Ipukaz MYC P® ot 30 uronsi 2009 r. N 382 "O0 yrBepkaeHUN MEeTOAMKH ONpPe/eIeHUs] PACYeTHBIX
BeJIMYMH MOKAPHOT0 PUCKA B 3JaHUIAX, COOPYKEHUAX U CTPOEHUAX PA3TUYHBIX KJIACCOB
(GyHKUMOHANBbHOI NMOKAPHOI ONMACHOCTH'" (C U3MEHEHUSIMM U T0TIOJTHEHUSIMH)

B cootBerctBun ¢ @enepanbHbiM 3akoHOM OT 27 nekabps 2002 r. N 184-®d3 "O TexHHUYECKOM
perynupoBanuu"* u mocranoBiaeHueM IIpaButenscTBa Poccuiickoit @enepanun ot 31 mapta 2009 r. N 272
"O nopsake NpoBeAEHMs pacueTOB 10 OLIEHKE I10KapHOro pucka'** npukasplBaro:

YTBepIUTh NpUIaraeMyrd METOJMKY OINpEeAeNIeHUs PACUETHBIX BEJIMYMH IOXKapHOTO pPHUCKA B
3MAQHUSAX, COOPYKEHHUSX M TOXKAPHBIX OTCEKaxX pPAa3JIMYHBIX KIJIACCOB (DYHKIIMOHAIBHOM TOXapHOU
OIaCHOCTH.

MunucTp C.K. loiiry

* CoOpanue 3akoHomarenbcTBa Poccuiickoit ®enepanuu, 2002, N 52 (wacts 1), cr. 5140; 2005,
N 19, ct. 1752; 2007, N 19, ct. 2293; 2007, N 49, ct. 6070; 2008, N 30 (wacts II), ct. 3616.
** Cobpanue 3akonoaarenscTa Poccuiickoit deneparuu, 2009, N 14, cr. 1656.

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

IIpusnoxenne
K npukazy MUC P®
ot 30 urons 2009 r. N 382

MeTtoaunka
omnpeeieHHs PACYETHBIX BeJIMYNH MOKAPHOT0 PUCKA B 3JAHUAX, COOPY’KEHUAX U MOKAPHBIX
0TCEKAaX Pa3JIHYHBbIX KJIACCOB (PYHKIMOHAJIbHOM MOKAPHOH ONACHOCTH

1. O01mme mos10KeHUA

1. Hacrosmasg MeTOOuKa OINpPENETCHMs] PACUETHBIX BEIMYMH I0XKAPHOTO pPHUCKa B 3JaHMAIX,
COOPYKEHHSIX U MOXKAPHBIX OTCEKAX Pa3JIMYHBIX KJIACCOB (PYHKIIMOHAIBHON MOXapHOI OacHOCTH (Jasee -
Metoauka) ycTaHaBIMBAaeT MOPSIOK ONPEAETICHUSI PACUETHBIX BEIMYMH IOKApHOTO PUCKA B 3/1aHUSX,
COOPYKEHMSIX U TOXKapHbIX OTCeKax (Jajnee - 3/JaHHME) M pacHpOCTpaHSETCs Ha 3/aHus KJIACCOB
(GYHKLIMOHATIBHOH MOXKapHOI OMacHOCTH:

1.1. @1 - 31aHud, npelHa3HaYCHHbIE AJI TOCTOSHHOTO MPOXKMBAHMSI U BPEMEHHOTO NMpeObIBaHUS
JII0AeH, B TOM YHCIIE:

a) ®@1.1 - 3maHus JOMIKOJIBHBIX 00pA30BATENbHBIX OpTraHU3AINi, CIEIUATU3UPOBAHHBIX JOMOB
IpecTapesiblX ¥ MHBAIMIOB (HEKBAapTUPHbIE), OOJBHUIIBI, CHAlbHbIE KOpIyca 00pa30BaTEIbHBIX
OpraHu3aluil ¢ HAIMYMEM MHTEpPHATA U IETCKUX OpPraHU3alui;

6) @1.2 - rocTHHHUIIBI, OOIEKUTHS, CIIATBHBIE KOPITyca CAHATOPHEB U JOMOB OT/bIXa OOIIEro TUMA,
KEMIIMHIOB, MOTEJEN U TAHCHOHATOB;

B) ®1.3 - MHOrOKBapTHpHBIE XKUJIbIE IOMA;

r) ®1.4 - 0oIHOKBAPTUPHBIE KUJIbIE I0MA, B TOM UKcie OJIOKHPOBAaHHbBIE;

1.2. @2 - 31aHUs 3peNUIIHBIX U KYJIbTYPHO-IIPOCBETUTENBHBIX YUPEKIACHHM, B TOM YHUCIIE:

a) ®2.1 - Tearpsl, KUHOTEATPhl, KOHIEPTHBIE 3aJIbl, KIYObl, IIUPKH, CIOPTUBHBIE COOPY>KEHUS C
TpuOyHaMH, OUOINOTEKU U JJPYTUE YUPEKACHUS C PACUETHBIM YUCIIOM OCATOUYHBIX MECT JUIsl HOCETHTENeH
B 3aKPBITHIX IOMEIIEHUSAX;



0) @2.2 - My3eH, BBICTABKH, TAHIICBAJILHBIC 3AJIbI U APYTrUe MOJOOHBIE YUPESKICHUS B 3aKPBITHIX
MOMEIIEHUSX;

B) ®2.3 - TeaTpbl, KUHOTEATPbI, KOHLEPTHBIE 3allbl, KIyObl, IIUPKH, CIIOPTUBHBIE COOPYKEHUS C
TpruOyHaMu, OUOIMOTEKU U IPYTHe YUPEKICHHUS C PACUECTHBIM YHCIOM MOCAJOYHBIX MECT JJIsl IOCETUTENeH
Ha OTKPBITOM BO3JyX€;

r) ©2.4 - Mmy3eH, BHICTABKU, TaHIEBAJIbHBIE 3aJIbl U APYTryue MOJOOHBIE YUPEXKIECHUS HA OTKPHITOM
BO3/IyXE€;

1.3. @3 - 3manus opranu3anuii Mo 0OCTYKUBAaHUIO HACEJICHHS, B TOM YHUCIIC:

a) @3.1 - 31aHus opraHu3alil TOProBiIy;

0) ®3.2 - 3manus opraHu3anuii 00IEeCTBEHHOTO MUTAHMS,;

B) @©3.3 - BOK3aJIbI;

r) ®3.4 - ONMKIMHUKHA U aMOyJIaTOPHH;

1) @3.5 - momereHus 1Jis TOCETUTENEH OpraHu3auii OBITOBOTO M KOMMYHQJIBHOTO OOCITY)KHBaHHS
C HEpaCUETHBIM YHCIIOM MIOCAJJOYHBIX MECT JIJIsl [IOCETUTENEH;

e) @3.6 - GU3KYIBTYpHO-O30POBUTEIBHBIE KOMIUIEKCHI M CHOPTUBHO-TPEHHUPOBOYHBIE
YUPEXKIEHUS C OMEIICHUSIMH 0e3 TpUOYH Ui 3pUTeNeid, ObITOBbIE TOMELICHHS, OaHU;

1.4. ®4 - 3naHus oOpa30BaTEIbHBIX OPraHU3alUi, HAYyYHbIX U MPOEKTHBIX OpraHu3aluii, OpraHoB
yIpaBICHUS YUPEKACHUI, B TOM YHCIIE:

a) ®4.1 - 3maHua oOuIe00pa30BaTENbHBIX OpraHU3alUi, OpraHU3alUil JOMOJIHUTEIHHOIO
o0pa3zoBaHus JieTeid, MPoecCHOHATBHBIX 00pa30BaTeIbHBIX OpPraHU3aIN;
06) ®4.2 - 3manus 00pa3OBATENbHBIX OpPraHU3AIMK BHICHIETO O0Opa30BaHMs, OpPTaHU3ALMI

JOTIOTHUTEIHHOTO MPO(ecCHOHaTBHOTO 00pa30BaHuUs;

B) ®4.3 - 31aHMsI OPraHOB YNPABJICHUS YUPEKIACHHUH, IPOEKTHO-KOHCTPYKTOPCKUX OpraHU3alui,
MH(GOPMAILIMOHHBIX M PEAAKIIMOHHO-U3ATeNbCKUX OPraHU3allii, Hay4YHbIX OpraHu3aiuii, 0aHKOB, KOHTOP,
0¢uCoB;

r) ®4.4 - 3maHus MOKAPHBIX JCTIO;

1.5. @5 - nmoxxkapHbI€ OTCEKH MPOU3BOJACTBEHHOIO WJIM CKJIAJICKOTO HA3HAYEHHUsI C KaTeropuewn
MOMENIEHUI MO B3PBIBONOXAPHOU U moxapHoil onmacHoctu B1-B4, I', /I, BXoasiue B cocTaB 3/1aHUN C
G YHKIIMOHATBHOM MoXkapHOH ormacHOCThI0 D1, D2, @3, 4, B ToM uncine D5.2 - cTosHKY J17151 aBTOMOOHUIIEH
0e3 TEXHUYECKOT0 00CTyKUBAHUS U PEMOHTA.

2. PacueTsl 110 OIIEHKE TIOKapHOTO PUCKA MPOBOJSTCS MyTEM COMOCTABIECHUS PACUETHBIX BETUYHH
MOKapPHOTO pHUCKAa C HOPMATUBHBIM 3HAUYEHHEM I[0KapHOIO pHUCKA, YCTaHOBJIEHHOro ®denepanbHbIM
3akoHOM oT 22 wuronst 2008 r. N 123-®3 "TexHuueckud periiaMeHT O TpeOOBaHUSIX MOKapHOU
6e3omacHocTH"* (nanee - TexHUUECKHIA perIamMeHT).

3. Omnpesenenrie pacyeTHBIX BETUYNH MOKaPHOTO PUCKA OCYIIECTBIISETCS HA OCHOBAHUU:

a) aHaJKM3a MOYKapHOM OMACHOCTHU 3/IaHUM;

0) ompeieNieHUs YaCTOThI peaIM3alliy MOKapOOTaCHBIX CUTYAIIH;

B) MIOCTPOEHUS TOJIEH ONMacHBIX (PaKTOPOB MOXkKapa AJIs Pa3IMUHBIX CIICHAPUEB €r0 PA3BUTHS,

I') OIEHKHU TMOCIEACTBUN BO3JEHCTBHS OIMACHBIX (DAKTOPOB TMOkKapa Ha JIOACH M Pa3IudHBIX
CLIEHApPHUEB €r0 Pa3BUTHS;

1) HUTMYUS CUCTEM OOECTICUCHHS TI0’KapHOM 0€30MMacHOCTH 3/TaHUM.

4. OnpeneneHue pacyeTHIX BEIUUYHMH MOKAPHOTO PUCKA 3aKJII0YAETCS B pacyeTe UHIUBUAYaIbHOTO
MOXKApPHOTO pPUCKA IS JIFOJICH, HAXOASIIMXCS B 37MaHWU. UMCICHHBIM BBIPOKEHHEM WHIWBHIYaTHHOTO
MOKapHOT'0 PUCKA SBJISIETCS YaCcTOTa BO3/ICHCTBUS ONACHBIX (pakTopoB moskapa (nanee - OPII) Ha yenoBexa,
Haxozsauerocs B 3n1anud. [lepeuens ODII ycranoBieH cratbeil 9 Texnuueckoro periiamenta. Pe3ynprarsl
U BBIBOJIbI, TOJIYYCHHBIE TIPU OMPEICIICHUH TMOXKAPHOTO PHUCKA, HCIOIB3YIOTCS Al 000CHOBAaHHUS
[IapaMeTPOB M XapaKTEPUCTUK 3/IaHHUM, COOPYKEHHM M CTPOEHUH, KOTOPbIE YYUTHIBAIOTCA B HACTOSIIEH
Meronuxe.

5. UYacrora BoszpeiictBus O®PIl onpenenserca Ui NOXKAPOONMACHOW CHUTyallud, KOTOpas
XapaKTepu3yeTcss HanOOMBIIEH OMACHOCTBIO JJIs )KU3HU U 3JI0POBbS JIOCH, HAXOSIIUXCS B 3[JaHHH.



6. lns1 nenei HaCTOALIEH METOAMKY MCIIONb3YIOTCSI OCHOBHBIE MIOHATHUS, YCTAHOBIIEHHBIE CTaThel 2
TexHn4YeCcKoro perimamMeHTa.

II. OcHOBHBIE PaCY€THLIC BEJTHYUHBI UHIAUBUAYAJBHOI'O MTOKAPHOI'0 PUCKA

7. UHmuBUyanbHBINA MMOXKAPHBIA PUCK OTBEYAET TpeOyeMOMYy, €CIIu:

a<q! (1)

>

H H 6
QB QB =10 -1
rac - HOPMAaTUBHOC 3HAUYCHUC MHAUBUAYAJIbHOI'O ITOKAapHOT'O PHUCKaA, rong .,
QB - pacdy€THasd BCIIMYMHA HHAUBHUAYAJIbHOI'O ITOKApHOTO PHUCKaA.
PacueTnas BenmmuuHa HHAUBUAYAJIBHOI'O ITOXKApHOTO PUCKA B 31aHUH, COOPYKCHUN U IOKAPHOM
OTCCKEC OMNpCACIIACTCA KaK MAKCUMAJIbHOC 3HAYCHUC IMOXKAPHOI'0 pPUCKAa U3 PACCMOTPCHHBIX CIHCHAPHUCB

Imoxkapa:

QB:I’I’I(JX{QBJ,...,QB’i,...,QB,N}, (2)

rae Op; - pacueTHasi BeIMYMHA TIOKAPHOTO PUCKA IS 1-T0 CLIeHApHs IoXkapa,

N - KOIM4eCTBO paCCMOTPEHHBIX CLIEHAPUEB I10KApPA.

CueHapuil mokapa mpelcTaBisieT co00il BapHaHT Pa3BUTH MOKapa € y4eTOM MPHUHITOrO MecTa
BO3HHKHOBEHHUSI M XapakTepa ero pa3puTus. CieHapuil moxapa OmNpenessieTcss Ha OCHOBE JIaHHBIX 00
00BEMHO-TUIAHUPOBOYHBIX PEHICHUSX, O pa3MELICHUH TOploYeil Harpy3ku u Jrojeil Ha oObekte. [lpu
pacuere paccMaTpUBAIOTCS CUECHAPUM IOXkKapa, NPU KOTOPBIX PEATU3YIOTCS HAUXYAIIUE YCIOBUSA IS
obecrnieueHns 0€30MacHOCTH Jrofieil. B kauecTBe clieHapUeB ¢ HAMXYIIINMH YCIOBUSMU TOXKapa CIeayeT
paccMaTpuBaTth CIICHAPHH, XapaKTepu3yeMble Hanbosee 3aTpyTHEHHBIMUA YCIIOBUSIMU dBAKYyaIMH JIOJEH U
(unum) Haubomnee BbICOKOM nuHamukoi Hapactanust O®DII, a UMeHHO moXaphI:

B ITOMENIEHUSX, PACCYUTAHHBIX HA eIMHOBpeMeHHOEe npucyTcTBUe 50 1 OoJiee YeI0BeK;

B CHCTeMax TIIOMEIICHHH, B KOTOPBIX u3-3a pacmnpocTtpaneHuss ODII Bo3MokHO OBICTpOE
OJIOKMpOBaHME TMYTEH dBaKyaluu (KOPUIOPOB, IBAKYAIIMOHHBIX BBHIXOJOB H T.1.). [Ipu 3TOM ouar moxapa
BbIOMpaeTcss B MOMEHIEHUH Malloro oObeMa BOMU3M OT OJHOTO M3 SBAaKyal[MOHHBIX BBIXOJOB, JTHOO B
MOMEMICHUU C OOJIBIIMM KOJMYECTBOM TOPIOUEH HArpy3KH, XapaKTepU3YIOIICHCs BBICOKOW CKOPOCTHIO
pacIpoCTpaHEHHUS IIJIAMEHH;

B IMIOMEIICHUAX U CUCTEMAaX MOMENIEHU aTPUYMHOTO THUIIA;

B CHCTEMaxX MOMEMICHHWH, B KOTOPBIX HM3-32 HEJOCTATOUYHOM MPOMYCKHOW CIMOCOOHOCTH MyTen
3BaKyallly BO3MOKHO BO3HUKHOBEHHUE MPOJAOJKUTEIBHBIX CKOTJIEHUH JIFOJICKUX TTOTOKOB.

B cnyuasx, Korja mepeurcieHHbIE TUIBI CLIEHAPHEB HE OTPaKalOT BCEX OCOOEHHOCTEW OOBEKTa,
BO3MOKHO PaCCMOTPEHUE UHBIX CLIEHAPUEB IT0XKAapa.

B nomemenuu, umeroreM a8a u 60see 9BaKyallMOHHBIX BBIXOJ[a, OYar moXapa cieayeT pa3MeniaTh
BOJIM3M BBIXOa, UMEIOIIET0 HAaUOOJBITYIO MTPOITYCKHYIO CITIOCOOHOCTD. [Ipn 3TOM JTaHHBIN BBIXOJI CAUTACTCS
OJIOKHUPOBAHHBIM C TIEPBBIX CEKYH] MOXKapa, U MPHU ONPEACNICHUU PACUYETHOTO BPEMEHHU HBAKyalllu He
YUYUTBHIBAETCS.

B momeniennu ¢ 0THUM HBaKyallMOHHBIM BBIXOJIOM, BpeMsi OJIOKHUPOBAHUSI BBIXOJA OMPEAETSETCS
pacyeToM.

CueHapuu mokapa, He peaqn3yeMble TP HOPMAIBHOM PEXKHUME IKCILTyaTallui 00beKTa (TepaKThI,
MO/DKOTH, XPaHEHHWE TOPIOYEH Harpy3Kd, HE MTPEIyCMOTPEHHOW Ha3HauyeHWeM OO0BeKTa W T.J.), HE
paccMaTpUBAKOTCA.

8. PacueTHas BennuyMHA WHAMBUAYAJIBHOIO TOXKAapHOTIO pUCKa Uid 1-ro cleHapus noxapa (O B



3IaHUSX, YKa3aHHBIX B MyHKTE | (32 UCKITIOUEHHEM KJI1accoB (DYHKIIMOHAIBHOU MokapHO# onacHocty P1.1,
®1.3, ®1.4) paccuuthiBaeTcs o Gpopmye:

QB,i:Qn,i'(l' an,i)'Pnp,i'(l'Pa,i)'(l' n.3,i)- (3)

rae Oni - 4aCTOTa BOSHUKHOBEHMS 110’Kapa B 3/JaHUM B TEUEHHE T0fja, ONpeeseMas HA OCHOBaHUHU
CTaTHUCTUYECKUX JAHHBIX, MPUBEIACHHBIX B npmiokeHuu N 1 k Hactosedn Meronuke. Ilpu orcyrcTBun
CTaTUCTHUYECKOW MH(POPMALIUK J10ITycKaeTcs npuHumars Qy =4 10 JUTSL KasKJIOTO 3IaHUS;

Kani - KOO OUIMEHT, YYUTHIBAIOLINI COOTBETCTBUE YCTAHOBOK aBTOMATHUYECKOTO MOKAPOTYIICHUS
(manee - AVII) TtpeOoBaHWAM HOPMATHBHBIX JOKYMEHTOB IO TOXKapHOM OE30MacHOCTH. 3HAYCHHE
napamerpa K,;; npuHUMAaeTcsi paBHBIM K,;=0,9, eciu BBIMONHSAETCS XOTSA OBl OJHO U3 CIEIYIOUIMX
YCJIOBU:

3nanue obOopynoBano cuctemoit AVII, cooTBercTByrome TpeOOBaHUSAM HOPMATHUBHBIX
JIOKYMEHTOB 10 TIOKapHON 0€3011acHOCTH;

obopynoBanue 3manusi cucremoii AVYII He TpeOyercss B COOTBETCTBHHM C TpPEOOBaHHSIMHU
HOPMATUBHBIX JTOKYMEHTOB IO MOXKapHOU 0€301MacHOCTH.

B ocranpHbIX cinydasx K, ; IPUHUMAETCS PABHOW HYIIIO;

Prp i - BEPOATHOCTb NPUCYTCTBUS JIOAEH B 3[aHUH, OIpeAeiseMast U3 COOTHOIEHUS Py i=tpyun i/ 24,
TIIE tyuii - BPEMS HAXOXKIEHHS JIIOJIEH B 3JaHUH B 4acax;

P, ; - BEposSTHOCTH 3BaKyalluu JOICH;

Kusi - KOO(QQHUIMEHT, YYUTHIBAIOUIMA COOTBETCTBHE CHUCTEMBI IPOTHBONOXKAPHOM 3aIUTHI,
HaIpPaBJIEHHOW Ha obecrieueHre 6e30MacHOM PBaKyalluu JIIOJCH Mpu Mokape, TpeOOBaHUSIM HOPMATHUBHBIX
JIOKYMEHTOB 10 IIO’KapHON OE€3011aCHOCTH.

9. BeposTHOCTh 3Bakyauuu P,; U3 3/aHUM, yKa3aHHbIX B IyHKTe | (3a MCKIIIOYEHHEM 3JIaHHH
KJ1acCoB (DYHKIIMOHATBHOH moxapHOo#t onacHocT @ 1.1, @1.3, @1.4), paccuuThiBarOT 1Mo GopMyIie:

08 t,t, 4)

0,999 - ,eCJ]]/Itp<O,8'%H<tp+tH3HtCKS6MI/IH

P.= 2
> 10,999, ecrn t+t,< 08t ut, <6mun
0,000, ecmt tp >0,8t, um t, >6 mun

e f, - PACUETHOE BPEMS DBAKYALlUH JIFOJIEH, MHH;

ty, - BPEMsI Hauasa 3BaKkyaluu (MHTEpBaJI BpEMEHU OT BO3SHUKHOBEHHMSI TT0YKapa J10 Havaia dBaKyaluu
JIIOJICH), MUH;

fsx - BpeMs OT Hayajlia ToXKapa 10 OJIOKMPOBAHMS SBAaKyallMOHHBIX IIyT€l B pe3yJbTare
pactpoctpaneHuss Ha HuXx OO®II, uMmeroumMx mOpeaenbHO IOMYCTUMBIC A JtoJAed 3HaYeHus (Bpems
OJIOKMPOBAHMS MyTEH HBAKYAIINH ), MUH;

fex - BpEMSI CYIIECTBOBAHMSI CKOTIJICHHH JIFOJIEH Ha ydacTKax MyTH (TIOTHOCTH JIFOJICKOTO TTOTOKA Ha
MyTSIX BAKyaIH IpeBbImaeT 3Hauenne 0,5 M>/v’).

