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OIEHKA HMOKAPHOI'O PUCKA HA OBFBEKTE C MACCOBBIM
INPEBBIBAHUEM
JIOJIEN C UCITOJIb30BAHHUEM ITPOT'PAMMBI «CUTHUC: ®JIOYTEK 2.23»

CycoeBa U.B., bykanos I'.K., Cnupunonos 1. A.

KocTpomckoii rocy1apcTBEHHBIN TEXHOJIOTUUYECKU YHUBEPCUTET

B crathe BBINOJIHEH pacueT BPEMEHU dBaKyalldd Ha O0OBEKTE C MAaCCOBBIM IIpe-
ObIBaHUEM JItOJIel ¢ ucnoiab3oBaHueM mnporpammbel «CUTUC: dnoytek 2.23».
PaccmoTpenbl Bce BO3MOXKHBIC BapHAHTHI U CLIICHAPUM BBIXOJIOB C dTaXKEH mep-
COHala U JeTel W3 37aHusl IPU BO3HUKHOBEHUHU TOXkapa. BeimosiHeHa olleHKa
MOKapHOTO PHUCKA HA OOBEKTE C MACCOBBIM IMPEOBIBAHUEM JIIOICH C MUCIOJIb30-
Banuem mporpammbl «CUTUC: ®dnoyrex 2.23». Paspaboranbl pekoMeHAAIUU
KOMILIEKCA MEpOIPUSATHI, HANPaBJICHHBIX HAa CHUKEHHUE PHUCKAa NPUYUHEHUS
BpeZa NPy BO3HUKHOBEHUH NOkapa. PaccMOTpEeHbI Bce BO3MOKHbBIE BAPUAHTHI U
CLEHApUHU BBIXOAOB C ATa)KEW MepCcoHaja U JIeTe U3 34aHus NPU BO3HUKHOBE-
HUU T0XKapa.

KnroueBbie ciioBa: WHIAWBUIYAIBHBIM IIOKAPHBIA PHUCK, BpEMs 3BaKyallWH,

OMacHBIN (hakTOp MoKapa

B coBpeMeHHOM MUpe 0HOH M3 Hanbojee aKTyaldbHbIX IIPOOJIeM SBIISCT-
cs ipobJieMa oOecrieueHus MmoKapHoi 6€301acHOCTH Ha 00bEKTaX C MaCCOBBIM
peObIBAaHUEM JTIOJICH, OCOOEHHO 3TO OTHOCHTCS K 3JaHUSM JACTCKHX JOIIKOJ b-
HBIX 00pa30BaTENIbHBIX YUYPEIKICHHUH, CICIHATN3UPOBAHHBIX JIOMOB IpecTape-
JBIX ¥ HHBAJIHMJIOB, OOJIBHUII, CITAJIBHBIX KOPIYCOB ACTCKUX YUPEKIACHUN (J1aee
00bekThl Knacca ®@1.1. [1]), T.e. kK TeM 00BbEKTaM, B KOTOPBIX HAXOJMSTCS JTIOIN
HECITOCOOHBIC K CAMOCTOSTEIIFHOW dBaKyallMM B Cydae Ioxapa, 0e3 IMOMOIIH

nepcoHalia. C KaXXJbIM I'OA0M B Poccun HOPMATUBHBIMH JOKYMCHTAMM YKCECTO-



qaroTcsl TpeOoBaHUS K 3TUM oObekTaM. HecMoTps Ha 3TO, CTENEHb MOXapHOM
OMACHOCTHU B HUX B OOJIBIIMHCTBE CIIY4a€B OCTAETCS MPEKHEM.

CornacHo nonoxkeHusiMm TexHuueckoro periamenta [1], aisi oOBbEKTOB
3alUThl TPUBOSATCS JIBa allbTEPHATUBHBIX CIIOCO0A MOJATBEPIKICHUS COOTBET-
CTBUS TPeOOBAHUAM MOXKAPHOU OE30ACHOCTH.

[lepBbIii croco0 TpaguLMOHHBIM — OCYILECTBIEHUE TOCYIapCTBEHHBIM
MOXKapHBIM HAI30POM MPOBEPKU 0OBHEKTA, BHISIBICHUE TEXHUUYECKUX HAPYIICHUN
TpeOOBaHUN TMOXKapHOW 0€30MaCHOCTH, MPUMEHEHHE COOTBETCTBYIOIIMX CaHK-
UM, BbIJja4ya TIPeAnUCaHu.

Bropas ¢dopma moaTBep:kaeHHs COOTBETCTBUS — HE3aBHCHMasl OLICHKA
MOKapHOTO PUCKA.

[IpeumyiecTBaMu BTOPOTO croco0a SBISIIOTCS: WHIAUBUIYATbHBIA TOJI-
XOJl K KaXJIOMY KOHKPETHOMY 3aHWIO0, YUYUTHIBAIOUIUNA €TI0 KOHCTPYKTHBHBIC
0COOEHHOCTH, PEKUM PabOThl 00BEKTA, FPYIIIBI MOOUIBHOCTH JIIOAEH HAXO/s-
MMUXCS Ha OOBEKTe, a TaK e CHUCTEMbI 3alUThl 00bekTa oT moxkapa (AIIC,
COYDur.n.).

