IMpukaz MUC P® ot 30 uronst 2009 r. N 382
"O0 yTrBep:KIeHUN METOAMKH OIpe/ieIeHUs] PACYETHBIX BEJIMYUH MOKAPHOI0 PUCKA B
3MAHUSAX, COOPYKEHUSAX M CTPOEHUSIX PA3JINYHBIX KJIacCOB (PYHKUMOHAJIbHOM
MOKAPHOM onacHoCcTH'"

B cootBerctBum ¢ ®denepanbHbiM 3akoHOM OT 27 aekabps 2002 r. N 184-d3 "O
TEXHUYECKOM peryiaupoBaHuu"* wu moctaHoBlieHueMm IlpaBurenbctBa Poccuiickoit
Oenepanyu o 31 mapra 2009 r. N 272 "O nopsiake NpOBEACHUS PACUETOB IO OLICHKE
MOKapHOTO pHUCKa'"** MpUKa3bIBaIO:

YTBepaAuTh NMpUJIaraeMyt0 METOJUKY OMPEICIICHUS PAaCUCTHBIX BEIUYUH IOKAPHOTO
pUCKa B 3JIaHUSIX, COOPYNKEHUSX U CTPOCHUSX Pa3IUYHBIX KJIACCOB (DYHKIMOHAIBLHOU
MI0’KapHOM OIMACHOCTH.

Munuctp C.K. oury

* CoOpanme 3akoHomarenbcTBa Poccuiickoit ®enepanmu, 2002, N 52 (gacts |),
ct. 5140; 2005, N 19, ct. 1752; 2007, N 19, ct. 2293; 2007, N 49, cr. 6070; 2008, N 30
(uacrs II), ct. 3616.

** CoOpanue 3akoHomatenbcTBa Poccuiickont deneparun, 2009, N 14, cT. 1656.

3apeructpupoBano B Muntocte PO 6 asrycra 2009 r.
Perucrpamnmonnsiit N 14486

IHpuioxenue
K npukazy MUYC PP
ot 30 utons 2009 r. N 382

MeTtoauka
onpe/ieIeHUs] PACYETHBIX BEJIUYUH MOKAPHOT0 PUCKA B 3[IaHUAX, COOPYKEHUAX U
CTPOEHHSIX PA3JIHYHBIX KJIACCOB PYHKIMOHAJIbHOMH MOKAPHON OMACHOCTH

I. O01mne moJsioKeHUAA

1. Hacrosdiass MeToJiuKa OMNpEAETCHUs] PACUETHBIX BEIIMYMH MOKapHOTO pUCKA B
3IaHUSIX, COOPYKEHUSX U CTPOCHUSX PA3IMYHBIX KIACCOB (PYHKIIMOHAIBHOW MOXapHOU
onmacHocTd (manmee - MeToauKa) YCTAaHABIMBAET TMOPSJIOK OMNPENEICHUS PaCUETHBIX
BEJIMYMH TIO’KapHOTO PHUCKA B 3JaHUSIX, COOPYKEHUSX M CTPOEHUAX (Hajiee - 37aHHUE) U
pacnpocTpaHseTcs Ha 3/laHUs KJIacCOB (DYHKITMOHAIBHON MOKapHOU OMAaCHOCTH:

@1 - 3maHUA, NpEeIHA3HAYEHHBIE NI NOCTOSIHHOTO MPOXXWBAHUS M BPEMEHHOTO
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npeObIBaHMsI JIIO/ICH, B TOM YHUCIIE:

a) UCKJIIOYEH,

0) ®@1.2 - rocTUHHULIBI, OOIIEKHUTHSI, CIIAJIBHBIE KOPITYyCa CAHATOPHEB U JIOMOB OT/bIXa
o011ero Tumna, KEMIUHTOB, MOTEJIEH U MAaHCUOHATOB,;

B) HCKJIFOUCH;

I') UCKJIIOUCH;

@2 - 3maHUSA 3PENUUIHBIX U KYJbTYPHO-TIPOCBETUTENBHBIX YUPEKIACHUN, B TOM
qHCle:

a) ®2.1 - Tearpbl, KHUHOTEATPbI, KOHIIEPTHBIE 3aJbl, KIYObl, IUPKU, CIIOPTUBHBIE
COOPY)KEHHUsI ¢ TpUOyHaMu, OMOIMOTEKU U APYTrHe YUPEKIEHHUS C PACUETHBIM YHUCIOM
MOCAJI0YHBIX MECT JIJIsl TOCETUTENIEH B 3aKPBITHIX IOMEILEHUSX;

0) @2.2 - My3eu, BBICTABKH, TAHILIEBAJIbHBIE 3JIbI U IPYTHUE MOJOOHBIE YUPEKACHUS B
3aKpPBITHIX MOMEIICHUSX;

B) ®2.3 - Tearphl, KNHOTEATPbl, KOHUEPTHBIE 3aJIbl, KIyObl, HUPKU, CIOPTUBHBIE
COOPYKEHHsI C TpUOyHaMH, OMOJIMOTEKH W APYTHE YUPEKIAEHUS C PACUETHBIM YHUCIOM
MOCAI0YHBIX MECT JJIsl TOCETUTENIEH Ha OTKPHITOM BO3yXE;

r) 2.4 - My3eu, BBICTaBKH, TaHIIEBAJIbHBIC 3QJIbl U JPYTrUe MOAOOHBIE YUPEKICHUS
Ha OTKPBITOM BO3YyXE;

@3 - 31aHud opraHu3anuil 10 00CTyKUBAaHUIO HACEJICHUS, B TOM YHCJIE:

a) @3.1 - 3maHus opraHu3alyii TOProBiy;

0) ®3.2 - 3gaHus OpraHu3anuii OOIECTBEHHOTO MU TAHMS;

B) @3.3 - BOK3aJIbI;

r) ®3.4 - NONUKIVHUKY U aMOyIaTOpuu;

n) @3.5 - noMeneHus A NOCETUTENEe OpraHu3aluii ObITOBOIO 1 KOMMYHAJILHOTO
00CITy)KMBaHUS C HEPACUETHBIM YHUCIIOM MOCAJOYHBIX MECT JIJIsl IOCETUTENEH;

e) 3.6 - (U3KYJIBTYPHO-03I0POBUTEBHBIE KOMILJIEKCBI U
CHIOPTUBHO-TPEHUPOBOYHBIE YUPEKJECHUA C TMOMEUIEHUsIMU Oe3 TpUOYH HJisi 3pUTEIEH,
OBITOBBIC TTOMEIICHHS, OaHU;

®4 - 37aHMA Hay4YHBIX U 00pa30BaTEIbHBIX YUPEXKACHUI, HAYYHBIX U MPOEKTHBIX
OpraHu3alMii, OPraHOB YNPABIICHUS YUPEKICHUMN, B TOM YHUCIIE:

a) @®4.1 - 3mgaHus  001IE00pa30BATENBHBIX YUPESKIACHUMA, 0O0pa30BATEIHHBIX
YUpeXKACHUN TOTIOJHUTEIHLHOTO O00pa3oBaHUsl JeTel, 00pa3oBaTEIbHBIX YUYPEKICHUN
HAYaJIbHOTO MPO(PECCHOHAIBHOTO U CPEIHETO MPO(heCCUOHATHLHOTO 00Pa30BaAHUS;

0) ®4.2 - 3manusa 00pa3oBaTENbHBIX YUPEKACHHUN BBICHIETO MPO(HEeCcCHOHATHLHOTO
o0pa3oBaHMsi W JIOTIOJHUTEIHLHOTO MPOQPECCHOHAIIBHOTO 00pa3oBaHus (TIOBBIICHUS
KBATH(UKAIINN) CTICIIAATTUCTOB,;

B) ®4.3 - 31aHUsT OPraHOB YIpPaBJICHUS YUPEKIECHUN, MPOEKTHO-KOHCTPYKTOPCKHUX
opraHu3anuii, ”HPOPMAIMOHHBIX U PEIAKIMOHHO-U3AATEIbCKUX OpraHu3aluii, HayqHbIX
opraHu3aiuii, 0aHKOB, KOHTOP, O(PHCOB;

r) ®4.4 - 37aHUs OXKAPHBIX JIETIO;

®5 - moXkapHble OTCEKHM MPOU3BOJICTBEHHOIO WJIM CKJIQJCKOIO Ha3HA4YEeHHsS C
KaTeropuel MNOMEIIEHUN MO B3pBIBOMOXKAPHOW M ToxapHou omacHoctu Bl1-B4, I', [,
BXOJISINNE B COCTaB 37[aHUM ¢ QYHKIIMOHATHHOW MOKapHOUW omacHOCThIO D1, D2, O3, D4,
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B ToM uucie ®5.2 - cTosHKM 111 aBTOMOOWJIEH 0€3 TEXHUYECKOro OOCTyKWBaHUS M
pEMOHTA.

2. PacyeTpl 1O OLEHKE IOKAPHOTO pHUCKA MPOBOAATCS IIyTEM COIMOCTABICHUS
pacyeTHbIX BEJIUYHMH IOKAPHOTO PUCKAa C HOPMATHUBHBIM 3HAYEHHEM IOKAPHOTO PHUCKA,
ycra"oBieHHOro ®denepaibHbiM 3aKk0oHOM OT 22 wutoiisg 2008 r. N 123-03 "Texuuueckuii
periamMeHT o TpeOOBaHUAX MoXKapHOU Oe3omacHOoCTH"™ (nanee - TeXHUYeCKUui perjaaMeHT).

3. OmpeneneHue pacyeTHBIX BEJIMYMH MOXKAPHOTO PHUCKA OCYIIECTBISETCA Ha
OCHOBaHHH:

a) aHaJIM3a MOXKapHOU OMAaCHOCTH 3/IaHHI;

0) onpeieNeHusl YaCTOThI peaanu3aliy MoKapoONacHbIX CUTYaIIHi;

B) MOCTPOEHHUSI MOJIEW OMACHBIX (DAKTOPOB IMOXKapa IS Pa3jIMYHbIX CLUEHAPHEB €ro
pa3BUTHUS;

I') OLICHKHU MOCJICICTBUN BO3JCHCTBHS OMAcHbIX (haKTOPOB MOXKapa Ha JIIOACH IS
Pa3IMYHBIX CLIEHAPHUEB €r0 Pa3BUTHS;

1) HAJIM4Ksl CUCTEM 00ECIIeueHHUsI OKapHOM O€30MMaCHOCTH 3aHUM.

4. OnpenenieHUE PACYETHBIX BEIMYHMH MOKAPHOTO PUCKA 3aKJIIOYAETCS B pacuere
WHIUBUIYAIBHOTO TMOXApPHOIO pUCKa IS JIIOJEH, HAaXOAUUXCs B 31aHUU. UHMCIIEHHBIM
BBIPDAKEHUEM WHIWBHUIYAJbHOIO T0KAPHOTO PHUCKA SBIAETCS 4YacTOTa BO3ACHCTBHS
omacHbIX (akTtopoB moxkapa (nmaimee - O®DII) Ha dYenoBeka, HAaXOIAIIETOCS B 3/IaHUU.
[lepeuenr O®II ycranoBneH crarbeit 9 TexHuueckoro periamenrta. Pe3ynabTaThl U
BBIBOJIbI, IIOJIYYEHHbIC TPH ONPEACIICHUH [IOXKAPHOTO PHUCKA, HWCIOIB3YIOTCS IS
000CHOBaHUS MApaMETPOB U XAPAKTEPUCTUK 3JIaHUN, COOPYKEHUN U CTPOCHUH, KOTOpPbIE
YUYUTBIBAIOTCS B HACTOsALIEN MeToauke.

5. Yacrora BosaeuctBus O®DII onpenensercs s NOXKapOONACHOW CHUTYyalWU,
KOTOpas XapakTepHu3yeTcsl HauOOoNbIIEH OMacHOCTBbIO MJI KU3HH U 3JI0pPOBbS JIIOJIEH,
HaXOJISIINXCS B 3[IaHUH.

6. [na wuenmeld HACTOSIEW METOIMKHA HCHOJB3YIOTCS OCHOBHBIE TOHSTHS,
yCTaHOBJICHHBIE CTaThel 2 TeXHMUeCKOoro periiaMenTa.

II. OcHoBHBIE PACYE€THLIC BEJIUIUNHBI HHANBUAYAJIBHOI'O ITOKAPHOI'0 PUCKA

7. UnaMBUIyalIbHBIHN MOKApHBIA PUCK OTBEYAET TPpEOyeMOMYy, €CITu:

H
<
Qp=Qp (1)
QH
rae B - HOpMaruBHOE 3HAYEHUE WHAVMBUIYAIBHOIO II0KAPHOTO PUCKA,
-6 -1
Q}BI: 10 "rom .
1)
Qs

- pacueTHas BEJIUYMHA UHIUBUAYAIBHOIO NIOKAPHOI'0 PUCKA.
PacuerHas BenuM4MHA NOKAPHOIO PHUCKA B 3JaHUM, COOPYKEHUM WIM CTPOCHUU
ONpPENENSIETC KaK MaKCUMaJbHOE 3HAYEHHE II0KAPHOTO PHUCKA U3 PACCMOTPEHHBIX
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CIICHAPHEB IOXKapa:

Qs =max{ Qg1+ Qy - Qo }

TI€E:

Qui pacueTHasi BeJIMYMHA MOXKAPHOTO PUCKa JJIs 1-TO CIIeHapus MoXKapa,

N - KOJIM4eCTBO PAaCCMOTPEHHBIX CLIEHAPUEB MOXKAapa.

Cuenapuii moxapa MpeACTaBIseT COOOW BapHAHT Pa3BUTUS TOXKapa C Y4ETOM
OPUHATOTO MECTa BO3HHUKHOBEHHUS U Xapakrtepa ero pa3Butuda. CleHapuil moskapa
ONpeaesieTCs Ha OCHOBE JaHHBIX 00 00bEMHO-TNIAHUPOBOYHBIX PEUIEHUSAX, O PA3MELLIEHUN
roproueld Harpy3ku W Jroae Ha oObekre. Ilpu pacuere paccMaTpuBarOTCS CLiEHApUU
M0Kapa, IPU KOTOPBIX PEaTU3yIOTCs HAUXyIIIME YCIOBUS sl oOecrieueHnst 0€30MacHOCTH
mone. B kawecTtBe cleHapueB ¢ HaMXyAIIMMHU YCIOBUSIMH IIOXapa CIEIyeT
paccMaTpuBaTh CLEHApUM, XapakTepU3yemble HanOoliee 3aTpyIHEHHBIMU YCIOBUAMHU
ABaKyaluu JoAeil u (win) HauboJsiee BhICOKOM nuHamukoi Hapactanust ODII, a umeHHO
MOXKApBI:

B IOMEILEHUSAX, PACCUMTAHHBIX HAa €JUHOBpeMeHHoe mpucyrctBue 50 u Ooiee
YeJIOBEK;

B CHCTEMax MOMEUICHWH, B KOTOPbIX H3-3a pacnpocTpaHeHuss ODII Bo3MOxkHO
ObICTpOE OJIOKMpPOBAHUE MyTEH dBaKyalnu (KOPUIOPOB, IBAKyaI[MOHHBIX BBIXOJOB U T.II.).
[Tpu 5TOM Ouar moxapa BHIOMpAETCS B MOMEIIEHUH Majoro oobema BOJIU3H OT OJJHOTO M3
HBAKyallMOHHBIX BBIXOJOB JMOO B MOMELIEHUMH C OOJIBLIIMM KOJMYECTBOM TOpIOYei
Harpy3KH, XapakTepu3yIolencs BbICOKOH CKOPOCThIO paclipoOCTPAaHEHUS IJIAMEHU;

B TIOMEIIEHUSIX U CUCTEMAaX TTOMEUICHUI aTPHyMHOTO THIIA;

B CHCTEMax I[IOMEIICHUH, B KOTOPBIX H3-3a HENOCTATOYHOM MPOITyCKHOU
CIIOCOOHOCTH MyTEW PBAKYaIIM BO3MOXHO BO3HUKHOBEHHE MPOJOJIKUTENBHBIX CKOIIJIEHUI
JHOJICKUX MTOTOKOB.

B caywasx, Korga mepevyUCICHHbIE THIBI CIEHApHUEB HE OTPaKalT BCEX
0COOEHHOCTEHN 00bEKTa, BOZMOKHO PACCMOTPEHUE UHBIX CLIEHAPHUEB MOXKapa.

B nomemienuu, umeronieM Ba U 0Oosiee 3BaKyallMOHHBIX BBIXOZa, odar Moskapa
cleyeT pa3MeniaTh BOJM3H BbIX0OJa, UMEIOIIEr0 HanOOJBIIYIO MTPOMYCKHYIO CIIOCOOHOCTD.
[Tpu >TOM AaHHBIN BBIXOJA CUMTAETCS OJOKMPOBAHHBIM C MEPBBIX CEKYH[ IMOXKapa U MpHU
OTpe/IeNICHUN PACUETHOTO BPEMEHHU 3BaKyallud HE yyuThIBaeTcsa. B momenieHun ¢ ogHUM
IBAKyallMOHHBIM BBIXOJIOM BpeMs OJIOKUPOBAHUS BbIXO/1a OTPEACIISETCS PAaCUETOM.

Cuenapuu mnoskapa, HE peaju3yemble MpPU HOPMAJIbHOM pPEXHUME HKCIUTyaTalllH
0o0beKTa (TEpakThl, MOJKOTH, XPAHEHHE TOpIOYeld Harpy3ku, HE MPEeayCMOTPEHHOU
Ha3HaAYeHUEM OOBEKTA U T.1I.), HE paCCMaTPUBAIOTCH.

8. PacuerHass BelIMYMHA WHAMBUIYAIBHOTO TOXKAPHOTO pPHCKA Qs UL 1-TO
ClLEHapHs T0Kapa pacCUUTHIBAETCS MO (opMyIie:

Qi=Qu (1_Kan,i) Popi (1_P3,i ) ' (1_Kn.3,i) (2)



Tac:

Qui . 4acTOTa BOZHUKHOBEHUS I10Kapa B 3[JaHUM B T€YCHUE I'0Ja ONPEIEIIAeTCs Ha
OCHOBaHMM CTaTUCTHUYECKUX JIaHHBIX, MPUBEIEHHBIX B npwiokeHud N 1 k HacTosmien
Metonuke. Ilpu OTCYTCTBHUM CTaTUCTHUYECKON WH(GOPMALUU JOMYCKAETCs NPUHUMAThH

-2
Q.=4-10 ,
. JJISL KaKO0ro 30aHNs;
K . .
anl - KO3(PUIUEHT, YIUTHIBAIOIINNA COOTBETCTBUE YCTAHOBOK aBTOMATHYECKOTO
noxkaporyuenus (nanee - AYII) TpeOoBaHUSM HOPMAaTUBHBIX JOKYMEHTOB IO MOXKAapHOM

Oe3omacHOCTU. 3HAYEHHE MapameTrpa Kani IIPUHUMAETCS PaBHBIM Kani = 0,9, ecmmn
BBITOJIHAETCS XOTS OBl OTHO U3 CJIECAYIOLIUX YCIOBUI:

3naHue  oOopynoBaHo cucremodt  AVII, coorBeTcTByOmIe  TpeOOBaHUSIM
HOPMAaTUBHBIX JIOKYMEHTOB I10 MOKapHO 0€301acHOCTH;

obopynoBanue 3naHus cucreMod AVYIl He TpeGyercs B COOTBETCTBHHU C
TpeOOBaHUSAMU HOPMATUBHBIX JOKYMEHTOB IO MT0KapHOU O€30MacCHOCTH.

K
B ocranpHbIX ciydasgx ! IPUHUMAETCS PABHBIM HYJIIO;

P . .
il - BCPOATHOCTL IMPUCYTCTBUSA JIIOACHU B 3AaHUH, OIIpCACIsICMasn N3 COOTHOICHHA

P =t 124 t . .
mp,i PynKLi , re  bymul - BpeMs HaXOXXICHUS JIOJCH B 3JTaHUU B Jacax,

P. .
a - BCPOATHOCTD 3BAKYyalluX JIFOACH,

K . . .

131 - k03(PUIUEHT, YYUTHIBAIOIIUM COOTBETCTBUE CHCTEMBI MPOTHUBOIOXKAPHOMN
3allUThI, HAMpPABJICHHON Ha obecrnedyeHHe OE30MacHOW dBaKyallud JIIOJCH MpH IOXkKape,
TpeOOBAHMSIM HOPMATUBHBIX IOKYMEHTOB IO MOXKapHOWU O€30MaCHOCTH.

P
9. BeposiTHOCTB 3Bakyalluu > PacCYUTHIBAIOT MO popmyIie:

0’8.t6n7tp
0,999 tﬂ_,ecm/Itp<0,8"r6n<tp+tH3 u t <6mun.