10. PacueTtHoe Bpems dBaKyallMd JIOJEH f, U3 TIOMEUICHUH W 31aHUK ONpPEIETAETCS Ha OCHOBE
MOJICTUPOBAHUS IBUKECHUS JIFOJICH JI0 BBIXO/Ia HAPYXKY OJTHUM U3 CJICIYIOUTUX CIIOCOOOB:

M0 YOPOUICHHOW aHaIUTHYECKOM MOJIENM JABUKEHUS JIIOJCKOTO IOTOKA, IPUBEJIECHHON B
npunoxennn N 2 K HacTosimen MeTouke;

M0 MAaTeMaTH4YeCKOM MOJENU HWHIMBHUIYAJIbHO-IIOTOYHOIO JBMKEHUS JIIOAEH W3 37aHus,
MpUBEACHHON B npuiioxkennn N 3 K HacTosAme MeTonuke;

M0 HMMHUTAIMOHHO-CTOXACTUUECKOW MOJENHU JIBXKEHMS JIIOJCKUX TOTOKOB, IPUBEIECHHON B
npunoxenun N 4 K HacTosimen Metouke.

Breibop cmocoba ompeneneHuss pacyeTHOrO BPEMEHH SBaKyalldd TMPOU3BOAUTCI C y4ETOM
crnenupuIeckux OCOOEHHOCTEH OOBEMHO-IIJIAHMPOBOYHBIX PEHICHUHM 3[1aHUs, a Takke OCOOEHHOCTEH
KOHTHHTEHTA (€r0 OJIHOPOAHOCTH) JOEH, HAXOISAIINXCS B HEM.



IIpn omnpeneneHUu pacyETHOTO BPEMEHM DBAKYallMM YYUTBHIBAIOTCA [aHHBIC, IPUBEIACHHBIC B
npuwioxkenun N 5 K HacTosimed MeTtoauke, B YaCTHOCTH NIPHUHIMIBI COCTaBJICHUS PACUETHOW CXEMBI
IBaKyalluy JIIOACH, MapamMeTpbl JBWKCHUS JIIOJIEH pa3IMyYHBIX TPYNI MOOWJIBHOCTH, a TaKKe 3HAUYCHUS
IJIOIIAJEH TOPU3OHTAIBHBIX IPOCKIUI PA3IMYHBIX KOHTUHT€HTOB JIIOIEH.

11. BpeMs Hauana 3BaKyalluu fy, ONPEAEIAETCS B COOTBETCTBUU C ITyHKTOM | mpuioxenust N 5 k
HacTosel MeToauke.

12. Bpemst 6i10KupoBaHMs yTEH 9BaKyalllH fs; BEIYUCISETCSA IIyTEM pacueTa BpeMEHHU TOCTHIKECHUS
O®II npenenbHO OOMYCTUMBIX 3HAYEHUN HA SBAKYALIMOHHBIX IYTAX B Pa3JIMYHbIE MOMEHTHI BPEMEHH.
[lopsox mpoBeneHuss pacuera U MaTeMaTHYECKUE MOJAEIU Ul OIpENEIeHHs] BPEMEHU OJIOKUpPOBaHUS
nmyTel IBaKyallly onacHbIMU (haKTOpaMH IoXkapa npuBeeH B npuioxennu N 6 kK Hactosiie Metoauke.

13. KoadduimeHT, y4UTHIBAIONINN COOTBETCTBHE CHUCTEMBI IMPOTHBOIIOKAPHOM  3aIIUTHI,
HaIpaBJIEHHOM Ha oOecrieueHne 6e30MacHOM 3BaKyalluy JIOJEH pu Mnoxkape, TpedOoBaHUSM HOPMATUBHBIX
JIOKYMEHTOB TI0 T0KapHO# 0e301acHOCTH, Kj ;i pacCUUTHIBAaETCs 10 (popmyIie:

K 5i=1-(1-Kooui Kcoyn,i) (1-Kosu,i Krijz,i), (5)

rne Kosui - K09(D(UIMEHT, YYHUTHIBAIOUIMA COOTBETCTBHE CHUCTEMBI TOXXAPHOW CHTHAIM3AINH
TpeOOBaHUSM HOPMATHBHBIX JTOKYMEHTOB IO M0XKapHOW O€30MacHOCTH;

Lcoyn,i - K03 umenT, yauThIBarOIUN COOTBETCTBHE CHCTEMBI OIOBEIIEHUS JIIOCH O MoKape U
yIpaBlIeHUS dBaKyaluen Jroei, TpeOoBaHUSIM HOPMATUBHBIX IOKYMEHTOB TI0 MOKapHOU O€30MacHOCTH;

Knzi - kK03hOUINEHT, YYUTHIBAIOUIMHA COOTBETCTBHE CHCTEMBI HPOTHUBOJBIMHOI 3aIlUTHI,
TpeOOBaHUSM HOPMATHUBHBIX JTOKYMEHTOB IO MMOXAPHOM 0€30MacHOCTH.

ITopsinok onieHkH napameTpoB Kosy i, Leoyn,i M Kz i IpUBeneH B pasjene [V nacrosmen Meronuku.

14. PacueTHas BelNMUYMHA MHIUBHUYaJIbHOIO MOXKAapHOTO pucka (Jy; Ul 1-TO CLIEHApHUs I0Kapa B
3/1aHUAX Ki1acca QyHKIMOHAIbHOU noxkapHoi onacHocty ®@1.1, 1.3, 1.4 paccuutsiBaercs 1o Gpopmyse:

Os i=Oni[ 1-(P,iH(1-P5i)Pen )], (6)

rae Oy - 4aCTOTa BO3HUKHOBEHUS MOKapa B 3/laHUU B TE€UEHHUE I'0Jla ONpEAEseTCsl HA OCHOBAHUU
CTaTUCTUYECKUX JAHHBIX, IPUBEACHHBIX B npriokeHnnn N | k Hacrosmenn Metoauke;

P, - BEpOATHOCTB 3BaKyalluy JOJEH;

Peni - BEPOATHOCTD CIIACEHMS JIFOJIEN.

15. BeposarHocTs 3Bakyanuu P,; u3 31anuil kjacca GyHKIMOHAIBHONW noxapHoil onmacHoctn @1.1,
@1.3, ®1.4 paccuuThIBaAIOT MO OpPMYIIE:

N...—N (7)

rae sz | - obIee KOMMYECTBO JFOJIEH, DBAKyUPYIOIMXCS B PACCMATPUBAEMOM CLIEHAPHUM;

Nyessi - KOJIMUYECTBO HE 3BaKyHpOBaBIIMXCS Joaeil. Onpenensercs myTeM CyMMUPOBAaHUSI IO BCEM
ydacTKaM IMyTel dBaKyallud JIOACH, HE YCHEBIINX MOKWHYTh YKA3aHHBIM Y4acTOK JIO €ro OJIOKUPOBAHHUS
omacHbIMU (pakTopamMu mokapa (A KOTOPBIX fp1+t4>0,8fs,), ¥ JIOAEH, IMOMAaBHIMX B CKOIUICHHE
MPOJOIKUTETHLHOCTBIO OoJiee 6 MUH (Z.,>6 MUH);

tp - pac4eTHOE BpeMs dBaKyalllH JIIOACH, MUH (OIPEAEsIeTCs B COOTBETCTBUU ¢ IIyHKTOM 10);

ty, - BpEMS Hadalla dBaKyaluu (MHTEpBaJl BpEMEHH OT BOSHUKHOBEHHUS MTOKapa 10 Hadyalla dBaKyaluu
JoJieit), MUH (OTIpeAesieTCsl B COOTBETCTBHH C ITyHKTOM 1 1);

fsn - BpeMs OT Hayala TMoxkapa 10 OJOKMpOBaHUS SBAaKYal[MOHHBIX NyTeH B pe3yibTare
pacnpocTtpaneHuss Ha Hux OO®II, uMeromux MpenenbHO AONYCTUMBIE Ui JIOAEH 3HaYeHHUs (Bpems



OJIOKMPOBAHUS MyTeH IBaKyallin), MUH (OTIPEeNeNsIeTCs] B COOTBETCTBUHU C TTYHKTOM 12);

fex - BPEMs CYIIECTBOBaHMS CKOIUICHUHM JIr0/Iel Ha yyacTKax IMyTH (IUIOTHOCTb JIFOACKOIO MOTOKA Ha
IyTSIX IBAKYALHH IIPeBbImaeT 3uaderue 0,5 M°/m).

16. BepositHocTh ciacenus Py onpenensiercs no popmyie:

Peni=1-(1-Ky5)(1-Komc )(1-Kg ) (1-Ksg i), (8)

rae Kysi - Ko3h(PUIHMEHT, yUYUTHIBAIOIIMA COOTBETCTBHE CHUCTEMbI MPOTHUBOIOKAPHOW 3aIIUTHI,
HanpaBJIeHHOW Ha o0ecrieyeHrne Oe30MacHOM IBAKyaIMH JIFOJCH MPH MoKape, TPeOOBaHUSAM HOPMATUBHBIX
JOKYMEHTOB 110 MOKapHOM 6e30MmacHOCTH, onpeaensercs no Gopmyse (5);

Komci - KOXQOUIMEHT, YYUTHIBAIONIMNA AUCIOKALWIO MOAPA3JCICHUI IMOKapHOH OXpaHbl Ha
TEPPUTOPUU NIOCEJIEHUN U TOPOACKUX OKPYIroB, MpuHUMaeTcst paBHbIM Ko =0,95 B ciayuyae cooTBeTcTBUs
ee TpeOoBaHUAM TEXHHYECKOTO periiaMeHTa U HOPMATUBHBIX JOKYMEHTOB IO MOXKapHOW O€30MacHOCTH.
ITpu 5TOM BpeMs f, i IPUHUMAETCS B COOTBETCTBUH € PACYE€TOM 110 IIPHIOKEHNIO 6 K HacTosAuier Meroguke
JUISL JAHHOTO CLIEHapHsl pa3BUTHA Nokapa. B octanbHbIxX cinydasx Kernci IpuHUMaEeTCsl paBHOM HYIIIO.

K¢i - xo3bduuuent, yuutblBatomMil Kiacc (PyHKIHMOHAJIBHON MOXKAPHOH ONAcCHOCTH 3aHUS.
3Hauenue napamerpa Ky ; npuanmMaercs paBubiM Ky =0,75 B crenyrommx ciaydasx:

st 3ganuii kmacca @1.1 B ciaywyae coOmroneHus TpeOOBaHWN HOPMATUBHBIX JOKYMEHTOB IIO
MOKapHON 0E€30MaCHOCTH K OCHAILEHUIO IEPBUYHBIMU CPEACTBAMHU [0KAPOTYILIECHUS;

st 3ganuii kmacca @1.3 B ciaywyae coOmroneHus TpeOOBaHWN HOPMATUBHBIX JOKYMEHTOB IIO
MOKapHOU OE30MaCHOCTH K YCTPOMCTBY aBapUMHBIX BBIXOIOB;

Ju1s 3naHui kiacca @1.4 - Bo Beex ciydasix;

B ocranpnbIxX ciydasx i 3ganuii kaacco @1.1. @1.3 Ky, ; npuHMMaeTcst paBHOM HYJIIO;

Kss,i - KO3 GUIMEHT, YIUTHIBAIOLIUI COOTBETCTBUE ITyTeH 3BaKyalluy TpeOOBaHUAM HOPMATHBHBIX
JIOKYMEHTOB 10 II0’KapHON OE€3011aCHOCTH.

3nayenue napamerpa K,s; npuHumaercs paBHbIM K,;;=0,8 B cityuae coOmoneHus TpeOOBaHUIA
HOPMATHBHBIX JOKYMEHTOB T10 MOKApPHON O€30MaCHOCTH K MYTSIM dBaKyalluH.

B ocranpHbIX ciydasx K, ; IpuHUMaeTcs paBHON HYIIIO.

I11. ITopsiiok mpoBeAeHHs pacyeTa MHAUBUAYAJBHOI0 M0KAPHOI0 PUCKA

AHAJIU3 NO0KAPHOI OMACHOCTH 31aAHUA

14. JInsg mpoBeneHHs aHaM3a MOKApPHOM OMAcCHOCTU OCYILECTBIISIETCS cOOp AAHHBIX O 3JIaHHH,
KOTOPBIN BKJIFOYAET:

00BEMHO-TIJIAHUPOBOYHBIE PEIICHUS;

Ter0(U3NIEeCKUEe XapaKTEPUCTUKH OTPaXKJAIOLINX KOHCTPYKIUI U pa3MEIIEHHOro 000pyA0BaHNUS;

BU/Jl, KOJIMYECTBO U pa3MELIEHNE FOPIOYNX BELIECTB U MAaTEPHAJIOB;

KOJIMYECTBO U MECTa BEPOSITHOIO pa3MeIIeHUs JTI0eH;

CHUCTEMBbI MOKapHOW CUTHATU3ALMKU U MOXKAPOTYIICHUS, MPOTUBOABIMHON 3aIllUTHI, OMOBEIIECHUS
JIIOJIEH O MOKape U yIpaBIICHHS IBaKyalluen JTr0Iei.

15. Ha ocHOBaHUM MOJIY4€HHBIX JaHHBIX MPOU3BOAUTCS aHAIN3 MTOKAPHOW OMAacHOCTH 3AaHUs, IPU
OTOM YUUTBIBACTCA:

BO3MOJKHas TMHAMHKA Pa3BUTHUSI MOXKapa;

COCTaB M XAPAKTEPUCTUKHU CUCTEMBI IPOTUBOIOKAPHOM 3aIUTHI;

BO3MO>KHBIE ITOCJIEICTBUS BO3AEHCTBUS MOXKapa Ha JI0JIeH U KOHCTPYKIIMH 3/1aHMSL.

OnpeneneHue 4acTOThI peaju3alliy M0KAPOONACHBIX CUTYALHIA



16. Yacrora peanu3anuu IMOXKAPOOMACHBIX CHUTYallUd OIPEACNISIeTCS YacTOTONM BO3HHMKHOBEHUS
nokapa B 3/laHud B TedeHue rozga. [lopsgok orpenesieHuss 4acTOThl BOSHHUKHOBEHHUS IMOXKapa B 3/1aHUU
npuBesieH B paszjese [ HacTosmer Metoguku.

HOCTPOQHI/Ie 0JIeH OMaCHbIX (l)aKTOPOB moskapa 1Jisl pasj/invYHbIX CHECHAPUEB €10 Pa3sBUTUHA

17. s mocTpoeHus nosen onacHsIX (pakTOpOB MOKapa MPOBOAUTCS 3KCIIEPTHBIN BEIOOP CLieHapHs
WM CLIEHApUEB I10XKapa, IPU KOTOPBIX 0XKUAAKTCA HAMXYALINAE MOCIEACTBUSA I HAXOMSIIMUXCSA B 3JaHUH
JIIOZEH.

DopMyIIMpOBKa CIICHAPHSI Pa3BUTHSI [TOJKapa BKIIOYAET B ce0sl CICIYIOIIUE STaIlbL:

BbIOOp MecTa HaXO0X/IeHHUs IEPBOHAYAIBHOIO OYara Iokapa U 3aKOHOMEPHOCTEH €ro pa3BUTHS;

3aJaHle pacdyeTHo oOmacTu (BbIOOp paccMaTpuBaeMO MpH pacyeTe CHCTEMBbl IOMEIIEHUH,
OIPEZCIICHUE YYUTBHIBAEMBIX IIPU PACUYETE DJIEMEHTOB BHYTPEHHEH CTPYKTYpPbl IIOMELICHWM, COCTOSHHUSA
IIPOEMOB);

3aJaHuE€ IIapaMeTPOB OKPYKAIOLIEH Cpelpl M HayalbHBIX 3HAYCHWHW [1apaMeTpOB BHYTPH
IIOMEIICHU.

B cootBercTBuM ¢ npunoxkenreMm N 6 k Hactosiued Meroauke GpopMynupyeTcs MaTeMaTudyecKast
MOJIEJIb Pa3BUTHSA 110KApa U IPOBOJUTCS MOACIIUPOBAHUE €TI0 JUHAMUKHU Pa3BUTHA.

Ha ocHOBaHMUM pe3ysIbTaTOB PACUYETOB OCYILECTBIISETCS MOCTPOECHHE MOJeH OmacHbIX (PaKTOpPOB
noJkapa | OmpeiessieTcsl 3HaueHue BpeMeH! OsokupoBanus myTei sBakyaunn ODII tg;,.

OueHka nocJjieICTBHH BO31eCTBUS ONMACHBIX (P)AKTOPOB MOKAPA HA JIKO/eil J1JI51 Pa3JIHYHBIX
CLleHApHUeB ero pa3BUTHSA

18. Onenka mocneacTBUN BO3JEHCTBUS OMAcHBIX (PAKTOPOB IMOXKapa Ha JIOACH 3akioyaeTcs B
ONPEACIICHUN BEPOATHOCTH 3BAKYAIUU JIOJICH U3 3IaHUS [IPU MTOXKAPE.

BeposTtHocTh 2Bakyanuu Irojell ompexaensercs mo ¢opmyne (3) HA OCHOBE COMOCTAaBJICHHUS
3HAYCHHUI BPEMEHH dBaKyalliu JIIOJIeH U BpeMEHU OJIOKMPOBAHUS MTyTEH dBaKyalliy ONMAaCHBIMH (paKTOpamMu
roxapa.

Jlis onpezneneHus pacueTHOrO BPEMEHHM JBAKyallUW JIOAEH t, B COOTBETCTBMM C IIPUIIOKEHUSAMU
NN 2-5 k Hacrosimieili Metoauke ompenensieTcs MOJAENb H3BaKyalluM JIOJEH M3 3[aHus, IPOBOIUTCS
MOCTPOEHUE PACUETHOM CXEMBI IBAKYAIlMH M OCYLIECTBIISIETCS MOJECITMPOBAHUE IBAKYAIUH JIFOJICH.

19. B coorBercTtBUU ¢ pasznenom [l HacTosmendn MeToauKH MPOBOIUTCS ONPEACIECHUE PACUETHON
BEITMYMHBI MHAUBUIYATBLHOTO MOXApPHOTO pucka Qp M COMOCTABJICHHE €€ C HOPMATHUBHBIM 3HAYCHHEM
QH

B .

HHIWBUIYAJIBHOIO IMOXKApHOTO PHUCKa
Yder HatM4usA cucTEM o0ecneYeHus1 MOKapHOH 0€30MaCHOCTH 31aHUA

20. Hannuue cuctem obecnieueHust Mo>kapHOi 0€30MacHOCTH 3/JaHUS YYUTHIBAETCA B COOTBETCTBUU
¢ dhopmyroii (4) u monoxkeHusiMuU paszsena [V nacrosmeit MeTonuku.

bnok-cxema, WITIOCTpUpYIOIIAsl MOPAJOK HPOBENEHHUS pacdyeTa HWHAMBHUIYaTbHOTO MOXKApHOTO
pHCKa, IpeacTaBieHa Ha puc. 1.

AHAJIM3 [IOXAPHOM ONAaCHOCTU 3OaHUI
I
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Puc. 1. HOpﬂ)IOK NMpPpOBEACHUSA pacueTa UHAUBUAYAJIBbHOT0 IOKAPHOI'0 PUCKA

IV. llopsinok pa3padoTKu JONOJTHUTEIbHBIX NPOTHBONOKAPHBIX MEPONPUATHI PHU ONpeaeIeHUN
pacyeTHOH BeJMYMHbI HHAUBHIYAJIbHOI0 MOKAPHOI0 PUCKA

21. B ciyuae, ecnu pacueTHas BEJIMYMHA HHIUBUAYAJIBHOIO IOKApHOI'O PHUCKA IIPEBBIIIAET
HOPMAaTUBHOE 3HA4YCHHUE, B 3JaHUM CJIELYeT IPEJyCMOTPETh JONOJHUTEIBHBIE IPOTUBONOXKAPHBIC
MEPOIPUSTHSI, HAIIPABJIEHHBIE HA CHI)KEHUE BEIMUMHBI [10)KAPHOTO PUCKA.

K 4uciny nmpoTHBONOMKapHBIX MEPONPHUATUH, HAIPABICHHBIX HA CHUKCHHME BEJIMYMHBI [T0KAPHOTO
pHUCKa, OTHOCATCS:

IPUMEHEHHE JOMOJHUTEIbHBIX 00bEMHO-IUIAHUPOBOYHBIX PEIIEHUH U CPEesICTB, 00eCIIeYUBAIOIIUX
OTpaHUYEHUE PACIIPOCTPAHEHUS 110KAPA;

YCTPOMCTBO AOIOJIHUTENBHBIX 3BaKyallMOHHBIX ITyTEH U BBIXO/O0B;

YCTPOMCTBO CHCTEM ONOBEUICHUS JIIOAEH O TMOXKApEe W YOPABICHUS DHBaKyallMed JroAeH
IIOBBILIEHHOTO TUIIA;

OpraHu3anys NO3TAITHOM IBaKyallly JIOJEH U3 31aHNS;

IIPUMEHEHHUE CUCTEM IIPOTUBOABIMHOM 3alLIUTHI,

YCTPOMCTBO CUCTEM aBTOMAaTUYECKOTO ITOKAPOTYILICHHUS;

OTpaHUYEHHUE KOJIMYECTBA JIOJIEH B 3JaHUU 10 3HAYCHWMH, 00eCHeuMBaroUIMX O€30MacHOCTh UX
ABAKyallUM U3 3[1aHHUs.

D¢ HeKTUBHOCTh TOMOIHUTENBHBIX MPOTUBOIOKAPHBIX MEPONPUATUI JOJDKHA IMOATBEPKIATHCA
HNOBTOPHBIM PACYETOM BEJIUYHUHBI MHJIMBUYaIbHOTO [T0KAPHOTO PUCKA.

22. D¢¢eKTUBHOCTh KaXIOrO U3 MEPEUYMCICHHBIX BBILIE MPOTHUBONOKAPHBIX MEPONPUATHIHA
OIIPENENAETCS CTENEHBIO BIMAHMSA HAa NAPaMETPBI fp, lon, fyy, @ JUIS CUCTEMBI II0XKAPHOW CHIHAIU3ALMH,
IIPOTUBOABIMHON 3alUTBl U CUCTEMBI OIIOBEIIECHNUS JIIOJEH TPU M0XKAPE U YIIPaBJICHUS 3BaKyalluen J0Jeu
taxke napamerpamu Kogy, Kcoys 1 Kpjs.

3navenue napametpa Kopy i npuHMaeTcst paBHbIM Kogy, i=0,8, eciiu BeImosHsAeTCst XOTs Obl OJJHO U3
CIEAYIOIIUX YCIOBUM:

31aHe O0OpYJOBAHO CHUCTEMOH IOKapHOM CHUTHalIM3allM{, COOTBETCTBYIOIIEH TpeOOBaHUIM
HOPMAaTUBHBIX JJOKYMEHTOB I10 MOXapHOIl 0€3011aCHOCTH;

000pyJIOBaHUS 3/1aHUSI CHUCTEMOM NOXapHOM CHUTHATM3alMM He TpedyeTcs B COOTBETCTBUU C
TpeOOBaHUSMU HOPMATUBHBIX JIOKYMEHTOB IO MM0KAPHOU 0€30IaCHOCTH.

B ocranpHbIX citydasx Koey i IpUHUMAaETCS paBHBIM HYIIIO.