CrnenyeT OTMETUTB, YTO OLEHKA MOYKAPHOTO PUCKA — 3TO IMPOBEJAECHUE CO-
OTBETCTBYIOIIMX PACUYETOB IO CIEIUATBHO YTBEPKIACHHBIM OOIIEIOCTYITHBIM
METOAMKAM, C TMTOMOIIBIO KOTOPBIX MOXHO OIPEIEIUTh, COOTBETCTBYET WJIH HE
COOTBETCTBYET PUCK TEM 3HAYEHUSIM, KOTOPBIE YCTAaHOBJICHbI TEXHUYECKUM pe-
riaaMeHToM [1].

[Topsimok mpoBenEHUsS HE3aBUCUMOM OILEHKH MOKapHOrO0 pHCKa peria-
MeHntupoBaH [loctanosnenuem IlpaButensctBa PO Ne304 ot 7 anpens 2009 ro-
na «O0 yrBepxkaeHuu [IpaBui OLeHKH COOTBETCTBUSL OOBEKTOB 3aIIUTHI (TIPO-
TYKIIUU) YCTaHOBIEHHBIM TPeOOBAaHUAM TOKapHOU 0€30MaCHOCTH MyTeM He3a-
BHCHUMOM OILICHKH TOKApHOTO pUCKa» [2].

O6bexTom uccnenoanus BeiOpan MJIOY nerckuit cag Ne40 ropoga Ko-
CTPOMBI, KOTOPBINA SIBISETCS TUIAYHBIM JUI YUPEKICHUN C MAaCCOBBIM IMPEObI-

BaHUEM JIETEH.



OOBEKT 3alUThl IPEACTaBIAET cO00M ABYX3dTakHoe 3aaHue 1962 roxa
noctpoiiku (puc. 1), Il crenenu ornecroitkoctu otnenbHo crosiee «ID» odpas-
HOU (pOpMBI BBICOTON A0 KapHU3a KpoBIU 6,9 M, 6€3 mojBajia OKOJbHOTO 3Ta-
xa. [TokpbiTHe OecuepaayHOE C KPOBJIEH U3 THIPOU3OISALUMOHHBIX PYIOHHBIX

MaTEepUaoB.
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Puc. 1. IlopTaxHbIN TU1aH 30aHUS

DOyHAAMEHT KUPNWYHBIA HENPEPBIBHBIN, HAPYKHBIE HECYIIUE CTEHBI U3

CWJIMKATHOTO KUpHU4Ya B 2,5 KUpNU4ya, BHYTPEHHUE HECYIIUE CTEHbI U CTEHBI



JIECTHUYHBIX KJIETOK W3 CUJIUKATHOTO KUPIHUYA, B HECKOJIBKUX TOMEIICHUSX Te-
PEropoJKU BBIMOJHEHBI U3 TUIICOKAPTOHA MO METauIMuyeckoMy kapkacy. Ilepe-
KpBbITUSL Kejae300eToHHble. Kimacc KOHCTPYKTHBHOM MOXKApHOW OMACHOCTU HE
amwke CO (tabinua 22 [1]). Thtouans staxa cocrasiser: 1-if stax 742 M?; 2-i
sTaxk 496 M°. CMOHTHPOBAHA M SKCILIYaTHPYETCS CHCTEMA OIMOBEIICHHS H
ylpaBiieHus 3Bakyauueit moaei npu noxape |l tuna. Pazpaborana nokymeHnra-
1usl (TUTaHBI ABAKyalluy, UHCTPYKIIUU U 3HAKU O€30MAaCHOCTH) MO 00ECIICUCHUIO
AKCTPEHHOM BaKyalllu JIIOJICH U UMYIIeCTBa B 0€30MacHYIO 30HY.

Jlns obecrieueHusi 0e30MacHOM HdBaKyalluu JIFOAEH Ha OOBEKTE 3allUTh
uMeeTcs 4 BBIXOJIOB HAPYXKY C MEPBOro ATa)ka U 2 BBIXOJIa CO BTOPOTO 3TaxKa Ha
JecTHUIlbl BTOporo Ttuma. [IlupuHa sBakyallMOHHBIX BBIXOJIOB B cBeTy 90 cm,
YTO HE COOTBETCTBYeT TpeOOBAaHUSM HOPMATUBHBIX JOKyMeHTOB. [llupuna
Mmapiia jgectHuil 90 cMm, 94To mpoTHUBOpeunuT TpeboBaHusM [3]. Mexay mapiiamu
JIECTHUIl HE UMEETCS 3a30pa 75 MM, UTO HE COOTBETCTBYET TpeOoBaHusM [1].
Hapy>xHble JecTHHUIIBI HE COOTBETCTBYIOT TpeOoBaHUAM [3] M, ClieOBaTENbHO,
HE MOT'YT SIBJISITBCS dBAKyallHOHHBIMH.

