U 3aIlIUTHU CPEICTBA OT THX.

3. AHanmu3upaHa € TeOpusiTa Ha B3pUBa IIPHU M3IOI3BAHETO HA B3PUBHH BEIIECTBA C
1eJT TOBUIIIaBaHe e(DEeKTUBHOCTTA HA B3PUBHHUTE PAaOOTH MPHU aBapUHHO-CIIACUTEIHU JEHHOCTH
U € OMpe/eIeHO, Ye OCHOBHH TOpa3sBaiiu (paKTopu ce sBsBAT Pa3IUTaAHETO HAa B3PUBEHU Kb-
COB€, OCKOJIKM Y BB3YIlIHA yIapHA BbJIHA, [IOPAJH [10-TOJIEMUTE UM CTOMHOCTH CIPSIMO APY-
TUTE BB3ICUCTBHU.

4. AHanu3upaHa e TeXHOJIOTUATA Ha B3pUBHUTE paOOTH MpH pa3pylllaBaHe HA KOHCT-
PYKIIMU Ha CTPajiv ¢ pa3indHa opMa U ca IpeIIo’KeH HOBU METOAM Ha B3PUBSIBAHE, C IIEIT
HaMaJISIBaHe MOPAXKEHUATA OT BPEIHOTO BH3ACHCTBHE HA B3pHBA U MOBUIIIABAHE €(EKTUB-
HOCTTa Ha B3pUBHUTE PA0OTHU MPU aBAPUITHO-CITACUTEITHU JEHHOCTH.

IMPUJIOKHU PE3YJITATHU

1. IIpennoxenn ca BapuaHTH HA 3alIUTHH MOKPUTHS BBPXY 3€MHATa IMOBBPXHOCT C
pa3INYHU KOHCTPYKIMHU OT Pa3HOOOpa3HH MaTepHally 3a 3allliTa Ha OXpaHsSIBaHUTE 00EKTU OT
BB3JCHCTBUETO HA B3PUBA.

2. [IpenynoxeHu ca BapHaHTH 3a M3TPaKIaHe HA 3aIMUTHHU MOKPUTHS MPH B3PHUBSIBAHE
Ha BHCOKH CTPaJH U € J0Ka3aHO e(eKTUBHOTO M3IOJI3BaHE HA TEOIIATHO 32 HaMaJsiBaHE Ha
pa3iINTaHeTO Ha Hal-IpeOHNUTE B3PUBEHU KBCOBE OT KOHCTPYKIIHSITA;

3. [Ipemyoxenu ca HOBM METOJM 3a pa3pylllaBaHe Ha CTPaAH C KyOMYHA U KyJ1000pas-
Ha ¢opMa B OTPAHUYCHH YCIOBUS;

5. IlpeanokeHn ca HAYMHM 3a M3YUCIISIBAHE HA 3apsIUTE W IOCIIEIOBA-TEIHOCTTA HA
B3pUBSIBaHE MPHU pa3pylllaBaHe HA CTPAAU C pa3nuyHa Gopma, OCUTypsBalld e(HEeKTUBHOCT U
0€3011acCHOCT Ha B3pUBHUTE pabOTH;

6. [IpeanosxeHu U MOTBBPEHU ca KOpeKInoHHU koeduuentu K3 u K BB hopmyn-
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HUs anapar Ipy ONpelessHe MapaMeTpUTe OT Bb3ICHCTBUETO HA B3pUBA BBPXY XOpa, TEXHHU-
Ka U ChbOPBIKEHUS, 3aBUCEIIN OT BHJIa U CBOMCTBATa Ha MaTepHalia U3IMO0JI3BaH 3a 3a0MUBKa.

7. IlpennokeHo € onpeeNsiHe Ha O€30MacHUTE Pa3CTOSIHUS OT JICHCTBUETO HA B3pHBa
3a XOpa W TeXHUKa B 3aBUCHMOCT OT MacaTa Ha 3apsja Ha 0a3aTa Ha TEOPETHUYHHUS aHAIIU3 U
pe3yATaTUTE OT MPEKTUUYECKUTE U3CIICIBAHMUSL.
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I. GENERAL CHARACTERISTICS OF THE DISSERTATION

Relevance of the topic

The relevance of the research is determined by the fact that blasting works
(BW) meet the demand and the practical need to obtain certain capabilities and to per-
form tasks in carrying out emergency rescue activities (ERA). What is especially im-
portant at this stage in the operation is to increase the efficiency to achieve optimal
results.

In recent years, the natural disasters that have occurred on the territory of the
Republic of Bulgaria related to human casualties and huge material losses, determined
the need to increase the efficiency in dealing with non-military crises.

The Bulgarian Armed Forces perform tasks related to their participation in
emergency rescue operations, which are defined in the Law on the Armed Forces of
the Republic of Bulgaria and the Disaster Relief Plan of the Bulgarian Armed Forces.
As a result of emergencies in disasters, accidents and catastrophes in settlements and
in economic enterprises, there may be large destroyed areas of infrastructure, fire
zones, areas of radioactive contamination, floods, snowstorms, etc.

The implementation of these tasks presupposes the manifestation of efforts
with a high degree of complexity, risk and significance and is related to taking into ac-
count the influence of many factors, with the realisation of professional skills from
different fields of practice.

The characteristic feature of emergency rescue operations, and more precisely
of emergency rescue activities, is that they must be carried out in a short time with ad-
equate actions and systems for logistical and engineering support. Emergency rescue
activities are spefic in that they are determined by various factors. In one case, it is the
adequate action after they have occurred, and in others, it is the necessity to limit the
development of poverty, accident or catastrophe in order to prevent the possible onset
of catastrophic consequences of new fires, explosions, floods, landslides or slides of
snow masses, destruction of material resources or human loss. In a third type of situ-
ations, it is the rapid recovery in case of destruction of the utility network (electricity,
gas, water supply, and sewerage) after a disaster, accident or catastrophe. This is con-
firmed by numerous examples, both in our country and worldwide.

The current level of development of blasting equipment and technologies, as
well as the significant expansion of the use of the explosive effect in various areas of
the material present, and specifically in the field of emergency rescue activities, re-
quires maximum and comprehensive optimisation of methods, parameters and factors
to increase efficiency with a minimum of negative consequences of blasting.

The analysis of the results of the use of blasting work in emergency rescue
activities shows priority importance as one of the methods for demolition of poten-
tially dangerous buildings and sites, clearing of landslides, dissolution of accumulation
of unbound mass, etc.
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Aim and tasks of the dissertation

The aim of the dissertation is to study the factors influencing the effectiveness
of blasting and limiting the harmful effects of the explosion in emergency rescue oper-
ations.

In order to achieve the formulated goal, the following research tasks were set
for solving:

1. Study of the characteristics of the explosives used, special charges and
means of detonation.

2. Study of the effectiveness and safety of the applied explosive technologies.

3. Organisational and technical measures to limit the harmful effects of the ex-
plosion.

Methods of the study

The following methods were used in the development of the dissertation:
mathematical modelling, experimental method, theoretical (deductive) method, and
method of statistical approach.

Structure and volume of the dissertation

The dissertation has a volume of 120 pages, 62 reference sources, and appen-
dices.

The main results of the theoretical and experimental research are presented in
12 tables and 22 figures.

The dissertation consists of an introduction, three chapters, main conclusions,
scientific-applied and applied results, a reference list, and appendices.

The numbering of the formulas and figures in the abstract is according to the
original text in the dissertation.

II. CONTENT OF THE DISSERTATION

INTRODUCTION

The introduction includes a general characteristic of the dissertation and
presents the state and degree of development of the scientific problem, substantiating
the relevance of the research topic.

CHAPTER 1. FORMULATION OF THE RESEARCH TASK

.5. CLASSIFICATION AND ANALYSIS OF THE THREATS AND
ACTIVITIES IN EMERGENCY RESCUE OPERATIONS

The complex natural geographical structure of Bulgaria and its location in an
area of high seismic activity makes it vulnerable to disasters and accidents of natural
and man-made nature, which can cause significant human and material losses.
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Natural disasters are a consequence of dangerous geological, meteorological,
hydrological and other processes.

The technogenic risks are a result of the activity of existing sites with indus-
trial purpose, new industrial construction, destroying natural ecosystems and negative
impact of conserved sites with potentially dangerous properties.

Statistics show a high frequency of various types of disasters affecting our
country in the last decade, which is why Bulgaria is in the category of territories char-
acterised by a particularly high degree of risk in this sphere.

The percentage distribution of natural disasters in municipalities and the relat-
ive share of affected municipalities from natural disasters in 2016 are shown in Figure
1.1 and Figure 1.2.