23. IlpumeHeHMe B  KayecTBE JIOMOJIHHUTEIBHOTO  MPOTHBOINOXAPHOTO  MEPONPUATHS
00BEMHO-TIJIAHUPOBOUHBIX PEIIEHUH M CPelCTB, O0OECHEeUMBAIOUIMX OrPaHUYEHUE PACIPOCTPAHEHUS
no’kapa, I0CTUraeTcsi 00ecre4eHueM HOPMHUPYEMBIX MIPEIETIOB OrHECTOMKOCTH M TOHMKEHHOW MOKapHOU
OTaCHOCTH OOJIMIIOBOYHBIX CTPOHUTEIBHBIX MAaTEpHANIOB, UCIOIb3YEMbIX B OTPAKAAIONIIUX KOHCTPYKIIMAX
MOMEIIEHUS, B KOTOPOM HaXOAUTCS BEPOATHBIN ovar moxapa.

CreneHp BIUSHUSA JAHHOTO JIONOJHHUTEIBHOTO IPOTUBOMOXKAPHOTO MEPONPUATHS Ha AUHAMUKY
pacrpoCTpaHeHHUs 0Kapa U, COOTBETCTBEHHO, 3HAYEHHUE NapaMeTpa ts; ONMPENENSIETCS ITyTeEM MPOBEACHUS
IOBTOPHOIO  pacuera ts;  IOCJIE  BHECEHUS  COOTBETCTBYIOIIMX  H3MEHEHHMH B CXEMY
00BEMHO-TUTAHUPOBOYHBIX PELICHUN 3/1aHuUsl.

24. I1py NpUMEHEHNH B KAUECTBE JONOJHUTEIBHOIO IPOTUBOII0KAPHOTO MEPONIPUSITHSL yCTPOMCTBA
JIOTIOTHUTEIBHBIX dBAKYaIMOHHBIX ITyTE€H U BBIXOJOB CIEAYET BBIMOIHUTH MOBTOPHBIA pacyeT Mo OLICHKE
napamerpa t, ¢ yd4eToM OTKOPPEKTHPOBAHHBIX 00BEMHO-IIAHUPOBOYHBIX PEIIEHUH.

25. IIpu mpuMEHEHNH B KaYECTBE JIOITOJIHUTEIBHOIO TPOTUBOIIOKAPHOTO MEPOIIPHUITUS YCTPOMCTBA
CUCTEMBI OIOBEIIECHU JIOACH O MoXKape W yIpaBIEHUS 3BaKyalllel JII0JIeH MOBBIIIEHHOIO THUIA CIELYET



BBIIIOJIHATh IIOBTOPHBIA pPacyeT IO OIICHKE IapaMmerpa t, ¢ y4eToM IIepepacnpeieieHusl II0TOKOB
9BAKYUPYIOLUIMXCS M M3MEHEHMsI CXEMbl 9BaKyalldd B 3aBHUCHUMOCTH OT CLEHApUEB BO3HUKHOBEHUS U
pa3BHUTHS TIOKapa M, COOTBETCTBEHHO, ATOpUTMa (DYHKIIMOHUPOBAHUSI CHCTEMBI OIOBEUICHUS JTIOJCH O
Mo’Kape U yrpaBJIeHUEM BaKyalluu JIIOIEH.

3navenue napamerpa Kcoyni npuanMaercs paBHbIM Kcoyni=0,8, eciu BeimonHseTcs X0Ts Obl 01HO
U3 CJEYIOIINUX YCIOBUIA:

31aHMe 000PYIOBAaHO CUCTEMOM OMOBEUICHUS JIIO/ICH O MOKape W YIPaBJICHUS IBaKyalue Jito e,
COOTBETCTBYIOIEH TpeOOBaHHUSIM HOPMATHUBHBIX JOKYMEHTOB 110 MOKapHON 6€30MacHOCTH;

000py/10BaHUE 3JaHUSI CUCTEMOM OIOBEIICHHUS JIOAEH O IoYKape U yIpaBJeHMsI 3BaKyaluen Jiroaen
He TpeOyeTcsl B COOTBETCTBHH C TPEOOBAaHUSIMU HOPMATHUBHBIX JOKYMEHTOB 110 OKapHOH 0€3011aCHOCTH.

B ocranpHbIx cinydasx Kcoys i IpUHUMAaeTCs paBHOM HYIIIO.

26. BnusHue cucTeMbl TPOTHBOJBIMHOM 3alllUThI HAa YPOBEHb OOECIEYECHHOCTH O€30MacHOM
IBaKyalllM JIOJEH MpH MoKape OLEHUBAETCS OCPEICTBOM pacuera 3HAa4eHUsI tg; C YIETOM TEXHUYECKHUX
XapaKTePUCTUK MPUMEHSEMOT0 BEHTUJISIIMOHHOTO OOOpYJIOBaHMS MPOTUBOABIMHOM 3amuThl. [logbop
napaMeTpoB BEHTUISAIIMOHHOTO OOOPYIOBAHMS OCYIIECTBISCTCS B COOTBETCTBUHM C HOPMATHBHBIMHU
JOKYMEHTaMU IO MokapHO# Oe3omacHOCTH. [Ipu 3TOM [Is1 BBHIOTHEHUS! PacuyeToB CIEAYET MPUMEHSThH
30HHYIO (30HAJIbHYIO) WIIH MTOJIEBYIO MOJIEIH.

3navenue napamerpa K npunumaercs paBHbIM Ky i=0,8, ecnu BbinosiHseTcst X0Ts Obl OAHO U3
CIEAYIOIIUX YCIOBUM:

3MaHue O00OpYyJOBaHO CHUCTEMOW NPOTHUBOJBIMHON 3alllUThl, COOTBETCTBYIOIIECH TpeOOBaHUSIM
HOPMATHBHBIX JOKYMEHTOB TI0 MMOXapHOU 0€301aCHOCTH;

o0opysoBaHusl 37aHHS CUCTEMOW MPOTHBOJBIMHOW 3aIlIUTHl HE TPeOyeTcss B COOTBETCTBUHU C
TpeOOBaHUSAMU HOPMATUBHBIX JIOKYMEHTOB IO [10>KAPHOU 0€30I1aCHOCTH.

B ocranbhbix cinyyasx K3 ; IpuHUMaeTcst paBHBIM HYIIIO.

27. OrpannyeHue KOJUYECTBA JIIOJCH B 3[aHUM J0 3HAYCHUH, 00€CTIeUnBaONINX 0€30MacHOCTh X
9BaKyalluy U3 3/1aHUs MIPU MOXKape, YYUTHIBACTCS MMOCPEACTBOM MMOBTOPHOTO pacyeTa 3HAUCHHUS IapameTpa
t, IpU CYHIECTBYIOIINX OOBEMHO-IIJIAHUPOBOYHBIX PEIICHHAX UM OTPAaHMYEHHOM 3HAYECHUHM KOJIMYECTBA
3BAKYHMPYIOLIUXCS TIPH MOXKape.

28. Jlns momy4deHUsT MCXOAHBIX JAHHBIX, HEOOXOJUMBIX I TPOBEIEHUS PAaCUYETOB,
PeyCMOTPEHHBIX HACTOAIIEH MeToAUKOM!, ClIeAyeT UCIIOIb30BaTh CIIPABOYHBIE UCTOYHUKU HH(POPMAIIH
Y TIPOCKTHYIO TOKYMEHTAIINIO 3/IaHUS.

* Cobpanue 3akoHoaTenbeTBa Poceuiickoii @eneparuu, 2008, N 30 (vacts I), ct. 3579.

Mpuaoxenne N 1
K IIYHKTY 8 MeToauKu

Crarucruuyeckue AAHHBIC O YACTOTEC BOSBHMKHOBCHUSA IMOKapa B 3JaHUAX

N HanmenoBanue 3qanus YacTtoTa BO3HUKHOBEHHS
n/n 10Kapa B TEYEHHE roja
1. O6meo0pa3oBaTeIbHbIC OPraHU3AINN 1,16- 107
2. | Opranu3anuu Ha4yaJIbHOTO MPOPECCHOHATLHOTO 00pa30BaHUS 1,98-107
(mpodeccroHanbHOE TEXHUYECKOE YUUITUIIIE)
3. | Opranuzanuu cpenHero npodeccuoHalIbHOro 00pa3oBaHUs 2,69-107
(cpennee crienuagbHOE yueOHOE 3aBEICHUE)
4. | JomkosabHbIe 00pa3oBaTeIbHble OpPraHU3alUuU 1,3-107
5. JleTckue 0310pOBUTEIIBHBIE JIArepsl, JIETHUE JETCKUE Jauu 1,26- 107




6. | Canaropuu, 10Ma OT/IbIXa, TAHCUOHATHI 2,99-10
AMOyaTopuu, NOJUKIMHUKH, TUCITAHCEPHI, MEIITYHKTHI 8,88-10~
8. | 31aHusg pO3HUYHON TOPrOBIIU: 2,03-107
YHUBEPMAru, IpOMTOBapHbIE Mara3uHbl; YHUBEPCAMBI,
IIPOJIOBOJILCTBEHHBIE Mara3uHbl;

Mara3uHbl CMEIIAHHBIX TOBApOB;

anTeKH, allTeYHbIC JIAPHKU;

9. | 3naHus ppIHOYHON TOPTOBJIM: 1,13-107
KPBIThIE, ONTOBBIC PHIHKYU (U3 3JaHUI CTAIMOHAPHOU MOCTPOUKH),
TOPrOBbIC MABUJILOHBI, KHOCKH, JTAPbKHU, MAJaTKU, KOHTEHHEPHI

=

10. | 3manust opraHmu3anuii 00IMECTBEHHOTO MUTAHMS 3,88 107
11. | 'ocTUHMIIBI, MOTEIIN 2,81 10°
12. | CiopTUBHBIE COOPYKEHUS 1,83-107
13. | 31aHus 3penUILHbIX U KYJIbTYPHO-IIPOCBETUTEIbHBIX 6,90-10”
YUpexKACHUN
14. | bubnuoreku 1,16- 107
15. | Mysen 1,38-107
16. | bonpHUIBI 1,3 107
17. | OOpa3oBaTenbHbIe OPTaHU3AINH C HATMYMEM HHTEpHATA 7,7-107
18. | Cneuunann3upoBaHHBIE JOMa MPECTapeIbiX U NMHBAIUIOB 7,7 107
19. | loma xujible MHOTOKBapTUPHbBIE 2,6:107
20. | Jloma sxusible OTHOKBApPTUPHBIC 1,9:10°

pniaoxenne N 2
K myHkTy 10 MeToauku

YnpoumeHHasi aHAJTUTHYECKAS MO/IeJIb IBUKEHHUS JIIOJCKOI0 MOTOKA (onpeieseHre pac4eTHOr0
BpPEMECHH 3BaKyalluu JIIOIleﬁ u3 HOMe[ll,eHl/lﬁ n 3)laHI/lI71 0o pacueTy BpEMECHU ABUKCHUS OTHOI0 UJIH
HECKOJIbKHX JI/JCKHX MOTOKOB Yepe3 3BAKYyallMOHHbIE BBIX0/IbI OT HanboJiee yIaJeHHbIX MeCT
pa3MeLieHu s JIIOAei)

PacueTtHoe Bpems 3BaKyallMu JIXOAEH t, U3 NMOMEIUEHUH M 37[aHWHM yCTaHABIMBAETCA IO PACYETY
BPEMEHHU JIBIDKCHHSI OJHOTO WJIM HECKOJBKHMX JIIOJICKMX TOTOKOB 4Yepe3 3BaKyallMOHHBIE BBIXOJBI OT
HauboJee yIaJeHHBIX MECT Pa3MEIleHUs JTIOACH.

[Ipu pacuere Bech MyTh JBIXKCHHS JIOJCKOTO TOTOKA MOJpa3JeseTcss Ha Y4acTKHu (MpPOXO,

KOPHUJIOp, JABEPHOM MpoeM, JIECTHUYHBIA Mapil, TamOyp) UIMHOM |i W mmpuHOM o . HauanpHbiMH
y4acTKaMH SIBJISIFOTCS TPOXObI MEX Ay pabounMu MecTaMH, 000pyJOBaHUEM, PsilaMU Kpecell U T.I1.

[Tpu ompeneneHun pacueTHOrO BPEMEHH HIBaKyallUH JIOAEH JJIMHY M LIMPUHY KaXKIOro y4JacTKa
NyTH 3BaKyallUH A NPOEKTUPYEMBIX 3/aHUN INPUHUMAIOT IO MPOEKTY, a JUIsl MOCTPOEHHBIX - IO
dakTHyecKoMy MoyokKeHHo. JJIMHY MyTH MO JIESCTHUYHBIM MaplillaM, a TakXke Mo MaHAycaM U3MepsIoT 10
JUIMHE Mapuia. J[IuHy MyTH B ABEPHOM IIpOeME NMPUHUMAIOT paBHOW Hymto. IIpoeM, pacnonokeHHbIN B
CcTeHe ToimuHoil Oonee 0,7 M, a Takke TamMOyp cleAayeT CUYMTATh CAMOCTOSATEIbHBIMU Y4acCTKaMH
TOPU30HTAJILHOTO MYTH, UMEIOIIMMU KOHEUHYIO JTHHY l;.

PacuetHoe Bpems dBakyanuu JrOfei t, clleyeT ONpeAenAaTh Kak CyMMY BpPEMEHHU JIBUKECHHS
JFO/ICKOTO TMOTOKA MO OTJENBHBIM y4acTKaM MyTH t; 1o Gpopmyie:



rje t; - BpeMsi ABUKEHUS JII0JICKOTO MOTOKA Ha MEPBOM (HauaaIbHOM) YYacTKE, MUH;

t1, t2, t3, ..., ti - BpeMsl ABMIKEHMS JIFOJCKOTO MOTOKA HAa Ka)XJOM M3 CICAYIOIIUX IOCe MEPBOro
y4acTKa IyTH, MUH.

Bpemsi aBWKEeHMS JIFOJCKOTO MOTOKA MO IMEPBOMY YYacTKy NYTH ti, MHH, PacCUMTBHIBAIOT IO

bopmyie:

l

tl:vl

, (I12.2)

rae l; - 1MHa nepBoro yyactka myTH, M;

V| - CKOPOCTh IBHKEHHUS JIFOJICKOTO MTOTOKA 110 TOPU30HTATBHOMY ITYTH Ha TIEPBOM y4acTKe, M/MHUH
(onpenensiercs no tabdauue [12.1 B 3aBucumMocTH 0T niaotHocTH D).

[110THOCTH OAHOPOJHOrO JIIOJCKOTO IOTOKAa Ha IEPBOM y4yacTKe IyTH D; paccuuThIBalOT IO

dbopmye:

-8
1 1m23)

rae Ny - 4KucIio Jr/1ei Ha IEPBOM Y4YacTKe, Yell.;
. 2
f - cpeaHsAs oAb FTOPU3OHTAIILHON MPOEKIMH YeJIOBEKA, M /4ell. IpUHUMaeMasi B COOTBETCTBUU
¢ nynkramu 4, 5 npuinoxenusa N 5 k Hacrosuien Metoauke;

O _ HIAPHUHA [IEPBOIO y4acTKa IIyTH, M.

CkopocTh V| ABMXKEHHS JIIOJICKOTO TOTOKAa Ha ydyacTKax IyTH, CIEIYIOMIMX IOCJie MEepBOro,
IMPUHHUMAIOT 1O Ta6HI/IH6 T12.1 B 3aBHCUMOCTH OT HHTCHCUBHOCTH ABWKCHUA JIFOJICKOTO IMTOTOKA 110 KaXKJI0OMY
U3 ATHX YYaCTKOB MYTH, KOTOPYIO BBIUUCIISIFOT JUIsl BCEX YYAaCTKOB MyTH, B TOM YHUCIIE M JUISI JBEPHBIX
MIPOEMOB, 110 hopmyIe:

0i_1 61
G=—s—
L (M2.4)
5. 0. )
rae 0, '~ - mmpuHA paccMaTpHBAEMOTO i-TO M TPEIIECTBYIONIEro eMy YJacTKa IyTH, M;
¢i, (i1 - VHTEHCHBHOCTH [BIJKEHHS IOJICKOTO TOTOKA II0 pPAacCMaTpPUBAEMOMY i-My H

IpEIIIECTBYIOLUIEMY Y4acTKaM IyTH, M/MUH (MHTEHCUBHOCThH IBM)KEHHUS JIIOJICKOTO MOTOKAa Ha MEPBOM
y4yacTke MyTH g onpenensercs no taduue [12.1 mo 3navenuto D, ycraHoBieHHOMY 1o (hopmyie (112.3)).

Ecnu 3nauenue q;, onpenensiemoe o hopmyie (112.4), MEHBIIE UK PABHO (max, TO BPEMS IBHKCHUS
10 Yy4acTKy IyTH t;, MUH, PaBHO:

i (112.5)

IIPU STOM 3HAYEHUS Qmax, M/MHUH CII€AYET IPUHUMATh PAaBHBIMHU:
16,5 - 1151 rOpU30HTANBHBIX ITYTEW;

19,6 - st IBEpHBIX IPOEMOB;

16,0 - ns JIECTHULIBI BHU3;



11,0 - nuist TeCTHULIBI BBEPX.

Eciu 3nadenme qj, omnpeneneHHoe mo dopmyne (I12.4), GONbINe (max TO IMIHPUHY o JTAHHOTO

ydacCTKa IIyTH CJICAYET YBCINYNBATh HA TAKOC 3HAYCHUEC, IIPHU KOTOPOM CO6J'IIOI[aeTC$I YCIOBHE:

0i=0Omax _ (112.6)
[Ipu HeBO3MOXXHOCTH BblNoNHEHUsT ycinoBusa (I12.6) MHTEHCHMBHOCTH M CKOPOCTH JBMKEHUS
JIFOJICKOTO TIOTOKA IO YYacTKy 1 ompeaensitot mo tadswie [12.1 mpu 3Hauenuu D = 0,9 u 6onee. [Ipu aTom

CICAYCT YUUTBhIBATE BPEMA 3aCPKKHU ABUKCHHUA HIO,HCﬁ Hn3-3a O6p330BaBH_ICFOC$I HUX CKOIIJICHH.

Taoauna I12.1

HNHTEeHCHUBHOCTD U CKOPOCTH IBUKCHUS JIIOACKOI'0O IIOTOKA HA PAa3HBIX yYacTKaXx r[yTei/[ IBaKyaluuu B
3aBUCHUMOCTH OT IVIOTHOCTH

[notHocT | I'OpU3OHTAIBHBIN JBepHoOI JlectHuna BHU3 JlectHuna BBEpX
b MIOTOKA yTh poeM,
D, Ckopoc | Murencu | uarencuBHoc | Ckopocts | MHTeHCHBHOC | Ckopoc | MHTEHCHUBHO
M2/M2 Th BHOCTb (, | Tbq, M/MMH | V, M/MUH | Tb q, M/MHH Th CThb , M/MHH
V, M/MUH V,
V/MUH 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 u 13,5 8,5 8 7,2 11 9,9
15
bonee
IIpumeuyanue - THTEHCUBHOCTH JIBU’KEHUS B ABEPHOM IPOEME MpH MJIOTHOCTH noToka 0,9 u Gonee
paBHas 8,5 M/MUH, YCTaHOBIIEHA JIJIs IBEPHOTO ITpoeMa mupuHoi 1,6 M u Goee, a pu JBEPHOM MPOEMe
MEHbIIIeH MUPUHBI UHTEHCUBHOCTH JIBIXKEHUS CJIETYET ONpeensiTh o dhopmyse q = 2,5 + 3,75 x nenbra.




5:’-1

1 — Havayo y4yacTka 1

Puc. I12.1. CimistHre Mo OCKUX NOTOKOB

[Tpu caustHUM B Havase i-ro y4acTka JByX U Oosee JoACKUX MOTOKOB (puc. I12.1) MHTEHCUBHOCTB
JBUKEHUS (j, M/MUH, paCCUUTHIBAIOT 110 GopMyIIe:

Zqi—l'si—l

g=—s——
o ,(I12.7)

IJIe (i.| - MHTCHCUBHOCTH JIBFDKCHUS JIFOJICKMX ITOTOKOB, CIIMBAIOIIMXCS B Hadaje i-TO y4JacTka,
M/MUH;

=1 _ mMpuHAa y4aCTKOB IYTH CIUSHHUS, M;

6i - IIHpUHA pacCMaTpuBacMOro ydacTtka iyTH, M.
3



Bpemsi 3amepkku f; ABMDKGHUS TIOJEH Ha y4acTKe 1 M3-3a 00pa3oBaBIIETrOCS MX CKOIUICHUS Ha
TpaHMIIE C MOCIAEAYIOMUM ydacTkoM (i+1) onpenensercs mo hopmyie:

1 1 (T12.8)

t=N- f- -
qnpuD=O,9'bl+1 qb

riae N - KoJH4ecTBO JIFOJICH, Yell.;
. 2
f - momaak TOPU30HTATFHON MPOEKIIMK YETIOBEKa, M /4ell;
q npu D=0, - THTEHCUBHOCTb JIB>KEHMS 4yepe3 ydacTok i+1 mpu mnorHoctu 0,9 u 6onee, M/MUH;
biy| - mUpUHA yyacTKa, M, IPH BXOKIACHUU HAa KOTOPBI 00pa30BajIock CKOIJICHUE JIFOJICH;
@i+1 - 'HTEHCUBHOCTb JABMKEHMSI HA Y4acTKe 1, M/MUH;
bi - IUpUHA MPEAIIECTBYIOIIET0 Y4acTKa i, M.
Bpewms cyiecTBoBaHMsI CKOIUIEHUS £ HA YUacTKe 1 onpezensercs no popmyse:

N - f (I12.9)

qnpuD:oyg'Q+l

b=

PacuéTHOoe Bpems sBakyallid MO YYacTKy 1, B KOHIIE KOTOPOTO Ha rpaHuie c¢ ydactkom (i+l)
00pa30BaJIOCh CKOIUJIEHHE JIIOJIEH pPaBHO BPEMEHU CYILECTBOBAHHUS CKOIUICHUS f. PacuérHoe Bpems
9BaKyalliH M0 yYacTKYy 1 JOIMYCKaeTCsl ONpeAesTh o hopmye:

ﬁ:ii+g (I12.10)

b

pniaoxenne N 3
K myHKTy 10 MeToauku

MartemaTuyeckasi Mo/ie/ib HHIMBUAYAJbHO-NIOTOYHOT0 IBUKEHUS JIIO1ei 13 31aHus

Pacuernoe BpEMs 3BaKyallun J'IIOI[CI\/'I N3 3JaHHA YCTAHABJIIMBACTCA 110 BPEMCHH BbIXOJa W3 HETO
MOCJIETHETO YEIOBEKa.