Paccrosinue mo myTsM 3BakyallMu OT JBeped Haubosee yHAaJeHHBIX I0-
MEIIEHUH 0 BBIXOJIa B IAJILHIOKO JICCTHUYHYIO KeTKy He 6omnee 100 m. [upu-
HA TOPU30HTAJIbHBIX YYaCTKOB ITyTEH 3BaKyalliu B CBETy MeHee 1,2 M, 4TO Tak-
K€ HE COOTBETCTBYEeT TpeboBaHmsM [3]. B mpoemax 3BakyallMOHHBIX BBIXOJIOB
OTCYTCTBYIOT Ppa3[ABUKHBIE M BpAILAIONIMECS IBEPU, TYPHUKETBI U JApPYrue
MIPEeIMETHI, PETSATCTBYIONINE CBOOOAHOMY IMpoxony ABepeil. J[Bepu sBakyariu-
OHHBIX BBIXOJIOB U3 MO3TAXKHBIX KOPUIOPOB, XOJUIOB U JIECTHUYHBIX KJIETOK HE
MMEIOT 3aII0pOB, MPEMSITCTBYIOMINX UX CBOOOHOMY OTKPBIBAHWIO M3HYTpH 0€3
KJIIOYa.

DIeKTpooOOpyAOBaHNE 31aHUS BBITOJIHEHO B COOTBETCTBUHU C TpeOOBa-
ausmu [1Y D, nanpspkenne B cetr 380/220 B ¢ riryxum 3a3emiieHneM HeHTpanu
TpancGopMaTopoB Ha moxacTtaHmuu. [lo cremeHu oOecredeHUsT HAIAC)KHOCTU

ANEKTPOCHAOKEHUS BJICKTPONPUEMHUKHU 3/IaHUSI OTHOCSITCA KO 2-0U KaTeropuw,



BPY ycraHoBiI€HO B IOMEILEHUH dJIEKTPOILIUTOBON Ha niepBoM dTaxe. Ha kyxHe
BCE yCTPOWCTBA AJI MPUTOTOBICHHS MHUIIU UCTIOIB3YETCS TOJBKO 3JIEKTPOOOO-
pynoBanue. OToruieHne 00beKTa IeHTpaidbHOoe BoasiHOE. [loMerenns obopymo-
BaHbl CUCTEMAMU €CTECTBEHHOU BEHTUJISILIMKM ¢ 000pyI0BaHUEM 000COOICHHBIX
BEHTWJISIIIMOHHBIX KaHAJIOB BO BHYTPEHHHX HECYIIMX CTEHAaX, KpOME TOTO Ha
KyXHE HaJ 3JICKTPOIUIUTON YCTAHOBIICH BBITSXKHOM 30HT.

B momemeHusx rpynm u crmajieH ¢ YUCICHHOCTBHIO JEeTeH 10 25 4eloBek
MUMEETCS JIUIIb OJIUH BBIXOJ, YTO HE COOTBETCTBYET TPEOOBAHUSIM HOPMATHBHBIX
JOKYMEHTOB.

Haunbonee BepoSTHBIMHU MPUYMHAMY TTOKapa B 3aHUU JETCKOTO Cajla MO-
T'YT OBITh:

- HEOCTOPOKHOE 0OpalleHue C OTHEM MepCcoHaa;

- HEMPABWIILHOE YCTPOIMCTBO W IKCILTyaTalusi 000PYIOBaHHUS,

- HapyIICHHUE MTPABIII IPU BEJIEHUU CTPOUTEIHLHO-PEMOHTHBIX U TTOXKAPO-
OTIaCHBIX PadoT.

Hcxons U3 miaHUPOBKHU, HauboJiee OMACHBIM MECTOM IOKapa SIBISIOTCS
NOMEIIeHNUs KaOMHeTa 3aBeyIOlIel, KyXHHU, JIEKTPOIIUTOBOM U CIaJbHU, pac-
MIOJIO’KEHHBIE HA TIEPBOM JTaxe.

C MoMeHTa BOBHMKHOBEHUSI TOPEHHS 10 €r0 OOHAPYKEHHsI CUCTEMOH T0-
YKApHOW CUTHAJIM3AIUU WIH JIFOJbMHU MOXKET MPOUTH 10 3 MUHYT (T) [2].

JluHeiHas CKOPOCTh pa3BUTHs TOXKapa B OOIIECTBEHHBIX 3IaHUSX CO-
craBisieT VL=0,0108 m/c [2].

[Tpu kpyroBoM pa3BUTHUH TIOKApa JI0 €T0 OOHAPYKEHHS IUIOIIAJbh COCTa-
BUT S, =aR?, 1)
rie S, — oAk moxapa, M R — panyc moxapa, M.

R=VL-, )
T — BpeMs 0OHapyKEHUs ToXkKapa, C.
R =1,08-10% 180= 1,944 m;
S.=3,14-3,.8~ 12 Mm%



Pe3ynbTaThl pacueta pa3BUTHS MOXapa U KOHCTPYKTUBHBIE OCOOEHHOCTU
31aHUs HEOOXOIUMBI JJII OIICHKH BPEMEHHU 3BaKyalluH, WHIUBUIYaJIbHOIO TO-
KApPHOTO PUCKA U pa3pabOTKU MEPONPUITUH O TOKAPHON 0E30MaCHOCTH.