M landslides
M floods

B carthquakes
M snowstorms

M storms, tornado, windspout,
whirlwinds

B drought
M hail
M ice, frost

i other natural phenomena

Figure 1.1 Natural disasters in municipalities in 2016
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Figure 1.2 Relative share of natural disasters that affected municipalities in 2016
The hazards according to the nature of the causes are subdivided into: anthro-

pogenic, natural and combined. The anthropogenic ones are caused by unintentional
and intentional human activity. Studies of social processes show that in recent dec-
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ades, the unpredictability of human thinking and behaviour has increased, and it has
become comparable to the behaviour of natural elements.

In-depth study of the issue helps to reduce the threats to the following groups:
natural, anthropogenic, ecological, biological, and social.

Rescue and emergency recovery work is a complex of diverse processes and
operations, the implementation of which aims to reduce and prevent casualties among
the population and material losses in the event of damage caused by terrorist acts us-
ing weapons of mass destruction, natural disasters, major industrial accidents, and
large-scale transport accidents.

The main tasks of the rescue and urgent emergency recovery works are carry-
ing out rescue operations and urgent emergency recovery works.

The conclusion from the analysis of the risks and threats of disasters for the
population and the environment in the Republic of Bulgaria is that different types of
disasters could occur that can cause significant loss of human and material resources
and adversely affect national security and stability in the area. The forecast of the pos-
sible events shows that their manifestation will lead to serious difficulties in the nor-
mal operation of the infrastructure in the disaster areas; vital management systems and
the normal functioning of the national economy and the living conditions of the popu-
lation will be disrupted.

1.6. ANALYSIS OF THE THEORY OF BLASTING WORKS

In specialised texts, the phenomenon of explosion is defined as the very rapid conver-
sion of a substance or mixture of substances from one state to another which is accompanied
by the release of heat and the formation of gases and vapours capable of performing mechan-
ical work to destroy and move the environment.

There are various cases of human errors in blasting and storage of explosives and ma-
terials:

- accidents in storage areas of Bulgarian military units and of the companies producing
and storing explosive materials;

- insufficient precision (inaccuracy) in determining the amount of explosive sub-
stances;

- non-observance of the safe distance when pieces are scattered and there is damage of
the air shock wave;

- poisoning with toxic gases, vapours, aerosols and dusts and lethal outcome for
people in the danger zone after blasting;

- unsuitable materials when making a coating to limit the scattering of pieces;

- violation of safety measures when carrying out blasting works in unsuitable
meteorological conditions;

- frequent cases of failed charges due to prolonged stay of blasting works in a
flooded environment or lack of duplicating (securing) nets;

- incorrect reading of the sequence of blasting of the charges resulting in a
large number of fragments and a strong air shock wave;

- inaccuracies in the preparation of projects for drilling and blasting works.

According to hydrodynamic theory, detonation is a rapid chemical conversion
that is accompanied by the propagation of a shock wave in explosives. At the front of
the shock wave, the density (p), the pressure (p) and the temperature (7) increase
sharply.

In detonation, there is a shock wave, but also a detonation wave.

50



Detonation wave is the totality of the shock wave and the adjacent zone of the
reaction of the explosive chemical transformation. Figure 1.3 shows a diagram of the
detonation of an open charge.
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Figure 1.3. Scheme of detonation of an open charge
1 — front of the detonation wave; 2 — front of the shock wave; 3 — front of expansion of the
explosion products; 4 — front of the discharge wave; 5 — non-expanded volume of gases; —
zone of chemical reaction; — effective part of the zone of chemical reaction

It is common to talk about the technology of different ways of blasting, as a
technology, meaning a set of operations that are performed in a certain sequence.

The choice of the method of blasting depends on the requirements of the Regu-
lations on labour safety during blasting works, Art. 95 and the available means of det-
onation (electric detonators, detonating cord or capsule detonators and waveguides).

1.7. EXISTING MODELS FOR PERFORMING BLASTING WORKS IN
HARD ENVIRONMENT

1.7.1. EXISTING MODELS FOR PERFORMING BLASTING WORKS IN
SOILS

Blasting works in soils are carried out by:

- destruction and disposal of soils;

- fragmentation of soils without disposal;

- formation of holes (cavities in the soil).

In accordance with the listed methods for carrying out blasting works in soils, the ex-
plosive charges used for this purpose are divided into the following types:

- ejection charges;

- fragmentation charges;
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- camouflet charges (charges that form holes).

Events related to the preparation and charging of the charging gap are known in the lit-
erature. It can be a blast hole, borehole, boiler or chamber cavity. Depending on the type and
shape of the charging gap, the following methods are known (Fig. 1.4):

- method of charges placed in blast holes;

- method of charges placed in boreholes;

- method of charges placed in boilers (pots);

- method of charges placed in chambers;

- open charge method.
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Figure 1.4. Charging schemes depending on the shape of the charging gap
a/ charge in a blast hole; b / charge in a borehole; ¢ / charge in a boiler; d, e /
charge in a chamber; f/ charge in a small chamber; 1-charge; 2-stemming; 3-

vertical excavation; 4-gallery
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1.3.2. EXISTING MODELS FOR PERFORMING BLASTING WORKS FOR

THE DESTRUCTION OF BRICK CONCRETE AND REINFORCED
CONCRETE STRUCTURES

In the literature, according to the type and technology adopted for their de-
struction, four main methods of destruction are known:

- external and internal charges;

- contact and non-contact charges;

- method of charges in explosive holes;

- small charge method.

The method of demolition is determined by the material, thickness, explosives,
available drilling tools and the conditions under which the blasting will take place.

The method of concentrated external contact charges is rarely used in the
demolition of brick structures with a thickness of less than 0.5 m and structures of
concrete and reinforced concrete with a thickness of less than 0.4 m.

The charges are placed next to the base in a row, and the distance between
them a should not exceed twice the wall thickness bon, 1.€. a@ < 2.bep.

The method of charges in explosive holes is characterised by a greater scat-
tering of the crushed material and a higher consumption of explosives than the method
of small charges. It uses explosive holes up to 52 mm in diameter and up to 3 m deep.

Parameters of drilling-blasting works are: line of least resistance W, the dis-
tance between blasting holes in row a, row spacing b, a length of the blasting hole /,,
mass of the charge Q, etc.

The normal drilling depth of the blast hole /,, is 2/3 of the wall thickness.

In the small charge method, the distance between the blast holes and the rows
is limited and reduced. The operating time of the blasting process is increased by us-
ing the so-called small charges and the scattered construction of the charges.

The method is used in blasting works in settlements, industrial and residential
buildings and near sites, communications and equipment. The blasting works are per-
formed with special precision, and the parameters are modelled with great accuracy.

Parameters of blasting works are: line of least resistance W, distance between
blast holes in row a, distance between rows b, length of blast hole /,, mass of charge
0, number of charges, etc.

1.8.

CONCLUSIONS, PURPOSE, TASKS, LIMITATIONS AND METHODS
OF THE RESEARCH IN CHAPTER ONE

CONCLUSIONS FROM CHAPTER ONE

The conducted analysis of the emergency rescue activities and blasting works
allows to draw the following conclusions:

1. There is limited information in known sources on research into the use of
explosives in order to increase the effectiveness of blasting operations in rescue opera-
tions.

2. In the analysed sources there is limited information about the proposed
methods in the elimination of the consequences of disasters, accidents and cata-
strophes using explosives.

3. The described methods for limiting the shock wave and the scattering of
pieces when using explosive works in emergency rescue activities are insufficient.
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CHAPTER 2. RESEARCH ON THE PROCESS FOR USING EXPLOSIVE
MATERIALS, SPECIAL CHARGES AND BLASTING MEANS IN
EMERGENCY RESCUE ACTIVITIES

2.4. RESEARCH AND ANALYSIS OF THE VOLUME AND NATURE OF
DESTRUCTION IN DISASTERS, ACCIDENTS AND CATASTROPHES

The main task at this stage is to determine the volume and nature of the back-
fills, on which depend the type and number of means for mechanisation of the rescue
and emergency recovery works (RERWs). As a result of complete demolition of resid-
ential buildings, for every 1,000 m3 of construction volume, 350-500 m® of backfills
are formed, and for industrial buildings — 50-200 m®. Their composition depends on
the material of the structure and the type of building, and their structure also depends
on the magnitude of the pressure of the destructive (shock or seismic) wave. Depend-
ing on the composition of the main mass of debris, the backfills are reduced to three
main types:

First type: Backfills which consist of fragments of reinforced concrete and
concrete elements and structures (reinforced concrete backfills).

Second type: Backfills which consist of fragments of reinforced concrete and
concrete elements mixed with fragments of destroyed brick walls (mixed backfills).

Third type: Backfills which consist of brick blocks, brick debris with wood,
metal and other ingredients (brick backfills).

Table 2.1 presents data on the composition of the backfills during the demoli-
tion of some types of buildings.