[lepen HayamoM MOJIEIMPOBAHUS IpoLiecca IBAKyallMM 3aJaeTCsl CXeMa SBaKyallMOHHBIX MyTeil B
31aHuu. Bee aBaKyallMOHHBIE TYTH MOAPA3ISISIFOTCS Ha 9BaKyallMOHHBIC YYACTKU AJIMHON a M MIUPHHOH b.
JnuHa ¥ mmMpuHA KaXJA0ro ydacTKa IyTH 9BaKyallMM JUIsl IIPOCKTUPYEMBIX 31aHHA INPUHUMAIOTCA 110
MPOEKTY, a JJI1 TMOCTPOSHHBIX - MO (PaKTHUYECKOMY MOJOKEHUI0. [[MMHa MyTH MO JECTHUYHBIM MapIlam
u3MepsieTcsl 1o JUIMHE Mapmia. JmMHa 1nyTM B JBEPHOM IIPOEME MNPHUHUMAETCS PAaBHOM HYIIIO.
DBaKyalMOHHBIE YYaCTKU MOTYT OBITh TOPH3OHTATIBHBIC U HAKIIOHHBIE (JIECTHUIIA BHU3, JIECTHHUIIA BBEPX U
MaHTYC).

3a rabapuThl YeIOBEKa B TNIaHE MPUHUMAETCS DILTUIIC ¢ pazMepamu oceit 0,5 M (IuprHa 4eoBeKa B
miedax) u 0,25 M (TonmmHa 4yenoBeka). 3a7aloTcsl KOOPAMHATHI KaKIO0TO YEJIOBEKa Xj - PACCTOSIHHE OT
LEHTpa 3JUIUIICA 10 KOHIIA BAKYallMOHHOTO Y4acTKa, Ha KOTOpoM oH HaxoxuTcs (puc. [13.1).

KOOp)II/IHaTI)I KaXXJ0ro 4€jJI0BC€Ka X; B HavaJILHBIA MOMEHT BpPEMCHH 3a4al0TCA B COOTBETCTBUU CO
CXEMOU pacCTaHOBKH JIIOJIeH B TOMEIIEHUX (paboyre MecTa, MecTa JIJisl 3pUTeNei, CiaabHbIe MECTa U T.11.).
B cIyda€ OTCYTCTBHA TaKHX OAHHBIX, HAIPHUMEP 194 MarasmHOB, BBICTABOYHLIX 3aJIOB W JOpPYroe,
JIOTIyCKaeTcsl pa3MeniaTh JIOJEH paBHOMEPHO MO BCEH IUIOMIA[MA MOMENIEHUS C YYETOM pPacCTaHOBKHU
TEXHOJIOTHYECKOTr0 000py/10BaHUS.

KoopauHara kaxxoro yeoBeka B MOMEHT BpEMEHHU t onpenensiercs no ¢popmyre:



xi(t)=x(t-At)-V{(t)- At M, (I13.1)

{t—At) . y
rae - KOOpJIMHATA 1-T'0 YeJIOBEKAa B MPEIBIIYIIUNA MOMEHT BPEMECHH, M;
Vi(t) - cKkopocCTh i-ro YeioBeka B MOMEHT BpEeMEHHU t, M/C;

At - IPOMCIKYTOK BPpCMCHU, C.
a
& AX >
N
o] KA
’ Xk % Xs X X >
X

Puc. I13.1. KoopaunaTHas cxema pasMelleHus JIIOAeH Ha ITyTAX
9BaKyamuu

CxopocTs 1-ro uenoBeka Vj(f) B MoMeHT BpeMeHu t onipezensercs o tadmuie [12.1 npunoxenus 2 u
tabnuuam [15.7, 115.8 mpunoxkenust N 5 k MeToauke B 3aBUCHIMOCTH OT JIOKaJIbHOM TUIOTHOCTH MOTOKA, B
KOTOPOM OH JIBHKeTCs, Di(f) ¥ THUIa H3BaKyallMOHHOTO Y4acTKa.

JlokanbHas m0THOCTH Dj(t) BRIYHCIIAETCS TIO TPYIIIE, COCTOSIICH U3 N YeTIOBEK, 1Mo hopMyIe:

D(t)=(n(t)-1) - /(b- Ax) V2, (T13.2)

IZi€ N - KOJIMYECTBO JIFOJEHN B IPYIIIIE, YETIOBEK;
f - CpeiHAs IIOMaIb TOPU30HTABHOM IPOEKIIHH YeTOBEKa, M
b - mupuHa 3BaKyallMOHHOTO Y4acTKa, M;

Ax Pa3HOCTb KOOPJIMHAT MOCJIEIHETO U MIEPBOT0 YeJIOBEKa B TPYIIIE, M.
Ecnu B MOMEHT BpeMeHH t KOOpAMHATA YeloBeka Xi(t), onpenenennas mo Gopmyse (I13.1), craner
OTPHUIIATEIILHON - TO O3HAYaeT, YTO YEJIOBEK JOCTHUT TPAHUIIBI TEKYIIETO ABAKYallUOHHOTO YYacTKa U



JIOJKEH IIEPENTH Ha CIICAYIOIIUHI 3BaKyallHOHHBIN Y4aCTOK.
B »3TOM cinydae KoopaMHAra J3TOrO 4YeEJIOBEKAa Ha CIEAYIOIIEM HBaKyallMOHHOM Yy4YacTKe
OIIpEAECIIAETC:

xi(t)=[x;(t-dt)-Vi(t)-dt] +aj-lj M, (I13.3)

rze xi(t-dt) - koopauHaTa i-ro yenoBeka B MPEAbIIYIINN MOMEHT BpeMeHH Ha (j-1) 9BaKyalluOHHOM
ydacTke, M;

Vi(t) - ckopocTs i-ro uenoBeka Ha (j-1)-oM 3BaKyallmOHHOM Y4acTKe B MOMEHT BpEMEHHU t, M/C;

aj - JUIMHA j-T0 YBAKYalHIOHHOTO Y4acTKa, M;

l; - xoopauHaTa MecTa CIUSHUA j-ro U (j-1)-ro 3BaKyallMOHHBIX YY4aCTKOB - PACCTOSIHUE OT Hayaia
j-T0 ABaKyallMOHHOTO Y4acCTKa JI0 MECTa CIUSHHA eTo C (j-1)-bIM 3BaKyallnOHHBIM Y4aCTKOM, M.

KonmyecTBo nofei, mepexoasmux ¢ OJHOTO IBAKyallMOHHOTO y4YacTKa Ha JIPYrol B €AWHUILY
BPEMEHH, OIpeIeIsIeTCs MPOITYCKHOM CIIOCOOHOCTBIO BBIXOAA C ydacTka Qj(t):

Q;(tH)=q;(t)-c;-dt/(f-60) uemn., (I13.4)

re qj(t) - MHTEeHCUBHOCTD JIBU>KEHHS Ha BBIXOJE C j-T0 9BaKyallHOHHOI'O y4aCTKa B MOMEHT BPEMEHU
t, M/MUH;

Cj - IIMPUHA BBIXO/IA C J-T'0 9BAKYallMOHHOI'O y4acTKa, M;

dt - mpoMexyTOK BpeMEHH, C;

f - CpeHsIs IIOMa b TOPU3OHTAIBHOI POCKIIHH YeIOBEKa, M.

MHTEeHCHBHOCTD JBU)KEHHUS Ha BBIXOJIE C j-T'O 3BAKyal[MOHHOIO y4yacTKa (j(t) B MOMEHT BpeMeHH t
OIIpEJIEIISIETCs B 3aBUCUMOCTH OT IUIOTHOCTH JIFOJICKOTO IIOTOKA Ha 3TOM y4acTke Dvj(t).

[110THOCTH JIFOJCKOTO HOTOKA HAa j-OM 3BaKyallMOHHOM yuacTke Dvj(t) B MOMeHT BpemeHH t
ompezensercs no popmye:

vat:(Nj-f-dt)/(aj~bj) M2 I (3.5

rae Nj - yncrno mo/iell Ha j-OM 3BaKyalluUOHHOM y4acTKe, Yell.;

f - CpeHsIs IIOMAIh TOPH3OHTAIBHOIM POCKIIMH YeIOBEKa, M*;

aj - JUIMHA }-T0 YBAKyallMOHHOTO Y4acTKa, M;

b; - mMpHHA J-ro BaKyallMOHHOI'O Y4acTKa, M;

dt - mpoMexxyTOK BpeMeHH, C.

B MomeHT BpeMeHU t onpeiensieTcs KOJIMUeCcTBO JIF0IeH m ¢ OTPULIATEIbHBIMU KOOPAMHATAMH X;(t),

m<Q;(t)

onpeneneHHeiMu 1o (opmyne (I13.1). Ecnu 3nauenue N To Bce m 4YenoBEeK MepexolsiT Ha
CJICAYIOIIMNA HBaKyallMOHHBIM y4acTOK M MX KOOPJIMHATHI ONPEAEISIOTCS B COOTBETCTBUU C (HOpMYJIOi
(I13.3). Ecnmm 3Hagenne m>Q;(t), To KOIMYECTBO YENIIOBEK paBHOE 3HaueHHIO Qj(t) mepexomar Ha
CJICAYIONIMNA HBaKyallMOHHBIM Y4aCTOK M MX KOOPJIMHATHI ONPEIENSIOTCS B COOTBETCTBHU C (OPMYIOit
(I13.3), a komMuecTBO YeNoBEK, paBHOE 3HaUeHHIO (m-Q;(t)), He MepexoasaT Ha ClIeTyIOLIHH BaKyallMOHHBIHI
y4acTOK (OCTaroTCsl Ha JJAHHOM 3BaKyallHOHHOM Yy4acTKe) U UX KOOpAMHATaM NPHCBAWBAIOTCS 3HAUYEHUS
xi(t)=k-0,25+0,25,

rzae k - Homep psna, B KOTOPOM OyAyT HaXOAMTHCS JIFOAM (MaKCUMajlbHO BO3MOXKHOE KOJIMYECTBO
YeJIOBEK B OJTHOM psity cOOKY APYT OT IpyTa IS KaKIO0T0 ABAKyallMOHHOTO YYacTKa ONPENeNsieTCs] epe
HayaioM pacueroB). Takum oOpa3oM, BO3ZHUKAET CKOIUICHHE JIIOJIEH Mepesl BBIXOJIOM C BaKyallMOHHOTO
ydJacTKa.

Ha puc. T13.2 uzo0paxeHna 6y10k-cxema OmNpeAeseHUs pacYeTHOTO BPEMEHM IBAKyalluu JIIOJEH U3
3MIaHMSL.



Ha ocHoBanuuM 3aaHHBIX HayaJbHBIX YCJIOBHM (HAa4aJbHBIX KOOpPAMHAT JIIOAEH, IapaMeTpoOB
9BaKyalLMOHHBIX YYaCTKOB) OINPEAEISIOTCS IUIOTHOCTH JIIOJACKUX IIOTOKOB Ha IyTSIX 3BaKyallud H
IPOIYCKHBIE CIIOCOOHOCTH BBIXOJIOB C 3BAKyallMOHHBIX ydacTkoB. Jlaiee, B MOMEHT BpeMeHH t=t-+dt,
onpenensgercs Hanuuue ODII Ha myTsx sBakyanuu. B 3aBrMcHMOCTH OT 3TOr0 BBIOMpAETCs HalpaBiIEeHUE
JBHKCHHSI KQKJIOTO YEJIOBEKA M BBIYUCIIIETCS HOBAsi KOOPAMHATA KaKA0ro yenoseka. [locne atoro cHoBa
OIpEeNeNAI0TCS INIOTHOCTH JIFOICKUX MIOTOKOB Ha MYTAX 3BAKYAI[MH U MIPOITYCKHbBIE CIIOCOOHOCTH BBIXOJIOB.
3areM BHOBB JIaeTCsl MPUPALICHUE 110 BpeMeH! dt ¥ onpenenstoTcss HOBbIE KOOPAWHATHI JIIOACH C y4eTOM
Hanuus ODII Ha myTaX 9BaKyaluu B 5TOT MOMEHT BpeMeHu. [locie 3Toro npouecc nosropsiercs. Pacuersl
IIPOBOASTCS 10 T€X MOP, IOKA BCE JIIOU HE OyyT 3BaKyHPOBAHbI U3 3aHUSI.

BBOI MCXOIHEIX IAaHHBIX

v

OnpeﬂeneHme HadaJlbHBEIX
KOOpIOVHAaT Jonen

v

OnpenejsieHMe HapaMeTpoOB
DBAKYALMOHHEIX YYaCTKOB (myTen)

v

OnpeneﬂeHme BpeMeHNM HaudaJla
SBaKyalUMM KaXIOoI'O 4YeJIOBEKa

v

OnpenesieHVe IJIOTHOCTEN JIOOCKMX [IOTOKOB Ha
5BaKyalMOHHBIX yYacCTKax

v

v

OnpegnesieHre MNPONYCKHOM
CIIOCODHOCTM MNPOEMOB

v

BeIBOI Ha MNeudaThb XapaKTEPMCTUK
npouecca sbeakyaluM

v

[lepexon K cJenayoleMy MOMEHTY BpeMeHU



v

Onpeneneﬂme HamnpapeJIEHMA IOBVXEHUMA
KaXgoI'o dYeJiOBeKa

v

OmnpenejyieHMe IJIOTHOCTM JIOICKOTO IOTOKAa Iepen
KaxXIOEM YeJIOBEKOM (pacCTOsSHME IO MIOYHMeI'O BIepelu
yeJioBeKa)

v

Onpeneﬂeﬁme CKOPOCTM IBUMXEHMA KaXIOI'O dYeJIOBEeKa

v

OnpeneneHme KOOPIOVMHATEI KaXOOI'O YeJIOBEKa

[ 1
v v
O9BakKyaluusa He OBakKyalMa 3aBeplieHa
3aBepleHa
I
v

OxoOHUaHMe pacueTa

Puc. I13.2. Biok-cxema onpeaeieHUusi paC4eTHOI0 BPeMEHH IBaKyalluM JII0/1eil U3 31aHus

pniaoxenne N 4
K myHKTy 10 MeToauku

HNMuTAIHOHHO-CTOXACTHYECKAS] MO/IeJIb JBUKEHUS JIOACKHX OTOKOB

MHoecTBO Jt0/Iel, OTHOBPEMEHHO MIYUIMX B OJHOM HAIpaBJIEHUWHU MO OOIMIMM y4yacTKaMm IyTH,
00pa3yroT JIOJCKON MOTOK. YdacTkaMu (OPMUPOBAHUS JIOJACKMX TOTOKOB B TMOMEIIEHUSX CIEIyeT
MPUHUMATH TTPOXOJBI MEXIY 000OpyaoBaHUEM. J[JI MOCIENYIONMX YIaCTKOB ABAKyaIl[MOHHBIX MyTeH OHU
MPEJICTaBIISIFOT CO00M MEepBUYHBIE HCTOYHHUKH JIFOJICKUX TTOTOKOB. Pactpenenenue N; yenoBek Ha ydyacTKax
dbopMUpOBaHUS, UMEIOUIUX IUPUHY bi 1 HMHY l;, TpuHUMaeTcss paBHOMEpHBIM. [l03TOMY B HavanbHBIH

A} 0
MOMEHT t) Ha KaXIOM dJEMEHTapHOM YYacTKe | , 3aHUMAeMOM IIOTOKOM, IUIOTHOCTH MOTOKa !
ompenesnseTcs mo GopMmye:



DI’ =N; /by Al wen./m* (4.1

HpI/I I[aHBHefIHJeM ABMIKCHUHU JIFOJCKUX IMOTOKOB M3 IEPBUYHBIX UCTOYHUKOB I10 O6IJ_II/IM ydyaCTKaM
MyTU IPOUCXOAUT uX ciusgHue. OOpazyercs oOIIHii MOTOK, YaCTU KOTOPOrO UMEIOT Pa3IMYHYIO IJIOTHOCTD.
[TpoucxoauT BIpaBHUBAHUE TUIOTHOCTEH PAa3IMUHBIX YaCTEH JIFOJICKOTO MOTOKA - €ro nepedopMHUpOBAHHE.
CrnenyeT y4yuThIBaTh, YTO €rO IOJIOBHAS YacTb, UMEIOIIAs mepes co0oil cBOOOAHBIN MyTh, pacTeKaeTcs -

JFOIU CTPEMSTCS UATH CBOOOAHO MpH INIOTHOCTU Dy. 32 MHTEpBal BpeMeHH AU yaers JIOJEH NEPEXOANT C
9TUX 2JIEMEHTAPHBIX YYaCTKOB Ha IOCIEAYIOIINE U IPOUCXOIUT U3MEHEHUE COCTOSHHUS JIIOJCKOTO IIOTOKA,
€ro JBUKEHUE.

CKOpOCTb ABMKEHHS JIFOJICKOT0 TOTOKA ITPH INIOTHOCTU Dj Ha 1-oM oTpe3ke yyacTka Iyt k-ro Buaa
CJIeyeT CUMTATh CIYy4alHOU BEJIMYMHON Vp k, UMEIOLIEN YUCIOBBIE XapaKTEPUCTUKHU:

MaTeMaTHYeCKOe OKUAaHue (CpeHee 3HaUEeHUe)

VD,k:VO,k '(l_ak . In Di/DO,k) ‘m npu Di> DO,k'

Vox=Vox 1pu Di=Do) (114.2)
cpeiHee KBaApaTHIHOE OTKIOHCHHE

o Vo) =0(Vox)(1-ac InD;/Dyy) ([14.3)

G(V ) Ny
rne Vox # 0kJ - maremaTMdecKkoe OXHMIAHME CKOPOCTH CBOOOIHOIO ABMKEHHS JIOAEH B

noToke (Impu Di=Do ) U ee cpeHee KBaIpaTUYHOE OTKJIOHEHUE, M/MUH;
Dy - npenenbHOe 3HaUCHNE TUIOTHOCTH JIFOACKOTO MOTOKA, A0 JOCTIKEHHS KOTOPOTO BO3MOKHO
cBOOOIHOE ABMKEHME JTto/ieH 1o k-My BUAy yTH (IJIOTHOCTh HE BIMSET HAa CKOPOCTh JBMXKEHUS JIFOACH);
ax - KOO (UIIMEHT aanTalNy JII0JIeH K M3MEHEHUSM IIJIOTHOCTH MOTOKA TP JIBUKEHHUHU TI0 K-My
BUJTY ITyTH;

D; - 3HaueHHe MIOTHOCTH JIFOACKOIrO MOTOKAa Ha 1-OM OTpe3Ke (AI) y4yacTKa MyTU IIUPUHON by,
ven./m’;

m - K03 HULKEHT BIUSHUS TPOEMA.

3Ha4yeHUs IepeunCIIeHHBIX TapaMeTPOB clieyeT NpUHUMaTh 1o tadnuie [14.1.

Taoauna I14.1

Bun nyru, x V 0k curma(V_0.k) D 0k a k m
M/MHH M/MUH yelr./mM2
['opusoHTanbHbII 100 5 0,51 0,295 1
B 3JIJaHUH
['opusoHTanbHbII 100 5 0,70 0,407 1
BHE 3/IaHUS
ITpoem™ 100 5 0,65 0,295 1,25-0,05D, ipm
D>=5
JlecTHuia BHU3 80 5 0,89 0,400 1
JlecTHuna BBepx 50 5 0,67 0,305 1

*TpuD =9 qeiT./M® 3HAYCHHUS qi=Vi'Dox onpenenstores o ¢popmyne ¢i=10-(2,5+3,75:b;), M/MuH.



t0

IIpu 060M BO3MOKHOM 3HaueHuH V' JIF0/M B KOIMYECTBE |, HAXOISIIUECS B MOMEHT to Ha i-0M
JJIEMEHTAPHOM yYacTKe, JABHTAOTCS [0 HEMY W HAUMHAIOT MEePEXOJUTh Ha MOCIEAYoNHid ydyacTok (i+1)
(puc. I14.1). Ha ygacTok 1 B CBOIO O4epe/ib MEPEXOIUT YaCTh JIFOICH ¢ mpeabayiero (i-1) aneMeHTapHoro
y4acTKa U U3 UCTOYHUKA j.