3

P =
> 10,999, ecm ty+t, <08, nt, <6muH.
0,000, ecru t,>0,8 -, mm t,_>6 MuH. (3)

t o
rl€ P - pacueTHOE BpPEMs ABAKYyallMH JIFOJICH, MUH;

b - BpeMsl Hauaja 3BaKkyall (MHTEpBaJl BPEMEHM OT BO3HUKHOBEHHS IOXKapa 10
Hayaja 3BaKyalluu JOJen), MUH;

b - BpeMsl OT Hauaja Tmoxkapa J0 OJOKHPOBAaHHUS HSBaKyallMOHHBIX TyTeH B
pe3yabpTare pacrpocTpaHeHus Ha Hux OO®IIl, uMeronmx npeneabHO JONMYyCTUMBIE IS
Jroiel 3HaueHus (BpeMs OJIOKMPOBAHUS ITyTeH dBaKyalluu), MUH;

ke o BpeMs CYIIECTBOBaHMS CKOIUICHMH JIIOAEH Ha y4acTKax NyTH (IUIOTHOCTH
JIFOJICKOTO MMOTOKA Ha MYTAX 3BaKyallUH Npesbiiaet 3HaueHue 0,5 ).



10. PacueTHOE BpeMs BaKyaluu JIOACH & 13 TTOMEIICHUN U 3JIJaHUI OIpeIeISIeTCA
Ha OCHOBE MOJICJIMPOBAHMS JBMKEHHUS JIIOJICH 10 BBIXOJA HAPYXKY OJHHUM U3 CICIYIOIIUX
CII0OCO0O0B:

[0 YNPOUICHHOM AaHAJUTUYECKOW MOJEIW JBWKECHUA JIIOJICKOrO  IOTOKAa,
npuBeIeHHON B npuiioxkeHnnu N 2 K HacTosie MeToauke;

[0 MAaTeMaTH4YEeCKOW MOJEIH HHAWBUAYAIBHO-TIOTOYHOTO JBWXCHHS JIOJIEU U3
3[IaHUs, IPUBEICHHON B pwiioskeHn: N 3 K HacTosme MeTtoauke;

M0 HMHUTAIMOHHO-CTOXACTUUECKOM MOJICIM JBMIKCHHUS  JIFOJICKUX  IIOTOKOB,
MpUBEICHHON B npuiiokeHnu N 4 K HacToseld MeTouke.

BriOop crmocoba ormpesaeneHus pacuyeTHOrO0 BPEMEHU SBaKyalluM MPOU3BOIUTCS C
Y4eTOM CIenUu(pUUEeCKUX OCOOCHHOCTEH 00BEMHO-IJIAHUPOBOYHBIX PEIICHUM 3JaHus, a
TaKXe 0COOCHHOCTEH KOHTUHIEHTA (€r0 OJHOPOIHOCTH) JTFOIeH, HAXOISIINXCS B HEM.

[Ipy omnpeneneHUM pacyETHOTO BPEMEHM HBAKYAllMH YYUTHIBAIOTCS JIAHHBIC,
NpUBEJICHHBIC B MpuiokeHUH N 5 K Hacrtosmeld Meroauke, B YaCTHOCTH IPHUHIUIIBI
COCTAaBJICHHMSI PACYETHOM CXEMBbl DBaKyalHH JIOJACH, IapaMeTpbl JBHXKEHUS JIIOACH
pPa3IMYHBIX TPYNI MOOWIBHOCTH, a TakKKe 3HAuCHMs IUIOMAJed TOPU3OHTAIBHBIX
MPOEKIMN PAa3TUYHBIX KOHTHHT€HTOB JIFOAEH.

t
11. Bpemss Hauanma sBakyaluu ™ ONpEIEISIETCS B COOTBETCTBUU C IYHKTOM 1
npuitoxkenns N 5 kK Hacrosmen Meroauke.

12. Bpewmst OGiiokupoBaHWs TyTeW 3BaKyalluu %1 ppmmcnsercs MyTEM pacuera
BpeMeHu noctrxeHus O®DII npenenbHO NOMYCTUMBIX 3HAYEHUI HAa ABAKYAIMOHHBIX MYTSX
B pa3au4Hble MOMEHTHI BpeMeHHU. [lopsaok mnpoBeneHHsl pacyeTa M MaTeMaTHYECKHE
MOJEIN [UIsl ONpEeNeNeHHs BpeMEeHH OJOKMpOBaHMS IyTell SBaKyalldd OIMAaCHBIMU
dakTopaMu moxkapa MpUBEACH B MpriiokeHnr N 6 k HacTosimeir Metoauke.

13. KoaddummenT, yduTHIBAIOMIMA COOTBETCTBHE CHCTEMBI MPOTHBOIOKAPHOM
3alllMThI, HAMpABJICHHOW Ha oOecreueHre O€30MacHOM HSBaKyallud JIIOJEH MpU MOXKape,

o K
TpeOOBaHMSIM  HOPMATHUBHBIX JOKYMEHTOB TI0 TOXKAapHOM  0€30MacHOCTH, s
paccuuThiBaeTCs 1o Ghopmylie:

Kr[s:li(liKO(SH.KCO%).(17K06H.Kﬂﬂ3) (4)

rac.

K . .
oor - go3(h(OUIMEHT, YYUTHIBAIONINN COOTBETCTBHUE CHUCTEMBI TOKapHOU

CUTHAJIM3AIUU TPeOOBAHUSAM HOPMATUBHBIX JTOKYMEHTOB MO MOKapHOH 0€30MacHOCTH;

Keoys . KOA(PPUIIUEHT, YIUTHIBAIOIIUN COOTBETCTBUE CUCTEMbI OMTOBEIIICHUSI JIFOIEH
0 TIO’Kape U YIpaBJIEHUS dBaKyaIrlei Jroei, TpeOOBaHUSIM HOPMATHUBHBIX JIOKYMEHTOB I10
o>KapHOM 0€30MacHOCTH;
K o o
B - ko3¢ UIIMEHT, YYUTHIBAIOIIUNA COOTBETCTBHUE CHUCTEMbI MPOTHUBOBIMHOMN
3aIUThI, TPEOOBAHMSIM HOPMATHUBHBIX JJOKYMEHTOB IO MMOXAPHOU O€30MaCHOCTH.

[Topsimoxk OLIEHKH MapaMeTPOB Kosn , Keoys u KHIB npuBeneH B pazjeine 1V



HacTosAIern MeToIuKu.

II1. ITopsiaok NMpoBeIeHUs pacuyeTa HHAMBUAYAJIbHOI0 MOKAPHOI0 PUCKA

AHAJIN3 TMOKAPHOM OMACHOCTH 31aHUS

14. JIns mpoBelieHUs aHaIu3a MOKapHOM OMAaCHOCTH OCYIECTBIIAECTCS COOp JaHHBIX
0 3JJaHWU, KOTOPBI BKIIFOYAET:

00BEMHO-TUIAHUPOBOYHBIE PEILICHHUS,

TEIIOPU3NYECKHE XAPAKTEPUCTUKHN OTPAKAAIONINX KOHCTPYKIMM U pa3MEIeHHOTO
000pyT0BaHUS,

BU/I, KOJIMYECTBO U pa3MEUIEHUE TOPIOYMX BEIIECTB U MaTEpUaJIOB;

KOJIMYECTBO U MECTA BEPOSITHOTO Pa3MEIECHHUS JIFOJIEH;

CUCTEMBI MOKAPHOW CUTHAIM3AIMU U MOXKAPOTYIICHHS, POTUBOIBIMHOMN 3aIUTHI,
OMOBEIICHUS JIFOJEH O TT0XKAape U YIPABJICHUS IBAKYALIHUEH JIOICH.

15. Ha ocCHOBaHMM TIOJy4EHHBIX JAHHBIX MPOU3BOAUTCS aHAIN3 IOKApPHOU
OMAaCHOCTH 3/1aHHUS, IIPU 3TOM YUUTHIBAETCSA:

BO3MOYKHAsl TUHAMUKA Pa3BUTHS TI0Kapa;

COCTaB M XapaKTEPUCTUKH CHCTEMBI IIPOTUBOIIOKAPHOM 3aLUTHI;

BO3MOYKHBIE MMOCIIEACTBUS BO3ACHCTBHS I0XKapa HA JIOJAEH U KOHCTPYKLIMH 30aHUS.

OnpenesieHue 4YaCcTOThI PeaIU3alH M0KAPOONACHBIX CUTY AU

16. Yacrora peanu3aluM IMOXKApPOOMACHBIX CUTyallUld OMNPEAENSIETCS YacTOTOU
BO3HUKHOBEHHUS TOXapa B 3JaHUM B TeueHue roga. l[lopsAmok ompeneneHus: 4acTOThI
BO3HUKHOBEHUS MMOXKapa B 371aHUU NpuBeieH B pasaene || nactosimeit Metoauku.

IHocTpoenue moJie onacHbIX (GaKkTOPOB MOKaAPaA ISl PA3JIUYHBIX CLIECHAPUEB €ro
pa3BUTHUA

17. Jlyist mocTpoeHus Tojed omacHbIX (DAaKTOPOB MOXKapa MPOBOJAUTCS IKCIEPTHBIM
BBIOOp CIICHapWsl WM CIEHAPUEB TOXKapa, NPU KOTOPHIX OXKHUJAIOTCA HAUXYJIITHE
MOCIICICTBUSA 111 HAXOISIUXCS B 31aHUU JIFOAEH.

dopMyIHpOBKA CIIEHAPUS PA3BUTHS TOKapa BKIIOYAET B ¢€0s CICMYIONINE ITAIIBI:

BBIOOP MECTa HAXOXKACHUS IEPBOHAYAIILHOTO OYara mokapa u 3akOHOMEPHOCTEHN ero
pa3BUTHS,

3aJlaHie pacyeTHOW oOmacTu (BHIOOp paccMaTpuBaeMOi MPH pacueTe CHUCTEMBbI
MOMEIIICHUI, ONIPEICIICHUE YUYUTHIBAEMBIX ITPU PACUETE DJIEMEHTOB BHYTPEHHEU CTPYKTYPHI
MOMEIICHHM, COCTOSTHUSI TPOEMOB);

3aIaHUE MAPAMETPOB OKPYXKAIOLIECH Cpelbl M HadyalbHBIX 3HAYEHUN IapaMeTPOB
BHYTPH IIOMEIICHUM.



B cootBercTBUM ¢ mpunoxkenueM N 6 k Hactosmedn Metoauke ¢GopMynupyercs
MaTeMaTH4YECKasi MOJIEIb Pa3BUTHUS NOKAapa U IPOBOJUTCS MOJEIUPOBAHUE €TO NTUHAMUKHU
pa3BUTHA.

Ha ocHOBaHuM pe3ynbTaToOB pacuyeTOB OCYILIECTBISAETCA IIOCTPOCHUE MOJIEN OIaCHBIX
(akTOpOB MmoXkapa W ONpEAeNsAeTCs 3HAaUCHUE BPEMEHU OJIOKMPOBaHUS MyTEH 3BaKyalluu

oI B |

OueHka mocjieICTBUI BO3/1€CTBUA ONMACHBIX (JAKTOPOB MOKaApa HA JIKAel 1JIs
Pa3JIMYHBIX CLEHAPHUEB €ro pa3BUTUA

18. Onenka mMmociencTBUil BO3ACHCTBUS OMACHBIX (PAKTOPOB IMOXkKapa Ha JHOJeH
3aKIIF0YAETCS B ONIPEACIICHUU BEPOSTHOCTU ABAKYaIlMH JIIOJIEW U3 3[TaHUS [IPU TTOXKape.

BepositHocTh 3Bakyanuu soAe ompexaensercas mno ¢opmyne (3) Ha OCHOBE
COTIOCTaBIICHUS 3HAYCHHUM BPEMEHH JBaKyallMH JIIOJEH U BpEeMEHU OJOKHPOBAaHUS IMyTeH
ABaKyalluy ONAaCHBIMU (pakTOpaMu moxapa.

Jns onpeneneHus pacyeTHOTO BPEMEHH 3BaKyalluu JIIOAEH % B coorsercrBum c
npwioxkeHussMu NN 2-5 k Hactosein Metoanke onpeeseTcss MOJEeNb dBaKyalluu JTo1en
U3 3[IaHHs, TPOBOJUTCS MOCTPOCHUE PACUETHOM CXEMBbI IBAKyallMd U OCYIIECTBISIETCS
MOJEIUPOBAHUE ABAKYAIUHU JIFOJICH.

19. B cootBerctBuu ¢ pazaenom Il Hacrosimein MeToauku mpoBOIUTCS ONPEICICHUE

pacdyeTHOM BEJIMYHWHBI WHAUBUAYAJIBHOTO IOXKApPHOIO PHUCKa %y COIIOCTaBJIEHUE €€ C

Qs

HOPMAaTHUBHBIM 3HaYCHHEM HHIUBHUIYaJIbLHOTO IMOYKAPHOTO PHUCKA
Ydyer HAJIMYHUSA CUCTEM O0ecneYeHUs MOKAPHOIi 0€30NMACHOCTH 31AHUA

20. Hanuuue cucteM oOecriedeHus moxapHoi 0e30MacHOCTH 31aHUS YUUTHIBACTCS B
COOTBETCTBHUH C (opMyIioH (4) u mosioxkeHusIMU pazaena [V nacrosmieit Metoauku.

brok-cxema, WUTIOCTpUPYIOIIAs MOPSAOK MPOBEACHUS pacdyeTa WHIANBUIYATEHOTO
MO’KapHOTO PUCKA, MPECTaBeHa Ha puc. 1.

AHaJIi3 oKapHOU OMACHOCTH 3aHUs




OmnpeneneHue 4acToThl peaan3alry MoXKapoOonacHbIX |
CUTYyaIun |

> |
v

[TocTpoeHue noseit onacHeIX (akTOPOB MOXKapa |
Bri0op crienapus noxapa
@opMyIMpPOBKA MATEMATHYECKON MOJEIH U
MOJICJIMPOBAHUE JUHAMUKH PA3BUTHS MOXKapa
[TocTpoenue nosieit onacHbIX (HaKTOPOB MOKApa
Onpenenenne BpeMeHU OJIOKMPOBaHUS ITyTEN |

| ABaKyaluu
I |
|
Pazpabotka | v
JIOTIOJTHUTEIIb- |
|
HBIX | | O1ieHKa TOCJIEACTBUI BO3AEHCTBHS OITIACHBIX |
MPOTHUBOMOXKAP- | | (dhakTOpOB ToXKapa Ha JrojIen |
HBIX | | dopMyIUpOBKa MATEMATHUECKON MOACIH U |
MEpOTPUSATUN | | MOJICTTUPOBAHUE IBAKYAIIUU JIIOIEH U3 3aHUs TIPU |
rnoxape |
A | Onpenenenue BpeMeHU OJIOKMPOBAaHUS MyTeH |
ABaKyaluu

PacueT BepoSATHOCTH 3BaKyalluu JHOAEH |

| | PacueTt BennuuHbI
| VHJIMBU1yaJIbHOTO
| | MOXapPHOr'0 pUCKa




| v v
I |

PacuetHO€E 3HaueHHE

| | PacuetHo€ 3HaueHHE
IMOKApHOI'0 PHUCKa HC |

| IMOKApHOI'O pUCKa

| I| IIPEBBIIIAET HOPMATUBHOE | IIPEBBIIAET HOPMAaTUBHOE |
|
| | |
|
| | |
v v |

| I |

I |
| BriBox: | | BriBox: | |
| |no>1<aprn?1 pHUCK npeBmmaeTl | NO>KapHBIA PUCK HE |
JNOITyCTUMOE 3HAYECHUE | | IIPEBBIIIAET JOITYCTUMOE | |
| ] | -

Puc. 1. Ilopsinok npoBeaeHNsi pacyeTa MHAMBUIYAJbHOI0 MOKAPHOT0 PUCKA

IV. Ilopsanok pa3padoTKy J0NOJTHUTEIbHBIX NPOTHBONOKAPHBIX MEPONPUATHI IPH
OnpeAeJIeHUM PAaCYeTHON BeJIMYUHbI MHAMBHAYAJIBHOIO M0KAPHOI'0 PUCKA

21. B caydae, ecnu pacyeTHas BeJIWYMHA WHIWBUIAYAJIBLHOIO MOXKApPHOTO pPHCKA
MPEBBIIIIAET HOPMATUBHOE 3HAUYCHUE, B 3/IaHUH CIICIYET MPEAYCMOTPETh JOMOJIHUTEIbHBIC
MPOTUBONOKAPHBIE MEPOIPUSITHS, HANPABICHHbIE HA CHUKEHHUE BEIUYMHBI TOKAPHOTO
puCKa.

K 4dnciy npoTHBONOXKApHBIX MEPOIPUSITUHN, HATPABICHHBIX HA CHUKEHUE BEJTMYHHBI
MOKapHOT0 PUCKA, OTHOCSTCS:

MPUMEHEHUE JIOMOJIHUTEIBHBIX O00BbEMHO-TIJIAHUPOBOYHBIX PEIIEHUNA U CPEJCTB,
00ecTeunBarOINX OTPAaHUYCHUE PACTIPOCTPAHCHUS TIOXKAPA;

YCTPOMCTBO JOMOJHUTEIBHBIX YBAKYaIIMOHHBIX MTyTEH U BBIXOJIOB;

YCTPOMCTBO CHCTEM OMOBELICHUS JIIOJEH O ToXKape W yMNpaBJCHUS dSBaKyalldeu
JIH0JIeH TOBBILLIEHHOTO TUIIA;

OpraHu3alysi MO3TATHON 3BaKyalluu JIIOAeH U3 3aHus;

MPUMEHEHUE CUCTEM IPOTUBOBIMHON 3aIlIUTHI;



YCTPOMCTBO CUCTEM aBTOMATHUECKOTO MOKaAPOTYIICHUS;

OTpaHWYCHHE KOJIMYECTBA JIIOJEH B 3JaHUM 1O 3HAYEHHUM, OOECIeuMBAIOIINX
0€30MacHOCTh UX 3BaKyalMy U3 3/1aHHUS.

O PeKTUBHOCTD TOMOTHUTENBHBIX IMPOTUBOMOXKAPHBIX MEPONPUITUN  JTOJKHA
HOJTBEPKIATHCS TOBTOPHBIM PAaCcueTOM BEJIMYMHBI HHIAUBHIYaJIbHOTO TIOXKAPHOTO PUCKA.

22. D(QPEeKTUBHOCTh KaXJOr0 W3 NEPEUYUCICHHBIX BBILIIE IPOTHUBOMOMKAPHBIX

. t
MCPOIIPUATHUHA OIIPCACIIACTCA CTCIICHBIO BIIMAHHWA HA ITapaMCTPhI P, t6ﬂ ) tﬁ3 , a4 JJId CUCTCMBbI
no>1<apH0171 CHUIrHaJIn3anuu, HpOTHBOI[bIMHOﬁ 3allIUThl U CUCTCMBI OIIOBCIICHUA JIIOI[eﬁ 1110)51

o o K K
[I0Kape U YIPABJICHUS BaKyallUeH JIOIEU TaKKe IapaMeTpaMy — o0H | Keovs y Kum

3HaueHuEe MmapameTpa Koo PUHUMAETCSI PAaBHBIM Kogni=08 , €CJIM BBINIOJHAETCS
XOTs OBl OJTHO U3 CIEAYIONIUX YCIOBUIA:

31aHue OOOpPYJOBaHO CHUCTEMOW TMOKApHOW CHUTHAJIM3AIMU, COOTBETCTBYIOLIEH
TpeOOBaHUSIM HOPMATUBHBIX JJOKYMEHTOB IO MOKapHOU 0€30MacHOCTH;

o0OpyZ0BaHUSl 3JaHHMS CHUCTEMOM TMOXKApHOM CHUTHAJIM3AIMU He Tpedyercsa B
COOTBETCTBUH C TPEOOBAHUSIMU HOPMATUBHBIX JOKYMEHTOB IO MOKapHOU 0€3011acCHOCTH.

B ocTtanbHbIX ciydasix Koo MIPUHUMAETCSI PABHBIM HYJIIO.

23. [IpuMeHeHUE B KA4€CTBE JOMOJIHUTEIBLHOIO MPOTUBOIIOKAPHOTO MEPONPUITHUS
00BbEMHO-TUTAHUPOBOYHBIX ~ PEHICHUM W  CPEACTB, OOECHEUYHBAIOIINX OTrpaHUYCHUE
pacmpocTpaHeHus ToXKapa, JOCTUraeTcsi OO0ECTeUeHHEeM HOPMHUPYEMBIX MPEesioB
OTHECTOMKOCTH U TOHMKEHHON TMOKapHOW OMacHOCTH OOJHUIIOBOYHBIX CTPOUTEITHHBIX
MAaTEPUAJIOB, HUCIOJIb3YEMBIX B OrPaKIAIOUIMX KOHCTPYKUHSIX IOMELIECHHS, B KOTOPOM
HAXOJWTCS BEPOATHBIN ovar noxapa.

CreneHb BIMSHUS TAHHOTO JOTOJHUTEIBHOTO MPOTUBOIIOXKAPHOTO MEPONPUSATHS HA

t
JWHAMHUKY paclpOCTPAHEHHs IOXKapa M, COOTBETCTBEHHO, 3HAYEHHUE IapaMeTrpa o1

ONpEeNeNnsAeTCs MNYyTEM MPOBEACHUS MOBTOPHOIO  pacyera % rocme  BHecemms
COOTBETCTBYIOIINX U3MEHEHUH B CXeMY 00bEMHO-TIJIAHUPOBOYHBIX PEIICHUN 31aHMUS.