Depending on the structure, backfills are also classified into three types (Table
2.2). Table 2.3 gives data on the structure of the backfills depending on the shock
wave pressure. The volume mass of the backfills depends on the material of the con-
struction of the buildings, as well as on their structure. It can vary from 1.1 to 1.6 t/m’.

Composition of backfills depending on the type of building

Table 2.1
Content of the elements of the backfills during demoli-
. tion of different buildings (% of the total volume)
Composition of -
backfills brick Large-
resid- indus- wooden
ential trial panel
Brick blocks,
crushed bricks >0 25 ) 13
Fragments of re-
inforced con- 15 62 20 i
crete and con-
crete elements
Wooden parts 30 3 18 85
Metal structures 5 10 2 2

Classification of the backfills depending on the structure of demolition
Table 2.2

Type | Content of fragments (% of the total volume) | Density, |
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depending on the volume of backfill elements
Mor
¢ 0,5 - 0.1— Less %
than 0.8 m? 0.5 m? than
0,8 ’ ’ 0.1 m’
m2
. 5- 45 -
First 10 55 25-35 5-15 60 - 70
Second 5 2355_ 25-35 30 - 40 45-55
Third - 5-10 15-25 60 - 80| 40

The main parameters of the backfills are the height and the distance of scatter-
ing of debris. Data for these parameters are given in Table 2.4. It shows that at a pres-
sure of 40-50 kPa, the distance of scattering is approximately half the height of the
building. At a pressure of 100 - 120 kPa, this distance increases by 2.5 to 3 times, and
the height of the piles for the same type of buildings decreases by 1.75 to 2 times. The
data in Table 2.4 are for residential buildings. This height in case of demolition of in-
dustrial buildings is 1.5 - 2 times smaller.

Structure of the backfills depending on the pressure of the shock wave

Table 2.3
Content of debris with different volume in the
backfills
Pressure, kPa
> 0,5 m’ OJ'}i <0.1 m*
m
10 - 30 50 40 10
30-100 30 40 30
More than 100 10 20 70

Parameters of backfills in case of demolition of residential buildings
Table 2.4

Scattering distance (in the numerator), m, of the debris and the height

s of the backfill (in the denominator), m, at pressure, kPa

g &

-g é 40 60 80 100 40 60 80 100

=

Z Brick buildings Large-panel buildings

In the direction of the shock wave
7 10 13.5 13

2-3 3 2 2 2
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Scattering distance (in the numerator), m, of the debris and the height

s of the backfill (in the denominator), m, at pressure, kPa
-
P
-q'é é 40 60 80 100 40 60 80 100
=
4 Brick buildings Large-panel buildings
46 10 15 21 28 13.5 21,5 28 40
) 5 4 3 3 4 3 3 2
sl 4 2 30 4 20 3 4 56
) 7 5 4 4 5 4 4 3,5
Perpendicular to the direction of the action of the shock wave
6,5 9 10.8 12,5
2-3 3 2,5 2 2 i i i i
.g 8 15 14 16 1 14 16 18
i 5 4,5 4 4 5 4 4
8- 10 11 14 16 18 13.5 16.5 18 21
i 8 7 6 6 7 6 6 5

Continuous backfills of approximately the same height are formed at a pressure
higher than 100 - 120 kPa. Table 2.5 presents data on the height of continuous back-
fills, which are formed during the demolition of brick buildings in areas with pressure
greater than 100 kPa. In areas with high building density, such accumulations are
formed even at lower pressure. In this case, the height of the backfill is variable, as the
maximum values are observed within the contours of the destroyed buildings.

Height of continuous backfills

Table 2.5
Height of continuous backslides, m, in residential districts (in the nu-
Number of merator) and industrial sites (in the denominator) at
floors Building density, %
40 60 80 100
7 0,9 1,1 1,4 1,8
6-7 0,4-0,6 0,6 -0,7 0,7-0,9 0,9-1,2
1 1,9 2,1 2,7 3,9
12-15 0,9-1,3 1,1-1,4 1,4-1,8 1,9-2,6
20 2,7 3,1 3,9 5,7
20-24 1,4-1,8 1,5-2,0 1,9-2,6 2,8—3,5

The nature of street backfills depends on the magnitude of the shock wave
pressure, its width, the number of floors of the buildings, their type and orientation
with respect to the centre of the explosion. An indicative assessment of the degree of
street congestion can be made from the data in Table 2.5. It indicates the average val-
ues of the shock wave pressure at which continuous accumulations are formed. In
areas where the pressure at the front of the shock wave is less than that shown in Table
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2.6, it is possible to form local blockages on the streets if the buildings are damaged to
a medium or higher degree.
Shock wave pressure at which continuous backfills form

Table 2.6

Num- Average pressure of the shock wave at which continuous back-
ber of fills are formed, kPa
floors
of the
build- . .
ings in lli)‘;f;ﬂﬁf;l_ District high-

the . ways with City highways with
di streets with width 20 - 35 width 40 - 60 m
ree width 10 - 20
tion of m

m

the
streets

2-3 50 90 120

4-5 40 70 110

6-7 30 50 110

8-10 25 40 110

In various types of disasters, accidents and catastrophes, not all buildings are
completely destroyed. Individual elements or whole buildings with damaged structural
strength remain, which are potentially dangerous. They need to be destroyed in a
timely manner with the application of explosive technology.

2.5. METHODS FOR CONDUCTING BLASTING WORKS IN HARD
ENVIRONMENT

2.2.2. METHODS FOR CONDUCTING BLASTING WORKS WITH
BRICK, STONE, CONCRETE AND REINFORCED CONCRETE
STRUCTURES

In the literature, according to the type and technology adopted for the crushing
and demolition of brick, concrete and reinforced concrete structures, four main meth-
ods of demolition are known:

- external and internal charges;

- contact and non-contact charges;

- method of charges in explosive holes;

- small charge method.

The method of destruction is determined by the material, the thickness, the ex-
plosive materials, the available means of drilling and the conditions under which the
blasting will take place.

The method of concentrated external contact charges is applied in the de-
molition of brick structures with a thickness of less than 0.5 m and structures of con-
crete and reinforced concrete with a thickness of less than 0.4 m.

The charges are placed next to the base in a row, and the distance between
them a should not exceed twice the wall thickness bon, 1.€. a < 2.bep.
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Sacks filled with soil and other auxiliary materials may be used for stemming.
The mass of the charges Q is determined by the formulas:
- for brick walls
(2.1) On=12L.bcm, kg
- concrete walls
(22)  Os=15p.bcm kg
- reinforced concrete walls
(2.3) Ocns = 5,5..bem, kg
where f is a coefficient depending n the stemming (with charges with stemming
S =15, and without stemming f = 9);
b — wall thickness, m.

With a wall thickness of more than 0.5 m, in order to reduce the amount of ex-
plosive materials, it is advisable to place the concentrated charges in niches and ex-
plosive holes, and the extended charges — in gutters (furrows).

The mass of the charges placed in niches and gutters is calculated by the for-
mulas:

- for concentrated charges

(2.7) 0=12.p.bon, kg
- for extended charges
(2.8) 0,=0,5.5,0.8.bem.lem, kg
It is accepted that for both charges S = 3,5.

The method of charges in explosive holes is characterised by a greater scattering of
the crushed material and a higher consumption of explosives than the method of small
charges. It uses explosive holes up to 52 mm in diameter and up to 3 m deep.

Parameters of blasting works are: line of least resistance W, distance between blast
holes in row a, distance between rows b, length of blast hole /,,, charge mass Q, etc.

The normal drilling depth of the blast hole /,, is 2/3 of the wall thickness.

The line of least resistance W is accepted

(2.9) W=0,5b, ,m
The mass of the charge Q,, is determined by the formula
(2.10) 0w = q. W, kg

where W is the line of least resistance, m;
g — relative consumption of explosive, kg/m® (Table 5.6).
For brick and concrete walls, the distance between the blast holes a is

(2.11) an=as=1y ,m
and the distance between the rows b is
(2.12) bns = ams, M
With reinforced conceret walls
(2.13) Aeme = bens = (0.5 —0,7).155, m
The length of the charge /; is determined by the dependence
(2.14) l,=2/3-1/2).1p, m

The actual length of the blast hole /4 1s

- for free-standing walls
[

(2.15) mp=i2 3P, M
- for unilaterally stiffened walls
l b,
(216) me:[’fﬂj‘;’ m
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Values of relative explosive consumption ¢

Table
2.8
Thickness Thick- Values of .the relative3 consump.tion of
the explosive ¢, kg/m’ (ammonite Ne6)
of the des- ness of -
troyed wall the f(.)r for for rein-
Bewy M blastin brick con- forced
e hole walls crete concrete
L, m walls walls
0,45 0,30 2,20 2,40 2,60
0,50 0,33 1,98 2,16 2,34
0,60 0,40 1,65 1,80 1,95
0,70 0,47 1,43 1,56 1,69
0,80 0,57 1,10 1,20 1,30
0,90 0,60 1,00 1,08 1,17
1,00-1,30 0,67- 0,80 0,96 1,04
0,87
1,30-1,50 0,87- 0,77 0,84 0,91
1,00
1,50-1,70 1,07- 0,72 0,78 0,80
1,13
1,70-1,90 1,20- 0,55 0,60 0,65
1,27
1,90-2,50 1,27- 0,44 0,48 0,48
1,67

In the small charge method, the distance between the blast holes and the
rows is limited and reduced. The operating time of the blasting process is increased by
using the so-called small charges and the scattered structure of the charges.