N©

TOJNLKO 4acTh rogei "1 ¢ yuacrka i

to
ycreer nepeitu Ha ydacTok (i+1). K aToMy MOMeHTY BpeMeHH M3 | JIFOJIeH, OBIBIIMX HA ydacTKe 1 B

t0_ £t0
MOMEHT to, ocranercs (- W+1Y) mrogeit. IX 9MCII0 MONOJHSAETCS 3a CYET JIOAEH, YCHEBIIMX 3a 3TOT
t0 t0

MHTEPBAJI BPEMEHHM MEPEHTH Ha HEro C NPEIbIAYLIEro ydactka - L' u u3 ucrounuka . Torma
IUIOTHOCTH MTOTOKA HA YYacTKE 1 B MOMEHT t; OyJIeT paBHa:

ITo mpomrecTBUM BpeMEHH At MOMEHTY L =G +At

D= ( Ni®—NiQ, + NI+ NEOI ) /by Al (I14.4)

CKOpOCTh IBMKCHHSI JIFOJICH, OKa3aBIIUXCS HA YIaCTKE 1 B MOMEHT t}, ONpeensieTcs mo GopMyIie:

1_
Vi=Vy, (1-amDi/Dy, ) (I14.5)



MomesnT spemern A

iv I

MomeHT BpEMEHH tl = to + At

't" o1 t t 4 3
D'=('-N'  +N' 4N WALV'=q(D')

i+ 1 i~

Al IB 4
o i ) t
t |¥° ,ecomD°<D 1 ‘ O Ve, eemmD® <D
V°= It-l It qm“ i 'V°= p tl'l qlllﬂ)
4 K
Vo .,eemuD °>D ) Ve ,ecnnD® >D
] i q | t+ 1 % e

¢ L
¢ |V°®,ecmD °<D,
. V0= !
c

max

t t t t
o _ 1l MO0 .y 0 . t t
N°-N N' Q Va AYA; Viu , ecnn D' °>Dq

+ l,i-}
max

II to Io tl to V,°
. Nl-l.i _NI~‘I VA AdAL Nj.l=Dj b; C A
Hong yuacTra npH 06pasoBaHHU CKOMJIERHNA HA YYaCTKe /
t tr tl ll t' tl t| tl
aN'aN'=p'p'=D'Vv'bs D'V'h
.l J 1 i-1 vV oiel ]

i /- B C

Puc. I'l4.1. I3MeHeHNA COCTOSIHHMSA IIOTOKA B MOCJIeJOBaTeIbHBEIE MOMEHTHI
BpPEMEHHU

Cnenyer yuMThIBaTh, YTO W3MEHEHHE IUIOTHOCTH IIOTOKAa HA KaXKIOM YYacTKE B pa3JIMYHbIC
MOMEHTBHI BPEMEHH OTpa)kaeT Mpolecc nepeopMupoBaHus pa3iMyUHbIX YacTed MOTOKA, U KaK YaCTHBIN

cnyqaﬁ, IMponeccC paCTCKaHuA MOTOKaA.
HM3MeHeHnEe MIOTHOCTH TOTOKA Ha KaXXJI0M M3 JJICMCHTAPHBLIX YYAaCTKOB B IOCJICAOBATCIBHBIC



MOMCHTBI BPpECMCHU 3aBHCUT OT KOJIMYCCTBA HIOI[CP’I, Nnepexoadamux 4epe3 rpaHrlibl YHaCTKOB. B O6IJ_[€M

At

Cllydae KOJIMYECTBO JIIOJCH, MEPEXOAAIIMX 3a MHTEPBal BPEMEHU C ydyacTKa i Ha MOCIETyIOIIUi

y4acToK i+1, cocraBiser:
th _to
Nij =070V, At . (I14.6)
CkopocTb nepexosia Ve, Uepe3 rpaHUIbl CMEKHBIX AJIEMEHTapHbBIX Y4aCTKOB ClIEAyeT IPUHUMATh,
PYKOBOJICTBYSACh CIEAYIOIIUMU (GOPMYIIaMu:

t0
Vi,
nep. 10 {0 _
Vi, ecm Dy >D mpu max Vi, - D=0 a4

eCIIu Dt?ﬂ <D npu max Vp; - D=0,
, (114.7)

Cne)lyeT YUYUTBIBATDH, YTO B TOT MOMCHT BPECMCHU t,, KOT/J1a IJIOTHOCTH ITOTOKA Ha Y4acTKe 1 JOCTHUIJIa
MaKCUMaJIbHOM BCJIMYUHBI, HA 3TOT Y4aCTOK HC MOXKCT HprITH HU OUH YCJIOBCK, HU C ITPCAMICCTBYIOLICTO

tn
y4JacTKa, HM W3 UCTOYHHUKA. B pe3ynbrare mepen y4acTKOM i 3a/JepiKUBACTCS COOTBETCTBEHHO ANi; 51

tn

IV moneit. B cremyronmii MOMEHT BPEMEHH t,+] YacTh JIFOJICH C ydacTKa 1 MEpeXOAuT Ha y4acTok i+,
IIJIOTHOCTBH JIFOJICKOT'O IMOTOKAa HAa HEM YMCHBIIWUTCA W 4YaCTb CKOIIMBIIMXCA IIEPCH €ro rpaHHueﬁ JIIOI[GfI
CMOXeT nepeiiTu Ha Hero. Jloyig uX ydacTus B IOMOJIHEHUH JIF0IbMU Y4acCTKa 1 B MOMEHT ty+) OIpeAessercs

dbopmyIoii:

tn, tn+1 tn, tn+l _ ~tn, tn+1 _ An, tn+1 tn, th+l | An, tn+l
AN AN T =D b, /D) % b (r14.8)

Dopmyiel (114.4) - (I14.8) MOTHOCTHIO OMUCHIBAIOT COCTOSIHUE JIFOJICKOTO IMMOTOKA Ha 3JIEMEHTAPHBIX
y4acTKax U UX MEpPEXO/Ibl B MOCIEI0BATEIbHbIE MOMEHTHI BpeMeHU. COBOKYIHOCTh 3HAYEHUN PAaCUETHOTO
BPEMEHM 5BaKyallUH, MOJYYEHHBIX IMpPH Ppa3IUYHbIX 3HAUYEHUAX Vox, (HOpMHpYyeT >SMIUpPHUECKOE

. . t
pacrpesielieHue BEpOSTHOCTEW 3HauYeHH P . Ilo aTOMy pacnpeneneHuIo CcleayeT pacCUUTHIBATH
3HAUEHUE BPEMEHH 3aBEPIIEHHUS dBaKyallud, COOTBETCTBYIOIIEE BEPOATHOCTH P(t) 5;)=0,999.

IIpuinoxenune N S
K nyHktam 10, 11 MeToauku

ﬂaﬂﬂble AJISL ONIPEAC/ICHUA PACYETHOI'0O BPEMEHHU IBAKYyalluUA

1. 3HayeHre BpeMEeHH Hauasa dBaKyalllHu t, (C) A7 MOMEIICHUS oYyara moxapa clieyeT OnpeeisTh
o ¢opmye:

ty=510,01-F,
rae F - miomans moMemeHus, M-
B ciydae ecnm BpeMs Hadana SBaKyalMH, PacCUMTAHHOE IO YKa3aHHOW (opMmysie, TMPEeBBIIIaeT
BpeMsl Havajla dBaKyalluu, OTpeelIeHHOEe B COOTBETCTBUU ¢ Tabnuieil [15.1, Bpemst Hayana sBakyanuu u3
MOMEIICHHS ouara rmoskapa cjielyeT mpuHumaTh 1o tadmure I15.1.
Jnst ocTanbHBIX MOMENIEHUH 3HAYEeHUE BPEMEHU Hadajla 3BAKYallUU fy, CIEIYET OINpPEAENATh I10
tabmwure [15.1.



Taoauna I15.1

1/

Krnacc ¢pyHKIMOHaTHHON TTOKAPHON
OTIACHOCTH 3/IaHUH U XapaKTePUCTHUKA
KOHTUHIEHTA JIF0JIE1

3HaueHUE BPEMEHU Hayaja 3BaKyalluu JIOAEH tys,
MUH

3nanus, 000pyIOBaHHBIC 3nanus, He
CUCTEMOH OIOBEIICHUS U 000pyIOBaHHbBIE
YIIPABJICHUS 3BaKyallUeH CUCTEMOM
Trofei OTIOBEUICHUS U
yIpaBICHUS
ABaKyaluen Jroaen

I-II Tuma III -V tuna

31aHus JOUIKOIBHBIX 00pa30BaTEIbHBIX
OpraHu3aIyii, CIICNUATN3UPOBAHHBIX TOMOB
MIpeCTapelIbIX Y NHBAIH]IOB
(HEeKBapTUPHBIE), OOJILHUIIBI, CIIATTBHBIC
KopIryca 00pa30oBaTeIbHBIX OPTaHU3AINN C
HAJIMYMEM UHTEPHATA U JICTCKUX
OpraHM3aIlii; MHOTOKBAPTUPHBIC KHJTBIC
JIOMa; OJTHOKBAPTHPHBIC )KHITBIC JOMa, B TOM
yucne 6i1okupoaHHeie (P1.1, @1.3, D1.4).
JIrogu MOTYT HAXOJIUTHCS B COCTOSTHUH CHA,
HO 3HaKOMBI CO CTPYKTYPOii
9BAKYaI[MOHHBIX MTyTeH U BBIXOJIOB.

6,0 4,0 9,0

locTuHUIBI, OOIICKUTHS, CIIATHHBIC
KOpIlyca CAHATOPUEB U JOMOB OT/bIXa
o0mIero THITa, KEMITUHTOB, MOTEJICH U
nancuoHatoB (P1.2). Kunbupl Mmoryt
HaxXOJIUTHCSI B COCTOSIHUU CHA U HE3HAKOMBI
CO CTPYKTYpPOU dBaKyallMOHHBIX ITyTEU U
BBIXOJIOB.

3,0 2,0 6,0

3/1aHus 3pENUIIHBIX U KYJIbTYypHO-
IIPOCBETUTENBHBIX YUPEXKICHUM; 3aHUS
OpraHu3aIMii o 00CTyKMBAHUIO HACEJICHUS
(D2, ®3). [NoceTuTenu HaXOAATCS B
O0APCTBYIOIIEM COCTOSIHUHU, HO MOTYT OBIThH
HE3HAKOMBI CO CTPYKTYPOH 3BaKyallMOHHBIX
IIyTE€N U BBIXOOB

3,0 1,0 6,0

3nanusa 00pa3oBaTeNIbHBIX OpraHU3alIHii,
HAYYHBIX U MPOEKTHBIX OpraHU3alui,
OpraHoB ymnpasieHus yupexaenuit (D4).
[Tocerutenu HaxoAsATCs B OOAPCTBYIOIIEM
COCTOSIHUH M XOPOIIIO 3HAKOMBI CO
CTPYKTYpO 3BaKyallUOHHBIX yTeH 1
BBIXOJIOB.

3,0 1,5 6,0

IToxapHbIe OTCEKH TPOU3BOACTBEHHOTO WU
CKJIQJICKOT'O Ha3HA4YEHMsI C KaTeropuen
IIOMELICHUH 110 B3PBIBOIIOXKAPHOU U
noxxapHou onacuoctu B1-B4, T, /1,
BXOZAIINE B COCTAB 3aHUH C
(YHKIIMOHATIBHOW MOKapHON OMACHOCTHIO

2,0 0,5 6,0




@1, ©2, ®3, ®4, B Tom uncie 5.2 -
CTOSIHKHY I aBTOMOOWIEH 0e3
TEXHUYECKOTO OOCITY)KUBAHHSI U PEMOHTA

2. IIpyHIMIIBI COCTABIEHUS pACUETHOM CXEMBI IBaKyalllH.

PacueTHass cxema 3Bakyallud MNpeACTaBiIsAE€T OO0l OTIEIBHO BBINOJHEHHYI, WIM BO3MOXHO
HAHECEHHYIO Ha IUIaH 3JJaHUs CXEMY, Ha KOTOPON OTPa)KEHBI:

KOJINYECTBO JIIOJICH Ha HAYaJIbHBIX Y4acTKaX - HCTOYHHUKAX (IPOXOJbl MEXAY pabOYMMU MECTaMH,
00opynoBaHuEM, psaMu Kpecel U T.11.);

HalpaBJIEHUE UX JIBUKEHUS (MapLIPYTHI);

FEOMETPUUECKHE TapaMEeTPhl YYACTKOB IYTH (JJIMHA, IIMPHUHA) U BUJIbl YYaCTKOB ITyTH.

PacueTHas cxema 3BaKkyaluy JOJKHA YYUTBIBATh CUTYALUIO, IIPU KOTOPOH XOTs Obl OJUH YEI0BEK
HAXOJIUTCs B HanboJiee yAaJIeHHOHN OT BBIX0/1a U3 3[aHHUs, COOPYKCHUS WM CTPOCHUS TOUKE.

[TyTu nBy>KeHus aroAel U BBIXO/bI BbICOTOM MeHee 1,9 M u munpuHoil menee 0,7 M Ipu cOCTaBICHUN
pacueTHOM CXeMbl »JBaKyallUM HE YYUTBIBAIOTCS, 3@ HUCKIIOYEHHEM CJIy4yaeB, YCTAHOBJIEHHBIX B
HOPMAaTUBHBIX TOKyMEHTax MO0 MOXapHOoi 0€30IacHOCTH.

PaccMoTpeB koamuecTBO Jit0/1el Ha HAaYaJIbHBIX yYacTKaXx IyTH, CJIEAYET ONPEAEIUTh HallpaBIeHUE
UX JBIJKEHHs. YCTAaHOBIIEHBI ClleAylolMe HaOirofaeMble MpaBWila BbIOOpa JIOABMU HalpaBlICHUS
(MapuipyTa) ABHKEHUS [IPU dBAKyallUU:

a) JBMD)KEHUE 110 TOMY ITyTH, KOTOPBIM JIFOAU MOMNANIN B 37aHUE;

0) HCKIIIOUEHUE MyTEeH JABMKEHUS, NPOXOISAIIMX DPSIIOM C 30HOM TOPEHMs, XOTS JIOAU MOTYT
9BAKyMpOBATHCS Yepe3 33 IbIMICHHBIE KOPUIOPHI;

B) BIIUSIHUE ITepcoHaa. B o0IeCTBEHHBIX 3aHUX, KaK IPaBUIIO, IOCETUTENH IIPU MOXKAPE CIACAYIOT
yKa3aHHUsM [IepCOoHaNa, JaKe €CIIM 3TH YKa3aHUS HE COOTBETCTBYIOT ONTUMAJIbHBIM;

I') [IpY 3BaKyalllu C MIEPBOT0 3Ta)a - JBUKEHHUE K OTKPHITOMY BbIXO/Y HAPYXKY U3 3[aHUS;

JT) CJIO’KHAs! JJOTMCTUYECKAs 3aBUCHMOCTBD, OIMCHIBAOLIAs BEIOOP BBIXO/1A C 3TAXa 3pUTEIBHOTO 3a1a
(puc. I15.5);

€) IIPU MPOYMX PaBHBIX YCIOBUSAX - ABM)KEHHE K ONMKaNUIIIEMy BBIXOAY.

Kpowme Toro, nmeromnuecs 1aHHbIE TOKa3bIBAIOT, YTO (PaKTOPOM BHIOOpA HAIIPaBJIEHUS MOXKET OBIThH
MECTO MapKOBKU JIMYHOI'O aBTOMOOMJISI, MECTO BCTPEUM WIEHOB CEMbHU U T.I. OnpeseneHne UpUHbI TyTH
BBI3bIBAET 3aTPyIHEHUE TOJIBKO IPU BBIXOE JIFOJEH Ha y4acTOK "HEOrpaHWYeHHON" IIMPHUHBI, HAIPUMED B
BecTHOIONb. B TakoM citydae mmpuHa notoka (b) 3aBucut ot konudectsa jroAen (N) u anunsl (1) ygactka:

b=4 M npu N<100 uesn. u <6 M; b=6 M - B OCTaJIbHBIX CITy4dasix.

CornacHO AaHHBIM HAaTypHBIX HaOJIOJEHUI yCTAHOBJIEHO, YTO MOBOPOTHI MyTH HE BIUAIOT Ha
napaMeTpbl ABMXKEHUS JTIOACKOTO MOTOKaA.

Onpenenenue JUIMHBI (BIOJIb OCH IYTH) OTIUYACTCS AJIS TOPU30HTAIBHBIX M HAKJIOHHBIX myTel. K
HAKJIOHHBIM IYTSM OTHOCATCS JIECTHULIBI U TaHaychl. CBOOOIHAs IIMpPHHA b HAKIOHHOTO MYyTH, HApUMED
JIECTHUYHOTO Mapllla, IPUHUMAETCs B CBETY: OT Mepui A0 cTeHbl. [nuHa HakiaonHoro nytu L (puc. I15.1)
MPUHUMAETCS 110 UICTUHHOMY €T0 3HaYEHHI0. DTaXKHBIE M MEXKTYITa)KHbIE TUIONIA/IKH B LIEJISAX YIIPOIIEHUS U
00JIeryeHus BEIYMCIICHUH, YUUTHIBAs UX HEOONbIINE Pa3Mepbl U MEHBIIYIO CI0KHOCTD JABHXKEHHS IO HUM B
CPaBHEHMH C JIECCTHUYHBIMHU MapIIaMH, TOMYCKaeTCsl OTHECTH K HAKJIOHHBIM IyTsiM. Torna cpennss IauHa
HAKJIOHHOTO IYTH B IPEJENIax OJHOTO 3TaXa, C Y4ETOM JABM)KEHHUS 110 IJIOIAAKaM, COCTaBUT:

L’
Cosa,
AJId ABYXMAapHICBbIX JICCTHUIL ,
!
rac L - FTOpPU30OHTAJIbHaA MPOCKIUA JJIIUMHBI HAKJIIOHHOI'O ITYTH, M;

%' - yron HaKyIOHA K TOPU30HTY;

HE JIOMyCKasl CEephe3HOM MOrpenIHOCTH, JUIMHY MYTH MO JABYXMaplIeBOH JIECTHHUIIE MOXHO
IPUHUMAThH PaBHOM €ro yrpoeHHoi Bbicote H, .. L=3"H;



2. L’ LH

L: + + L” + 4 . b
JUISl TPEXMAapIIEBBIX JIECTHHUIL cosa  Cosa,
a
t_ - __| b.
b L, b—t
6

Puc. I15.1. PacueTHas aaurHa myTH 110 JIECTHUIIE:
a — IByXMapIleBas JECTHHIIA; 6 — TpeXMapIeBas JIeCTHHIIA

[Tanaycel, ecny UX HAKJIOH He3HayuTenaeH (MeHblie 1:8), MOXKHO OTHOCUTH K TOPU30HTAIbHBIM
yTsAM, IpH 60JIee 3HAUNTENbHBIX HAKJIOHAX - K JIECTHULIAM. /|JInHA HAaKJIOHHOTO MYTH TaKXe ONpeesieTcs
IO €r0 OCH.

[Tyt nBuKeHus B Ipelenax 3JaHus OObIYHO IepeceKkaroTcs JABEPHBIMH  [IPOEMaMH,
JIEKOPAaTUBHBIMH MOPTaJlaMHU, UMEIOT CYKEHHS 3a CUET Pa3IUYHbIX APXUTEKTYPHBIX MU TEXHOJIOTMYECKUX
AJIEMEHTOB, BBICTYNAIOUIMX M3 INIOCKOCTU OrpaAeHHUH. Takue MECTHbIE CY)KEHHs HE3aBUCUMO OT HX
XapakTepa B JaJbHEWIIEM Ha3blBalOTCA MpoeMaMu ImupuHoW b. JlnmHa mytu L B mpoeme MoxeT He
YUUTBIBAaThCS, €CIIM OHA He npeBblmaet 0,7 M, T.€. IJIMHBI OHOTO 11ara, B IPOTUBHOM Cllydae JBUKCHHE B
mpoeMe CIeAyeT paccMaTpuBaTh, KakK JABIJKCHHE Ha CAMOCTOATEIBHOM PAacCuYE€THOM  YYacTKe
TOPU30HTAJIBHOTO ITYTH.

JlecTHUYHBIE KIIETKU SIBISIOTCS LIEHTPaMM TATOTEHUS JIOJACKUX MOTOKOB (U MEPBOTO 3Ta)a -
BBIXO/Ibl HAapy)Xy), Ha BXOJI€ B KOTOpbIE 3aKaHUYMBAETCSA BTOpPOM 3Tam 3Bakyauuu. [loaTtomy pacuerHble
CXEMBI 11e51eCO00pa3HO COCTABIAThH Ul KaXIOM 4acTH 3Taxa, 0 KOTOPOW JIIOJU IBAaKyHPYHOTCA 4epe3
IPEyCMOTPEHHYIO JUIsl HUX JIECTHUUHYIO KIETKy (BeIxox Hapyxky). Ha puc. I15.2 npuBenen npumep
COCTABJICHUS PACUETHOM CXEMBI IBAKYyallUH JIFOJICH 110 YACTH 3Ta)a J0 BXO/IA B ICCTHUYHYIO KIIETKY.



Hcroummk 1
N=20gen,l=10M,

" _ -
Vaacrox 1 | E b=12mM 6,=09M
I=12m,b=2M71"
il K Uctounmnk 2
7 N=20vqen,/=10m,
il F b=15M by=09 M
PBOIT 1 E E
Ml bny=135M
Vyactok 2 ¢ 5
I=18M=b=2ME E Vaactok 8 by=12 M
E E 1 VYaactox7 [=1 b=12mMm
| N ’SM”z .......... _ Pom2
' Y— e _—— —_——— _—— e P e o =L J
VYHactox 3 Vaactok 4 YgacTox 5 Vaacrtok 6
I=3M, I=5wMm, I=5M, I=5mM,
{ b=2m b=2m b=2wm b=2mM
\J
16 gen. 7 gen. 7 gen. 7 den. 7 gemn.

Havaneabie yaacTks Ne 3 — 7 (ACTOYHHMKH) - MPOXOIBI MEXKLY
paboarmMu MecTaMH, 060pyIOBaHAEM, PAAAMH Kpecel | T. 1.
[=10M,6=12M,b=09M

Puc. I15.2. IIpuMep cocTaBIeHHs pacYETHOH CXEMBI OBaKyalluH JFoAeH
II0 JaCTH 3TaXa JI0 BXOJa B JIECTHUYHYIO KJIETKY: N — KOJIM4ECTBO JIOJEH;
b — mmpuHa; [ — miHa; by— mpuHa mpoeMa

B 3puTenpHBIX 3ayax ¢ MOCTOSHHBIMH MECTaMM JIJisi TOCETUTENEH paclpeeieHne JIoAeH 1o
HAIPaBIECHUSM JBI)KCHUS K 9BaKyallMOHHBIM BBIX0J1aM Tloka3aHo Ha puc. [15.3 u I15.4.



.

IGEW

s rooéra ‘I

i
g

Ssn L

L

2z

]I[?Illl

oon

Puc. I15.3. Mapmpytusaiys ABIDKEHUS JEOACKUX ITOTOKOB ITPH 3BaKyallii
W3 3pUTENBHBIX 3108 ¢ 60KOBBIMH (IIPOJOJIEHBIMI) IPOXOJAMHU
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Puc. I'15.4. MapmpyTr3auyst ABIDKCHHS JIOACKHX HOTOKOB IIPH 3BaKyaliu
M3 3pATEJHHBIX 34JI0B C IIONEPETHEIM IIPOXOAOM

Ecim B nmanpHeWmuM Ji0aM BBIXOASAT B (Qoiie WM BeCcTUOIONb, T.e. 4Yepe3 IOMEIICHUs He
OTPaHUYMBAIOINE, KAK KOPUIOP, IIUPUHBI JIKOJCKOT0 MOTOKA, TO PACIPEACIIEHUE JIFOACKUX ITOTOKOB MEXKY
BO3MOKHBIMHU JBaKyal[MOHHBIMH BBIXOJIaMH, KOTJla OHHU HE OJIOKMPOBAHBI, MPOUCXOAHUT COTIACHO
3aKOHOMEPHOCTSIM, PUBEACHHBIM Ha puc. [15.5, a, 0.