24. TIlpu nDpuUMEHEHHMHM B KA4YECTBE JOIMNOJHUTEIBHOIO MPOTUBOMOKAPHOIO
MEpPONPUATHS YCTPOMCTBA JOMOJHUTEIbHBIX HBAKYAI[MOHHBIX MYyTEH U BBIXOJIOB CIEIYET

BBITIOJTHUTH MOBTOPHBIN PACUET MO OIIEHKE MTapaMeTpa b , C YYETOM OTKOPPEKTHPOBAHHBIX
00BEMHO-TIJITAHUPOBOYHBIX PELICHHH.

25. Ilpm mnDpuUMEHEHMHM B KAueCTBE JOMNOJHHUTEIBHOTO MPOTHUBOIIOKAPHOTO
MEpONPUATHA yCTPOWCTBA CHUCTEMBI OIIOBEIICHUS JIIOACH O TMO0KAape M YIPaBICHUS
DBAKyalMel JIIOAEH IOBBILIEHHOIO THUIA CJIEAYET BBIIOJHUTH ITOBTOPHBIM pPacyeT IIo

t
OLIEHKE MapamMerpa P C YYETOM I[IepepaclpeesicHuss MOTOKOB JBAaKyHPYIOIIUXCS U
VM3MEHEHUS CXEMbI IBAaKyallUd B 3aBUCUMOCTH OT CLIEHAPWEB BO3ZHUKHOBEHUS W Pa3BUTHS
Mo’kapa 1, COOTBETCTBEHHO, aaropuTMa GyHKIIMOHUPOBAHUS CUCTEMBI OTTOBEIIICHUS JTFOICH

0 MO’Kape U yIPABICHUEM 3BaKyallluH JIFOJCH.

K , K .=0,8
3HadyeHne Mmapamerpa  COY2!  pmpmHMMaeTCs paBHBIM - OV T 1 ecnm

BBITIOJTHSETCSI XOTSI OBl OJTHO U3 CIICAYIONINX YCIOBUM:



3laHie O0O0OPYIOBAaHO CHUCTEMOW OIOBEUIEHUS JIOAEH O MOXape WU yIpaBICHUS
IBaKyallUeW JIOJEH, COOTBETCTBYIOLIEH TpeOOBaHUAM HOPMATUBHBIX JTOKYMEHTOB IO
no>kapHoi 0€30MacHOCTH;

00Opy/IOBaHUE 3[aHUS CHUCTEMOW OMOBELICHUS JIOACH O MOXKape U YNpaBICHUS
IBaKyalMeil Jrojaeldl He TpeOyeTcss B COOTBETCTBUM C TpeOOBaHMSIMM HOPMATHUBHBIX
JIOKYMEHTOB 10 MOKapHON 0€30MaCHOCTH.

Keoya, i
B ocranpHbIX ciyyasx | IpUHUMAaETCs paBHOW HYJIIO.
26. BausHue cucTeMbl NPOTUBOABIMHOM 3aIlUThl HA YPOBEHb OOECIIEYEHHOCTH
0e30IacHO 3BaKyalMy JIIOJIEH MPHU MOKAPE OLIEHUBAETCS IOCPEICTBOM pacueTa 3HauUCHUs

b ¢ Y4ETOM TEXHUYECKUX XapaKTEPUCTHK MPUMEHSIEMOr0 BEHTUJISIIMOHHOTO
000pyI0BaHUsl MPOTUBOJABIMHOM 3amuThl. [logbop mapamMeTpoB BEHTHIISAIIMOHHOTO
000pyIOBaHUsI OCYIIECTBIACTCS B COOTBETCTBMM C HOPMATUBHBIMH JOKYMEHTAMH IO
nokapHoit Oe3omnacHocTu. [Ipu 3TOM 1711 BBIMOJTHEHUS PACUYETOB CIEAYET NPUMEHSTh
30HHYIO (30HAJIFHYIO) WU MOJIEBYIO MOJIETIH.

K : K .=
3HadeHne mapameTpa VB! mpuHMMaeTcs paBHBIM /B , €CIIA BBITIOJIHIETCA
XOTs1 OBbI OZTHO U3 CIICAYIOIINX YCIOBUIA:
3laHie OOOPY/IOBAHO CHUCTEMOW MPOTUBOJABIMHOM 3alllUTBhI, COOTBETCTBYIOIICH
TpeOOBaHUSIM HOPMATUBHBIX JJOKYMEHTOB IO MOKapHOU 0€30MacHOCTH;
o0opyioBaHUsl 3JaHUS CUCTEMOW MPOTHUBOJBIMHOM 3alIuThl HE TpelOyeTcs B
COOTBETCTBHUH C TPEOOBAHUSMHU HOPMATUBHBIX IOKYMEHTOB 1O MOKapHON O€30MaCHOCTH.

K. .
B octanphbix ciydasx /B! mpuHUMAaETCS paBHBIM HYJIIO.
27. OrpaHudyeHue KOJIWMYECTBA JIOJEH B 3JaHUM JO 3HAYCHUN, 00€CTICUMBAIOIINX
0€30MacHOCTh WX JBaKyalldd W3 3JaHWsl TMPU TI0KApPEe, YUYUTHIBACTCS TOCPEIACTBOM

IIOBTOPHOI'O pacuera 3HAYECHUS rapameTpa b pu CYLLIECTBYIOLINX
00bEMHO-TUIAHUPOBOYHBIX ~ PEIICHUSX W  OrPAHUYCHHOM  3HAYEHUU  KOJWYECTBa
ABAKYUPYIOIIUXCS TIPU MOXKapeE.

28. Jlnsa mosiydeHusi UICXOJHBIX JaHHBIX, HEOOXOAUMBIX MJi MPOBEACHUSI PACUETOB,
MPENYCMOTPEHHBIX HACTOAIEH METOOUKON, CIEAYET HMCIOJb30BAaTh CIIPABOYHBIC
WCTOYHUKHU MH(GOPMAIIMH U IPOCKTHYIO JOKYMEHTAIINIO 3/IaHUA.

* Cobpanune 3akoHomaTenscTBa Poccuiickoit Deneparun, 2008, N 30 (uacts I),
cT. 3579.

Ipuioxenne N 1
K IyHKTY 8 MeToauKu

CraTucTHuyecKkue JAaHHbIC 0 YACTOTE¢ BOSBHUKHOBCHHS IMOKapa B 31aHUAX

| N | HaumeHnoBaHue 31aHMs | YacToTa BOBHHMKHOBEHMS IIOXKapa B |




/o

TCUCHUC roga

2

3

OO611eo6pazoBaTeIbHbIC YUPEKACHUS

(mKoJia, MIKOJIa-UHTEPHAT, TETCKUM
JIOM, JTUIEH, THMHA3Usl, KOJUIEIK )

1,16-10 2

YupexxaeHus HauaabHOTO
po¢eCCHOHATLHOTO 00pa30BaHuUs
(mpodeccruoHanbHOE TEXHUIECKOE

YUWJIHIIIE)

1,98-10 2

YupexneHus: CpeaHero
npo¢heCCUOHAIBHOTO 00pa30BaHUs
(cpenHee cnienuaibHOE YUeOHOE
3aBEJICHHE)

2,69-10

[Ipoune BHEUIKOJIBHBIE U IETCKUE
YUPEKICHHUS

15210 2

JleTckue 0310pOBUTEIIbHBIC JIareps,
JIETHUE JETCKUE Jauu

1,26-10 3

Canaropuu, 1oMa OTbIXA,
POPUIAKTOPUHN

299-10

AMOynaTopuu, MOIUKINHUKH,
IVCIIAHCEPBI, MEITYHKTBI,
KOHCYJIbTallUU

8,88-10

[Ipennpustrsi pO3HUYHON TOPTOBIIN:

YHUBEPMAru, MpOMTOBAapHBIE
MarasvHbl, YHUBEPCAMBlI,
MPOJOBOJLCTBEHHBIC MAra3uHbI;
Mara3uHbl CMEIIAHHBIX TOBAPOB;
aITeKH, ATEYHBIE JJAPbKU; POYUE
31aHUSI TOPTOBJIN

2,03-10

[IpennpusiTust ppIHOYHOW TOPTOBIIU:

KPBIThIE, ONITOBBIE PHIHKY (U3 31aHUI

CTAallMOHAPHOMN MOCTPOUNKH),
TOPTOBbIE MMaBUJIbLOHBI, KHOCKH,
JIAPbKHU, MMATATKH, KOHTEUHEPHI

113-10

10.

[Ipeanpusitst 0GIIECTBEHHOTO
TUTAHUS

3,88-10

11.

I'ocTrHMIIBI, MOTEIHN

2,81-10

12,

CnopTuBHBIE COOPYKEHUS

1,83-10

13.

KityOHbIE U KyIbTYpHO-3pEIUIIHBIE
YUpEKIACHUS

6,90-10

14,

bubanorexu

1,16-10 3

15.

My3zen

1,38-10




puiaoxenne N 2
k yHKTy 10 MeToauku

YIIPOIHeHHaH AHAJIUTHYICCKadA MOJA€JIb ABHKCHUSA JIIOJACKOI'O ITIOTOKA (onpeneﬂeﬂne
PACY€THOTO BPEMECHHU 3BaKyallun JIoJeil U3 noMeleHu U 31aHuii 1o pacuery
BPEMECHHU IBUKCHUSA OAHOI0 WJIH HECKOJBKHUX JIIOJACKUX ITOTOKOB 4Y€peE3
IBAKYAIIHOHHbBIE€ BBIX0AbI OT HauoboJee YAQAJE€HHBIX MECT PasMEIlICHUA JIIOIleﬁ)

PacueTHOE Bpems sBaKyalnu JIHOJEH % us MOMEIIEHUN U 3JaHUN YCTAHABIMBACTCS
[I0 pacyeTy BPEMEHHU JBHKECHUS OJHOIO WIIM HECKOJBKUX JIFOACKUX IIOTOKOB 4Yepes
HBaKyallMOHHBIE BBIXOJIbI OT HanboJiee yIaJIeHHBIX MECT pa3MEIleHHUs JII0IeH.

IIpu pacuere BeCh MyTh JBUKEHMS JIFOJCKOTO MOTOKA IMOAPA3ACIACTCS HAa YYACTKU

. . L .
(mpoxoa, KOpUaAop, ABEPHOM MPOEM, JECTHUYHBIN Mapll, TaMOyp) IJUHONW | W IIUPUHOMN

O:
i . HavanpHbBIMH aCTKaMHM ABJIAIOTCA IIPOXOAbI MCKI a00YNMMH MeCTaMHU
>

o0opy/noBaHuEM, psIaMH Kpecel H T.11.

[Ipu ompenereHUM pPacUYeTHOTO BPEMEHH JBaKyalldd JIIOICH IJIUHY W IIHPHUHY
KQKJIOTO Y4acTKa MyTH ABAKYyaIllMH ISl MPOSKTUPYEMbIX 37aHUI MPUHUMAIOT 110 MPOEKTY,
a JUIsl TIOCTPOEHHBIX - MO (PAKTUYECKOMY TMOJIOKEHUI0. JMMHY TyTH 1O JIECTHUYHBIM
MapiiaMm, a TakXke MO TMaHAycaM H3MEpSAIOT Mo JjuHe Mapiia. J[JIMHy myTH B JBEPHOM
mpoeMe MPUHUMAIOT paBHOW Hym0. [IpoeM, pacmosiokeHHBI B CTEHE TOJIIUHON OoJiee
0,7 M, a Takke TaMOyp CJIETyeT CUMTATh CAMOCTOSATEILHBIMU y4aCTKaMU TOPU30HTAIILHOTO

|
yTH, UMEIOIIMMHU KOHEYHYIO JTUHY | .
|
PacueTHoe BpeMs »BaKkyallud JIOACH P CIEAyeT ONpeNeNsTh Kak CyMMY BpPEMEHU

1.
ABHI)KCHHUA JIOACKOI'O ITOTOKA I10 OTACIIbHBIM Y4YaCTKaM IIYTH I 110 Q)OpMYJ'IGI

R IIIZR)

t
rae ! - Bpemsi JBUXKEHHUS JIFOJICKOTO TTOTOKA HA MEpBOM (HayajabHOM) y4acTKe, MUH;

t, t, t t.
1,72, 3 ..., 1 - Bpems JBUKEHUS JIFOJACKOIO MOTOKA HA KAXKJIOM M3 CIIEAYIOLINX

IMOCJIC IICPBOI'0 y4aCTKa IIyTH, MUH.

t.
BpeMss nBWXEHHS JIOJICKOTO TIOTOKA [0 TIEPBOMY YYacTKy IIyTH | , MHH,
pacCcUUTHIBAIOT 110 hopMyJie:

1y

t,= =

1 (12.2)

I
rae ! - AJiMHa NepBOro y4acTKa MyTH, M;



V
1 - CKOpPOCTb ABUKCHHUA JIIOACKOT'O IIOTOKA 110 TOPU30HTAJIBHOMY IIYTHU HA IICPBOM

y4dactke, M/MuH (onpegensercs no tadbmnuie [12.1 B 3aBucuMocty oT mwioTHocTU D).

D
[InoTHOCTH OJHOPOAHOTO JIOACKOI'O IIOTOKAa Ha IICPBOM VYYACTKC IIYTHU 1

PacCYUTHIBAIOT O popmyIe:

'3
1 (1m2.3)

N .
rac 1 - 4ucno JIOACH Ha IICPBOM YHACTKC, YCII.;

2
f - cpenHss moMaaE TOPU3OHTAILHON MPOSKIIUHU YeIoBeKa, M [gen. IIpUHUMAaeMas

B COOTBETCTBHUHU C MYHKTOM 6 npuioxkeHusa N 5 Kk HacTosiedn MeToauke;

d

1 - mmpuHa NepBOTO y4acTKa IyTH, M.
V.

CkopocTh "1 JIBMXEHHS JIOJICKOTO MOTOKAa HA YYaCTKax ITYTH, CICAYIOIIUX IOCIE
nepBoro, nmpuHumMaroT nmo Ttaomwuie [12.1 B 3aBUCHUMOCTH OT MHTEHCUBHOCTU JBUKCHHS
JIFOJICKOTO MOTOKA IO KAXKAOMY W3 3THUX YYAaCTKOB IyTH, KOTOPYIO BBIYMCIISIOT JJISI BCEX
Y4aCTKOB IyTH, B TOM YHKCJIE U JUIs1 ABEPHBIX MPOEMOB, 110 hopmyJie:

G,
i~ S
! , (112.4)
rae Si, %1 IIMPHUHA PACCMATPUBAEMOTO 1-TO ¥ HPE/LIECTBYIOIEr0 €My y4acTKa
yTH, M;
G G4

- UIHTEHCUBHOCTH JIBH>KEHHMSI JIFOJICKOTO MOTOKA MO PaccCMaTpUBAEMOMY 1-My
U TpPEIIeCTBYIOUIEMY y4acTKaM IyTH, M/MUH (MHTEHCUBHOCTb JIBUJKEHUS JIOJCKOTO

O Dy
IIOTOKAa Ha NEPBOM Yy4YaCTKE IIyTH onpenensiercs no tadmnuue [12.1 no 3Havenuto 1,
ycraHoBlieHHOMY 110 opmyite (112.3)).

q

Ecnu 3nauenue i, onpenensemoe mo gopmyse (I112.4), MmeHbiie uim paBHO qmaX, TO

t.
BpEMsI IBMKEHUS 110 YYACTKY IIyTH ', MUH, PaBHO:

t=—

Vi ms)

IIPY 3TOM 3HAYCHUS Gmax , M/MUH CJIeJTyeT IPUHUMATh PaBHBIMHU:
16,5 - 1151 TOPU3OHTAIIBHBIX MyTEH;

19,6 - ny1s ABEPHBIX MPOEMOB;

16,0 - ny1s1 IECTHUIIBI BHU3,



11,0 - nns AECTHHUIIBI BBEPX.

. 5.

Ecnu 3Hauenne O, onpenenenHoe no ¢opmyie (112.4), 6onpire Omax 10 HIUPUHY |
JAHHOTO YyYacTKa IIyTH CJIEAyeT YBEIWYMBAaTh Ha TaKoe 3HA4YCHUE,
cO0JII0aeTCsl YCIOBHE:!

G9i=0max (112.6)

Ipu KOTOPOM

[Ipu HeBO3MOXKHOCTH BbINOIHEHUS yciaoBus (I12.6) MHTEHCUBHOCTH M CKOPOCTH
JBUKCHMSI JIFOJICKOTO TOTOKA M0 Yy4YacTKy 1 ompeaensitor mo tabmune [12.1 npu 3HaueHuun
D=0,9 u 6onee. [Ipu 3TOM ciieqyeT yYUTHIBATh BpeMs 3aJ€P>KKU JBUKEHUS JIIOJEH H3-32a
00pa3oBaBIIErOCs WX CKOIUIEHHWS, B COOTBETCTBUM C NYHKTOM 4 mpuinoxeHus N5 K
HacTosmen MeTtoguke.

Taoauna I12.1

HNHTEeHCHUBHOCTDL U CKOPOCTH ABM/KCHUA JIIOACKOT0 IMMOTOKA HA PA3HBIX YHYacTKax

nyTeii IBAKyalluMi B 3aBUCHUMOCTH OT IVIOTHOCTH

IInmotHo | I'opuszonTansubel | JIBepHOU JlectHuuia BHU3 JlecTHuna BBEpX
CTb U IIyTh IIpOEM,
notoka | Ckopo | UuTenc | mateHcuBH | Ckopoc | UuTeHcuBH | Ckopo | IHTeHCHBH
D, CTh WBHOCT OCTb (, Th OCTb (, CTh OCTb (,
M2/M2 V, b, M/MHUH V, M/MHUH V, M/MHUH
V/MUH | M/MUH M/MHH M/MUH
0,01 100 1,0 1,0 100 1,0 60 0,6
0,05 100 5,0 5,0 100 5,0 60 3,0
0,10 80 8,0 8,7 95 9,5 53 5,3
0,20 60 12,0 13,4 68 13,6 40 8,0
0,30 47 14,1 16,5 52 15,6 32 9,6
0,40 40 16,0 18,4 40 16,0 26 10,4
0,50 33 16,5 19,6 31 15,6 22 11,0
0,60 28 16,3 19,05 24,5 14,1 18,5 10,75
0,70 23 16,1 18,5 18 12,6 15 10,5
0,80 19 15,2 17,3 13 10,4 13 10,4
0,90 n 15 13,5 8,5 8 7,2 11 9,9
Oonee

IIpumMeyaHue - HHTEHCUBHOCTD JBMKEHUS B IBEPHOM IPOEME TPH TIOTHOCTH TIOTOKA
0,9 u 6onee paBHas 8,5 M/MUH, yCTaHOBJIEHA JIJIsl IBEPHOTO MpoeMa MIUpUHOM 1,6 M u

Oosee, a IpH ABEPHOM MIPOEME MEHBIIICH IUPUHBI MHTCHCUBHOCTD JIBIKEHHS CIIETyeT
ompenensaTh no popmyne q = 2,5 + 3,75 x nenpra.




0.1

5:’-1

1 — HagaJio yqacTka 1

Puc. I12.1. CiistHue MOOCKHNX IOTOKOB

[lpu cnusiHUM B Hayase i-ro ydacTKa JBYX W 0oJsiee JroJACKuX MoTokoB (puc. [12.1)

MHTEHCHBHOCTb ABIKEHHS i , M/MUH, paCCYUTHIBAIOT IO (pOpMYJIE:

Zqi—l'ﬁi—l
qi: 8i

, (T12.7)

rae %1 . ynrencuemocTs ABYDKCHHS JIIOJACKUX TIOTOKOB, CIIMBAIOIIUXCS B Hayale
I-TO y4acTka, M/MHUH;

=1 - mpuHa y9aCTKOB MyTH CIUSHUS, M;



O:
I - IIMpHUHA pacCCMaTPHUBACMOTI0 Y4aCcTKa MyTH, M.

Ecnu 3HaueHue , orpeaeniennoe o gpopmyde (I12.7), 6ombe Gnax | 10 HIUPUHY 9,
JAHHOTO y4yacTKa MYyTH CJIEAYyeT yBEIMYMBATh HAa TaKO€ 3HAUYEHHE, YTOOBI COOII0JANIOCH
ycioBue (I12.6). Tlpu HeBO3MOKHOCTH BbINOAHEHUsT ycioBusi (I12.6) MHTEHCUBHOCTH U
CKOPOCTb JBM)KEHHS JIIOJICKOr0 MOTOKA MO YYacTKy 1 onpenenstor no tadnuue [12.1 npu
sHauennn D = 0,9 u Gonee. [Ipu 3TOM clieyeT y4uTHIBATH BpeMsl 3aI€PKKU JBUKCHUS
Jr0Jie M3-3a 00pa3oBaBIIErOCs MX CKOIUICHHS B COOTBETCTBUU C NpuiioxkeHuem N 5 K
HacTosien Meroauke.

Ipuiaoxenne N 3
Kk yHKTY 10 MeToauku

MaTtemaTH4yecKas MOJ€Jb NTHINBUAYAJTBbHO-IIOTOYHOI'O IBUKCHUSA JIIOIICﬁ M3 3JaHUA

PacueTHOoe Bpems 3Bakyaluu JIOAEH W3 3/1aHHUs YCTAHABIMBAETCS II0 BPEMEHU
BBIX0/Ia U3 HETO MOCJIEIHETO YETIOBEKA.