The method is used in blasting works in settlements, industrial and residential
buildings and near sites, communications and equipment. The blasting works are per-
formed with special precision, and the parameters are modelled with great accuracy.

Parameters of the blasting works are: line of least resistance W, distance
between blast holes in row a, distance between rows b, length of blast hole /,, mass of
charge O, number of charges, etc.

The accepted line of least resistance W is

(2.17) W=0,5b, ,m
The distance between the blast holes a is recommended to be
(2.18) a=05m+2.W,m

The distance between lines b is determined by the dependence

(2.19) b=0,866.a ,m

The maximum values for b for reinforced concrete walls are 0.43 m, and for
brick and concrete walls — 0.85 m.

For complete fragmentation of walls, the blast holes are arranged in several
rows in a checkerboard pattern, and for incomplete destruction of walls the
blast holes are arranged in one row.

The length of the blast hole Iy is defined so that the charge is placed in the
middle of the wall with free-standing walls and closer to the stiffened part of unilater-
ally free-standing walls.
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The actual length of the blast hole Iy for a small charge is determined:

- for free-standing walls
bCT+l3
(223) Z,ﬂ)d, = T, m

- for unilaterally free-standing walls
bCT
(2.24) bop = =7 + I, m

The actual length of the blast hole /.5 with two or more small charges is
(225) lgo,d;. = Z3ap+ Z3a6 + Vs, M
and

(226) R,m —<lz.,w.34 + ld..w.s,:. m
where /,, 4 1s the actual length of the blast hole, m;

L, — length of the stemming, m;

rw — distance between small charges, m;
l,op — length of charge, m;

L. — length of the upper small charge, m;
ly...s — length of the lower small charge, m.

The length of the charge /, is directly proportional to the mass and inversely
proportional to its diameter.

The following methods are known in the literature as existing models for per-
forming blasting operations in solid medium:

- method of charges placed in blast holes;

- method of drilling blasting;

- method of boiler charges;

- method of chamber charges;

The method of charges placed in blast holes is applied in the destruction of
rocks, for the extraction of valuable minerals, small excavations and fragmentation of
oversized rock pieces. It provides even fragmentation and is characterised by low seis-
mic action of the explosion, a large volume of drilling and labour intensity during
loading.

The main parameters that must be calculated in advance are: line of least resist-
ance, mass of the charge, and distance between the rows and between the blast holes in
a row.

The line of least resistance is determined by the formula:

2.27) Wn=0,9.\/ £ ,m
aqa.m

where p is the capacity per meter linear of the blast hole, kg/m (Table 1.2);

m — relative distance between charges: in case of fire explosion

m = 1.2 - 1.5; in case of delayed blasting m = 1.0 - 1.4; in case of instantan-
eous blasting m = 0.8 - 1.1 m.

g - relative consumption of explosive, kg/m®.
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The depth of the blast hole depends on the height of the rise and the depth
of the recess:

(2.28)
where: H — height of the rise, m;
l,, — depth of the recess, m.

The distance between charges in a row can be assumed:
(2.29) a=m.W,m

where a is the distance between the rows:
- in case of instantaneous detonation:
(2.30) b=085W, m

- in the case of a millisecond explosion:

Zso=H+lnp , M

2.31) b=W ,m.

The mass of the charge is determined by the formula:

(2.32) Ow=gq.a.W .H, kg

where Q. is the mass of the charge per explosive hole, kg/m?;
q — relative consumption of explosive, kg / m3;
a — distance between the blast holes, m;
W — line of least resistance, m;
H —height of the rise, m.

Another method is that of drilling blasting. This method, compared to the blasting
hole method, reduces the volume of drilling work, reduces the relative consumption of ex-
plosive and increases labour productivity.

The main parameters of the drilling and blasting works during the drilling blasting
are: line of least resistance, diameter and depth of the drilling, distance between the rows and
between the drillings in a row, mass and structure of the charge.

The line of least resistance depends on the diameter of the charge, the charge density
and the relative consumption of explosive substance:

233 ) W= 24.61.\/ 4 m

q
where W is the line of least resistance, m;

D — diameter of the borehole, m;

A — charging density, kg/dm’;

g — relative consumption of explosive, kg/m’.

The loading density of the boreholes can be assumed in the range:

- for explosive suspensions A =0.8-1.2 kg/dm?;
- for gelled explosives A =1.2-1.5kg/dm?;
- for cartridge explosives A =0.8-0.9 kg/dm?;
- for explosives A =1,5-1,6 kg/dm’;
- for granular explosives A =0,8 kg/dm’.

In the literature, many authors recommend that W be expressed by the diameter
of the borehole:
(2.34) W=(30-40).d, m
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The calculated values of W according to the above formulas are checked under
the safety condition, from the detonation of the charges of the first row:

(2.35) W2>W,=3+H.cotg a, m
where W, is the line of least resistance with respect to the first row;

H — height of the rise, m;

o. — angle of inclination of the rise, degrees;

3 — minimum distance from the first drilling row to the upper edge of the rise
slope, m.

If W > W,, the calculations are performed with W, and if W < W,, the calcula-
tions are performed with W,.

The length of the borehole is determined by the formula:

(2.39) l.=H+l,,, m

The distance between the charges in the row depends on the relative distance
“m” (m = 0.9 - 1.6) and the line of least resistance “W”".

(2.40) a=(09-16).W,m

The choice of the value of the coefficient “m” depends on the category of the
scale, the degree of fragmentation and the scheme of disposal of the boreholes. For
rocks that are difficult to explode, m<1.2 is allowed; for medium explosives — m=1.2,
and for easily explosive rocks — m>1.2.

The distance between the rows depends on the geometric dimensions of the
net:

- for square grid b=a;

- for rectangular grid b=W;

- for chess-board net b=0,865.a.

In the literature, it is recommended that the distance between the rows in a mil-
lisecond blast be taken in the range b=(0.9-1.0).a, and for the instantaneous blast —
b=0.865.a.

The number of rows depends on the width of the destroyed rock mass and the
distance between the rows:

B

(2.41) N=-1

where N, is the number of rows, number;
B — width of the rock massif, m;
b — line spacing, m.
The number of boreholes in a row depends on the length of the rock massif to
be destroyed and the distance between the boreholes in a row:
(2.42) N, :%
where N,, is the number of boreholes in a row, number;
L — length of the rock massif, m;
a — distance between boreholes in the row.
When determining the mass of the charge, this formula should be used:
(2.43) O.=q.aW.H kg
where Q. is the mass of the drilling charge, kg;
q — relative consumption of explosive, kg/m’;
W — line of least resistance;
H — height of the rise.
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Inclined drilling holes are used for greater rise height and relatively low slope
inclination. Their parameters are determined in sequence and with formulas, as in ver-
tical drilling. In that:

H

(2.44) lc_sino(

The structure of the charge can be continuous and dispersed.

With a continuous column structure of the charge, at the bottom of the bore-
hole is placed (1/4 — 1/5).Q., then the initiating charge is placed, with the section of
detonating cord protruding above the drill opening not less than 0.5 m.

In a dispersed structure, the mass of the charge is divided into several charges,
the gaps between them being filled with dense material or air.

+lnpa m

The explosion of the charges can be done in a capsule-free way or in an elec-
tric way, with one initiating charge placed in each charge (Fig.2.3).
The mass of the charge is determined by the formula:
(2.45) 0p=0ot0:+Q., kg
where (O, is the mass of the distributed charge, kg;
0, — mass of the lower charge, kg;
0. — mass of the average charge, kg;
Q. — mass of the upper charge, kg.
The mass of the lower charge must be:

(2.46) 00<0,5.0p, a Qc=Q=0,25.0p , kg
The total length of the air gaps can be assumed:
(2.47) L=0u.1,, m

where [, is the length of the air gaps, m;
a.,, — coefficient of the gaps.