1

100 -
s 90 s BRIXO/IBI € 3TaXa B IECTHAYHEIE KIETKHA (13
< e MR : : 3NaHms)
r* 80 7
m
= 70 Al

] — Doite
| (BectrbIOMB)
60 e

0,102 0,30,40,50,6 0,70,80,9 1,0
3anbHOE TTIOMEINEHHAE

Puc. I15.5, a. Uucno 3puteneit u BEIOOpP BEIXOAA MPH IBaKyalld B ABE JECTHUYHBIEC KIIET-
KM JTU0O B JIB€ OTKPHITHIE JIECTHUIIH! WM B IBa BEIXOAA U3 3iaHus: N — obmiee Konuye-
CTBO 3BaKyHpyrommxcs; Ny — 9uciio 3BaKyupyromuxcs depe3 OMDKHUN BeIXox; N, —
YHCJIO 3BaKYHUPYIOIIUXCSA depe3 AATbHUI BEIXOJ; /) — JUIMHA IyTH 10 GJIMKHETO BHIXO/A;
I, — pvHA MyTH 10 AAJIBHETO BEIXOAA

100
B
< 95 .
= N
\2 90 Brixos ¢ 3Taxa Ha BeIxon ¢ 3Taxa Ha
Z:/ OTKanyro JIECTHHITY necrmrqayfo KITETKY
=

A

85
80 Doije
75 N

\

0,102 0,30,40,50,60,70,80,91,0 11/12

3aJII>HOC TIOMEIIECHAE

Puc. I15.5, 6. Yucno 3pureneii 9BaKyupyrOIMAXCS IT0 OTKPHITON JIECTHUIIE:
N — o6mee KOJIMYECTBO 3BaKyHpYIOMHUXCs; Ny — 9HCIO 3BaKYUPYIOIIHAXCS
10 OTKPHITOH JIECTHUIE; /) — AJIMHA ITyTH A0 OTKPBITOM JICCTHMIIE;

[, — nyiHA MyTH A0 BBIXOJA Ha JIECTHIYHYIO KIETKY

3. Ilpu OAHOPOAHOM COCTaBe JIOACKOrO MOTOKa rpynn mMoouiabHOCcTH M2, M3 u M4 3nauenus

BennuuH D, V U q cneayeT npuHUMaTh B COOTBETCTBUU € JAHHBIMU Tabuis! [15.2.
Tabauna I15.2

Pac4yerHble 3HAaYeHHs TAPaAMeTPOB sl rpynn MmodouasHoctu M2 - M4



I'pynna Bun nyru
MOOWIIEHO D, ["opu3zoHTanbHbIN JlecTHHUIIa BHU3 JlectHu1a BBEpX Ilargyc BHH3 [Tanayc BBepx
CTH M2/M2 | V,m/MuH | q,M2/MX | V,M/MuH | ¢, M2/MX | V,M/MuH | q,M2/MX | V M/MuH | q, M2/MX | V, M/MEH | q, M2/M X
MUH MUH MHH MHH MHH

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 5,21 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 5,71 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 2,75
0,1 70,00 7,00 20,00 2,00 25,00 2,50 105,00 10,50 55,00 5,50
0,2 53,50 10,70 20,00 4,00 20,57 411 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 35,59 10,68
04 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 7,77 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 8,064 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




IIpumeyanue:

M2 - HeMOILHBIE JIFO 1, MOOMIIBHOCTh KOTOPBIX CHI)KEHA U3-3a CTAPEHUs OpraHu3Ma (MHBaJIUAbI 110
CTapOCTH); MHBAJIUABI HA MPOTE3aX; MHBAJIUIBI C HEAOCTATKAMU 3PEHUS, OJIB3YIOLecs 0eJI0i TPOCThIO;
JIOJU C ICUXUYECKUMHU OTKIIOHEHUSIMU;

M3 - uHBaNMIbl, UCIOJIL3YIOLINE TP IBUKEHUU JIOIIOJIHUTENBHBIE ONIOPHI (KOCTBLIH, MaJIKN);

M4 - uaBasIn b1, NEPEIBUTAIOIIMECS HA KPECIIAX-KOJIACKAX, IPUBOANMBIX B IBUKCHUE BPYUHYIO.

o 2
4. HJ'IOH_Ia,Z[B TFOpU30HTAJIBHOM ITPOCKIHUKU YCJIOBCKA f M“/gemn. NPpUHHUMACTCA B 3aBUCHUMOCTH OT
COCTaBa JIIOJICH B IIOTOKE B COOTBETCTBUH C IMPUBCACHHBIMH HUXKC JAHHBIMU.

a) 6)

Puc. I15.6. Iliomaas ropu3oHTAILHON MPOCKIUH Ye10BeKAa:
a) pacueTHas;
0) nefcTBUTEIbHAS

Pasmeps! nofeil U3MEHSIOTCS B 3aBUCHUMOCTH OT (DPM3MYECKUX JaHHBIX, BO3pacTa M OAekKIbl. B
tabnuuax [15.3, 1154, 115.5 u nHa pucynke I15.7 mpuBoasaTCcs ycpeaHEHHbIE pa3MeEpbl JIOAEH pa3HOro
BO3pacTa, B pPa3IM4YHON OJEKIE M C Pa3IMYHBIM Ipy3oM. IIpu 3TOM npuBeneHbl 3HAUEHUS IUIOIAIU

FOpH?;OHT&J'IBHOfI IMPOCKIMHU MHBAJIMAOB C HAPYHICHUEM OIIOPHO-ABUTaTCJIBHOTO allrapara.

Taoauna I15.3

ILnomaan l"OpI/I30HTa.J'II>HOI7[ MPOCKIHUU B3POCIBIX Jaen



Tun ongexapl [[Iupuna (a), m Tonuuna (c), M [lmomaae ropu30HTaIBHON
MIPOCKITHH, M2/ger.
JIETHSSA 0,46 0,28 0,100
BECEHHE-OCCHHSIA 0,48 0,30 0,113
3UMHSISA 0,50 0,32 0,125
Taoauna I15.4

Ilomaam ropu3oHTAIBLHON NPOEKUMH J1eTeil U MOJAPOCTKOB

Tum onexanl

BospactHbie rpymmbl
Cpennsis

Mamas 1o 9

Crapuas 14-16
JIET 10 - 13 ner JIET
JIOMAIIIHAS OJeKaa 0,04 0,06 0,08
JIOMAIIHASA 0JIe’KJa CO IIKOJIbHOM CYMKOM 0,07 0,10 0,14
YIIMYHAS OJICK 1A 0,09 0,13 0,16




Puc. I15.7. Ils1omagb ropu30HTAILHOM MPOCKIUH JIIO/AEH ¢ Pa3JIHYHBIM I'PY30M
Tab6amnuna II5.5

. . . 2
Ilnomaas ropu30HTAJBHONH MPOEKIHMH JI0Jei ¢ OrPAHNYEHHOII MOOMIBHOCTBIO, M /4eJl.
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4. Bpems 3aepKKH t; IBMOKCHHS Ha y9acTKe 1 W3-3a 00pa30BaBIIErocsi CKOIUICHHS JIrOJCH Ha
TpaHUIIe C MOCIEIYIOINUM y4acTKkoM (i+1) onpenensieTcs mo ¢popmyie:

1 1
q opu D=0.9- bi+1 qi : bi

t=N-f
, (115.1)

rae N - KOJIMYeCTBO JIF0ACH, Yell.;

f - ITOIA/b TOPH3OHTATBHOM IPOCKIIAH, M

Qupu D=0.9 - UHTEHCUBHOCTb JIBHKEHUs Yepe3 ydacTok i+1 npu miorHoctu 0,9 u 6onee, M/MUH;
bis| - IIUpUHA yYaCTKa, M, TIPU BXOXKJICHUU Ha KOTOPBIH 00pa30BalIoCh CKOTLICHHE JTFOJICH;
Qi+1 - ”HTEHCUBHOCTD JABIDKEHHSI HA Y9acTKe 1, M/MUH;

b; - IMpHHA MPEANIECTBYIOIIETO YYacTKa i, M.

Bpemst cymecTBOBaHMS CKOIUICHUS to, HA YUACTKE 1 ompeaenseTcs mo hopmylie:

(= N-f
“  qunpu D=0,9-b;,,

. (115.2)

PacuyeTHoe Bpemsi SBaKyallid MO Y4YacTKy 1, B KOHIIE KOTOPOTO Ha rpaHuie ¢ ydacTkom (i+1)
00pa30BaJIOCh CKOIUJICHHE JIIOJIEH pPaBHO BPEMEHHU CYIIECTBOBAaHUS CKOIUIEHUS te. PacdueTHoe Bpems
9BaKyalliuy MO yYacTKY 1 IOMMYCKAeTCs ONpeAesTh o hopmye:

|
=3+
Vi . (T15.3)

2. PacyéTHble 3HAYEHUS] IAPAMETPOB JIBHKCHHUS JIOJACKUX MOTOKOB B 3[IaHUSAX KJjacca
(pyHKIHMOHAJIBHON MOoKapHO# onacHocTH P1.1.

5. 3navyeHns BenwuuH a;, Doj U Voj IpH MCIOIB30BAHMHM MMHTALMOHHOCTOXAaCTHYECKOM MOJEIH
npejacTaBieHsl B Tadnuiie [1 5.6.

Taoauua I1 5.6

)
. . Vo V.
Bun nytn a; Dy;, uen/m 0i, M/MUH 0( A J) y

JleTH 101IKOJBHOI0 BO3PAcTa (31aHUs JOLIKOJIbHBIX 00pPa30BaTe/IbHbIX OPraHU3aLMil)

I'opu30HTaIBHBIN 0,275 0,78 60 10
[Tpoem 0,350 1,20 60
JlecTHUIIAa BHU3 0,190 0,64 47
JlectHuna BBEpX 0,275 0,76 47
JleTH ¢ orpaHUYeHHBIMH BO3MOKHOCTSIMH (CleMATH3UPOBAHHbBIE J0MA HHBAJIU/I0B)
I"opu3zoHTaIBHBIN 0,29 0,60 51 20
[Tpoem 0,30 0,67 47 26

JlecTHUIIAa BHU3 0,21 0,63 23 12




JlecTHHIIA BBEPX | 030 | 0,69 | 20 | 8
Jlroau Tpynocnoco0HOro Bo3pacra B CTalluoOHApPax 00JbLHUI (CTAMOHAPHI 00JILHMUII)
I’ opu30HTaIBHBIN 0,414 0,77 44 10
[Tpoem 0,345 0,57 38 8
JlecTHUIA BHU3 0,422 0,96 24 7
JlecTHuna BBepx 0,313 0,74 14 5
IIpecrapenbie J0am (CnenuaIu3upoOBaHHbIE 10MA NPeCTaApeIbIX)
["opusoHTaIBHBIM 0,428 0,96 25 5
[Tpoem 0,456 1,02 20
JlecTHUIAa BHU3 0,505 1,26 20
JlecTHuna BBepx 0,338 0,56 20
[lannyc BHU3 0,353 0,58 25
[Tanyc BBepx 0,368 0,72 15
Caenble u caadoBuAsAIIME JTIOIM (CIEeNMATU3MPOBAHHBIE J0MA HHBAJIU/I0B)
["opusoHTaIBHBIM 0,371 0,73 26 7
[Tpoem 0,271 0,77 17 6
JlecTHUIAa BHU3 0,519 0,97 21 6
JlecTHuna BBepx 0,387 0,82 18 6
Iyxue u caadocbimaniye JOA4 (CeHAJTU3HPOBAHHBIE I0MA HHBAJIHI0B)
["opuzoHTaIBHBIM 0,301 0,58 82 15
IIpoem 0,328 0,73 82 15
JlecTHuia BHU3 0,380 0,91 82 15
JlecTHuna BBepx 0,344 0,72 54 15

6. 3HaueHUs MapaMeTpOB JBWKCHMS JIOJCKUX IOTOKOB JIJIsi pacyeTa MyTel HBaKyalu IO
YIPOLIEHHOM aHATMTUYECKON U MHIMBH Iy IbHO-TIOTOYHON MOJIENSIM pUBeAeHbl B Tabaumax [15.7 - I15.9.

[Ipu ompeneneHun TIOTHOCTH JIFOJICKOTO TOTOKa Dj Yepe3 IUIONIalb TOPU3OHTAIBHON MPOEKIIUU
yenaoBeka f Mz/qen., sHauenue f M>/4el. MPUHUMAETCS B COOTBETCTBUU C IPUBEACHHBIMHU HUKE TAHHBIMU:

0,03 M2/aer - JUTSL IETeH JTOIIKOJIBHOTO BO3PAcTa;

0,15 M>/aen - st geteit ¢ OrpaHUYEHHBIMH BO3MOKHOCTSIMHU;

0,2 M2/aer - JUTSL JTFOICH TPYIOCTIOCOOHOTO BO3pacTa B CTalliOHApaxX OOJIBHMII;

0,1 M>/4el - ISt CIETBIX M CIa00BUISAIIMX TIIOJICH;

0,1 M>/aer - 1is TIYXUX U CITA0O0CIBIIANINX JTFOJCH;

0,2 M>/uer - JUISL TIPECTApENbIX JIFOAEH;

0,13 M2/aer - J1s1 O€pEMEHHBIX JKCHIIMH.

Taoauua I1 5.7
D, M /M I"'opu3oHTaIBHBIM [Ipoém JlectHuna BHM3 JlecTHuna BBEpX
yTh
V, q, M/MHH. g, V, g, M/MuH. | V, M/MHUH. q, M/MHH.
M/MMH. M/MHH. M/MFH.

JeTu 101IKOJBHOT0 BO3pPAcTa (31aHUs JOKOJIbHBIX 00pa30BaTeIbHbIX OPraHU3aLMii)
0,01 60,00 0,60 0,60 47,00 0,47 47,00 0,47
0,05 47,19 2,36 2,66 38,36 1,92 36,96 1,85




0,1 35,75 3,58 3,85 32,17 3,22 28,00 2,80
0,2 24,31 4,86 4,80 25,98 5,20 19,05 3,81
0,3 17,62 5,29 4,64 - - - -
0,4 12,88 5,15 3,77 - - - -
0,5 9,19 4,60 2,37 - - - -
JleTH ¢ OrpaHNYEeHHBIMHM BO3MOKHOCTAMH (CHEeHATU3NPOBAHHBIE JOMA HHBAJIU/I0B)
0,01 50,59 0,51 0,47 23,33 0,23 19,94 0,20
0,05 50,59 2,53 2,34 23,33 1,17 19,94 1,00
0,1 48,97 4,90 4,68 23,06 2,31 20,19 2,02
0,2 38,88 7,78 7,42 19,64 3,93 16,02 3,20
0,3 32,97 9,89 9,41 17,64 5,29 13,57 4,07
0,4 28,78 11,51 10,93 16,22 6,49 11,84 4,74
0,5 25,54 12,77 12,08 15,12 7,56 10,50 5,25
0,6 22,88 13,73 12,96 14,22 8,53 9,40 5,64
0,7 20,64 14,45 13,60 13,46 9,42 8,47 5,93
0,8 18,69 14,95 14,04 12,80 10,24 7,67 6,14
0,9 16,98 15,28 14,30 12,22 11,00 6,96 6,26
JIroam TpyaocnocoOHOro Bo3pacra (cTaumoHapbl 00JbHMIN)
0,01 44,03 0,44 0,38 24,09 0,24 13,69 0,14
0,05 44,03 2,20 1,88 24,09 1,20 13,69 0,68
0,1 44,03 4,40 3,77 24,09 2,41 13,69 1,37
0,2 44,03 8,81 7,53 24,09 4,82 13,69 2,74
0,3 41,42 12,43 11,30 20,37 6,11 13,24 3,97
0,4 36,18 14,47 14,39 17,44 6,98 12,01 4,80
0,5 32,11 16,05 16,54 15,17 7,59 11,05 5,52
0,6 28,79 17,27 18,42 13,32 7,99 10,27 6,16
0,7 25,98 18,18 20,09 11,75 8,23 9,61 6,73
0,8 23,54 18,83 21,57 10,40 8,32 9,04 7,23
0,9 21,40 19,26 22,89 9,20 8,28 8,53 7,68
IIpecrapeJblie J10au (CHeUATU3MPOBAHHbIE 10Ma NIPecTapeIbIX)
0,01 25,00 0,25 0,20 20,00 0,20 20,00 0,20
0,05 25,00 1,25 1,00 20,00 1,00 20,00 1,00
0,1 25,00 2,50 2,00 20,00 2,00 20,00 2,00
0,2 24,56 4,91 4,00 20,00 4,00 16,08 3,22
0,3 20,22 6,07 4,94 18,24 5,47 13,34 4,00
0,4 17,15 6,86 5,54 15,33 6,13 11,39 4,56
0,5 14,76 7,38 5,91 13,08 6,54 9,89 4,94
0,6 12,81 7,68 6,10 11,24 6,74 8,65 5,19
0,7 11,16 7,81 6,13 9,68 6,78 7,61 5,33
0,8 9,73 7,78 6,03 8,33 6,67 6,71 5,37
0,9 8,47 7,62 5,82 7,14 6,43 5,91 5,32
Caenble 1 c1200BHASAIIME JTIOAH (CIIENHMATH3MPOBAHHBIE 10MA HHBAJIU/I0B)
0,01 26,34 0,26 0,17 21,37 0,21 18,00 0,18
0,05 26,34 1,32 0,85 21,37 1,07 18,00 0,90




0,1 23,26 2,33 1,58 21,03 2,10 16,62 1,66
0,2 16,49 3,30 2,52 13,34 2,67 11,79 2,36
0,3 12,53 3,76 3,22 8,85 2,65 8,96 2,69
0,4 9,72 3,89 3,77 5,66 2,26 6,96 2,78
0,5 7,54 3,77 4,19 3,18 1,59 5,41 2,70
I'nyxue u ciaadociabimamme Joau (CrienuajaIu3upoBaHHbIe 10Ma HHBAJIMI0B)
0,01 82,36 0,82 0,82 82,36 0,82 53,81 0,54
0,05 82,36 4,12 4,12 82,36 4,12 53,81 2,69
0,1 68,86 6,89 7,39 79,41 7,94 47,73 4,77
0,2 51,67 10,33 11,03 57,72 11,54 34,90 6,98
0,3 41,62 12,49 13,25 45,03 13,51 27,39 8,22
0,4 34,49 13,80 14,56 36,02 14,41 22,07 8,83
0,5 28,96 14,48 15,19 29,04 14,52 17,94 8,97
0,6 24,44 14,66 15,27 23,33 14,00 14,56 8,74
0,7 20,62 14,43 14,90 18,51 12,96 11,71 8,20
0,8 17,31 13,84 14,15 14,33 11,46 9,24 7,39
0,9 14,39 12,95 13,05 10,64 9,58 7,06 6,35

I[Ipumeuanue: B Tabnuie [1 5.7 mpencraBiaeHsl JaHHbIE O MapaMeTpax ABIXKEHUS MPECTaperblx
JIIOJIEeH, TIEPEIBUTAIOIINXCS 0€3 TOTIOTHUTEIBHBIX OTIOP U C OJTHOW JIOTIOJIHUTEIILHON OMTOPOH, a TaKKe JeTei
C OrpaHUYEHHBIMU BO3MOKHOCTSIMH, CIIOCOOHBIX K CAMOCTOSTEIFHOM IBaKyaIiu.

Tadimua I1 5.8. PacueTHble 3HaYeHUS MAapPaMETPOB ABHKEHHS 10 MIAHAYCAM IpecTape/ibIX JI1eil B
CHeHATU3NPOBAHHBIX IOMAaX NpecTapesbiX

D, M/M° [Tanyc BHU3 [Tanyc BBEpX
V, M/MuH q, M/MUH V, M/MuH g, M/MUH
0,01 25,00 0,25 15,00 0,15
0,05 25,00 1,25 15,00 0,75
0,1 25,00 2,50 15,00 1,50
0,2 20,19 4,04 13,19 2,64
0,3 16,61 4,98 10,95 3,28
0,4 14,08 5,63 9,36 3,74
0,5 12,11 6,05 8,13 4,06
0,6 10,50 6,30 7,12 4,27
0,7 9,14 6,40 6,27 4,39
0,8 7,96 6,37 5,53 4,43
0,9 6,92 6,23 4,88 4,40

Tadauna I1 5.9. PacueTHble 3aBUCHUMOCTH MEK1Y IVIOTHOCTHI0 H MHTEHCHBHOCTBIO IBHKEHU S
JIIJICKOI0 MOTOKA, COCTOSILIEr0 U3 JIK/Ieil, MepeBUTrAI0IIMXCH HA KPeCJax-KoJIsCKax

IInoTHOCTE TIOTOKA, D, M7 /M WVHTEHCUBHOCTD NBUXEHHUS, (, M/MUH
0 0
0,1 15,2
0,2 22,7




0,3 24,2
0,4 21,5
0,5 18,4
0,6 16,1
0,7 13,9
0,8 12,4
0,9 11,0
0,96 9,7

[Tnomank ropu30HTAIEHON MPOEKIIMU OCPEMEHHBIX KEHIIUH CIIeTyeT MIPUHUMAThH 110 JaHHBIM PHC.
I15.8 urabdmn. I15.10.






Puc. I1 5.8. Iliomans ropu3oHTaIbHON Npoekuun OepeMeHHOM »kenmunsbl f = 0,13 M aer

Taouauna I1 5.10. 3navenus a, b, ¢, d 19 pacyera WJIOIIAAU TOPU3OHTAIBHON NPOEKIIMU OepeMeHHOoI

JKeHIIMHBbI
O06o3HaueHne Pazmep, M
a 0,355
b 0,56
Cc 0,30
d 0,205

7. Hns nrofeil pa3iauvHOrO BO3PacTa, HECIOCOOHBIX K CaMOCTOSATENIBHOM 3Bakyaluu (nauee -
HEMOOUJIbHBIE JFOJIH), HE00X0IUMO OTIpeeIIsATh pacueTHoe BpeMs CIIaCeHHUS u3
1e4eOHO-TPOPUIAKTUYECKUX U COLMATbHBIX YUPEXKIECHUN IIPYU TOMOLIN HOCUIIOK.

[Ipu pacuere sBaKyalnuu HEOOXOIMMO YYUTHIBATH TPAHCHIOPTHPOBKY HEMOOMJIBHBIX JIOACH W3
J1e4eOHO-TPOYUIAKTUYECKUX U COLUAIbHBIX YUPEXKIEHUN CUIIaMU [IEPCOHANIA ITPU TOMOILIY HOCUJIOK.

PacueTHoe BpeMsi TpaHCHOPTUPOBKH HEMOOWJIBHBIX JIOJCH C OINpEeNeeHHOro STaXa 3AaHUs
ompeaensercs mo Gopmyiie:

_ LooLob LY N (I5.1)
fen = r1”2+V<1;+V;+v1+v2 05N

L
&+

S|

epe 1

T ] - BpeMs YKJIaJbIBaHUS YeJIOBEKa Ha HOCUJIKU, MUH;

t - BpeMs MepeKIIaJIbIBaHUs YEIOBEKa C HOCHIJIOK Ha MOATOTOBICHHYIO OBEPXHOCTh, MUH;

Nyn - KOJTHYECTBO HEMOOMIILHBIX JIFOJIEH;

Nuepe - KOTMYECTBO NEPCOHANA;

L, - nivHa MyTH CIIaceHUs 110 TOPU3OHTAIH, M;

L, - nnvHa myTH CIIaceHus MO JECTHULE, M;

V1 - cKOpOCTh TIepeBMKEHHUS MEIINEpPCOHANa MO TOPU3OHTAIM C HOCHJIKAMU 0e3 CracaemMoro
YyeJioBeKa, M/MUH,;

C

1. CKOPOCTh TEPEABMIKEHUS MEINEPCOHaa MO TOPU30HTAIM CO CIAacaeMbIM YEJIOBEKOM,
JIeXKAITM Ha HOCHIIKAX, M/MUH;
V> - CKOpOCTH TIepeNBIKEHUSI MEIIEepCcoHalla MO JIECTHHUIIE BBEPX C HOCHIKAMU 0€3 CracaemMoro
4JeJoBeKa, M/MHH;
v
- CKOpOCTb NEPEIBMXEHHUSI MEJNEpPCOHAa MO JIECTHHUIIE BHHU3 CO CIACa€MbIM UYEJIOBEKOM,
JIKAIUM Ha HOCHJIKAxX, M/MUH.
[Ipu oTcyTcTBHM HEOOXOAMMBIX HWCXOJHBIX JAHHBIX JUISI OMPEETICHHUS CKOPOCTH TEPEHOCKH

NEpCOHATIOM HOCHUJIOK € YCJIOBCKOM, CJICAYCT BOCIIOJIB30BATLCA NAHHBIMU IMPUBCIACHHBIMH B tabaune I1
5.11.