[Ipu mocTpoeHUU ClieHapUeB U pacyeTe BpEMEHU HBaKyalluu JeTel u nep-
COHaJIa U3 3JJaHus JETCKOIo caja MPUHSITO, YTO MPU HAJIMYUU JIBYX U Oojee IBa-
KYaIllMOHHBIX BBIXOJOB, 00IIIasi MPOMYCKHAsi CHOCOOHOCTh BCEX BBIXOJOB, KpOME
Ka)KJI0T0 OJIHOTO U3 HUX, JOJDKHA 00ecleunBaTh IBaKyallMio BCEX JIIOJEeH Haxo-
JISIIUAXCST B IOMEIIICHUH, Ha TaXKE WIH B 3/IJaHUM.

Tak kak U3 3/1aHMs JETCKOTO Ccajia UMEETCS YeThIPE IBaKyallMOHHBIX BbI-
X0/1a, pacyeT BPEMEHHU dBaKyalliu MPOBOJHMM IO YeThipeM clieHapusiM. ClieHa-
pUU BKJIIOYAIOT BCE BO3MOKHBIE KOMOWHAIIMU BBIXOJIOB C 3TaXKEH MEpCOHANIa U
NeTed u3 3/IaHus MPU YCIOBUM OJOKUPOBAHUSI OJHOTO M3 YETHIPEX UMEIOITUXCS
BBIXOJIOB. Tak ke MpMHUMAaeM BO BHUMaHHUE JBa BapuaHTa dBaKyauuu: 1 Bapu-
aHT — 1eTH OOJPCTBYIOT; 2 BapUAHT — TUXUU Yac.

PacueTHoe Bpems sBaKyalMy JIIOAEH t, BBIIIOJIHEHA IO YIPOLICHHOW aHa-
JUTUYECKON MOJENU ABUKEHUS JIIOJCKOTO MOTOKA, MPUBEACHHONW B MPUIIOXKe-
HuM Ne2 k ykazaHHoO# Bbliie Metoauke [4]. [IpoBepka pacueToB BBINOIHSIACH C
NpUMEHEHUEM pacueTHOM mporpaMmmbl «Cutuc: dnoyrek 2.23» (3aKJIH04YeHUE
ATI'TIC ot 6.10.2009) nnig pacuera BpeMEHU ABaKyalluu JIOACH U3 3JaHUS.

B kadecTBe mpumepa pacCMOTPEH pacdyeT BPEMEHH BBIXOJla CO BTOPOTO
ATaXka Ha JIECTHUYHYIO KJIETKY BTOpOTO ATaxa (T1adm.1). [l ocTaabHBIX ciayda-

€B pacyeT napameTrpa aHaJoTH4eH (puc. 2).

Tabmuna 1
Pesynprartsel pacuera
VuacTok | tj, MuH f, M° V, o, M q I, M N
M/MHH
1 0,1 0,04 100 5,6 1 10 16
2 0,0025 0,04 80 0,64 8,7 0,2 16
3 0,03 0,04 100 2,2 2,5 3 16
4 0,0025 0,04 80 0,64 8,7 0,2 16
5 0,02 0,04 100 5,6 1 2 16
6 0,0025 0,04 80 0,64 8,7 0,2 16




7 0,0215 0,04 100 1,6 3,5 2,15 16
8 0,005 0,04 100 0,64 8,7 0,4 16
Bcero =t H 3+ HsHeH g = 0,186 Mmuna

[Ipumeuanus: tj — BpeMs ABUKEHUS JIFOJCKOTO MOTOKA HA yYacTKE MYTH,
muH; T — mIomanb ropu30HTAIBHON MPOEKIMK YeJIOBEKa, M% V- CKOPOCTh
JBIKEHUSI JIIOJICKOTO MOTOKA MO TOPU30HTAIBLHOMY IMYyTH, M/MUH; O — IIMPHUHA
WHTCHCUBHOCTU JBWKECHMS JIFOJCKOrO MOTOKA MO pac-
CMaTPUBAEMOMY I-My y4acTKy HyTH, M/MuH; | — 1uHa mepBoro y4yacTka myTH,
M; N — 4KCII0 01N HA TIEPBOM YYaCTKE, YEl.

y4JacTka MyTH, M; (; —
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1 Bapuanrt: a — ciienapuit 01; 6 — cuenapuii 02; B — cuenapuii 03; r — cueHapuit
04; 2 BapuanT: 1 — cueHapuii 01; e — cuenapwmii 02; xx — cuenapuii 03; 3 — cueHa-

pui 04

AHanu3 pe3ylbTaToB pacuera (puc. 2) mokasai, 4yTo Haubosee MpojoJ-
KUTEJIbHOE PACUETHOE BPEMsI 3BaKyallMd CO BTOPOIO 3Taxka /10 BhIXOJA U3 3/1a-
Hus ferckoro caaa (1 Bapuant) — 1,43 muH; Haubosee MPOIOKUTENHHOE pac-
YEeTHOE BPEMsl BaKyalliu CO BTOPOrO 3Ta)ka /10 BbIXOJA U3 37]aHUs JETCKOIo ca-
na (2 sapuant) — 1,38 MuH.