[lepen HayasioM MOJEIMPOBAHMS IpoIEcCCa OBAKyallMM 3aJaeTcs  CXeMma
IBAaKyallUOHHBIX IyTe B 3JaHMHM. Bce »BaKyallMOHHBIE IIyTH MNOJPAa3JENsIOTCI Ha
9BaKyallMOHHBIE YYaCTKU JJIMHOW a U MUPHUHOU b. J[MMHA U mIUpUHA KaXJOTO y4acTKa
OyTH DBBaKyallUM [UIsl MPOEKTUPYEMbIX 3JaHUN NPUHUMAIOTCS MO MPOEKTYy, a s
MOCTPOEHHBIX - MO (PAKTUYECKOMY MOJOKEHHIO. JJIMHA MyTH MO JIECTHUYHBIM Mapliam
u3MepseTcs Mo JjiMHe Mapiia. J[nMHa myTd B JABEPHOM IPOEME NMPUHUMAETCS PaBHOMN
HYJII0. DBaKyallHOHHbIE YYACTKH MOTYT OBITh FTOPU30HTAIbHBIE M HAKJIOHHBIE (JIECTHULA
BHHU3, JIECTHULIA BBEPX U MAHAYC).

3a rabapuThl 4YelOBEKAa B IUIaHE NPUHUMAETCS JIUIMIC ¢ pazmepamu oced 0,5 m
(mupuHa yenoBeka B mieyax) u 0,25 M (TodmMHA 4YenmoBeKa). 3aJar0TCS KOOPAUHATHI

X.
KQKJIOTO YEJIOBEKa ' - PacCTOSHHME OT LEHTpa JJUIMICA A0 KOHIA 3BAKyalMOHHOTO
y4acTKa, Ha KOTOpoM OH HaxoauTtcs (puc. I13.1).

KoopauHaTel kaxaoro 4enoBeka Xi B HauyaJbHBIA MOMEHT BPEMEHU 3aJal0TCs B
COOTBETCTBHH CO CXEMOW pacCTaHOBKH JIIOEH B MOMEIICHUSX (paboune MecTa, MecTa JJis
3puTenel, cnajibHble MecTa U T.1.). B ciydae OTCYTCTBUSI TaKUX JAHHBIX, HAIPUMED HJIs
Mara3uHOB, BBICTABOYHBIX 3aJI0B U JAPYro€, AOIYCKAETCS Pa3MENaTh JIFOJEU PaBHOMEPHO
10 BCceH mIomaayn MMOMEIICHUA C YIHETOM paCCTaAaHOBKHU TCXHOJOINYCCKOTO 060py)1013aHH51.

Koopaunara kaxioro yesoBeka B MOMEHT BpeMeHU t onpeeseTcs no hopmyiie:
x(t)=x(t—At)=V{t)- A

U, (1M3.1)

re x{(t—At)

Vit .
'( ) - CKOpPOCTH I-TO YeIOBE€Ka B MOMEHT BPEMEHH t, M/C;

- KOOpauHaTta 1-TO YeJIOBEKa B HpCI[BI,Z[yHII/Iﬁ MOMCHT BPEMCHH, M,



At . mpomexyTOK BpeMeHH, C.

&

0 X1X X3 Xs Xs Xe X7
- 2

ol /

Puc. I13.1. KoopaunaTHas cxema pasMellleHHs JII0Jed Ha Iy TIX
3BaKyaruu

: Vi(t)
CkopocTh 1-TO 4eJioBeKa '/ B MOMEHT BpeMeHHU t ompeaesnsieTcs: mo tadnuie [12.1
NpUIOKEHUS 2 K MeToANKe B 3aBUCUMOCTH OT JIOKaJbHOM IJIOTHOCTH MOTOKA, B KOTOPOM

(1t
OH ABMIXCTCA, '( ) M THUIIA 3BAKYAIITMOHHOI'0 y4JacCTKa.

(t .
JlokanmbHas IIOTHOCTh (t) BBIYHCIISICTCS TIO TPYIITIE, COCTOSIIECH U3 N YEJIOBEK, 110
dbopmye:

Dt)=(n(t)=1)-f/(b-Ax) w2 (1132

/i€ N - KOJUYECTBO JIOJIEH B IPYMIIE, YEIOBEK;

2
f - cpenuss TUIOIaAb TOPU3OHTAIBLHON MPOSKIIUY YelloBeKa, M ;

b - mmpuHa 3BaKyalMOHHOTO y4acTKa, M;

AX - pa3HOCTH KOOPAMHAT IIOCIEAHEr0 U [EPBOTO YEIOBEKA B IPYIIIIE, M.

Ecii B MOMEHT BPEMEHH t KOOPAMHATA YeIOBEKa | t , oTpeziesieHHas mo Gopmyie
(I13.1), cTaneT OTpULIATENLHON - 3TO O3HAYAET, YTO YEJIOBEK JOCTUI TPaHUIbl TEKYIIETO
HBAKYallMOHHOTO y4acTKa U JOJDKEH NEePeNTH Ha CIEAYIOIHM 3BaKyallMOHHBIM y4acTOK.

B »TOoM ciyyae KoopaMHAaTa 3TOr0 4YeJNOBEKa Ha CIEAYIOIIEM HBaKyallMOHHOM



YYaCTKEC OIIPCACIISACTCA:

x(t)=[x{t—dt)=Vi(t) - dt] +a;-1, M, (I13.3)

x;(t—dt)

rae - KOOpJIMHATa 1-T0 4YeJOBEeKa B MPEIbIAYIIUA MOMEHT BPEMEHH Ha

(j - 1) 3BAKyallMOHHOM YYacCTKE, M;
Vi)

/- ckopocTh i-ro uernoBeka Ha (j-1)-oM 3BaKkyallMOHHOM YYacTKE B MOMEHT

BpEMEHH t, M/C;

a. .
J - IJIMHA J-TO ’BAKyallHOHHOTO y4acTKa, M;

l. . .
J - KoopauHAaTa MecTa chusHus j-r0 u (j-1)-To 2BaKyallMOHHBIX Yy4YacCTKOB -

paccTosiHE OT Hadaja j-To 3BaKyallMOHHOTO ydYacTKa JO MecTa CIMSHHA ero ¢ (j-1)-biM
HBAKYaI[MOHHBIM YYaCTKOM, M.
KonnuecTBo nrogel, nepexoasiumx ¢ OJHOTO 3BaKyallMOHHOTO y4acTKa Ha JAPYyrou B

Qjt).

€MHUITY BPEMEHHU, ONPEEIAETCS IPOIMYCKHON CTOCOOHOCTBIO BBIX0O/IA C YYaCTKa

Qt)=ayt) c;at/(f-60) o (1134

(t :
rae ql( ) - UIHTEHCUBHOCTD JIBJKCHUSI Ha BBIXOJIE C J-TO IBaKyallMOHHOTO y4acTKa B
MOMEHT BpEMEHH t, M/MUH;

c; :
J - MIMpHHA BBIXOJIA C j-TO YBAKYAI[HOHHOTO y4acTKa, M;
dt - mpoMexxyTOK BpeMeHH, C;
2
f - cpemHsist mIOIAAb TOPU3OHTANBEHON MPOSKIIUK YelloBeKa, M
. (1t

VHTEHCHBHOCTh JBIDKCHHS HAa BBIXOJIC C j-TO 3BAaKYyallHOHHOTO Y4YacTKa qJ( ) B

MOMEHT BPEMEHH t OMPECIACTCS B 3aBUCHMOCTH OT IJIOTHOCTH JIFOJICKOTO MIOTOKA HA 3TOM

y4acTKe va(t) .

) Dvi t
HJ’IOTHOCTB JJFIOACKOI'O ITIOTOKAa Ha j-OM 3BaKyaHHOHHOM y‘—IaCTKe J( ) B MOMCHT
BpeMeHU t onpenensieTcs no Gopmyie:

Dvit=(N;- f-dt)/(a;-by) m*/n (35)

N: .o
rae ) - 4hCIo JIIOAEH Ha J-OM DBAKYyallMOHHOM y4YacTKe, Yell.;
2

f - cpenHss TIIOIaAb TOPU3OHTAIBLHON MPOSKIIUY YelIoBeKa, M ;
a. .
J - 1nMWHA j-TO PBAKyaIllMOHHOI'O y4acTKa, M;

b. .
J - IIMpUHA J-TO 3BAKYyallMOHHOTO y4acTKa, M;
dt - mpoMexxyTOK BpeMeHH, C.



B mMomeHT BpPCMCHH t OIIpCACIIICTCA KOJIMNYCCTBO J'IIOI[CfI m C OTPULIATCIIbHBIMHU

xi(t m<Q;t
KOOpAMHATaMHU { ), onpeneneHHbiMu 1o Gopmyine (I13.1). Ecnu 3nauenue —QJ( ), TO
BCE M YEJIOBEK MEPEXOMSIT Ha CICAYIOIIMA 3BaKyallMOHHBIA Y9aCTOK M WX KOOPIUHATHI

m> Qj(t) ’

onpenensitorcs B coorBeTcTBUU C popmynon (I113.3). Ecnu 3HaueHue TO

(t . .
KOJINYECTBO YEJIOBEK PABHOE 3HAYCHHUIO Q; NEePeXOAsT Ha CIEAYIOINNA 3BaKyal[HOHHBIN
y4aCTOK U HMX KOOPIWHATBHl OMpENeNsioTcs B cooTBeTcTBUU ¢ (opmynon (I13.3), a

m—Qt ) y
KOJIMYECTBO UEIOBEK, PABHOEC 3HAUYCHHUIO (m=Qy(t) , HE IEPEeXOmIT Ha CIeTyOLIHii
5BaKyallMOHHBIM Yy4acTOK (OCTAlOTCS Ha JAHHOM DBAaKyallMOHHOM y4YacTKe) M HX

KOOpJAHMHATaM IIPUCBAUBAIOTCS 3HAYCHUS Xi(t) =k:0,25+0,25 ,

rae k - Homep psiia, B KOTOpOM OyIIyT HAXOAUTHCS JI0IU (MAKCUMAIbHO BO3MOKHOE
KOJIMYECTBO YEJIOBEK B OJHOM PsiAy COOKY ApPYr OT Apyra JJid KaXJoro 3BaKyallHOHHOTO
ydacTKa OIpejesieTcs nepesl HauajloM pacdyeToB). Takum o0pa3oM, BOZHHKAET CKOIUIEHUE
J0JIEN TIepe]l BBIXOJIOM C 3BaKyal[MOHHOIO y4acTKa.

Ha puc. 113.2 wuzoOpaxkeHa OJIOK-CXeMa OIpeEIeHUsS pPacyeTHOIO BPEMEHHU
IBaKyallu JIOAeH U3 30aHusL.

Ha ocHoBaHMM 3aJjaHHBIX HAYaJbHBIX YCJIOBUH (HAYaJbHBIX KOOPAMHAT JIIOJEH,
apaMeTpoOB 3BAKyallMOHHBIX YYAaCTKOB) OINPEAEIAIOTCS IIOTHOCTH JIFOJCKUX MOTOKOB Ha
NyTAX 2BaKyallUM U IPOIYCKHbIE CHOCOOHOCTH BBIXOJIOB C 3BAKYallMOHHBIX YYaCTKOB.

Jlamee, B MOMEHT BpEMEHHU t=t+dt | onpenensercs Hanuuue O®PII Ha nyTsax sBakyaunu. B
3aBUCUMOCTH OT 3TOrO BBIOMPAETCS HAINpPABIEHUE [BIKEHUSA KaXJOro YeJloBeKa U
BBIYMCIISICTCS HOBAasi KOOPJMHATA KaXJOro 4esoBeka. Ilocne 3Toro cHoBa Onpenenstorcs
IJIOTHOCTH JIFOJCKHUX MOTOKOB Ha MYTSX 3BaKyallMd U MPOITYCKHbIE CIIOCOOHOCTU BBIXOJIOB.
3aTeM BHOBB JAeTcCs MpuUpalieHue 1no BpeMeHu dt v OompeaesstoTcss HOBbIE KOOPAWHATHI
monen ¢ yuyeroM Hammuusa O®DII Ha myTsAx »Bakyauu B 3TOT MOMEHT BpeMeHH. [locie
3TOro mpouecc noBropsAercs. Pacuersl mpoBOAsATCS A0 TE€X MOp, MOKa BCE JIOAU HE OyayT
HBAKyMPOBAHbI U3 31AHUS.

BBOoa MCXOOHBIX TAaHHBIX
|

\4

Onpenenenne HaYAIbHBIX |
KOOpJIMHAT JIFOJIE1 |

\4

Onpenenenue napameTpoB



HBAKyallHOHHBIX YYaCTKOB (ITyTeH) |

\4

OHpCI[CJ'ICHI/IC BpPECMCHH Havdajia |
9BAKYalIUHN KaKa0I'o 4CJI0BCKaAa |

v

| OnpeneneHue mIOTHOCTEN JIFOJCKUX IMTOTOKOB Ha |

> | ABAKyallMOHHBIX y4acTKax

\4

OnpeneneHue NpormycKHON |
CIIOCOOHOCTH MPOEMOB

\4

BriBoz Ha meyaTh XapaKTEPUCTHK |
IIPOLIECCA IBAKYALIUU

v

[Iepexon k cneayromemMy MOMEHTY BPEMEHU

v

Onpenenenue HaIpaBJICHUS JTBUKECHUS |
KaXJ0T0 YEJIOBEKa |

\4



Omnpenenenre MIOTHOCTH JIFOACKOTO TTOTOKA Mepe]]
KaKIbIM YEJIOBEKOM (pacCTOsSHUE JI0 MIYIIETO BIEPEIn
YeJI0BEKa)

Onpez[eﬂeHHe CKOPOCTH ABHIKCHHA KaXXI0I'0 YCJIOBCKA

Onpez[eneHHe KOOPAHWHATBI KaKA0I'0 YCJIOBCKaA

v v
I I
|
DBakyanus He | | DBaKyalus 3aBepuicHa |
3aBepllIeHa | | | |
! I
I
v

|
OkoHuaHMe pacuera

Puc. I13.2. biiok-cxema onpeejieHUsi pAaC1€THOI0 BpeMeHH 3BaKyalllu JIKO/eil u3
3MaHMs

Ipuioxkenue N 4
K myHKTy 10 MeToauku



NMHUTAIIMOHHO-CTOXACTHYECKAS MO/IeJb IBHKEHHS JIIOACKHUX NTOTOKOB

MHoOXecTBO Jto/Iel, OJHOBPEMEHHO HWAYIIUX B OJHOM HAIPaBICHWU IO OOIUM
ydacTKaM MyTH, 00pa3yroT JIIOACKON MOTOK. YuyacTkaMu (OpMHUPOBAHUS JIFOJICKMX TOTOKOB
B IMOMEUIEHUSX CJIEyeT MPUHUMATh MPOXOIbl MEXy 000pyaoBaHuEM. JlJid MOCIeAyOMUX
Y4acTKOB 5BaKyallMOHHBIX NYyTeW OHU MPEJCTABISAIOT COOOM MEepPBUYHBIE HCTOYHUKHU

N.
JIOACKUX TOTOKOB. Pacmpenenenue | ueiaoBeK Ha ydacTkax (POPMHUPOBAHUS, UMEIOIIUX

b. | . t

IHI/IpI/IHy '" I[J'II/IHy ', HpI/IHI/IMaeTCH paBHOMepHBIM. HOBTOMy B HAYAJIHBIU MOMCHT 0
0

Al ¢

Ha KaXI0M BHGMGHTapHOM yUIaCTKe ', 3aHUMAaCMOM ITOTOKOM, IINIOTHOCTBH ITIOTOKa !

ompeaensercs mo hopMmyie:

D=/ Al wen /vy 1

[Ipn nmanbHEWIIEM IBMXKEHHUM JIIOJICKUX TMOTOKOB W3 TMEPBUYHBIX MCTOYHHUKOB IO
o0IIMM y4YacTKaM MYTH NPOUCXOAUT ux ciusHue. OOpaszyercs oOmUN TOTOK, YacTH
KOTOPOI'0 HMMEIOT PAa3jIMYHYK IUIOTHOCTh. [IpOMCXOIWUT BBIpABHUBAHUE ILIOTHOCTEU
Pa3IMYHBIX YacTeH JIFOJICKOTO TIOTOKA - ero nepedopmupoBanue. CienyeT yuuThIBaTh, 4TO
€ro roJIOBHasl 4acTh, UMEIOIIas Tepel co0oil CBOOONHBIN IMyTh, pacTeKaeTcs - JOJU

D .
CTpeMATCA MITH CBOOOIHO TIPH IUIOTHOCTH O . 3a maTepBan Bpemennm Al wacts moneit
IIEPEXOUT C ITUX NIEMEHTAPHBIX YYACTKOB Ha IOCIEAYIOIINUE U IPOUCXOAUT U3MEHEHUE
COCTOSIHUSA JIFOJICKOTO ITIOTOKA, €r0 JIBUKEHUE.

D. .
CKOpOCTB ABUXKCHUA JIFOACKOTO IIOTOKA HpI/I IIJIOTHOCTHU I Ha 1-OM OTpe3Ke

V. oV .
ydgacTka TyTH k-ro BuAa CleIyeT CYHWTAaTh CIy4ailHOW BeMWYMHOW DK | pMeromieu
YUCJIOBBIC XapaKTCPUCTUKH:

MaTeMaTUYECKOe OXKUJaHue (CpeaHee 3HauCHHE)

Vs =Vox (1-2,InD;/ Dy ) m mpuD,;>Dy,,
Vok=Vok TPH DiSDO,k, (114.2)
CPCAHCC KBaAPATHUIHOC OTKIIOHCHHC
o Voi)=0(Vox) - (1~ InD,/Dy,) (T143)

VO,k

o Vo)
rac u 0k/ - maremaTHyeckoe OKNAaHUEC CKOPOCTHU CBO6OI[HOF0 JABHXKCHUA

o D.<D,
JroJie B oToke (mpu 1~ 0K ) 1 ee cpeiHee KBapaTUYHOE OTKIOHEHUE, M/MHUH;



D
Ok - mpedenbHOE 3HAYEHHE IUIOTHOCTU JIIOJCKOrO IMOTOKA, 1O JIOCTHKEHUS
KOTOPOTO BO3MOXXHO CBOOOJHOE JABMKEHHE Jrofiel 1o k-My Buay myTH (TUIOTHOCTH HE
BIIUSICT HA CKOPOCTh JBIKEHUS JIIOJICH );
a .
k - kod(pduUIMEHT ajganTaluu JIoJAe K W3MEHEHHSM IUIOTHOCTH TOTOKa IpHU
JBIKEHUU 110 k-My BUAY NyTH;
D. .
| - 3HAYeHME ILUIOTHOCTH JIOICKOro mortoka Ha i-om orpeske (Al) yuactka myrtu
. b, 2,
H_H/IpI/IHOI/I I’ yelL/M :
M - K03 GULIMEHT BIUSHUS TIPOEMa.
3HaueHUsI IEPEUUCIICHHBIX MTApaMETPOB CJIEIyeT MPUHUMATH 110 Tabnuie [14.1.

Taoauna I14.1

Bun myTH, x V 0k |curma(V_0, D 0,k a_k m
M/MUH k) m/mMun qen./m2
['opuzonTaRH 100 5 0,51 0,295 1
BIM B 3IaHUU
I'opuzoHTanbH 100 5 0,70 0,407 1
bIM BHE 3/1aHUSA
[Tpoem™ 100 5 0,65 0,295 1,25-0,05D, npu
D>=5
JlecTHua BHU3 80 5 0,89 0,400 1
Jlectauia 50 5 0,67 0,305 1
BBEPX
* Ipu D = 9 ven/ LN e onpenensaorcs 1o  (popmyie
¢=10-(25+375-b) .
’ 0 t0
[Ipy 110600M BO3MOKHOM 3HAYCHUU % JIOAW B KOJIMYECTBE | , HaXOMAIIHECSd B

t :
MOMEHT 0 Ha i-OM 3JIEMEHTAapHOM y4acTKe, ABUTAlOTCS 10 HEMY W HAYMHAIOT TEPEXOAUTh
Ha nocienyromuii yuactok (i+1) (puc. I14.1). Ha ygacTok i B CBOIO OodYepeb MEPEXOIUT

4acTh JIOJIEH ¢ nmpeapaymero (i-1) aneMeHTapHOro yyacTka U U3 UICTOYHHKA j.
t, =ty +At . N9,
TOJBKO 4YacTh Jiroaeu M+t ¢
'_[0
ydacTKa 1 ycneeT nepeitu Ha ydactok (i+1). K aToMmy MOMEHTY BpeMeHH U3 | JIIOJIEH,
t0_ p\to
: t o — N .