\

Tab6auna IT 5.11. CkopocTh ABHKEHHS NIEPCOHAJIA NP NEPEeHOCKEe HOCHJIOK C YeJI0BEKOM, M/MHH

Bug nytu C 4emoBEKOM be3 uenoBeka
I"'opu30HTaIBHBIN NYTh 70 100




JlecTuuia BHU3 30 80
JlectHuna BBepx 20 60

HpI/I OCYIICCTBJICHUHN IIEPEHOCKHU HEMOOUJIBHBIX J'II-OI[CfI I10 JIECTHULIC C PA3JIMYHBIX JTaXKeu 3JaHus,

KOJIMYECTBO PEHCOB, OCYIIECTBIIIEMBIX OHON IMAPOii YeJIOBEK M3 YHCIIa IEPCOHAIA, CICIYET ONPEACISATh 110
tabmue I15.12.

Ta6auna IT 5.12. Kosim4ecTBo peiicoB 10 nepeHocKke HeMOOMIbHBIX JIKO/Ieil HA HOCHJIKAX €
Pa3JM4YHbIX ITaKell 3[1aHus, OCYIeCTBJIsIeMOe OTHOM NMapoil YeJIOBEK U3 YUCJIa MepcoHAalIa

Orax MaxkcumabHOE KOJIMYECTBO PEHCOB Ul NEPEHOCKH HEMOOMIIBbHBIX JIH0/IEH Ha HOCHIIKAaX
15 1
14 1
13 1
12 2
11 2
10 2
9 2
8 2
7 3
6 3
5 5
4 5
3 8
2 11

1 20

Bperl YKIaAbIBaHUA YC€JIOBCKA HAa HOCUJIKW HUJIK MEPCKIIAAbIBAHUSA C HOCHUJIOK HaA IMMOATOTOBJICHHYIO
MMOBEPXHOCTH, OCYHICCTBIIICMOC OJIHOM nap0171 YCJIOBCK U3 YMUCJIa ICPCOHAJIA, COCTABIIACT 0,15 MUHH.

puaoxenne N 6
K IyHKTY 12 MeToauku

Iopsaaoxk
NPOBEICHHUS pacyeTa U MaTeMaTH4YeCKHe MOAEIH [JISl ONpe/ieIeHIsI BpeMeHH 0J1I0KMPOBAHUSA My Tel
3BaKyallMU ONACHBIMHU (aKTOpPaMHU MOXKapa

I. ITopsinok npoBeeHUs pacyera

[Tpon3BOaUTCS SKCHEPTHBINA BHIOOP CLIEHApHs WIM CLEHApUEB IM0XKapa, MPU KOTOPBIX OXKUAAIOTCS
HAUXY/IIUE TOCIEICTBUS U HAXOISAIINXCS B 3JaHUH JTIOJICH.

dopmMyTUpOBKA CIICHAPHS PA3BUTHSI ITOXKapa BKIIOYAET B ceOsI CIICTYIONTUE ITAITbI:

BBIOOP MeCTa HaXOXKJIEHUS TIEPBOHAYATILHOTO OYara rmoxapa u 3aKOHOMEPHOCTEH ero pa3BUTHS;

3aJlaHle pacyeTHOW oOmacTu (BBIOOp paccMaTpuBaeMoOW IPH pacdyeTe CHUCTEMbl ITOMEIICHUH,
OIpElEICHUE YYUTBIBAEMBIX IIPU pacyeTe 3IEMEHTOB BHYTPEHHEH CTPYKTYpbl IOMEILCHWM, 3aJaHHe
COCTOSIHHSI TPOEMOB);

3a/laHie TapaMeTpPOB OKPYKAWOIIEH Ccpelbl W HAaYallbHBIX 3HAUYEHUH I[apamMeTpoB BHYTPHU



IIOMEIICHUMN.

BeiOop Mecrta HaxoxkIeHMs odara Io)Kapa I[POU3BOIAUTCA HKCHEpTHbIM myTeMm. [Ipu 3ToMm
YUHUTBIBAECTCS KOJIMYECTBO F'OPIOYEH HArPy3KH, €€ CBOMCTBA U PACIIOJIOKEHUE, BEPOATHOCTh BOSHUKHOBEHUS
I10Kapa, BO3MOXKHAsI JUHAMMKA €T0 Pa3BUTHS, PACIIOJI0KEHUE IBAKYAIMOHHBIX ITyTEH U BBIXOJO0B.

Haunbonee yacto npu pacdyerax paccMaTpuBarOTCs TPU OCHOBHBIX BU/A PA3BUTHS 110Kapa: KPyroBoe
pacrpoCcTpaHEHHE II0Kapa IO TBEPAOW TOpIOYEl HAarpysKe, JIMHEHHOE pAacIpOCTPAHEHHE IOXkapa II0
TBEPJOM rOprOYeil Harpy3Ke, HEyCTaHOBUBILIEECS TOPEHHUE TOPIOYEH KUIKOCTH.

CKOpOCTb BBITOpaHUS JUIs 9THX ClIy4daeB onpeaensercsa GopMyIaMu:

Wy, Vo - U1 KpYTOBOTO PaclpOCTPaHEHHUsI IoXkKapa
P W,2-vt b - JUIsl IMTHEWHOTO PacpoCTpaHEeHU s MoKapa
¥, F - - Ui HeycTtaHoBuB1erocs ropenus 17K

, (116.1)

rae Fyn . yIeTbHas CKOPOCTh BBIFOPAHHMS (TS JKIUAKOCTEH YCTAHOBHBIIASCS), KI/(C-M);
V - CKOPOCTh paclpoCTpaHeHHs INIaMEHH, M/C;

b - mupHUHa NOJO0CH TOPIOYE HArpy3KH, M;

ter - BpeMs CTa0MIIN3AIU TOPSHUS TOPIOYEH JKUAKOCTH, C;

F - miomazs ouara moxapa, M.

[Ipy HamMuuM B NOMEIIEHMM oOvara I0)XKapa YCTaHOBKM AaBTOMAaTHYECKOIO IOXKapOTYLIEHMS,
COOTBETCTBYIOIIEH TpeOOBaHUSM HOPMATHUBHBIX JOKYMEHTOB 110 TIOKapHOW O€30MacHOCTH, IpHU
IIPOBEJECHUH PAaCcUY€TOB 3HAYEHHE CKOPOCTH BBITOPAHUS IPUHUMAETCS YMEHBIICHHBIM B 2 pasa.

C yuerom paszena Il 1aHHOrO MPUIOKEHUS BHIOMPAETCS METOJ MOJIEIUPOBaHUs, (popMynrpyeTcs
MaTeMaTU4YecKas MOJEb, COOTBETCTBYIOLIAs JAHHOMY CLEHApHuI0, U IPOU3BOAUTCS MOJEIMPOBAHHE
JUHAMHUKU DPa3BUTHS Toxapa. Ha OCHOBaHMM TOJYYEHHBIX pE3yJIbTATOB PACCUMTHIBAECTCS BpeEMs
JOCTIDKEHUS] KaXJbIM M3 ONAacHbIX (DaKTOpOB MoXapa MNpPeAebHO JOMYyCTUMOrO 3HAYEHHMsS Ha MyTAX
3BaKyaluu.

Kputnyeckoe Bpemsi MO KakJIOMy M3 OIACHBIX (PaKTOPOB IOXKapa OINpeNeNseTcss Kak Bpems
JOCTHXKEHUS 3TUM (DaKTOPOM IpPEENbHO AOMYCTUMOI0 3HaYeHMsI Ha MYTSIX BaKyalluu Ha BbicoTe 1,7 M OT
noJa.

[IpenenbHO AOMYCTUMBIE 3HAUEHHUS 110 KaXKJIOMY U3 OMACHBIX (DaKTOPOB IM0XKapa COCTaBIISIIOT:

110 MOBBILIEHHON Temneparype - 70°C;

110 TEMIOBOMY MOTOKY - 1400 Br/M?;

no morepe BuAMMOCTU - 20 M (mns ciaydas, Korja o0a TOpU3OHTAIBHBIX JIMHEHHBIX pa3Mepa
nomenieHust Menplie 20 M, MpeAebHO JOMYCTUMOE PACCTOSHUE 10 ITOTePEe BUIMMOCTH ClIeyeT IPUHUMATD
pPaBHBIM HauOOJIbIIIEMY TOPU30HTAIBHOMY JIMHEHHOMY pazMepy);

110 TIOHIDKEHHOMY COIEPIKAHMIO Kuciopoaa - 0,226 kr/m;

M0 KaXJIOMY U3 TOKCHYHBIX ra3000pa3HbIX mpoaykToB ropenus (CO; - 0,11 kr/m’; CO - 1,16:107
kr/m; HCL - 23107 kr/m’ ).

Heo6xoauMo OTMETHTb, YTO NMPHU HCHOIB30BAHUU IOJIEBOM MOJIENU ONpeAeiIeHHe KPUTUYECKOTO
BPEMEHH HUMEET CYLIECTBEHHbIE OCOOCHHOCTH, CBSI3aHHBIE C TEM, YTO KPUTUYECKOE 3HAUYEHUE B PA3TUYHBIX
TOYKAX IOMEIIEHUS JOCTUIaeTCs HE OJHOBPEMEHHO. /[[1g moMemeHuii ¢  COM3MEpPUMBIMU
TOPU30HTAJILHBIMU pa3MepaMu KPUTHYECKOE BPEMs ONpPENENAeTCs] KaK MAKCHUMalbHOE M3 KPUTHYECKUX
BpEMEH JUI HBaKyallMOHHBIX BBIXOJOB M3 JAHHOTO MOMEMNICHUS (BpeMsi OJIOKMPOBAHMS TMOCIEIHETO
BBIXO/1a).

Omnpenensiercs BpeMsi OJIOKUPOBAHUS gy



0,

%H:min{t';&’ t;fp' tlT(Pf.’ ! t‘ipn} . (H62)

I1. K.]'IaCCI/I(l)I/IKaIII/IH H 00J1aCTh NPUMEHEHUSA METOA0B MATEMATHYECCKOI0 MOJICJINPOBAHUS IOKapa

Jns onucaHus TEpMOra3oqMHAMUYECKHUX I1apaMETPOB IMOXkKapa IPUMEHSIOTCS TPU OCHOBHBIX
TPYIIIBI IETEPMUHUCTHUECKUX MOJIEJICH: HHTETpaibHbIe, 30HHbBIC (30HAIBHBIC) U TIOJIEBBIC.

Bri6op KOHKpeTHOW MoJenu pacueTa BpeMEHU OJOKMpOBaHUS IyTel SBaKyalluu CIEAyeT
OCYIIECTBIISITh UCXO/ISI U3 CIECIYIOUIUX MPEINOCHLUIOK:

WHTErPAJIbHBIA METOJ:

JUTSL  3MaHUH, COACpXAIUX pPa3BUTYH CHCTEMY [IOMEIICHHWH Majoro o0beMa MpOCTO
FeOMETPUUECKON KOH(PUTYpaLInK;

TSl IOMEILIEHUM, T/I€ XapaKTEPHBIA pa3Mep ouara rnoxapa COu3MEepHUM C XapaKTEPHBIMU pa3MepaMu
MOMEIIEHUSI U pa3Mephbl IMOMEIICHUS COM3MEPUMBI MEXIY COO00H (JIMHEHHBIE pa3Mepbl MOMEUICHHS
OTJIMYAIOTCS HE 00Jiee YeM B 5 pas);

JUTSI IPEIBAPUTENBHBIX PACUETOB C LIEIbIO BBISIBICHUS HauboJee OMacHOro CleHapus MoXapa;

30HHBIN (30HATBHBIN) METO/:

JUIsL TIOMEIICHUW W CUCTEM IOMEIICHUN MPOCTOM TeoMeTpUYecKor KOH(UTYpaluu, JHHEHHbIE
pa3Mepbl KOTOPBIX COM3MEPUMBI MEXK Ty COO0M (JIMHEHHBIC pa3Mephl MIOMEIICHHS OTIMYAI0TCS HEe 00JIee 4eM
B 5 pa3), Korja pa3Mep oyara rnoapa CyleCTBEHHO MEHBIIIE pa3MEepPOB MOMEIICHHUS;

Ui paOoYMX 30H, PACIOJIOKEHHBIX Ha Pa3HBIX YPOBHSAX B Mpeleiaax OJHOTO IOMEIIECHUS
(HaKJIOHHBIN 3pUTENBHBIN 3]l KHHOTeaTpa, aHTPECOIH U T.1.);

MOJIEBOM METO/I:

JUTSE TIOMEILEHUI CIO0XKHOW TeoMeTpudeckoil KOH(PUTYpalluu, a TakkKe MOMEIIEHHH ¢ OOoNbIIUM
KOJJMYECTBOM BHYTPEHHHX Tperpaa (aTpuymbl C CHUCTEMOM Trajepeid M TPUMBIKAIOMIUX KOPHUIOPOB,
MHOTO(YHKIIHOHATbHBIE [IEHTPBI CO CI0KHOM CHCTEMO BEPTHUKATBHBIX U TOPHU3OHTATIBHBIX CBSI3EH U T.11.);

JUIsL TIOMEILEHUH, B KOTOPBIX OJMH M3 T€OMETPUUYECKUX pa3MepoB ropa3fo Oosblle (MEHbIIE)
OCTaJIbHBIX (TOHHEIH, 3aKPBIThIE aBTOCTOSIHKH OOJIBIION IJIOMIAAN U T.11.);

JUIST MHBIX CIIy4aeB, KOTJa MPUMEHUMOCTh WM WH(OOPMATUBHOCTH 30HHBIX M HMHTETPATBHBIX
MoJieJiell BBI3bIBAET COMHEHHE (YHUKAIIbHBIE COOPYKEHUS, pacCIpOCTpaHeHue moxapa no dacaay 3aaHus,
HEOOXOIMMOCTh yueTa padOoThl CUCTEM IMPOTHUBOIIOXKAPHOU 3alTUTHI, CIOCOOHBIX KaYe€CTBEHHO M3MEHUTH
KapTUHY TIOXKapa, u T.11.).

[Ipy WCcnoNbp30BaHMM WHTErPAIBHONM M 30HHOM MOJENEN JId MOMEIICHUs, OAWH W3 JIMHEHMHBIX
pa3MepoB KOTOPOTro OoJiee YeM B ISATh pa3 MPEBbHIIIAeT XOTs Obl OIUH U3 IBYX APYTUX JTUHEHHBIX Pa3MeEpOB,
HEOOXOAMMO STO TMOMEIIEHNE JCIUTh Ha YYaCTKH, pa3Mephbl KOTOPHIX COM3MEPHMBI MEXIy COOOU, U
paccMaTpuBaTh YYacTKH KakK OTAENbHBIE MOMEIICHHUS, COOOIIAroIMecs MpoeMaMu, IJIOMadb KOTOPBIX
paBHa IJIOMIAM CEUCHUS Ha TPAHUIIE yUacTKOB. M cronp30BaHre aHATOTHYHON TTPOLIETYPHI B CIydae, KoTia
JIBa JIMHEWHBIX pa3Mepa MPEBHIIAI0T TPETHH Ooliee ueM B 5 pa3, He OMyCKaeTCsl.

II1. UuTerpajbHasi MaTeMaTHYeCKasi Mo/ieJIb pacyera ra3oo0MeHa B 31aHUM NPHU MOkKape

I[J'I}I pacuc€Ta paclupoCTpaHCHUA HNPOAYKTOB T'OpPCHHA IO 3JaHUIO COCTABJIANOTCA W PCHIAIOTCA
YpaBHCHUA adpalluiu, TCILIO- U MaccooOMeHa Kak JJI KaXKI0T0 IIOMCIIECHUA B OTACIIBHOCTH, TaK U JIJIs BCET'O
3JaHHuA B IICJIIOM.

ypaBHeHI/ISI JABWIKCHUS, CBA3BIBAIOIINC 3HAUCHUA TICPCIIal0B I[aBJICHI/Iﬁ Ha mpoc€Max € pacxodaMu
Ta30oB 4€pe3 NPOEMBI, UMCIOT BHU:



Gji=sign(aP; )-&-F - /2 p-[ARy] (116.3)

2

rue:
Gji - pacxoj ra30B 4epe3 IPoeM MEXIY ABYMs (j-M U i-M) CMEKHBIMU IIOMEIIEHUAMH, KI/C;

S . K03 (HUIIMEHT pacxoja nmpoema (é = 0,8 s 3aKPBITHIX POEMOB U S = 0,64 ISt OTKPBITHIX);
F - mmomaae ceuenus npoema, M” ;

P - mnoTHOCTH Ta30B, MIPOXOAAIIMX YEPE3 HPOEM, Kr/M;

AP.. . . ) )
Il - cpenHuii iepena] MOJHBIX JaBJICHUN MEXIY j-M U 1-M TToMenieHuem, [la.

. APy
Hampasnenue (3HaK) pacxoza onpenessieTcss 3HakoM pa3HOCTH JaBlIeHUH — i .

B 3aBUCHMOCTH OT 3TOTO IJIOTHOCTH P IpHHMMAeT pas3iuyHble 3HAYCHUS.
3HaK pacxo/a ra30B (BXOASIINA B MOMEIIEHUE PACXO/ CUUTACTCS MOJOKUTEIHHBIM, BBIXOSIINH -

OTpHULIATEILHBIM) U 3HaUeHHe P 3aBHCAT OT 3HAaKa Nepenaja AaBIeHHUH:

. _] 1 p=pj,mpu AP<0 (e
Slgn(AP )l p_{ +l| p:pi , IpH AP>O

Jl1s iporuo3upoBaHysi HapaMeTPOB MPOIYKTOB FOPEHUS (TeMIepaTypbl, KOHLEHTPALUNA TOKCUYHBIX
KOMIIOHEHTOB NPOJYKTOB FOPEHUs) B MOMEUIEHUAX MHOTO3TAXHOTO 3/aHUS Ha 3TaXax, PacloOKEHHbBIX
BBIILIE 3TaXka, Ha KOTOPOM MOKET BO3HUKHYTh I0Kap, pacCMaTpUBAIOTCS MPOLECCH PACIIPOCTPAHEHUS
HPOJYKTOB TOPEHUS B BEPTHUKAIBHBIX KaHajaX (JIECTHUYHbIE KJIETKH, IIaXThl TU(PTOB, BEHTKAHAJbI U T.I1.).

BeprukanpHyto mIaxTy IO BBICOTE pAa3AENSAIOT Ha 30HbBI, KOTOPbIE NPEACTABISIOT Y3Jbl B
THIPABIMYECKON CXeMe 37aHMs. 30Ha 110 BBICOTE MOYKET OXBaThIBaTh HECKOJIBKO 3TaXKEH 34aHuA. B a3ToM
ClIydae pacxo/ ra3za Mex,Jly 30HaMU MOKHO BbIpa3uTh (GOpMyJIoi BHUa:

p (116.5)

rjae:
S= 1

2
2:g-p-k-F XapaKTePUCTHKA THIPABIUIECKOTO COMPOTUBIICHUS Ha TPAHUIIE 30H;
F - mutomaas monepevyHoro ceueHus maxThl;
k - koaprrmenT (Tomyckaercs IpUHUMATh paBHbIM 0,05 ¢*/M);
2=9,81 M/c” - yCcKOpeHHe CBOOOIHOTO MTaICHNUS;

Ap . neperna; 1aBIeHUN MEeXIy y3IaMH.

3/1aHue IpeCTaBIAIOT B BUJIE THIPABINYECKON CXEMBI, Y3JIbl KOTOPOI MOJENUPYIOT ITOMEIIEHUs, a
CBSA3M - IIyTU JBWKEHMS NMPOAYKTOB TOpeHUs U Bo3ayxa. Kakaoe NomelieHue 31aHusl ONHCHIBAETCS
CUCTEMOM YpaBHEHMM, COCTOSIEH M3 ypaBHEHHs OajlaHCa MacChl, YpaBHEHHsSI COXpPaHEHUs DHEPrHuH U
ypaBHEHMsI OCHOBHOT'O T'a30Boro 3akoHa (Menneneesa - Knaiinepona).

YpaBHeHue OanaHca MacChl BeIpaxkaeTcsi POpMYIIOi:

d(p;-Vi)/dt=y+ 2 G- 2. G (116.6)

rue:
3
Vi - o6bem nomereHus, M;



t - Bpems, c;

;Gk
2

V' - ckopocTh BBIrOpaHus MOKAPHON HAIPY3KH, KI/C.

- CyMMa pacxoOB, BXOJISIINX B TOMEIIEHUE, KT/C;

- CyMMa pacxod0B, BhIXOJAIINUX U3 ITOMEIICHNA, KF/C;

YpaBHEHHUE COXpaHEHUS SHEPTHH BhIpakaeTcst (hOpMyYJIIOu:

d(C,py Vi T dt=Gor X (T G )G Ty D (G+Q Q) (I16.7)

I
)
re:
C,, C,, - ynenpHas M30XOpHas U u300apHas TemtoeMkocTH, KJx/(kr-K);
T;, T; - TeMnepatypsl Ia30B B i-M U j-M IOMELIEHUIX, K;
Or - KOJIMYECTBO TEIIa, BHIJEIIEMOr0 B IOMELIEHUH [IPU T'OpEeHuH, KBT;
Oy - TCILIOBOH MOTOK, TOTJIONAEMbIH KOHCTPYKIIMSMHU U M3JTy4aeMblil uepe3 mpoembl, KBT.

I[J'ISI IIOMCIICHUA OoYara I1oxapa BCJIMYNHa Qr OIIPEACIIACTCA 110 (l)OpMy.]'ICZ

Q"Z(T]QH-'-I)\P

3

rac:

N - ko> )HUIMEHT TIOJTHOTHI FTOPEHUS;

Oy - HU3IIAA TEIJI0Ta Cropanus, KJx/Kr;

I=cy' T - >HTaNBNNA ra3uUIMPOBAHHOM roproyuel Harpysku, KJx/Kr;
Cp - yllelIbHas TEMI0EMKOCTh IPOTYKTOB nuposusa, kKJx/(kr-K);

T - Temneparypa npoaykToB nuponusa, K.

st octanpHbIx nomenieHut Or=0.

KosdpuuuenT nonHoTs! ropenns ' onpenensercs no Gopmye:

Z M (116.8)

k

n:n0~K+(1—K) L

rae:
Mo . KO3(h(ULHMEHT MOJIHOTHI TOPEHUS] B PEXHUME IM0XKapa, PeryiupyeMoM roproueil Harpyskoi,

onpenensieMbiil GOpMyIIoi:

6 (I16.9)
N, =063+0,2" X, ,+1500- X ox,0

Koaddumnuent K paccunrsiBaercs mo popmyie:



: (116.10)

oX,m XOX,m

0X,0 0X,0

X0x,0 -0,01

Xox,0 - HAUaJIbHAS! KOHIIGHTPAIUs KUCIOPOa B OMEIICHUU ouara rnoxkapa, Kr/Kr;

Xox,m - TEKyIIIasi KOHIIEHTPAIMS KUCIOPO/a B MOMELICHUN oYara 1moxapa, KIr/Kr;

Lox - KOTUYECTBO KUCIOPO/Ia, MOTIOIIAEMOT0 MPU CrOpaHuu | Kr roproveil Harpy3Ku, KI/KT.
YpaHenune Meneneesa - Kiaiinepona Beipaxaercst GopmyInoi:

R I16.11
Pi=pi-Ti 3 ( )

rje:

P; - naBnenue rasa B j-M nomeuiexus, Ila;

T; - TeMneparypa rasa B j-M nomeienus, K;

R = 8,31 - yHuBepcanbHas razonas nocrostuaasi, J[x/(moinb-K);

M - mossipHas Macca rasa, MoJib.