N3 nByx BapuaHTOB BhIOpaHO HanbobIee Bpems 3Bakyanuu (1 BapuaHr,

cuenapuii_04) t,= 1,43 mun. = 85,8 c.

NuauBuayanbHbIN OKAPHBIN pUCK OTBeUaeT Tpedyemomy, ecnu [4]:
H
Qp=<Qs. 3)

H H
rac QB — HOPMATUBHOC 3HAUYCHUC MHAWBUAYAJBHOT'O IMOXKAPHOI'O PHUCKA, QB =

-6 -1,
10 ronga , QB — paCuCTHas BCINYMHA MHANBUAYAJIBHOTO IIOKAPHOT'O PUCKA.

Pacuetnas BennumHa HHAUBUAYAJIBHOI'O ITOKAaPHOT'O PUCKaA QB B KaxXXaA0M

3IaHUU PACCUUTHIBACTCSA 1O HopMyIie:

QB:QH'(l_Ran)'Pnp'(l_Pa) '(1_Pn.3)1 (4)

rae Q, — 4acToTa BO3HMKHOBEHHMsI TIOYKapa B 3/laHUU B TEYCHHE To/1a,
Ran — BEpoATHOCTH 3P HEKTUBHOTO CpadaThIBaHUS YCTAHOBOK aBTOMATHYECKOTO
noxaporymenus (nanee — AYIIT);
Ran=0;
Py — BEpOSTHOCTH MIPUCYTCTBHSA JIOAEH B 3[JaHUU, ONpEesieMasl U3 COOTHOIL E-
HUS

Pup= Lyl 24, (5)

r71€ tgyma — BPEMS HAXOXKIECHUSA JIIOIEH B 3/JaHUU B Yacax;
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P.,=24/24=1,

P, — BeposTHOCTB 3BaKyalliu JTIOAEH;

Py ; — BepossTHOCTB 3P (HEKTUBHOI pabOTHI CUCTEMBI IPOTUBOIOKAPHOMN 3aLIUTHI,
HaIpaBJIEHHOW Ha o0ecreueHre 0€30NmacHOM IBaKyaIllH JIIOJEH MIPHU ToXKape.

BepostHocTh 3Bakyanuu P, paccuntsiBaioT no popmyse:

(0,8, —t
-, ecim t)<08-t; <t +t ut <6mun
t
P, =40,999, ecmm t +t, <08-t; ut, <6mun )
0,000, ecmn t, >08-t;, wm t, >6mum |

"

rie t, — pacueTHOE BpPeMsl dBaKyalluu JIOJeH, MUH;

ty,, — BpeMs Hadalsia dBaKyaluu (MHTEpBaJl BpeMEHU OT BO3HUKHOBEHHUSI TOKapa

JI0 HayvaJia dBaKyaluu JII0JIei), MUH;

ty»,=6 Mun [4, npun.S, m.1];

s — BpeMsi OT Hauaja moxapa /10 OJIOKHpOBaHUS HBAKyallMOHHBIX MyTeil B pe-

3yJlbTaTe pacHpoCTpaHEHHs Ha HUX omacHbIX (pakTopoB moxkapa (ODII), ume-

IOUIUX TPENeTbHO JOMYCTUMBIE JUIsl JIOJel 3HadeHHUs (BpeMs OJIOKUpPOBaHUS

myTel dBaKyaluu), MUH;

t.« — BpeMs CYIIECTBOBAHHUS CKOTUICHMI JIIOAEH HA y4acTKax MyTH (IUIOTHOCTH

JIIOJICKOTO MOTOKA Ha MYTAX dBaKyalluu MpeBblaet 3Hauenue 0,5).
Kputndeckoe BpeMs Mo KakJOMy M3 OMACHBIX (haKTOPOB IMOKapa OIpe-

JeNsieTCsl KaK BpeMs JOCTIDKCHUS STUM (DaKTOpOM MpeaeiabHO TOMYCTUMOTO

3HAYEHMS Ha MyTSAX IBAKyalluu Ha BHICOTE 1.7 METPOB OT MoJa.

Bpems 6:10kupoBKH omnpeensercs mo Gopmyre:

ts,= min(t™>;tT 1%t T, (7)

rae "B _ O®II o MOTEepE BUAUMOCTH;
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t" — O®II 1o HOBBIIICHHO TEMIIEpAType;
2

t% — O®II o [IOHWKEHHOMY COAEPKAHUIO KUCIOPOAa;

t"" — O®II o KQKJIOMY U3 ra3000pa3HbIX TOKCUYHBIX MPOAYKTOB FOPEHHUS;

t™ — O®II no TemnnoBOMy MOTOKY.