OBIBIIMX HA Y4aCTKE 1 B MOMEHT 0, ocTaHeTcs (- | L+l monei. MIX uynciio monoJiHsieTcst
3a CUeT JIKOJIeH, YCHEBIIMX 3a ATOT MHTEPBAJ BPEMEHM IMEPEUTH HA HErO C MPEAbIIYyIIErO

0 t0

- L0 , t
y4yactka - LI g U3 ucrounuka ). Torga mioTHOCTh MOTOKA HA YyYaCTKE 1 B MOMEHT 1

OyJner paBHa:

ITo IIPpOMCCTBUHN BPCMCHHU At K MOMCHTY



ii+1l

D}l:(N}O_NFO +Nf_01,|+NE,O|)/bi'AI . (I14.4)

o . t
CKOpOCTh ABMKCHUS JTFOICH, OKA3aBIINXCS HA yYACTKE i B MOMEHT 1, ONIPEAeIsAeTCs
o popMmyiie:

v}l:vo,k(l—ak In D}/DO,k) (1145
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Puc. I14.1. U3MeHeHHUA COCTOSHUS ITIOTOKA B ITOCJIeI0OBaTEIbHBIE MOMEHTHI
BpeMeHHU

CrnemyeT y4uThIBaTh, YTO M3MEHEHHE IUIOTHOCTH IMOTOKAa HAa KaXXJIOM Yy4YacTKE B
pa3MyHble MOMEHTBI BPEMEHH OTpakaeT Ipolecc nepedopMupoBaHus pa3IMdHbIX YacTen

IIOTOKAa, U KaK YaCTHBIN Cﬂyqaﬁ, IMponeCcC paCTCKaHuA II0OTOKaA.
N3MeHeHMe IUIOTHOCTHM MOTOKAa Ha KaXXIOM M3 JJICMCHTAPHBLIX VYY4aCTKOB B



MOCJEeA0BaTEIbHBIE MOMEHTBI BPEMEHHM 3aBUCHUT OT KOJUYECTBA JIOJCH, MEPEXOSAIINX
Yyepe3 TpaHUIbl y4yacTKOB. B o00meM ciydae KOJIWYECTBO JIIOJEH, MEPEXOASIIUX 3a

uHTepBan BpeMern Al ¢ yuacTka i Ha mociemyrommii yaacTok i+1, cocrapiser:

NY,, =D°-bV,, - At . (I14.6)

\%
CkopocTh mepexona "P yepe3 IPAHMIBI CMEXHBIX JJIEMEHTAPHBIX YYaCTKOB
clelyeT MPUHUMATh, PYKOBOJCTBYSICH CIETYIOMUMU (DOPMYITaMHU:

VO

t0
ecm Dy, <D mpumax Vp;, - D=0«
mep.

0 t0 -
\/tiﬂ, ecim D >D mpumax Vi, - D=0, (114.7)

t
Cne):[yeT YUYUTBIBAaTh, YTO B TOT MOMCHT BPEMCHHM ", KOTrJa IJIOTHOCThH IIOTOKA Ha
Y4aCTKC 1 JOCTHI'JIa MaKCHUMaJIbHOU BCJIMYMHBI, HAa 3TOT Y4YaCTOK HC MOJKCT HpHﬁTH HH1
OJHH YCJIOBCK, HHU C IMPCAMICCTBYIOIICI'O Y44aCTKA, HU W3 MCTOYHHKA. B PE3YJIbTATC IICPCHA

ANTY AND

Y4aCTKOM 1 3aCPKUBACTCA COOTBECTCTBCHHO ' B HIOIIGP'I. B CHG,[[YI-OIHI/Iﬁ MOMCHT

t . . .
BpPCMCHHA n+1 gacTe JIOACH C YHAaCTKa 1 IICPCXOIUT Ha YIAaCTOK 1+1, IIIIOTHOCTD JIFOJCKOI'O
IIOTOKAa Ha HCM YMCHBIIUTCA W YaCTb CKOIIMBIIMXCA IIEPEA €ro FpaHHLleﬁ JIIOI[Cf/'I CMOXKET

o . t
nepeiTd Ha Hero. J[oyisg WX ydJacTHWs B TOTOJHEHWH JIFOJIBMUA ydacTka i B MOMeHT "*+1
onpenaesieTcs: HOpMyIIOii:

tn, tn+1 tn, tn+1 _ tn, tn+1 | An, tn+1 tn, tn+1 AN, tn+1
ANi; T/ AN; =Di4 Vit by, /D; Vj b; . (114.8)

®opmyisl (114.4) - (I14.8) MOTHOCTHIO OMUCHIBAIOT COCTOSIHHUE JIFOACKOIO MOTOKA Ha
AJIEMEHTApHbIX y4YacTKaX M MX MEepexXolbl B IMOCJIEI0BATEIbHbIE MOMEHTHI BPEMEHHU.
COBOKYITHOCTh 3HAYEHUN PACYETHOTO BPEMEHHU HBAKYallUM, MOJTYUYEHHBIX MPU Pa3TUYHBIX

V, . .
3HaUYeHUSIX 0K | (popMuUpyeT SMIUPUYECKOE paCTpPEeICHUEe BEPOSATHOCTEH 3HAUYCHUN

't

9BaKyallnu, COOTBCTCTBYIOIICC BCPOATHOCTH

p . [lo aTOMYy pacnpenceneHuro CIeAyET PaCCUNThIBATh 3HAYCHUE BPEMEHU 3aBEPILIECHUS
P(t..,)=0,999

Ipuio:xkenne N 5
Kk nmyHkraMm 10, 11 MeToauku

JIaHHI)Ie AJIA OIIPEACICHUA PACYETHOI0O BPEMECHHU IBaKyalluH

1. 3HaueHrMe BpEeMEHU Hauaja 3BaKyalluu b (c) myga moMeleHusl odara moxapa



CJIETyeT OMPEeNATh Mo Gopmyie:

t,=5+0,01 F

2
rae F - miomanes nomemieHus, M

Jns ocTanbHBIX MOMEIICHU 3HAYEHHWE BPEMEHM Haudajla BaKyalldu b CIeaIyeT
onpenensaTh no tabdmuue [15.1.

Taoauna I15.1

N n/n | Knacc pyHKImoHanpHOM oskapHO | 3HaueHHE BPEMEHU Hauajia dBaKyaluu

ONACHOCTH 3/1aHUMN U JOJIEN t HY, MUH

XapaKTepUCTUKA KOHTHHT€HTa 3nanus, 3nanus, He
NI (97 000pyI0BaHHbBIC 000pyI0BaHH

CHUCTEMOM OIIOBEIECHUS | bIE CUCTEMOU
U yIpaBJICHUS OTIOBELIEHUS U

3BaKyaluen JIIAen YIIpaBJICHUSA

JBaKyaluen

TroJien
I-1l tTuma | 111-V tuna

1 Hckmrouen
2 I'ocTHHUILIBI, OOIIEKUTHS, CIIAJILHBIE 3,0 2,0 6,0
KOpITyca CAaHaTOPHUEB U JIOMOB
OTJIbIXa OOIIIEeTO TUIIA, KEMITUHTOB,
MoTeel U maHcuoHaToB. (P1-2)
KunbIbl MOTYT HaXOJIUTHCS B
COCTOSIHUM CHA U HE JJOCTATOYHO
3HAKOMBI CO CTPYKTYpOH
ABAKYyaIIMOHHBIX ITyTEH U BHIXOOB.
3 31aHus 3pEIUITHBIX U 3,0 1,0 6,0
KyJIbTYPHO-TIPOCBETUTEIBHBIX
YUPEXKIACHUN; 31aHUSI OPraHU3aLUI
1o 00CTy)kuBaHUIO HaceeHus (D2,
®3). [ToceTuTeu HaxXOAATCS B
OO0JIPCTBYIOIIEM COCTOSTHUH, HO
MOTYT OBITh HE 3HAKOMBI CO
CTPYKTYpPOH dBaKyallHOHHBIX IIyTEN
1 BBIXOJIOB

4 31aHusl HayYHBIX U 3,0 1,5 6,0
00pa3oBaTeNbHBIX YUPEKIACHUM,
HAYYHBIX U MPOEKTHBIX



http://ivo.garant.ru/document?id=70017226&sub=16346

OpraHMU3alNN, OPTAHOB YIIPABJICHUS
yupexaenuit (O4). [locerurenu
HaxoIATCs B OOAPCTBYIOMIEM
COCTOSIHUH U XOPOILIO 3HAKOMBI CO
CTPYKTYPOH 3BAaKyallMOHHBIX ITyTEN
U BBIXOJIOB.

2. IIpyHIUITBI COCTABIEHHUS PACUETHON CXEMBI HBAKyalUU.

PacueTHas cxema 3Bakyaluu NPEACTABISET COOOW OTIAEIBHO BBINOJHEHHYIO, WA
BO3MOYKHO HAHECEHHYIO Ha IUIAH 3/IaHUs CXEMY, Ha KOTOPOW OTPaKEHBI:

KOJIMYECTBO JIIOJIeH Ha HAYaJIbHBIX Y4YacTKax - HCTOYHUKAX (TIPOXOABI MEXKITY
pabounmMu MecTamu, 000PYI0BAaHUEM, PsiIaMU Kpecell U T.I1.);

HaIlpaBJIeHUE UX JBWKEHUS (MapIIpyThl);

FEOMETPUYECKHUE TMapaMeTPbl YYaCTKOB MyTH (JIJIMHA, IIMPUHA) U BUIBI YYaCTKOB
MyTH.

PacueTHas cxema sBaKkyaluu JIOJDKHA YYUTHIBATh CUTYAIIMIO, IPU KOTOPOM XOTS ObI
OJIMH YEJIOBEK HAXOJUTCS B HauOoOJIee y/aJeHHON OT BBIXOJa U3 3/IaHUS, COOPYKEHUS UITU
CTPOCHUS TOUKE.

[yt nBUKEHUS JIIOJAEH U BBIXOJbI BBICOTOM MeHee 1,9 M u mumpunoit menee 0,7 M
IIPU COCTABJIICHUM PACUETHOM CXEMbI 3BAaKyallud HE YYUTHIBAIOTCSA, 3a HCKIOYEHHUEM
CJIy4aeB, yCTAHOBJIEHHBIX B HOPMATUBHBIX JOKYMEHTAX I10 TOKapHOM 0€30MMacHOCTH.

PaccMoTpeB KOIMYECTBO 0/l HA HAYaJIbHBIX YYaCTKaX MyTH, CJIEYET ONpPEAEIIUTh
HaIpaBJIeHUE MX ABWKEHUS. YCTAHOBIICHBI ClIEIyrOlIMe HaOIr0JaeMble MpaBuiia BbIOOpa
JIIOJIbMU HaIpaBJieHUs! (MapIIpyTa) ABUKEHUS MMPU dBaKyallUU:

a) IBUKEHUE 110 TOMY IMYTU, KOTOPBIM JIFOJIY TTOMNAIU B 3/1aHUE;

0) UCKITIOUCHUE MTyTeH IBHKEHUS, TPOXOISAIINX PSAOM C 30HOU TOPEHUSs, XOTS JHOIU
MOT'YT 3BaKyHPOBATHCS Yepe3 3a/IbIMIICHHBIE KOPUIOPHI;

B) BIIMSHUE MepcoHana. B 0OIIEeCTBEHHBIX 3[aHUSAX, KaK MPABUIIO, TOCETUTENN MPU
nokape CIEIYIT YKa3aHWsIM IEepCOoHaja, JaXKe €CJIM 3TH yKa3aHUsi HE COOTBETCTBYIOT
ONTUMAJIbHBIM;

) OpHU 3BaKyalluu C MEPBOTO ATa)ka - JABUKEHUE K OTKPHITOMY BBIXOIY HAPYXKY U3
31aHUS;

1) CIIOKHAs JIOTUCTHYECKasi 3aBUCUMOCTh, OMUCHIBAIOINIAS BHIOOP BBIXOJA C JTa)Ka
3putensHOro 3aia (puc. I15.5);

€) IpU MPOYUX PABHBIX YCIOBUSAX - ABMIKEHUE K OJIMDKANIIIEMY BBIXOIY.

Kpome Toro, wumerwnuecs JaHHbIE TIOKa3bIBAIOT, 4YTO (aKTOpOM BBIOOpA
HaIPaBJICHUS] MOKET OBITh MECTO MAPKOBKU JIMYHOTO aBTOMOOWIISI, MECTO BCTPEUYH UJICHOB
ceMbu M T.n. OmnpesesieHUe MUPHUHBI IMyTU BBI3BIBACT 3aTPYJHEHHE TOJBKO MPU BBIXOE
JOJIEN Ha y4acTOK "HEOrpaHMYEHHOMN" IIMPUHBI, HApUMEP B BeCTUOI0Nb. B Takom ciyuae
mupuHa nmotoka (b) 3aBucut oT koiamdectBa Joaei (N) u qmunsl (1) yuactka: b=4 M nipu
N<100 yen u <6 m; b=6 M - B ocTanbHBIX CIyvasx.

CornacHo J1TaHHBIM HATYPHBIX HAOJIOAEHUN yCTAHOBJIEHO, YTO MOBOPOTHI MYyTHU HE
BIIMAIOT HA MapaMeTPhl ABUKEHUS JIFOACKOIO MOTOKA.



Onpenenenue UIMHBL (BOOJb OCH NYTH) OTJIMYAETCA ISl TOPU30HTAIBHBIX U
HAKJIOHHBIX IyTe. K HAaKIIOHHBIM MyTSM OTHOCSTCS JIECTHHIBI M MaHaycbl. CBoOOAHAs
mMpuHa b HAaKJIIOHHOTO MYTH, HapUMep, JECTHUYHOTO Mapiia, MPUHUMAETCS B CBETY: OT
nepui 10 cteHsl. JnmHa HakimonHoro nytu L (puc. [15.1) npuHuMaercs no HCTUHHOMY €r0
3HAUEHUIO. DTa)XXHbIe U MEXKIYITaKHblE IUIOLIAJKH B LENSIX YHPOIIEHUS U OOJeryeHus
BBIUMCJICHUM, YUYUTBIBAas UX HEOOJbIINE pa3Mepbl U MEHBIIYIO CIOKHOCTH JABM)KEHUS IO
HUM B CPAaBHEHMHM C JICCTHUYHBIMHM MapIllaMH, JOIYCKAETCS OTHECTH K HAKJIIOHHBIM ITyTSIM.
Torpa cpenHss IIMHA HAKJIOHHOTO IYTH B Mpelenax OAHOIO 3Ta)Ka, C y4ETOM JABMKCHUS
110 IUIOIIAIKaM, COCTABHT:

Ll

I ABYXMApPIICBBIX JICCTHHIL cosa '

!
rac L. TOPU3OHTAJIbHAA ITPOCKIUA JJIMHBI HAKIIOHHOT'O ITyTH, M;

@ - yron HaKJIOHA K TOPU30HTY;
HE JIOMyCKasl CEPbE3HOW IMOTPEIIHOCTH, MJIMHY MYyTH MO ABYXMAapIIeBOM JIECTHULE

MOYHO IPHHHMATh PaBHOII ero yrpoenHoii Beicote H, T.e. L=3 H;

2-L' "
+
COSa  COoSa

+L"+4-b

I TPECXMAPHICBBIX JICCTHUIL



Puc. [15.1. PacyeTHas gnuHa IyTH 110 JECTHUIIE:
a — IByXMaplIeBas JIECTHHUIIA; 6 — TpexMapliueBast TIeCTHHIIA

[Tanmychl, ecniM WX HAKJIOH HE3HauuTeNleH (MeHbie 1:8), MOXXHO OTHOCUTH K
TOPU30HTAIBHBIM MyTSAM, Mpu OoJiee 3HAYUTEIBHBIX HAKJIOHAX - K JiecTHUIaM. [[muHa
HAKJIOHHOT'O MyTH TAKXXE ONMPENEISAETCS 10 €ro OCH.

[Tytn nBwkeHUs B Tpejesiax 37aHus OOBIYHO MEePeceKarloTCs JBEPHBIMHU MPOEMaMu,
JIEKOPATUBHBIMU TOPTAJaMU, UMEIOT CYKEHHUS 332 CUET PA3JIUUYHBIX APXUTEKTYPHBIX WU
TEXHOJIOTUYECKUX DJIEMEHTOB, BBICTYIIAIOIINX U3 INIOCKOCTU OTpaKIeHUM. Takne MeCTHbIE
CY’KEHHSI HE3aBUCHMO OT MX XapakTepa B JAJIIbHEWIIEM Ha3bIBAIOTCS MTPOEMAMU IIUPUHOU
b. JInmuna mytu L B mpoemMe MOKET HE YUUTHIBAThCS, €CJIM OHA He mpesbimaeT 0,7 M, T.e.
JUTMHBI OJHOTO Il1ara, B MMPOTUBHOM CITy4ae JBHKEHUE B MPOEME CIEAYET pacCMaTpUBATh,
KakK JIBUKEHHE HAa CAMOCTOSITEIbHOM PACUYETHOM YYaCTKE TOPHU30HTAIBHOTO MY TH.

JlecTHUYHBIE KIJIETKU SIBJISIOTCS IIEHTPAMHM TSATOTCHUS JIIOJICKUX TOTOKOB (IS
MEePBOr0 ATa)ka - BBIXOJbl HAPYXKY), Ha BXOJE€ B KOTOpPHIE 3aKaHYMBAETCS BTOPOM 3Tam
sBakyauuu. [loaToMy pacueTHble CXeMbl LEIECO00PA3HO COCTABIATH ISl KaXIAOW 4YacTH
ATa)ka, MO0 KOTOPOU JIFOJIU 3BAKYUPYIOTCS YEPE3 NPEAYCMOTPEHHYIO JJII HUX JICCTHUYHYIO
KJIETKY (BbIxon Hapyxy). Ha puc. [15.2 npuBeaeH npumep coCTaBICHUS PACYETHON CXEMBbI
ABAKYaLMU JIOJIEN 1O YaCTU ATAXKA 10 BXO/1a B JIECTHUYHYIO KIIETKY.



HUcrogmmx 1
o N=20gen, =10,

M _ —
vaacrox1 | E b=12mM b,=09M
I=12m,b=2M71"
il B Uctoqnmk 2
7 N=20qen,/=10m,
I F b=15m by=09M
P3II 1 ; 5
d1 bpy=1,35mM
VaacTok 2 4 E
l=18M’b=2ME E Vaactok 8 bp=12M
i E T Vaacrox7 [=15m,b=12M
11 T N POI12
' A7 SmEpE— SE———S— N—— —
qu Vuactok 4 f Vyactok 5 T VaacTok 6
I=3mM, [=5m, I=5M, I=5mMm,
< b=2mMm b=2m b=2Mm b=2wMm
\l
16 gen. 7 gen. 7 gen. 7 den. 7 den.

Hauanpable yaacTku Ne 3 — 7 (MCTOTHHKH) - MPOXOABI MEXIY
pabounMu MecTaMH, 060pyToBaHUEM, pAamMu Kpecel B T. II.
[=10M,b=12M, b=09M

Puc. I15.2. IIpuMep cocTaBiIeHHs paceTHOM CXEMEB] DBaKyalllH JFOAeH
TI0 YaCTH 3TaXKa IO BXOJA B JIECTHUUHYIO KJIETKY: N — KOJIMYECTBO JIOJEH;
b — umpuHa; / — MHA; by— MIMpUHA IpoeMa
B 3puTenbHBIX 3allax C MOCTOSSHHBIMHA MECTaMH [JI MOCETUTENIEN PacipeeliCHUe

JIIOJIEW MO HAMNPABJIEHUSM JIBUKEHUS K DBAKyal[MOHHBIM BBIX0JIaM MOKa3aHo Ha puc. [15.3 u
[15.4.