Depending on the strength of the rocks a,, =0,15 — 0,35
[, — length of the charge without the gaps, m.
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Fig.2.3. Columnar diffuse charges prepared for blasting.
a — diffuse charge prepared for blasting in a capsule-free manner; 6 — diffuse charge
prepared for blasting electrically
1 — initiating charge; 2 — lower charge; 3 — upper charge; 4 — limiter; 5 — stemming; 6 —
section of detonating cord; 7 — electric detonator; 8 — main detonating cord
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The total length of the diffuse charge depends on the length of the lower
charge, the length of the middle charge, the length of the upper charge and the length
of the gaps.

In any case:

(2.48) I, <l—15d,,m

where [, is the length of the distributed charge, m;

[. — length of the borehole, m;

d; — diameter of the charge, m.

The stemming must have a length of not less than 75.d,. The total length of the
inert gaps and the stemming occupy (0,30 — 0,40).1..

The method of boiler charges is used when a large resistance at the base of
the rise has to be overcome and to reduce the volume of drilling work.

The boiler charge (Fig.2.5) is a concentrated charge placed in a boiler cavity.
This method of destruction is applied to rocks that have a firing index I1,, >5 dm’ /kg
(which is expressed in the ratio between the volume of the boiler and the mass of the
firing charge).

The charge intended for the formation of a boiler cavity is called a firing
charge, the mass of which is determined by the formula:

Qx

(2.49) Qu=r7"7 ke
np

where Q,, is the mass of the firing charge, kg;
I1,, — shooting rate, dm*/kg;
O« — mass of the boiler charge, kg;
A — charging density, kg/dm?.

The shooting rate is taken from reference data or by experience:

V. 5
(2.50) 11, =—, dm’/xg
an

where V, is the volume of the boiler, dm®.

Fig. 2.4. Boiler charge
1 — drilling; 2 — boiler cavity; 3 — charge; 4 — stemming

The boiler cavity is filled with powder or water-filled explosives. First, 75-
85% of the mass of the boiler charge is placed, then the initiating charge is placed, and
the rest of the charge is added. Explosive substance is placed above the boiler charge
in the borehole at a height of (5-10) d..

The mass of the boiler charge and the other parameters of the drilling and
blasting works are determined by the formulas:
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(2.51) Q=qW’, kg

(2.52) W =Kkh, m
where £ is a coefficient depending on the strength of the rocks: for strong rocks k= 0.4
— 0.6; for rocks with medium strength £ = 0.5 — 0.7; for weak scales £ = 0.6 - 0.9;

Lower values are considered for stronger rocks and foot height above 14 m;
W should not be less than 2.5 — 3 m.

(2.53) a=k;W m
where k; is a coefficient depending on the strength of the rocks and the required de-
gree of fragmentation; k; = 1.2 — 1.4 for easily explosive / monolithic large-block/
rocks; k; = 0.8 — 1.1 for rocks that are difficult to explode /strongly cracked rocks with
horizontal occurrence/.

(2.54) b=k,W m
where £ is a coefficient depending on the method of blasting and the strength of the
rocks;

k>=0.9 — 1.1 in case of instantaneous blasting; k> = 1,1 — 1,4 at millisecond ex-
plosion.

The method of chamber charges is applied in case of destruction of a large
volume of rock mass. For the purpose of placing the concentrated charge, the so-called
charging chamber is made, with dimensions such that a corresponding amount of ex-
plosive is fitted (Fig.2.5).

The mass of the chamber charge is determined by the formula:

(2.55) Qu=qW’, kg
where q is the relative consumption of explosive, kg/m’;

6 [>=r>>?

Fig.2.5. Chamber charge
a — chamber charge; 6 — initiating charge prepared for blasting in an electric manner; 6 —
initiating charge prepared for detonation with a knot of detonating cord.
1 — well; 2 — chamber; 3 — charge; 4 — initiating charge; 5 — electric detonator; b — section
of detonating cord; 7 — knot of detonating cord.
W — line of least resistance, m.

The distance between the charges is determined by the formulas:

- at the same line of least resistance of adjacent charges:
(2.56) a=mW, m
- at different values of the line of least resistance of adjacent charges:
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W, +W,
(2.57) azmT, m

where W, and W- are values of the line of least resistance of two adjacent

charges.

2.2.2. MODELS FOR INCREASING THE EFFECT OF SPECIAL CHARGES IN

EMERGENCY RESCUE ACTIVITIES

In the literature, the term charge means a certain amount of explosive prepared

for detonation.

The mass of the charges depends on the size of the exploded objects and the

type of material from which they are made, and is calculated on a case-by-case basis.

arc:

According to their shape, the charges are:

- focused;

- extended;

- cumulative;

- figured;

According to the location of the charges relative to the exploded objects, they

- internal;
- external.
Depending on whether the charges are placed closely stuck to the exploded ob-

ject or are located at a distance from it, they are:

- contact;
- non-contact.
The initiation of the internal charges should be done as close as possible to

their geometric centre. External charges of various shapes must be initiated from the
side opposite to the detonated object.

ies.

Cumulative charges have the greatest application in emergency rescue activit-

Cumulative charges are used for drilling thick metal sheets, armour and rein-

forced concrete equipment, etc. When the cumulative charge explodes, a sharply dir-
ected narrow jet with a high concentration of energy is formed, which provides a
strong penetrating and cutting action at a considerable depth (Fig. 2.6).

2 17 5

Figure 2.6. Cumulative jet generation scheme:

1 — explosive charge; 2 — socket ; 3 — cumulative cavity; 4 — trajectory of gas

particles; f — focal length

The essence of the action of the cumulative charges is shown in Figure 2.7. If
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an ordinary charge explodes on a thick steel plate, a slight dent is formed in it. When
charged with the same dimensions, but with a conical cumulative hollow, the explo-
sion in the steel plate forms a crater with about 5 to 8 times greater depth than in the
first case.

In order to form a physical model of the phenomenon of the cumulative jet, it
is necessary to introduce some assumptions:

1. Because under the influence of enormous pressure, at which a cumulative jet
is formed, the metal behaves like a liquid. We assume that the deformation energy of
the shell is lower than its kinematic energy.

2. We assume that the density of the metal body remains a constant value p =
Const.

:;‘ja - S— ) e
PN | ’,
| [ = 3

Y

Figure 2.8. Cumulative jet action:

h — thickness of the cavity lining; U, — speed at which the lining particles enter
the point “0” if it is stationary; U — velocity of the particles of the lining; U —
cumulative jet velocity; 1o — length of the cumulative jet.

These two assumptions give us the right to consider metal as an ideal liquid. In this
connection, the law of hydrodynamics can be applied.

We will look at the problem in a coordinate system starting at a fixed point “0” (actu-
ally this point moves at speed W relative to a relatively fixed barrier).

'm0

60

62 61

60

Figure 2.9. Cumulative cavity coordinate system:

h — thickness of the cavity lining; U, — speed at which the lining particles enter
the point “0” if it is stationary; U — velocity of the particles of the lining; U —
cumulative jet velocity; 1y — length of the cumulative jet.



We apply three laws of preservation of the physical model to obtain a mathem-
atical model.
a) Law on mass storage:

(2.58) My=m; +m,;
b) Law of preservation of momentum:
d
(2.59) J=m,d,-mJ, —m,.J,.cosa =0
a - Q
(2.60)

m,J,—m, U, = m,.cosa
c) Law on energy preservation:

(2 61) mOlj(% _ ml 0%4_ m20§
' 2 2 2

In the obtained three equations the known quantities are: Uy, My, and the unknown

ones are M,,U,,m,,U,, i.e. the system is not closed. By comparing formulas 2.59 and
2.62, they can be replaced and have a common solution only if:

(262) 00201202.

Thus, the system of equations takes the following form:

m,+m,=my;

2 1 0>
2.63
( )mz—mlzmo.cosa.

By solving the system of equations, we obtain:

.20
m,=m,.sin 5;
(2.64)

m,=m,.cos’<
,=m,. 5
Because the angle is sharp, the mass that spreads forward is always less than the
mass that spreads backward.

The results obtained above are valid for a fixed coordinate system, but in fact the
point “0” itself does not move relative to the speed “W”.
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ot 9t

0 Wt 0

According to the sine theorem:
Ut wt 'jo t

(2.65) sina sinf sin (G+B);
where:
(2.66) W= ﬁ-—sfnﬁé
sina
.67 g _ g Sinla+B)
. o7 sina

If the angles “a” and “B” are known (and they must be set) and the velocity of the
particles is denoted by “9”, then the velocities “W” and “U,” are found.

(2.68) U= W+U,= W+U,;

(2.69) U=W-0,=W- U,

or
sin (,B+%)
(2.70) U=———+
.o
sin—
2
Cos (B+%)
(2.71) U=——~
cos <
2

The armour-piercing effect of cumulative charges is a process of penetration of a
cumulative jet into a barrier and is similar to the reverse process of formation of a cumulative
jet. Therefore, the formulas obtained above can be used to quantify the characteristics.