[IpenenbHbIC 3HAUCHUS TIO KaXKIOMY M3 OIMACHBIX (aKTOPOB TOXKapa COo-
cTaBIsOT [4, mpuiokeHue 6]: mo moBsimeHHOM Temmeparype 70 °C (t'); mo
TerioBoMy notoky 1400 Br/m” (t™); mo notepe Bumumoct 20 M (t™°); mo mo-
HIDKEHHOMY cojepannio kuciopoga 0,226 xr/m® (t°%); mo CO, 11 xkr/m® (t7);
o CO 1,16-10° kr/m® (t™); mo HCI 23-10° kr/m® (t™).

Beibop pacueTHOM Mojaenu OasupyeTcs Ha aHaAIM3e OO0BEMHO-
TUTAHUPOBOYHBIX PENICHUH 00beKTa U OCOOCHHOCTSX CIICHAPHSI.

JInst MoJieTMpoBaHusl pa3BUTHUS T0Kapa, BhIOpaHa 30HHasE Mojielb (puc.3),
YUHUTHIBAIOIIAS CIICTYIONINE OCOOCHHOCTH:

- 00BEKT Mpe/ICTaBIsIeT COOON CUCTEMY MOMENIEHUI MPOCTO TreoMeTpu-
YeCcKOM KOH(UTYpaluu, JUHEHHbIE Pa3Mepbl KOTOPBIX COM3MEPUMBI MEXIY CO-
Ooli (JIMHEeWHbIE pa3Mephl MOMEIICHHUS OTINYAIOTCS He OoJiee ueM B 5 pa3);

- pa3Mep UCTOYHHMKA TOXKapa JOCTaTOYeH JUisi (OPMUPOBAHUS ABIMOBOTO
CJIOSl ¥ TIPH TOM MEHBIIIE pa3MePOB OOBEKTA.

30HHasT MoO-

JIeNIb MPEAIOIaracT

| l‘ BBICIICHHUE B IIO-
— MEIEHUN HECKOJIb-
KUX 30H: JIBIMOBOH
—
TennooimMeH CJION, He3aJbIMJICH-
razoofdmMend

HBIN CJION, KOHBEK-

THBHAsA KOJIOHKA — B

Puc. 3. /IByx30HHas MOJEIb MOXKapa B 31aHUU KOTOPBIX TEPMO/IH-
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HaMUYECKUE MapaMeTpbl MOXKHO CUUTATh OAHOPOJAHBIMU. [Ipu MonenupoBanuu
pemaercsi cucreMa OOBIKHOBEHHBIX IU(DPEpeHIHATbHBIX YpaBHEHUMN, OIMHCHI-
BAIOIIUX OCHOBHBIE 3aKOHBI COXPAaHEHUS, 3aMKHYTas I0NOJHUTEIbHBIMU SKCIIE-
PUMEHTANbHBIMU COOTHOLIECHUSIMHU.

[TonpoOHO MaTeMaTuyeckas JABYX30HHAs MOJENb MOXapa B 3/JaHUU OIHU-
caHa B [4, paznen IV, npuin.6].

Jlns pacuera ucnons3yercs nporpamma «CUTUC: biok 2.23» Ha ocHOBe
monynst CFAST peanusyroniero JABYX30HHYIO MOJENb TEIIOMAaccolepeHoca
IpH MoXxapax.

PacueT mpoBoauiICs MO TpeM CLIEHApUsIM: MOJIENBHBIN oyar rnoxapa B I0-
MEMICHUSX KYXHHU, JJIEKTPOLIMTOBON M CHAJbHH, PACIIOJIONKEHHBIX Ha MEPBOM
staxke. MicxoaHble 1aHHbIC U pe3yJIbTaThl pacyeTa NpeCTaBICHbl B Ta0IUIax 2,
3.

W3 Tpex cueHapueB pa3BUTHUS MOKapa BhIOpaH CliEHApUN ¢ HAMMEHBIINM
BpEMEHEM HACTYIUIEHUSI OMacHbIX (PaKTOPOB MOXkKapa.

[Tpunumaewm t5,= 497 c.

B cootBercTBUM ¢ [4] Tipu BHIIOJIHEHWH HepaBeHCTBA (dhopmyia 6):

1,<0.815,< ty+t,,, (8)
10 P,= (0.8t~ 1)/ Lo P, 9)
rae t,=85, 8 c. P,=0.866

BepositHOCTh 3 dekTrBHON pabOThI CHCTEMBI MPOTHUBOIOKAPHOU 3alllu-
Tel P, , HampaBieHHON Ha oOecrieueHHe OE30MacHOM IBaKyalWu JIFOACH, pac-

CUUTBIBAETCS 10 (hopmyiie:
P =1- (- Roou: Rcoya) -(1- R sz) : (10)

rne Rosy — BEpOATHOCTH A(DPEKTUBHOTO CpabaThIBAHUS CHCTEMBI TMOXAPHOU
curHanu3anuu. 3HadeHue napamerpa Rysy onpenensiercs TeXHUYECKONW Hamexk-