Puc. I15.3. MapmpyTusaiiis JBIDKEHUS JEOACKUX [IOTOKOB IIPU dBaKyalluy
W3 3PUTENBHBIX 34I0B ¢ OOKOBBIMY (IIPOJOJIHBIMI) IPOXOJaMHU
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Puc. I15.4. MapmpyTu3saiys JBIKEHUS HOACKHUX IIOTOKOB [IPH 3BaKyaluu
13 3PUTENBHBIX 3aJI0B C IIONEPEIHBIM IPOXOJIOM

Ecnu B nanbHENIIMM 11011 BBIXOJAT B (holie UM BECTUOIOIIb, T.€. Yepe3 MOMEIICHUS
HE OIrPAaHUYMBAIONIME, KAK KOPUIOpP, WIHUPHUHBI JIFOJCKOTO IOTOKA, TO PACIPEACICHUE
JIFIOJCKUAX TOTOKOB MEXKAY BO3MOYKHBIMH 3BaKyallMOHHBIMU BBIXOJAMH, KOTJa OHHU HE
OJIOKMPOBaHBI, TPOUCXOIUT COTJIACHO 3aKOHOMEPHOCTSIM, MpUBEAEHHBIM Ha puc. I15.5, a,

0.
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100
§ N
= 90 : \ BEIXOMBI C 3TXa B JIECTHAYHbIE KIETKA (B3
P D . - 31aHus)
< 80 -
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2 9 ! .
] - Doite
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0,102 0,30,40,50,6 0,70,80,91,0
3am>Hoe THoMeIeHAe

Puc. I15.5, a. Uucno 3puteneit u BEIOOP BEIXOAA MPH IBaKyalld B ABE JECTHUYHBIEC KIIET-
KH JTU0O0 B JIB€ OTKPHITHIE JIECTHUIIH! MM B IBa BEIXOAA U3 3xaHusa: N — obmiee Konuye-
CTBO 3BaKyHpyIOIuXcs; Ni — 9UCII0 3BaKyUpYyIOIuXcs depe3 OMDKHUN BeIXOX; N, —
YHCIIO 3BaKYHPYIOIIUXCS Yepe3 AaNbHUI BEIXOX; /) — IUTMHA IMyTH OO OJIFDKHETO BEIXOJA;
[, — nyHA MyTH 10 AAJIBHETO BEIXOAA

100

ma
< 95 \
5 b
< 90 \ Brxoz ¢ 3Taxka Ha Brxon ¢ 3Taxka Ha
Z:, OTKpBITy'IO JIECTHALLYY JICCTHH'-IH}’}O KIIETKY
=3

85 J
80 ®doite
75 NG

N

0,102 0,30,40,50,60,70,80,91,0 1,/12

3am>Hoe TIOMeEIIEeHAe

Puc. IT5.5, 6. Yucno 3pureineii 3BaKyupyrOMUXCs 110 OTKPHITON JIECTHHIIE:
N — ofIee KOJIHYECTBO 3BaKyHPYIOMHUXCS; N1 — 9HCNO 3BaKyHUPYIOIIUXCS
10 OTKPHITOM JIECTHUIE; /) — AJIMHA ITyTH A0 OTKPBITOM JICCTHMUIIE;
[, — nyiHA MyTH A0 BBIXOJIA Ha JIECTHUYHYIO KIICTKY
3. IIpu 0HOPOITHOM COCTaBe JIFOACKOrO MOTOKa Tpyni MmoouibHOocTH M2, M3 u M4
3Ha4YeHus BeauuuH D, V U q ciaeayeT npuHUMaTh B COOTBETCTBUM C JAHHBIMHU TaOJIMIIBI

I15.2.
Taoauna I15.2

PacuyeTHble 3HAYEHHS TAPAMETPOB Uil rpynn MoomwibHocTH M2 - M4






['pynma Bug nytn
MOOWIIb D, ['oprsoHTaNBHBINM | JlecTHUIIA BHU3 JlecTHHIa BBEpX [Tannyc BHU3 ITannyc BBEpX
HOCTH | M2/M2 V, g, M2/M V, q, M2/M V, q, M2/M V q, M2/M V, q, M2/M

M/MHUH | XMUH | M/MUH | XMUH | M/MUH | XMHH | M/MUH | XMUH | M/MUH | X MUH

M2 0,01 30,00 0,30 30,00 0,30 20,00 0,20 45,00 0,45 25,00 0,25
0,05 30,00 1,50 30,00 1,50 20,00 1,00 45,00 2,25 25,00 1,25

0,1 30,00 3,00 30,00 3,00 20,00 2,00 45,00 4,50 25,00 2,50

0,2 26,05 521 26,22 5,24 16,78 3,36 41,91 8,38 21,98 4,40

0,3 21,97 6,59 22,01 6,60 13,96 4,19 33,92 10,18 18,09 5,43

0,4 19,08 7,63 19,03 7,61 11,96 4,78 28,25 11,30 15,32 6,13

0,5 16,84 8,42 16,71 8,36 10,41 5,20 23,85 11,93 13,18 6,59

0,6 15,01 9,01 14,82 8,89 9,14 5,48 20,26 12,16 11,43 6,86

0,7 13,46 9,42 13,22 9,25 8,07 5,65 17,22 12,05 9,95 6,97

0,8 12,12 9,69 11,83 9,47 7,14 571 14,59 11,67 8,67 6,94

0,9 10,93 9,84 10,61 9,55 6,32 5,68 12,27 11,04 7,54 6,79

M3 0,01 70,00 0,70 20,00 0,20 25,00 0,25 | 105,00 1,05 55,00 0,55
0,05 70,00 3,50 20,00 1,00 25,00 1,25 | 105,00 5,25 55,00 2,15

0,1 70,00 7,00 20,00 2,00 25,00 2,50 | 105,00 | 10,50 55,00 5,50

0,2 53,90 10,70 20,00 4,00 20,57 4,11 83,41 16,68 45,54 9,11

0,3 43,57 13,07 16,67 5,00 17,05 5,12 65,70 19,71 35,99 10,68

0,4 36,52 14,61 14,06 5,62 14,56 5,82 53,13 21,25 28,54 11,41

0,5 31,05 15,53 12,04 6,02 12,62 6,31 43,39 21,69 23,06 11,53

0,6 26,59 15,95 10,38 6,23 11,04 6,62 35,42 21,25 18,59 11,15

0,7 22,81 15,97 8,98 6,29 9,70 6,79 28,69 20,08 14,81 10,37

0,8 19,54 15,63 7,07 6,21 8,54 6,83 22,86 18,28 11,53 9,23

0,9 16,65 14,99 6,70 6,03 7,52 6,77 17,71 15,94 8,64 7,78

M4 0,01 60,00 0,60 - - - - 115,00 1,15 40,00 0,40




0,05 60,00 3,00 115,00 5,75 40,00 2,00
0,1 60,00 6,00 115,00 | 11,50 40,00 4,00
0,2 50,57 10,11 99,65 19,93 35,17 7,03
0,3 40,84 12,25 79,88 23,97 28,36 8,51
0,4 33,93 13,57 65,86 26,34 23,52 9,41
0,5 28,58 14,29 54,98 27,49 19,77 9,89
0,6 24,20 14,52 46,09 27,65 16,71 10,03
0,7 20,50 14,35 38,57 27,00 14,12 9,88
0,8 17,30 13,84 32,06 25,65 11,88 9,50
0,9 14,47 13,02 26,32 23,68 9,90 8,91




IIpumeuanmue:

M2 - HeMoOIIHBIE JI0JI1, MOOMIIBHOCTh KOTOPBIX CHIYKEHA M3-3a CTAPEHHS OpraHu3Ma
(MHBaNMABl MO CTApOCTH); MHBAIUABI HA MPOTE3aX; MHBAIUIBI C HEIOCTATKAMM 3pEHUS,
NOJIB3YIOIIMECS O€JI0 TPOCTHIO; JIFOJIN C ICUXUYECKUMU OTKJIOHEHUSMH;

M3 - uHBamUABI, WCIOJB3YIONIME TPH JBIKEHUU JIOTIOJHHUTEIHHBIC OIOPHI
(KOCTBLIH, MMAJIKK);
M4 - wuHBaNWABI, TEPEIBHUTAIONINECS Ha KPECIax-KOJACKAX, MPHBOJUMBIX B

JBUKEHUE BPYUHYIO.

2

4. Ilnomaas TrOpU30OHTAIBHON Mpoekiuu uenoBeka f, M [gen. MIPUHUMAETCS B

3aBUCUMOCTH OT COCTaBa JIOAEH B IMOTOKE B COOTBETCTBUM C MPHUBEICHHBIMHU HIDKE
JTAHHBIMH.

i

a) 6)

Prc. I15.6. Inomans ropa30BTAILHON IPOSKUHY 9€I0BEKa:
a) pacueTHad; 0) neHCTBUTENLHAS

Pasmepsl mronielt U3MEHSIOTCSI B 3aBUCUMOCTH OT (DM3UYECKUX JaHHBIX, BO3pacTa U
onexael. B Ttabmumax I15.3, [15.4, T15.5 u na pucynke I15.7 mpuBoasTcsi ycpeaHEHHBIE
pa3sMepsbl JI0JIEN pa3HOro BO3PacTa, B PA3jIMUYHOW OJIEKIEC W C Pa3jInuHbIM rpy3oMm. llpu
STOM MNPUBEACHBI 3HAYEHUs IUIOMAAM TOPU3OHTAIBHOW MPOCKLIMU HWHBAIUJIOB C
HApYLIECHUEM ONOPHO-ABUTATEIBLHOIO aIlapara.

Taoauna I15.3



ILs1omaau ropu3oHTAILHON MPOEKUMH B3POCJIbIX JIIOAeH

Tun onexnpl [lIupuna a, | TommunHa ¢, M | Ilmomags rOpU30OHTAUIBHOU
M MIPOCKIINK, M2/4de]l.
JIETHSISA 0,46 0,28 0,100
BECEHHE-OCEHHSIA 0,48 0,30 0,113
3UMHSIA 0,50 0,32 0,125
Taoauna I15.4

ILi1omaau ropu3oHTAILHON MPOEKIMH JAeTel U MOJAPOCTKOB

Bo3pacTHble rpyniibl

Tun onex bl
Miagmast 1o 9 Cpennss 10-13 | Crapmas 14-16
JIET JIET JIET
IOMAIITHSS OISk Ia 0,04 0,06 0,08
JIOMAIITHAS OJIEXK 1A CO 0,07 0,10 0,14
IIKOJIbHOM CYMKOH
YIIMYHAS 0K 1A 0,09 0,13 0,16
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Puc. T15.7. ITnomaas ropH30HTAIBHON IPOEKIIWY JIFOJIEH C pa3MU4YHbIM

Ipy3oM
Taoauna I15.5

[Liomaab ropu30HTAIBHON MPOEKIUM JIK/Ieil ¢ OTPAHNYEHHON MOOMJIBHOCTBIO,

2
M“ /e



310pOBLIE JIOAH, C nopaxkeHHEM OTIOPHO-ABHUTaTeNBHOTO anmapaTa
cnabocnmima-

mme, ¢ orpaHu- Crnensie fiepe/IBUT A0~ NIEpeIBHUTAIO- IIEpENBHTAI0- HepedBUTalo- | TPaHCHOPTUPYE- | TpaHCHOpTUpYe-
HEHICM yMCT- muecs 6e3 xo- IHeCA ¢ OMHOMH muecs ¢ ABYMS  {IIUecs Ha Kpec- MBIE Ha MEIE Ha
BEHHOH Jes- TIOJIHATENBHBIX | JIONONHMTENBHOM |  JOMONHHUTENb- | JaX-KONACKAaX HOCWJIKaX | Karajukax
TeNbHOCTH orop omopoit HBIMHA OHOPaMH

1 2 3 ) H 6 7 ” 2

a=0% ar=072 az=040 250,30 24=050 “as= 080 b7=030 TB7=075
¢ =0,46 ¢1=082 c2=075 c3=0,65 c3=0,90 cs=1,20 1 =210 127210

F=0.10 7040 Fe02s 7 =020 7030 72096 /=105 T 7 =158

4.

t : .
Bpewmst 3azepkkn 3 ABHKEHUS HA yYaCTKE 1 U3-32 00pa30BaBIIETOCS CKOILJICHUS JIIOJICH Ha
rpaHulle ¢ MOCIeAYIONUM ydacTkoM (1+1) onpeaensercs o hopmyiie:

1 1
qupuD=0.9-b,,, ;- b,

t=N-f-
,(I15.1)

riae N - KoJIM4ecTBO JII0JICH, Yell.;

2
f - mmomane ropuzoHTATEHON TIpOCKIHH, M |

GrpnD=0.9 - yHTeHCHBHOCTD ABIKEHHS yepe3 ywacTok i+1 mpu mmotHoctu 0,9 u
Oonee, M/MHH;

b, .
i+l - mMpUHA ydacTKa, M, MPU BXOXKJICHWHM Ha KOTOPBIM 00pa30BajoCch CKOIUICHHE
JIIOJICH
Gier WHTEHCHBHOCTD JBIDKCHHS HA yJacTKE 1, M/MUH;
b, )
| - MIpHHA MPEIIISCTBYIONIETO y9acTKa 1, M.

t .
Bpewms cymiecTBoBaHUS CKOIIJIEHUST ¢ HA YYacTKE 1 ompenensercs mo Gopmyie:

¢ = N-f
& qmpu D=0,9 - Diq

(T15.2)

PacdyeTHoe BpeMs 3Bakyaliii MO Y4YacTKy 1, B KOHIIE KOTOPOTO Ha TpaHHIE C
yuyactkoM (i+1) o0pa3oBanoch CKOIUIEHWE JIOJEH pPaBHO BPEMEHH CYIECTBOBAHMS

t .
CKOIJIeHUs1 ¢, PacueTHOe BpeMs BaKyalMH IO YYacCTKy 1 JIOMYCKAEeTCs OMPENENsTh IO
bopmyie:



Ipuio:xkenue N 6
K MyHKTY 12 MeToauku

IHopsipok
IPOBeIeHUS pacyeTa U MaTeMaTHYeCKUe MOJC/IH ISl ONpe/ieIeHUs] BpeMEeHHU
OJIOKHPOBAHMS NyTell IBaAKyallud ONIACHBIMH (paKTOpaMH Moxkapa

I. ITopsinok npoBeaeHus pacyera

[Ipou3BoAUTCS SKCHEPTHBIN BHIOOP CLICHAPUS UK CIICHAPUEB MOXKapa, MPU KOTOPHIX
0KMAAIOTCS] HAUXY/IIINE MOCTAEACTBUS 1JI1 HAXOSIIUXCS B 3JJaHUU JIIOJICH.

dopMyIUpOBKa CIIEHAPHUS PA3BUTHUS MMOKapa BKIIOYAET B C€0sI CIICIYIONINE ITAIBI:

BBIOOP MeCTa HAXOXKJICHUS NIEPBOHAYAIBHOTO OYara rnoxapa U 3aKOHOMEPHOCTEH ero
pa3BUTHS;

3aJlaHde pacyeTHoOM oOnacTu (BBIOOp paccMaTpuBaeMOW IPU PacyeTe CHCTEMbI
MOMEIIEHU, ONPEAEICHUE YUUTHIBAEMBIX IIPH PACUETE SJIEMEHTOB BHYTPEHHEN CTPYKTYpPhI
MOMEIICHHM, 3a/1aH1E COCTOSTHUSI TPOEMOB);

3a/IaHUE TMAPaMETPOB OKPYXKAIOLIEW Cpeabl M HaydajJbHbIX 3HAYEHUN MapaMeTpoB
BHYTPH NIOMEILICHUMU.

Bri0op MecTa HaxoXKJIeHUsI oyara mokapa Mpou3BOAUTCS dKCHEPTHBIM myTeM. [Ipu
9TOM YUYUTHIBAETCS KOJUYECTBO TOPIOYEH HArpy3Kd, €€ CBOWCTBA M PACHOJIOKEHUE,
BEPOSTHOCTh  BO3BHUKHOBEHHUSI  TOXKapa, BO3MOXKHas JUMHAMUKA €ro  pa3BUTHA,
PaCIOIOKEHUE IBAKYAITMOHHBIX MMyTEN U BHIXOOB.

Hanbonee yacto mpu pacdeTax pacCMaTpUBAaIOTCS TPU OCHOBHBIX BHUA Pa3BUTHUS
Nokapa: KpyroBoe pacnpoCTpaHEHHUE IMoxapa Mo TBEpAOW roproyell Harpyske, JIMHEWHOe
pacrnpocTpaHEHHE MoKapa MO TBEPAOW TOpPIOYEH Harpy3Ke, HEYCTAaHOBUBILEECS TOPEHUE
TOPOYEH KHUIKOCTH.

CKOpOCTh BBITOPAHHMS JIJIsl TUX CIy4daeB omnpenensercs popmynaMu:

[ 2
Y m V-t - ISl KpyrOBOTO PAacIpOCTPaHEHNsI MOKapa
P Yo 2:v-t-b - IJIs1 IMHEMHOTO pacpOCTpaHEeHUs MOKapa
t
‘I’y O F T - 11 HeycTaHoBuBIEerocs ropenust [ K
e , (116.1)

b d .
rae YA - yaedabHas CKOPOCTh BBITOpaHUs ([JIs1 XKUJIKOCTEM YCTaHOBHUBILAACS),
2

Kr/(c-M



V - CKOPOCTh pacipoCTpaHeHus IUIaMeHH, M/C;
b - mmpuHa MooCk roproYeil Harpy3KH, M;

t o
¢ - BpEMA CTa6I/IJII/ISaHI/II/I TOPCHUA I'OPIOYUCH KUJIKOCTH, C;

2
F - mmomaae oyara roxapa, M

C yuerom pazzmena |l maHHOTO TPUIIOKEHUS BBHIOMPAETCS METOJ MOCITHPOBAHUSA,
dbopmyIupyeTcss MaTeMaTH4ecKas MOJeTb, COOTBETCTBYIOIIAS JTaHHOMY CIICHAPUIO, U
MIPOU3BOMUTCS MOJACIUPOBAHNE TUHAMHUKHN Pa3BUTHS Tokapa. Ha ocCHOBaHWM TOJTyYeHHBIX
PE3YJIBTATOB PACCUUTHIBACTCS BPEMS JOCTIKCHUS KaXKIbIM U3 OMACHBIX (haKTOPOB IMOKapa
IpEeIeIbHO JOMYyCTUMOTO 3HAYCHUS Ha MYyTAX 3BAKyaIlHH.

Kputrdaeckoe BpeMs 1Mo KaKJIOMY M3 OMACHBIX (PaKTOPOB TMOKapa OMpeAeIIIeTCs] KaK
BpeMsl JIOCTHKEHHUSI ATUM (PAKTOpOM TMPENEIbHO JIOMYCTUMOTO 3HAUYCHHUS] Ha TMyTIX
ABaKyallud Ha BbICOTE 1,7 M OT moJa.

[IpenenbHO AOMYyCTUMBIE 3HAYEHMSI MO KaXKJOMY M3 OMACHBIX (DaKTOpOB MoOKapa
COCTAaBJISIOT:

110 TIOBBINIEHHOM TemnepaType - 70°C;

110 TEIIOBOMY HOTOKY - 1400 BT/ % ;

1o norepe BUAUMOCTH - 20 M (a1 ciaydas, Korga 00a rOpU30HTAIbHBIX JTUHEHHBIX
pasmepa nomenieHuss MeHbuie 20 M, OPENENbHO JONMYCTUMOE PACCTOSIHUE IO TMOTEpE
BUJIMMOCTH CJIEIyET MPUHUMATh PAaBHbIM HAHOOJBIIEMY TOPU30HTAIBHOMY JHHEHHOMY

pasmepy);
3
10 TOHMKEHHOMY COJIepKaHMIo Kruciopoaa - 0,226 Kr/Mm X

3
-0,11 kr/™m”
M0 KaXJIOMY M3 TOKCUYHBIX Ta3000pa3HbIX MPOIYKTOB TOPEHUS (COZ 0, / ;

-3 -6
CO-1,16-10 “xr/m’: HCL-23-10 "xr/nm’ ),

HCO6XOI[I/IMO OTMCTUTDB, 4YTO IIPHU HCIIOJIB30BaAHHUH MOJICBOM MOJCIN OIIPCACICHUC
KPpUTUYICCKOIO BPEMCHHM HMCECT CYLHICCTBCHHLIC OCO6CHHOCTI/I, CBA3aHHBIC C TCM, YTO
KPUTUYCCKOC 3HAYCHUC B PA3JIMYHBIX TOYKAX ITOMCIICHUSA JOCTHIaCTCA HEC OAHOBPEMCHHO.
Jns momemeHui ¢ COM3MEPUMBIMHA TOPU3OHTAIBHBIMU pa3MEpaMHU KPUTHUECKOE BpEMS

ONPENEIISIETCS KAK MAKCUMAIIBHOE M3 KPUTUYECKUX BPEMEH IS DBAKYALMOHHBIX BBIXOJOB
U3 JAaHHOTO NOMEIIEeHUs (BpeMsi OJJIOKMPOBAHUS TOCIEIHETO BBIXO/A).

Omnpenensiercs Bpemsi OJIOKUPOBAHUS Gr -
— i mB. +T 4rr. ;Oy (1
t6n—m|r{1;<p o Tn's b B } (116.2)

II. Knaccudukanust v 00J1acTh NPUMEHEHUSI METOI0B MATEMATHYECKOI0
MOJEeJIMPOBAaHMS MOKapa

Jns onucaHus TepMOTra30JJMHAMUYECKHUX IMAPAMETPOB IOKApA NMPUMEHSIIOTCA TPHU



OCHOBHBIX TPYMIIbl JETEPMUHUCTUYECKUX MOJIEIEI: HHTErpaIbHbIE, 30HHBIE (30HAIBHBIE) U
IIOJIEBBIE.