2.6. TECHNOLOGIES FOR CONDUCTING EXPLOSIVE WORKS IN
HARD MEDIUM

2.3.3. TECHNOLOGIES FOR CONDUCTING EXPLOSIVE WORKS IN A
HARD MEDIUM - ELECTRICAL METHOD
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Electrical blasting technology is a set of sequential operations that include:

- checking the resistance of the electric detonators and calibration with a differ-
ence 0of 0.25 Q: T gr. 2.5 -2.75 Q; Il gr. 2.75 - 3.0 Q.

- selection and calculation of the electric blasting network;

- checking the working condition of the branches of the electric blasting net-

work;

- making initiating charges;

- preparation of chargers, charging and stemming;

- installation of the electric blasting network and inspection after withdrawal of
all people;

- blasting.

Depending on the type of electrical detonators used, the electrical explosion
can be instantaneous, millisecond and second. Each of these cases of explosion has its
advantages and disadvantages, and in practice, they are used according to the specific
features of the destroyed object and the conditions under which it explodes.

The effect of the millisecond blast depends on the correct selection of the delay
interval. It must be equal to the time required for the cracks caused by the first series
of charges to become as large as possible without waiting for them to subside. Based
on many production experiments, it has been found that the interval between explo-
sions depends on the properties of the destroyed materials and on the line of least res-
istance.

It is determined by the formula:

(2.72) t=k.w,m
where k is a coefficient taking into account the properties of the exploded mass;
w — line of the least resistance.

S. A. Davidov recommends the following values for the coefficient 4: for very
strong rocks k = 3; for strong rocks k = 4; for rocks of medium strength & = 5, and for
soft rocks k= 6.

If the calculated interval ¢ is different from the one of the electrical detonators,
detonators are adopted with approximately the same time of delay.

2.3.4. TECHNOLOGIES FOR PERFORMING BLASTING WORKS IN A
HARD MEDIUM WITH A NON-ELECTRICAL BLASTING
SYSTEM “NONEL”

The sequence of operations of this system is:

- placement of initiating charges with lower or upper initiation;

- loading of ED, borehole, boiler or chamber with explosives;

- connecting the ends of the waveguides of the NPED detonators with the sur-
face connectors;

- connection of the main waveguide with the end of the connecting elements
SL, ¢ clip, grouping connector or Snapline 0 and with the blasting machine “Di-
nostart”.

To initiate the field, first press the CHARGING button until the machine’s
LED lights up continuously. Then, while holding down the CHARGING button, press
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the FIRING button.

The electronic blasting system is the latest technology for blasting. In it, the
pyrotechnic delay body in electric and non-electric detonators is replaced by an elec-
tronic chip. The delay received with the electronic chip is absolutely accurate without
distraction. Therefore, when applying this system, the effects of millisecond blasting
are used to the fullest.

The use of the electronic blasting system leads to the following:

- the seismic action of the explosion is reduced almost twice due to the com-
plete interference of the waves and the equalization of higher and lower explosion
peaks;

- better fragmentation of the material due to the full interaction of the indi-
vidual charges;

- reduction of the relative consumption of explosives due to the fuller use of
energy, etc.

CONCLUSIONS FROM CHAPTER TWO

The following conclusions have been drawn from the analysis and research of
the considered means of detonation and the methods and technologies of detonation:

1. The clearing of the backfills in case of disasters, accidents and catastrophes
should be connected with the methods and technologies of blasting and the possibilit-
ies for use of engineering equipment;

2. The methods of explosive holes and small charges, as well as the delayed
detonation have the greatest effect for limiting the harmful effects of the explosion;

3. The “Nonel” system is a modern non-electric blasting system which in-
creases safety at work and gives better results in terms of control and safety of blasting
operations.

CHAPTER 3. METHODS FOR INCREASING THE EFFICIENCY OF
BLASTING WORKS IN EMERGENCY RESCUE OPERATIONS

3.2. OPTIMISATION OF THE MATHEMATICAL MODEL FOR
DETERMINING THE SAFE DISTANCES OF THE HARMFUL EFFECTS OF
THE EXPLOSION

3.1.1 OPTIMISATION OF THE MATHEMATICAL MODEL FOR
DETERMINING THE SAFE DISTANCES OF THE HARMFUL
EFFECTS OF THE EXPLOSION IN THE EVENT OF A SHOCK
WAVE

The distance at which the shock-air wave of charges does not cause damage to
a certain degree is calculated by the formulas:

(3.1) Ry=K,VQ, m

(3.2) Ry=K,VQ, m
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where:
Ry is the minimum admissible distance, m;
Q is the charge mass, kg;
K. and K, are proportionality coefficients depending on the mass of the
charges and the nature of the damages, respectively.
Transformed formulas (3.3.) and (3.4) with coefficient K, are offered — coeffi-
cient of the stemming, depending on the type and properties of the used materials.
(3.3) Ry=K,K,VQ,m;

(3.4) Ry=K,K,VQ ,m.

The values of the coefficients K,, K, and K, for an open charge are determined accord-
ing to Table 3.1., Observing the following conditions:

- For open charges greater than 10t, 1st, 2nd and 3rd degree of safety, and charges
greater than 20t, which are completely dug, at 1st and 2nd degree of safety, safety factor K, is
adopted and formula 3.4 is used;

- For all other degrees, formula 3.3 is used,;

- When choosing the degree of safety and the values of the coefficients, the whole
set of local conditions is taken into account;

- The coefficients in table 3.1. are given within certain limits; one or another value
is selected depending on the condition of the object for which the radius of the safe zone is
determined; the stronger the object, the smaller the value of the coefficient can be adopted;

- A charge placed in water at a depth of less than half the height of the charge is
considered as an open charge;

- Transmission lines belong to the category of stable structures in terms of the ac-
tion of the shock-air wave;

- The indicators of the explosive substances are not considered.

If the protected object is located immediately behind a barrier (at the end of a dense
forest, at the foot of a hill), standing in the way of the shock-air wave propagation, the dis-
tance can be reduced, but not more than 2 times.

When carrying out blasting work in narrow valleys, passages or between walls
(streets), the distance is doubled.

The following means may be used to reduce the damaging effect of the air shock
wave:

- Backfilling of open charges with powder mass with a height of at least 5 times the
height of the charge and a width of not less than 6 times the height of the charge at the base of
the backfill; in such cases, the radius of the danger zone can be reduced 4 times;

- To protect the glazing of buildings, the window frames are removed or strong
shields are used, tightly covering the windows. It is allowed to open and fasten the windows
in the open position, which does not exclude individual damage to the glazing;

- Protection with sandbags or crates filled with sand or soil.

The use of sacks and crates filled with sand is recommended to apply to the protection
of windows and doors in cases when it is necessary to protect the interior of the building from
shock wave.

Values of the coefficients Km, Kim and K3
Table 3.1
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The radius of the zone dangerous for people for the action of the air shock wave Rx is
calculated by the formula:

(3.5) R =15JQ ,m

where Q is the mass of the open charge, kg.

The distance according to formula (3.5) is used only when it is necessary to
bring people as close as possible to the place of explosion. In other cases, the resulting
distance should be increased 2-3 times. In the presence of shelter, the distance calcu-
lated by this formula can be reduced up to 1.5 times.

For internal charges, the calculated distance according to formula 3.3 can be
reduced up to 2-3 times.

3.1.2. OPTIMISATION OF THE MATHEMATICAL MODEL FOR
DETERMINING THE SAFE DISTANCES OF THE HARMFUL
EFFECT OF THE BLAST WHEN FRAGMENTS ARE SCATTERED

The minimum permissible safety distances for people when rock fragments are
scattered when blasting charges in boreholes R, calculated on crushing action, is de-
termined by the formula:

_ f d
(3.6) R,=1250.r, o™
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A transformed formula 3.9 is proposed with coefficient K,, — coefficient de-
pending on the density of the material used for stemming:

_ f d
. R =1250.r, —L— &
(39) p "NTer K, a ™

The values of the coefficient Ky, are presented in table 3.2.

Values of the coefficient K,,,

Table 3.2
Type of material Values of the coeeficient K.,
Coarse quartz sand 1.20
Fine quartz sand 1.25
Sandy clay soil 1.30
Clay sandy soil 1.40

where:

When blasting a series of charges in the boreholes of the same diameter with
variable parameters a, 1.5 and 13, the safety distance is calculated by the smallest values
of a and r,,sand the largest of r; of all in the given series.

If the blast section of the mass is rocks of different strength, the maximum
value of the coefficient f is taken when calculating R,

When determining the safe distances in the process of drilling and blasting, it is
necessary to take into account the possible deviations of the individual parameters of
the blasting of the drilling charges from those accepted in the project. Therefore, R, is
determined by taking the minimum possible values of the parameters a, r,s and the
maximum possible values for r; in the process of blasting.