HOCTBIO 3JICMCHTOB CHCTCMBI HO)K&pHOﬁ CUTHAJIM3allH, IIPUBOJHUMBIX B TCXHHU-
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YECKOM AOKyMEHTauuu. IIpu OTCyTCTBUM CBEAECHMM IO IapaMeTpaM TEXHHUYE-

CKOM HaJIe’)KHOCTHU JonycKaeTcs npuHuMath Rygy = 0,8;

Rcoys — ycnoBHast BEpOATHOCTh 3(P(HEKTUBHOTO CpabaThIBaHUSI CUCTEMBI OIO-

BELLEHUS JIIOJIEH 0 MoXKape W YIpaBJICHUs dBaKyallleil goei B ciaydae agdex-

TUBHOTO CpabaThIBAHUSI CUCTEMBI MOXKAPHOU cUTHAIU3aNHU R coy»=0.8;

Tabnua 2
Hcxoansle 1aHHBIE
[Tapametp O60- | Ex. u3m. 3HaveHue
3Ha-
YyeHHUe

Cuenapuii 01 Cuenapuii 02 | Cuenpuii 03
Pacnionoxxenne [Tomere- [Tomemenue 03 | [Tomernre-

Hue 04 Hue 22
IInomans S M2 12 9 12
Tumnoas roprovas Smagus I-1I ct. | 3manusg I-11 cT. 3nagus I-11 cT.
Harpy3ka OTHECT.; M€- OTHECT.; M€- OTHECT.; Me-

0eIb+OBITOBEIE | O€NILTOBITOBEIE | O€lIb+OLITOBEIE

U3/1ENHs U3ENns 15631 (S 1708
Koaddumument nmos- 0,97 0,97 0,97
HOTBI TOPECHHUSI
Hwusmas reriora Q M/Ix/kr | 13,8 13,8 13,8
CrOpaHus
VY nenbHas MaccoBas | F KF/(MZ'C) 0,0145 0,0145 0,0145
CKOPOCTh BBITOpa-
HHSA
Jluneiinas CKOpoCTh | V M/c 0,0108 0,0108 0,0108
pacrpocTpaHeHHs
IUIAMEHH
VY nenpHbIi pacxon L02 KI/KT 1,03 1,03 1,03
KHCJIOPOJIa
JsiMoo0Opasyromast | Dm HH‘M2 /K 270 270 270
CIIOCOOHOCTB TOPSI- r
IIEro Marepuana
Makec. Beixog COs2 KI/KT 0,203 0,203 0,203
Makc. Beixon CO KI/KT 0,0022 0,0022 0,0022
Makc. Beixox HCI KI/KT 0,014 0,014 0,014
Kpwurepnii Bosropa- Bpems Bpewms Bpems
HHSA
Benuunna kpure- c. 0 0 0

pusA BO3ropaHusa
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Rz — ycnoBHas BEpOSITHOCTD 3(h(HEKTUBHOIO CpadATHIBAHUS CUCTEMBI IIPOTUBO-
IBIMHOW 3aIUMTHI B ciiy4yae 3(PQPEeKTUBHOrO cpabdaThIBAHMSI CHUCTEMBI MOXApHOU

curHanusanuu Ryp;3=0.

P113=0,64.
Tabnuma 3
Pesynprarsl pacuera
O6o3Ha- | Ex. n3m. 3HaueHne
[Tapametp qeHue Cuena- Crena- Cuena-
puit 01 puii 02 puit 03
Bricota H M. 1,7 1,7 1,7
Bpems 610kupoBanus | ts, c. 944 524 497
[o noBbIIEeHHON TeM- | t© C. He onacno He onacno He onacHo
nepaTrype
Tlo moTepe BUANMOCTH | t° 544 524 497
To MOHIKEHHOMY co- | 1 c. He onacno He omacho 575
JEP>)KaHUIO KUCTIOPOIa
ITo CO3 th c. He onacno He onacuo He onacHo
Ilo CO th C. He onacno He onacuo He onacao
Tlo HCI t' c. 832 580 500
[0 TerI0BOMy MOTOKY |t C. He omachHo He omacno He onacno

Ha ocHoBanum nanubix [4, npuiioxkeHus 1 1. 8] yactora BOSHUKHOBEHUS

Imokapa B TCUHCHHUC I'oJla B 3aHUN ACTCKOI'O Cala (QH), B paCucTcC:

- HA OJIHO YYPEKICHHE 7,34-10'3;

-Ha OJTHOTO peO&HKa 9,72-10’5.

[ToacraBnss B popmyny 4 3HaueHus u3 opmyn 5, 9, 10 pacueTHas Benu-

YrMHa HHIUBUAYAJIBHOTO ITOKApPHOI'O pUCKa COCTABUT

Q,=4.6889-10° >10°,

JlaHHBIM YpOBEHb PHUCKA HE YYUTHIBAET BOSHUKHOBEHHUE IOKApA MO IPHU-

YUHAM IIOKOTa, TEPAKTA, JTUBEPCUU U APYTUX MPOTUBONPABHBIX IEUCTBUM.