Br160p KOHKpETHOW MOJenu pacueTa BPEeMEHHU OJIOKHPOBAHMS IyTel 3BaKyaluu
CIEAYET OCYLIECTBIATh UCXOIS U3 CIEAYIOIIMX IPEAITOCHUIOK:

WHTErPAIIBHBIN METOL:

JUIS 3JaHUM, coAepkKallluX Pa3BUTYIO CUCTEMY ITOMEIICHUH Maloro o0bemMa pocTon
reOMEeTpUYECKO KOH(pUrypanuy;

JUIsL TIOMELICHWM, TJ€ XapakTEepHBIM pa3Mep odara Io)apa COU3MEpPUM C
XapaKTEpPHBIMU pa3MepaMy IIOMEIIEHHUS W pa3Mepbl IOMEIICHHUS COU3MEPHUMBI MEXIY
co00i1 (JIMHEWHbIE pa3Mephl MOMEIIEHUS OTINYAIOTCS He Oosiee yeM B 5 pas);

JUIS TIPEABAPUTEIBHBIX PACUETOB C LEIbIO BBISBICHHUS HanOOJIee OMMACHOTO CIICHApus
noxkapa

30HHBIN (30HAJIBHBIN) METO/I;

JUISl TIOMENIEHUI U CUCTEM IMOMEUIEHUI MPOCTOM reOMEeTPUYECKO KOH(UTypalnH,
JUHENHHBIE pa3Mepbl KOTOPBIX COU3MEPUMBI MeEXAy co00i (JIMHEWHbIE pa3Mepsl
NOMEIICHHUST OTJIMYalOTCs He Oojiee 4eM B S5 pa3), KOrja pa3Mep oyara Ioxapa
CYIIECTBEHHO MEHBIIE PA3MEPOB MIOMEIICHUS;

JUiss pabouux 30H, PAcMOJOKEHHBIX Ha pa3HbIX YPOBHAX B Hpelenax OJHOIO
NOMEILEHUS (HaKJIIOHHBIN 3pUTENbHBIN 3a]1 KHHOTEAaTpa, aHTPECONIH U T.11);

II0JIEBOM METOZ:

JUISL IOMEILEHUI CII0KHOM reOMeTpUYECKO KOH(UTYpaliK, a TaKKe OMEUICHUH ¢
OONBIIMM KOJIMYECTBOM BHYTPEHHUX Mperpaj (aTpuyMbl C CUCTEMOM Taneped W
IPUMBIKAIOIUX KOPHUJIOPOB, MHOTO(QYHKIMOHAJIbHBIE IIEHTPHl CO CJIOKHOM CHCTEMOM
BEPTUKAJIbHBIX U TOPU30HTAJIBHBIX CBSI3€H U T.11.);

JUTSl TIOMEIIEHH, B KOTOPBIX OJMH M3 F€OMETPUUYECKHX Pa3MEPOB ropasfo OoJbllie
(MeHbIII€) OCTATbHBIX (TOHHEIH, 3aKPHIThIC aBTOCTOSIHKY OOJIBIIION IUIOMIAAN U.T.1.);

JUISL UHBIX CIIy4aeB, KOTJa MPUMEHUMOCTh WJIM HH()POPMATUBHOCTH 30HHBIX U
UHTErpajJbHbIX ~ MOJEJIEeH  BBI3BIBAET  COMHEHHME  (YHUKAIbHBIE  COOPYKEHUS,
pacnpocTpaHeHue mnoxapa mno ¢acagy 374aHus, HEOOXOAUMOCTb ydeTa pabdOThl CHUCTEM
IPOTUBONOXKAPHOH 3aIUTHI, CIOCOOHBIX KAU€CTBEHHO U3MEHHUTh KAPTUHY MOKapa, U T.1.).

[Ipr nMCcnoNIb30BaHUK MHTETPAIBHOM M 30HHOW MOJENIEH Ui IOMEIICHUs, OOUH U3
JUHEWHBIX pa3MepoB KOTOPOro 0ojiee ueM B MATh pa3 MPEBBILIAET XOTs Obl OJUH U3 JIBYX
JIPYTUX JIMHEHHBIX pa3MepoB, HEOOXOAUMO 3TO MOMEIICHHUE JENUTh Ha YYaCTKH, pa3Mepbl
KOTOPBIX COM3MEpPUMBI MEXAy co0Ol, M paccMaTpuBaTh Y4YacTKHM KaK OTIENIbHbIC
MOMEILEHHS], COOOIIArOIIMecs] MPOEMaMH, TUIOIIAlb KOTOPHIX paBHA IUIOIIAAN CEYEHHUS Ha
rpaHulle ydacTKOB. McCIONb30BaHME AHAJOIMYHOW IPOLEAYpbl B Cilydae, KOraa JBa
JMHENHBIX pa3Mepa NPEeBhIIA0T TPETUI Oosiee ueM B 5 pa3 He I0MyCKaeTCs.

III. MaTerpanbHas MaTeMaTu4yecKasi Mo/ieJIib pacueTra ra3000MeHa B 3JJaHUU NIPH
no:xape

Jlnst pacuera pacnpocCTpaHEeHUs MPOIAYKTOB TOPEHHUs MO 3JaHUI0 COCTaBIIAIOTCS U



pEIIaroTCsl YpaBHEHUS a’pallid, TEIUIO- U MAacCOOOMEHa KakK I KaXXJ0ro MOMEIICHUS B
OTZIETIbHOCTH, TaK U JIJIs1 BCETO 3AaHUS B LEIOM.

ypaBHeHI/IH ABUKCHUS, CBA3BIBAIOIIUEC 3HAYCHUS IICPCIIaI0B I[aBJIeHI/Iﬁ Ha Impocemax C
pacxoaaMu ra3oB 4C€pe3 IpoOCMbl, UMCIOT BU/I:

Gy =sign(aPj;)-& - F - VZ'P'|APji| , (I16.3)

Tac:

G. : :
i - pacxom Tra3oB uepe3 NpoeM MEXIy AByMS (J-M H 1-M) CMEXHBIMH

ITOMEIEHUSIMU, KI/C;

S - xoadduument pacxona mpoema (5 = 0,8 amst 3aKpHITHIX MpoeMoB U 5 = 0,64

JUTSL OTKPBITHIX);
2

F - momans ceyenus npoema, M ;

3
P - IJIOTHOCTB ra30B, MPOXOAAIIUX YEPE3 MPOEM, kr/m X

AP y . . .
I - cpeaHuu nepenan MoJHbIX JaBJICHUU MEKAY J-M U 1-M IIOMCIICHUCM, I1a.

. AP
HampaBnenue (3HaK) pacxoja onpeaeseTcsi 3HaKOM Pa3HOCTH JaBJIeHUM — i,

B 3aBHCHMOCTH OT 3TOT0 TJIOTHOCTh P IPUHHUMAET pa3IuyHbIC 3HAUCHHUS.
3HakK pacxojia ra3oB (BXOISAIIMN B TOMEIIEHUE PACX0]l CYUTAETCS MOJIOKUTEIIbHBIM,

BBIXOJISIIIMI - OTPUIIATENIbHBIM) U 3HaUeHUE P 3aBUCAT OT 3HAKa Mepenaja AaBJICHUMN:

. _J —1,p=pj,npu AP<0
S|gn(AP ), P—{ +1, p:pij, npu AP >0 (H64)

Jnss  mpOrHO3UPOBAHUSI  MapaMeTpoOB  MPOAYKTOB TOpeHUs  (TeMIeparypsbl,
KOHIICHTpAIIM TOKCHYHBIX KOMIIOHEHTOB TMPOJIYKTOB TOPEHHS) B  IOMEIICHUSIX
MHOTO3TQKHOIO 3JaHHSI HA ATa)KaX, PAacHOJIOKEHHBIX BBIIIE 3Ta)ka, HA KOTOPOM MOXKET
BO3HUKHYTH ITOXap, pACCMaTPUBAIOTCA MTPOLECCHI PACIIPOCTPAHEHUS TPOAYKTOB TOPEHUS B
BEPTUKAIBHBIX KaHaJIaX (JICCTHUYHBIC KIETKU, AXThl TU(PTOB, BEHTKAHAJBI U T.I1.).

BepTukanpHyr0 maxTy MO BBICOTE Pa3HEisAOT Ha 30HbI, KOTOPBIE IPEACTABISIOT
y3IIbl B TUJPABIMYECKON cXeMe 3/1aHMs. 30HA MO BBICOTE MOXKET OXBAThIBATH HECKOJIBKO
sTakew 3manus. B aToM ciyuyae pacxoj raza Mexy 30HaMU MOKHO BBIPa3UTh (OPMYIION
BHJIA!

c=|/ < (I16.5)

rac.



30H;

S:;

F - omaab MMOoICpeYHOro CCUCHUA MIAXThI,

2
K - koadpunmeHT (romyckaercs IpPHHUMATH PAaBHBIM 0,05 c"/m );

_ 2
9=9.81M/c” _ yekopenue cBOGONHOTO MaICHHS
AP - nepenan aBIeHnI MEXKITY y3IaMH.

- XapaKTCPpUCTHUKA T'MAPABINICCKOTO COIIPOTHBJICHUA HA I'PAHUIIC

3/1aHKE TPECTABISIOT B BUAC THAPABINYECKOM CXEMBI, Y3JIbl KOTOPOH MOIEIUPYIOT
IIOMEIIICHMS, a CBS3W - IIyTM JABWXKCHUSA IPOAYKTOB TOpEeHMsT M Bosayxa. Kaxnpoe
IIOMEIIECHNUE 3[IaHMsI ONMCBHIBAECTCS CHUCTEMOW YpPABHEHHM, COCTOSIIEN W3 YpaBHEHHS
OajlaHca Macchl, YpaBHEHHsI COXPAHEHHS] SHEPrUM W YPAaBHEHHS OCHOBHOI'O Ta30BOI0
3akoHa (MeHnneneeBa - Knaitnepona).

VYpaBHeHue OanaHca Macchl BeIpaxaeTcs (popMyou:

d(pj-Vj)/dt:\V+Zk:G(—ZG|

rIe:

V. 5.
i - 00beM moMelieHus, M ;

t - Bpewms, c;

;GK
ZG'

V' - CKOpOCTb BBITOpaHUSI MOXKAPHOU HATPY3KH, KI/C.

- CyMMa pacxoJI0B, BXOASIINX B TOMEIIEHUE, KI/C;

- CyMMa pacXoI0B, BEIXOJIAIINX U3 IIOMEIICHUS, KI/C;

YpaBHeHHE COXpaHEHUsI SHEPTUU BhIpaKaeTcst POPMYIIOH:

d(Cyp; vy )/ dt=Cy- ;(TK'G&)*C:)'TJ'Z(GJ'QFQN)

I
e.

C
)

T. . .
, 1 - TeMmmepaTrypsl ra3oB B 1-M U J-M IOMELIEHUsX, K;

O A0z

P - yaelbHAs U30XOpHAs ¥ U300apHas TEIUIOEMKOCTH, Ko/

- KOJIMYCCTBO TCILJIA, BBIACIIACMOI'O B IIOMCIICHUU IIPHU TOPCHHUMH, KBT,

(116.6)

(116.7)

Qv . TETJIOBOM TIOTOK, TMOTJIOIIAEMBIM KOHCTPYKUMSIMHU U M3JIy4aeMbIM 4Yepe3
poeMsbl, KBT.



I[J'ISI IMOMCHICHUS OYara I1OoKapa BCJIINYKMHA Qr OIIPCACIIACTCA 110 q)OpMy.]IeI

Q=(n-Q+1)¥

rje:

N - k03P GUIIUEHT MOTHOTHI TOPCHHUS,

Q- musmas rennora cropanusi, KJ[/Kr;

=6 T Shramemus ra3u(UIMPOBaHHON rOproUeH Harpy3ku, KJK/Kr;
% - ynensHas TemmoemkocTs poaykTos mupomusa, KUK/ (1er- K) ;
T - remneparypa npoaykToB nupoimsa, K.

o =0
JI1s1 ocTanbHBIX NOMEIICHUM Q& :

Koaddumment nomunotsl ropenust N onpenensercs no Gopmyie:

Z Xoxg " &

k (116.8)

=K+ (1K )=

rIe:

0 - k03 dULMEHT OTHOTBI TOPEHHS B PEXKHME M0XKAPA, PETyITHPYEMOM rOproYeii
Harpy3Ko, onpenenseMbiit hOpMyJIoii:

6
My =063+0.2" X5, +1500- X o | (I16.9)

Koaddumment K paccunteiBaercs mo gpopmyie:

Xoxm Xoxm 116.1
(522 oo o (1-3=)) 0

K

rae:
X

0x,0
B= X
0x,0—0,01

X
o0 - HagaJbHAs KOHIICHTPAIMS KUCJIOPOa B IOMEIIICHUH Oovara rmokapa, Kr/Kr;
oxm - Tekymas KOHIEHTPAIUs KUCI0PO/ia B MOMEIIICHUH ovara moxapa, Kr/Kr;

box - kommuectso KHUCIIOpOJa, TMOTJIOAEMOro MpU CropaHud 1 Kr roprovei



Harpy3Ku, KI/KT.
Ypasuenue MenpeneeBa - Kimaitnepona Beipakaercs Gpopmyoit:

_ R I16.1
Pi=pi-Ti 3 | g_)

rie:
P. : .
] - maBieHWeE rasza B J-M NoMenieHuu, [1a;

T . TeMIIEpaTypa ras3a B j-M nomenienuu, K;
R = 8,31 - yHuBepcanbHas rasoBast noctosuHas, K/ (Mo - K]

M - MousipHasi Macca rasa, MoJb.

[Tapamerpbl ra3a B TIOMCIICHHM ONPEACISIFOTCS W3 YpaBHCHHs OanaHca Macc
OTACTBbHBIX KOMIIOHCHTOB MPOJIYKTOB TOPEHUS W KHUCIOPOAa M ypaBHEHUs OalaHca
OIITHYECKOH MJIOTHOCTHU JIbIMA.

VpaBHeHue OanaHca MacC OTICIbHBIX KOMIIOHCHTOB IPOJAYKTOB TOPEHHS U

KHACTIOpO/a:

d(XLJ.'pj'Vj)/dt:W'LL+Z(XLVK'G()—XLJ'ZG (116.1
X i ’ 2)
re:
X X . .
"Ll - xoHmeHTpamus L-To KOMIOHEHTa MPOIYKTOB TOPEHHS B 1-M H j-M
ITOMEIIECHHUAX, KI/KT;
N . xommuectRo L-ro  KommomenTa MPOAYKTOB TOpeHUs (KHUCIOpoaa),

BBIJICIISIFOIIETOCS  (TIOTJIOMIAIOIIEr0oCsl) MPU CTOPAHMM OJHOTO KWJIOrpaMMa IoKapHOM
HArpy3KH, KI/KT.
VYpaBHeHue OanaHca ONTHYSCKON INTIOTHOCTH JbIMa:

Vi-duj/dt=y Do+ D (e G/ = DL G/pj (116.1
k i , 3)

TIe:
Ty S Hoom '
I, 7] - oNTHUYEeCKas INIOTHOCTH JIbIMA B 1-M U J-M MOMEIIECHHUSX, X

D . M2
M - XBIMOOOpA3yIoMmas CIOCOGHOCTH MOXKAPHOH Harpy3kn, ™M [xr

OnTuueckas IUIOTHOCTh JbIMa TMPH OOBIYHBIX YCIOBHUSX CBSI3aHA C PACCTOSIHUEM
MpeNebHON BUIUMOCTH B IBIMY (POPMYJION:

1,238/ (I16.1
4)



Jns momenienuii 0e3 UCTOYHUKA Temia cucteMma ypasHuenuit (116.6), (116.7) u (116.8)
YIPOIIAETCS U MPEICTABIISETCS B BUJIE:

Gj(t)=sign (aPy(t))-u-F- VZ'Pk'|APu'(T]

n

I (6.1

i=1

W % : [pi+sign(APij) : pi+Pj_5i9”(APij) ' pj]
rae '

[lepBoe ypaBHEHHE CBS3bIBAET Mepenabl JAaBJICHUNA HA COCIUHSAIOMIMX MOMEIIEHUE
IIPOEMax € PacxoOM rasza uyepes 3Tu Mpoembl. BTopoe BeIpaxaeT NOCTOSHCTBO 00beMa s
JAHHOTO TMoMenieHusl. Takum 00pa3oM, JJisi BCEro 3JaHusl TpeOyeTcs peliatb CUCTEMY,

+ ) . . : .
COCTOSILYIO U3 (”}c Mhe) M penuneitnbix ypaBHeHuit Buna (116.12) u VN umelinbIx
ypaBHeHu#t Buga (116.13). 3nech Me u Me- coorsercrenno, uncio TOPU30HTAIBHBIX U

BEPTUKAJIBHBIX CBSA3EH Ha ITAXKE; V'~ aueno y3JI0B; Mo - gucrno sraeii.

Cucrema ypaBHeHMi, BKJouaromas B cebs ypaBHenus (116.6), (I16.7) nns
nometienus ouara noxapa u (I16.12), (I16.13) nnst ocTaibHBIX OMEIICHUN U ypaBHEHHE
(IT6.11), onmuckiBaromias TUAPABIMYECKYIO CXEMY 3JaHUSI, PEIIACTCS YUCIECHHO METOI0M
UTEpallii B COBOKYITHOCTH C METOJIOM CEKYIIUX.

OcHOBHBIC ypaBHEHHSI ISl OMNpENENICHUs] TeMIepaTypbl Ta3a U KOHIEHTpaluu
MPOJYKTOB TOPEHHUS B MOMEILICHUX 3/IaHUSI TIOJIYYEHBI U3 YPAaBHCHUN COXPAHEHUS SHEPTUU
U MacChl.

TemnepaTypa ra3za B OMEUIEHUH, 1€ OTCYTCTBYET Oyar Mokapa, ONpeiessieTcs: u3
ypaBHEHUSI TEIUIOBOTO OanaHca, KOTOPOE MOKHO TOJYYUTh U3 YPaBHEHUS COXPaHCHUS
sHepruu (116.7). ®opmyna ass onpeaeseHus TeMIepaTyphl ra3a B j-M MOMEIICHUH 31aHMs
B "n"-ii MOMEHT BPEMEHH:

(CPB'G‘<'T‘<)+QJ
k=1
Tnj: N m m - > *
- (kZ::le;G)chpr'g:lejn-anijT Fier
(I16.1
. 6)
D (G670




CW'(Z G(_ZG) Z FJ”+QJCT'FJ'CT

At

Tac:

Q . CyMMa HMCTOYHHKOB (CTOKOB) TeIljla B 00OBbeME ]J-TO IOMEIICHUs U Terlia,
YXOJISIIIIETO B OTPAKIAIONINE KOHCTPYKIIHH;

N LAY
T ( T ) —To .
- IPUBEJICHHBIN KO3P(ULIHUEHT TEMI00TAAYUN;

T,
0 - HayaJIbHAs TEMIIEpaTypa B IOMEIICHNH;

Jer - TyIOomAh MOBEPXHOCTHU OTPAYKAAIONINX KOHCTPYKIIUHA B j-M IMOMEIICHHH.
Kosdpdumuent temmoornaun * MokeT OBITH paccUMTaH IO HSMIUPUYECKOU
bopmyie:

§=4407" }/3 Tm—Tw npu Ty <60°C (IT6.1
11,63 exp[0.0023+ (Tn =T, )| mpu Ty >60°C 7)

KoHueHTpanusi oTieIbHbIX KOMIIOHEHTOB Ta30BbIX CMECEH B MOMEILECHUAX 3JaHUs
BBIYUCIISIIOTCS. W3 ypaBHeHUsi OajnaHca Macchl jgaHHoro kommoHeHta (116.12).
Konuentpanust L-ro KOMIOHEHTa MPOAYKTOB TOPEHUS B j-M NOMEIICHUH B "n"-bIil MOMEHT
BPEMEHHU OINPENEIAETCS YPABHEHUEM:

k= (I16.1
pi-Vj 8)

OnTuueckass KOHILEHTpAIMS JbIMa B TMOMEIICHUSX OIpeesseTcs U3 0agaHCOBOIO
ypaBuenus (116.19). HarypanbHblii mokasatenb ociaabieHusi cpebl B j-OM MOMEIICHUU B

N"-i MOMEHT BPCMCHH OIIPCACIIACTCA YPABHCHHUCM!