When carrying out blasting operations on steep slopes and when the upper line
of the blasting section is higher than the others by more than 30 m, the radius of the
danger zone downwards increases with the safe distances for the flight of the indi-
vidual pieces calculated by the formula:

(3.10) R, =R, K,

Ry 1s the dangerous distance because of scattered fragments on the side of the inclina-
tion of the steep slope or the area situated lower than 30 m from the top line of the
blast area;

K, is a coefficient taking into account the peculiarities of the terrain; when blasting
on a steep slope, K, is determined by the formula:

(3.11) K, =1+tgp
where [ is the angle of the inclination of the steep slope to the horizon, degrees;

When instead of B, the excess of the place of explosion over the boundaries of
the danger zone is known, K, is determined by the formula:
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B | 4H
(3.12) Kp_0,5(1+ 1+R—p) ,m

where: H is the excess of the upper line of the detonated section at the boundary of the danger
zone.

The calculated value of the safety distance is rounded to a larger number, a
multiple of 50 m.

The minimum permissible safety distance for people when fragments are
scattered is proposed to be determined according to table (3.3), depending on the ac-
tion indicator of the charge explosion (n) and the length of the line of least resistance
(W).

When detonating a series of charges with different W and n, the radius of the
danger zone should be determined according to table (3.3), assuming the largest value
of W at the same n or the largest value of n at the same W. If W and n are variables,
the largest radius is taken for given n and W.

If a route of significant length (500 m and more) is detonated, where in differ-
ent parts of it the charges have different values of W and n, conditionally the whole
route is divided into several sections with close or identical values of W and n and the
radius of the danger zone of each section is determined.

As a result of a practical experiment, the following values of the indicator of
the action of the explosion of the charge n at O = const are proposed:

Table 3.3
Radius of the danger zone for people, m, at value of the in-

Line of the least resist- dicator of the charge blast (n)

ence (W) not more than,

m 1.5 2.0 2.5
1.5 250 300 350
2.0 350 450 550
4.0 450 650 750
6.0 550 750 950

3.2. APPLICATION OF SPECIAL CHARGES IN THE
DESTRUCTION OF ELEMENTS OF STRUCTURES AND BUILDINGS

3.2.1. DRILLING ACTION OF CUMULATIVE CHARGES

The process of penetration of the cumulative jet into a barrier is similar to the
reverse process of its formation (Figure 3.1.).
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Figure 3.1. Penetration of the cumulative jet into a barrier

To the extent that the barrier acts as a “tail” of the cumulative jet, then:

(3.13) U=W-U,=0
or W=0,;
then:
(3.14) U=W+U,=2W,;
where the velocity of penetration of the cumulative jet comes from
(3.15) Wzg.

We determine the depth of penetration of the cumulative jet into the barrier if
the effective length of the jet is L, the speed at point 4 (Fig. 3.2.) is equal to U, and

the speed of its penetration into the barrier is W=

?.

Figure 3.2. Depth of penetration of the cumulative jet

Time for penetration of the jet into the barrier:

3.16 t,=—2.

(3.16) o

Point “0“ will travel a distance in the barrier:
(317) h:tnp'wzled7'

The depth of penetration of the cumulative jet into the barrier when the
material of the jet and the barrier are the same:
(3.18) h=l,

And when the material of the jet and the barrier is different:

(3.19) p=y| Peme 1,
pnp
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We will consider the effect of the jet against the barrier as absolutely non-

elastic.
Figure 3.3. Effect of the cumulative jet on the barrier
(3.20) dJ = P.dt = W.dtp.dF.(W-0)
hence P= pW
U
but W= ?
then:
2
3.21) p= Pfl] .

When determining the pressure in the formula, we need to take the lower of the
densities of the jet and the barrier.

3.2.2. EFFECT OF THE EXPLOSION OF CUMULATIVE CHARGES IN
THE DESTRUCTION OF OTHER MATERIALS (EXCLUDING METAL)

It becomes clear from the calculations that for the cases considered, the velo-
city of the jet is /0,000 m/sec, the penetration speed is W = 5,000 m/sec, and the speed
of sound is a; = 5100 m/sec, i.e. the process here will be subsonic in remote materials.

In some other materials, the speed of sound is significantly lower, and the pro-
cess will be supersonic, i.e. before the jet there will still be a shock wave. Due to the
shock wave on the opposite side of the barrier, chipping occurs and cracks are formed,
thus increasing the destructive effect (Fig. 3.4).

VYYY Iy ey YTYY

Figure 3.4. Formation of cracks due to the cumulative jet

In a multilayer barrier (made of materials with different speed of sound), it is
possible to locate a fracture in the surface layer (Fig. 3.5).
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Figure 3.5. Destruction in the surface layer of a multilayer barrier

3.2.3. METHODOLOGY FOR CALCULATING THE EFFICIENCY OF
CUMULATIVE CHARGES

The calculation of the efficiency of the cumulative charges is proposed to be
performed in the following sequence:
- the shape of the cumulative charge must be set;

|
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Figure 3.6. Graphics of the distribution of the explosive products of the
charge

- The graph of the distribution of the explosive products of the charge (Fig.
3.6) shows the effective thickness of the explosive layer for a number of fixed points
of the lining of the cumulative section;

- Taking into account the actual detonation velocity and the velocities of each
particle determined by the previous point, the shell profiles are designed for the mo-
ments of approach of all points to the axis of the section. The angles thus determined
between the direction of the shell and the axis of the cumulative section are taken ac-
cording to the calculations (each point will have its own angle a);

- According to formulas 2.71 and 2.72, the cumulative jet velocities are calcu-
lated for each control point;

- The moment of completion of the formation of the cumulative jet is determ-
ined by the formula:

(3.22) th%,
where: U, — exiting the axis of the last point of the cumulative jet;

80

P o



- The position of the zero point at the end of the formation of the cumulative jet is:

(3.23) X=U,t,

- In the same way, the places of all control points are determined;

- At the places of the found points in the vertical scale (Fig. 3.6), the velocities in
these points are plotted;

- On the velocity graph, the value of the critical velocity for the material of a given
barrier and the cumulative jet “U,’;,“ determines the effective jet length;

- The distance thus determined from the point “0” to the charge “L” is the optimal
distance of the charge from the barrier;

- The depth of penetration into the barrier is determined by formulas 3.18 or 3.19;

If the calculated charge does not break through the barrier, the calculation is repeated
until a charge with the required parameters is obtained.

3.3 TECHNICAL SOLUTIONS FOR INCREASING THE EFFICIENCY OF
BLASTING WORKS DURING EMERGENCY RESCUE ACTIVITIES

3.3.1. DETERMINING THE NECESSARY BALLAST ON THE EXPLOSION
FIELD

The main calculation element in the design of the protection device is its mass.
The mass of 1 m? of covering area is determined by the formula:
(3.23) P.=k.w.p, kg/m’
where: £ is a coefficient depending on the type of covering;
w — depth of fragmentation, m;
p — volume density of the material of the destroyed site, kg/m’ (Table 3.4).
For gas-permeable protective devices £ = 0.07, and for gas-tight ones k£ = 0.25,
when the device is placed at a certain height above the site, and & = 0.33, when the
device is placed directly on the site.

Volume density of construction materials

Table 3.4
Material Density p, kg/m’ Material Density p,
kg/m’
Rock materials Concrete
basalt 2,700 — 3,000 plain 2,300
granite 2,600 — 3,000 reinforced concrete 2,500
sandstone 2,700 asphalt concrete 2,200
marble 2,600 — 2,700
limestone 2,500 - 2,900 Metal
marl 2,500 steel 7,800
clay shales 2,500 - 2,600 cast iron 7,200
Artificial materials
bricks 2,500 — 2,600
blast furnace slag 1,100

When using a protective device, the mass of which is determined by formula
(3.23), the pieces of the destroyed object are located in an area with a radius of 10-15
m.
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The explosive device uses protective devices of various kinds, most of which
are made of handy material.

3.3.2. PROTECTIVE COATINGS OF BUILDING ELEMENTS AND
STRUCTURES

Protective coating is used in the demolition of strip and massive foundation.
Its structure consists of a wooden skeleton on which a metal net is placed. This coating
applies to gas-tight protective devices.

Box-shaped metal coating is used in making trenches and channels in an ex-
plosive manner near guarded sites. The cover is a sledge on which metal ribs are wel-
ded and has the shape of a box without a lid. A wire mesh (chain link) is attached to
the metal skeleton. It is usually 3-4 m wide, 6-8 m long and about 1.5 m high. It is
used as a gas-permeable and gas-tight device.

Car tyre cover is made of old tyres which are connected to each other with a
thick wire or reinforcing iron on separate shields. Due to its own weight and strength,
it provides high quality protection.