I[J'IH HCKIIIOUCHHUA BO3MOKHOCTH IIPCBBIMICHUA 3HAYCHHUS BO3MOKHOI'O

MO’KapHOTO PHUCKa Pa3paboTaHbl CICTYIONINE MEPOTTPHUSITHS:

1. BBIITOTHHUTE 3BaKyalMOHHBIE BBIXOAbI U MPOXObI, IIMPUHON HE MEHEE

1,2 m: u3 nomemenuss 11 B momemenue 12; uz momenienus: 12 s3BakyanmOHHBINA
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BBIXOJ; U3 nomenieHus 18 B momenienue 2 1; n3 nomemienus 18 3BakyanimoOHHbIN
BBIXOJ; M3 MOMEIICHUS 23 B IoMelieHue 22; u3 IMoMelleHus 33 B MOMEIICHHUE
34; u3 nmoMeneHus 28 B MOMELIEHHUE 25 B COOTBETCTBHUM C NMPUBEAEHHBIMUA HU-
xKe cxemaMmu 3aaHus (puc. 3).

2. BBIOJIHUTH CYIIECTBYIOIINE HAPY>KHBIE MOYKAPHBIC JICCTHUIIBI 3 TUMA B
COOTBETCTBUH C [3].

3. YCTaHOBUTH YUCJIEHHOCTh NMpeObIBaHUS Jtojiel B momerieHusax Ne 1 u
Nel6 ne 6onee 9 yenonek [1].

[Tpu BBIMOSHEHUH BBINIEHU3JIOKEHHBIX MEPOTIPUITHH 31aHUE JIETCKOTO ca-
na 0ynet uMmeTh 10 3BaKyallMOHHBIX BBIXOAO0B (puc.4).

[IpuHumas BO BHUMaHKE 2 BBINICYKA3aHHBIX BapHaHTa dBaKyalluu, MOJy-
gaetcs 20 clieHapueB dBaKyalluH. 3aJIeiCTBOBAHHBIE BBIXOJIBI 1 MaKCUMAJIbHOE
BpEMs BBIXOJIa JIFOJCH U3 31aHUs ¢ 2-X 3TaXKeH I BCEX CIIEHAPUEB paccMOTpe-
HbI B Ta0I1. 4. BeiOpano HanOoubliee BpeMs 3BaKyaluu - cuenapuit 10; t, =0,71
MHH. = 42,6 c.

B cootBercTBUU ¢ hopmymamu 8, 9:

P,=0.9861.
CnenoBaTenbHO, MHAUBUAYIBHBIN MTOXKAPHBIM PUCK COCTABUT:

Q,=4,86388-107.
[Tociie mpeIo)KEeHHBIX MEPOTIPUATHA UHIAUBULYIBHBIA MOXKAPHBIN PUCK

H
OTBeYaeT TpedyeMoMy YpOBHIO B cooTBeTCcTBUH C [4], T.K. Qf <Qj.

JlaHHBIM YpOBEHb PHUCKA HE YYUTHIBAET BOZHUKHOBEHHUE I0OKApaA IO IMpHU-
YUHAM II0J[KOra, TEPAKTa, JUBEPCUU U APYTMX MPOTUBOIPABHBIX ACHCTBUU Ha

00BEKTE 3aIIUTHI.
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Raxog_04

]

Beixog 05

Bexog 02

TR, g ;
T 8 b

I

Betog 06

(IIIH,
TIRAE:

Puc. 4. IToaTakHbIi IJIaH 3JJaHUS C YIETOM PEKOMEH Al
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Tabnuua 4
Pesynprartsl pacuera
Ne 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
CIIEHapusi
3a1eiCTBOBAH- 02; 01; 01; 01; 01; 01; 01; 01; 01; 01; 02; 01; 01; 01; 01; 01; 01; 01; 01; 01;
HBIE BBIXOJIBI 03; 03; 02; 02; 02; 02; 02; 02; 02; 02; 03; 03; 02; 02; 02; 02; 02; 02; 02; 02;
04; 04; 04; 03; 03; 03; 03; 03; 03; 03; 04; 06; 06; 03; 03; 03; 03; 03; 03; 03;
06; 06; 06; 06; 04; 04; 04; 04; 04; 04; 06; 07, 07, 06;07 | 04; 06; 06; 04; 06; 06;
07; 07, 07, 07; 07; 06; 06; 06; 06; 06; 07, 08; 08; . 08; | 07; 08; 07, 06; 07, 07;
09; 09; 09; 09; 09; 09; 07; 07; 07; 07, 08; 09 09 09 08; 09 09; 07, 08; 08;
10; 10; 10; 10; 10; 10; 09; 10; 09; 09; 09 09 12 08; 09 09
11 11 11 11 11 11 10; 11; 11; 10; 11;
11 al” 2" nl nl
MakcuMaIbHOE 057 |058 |058 |058 |058 [058 |058 |058 |058 |071 (042 |042 |059 |042 |042 |049 |053 (061 |042 |0,42
BpeMs 3BaKya-
MU, MUH

[Ipumeuanue: al — nectuuna 01; mn - nectHura 02 .
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