Z e G Z(Hk'ek) Zn:Gk

_ k=1 k=1 . ) k=1
M= — o T Boa); &P

Ac (I16.1
v, 9)

AHaJIMTHYECKHE COOTHOIIEHHUS JJIA OIIPpEaCICHUA KpHTquCKOﬁ MpOAOJIZKUTEJIbHOCTH



nokapa

JIis OMHOYHOTrO TOMENICHHMsS] BBICOTOM He Oosiee 6 M, YAOBIETBOPSIOIIETO
YCIOBUSIM  TNPUMEHEHUST  MHTErPAIBHOM  MOJEIM, MpU  OTCYTCTBUM  CHUCTEM
MIPOTHUBOMNOXKAPHOM 3aIUThI, BIUAIOMINX HA Pa3BUTHE MOXKapa, JOMYCKAETCA OINPEICIISITh
KPpUTUYECKAE BpEeMEHa M0 KaXIOMy W3 OIACHBIX (DAaKTOpOB TOKapa C IOMOIIBIO
AHAIMTUYECKUX COOTHOIIEHHU:

IO TTOBBIIEHHON TeMIEpaType:

I~

T B 70—t " (H62
t =9 — In|1+ ———— 0)
xp | A (273+) -2
IO TIOTEPE BUAMMOCTH:
L
RES - voin(105-a-) ] (116.2
w | A 1,,'B Dy 2 1)
10 IOHMKEHHOMY COZEPKaHUIO KACIOPO/Ia:
0,044 =1’
t()Z: E In 1_ ) (H6.2
Wy A ( B Lo, ) 2)
+0,27 )z
Y
0 KKIOMY U3 Ta3000pa3HbIX TOKCHYHBIX IIPOIYKTOB TOPEHHS:
L
) 1l (116.2
rr._{ B V-
th— y In[l B-L-z] 3)

rie:
353 G \Y

(1-¢)n-Q
" pa3MEpHBIM KOMILIEKC, 3aBHCSIIMN OT TEIUIOTHI CrOpaHus
Marepualia i CBOOOIHOTO 00beMa ITOMEIICHUS, KT

b . Hawanemas TEMIIEpATypa BO3/1yXa B MoMeueHnu, °C;
N - T¢oKas3aTelab CTENEHH, YYUTHIBAIOIIMN HW3MEHEHUE MAacChl BBITOPAOLIETO



MaTeprajia BO BPEMEHHU;
A - pa3mepHbIi TapaMmeTp, YYUTHIBAIOIIMK YAEIbHYI0 MAacCOBYKD CKOPOCTb

n
BBIT'OPAaHUA T'OPOYCTO MATCpHUaJIia U INIOIIAAb I10Kapa, kr/c ,

Z - 0Oe3pa3MepHbI MapameTp, YYUTHIBAIOUIMNA HEPABHOMEPHOCTBH paclpelelICHUs
O®II mo BEICOTE TTOMEIIICHMUS,

Qi
C

- HU3IIAs TeIIoTa cropanus matepuana, MJx/kr;

P - yaenpbHas wu300apHas TEIUIOEMKOCTb JBIMOBBIX TIa30B, ML/ (xr- K)
(TomyckaeTcs MpUHUMATh PABHOM TEIUTIOEMKOCTH Bo3ayxa npu 45°C);

? - xodpdunmeHt TermiIonoTeph (MPUHUMAETCS TO JaHHBIM CIPABOYHOU
JUTEPaTyphl, IPU OTCYTCTBUH JTAHHBIX MOKET ObITh MPUHSAT paBHBIM 0,55);

N - k03 GUITUESHT MOHOTHI TopeHus (onpeaensercs no Gopmye 116.9);

3
V - cBOOOIHEIN 00BEM TTOMEmEHusA, M

a - KOd(pPUIMEHT OTpaKeHUS IPEIMETOB Ha MYTSIX IBAKYyallHH;
E - HauasibHast OCBEILIEHHOCTb, JIK;

lﬂp - IpeaciibHasa JaJJbHOCTb BUAUMOCTHU B JIbIMY, M;

D - )
M - XBIMOOGpA3yIoMas CIOCOGHOCTD FOPSIEro MaTepuaa, HiM [xr .
L - yaenbHbINi BBIXOJT TOKCHUYHBIX Ta30B MIPHU CTOpaHuK 1 KT MaTepuaa, KI/Kr;

-3
X - IMpCacJibHO AJOIIYCTHMOC COACPKAHUC TOKCHUYHOI'O I'a3da B IIOMCHICHUH, Kkr/m

(XCOz:O’ll Kl"/M3 . XCO:1’16.1073K1—‘/M3 . XHCL:23'1076KF/M3 )

bo, YACNBHBIN pacxoj KUCIOPO1a, KI/KT.

Ecnu mox 3Hakom norapudma mosydaeTcsi OTpHIaTeIbHOE Yncio, To gaHHbi QDI
HE MPEACTABIIAET OMACHOCTH.

[TapameTp z BBIYUCISIIOT IO popmyIie:

_h h [16.2
Z_ﬁ.exp(l,4~ﬁ)anH§6M | E]-)

rie:

h - BeIcOTa paboueii 30HbI, M;

H - BpICcOTa TTIOMEIIICHUS, M.
Omnpenensercs BbICOTa pabOveH 30HBI:

h=h,,+17-05-5 (I16.2
5)

rie:

M BBICOTA IUIOIIAJKH, HA KOTOPOU HAXOAATCS JIFOJU, HAJl TTI0JIOM OMEIIEHHUS, M;

o5 . PA3HOCTL BBICOT I10JIa, paBHAs HYJIIO IIPHU TOPHU30HTAJIBHOM €ro pacCIiIOJI0KCHHH,



M.

Crnegyer uMeTh B BUJY, YTO HAaMOOJBUIEH OMACHOCTH IPH IOXKApe MOIABEPIraOTCS
JIOAM, HaXo4dIuecs Ha Oosiee BBICOKON oTMeTKe. [1oaTomy, Hammpumep, Ipy oNpeaeacHun
HE00X0IMMOr0 BpPEMEHH 3BaKyalluy JI0JIed W3 mapTepa 3pUTEIbHOIO 3ajla ¢ HAKJIOHHBIM
[OJIOM 3Haue€HUWe h crexyeT HaXoAWTh, OPUEHTHPYSICh HAa HaumboJee BBICOKO
pacrnoJioKeHHbIe psAabl Kpecedl. [lapameTpbl A v n BEIYHMCIIAIOT TAK:

JUISL CITy4dasi TOPEHMSI )KUJIKOCTH C YCTAHOBUBILIEUCS CKOPOCTBIO:

A=y, Fn=1

TI€E:

2. )
Vya - yrenbHast MaccoBas CKOPOCTb BBITOPAHHS KHIIKOCTH, xr/ (M ¢/
JUISL CITydasi TOPEHHMS KUIKOCTH ¢ HEYCTAHOBUBILEHCSA CKOPOCTBIO:

0,67y, F
A:% n=1,5,

cm

L KPYTOBOI'O paCIIpOCTPAHCHUS I10Kapa:
A=1,05"y,, -V’ n=3

rje:

V - IuHEeHAasi CKOPOCTh PACIPOCTPAHEHUS INIAMEHH, M/C;

JUIsL  BEPTUKAJIbHOM WM TOPU3OHTAJIBHOM TOBEPXHOCTU TOPEHUS B BHJE
PsIMOYTOJIbHUKA, OJTHA U3 CTOPOH KOTOPOTO YBEJIIMYMBAETCS B ABYX HANPABICHUAX 33 CUET
pacnpocTpaHeHUsl IUIaMEHU (HalpuMep, pacHpOoCTpPaHEHUWE OrHS B TOPU3OHTAIBHOM

HaIpaBJIEHUH 110 3aHABECY MOCJIE 0XBATa €ro IIaMEHEM IO BCel BHICOTE):
A=y, "V-bn=2 ’

rae:

b - meprieHANKYJISAPHBIN K HANPaBJICHUIO IBUKCHHUS IIJIAMEHH Pa3Mep 30HbI TOPCHUS,
M.

[Ipu oTCyTCTBHM CIleIMaNbHBIX TpeOOBaHWW 3HaYeHUss a W E mnpuHumarorcs

=20
paBHbIMH 0,3 1 50 TK COOTBETCTBEHHO, 4 3HAUECHUE hp M.
IV. Maremarnuyeckasi AByX30HHasl MO/eJIb I02Kapa B 31aHUHU

[Ipu pemieHun 3azad ¢ HMCIOJIB30BAHMEM JBYX30HHOW MOJEIW MOXKAp B 3/1aHUU
XapaKTEePU3yeTCsl YCPENHEHHBIMA TI0 Macce U O00beMy B3HAUYCHHUSIMH I1apaMeTpOB
3abIMJICHHOU 30HBI:

T - TeMnepaTtypa cpeapl B 3aAbIMIEHHON 30HE, K;

M - onTHdyeckas MIIOTHOCTH AbIMa, Hir/m;

X . o
I' - MmaccoBad KOHIOCHTPANHA 1-TOT'O TOKCUYHOI'O IPOAYKTA 'OPCHUA B 3a/IbIMJICHHOU



30HE, KI/KT;

k- MaccoBasi KOHIIGHTPAILUS KHCIOPOJA, KI/KT;

Z - BBICOTA HUKHEHN TPAHUIIBI CJIOS IbIMA, M.

B cBowo ouepenr MNEpeUHCIICHHBIE MapaMETPhl BBIPAKAIOTCA YEPe3 OCHOBHBIC
WHTErpaJIbHBIC MTApaMeTPhI 3aBIMIICHHOM 30HBI C TTOMOIIBIO CISAYIOMHX (HOpMYIT:

T
Q,= [ m-c,(1)-aT
0

, (116.26)
mi mK
X.= —, = —
T T m ,(116.27)
H:i
Vi | (116.28)
1 , (116.29)

m. .
raie m, | - o0m@as Macca JbIMa U COOTBETCTBEHHO 1-T0 TOKCHYHOTO MPOAYKTa
TOPEHUS B 3aJbIMJIEHHON 30HE, KT;

m o
K - Macca KHucCJjIopoda B 3aJbIMJICHHOHN 30HEC, KT,

Q . SHTAJIBIMUS NPOAYKTOB T'OPEHUS B 3aAbIMIIEHHON 30HE, KJK;
2
S - onTHYECKOEe KOJINYECTBO [biMa, HI'M”

3

P - mnoTtHOCTH AbIMa npu Temneparype T, kr/m”
Vv y vl
A - 00BEeM 3aIBIMIICHHON 30HEI, )

H, A - BbIcOTa M TUIOIIA/1b IOMELIEHUS, M;

c :
P - yAenbHas TEIUIOEMKOCTh JbIMa, i/ (K- kr) :

JIlnHaMHKa  OCHOBHBIX  MHTETPAJIBHBIX  IMAPAMETPOB  3aABIMJIECHHOM  30HBI
OTIPEIEISIETCS UHTETPUPOBAHUEM CUCTEMBI CIICTYIOIINX 0aTaHCOBBIX YPABHEHMIA:

o0111e#t MacChl KOMIIOHEHTOB 33/IbIMJICHHOM 30HBI C YU4E€TOM JbIMa, BHOCUMOTO B 30HY
KOHBEKTUBHOM KOJIOHKOU U JIbIMa yIAISIEMOT0 Y€PE3 MPOEMbI B COCETHUE TTOMEILICHUS

dm
M _G.-G
d ¢ 1 (116.30)

rjae t - TeKyuiee Bpems, C;



G, G .
K 7l - MacCOBBIU pacxona AbiMa COOTBCTCTBCHHO YCPC3 KOHBCKTHUBHYIO KOJIOHKY

N OTKPLITHIC ITIPOCMEI B ITIOMCIICHUH, KF/C;
OHTAJIBIINI KOMIIOHCHTOB BaHBIMHGHHOﬁ 30HBI C Y4CTOM TCIlJIa, BHOCUMOI'O B 30HY
KOHBEKTUBHOM KOHOHKOﬁ, TCIUIOOTAAa9U B KOHCTPYKIHMHU U YHOCA AbIMa B ITPOCMBI:

dQ
_:QK_QH_QKOH
dt ,(I16.31)
rae Qk , Qn , Quon - TEIJIOBAasT MOIIHOCTb, COOTBETCTBEHHO, BHOCHMMAas B

3aBIMJICHHYIO 30HY KOHBEKTHMBHOM KOJIOHKOM, yaaisieMas C JIBIMOM 4epe3 OTKPBITHIE
IIPOEMBI U TepsieMasi B KOHCTPYKUUHU, KBT;

MaccChl KHUCIOPOJa C Y4E€TOM IOTEPh HAa OKUCJICHUE MPOAYKTOB IMUPOJIN3a TOPIOYUX
BELIECTB:

rac:

dm

TX:OZS'(G(_T]'\V'LOX)_XOX'G]-[ (I16.3

2)
]

N - momHOTA CTOpaHuA IOpHOYCTro MaTCpHaiia, KF/KF;
V' - CKOPOCTH BBHITOPAHUS TOPKOYEr0 MaTepUaa, Kr/c;
LOX - HOTpe6JIeHI/Ie Kucijiopoga IIpu Cropannn cCAWMHHUObI MACChbl TOPHOYCTO

Marepuana, KI/Kr;
ONTHUYECKOTO0 KOJUYECTBA JblMa C YYE€TOM JBIMOOOpa3yrolield CrnocoOHOCTU
TOPSIIEro MaTepuana:

a8 p-g- L (I16.3
dt Dn =Gy p , 3)
2
rIe Do - IBIMOOOPA3YIOIast CIOCOOHOCTH TOPIOYETO MaTepuala, Hn/ (M 'Kr) :

MacChl 1-r0 TOKCUYHOT'O MPOJIYKTa TOPEHUSL:

L. o .
rae ' - MaCCOBBIM BBEIXOJ 1-TO TOKCUYHOI'O IMPOAYKTa rOpCHUA, KI'/KT.

Macca KOMIIOHEHTOB JIbIMa G , BHOCUMBIX B 33JIbIMJICHHYIO 30HY KOHBEKTHUBHOM
KOJIOHKOM, OLICHUBAETCS C YYE€TOM KOJIMYECTBA BO3/lyXa, BOBJIEKAEMOTO B KOHBEKTHBHYIO
KOJIOHKY I10 BCEW €€ BBICOTE /10 HWKHEW I'PaHULbI CJIOS AbIMa. B MHKEHEPHBIX pacyerax
pacxo] KOMIIOHEHTOB JbIMa YE€PE3 OCECUMMETPUYHYI) KOHBEKTUBHYIO KOJIOHKY Ha BBICOTE
HUKHETO YPOBHSA 3aJbIMJICHHOM 30HBI Z (B 3aBUCHUMOCTH OT TOTO, Kakasi oO0JacTh



KOHBEKTHBHOH KOJIOHKM WM (Qakeiga TOrpy)kKeHa B 3aJbIMIICHHYIO 30HY) 3ajacTcs
TOJTYAMITUPUIECKON POpMYITOH:

[ 7 0,566
0,011-Q- ( _— ) JUIs 001acTH hakea

215
Q

2 ) 0909
G, =10,026-Q- ( 5 JIJIS TIEPEXO0 THO M 001acTH
Q

2 | 18%
0,124-Q- ( —_— ) JUJIST 00J1aCTH KOJIOHKU

215
Q

, (I16.35)
rae Q - MOIIHOCTh o4ara noxapa, kBT.

JlnHaMuKa mapamMeTpoB odara nokapa ONpenenseTcs pa3sBUTHEM IUIOIIAIN TOPECHUS
C YYETOM CJOXKHOTO COCTaBa TOPIOYMX MATEpUAJIOB, HUX PACHOJIOKCHUS, MECTa
BO3HUKHOBEHUS 04ara roskapa " MoJHOThI CTOPaHUS:

Q=n"vy,*Q, Ft) (116.36);

[lotepn Temia B Orpaxaarollie KOHCTPYKLIHMH PACCUUTBHIBAIOTCA C YYETOM
o T o
TeMIEpaTypbl TOpsiYel CTPyH ¢, CKOPOCTHM U U3JIy4daTeJIbHON CHOCOOHOCTH CTpPYH,

~ ~ b ~ T'
OMBIBAIOIIEH KOHCTPYKIIMU U MPOrPEBA CAMOM 1-i KOHCTPYKLUN () 1o TonmuHe y. s
HTOT0 YUCJIEHHO UHTErPUPYETCA HECTalMOHApHOE ypaBHeHUE Dyphe:

o) 1 1) aTfy)
oo dT)e Py 637
C FpaHI/I‘{HbIMI/I 1 HAa4YaJIbHBIMHA YCJIOBI/UIMI/I:
(0,+0,)-(T+T ):_M.aTi_M
e % ly=0 (116.38)
oT;(y)
. (&)= - - ——
(ot at,) (To+T(3))= 2y o b= (11639)

T(0, y)=T,, 0<y<d , (116.40)



o, o

rme < 4 - COOTBETCTBCHHO KOHBEKTHBHBIH U JIYIUCTHIM KOIPPHUIHCHT
2

rerootaaun, BT/ (M K)

O - TONIMHA OrpaX/AIONIeil KOHCTPYKIUH, M;

C(T) - TemnmoeMKOCTh MaTepuaja KOHCTPYKIMU Tipu Temmeparype T(y),
I[)K/(KFZ'OK)-

AT) TEIUTONPOBOJHOCTh MaTepHualia KOHCTPYKIMH Tmpu Ttemmeparype T(y),
Br/(m °K) .

T, T

- TeMIepaTypa COOTBETCTBEHHO 000TpEBaEMOM YacTh KOHCTPYKIIMH U CPEIbI
y HeoborpeBaeMoi noBepxHocTH, K;

P - MIOTHOCTH MaTepHaia KOHCTPYKIIUHU, KI/M.

TemioBble M MaccoBble IMOTOKM 4Yepe3 MpoeM B KaXIblii MOMEHT BpEMEHU
PacCUUTHIBAIOTCS C YYE€TOM TEKYILEro nepemnajaa AaBjIeHHs 10 BBICOTE MPOEMa, COCTaBa M
TEeMIIepaTypbl Ta30BOM Cpe/ibl IO 00€ CTOPOHBI Npoema (cxema pacyeta Ha puc. 116.1). Taxk,
MacCOBBI pacxoj] JbIMa U3 IOMELICHHs ouyara IoXapa B COCElHEe IOMEIleHUEe
pPacCUUTHIBACTCS CIEIYIOLUM 00pa3oM:

Ym ax

Gy=B-¢- | /2o [P0 P,n)] -an
Yoin , (I16.41)

rae B - mmpuna mpoema, m;

$ - aspoauHAMHYCCKH K0O9Q(HUIHEHT mpoema;

P(h)-P,(h .
(h)=Py(h) - Pa3HMIIA JIABJICHUH B MTOMEIICHUSIX Ha BBICOTE h;

P - TMIOTHOCTH JbIMa B 3aJBIMJICHHOW 30HE COCEIHEr0 ITOMEIICHUS TIPH

Temrneparype aeima T.
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Puc. I[16.1. Macconoroku 4epe3 npoem

N
[Ipenensl wHTErpUpoOBaHUs M~ ' min BRIGUpAIOTCS B MpeAesiax CTBOpa IMpoema,
ClOsl JbIMa TOMEIICHUsT ouara TMoXkapa MW TaMm, TIJ€ HU30BITOYHOE [IaBJICHUE

AP:(P(h)—P(hz))>O , KaK 3TO yKa3aHO Ha pHc. I16.1.

Heobxoaumasi niisi OLIEHKW Teperaja NaBJICHUsI MO0 CTBOPY IMpoeMa 3aBUCUMOCTH
JABJICHUSI OT BBICOTHI B 1-OM TIOMEIICHHH (C Y4Y€TOM 3aJbIMJICHHONW 30HBI JTOTO
TIOMEIIICHNSI) OLICHUBAECTCS KaK:

I i (6.4
' Ro=po'9-Z—pi'g-h eomh>Z 2)

P. . o
rme 0 - Tekymiee aBJICHWE B 1-OM ITOMCIICHWW Ha HYJICBOW OTMETKe (WH
MIPUBEACHHOE K HYJIEBOM OTMETKE, €CJIM YpPOBEHb I10Jla MOMEIICHUS BBIIIEC HYJIEBOU



OTMETKH);
. T, .
Po - mnoTHOCTB BO3MyXa IPH HAYAIBHOMN TeMieparype O ;

Z; . .
I' - TeKyIlast BBICOTA HE3aAbIMJICHHOM 30HBI B 1-OM IIOMCILICHUH.

PaccunTannsie ImapamMcCTpPhbl TEeIJIOMaccooOMeHa B IMpocMC HUCIIOJIb3YIOTCA KakK
I'PaHUYHBIC YCIIOBUA HJISI COCCOAHCTO ITOMCIICHMA.

V. IlojieBoi MeTO MOACJTUPOBAHUA M0KAPA B 3AaHUH

OCHOBOI JI1 MOJEBBIX MOJIEIEH MOXKAPOB SBISIIOTCA YPaBHEHHUS, BBIPAXKAIOLIUE
3aKOHBl COXpPAaHEHMS MAacChl, MMIIYJbCa, OHEPrUM W MacC KOMIIOHEHTOB B
paccMaTpuBaeMOM MajOM KOHTPOJIBHOM 0ObEME.

YpaBHEHUE COXPAHEHUSA MACCHI:

@, 20 1m0
a axi( ! . (116.43)

VYpaBHEHHE COXPAaHEHUS UMITYJIbCA:

Q|

Ot
(P'UJ)J’axij(P'“j'”i):_QE*&L’P'gi

JIns HBIOTOHOBCKHMX JKMAKOCTEH, MOMUUHSIONMXCA 3aKOHY CTOKCa, TEH30p BS3KHX
HaIpsHLKEHUN onpenensercs: GopMyion:

ou.  Ou; 2 ou
R v R
J ' K . (116.45)
YpaBHEHUE DHEPTUH:
5 5 p. o fr on) gt
9 9 - O (A o)y
AU U h)‘at+ax.(c x-) 2
J AR I (I16.46)

rac
Hk

- CTaTH4YCCKasA SHTAJIbIINA CMCCH,

- TEIJI0Ta 00pa30BaHusl K-ro KOMIOHEHTA;



k - TCINIOCMKOCTb CMCCH IIPH ITOCTOAHHOM HAaBJICHUU,

) o X .
ql - paaualMOHHBIM ITIOTOK SHCPIUKU B HAIIPABJICHUU J.

YPaBHCHI/Ie COXpaHCHUA XUMHNYICCKOT'O KOMIIOHCHTA k:

d 0 0
at(p k)+ 8xj(p uJ k) 8XJ P aXJ ' ‘ (H647)

Jlnst 3ambikanusi cuctembl ypaBHeHuit (116.43) - (I116.47) ucnons3yercs ypaBHEHHE
COCTOSIHUSA UJICAJIBHOTO Ta3a. JlJisi cMecu ra3oB OHO UMEET BU:

Yk
My
k , (116.48)

P=p'RO'T'

R
rae 0 - yHHUBEpCaJbHAs ra3oBas MOCTOSIHHAS;

M
k - MOJIIpHAsA Macca k-ro xomIoHeHra.