Covering of beams or planks is made of beams with a diameter of 20-25 cm
or planks with a thickness of 8-10 cm, connected to each other with bolts, ropes or
wire. To increase their durability, they are covered on the inside with old car tyres.

Shock absorbers are designed to absorb the impact of the fall of the destroyed
building and to protect against damage to pipelines and other underground facilities.
Its structure consists of two sand cushions with a height of 1m, located along the
guarded facility. Beams with a diameter of 15-20 cm are arranged on them.

Protective walls are used in the demolition of individual walls and buildings.
They are shields made of wood or sacks filled with sand. With regard to the protected
wall, they can be placed vertically or at an angle of 45°. In the case of vertical protect-
ive walls, a * is arranged, which allows the fragmented masonry to accumulate in the
empty space between the protective and the destroyed wall. The protective walls are
located 1.5 — 2 m from the outside of the building along its entire circumference and
have a height of 2 — 2.5 m.

Safety shields protect window panes, units and equipment from scattering
pieces of masonry. They are wooden shields made of boards with a thickness of not
less than 3 cm.

A coating of several layers of steel mesh, covered with sandbags, prevents
the scattering of small pieces of rock. It is necessary to make sure that there is no con-
tact between the wires of the electric blasting network and the steel net.

Protective shields and steel mesh coatings are mainly used for sheathing ex-
ploded columns during the demolition of skeletal buildings. The covering of the
columns with wooden shields is done on all sides, and when covered with steel mesh,
5-6 rounds of the columns are made.

Geotextiles are placed on the outside of the skeletal buildings after the
columns have been sheathed in order to reduce the scattering of smaller pieces. In the
case of buildings with a height of up to twelve floors, the canvas must cover at least
the first and second floors. For taller buildings, the third floor is also covered.

The use of protective devices makes it necessary to reduce the relative con-
sumption of explosives and increase the length of the stemming. Additional means,
time and labour are required for their production, installation and removal, which
leads to an increase in the cost of blasting work.
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Nevertheless, in settlements and near guarded sites, it is necessary to use pro-
tective devices.

3.3.3. IMPROVEMENT OF THE TECHNOLOGIES IN BLASTING WORKS
DURING EMERGENCY RESCUE ACTIVITIES

Residential and industrial buildings are distinguished by their design features.
In some of them the load is taken by the skeleton of the building, and in others — by
the external bearing walls. In this regard, in blasting practice, buildings are considered
skeletal and non-skeletal.

The structural features of the buildings more or less influence their destruction.
In skeletal buildings, their load-bearing structure must be demolished, and in non-
skeletal buildings, the demolition of the load-bearing walls is sufficient to demolish
the building.

When demolition is carried out under limited conditions, i.e. there are build-
ings and facilities nearby that must be protected from damage, it is preferable to de-
molish in the direction. The main method of demolition of buildings is considered to
be the method of small charges. In some cases, when safety measures are lowered and
there are no protected objects near the destroyed building, the method of contact ex-
ternal charges can be applied, but the radius of action of the air shock wave and the
scattering of fragments must be determined very precisely.

Demolition of skeletal buildings can be carried out in an explosive manner on
site or in direction.

The demolition of skeletal buildings in direction includes the demolition of
beams, areas and columns floor by floor. The beams and the areas are destroyed in
pieces, and the columns also in pieces, but at different levels in a plane inclined at an
angle of 15-20°. In addition, in order to ensure demolition in direction, the front
columns are destroyed with three rows of charges, the middle ones — with two rows,
and the rear ones — with one row.

In the case of non-skeletal buildings, the load-bearing walls, partition walls,
columns and slabs, if any, are subject to destruction. When destroying non-skeletal
buildings in direction, the charges are located in an explosive plane, inclined to the
ground at an angle of 15-20°. Blast holes are drilled from the inside of the building
around its entire circumference. 2-3 horizontal rows of blast holes for brick walls and
at least 3 rows for reinforced concrete walls are drilled in the walls facing the direction
of fall. 2 sloping rows are drilled in the side walls, and one horizontal row is drilled in
the back walls. The first sloping row is located at an angle of 20°, the second row — at
an angle of 15°. The narrow end of the wedge is at the height of the horizontal row of
charges on the rear wall.

The inner walls parallel to the demolition side are drilled with one or two rows
of blast holes at the level of the blast holes from the sloping rows of the side walls.

When demolishing skeletal buildings, the parameters of the blasting works are
determined using a methodology in the following sequence:

- parameters of the blasting works for external walls;

- parameters of the blasting works for interior walls;

- parameters of drilling and blasting works for corner blasting holes.

The outer walls are considered load-bearing (loaded), and the inner walls are
considered unloaded. In most cases, they are freestanding.

The sequence for determining the parameters is the same as for the demolition
of brick, concrete and reinforced concrete walls:
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- determination of the line of least resistance
(3.24) W=20,5bu m
where W is the line of least resistance;
b, — thickness of the wall.
- determination of the distance between the blasting holes
(3.25) a=052W, m

where «a is the distance between the blasting holes.

Most often a = W; a = I,5W and a = 2W. The best destruction happens when

L5W<a<W.

For brick or concrete walls with b., >2m and for reinforced concrete walls at
ben>1m, a < W is taken.
The maximum distance between the blasting holes with reinforced concrete

walls is 0,5 m, and with brick walls — 1 m.

Large and massive buildings are destroyed in two parts. In this case, on the vertical
plane, which has the task to cut part of the building, all structural elements (walls, beams,
slabs) are destroyed. In this case, the blasting of the charges located in the vertical plane is
one step ahead of the main blasting.

When demolishing objects with a cubic shape in the direction of security of demoli-
tion, it is also expedient to initially cut the building into two separate parts and successively
blow up each part separately in one direction.

When demolishing tall buildings and structures in the shape of a parallelepiped in dir-
ection, blasting at an angle of 15° is proposed only on the first 3 — 4 floors, where the follow-
ing results are achieved:

- significant reduction of the number of blast holes and reduction of the time for their
drilling and loading;

- reducing the amount of explosives used and limiting the perimeter of their harmful
effects;

- demolition of structures with limited space near protected sites.

CONCLUSIONS FROM CHAPTER THREE AND RECOMMENDATIONS

As aresult of the conducted research and the obtained results, the following
conclusions can be made:

1. The proposed values of the stemming coefficients K3 and the coefficient de-
pending on the density of the material used for stemming K reduce the harmful ef-
fects of the explosion during shock wave and scattering of rock fragments, reducing
the radius of the danger zone for people and possible damage to adjacent buildings in
the area of the explosion;

2. The use of protective devices is mandatory when the radius of the danger
zone has to be shortened, when exploding on the territory of settlements or in indus-
trial enterprises, and when people are relatively close to the site to be destroyed;

3. When demolishing tall buildings and structures in the shape of a paral-
lelepiped, it is recommended to detonate at an angle for the first 3-4 floors when de-
molishing structures with limited space near protected sites and to significantly reduce
the number of explosive holes. , the amount of explosives used and to limit the peri-
meter of the harmful effects of the blast.
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SCIENTIFIC-APPLIED AND APPLIED RESULTS

SCIENTIFIC-APPLIED RESULTS

1. It has been established that the various protective barriers between the protected ob-
jects and the harmful effects of the explosion require adjustments to the existing formula ap-
paratus for determining the safe distances.

2. The existing calculations based on an experiment with explosives and their protect-
ive equipment have been improved and corrected.

3. The theory of explosion in the use of explosives in order to increase the efficiency
of blasting in emergency rescue activities was analysed, and it was determined that the main
damaging factors were the scattering of blown pieces, fragments and the air shock wave due
to their larger values relative to other impacts.

4. The technology of blasting works for demolition of structures of buildings of differ-
ent shapes was analysed, and new methods of blasting were proposed in order to reduce the
damage from the harmful effects of the blast and increase the efficiency of blasting works in
emergency rescue activities.

APPLIED RESULTS

1. Variants of protective coatings on the earth’s surface have been proposed
with different structures of various materials for protection of the guarded sites from
the impact of the explosion.

2. Options have been proposed for the construction of protective coatings for
blasting of tall buildings, and the effective use of geoplates to reduce the scattering of
the smallest pieces of the structure has been proven;

3. New methods for demolition of cubic and tower-shaped buildings in limited
conditions have been proposed;

4. Ways have been proposed for calculating the charges and the sequence of
blasting in the demolition of buildings of various shapes, ensuring the efficiency and
safety of blasting works;

5. Correction coefficients K3 and Knn have been proposed and confirmed in
the formula apparatus in determining the parameters of the impact of the explosion on
people, equipment and facilities, depending on the type and properties of the material
used for stemming.

6. It has been proposed to determine the safe distances from the action of the
explosion for people and equipment depending on the mass of the charge based on the
theoretical analysis and the results of practical research.
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