[TapameTpsl Ta3a B TOMEIICHHH OMPEACNIAIOTCS W3 ypaBHEHHUs OajaHca Macc OTIEIbHBIX
KOMITOHEHTOB TIPOYKTOB TOPESHHUS U KUCIOPO/Ia M YPABHEHHS OalaHCa ONTUYECKON ITIOTHOCTH JIbIMA.

VYpaBHeHue 0anaHca Macc OTAENbHBIX KOMIOHEHTOB MPOIYKTOB TOPEHUS U KUCIOPOa:

) (116.12)
d (X5 psVy)/dt=ye L+ Z(xLyk-Gﬁ)—xLJ : Z.: G
k
rac:
XL, XLj - KOHIIEHTpanus L-ro KOMIIOHEHTa IPOTyKTOB TOPEHUS B 1-M U j-M ITOMEIIEHHUAX, KI/KT;
LL - koiuuectBo L-ro KoMmIoOHeHTa IIPOAYKTOB TOPCHUMA (KHCJIOpO):[a), BBIACIAOICTOCA

(Toromaroerocs) Npu CropalHuy OJTHOTO KUJIOrpaMMa MOoXKapHOH Harpy3Ku, KI/KT.
VYpaBHeHue OajlaHCa ONTUYECKOHN MIIOTHOCTH JIbIMA:

Vi-duj/dt=y- Do+ D (e G )/ pe—j- D G/pj (116.13)
k i
Trac:
1

b

Hi Hi . ontmueckas mioTHOCTS BIMA B i-M ¥ j-M roMelreHusx, Himm
Dy - IBIMOOOPA3YIOMAst CIIOCOGHOCTH TIOXKAPHOI Harpy3Ki, Hi-M/KT.

OnTuyeckasl TUJIOTHOCTh JbIMa MPU OOBIYHBIX YCIOBUSAX CBSI3aHA C PACCTOSHUEM IMpeAeTbHOM
BUJUMOCTH B AbIMY (hOpPMYIION:

1,,=238/ 1 (116.14)

Jns momerennii 6e3 ucTouHuKa Teria cucrema ypasuennii (116.6), (I16.7) u (116.8) ynpomaercs u



MpEaACTaBJIAICTCA B BUAC!

Gylt)=sign (aRy(x)) -u-F - Y2 p IR T (116.15)

” Gj(T)

=4 -9

Pk

=5 [P+ sion(aPy) -y +py—sion(4R)) -p)
rac

[lepBoe ypaBHEHHE CBS3BIBACT MEpenaabl JABJICHUN Ha COCIUHSAIONIMX MOMEIICHHE MPOeMax C
pacxo/ioM rasza 4epe3 3TH IMpoeMbl. BTOpoe BBIpa)KaeT MOCTOSHCTBO 0O0beMa ISl TaHHOTO MOMEIIEHHUS.
TakuMm oOpa3om, I BCEro 3/1aHus TPeOyeTCsl pemaTh CUCTEMY, COCTOSIYIO U3 (M) My HETHHEWHBIX
ypaBHenui Buna (116.12) u ny n,, nuaennsix ypaBHenuil uaa (116.13). 3aeck myc ¥ myc- COOTBETCTBEHHO,
YHCJIO TOPU30HTAIBHBIX U BEPTUKAIBHBIX CBA3EH HA OTAXKE; My - YUCIIO Y3JIOB; Nyr - YHCIIO ITAKEH.

Cucrema ypaBHEeHHH, Bkitouatomasi B ce0s ypaBHeHus (116.6), (I16.7) nns momerieHus odara
noxapa u ([16.12), (I16.13) nns ocranpHbIX ToMmemeHut u ypaBHenuwe ([16.11), omuceiBaromas
TUAPABIMYECKYIO0 CXEMY 3aHHs, PEIIaeTCsl YMCICHHO METOJOM HUTEpPallid B COBOKYMHOCTH C METOJOM
CEKYIIHX.

OCHOBHBIE YpaBHEHUS U1l OIIPEICTICHUS TEMIIEPATYPBhI I'a3a U KOHLIEHTPALUU IIPOYKTOB TOPEHHUSI B
MOMEIICHUSX 37]aHUs TTOJIYYCHBI U3 YPaBHEHUN COXPAHEHUS SHEPTUH U MaCCHI.

TemmnepaTypa raza B MOMEIIEHUH, A€ OTCYTCTBYET Oyar MOKapa, ONMPENEseTcss U3 YpaBHEHUS
TEIUIOBOTO OajlaHca, KOTOPOE MOKHO TMOJTYyYUTh U3 YpaBHEHUs coxpaHeHus sHepruu (116.7). ®opmyna mis

v

OMPCACIICHUA TEMIICPATYPHI I'a3a B j—M NOMCIICHWHU 31aHUs B "n"-i MOMEHT BPCMCHHU:

n (116.16)

Toj = n m m * * *
G z G- z G +CPF Z G+a]ﬂ I:Jn-'-OLjCT FJCT
k=1 i=1 =1
n
D (Go & T)+Q,
k=1
* T(”*l)ji n m m * * :
Q/Z z Gk_z G +Cpr Z G‘+ujn.an+ujCT.F]CT
k=1 i=1 =1
n m m * *
o (Ba$a)e S o mra
sexp| - == - I_l_ ‘At

i (K
Q;j - cyMMa HCTOYHHUKOB (CTOKOB) TellJla B OOBEME j-rO NOMENIEHUS U TEIUla, yXOIAIEro B
OTPaXKIAIOIINE KOHCTPYKIIUH;



| 1l)-Tld)
a = a . ———————————————————
T (T)_To .
- IPUBEACHHBIN KO3 PUIIMCHT TETUIOOTIAYH;
Ty - HauanbHAs TeMIIepaTypa B IOMEILCHNUN;
Fier - III01a/1b TIOBEPXHOCTH OIPAXKAAIOIIMX KOHCTPYKIMH B j-M HOMELICHHUH.

Kos¢duruent termmoornaun ¢ MoxeT GbITh paccuuTaH 110 IMIMPUYECKOl popmyie:
3 I16.17
0=4407 Y Tn~Tu npu Ty, <60°C ( )

11,63-exp[0,0023- (T —T,)|  mpu Ty >60°C

KoHueHTpanus oTieabHbIX KOMIIOHEHTOB I'a30BbIX CMECEH B IOMELIEHUAX 3JaHuUs BBIUUCIISIOTCS U3
ypaBHeHUs1 OajaHca Macchl gaHHoro kommoHeHTa ([16.12). Konnentpamus L-ro koMrnoHeHTa NpoayKTOB

n.n

TOpPCHUA B j-M MoMelIeHUU B "'n'"'-bIld MOMEHT BPEMCHU OIIPECACIIACTCA YPABHCHUCM:

. (116.18)

‘At
Pi-Vi

OnTuyeckas KOHIEHTpAIUs JbIMa B TMOMEIICHUSX Ompenesercs u3 0alaHCOBOTO YpaBHEHUS
(I16.19). HarypanbHbIif TOKa3aTelb OCIAOJICHHS CPelbl B j-OM IMOMENIEHUU B "n"-il MOMEHT BpPEMEHH

OIPCACIIICTCA YPABHCHUCM:

> (-G > (we-a) > G
_ k=1 k=1
S e (LS B Wra

(116.19)

At

AHaJIUTHYEeCKHE COOTHOIIEHHUS AJIs1 olpeacJICHust KpI/lTPl‘leCKOﬁ NMPOAO/IZKUTEC/ILHOCTH II0Kapa

I[J'IH OJMHOYHOI'O ITOMCIICHUA BBICOTOI He Ooliee 6 M, YAOBJICTBOPAIOMICTO YCJIOBUSAM IIPUMCHCHU
HHTeraﬂBHOﬁ MOoACn, IMpHU OTCYTCTBUHU CUCTEM HpOTHBOHO)I(apHOfI 3allUThBI, BJIUAIOIIHUX HA Pa3sBUTUC
noxapa, JO0ImyCKacTCda ONpCACIATh KPUTUUCCKHUEC BPEMCHA 1O KAKAOMY U3 OIIACHBIX (I)aKTOpOB moxapa ¢
IIOMOIIBIO aHAITTMTUYCCKUX COOTHOIICHUM:

10 TOBBIIICHHOM TEMIICPATYypPC

(116.20)

Sl

T_)B 04
t = - -Inl 1+ —————
| A (273+) 2

110 IOTEPEC BUAUMOCTHU:



(116.21)

I~

ne d B nl7v-|n(1,05-oc-E)
N 1,,'BDyz

10 MOHM>XXCHHOMY COACPIKAHUIO KHUCIIOpOJa:

i (116.22)
n
-1
&) B |y ——oou
* 1" ® 22 100
v 10 7]z
10 KaXJI0MY U3 Fa3006p33HI)IX TOKCUYHBIX IIPOAYKTOB I'OPCHUA:
1 (116.23)
n

B-L-z

rae:
353-¢,-V

(1=¢)-n- ) i
7o) Q, - pa3MepHbI KOMIUJIEKC, 3aBUCALIUI OT TEIUIOTHl CropaHUsl MaTepuaia H
CcB00OIHOTO 00BEMA IMTOMEIICHHUS, KT

fo - Ha4YaJbpHas TeMIlepaTypa Bo3lyxa B momeuieHuu, °C;

n - IOKa3aTeNb CTENEHH, YUUTHIBAIOIINI H3MEHEHHE MAcChl BHITOPAIOIIIEr0 MaTepraia BO BpEMEHH;

A - pa3MepHBII MapaMeTp, YUYUTBIBAOIINUN YAEIbHYI0O MACCOBYKO CKOPOCTbH BBITOPaHUsl FOPIOYETO
MaTepuasa u IIOoNaIb IoxKapa, Kr/c';

Z - 6e3pa3MepHbIil TapaMeTp, yUUTHIBAOIIUN HepaBHOMEpHOCTH pacnpezneneHuss ODII no BeicoTe
MOMEIIEHUS;

Oy - HM31LIAS TEIJI0Ta cropanus Marepuana, MJx/kr;

C, - yaenbHas M300apHas TEMIIOEMKOCTh AbIMOBBIX ra3oB, M/JIx/(kr-K) (nomyckaercs npuHUMAaTh
paBHOH TerioeMKocTH Bo3zayxa mpu 45°C);

? - kood@uuuenT Temtonoreps (NPUHMMAETCS MO JAHHBIM CHPABOYHON JIMTEPATYPHI, NPH
OTCYTCTBUH JAHHBIX MOXET OBITh MPUHAT paBHbIM 0,55);

N - kosdpuument nonHOTE ropenus (onpeaensercs no Gopmysie [16.9);
V - cBOOOHEII 00BEM ITOMEILCHHS, M ;
a - K03 punmeHT OTpaskeHU MPEIMETOB Ha MYTSAX dBAKYaIHH;
E - HayanpHas OCBEIIEHHOCTb, JIK;
lup - IpeeTIbHAS JaTbHOCTD BUAUMOCTH B JIIMY, M;
Dy - IBIMOOGPA3YIOIAst CIIOCOGHOCTH TOpSIIEro Mateprana, Hir-m*/kr;
L - ynenbHbIN BBIXOJ TOKCHYHBIX a30B MPU CrOpaHuu | Kr maTepuana, KI/Kr;
3 Xeo,=0,11 kr/nm’
X - IIpeeNBHO AOMYCTUMOE COIEPKAHUE TOKCHYHOTO ra3a B moMenieHuu, Kr/m > (¢
: Xco=1,16-107 kr/v’; Xer=2310° kr/ne’);

LOZ - YIAENBHBIA pacXxo]l KHCIOPOa, KI/KT.



Eciu mon 3makoMm Jsorapudma MONy4aeTcs OTpHIareabHoe uuciao, To naHHbid O®II He
MIPEACTABIISIET OMACHOCTH.
[TapameTp z BEIYHCTSIOT TIO hopmyie:

h h (I16.24)
= — . — <
z m exp(1,4 m ) mpu H<6wm
rae:
h - BeIcOTa paboueii 30HBI, M;
H - BBICOTa TTOMEIICHUS, M.
Onpenensercst BBICOTa paboyeit 30HbI:
h=h_+17-055 (I16.25)

rae:
My - BBICOTA ILJIOIAIKH, HA KOTOPOM HAXOASTCS JIFOAH, HAJl TTOJIOM TTOMEIICHHS, M;
)

- Pa3HOCTH BBICOT I10J14, PaBHAs HYJIIO IIPU TOPU30HTAIILHOM €T0 PACIIOJIOKEHUH, M.

Cnenyer uMeTb B BHJy, YTO HauOOJbIIEH OMACHOCTH IpU IMOXKApe IOJBEPralTcs IIOIHU,
HaxojsAuMecs Ha Oojee BbICOKOW oTMmeTke. [loaTomy, Hampumep, IpHU ONpPENENeHUU HEO0O0XOAUMOTo
BPEMEHHU 3BaKyalluu JIIOAECH U3 IapTepa 3pUTENBFHOTO 3ajla C HAKIOHHBIM IIOJIOM 3HadeHue h ciemyer
HaXO/IUTh, OPUEHTUPYsSICh Ha HauOoJjiee BBICOKO DPACHOJOXKEHHble pAabl Kpecen. [lapamerpsl A u n
BBIUNCIISIFOT TaK:

JUISL CTy4asi TOPEHUs KUAKOCTU C YCTaHOBUBILEHCS CKOPOCTBIO:

A=y, Fn=1

b

rjac:

2
Wya - yZIeJIbHasi MaccoBasi CKOPOCTh BBITOPaHUs KHUJIKOCTH, KI/(M”*C);
JUISL CITy4asi TOPEHUS KUAKOCTH C HEYCTaHOBUBILIEHCS CKOPOCTBIO:

AT

Vt; =1,5,

JUISL KpYTOBOTO PACIPOCTPAHEHUS IOXKapa:
A=1,05-y,,-V>n=3

rae:

V - nuHeitHas CKOPOCTh paclpoCTpaHEHUs JIaMEHH, M/C;

JUIsl BEPTUKAJIBHOM MIJIM TOPU30HTAIILHON OBEPXHOCTH FOPEHUS B BUJIE NMPSAMOYIOJIbHUKA, OJHA U3
CTOPOH KOTOPOTO YBEIMUYMBAETCS B JBYX HANpPABJICHUSIX 3a CUET pacHpOCTpaHEHUS IIaMeHH (HaIrpuMmep,
pacrpoCTpaHEHHUE OTHS B TOPU30HTAIBHOM HAIIPABJIEHUH I10 3aHABECY IOCJIE 0XBaTa €ro INIAMEHEM I10 BCE
BBICOTE):

A=y, -V-bn=2 ,

rae:

b - meprneHIuKyYISApHBINA K HAITPABJICHUIO IBUKCHHSI INITAMEHH pa3Mep 30HBI TOPEHUS, M.

[Ipu oTcyTCTBUU crienManbHBIX TpeOoBaHWM 3HaueHusa a U E npuanmarorcs paBabiMu 0,3 1 50 5k
COOTBETCTBEHHO, a 3HAYECHUE /;p=20 M.



IV. MaTemaTn4yeckas ABYX30HHAas1 MOJ1€JIb IMOKapa B 3JaHUN

[Tpu pernienuu 3aa4 ¢ MCIONIB30BAHUEM JIBYX30HHON MOJIENH MOXAp B 3/IaHUU XapaKTEepHU3yeTCs
YCPEIHEHHBIMHU 10 Macce U 00bEMY 3HAYEHUSIMU [TapaMETPOB 3abIMIICHHON 30HBI:
T - Temnieparypa cpeasbl B 3aJIbIMJICHHOM 30HE, K;

M - onruueckas miotHoCTh ApiMa, Hi/m;

Xj - MaccoBasi KOHIIEHTpPAIIUs 1-TOr0 TOKCUYHOTO MPOTYKTA TOPEHHUS B 3abIMJICHHON 30HE, KI/KT;

Xy - MaccoBasi KOHIIEHTPAIUsI KUCIOPOa, KI/KT;

Z - BBICOTA HUKHEH TPAHUIIBI CIIOS IbIMA, M.

B cBoro ouepenp mnepeyucieHHbIE MapaMeTPhbl BBIPAXKAIOTCS YEpe3 OCHOBHBIE HHTETpPabHBIC
napameTpbl 3aJIbIMIICHHOM 30HBI C TTIOMOIIBIO CICTYIOITUX (POPMYIT:

0 , (I16.26)
_m _m
X %S

, (116.27)
-
Va , (116.28)
= 23
2 , (116.29)

rjae m, m; - oOmas macca JbIMa W COOTBETCTBEHHO i-TO TOKCHYHOTO TPOJYKTa TOPEHHUS B
3abIMJIICHHOM 30HE, KT

my - Macca KHCIIOpOo/ia B 33 IbIMIICHHOM 30HE, KT

Qs - PHTANBNUA MPOIYKTOB TOPEHHS B 33ABIMICHHON 30HE, KJ[XK;

S - ONITHYECKOE KOMNYECTBO AbiMa, Hi v

P - motHOCTH mBIMa MIpH Temmeparype T, Kr/m’;

V1 - 00beM 3a1bIMIEHHOM 30HBI, M

H, A - BbIcOTa M IIIOIIA/Ib TOMELEHHUS, M;

Cp - yIelIbHAs TEMI0EMKOCTb AbiMa, KJx/(K-kr).

JluHaMuKa OCHOBHBIX HHTETPAJBbHBIX IAPaMETPOB  3aJbIMICHHON 30HBI  ONpeenseTcs
MHTETPUPOBAHUEM CHCTEMBI CIEAYIONINX 0alaHCOBBIX YpaBHEHUI:

o011elt Macchl KOMIIOHEHTOB 3a/IbIMIICHHOM 30HBI C YY€TOM JIbIMa, BHOCUMOTO B 30HY KOHBEKTHBHOI
KOJIOHKOH M JIbIMa yIaJIsieMOro Yyepe3 MpoeMbl B COCETHUE TTOMEIICHHUS:

dm
T =Gx—Gp
, (I16.30)

rae t - Tekyniee Bpems, C;
Gy, Gy - MaccoBbIf pacxoAd JbIMa COOTBETCTBEHHO U€pe3 KOHBEKTHMBHYIO KOJIOHKY U OTKPBITHIE
MIPOEMBI B TTIOMEIICHUH, KI/C;



OHTAJIBIINSA KOMIIOHCHTOB 3aI[BIMHeHHOfI 30HBI C YYC€TOM TCI1JIa, BHOCUMOTO B 30HY KOHBEKTHBHOM
KOHOHKOﬁ, TEIIOOTAAYU B KOHCTPYKIHMH U YHOCA JbIMa B IIPOCMBI:

d
d_? = QK_QH_QKOH
,(I16.31)

rae Qx, Qm, Qgon - TEIJIOBAas MOIIHOCTb, COOTBETCTBEHHO, BHOCHMMAsl B 3aJbIMICHHYIO 30HY
KOHBEKTHMBHOMW KOJIOHKOM, y/iansieMas ¢ AbIMOM 4epe3 OTKPBIThIE TPOEMbI U TepsieMast B KOHCTPYKIUU, KBT;

MacCChl KUCTIOPO/Ia C YYETOM MOTEPh HA OKUCICHUE MTPOAYKTOB MUPOJIM3a TOPIOYUX BEILIECTB:

rIe:

dm, (116.32)

50 =023 (G Lox)ex Gy

' - monHOTa cropanus roprOYero Marepuaa, Kr/Kr;

V' - ckopocTh BBIrOpaHHs FOPIOYEro MaTepuaa, Kr/c;
Lx - moTpebiieHre KUCcIopo/ia Ipyu CrOPaHUK €IUHHIIBI MAacChl TOPIOYEro MaTepuana, KI/Kr;
ONTUYECKOTO KOJIMYECTBA JIbIMA C YYETOM ABIMOOOpPA3yIoIel CHOCOOHOCTH rOpAIIEro MaTepraa:

L

b

(116.33)

2
rae Dy, - ApIMo00Opasyrolias CiocoOHOCTh roprovero matepuana, Ho/(m”-kr).
MAacChl 1-TO TOKCUYHOTO MPOJIyKTa TOPEHUSI:

dm,
ot -V L% Cn
, (116.34)

rae Lj - MaccoBblIii BBIXOJ 1-T0 TOKCUYHOT'O IPOAYKTA TOPEHMUSI, KI/KT.

Macca xkoMnoHeHTOB JbiMa Gk, BHOCHMBIX B 33JbIMJICHHYIO 30HY KOHBEKTHBHOW KOJIOHKOM,
OIICHUBAETCS C YUYETOM KOJIMYECTBA BO3/IyXa, BOBJIEKAEMOTO B KOHBEKTUBHYIO KOJIOHKY TIO BCEH €€ BBICOTE
0 HIDKHEH TpaHWIBl CIIOS JAbIMa. B HMH)XKEHEepHBIX pacdyeTrax pacxo]] KOMIIOHEHTOB JbIMa uepe3
OCCCMMMCETPUYHYIO KOHBCKTHBHYIO KOJIOHKY Ha BBICOTC HHIXHETO YPOBHMA SaHBIMHeHHOﬁ 30HBI Z (B
3aBUCHUMOCTH OT TOTO, Kakas 00JIaCTh KOHBEKTUBHON KOJIOHKM WM (hakena MOrpyXeHa B 3abIMICHHYIO
30HY) 3aJ1a€TCs TTOJIYIMITUPUIECKOIN (OPMYITON:

~ 0,566
0,011-Q- T Jutst obnactu Qakena
Q
Z 0,909
G,=10,026-Q- o~ JUIS IEPEXOAHON 00JIacTH
Q
~ 1,895
0,124-Q- Q2 I JUTSL 00JIaCTH KOJIOHKH

, (116.35)

rae Q - MOITHOCTh o4ara nosapa, kBT.



I[I/IHaMI/IKa nmapaME€TpoB odara IoxKapa OHIpCACIACTCA PasBUTHEM ILIOMIAAW TOPCHHUSA C YUETOM
CJIO)KHOT'O COCTaBa roprodynx MaTcpualioB, UX PACIOJIOKCHHA, MCCTAa BO3HHMKHOBCHHA oO4ara Ioxapa u
IMOJIHOTBI CTOPaHUA:

Q=nv,, Q, Flt) (I16.36);

ITorepu Temna B orpakaromiye KOHCTPYKIIMHA PACCUUTBIBAIOTCS C YYETOM TEMIIEpaTypbl ropsiden
ctpyu T, CKOPOCTH U U3ITy4aTEeIbHONW CIIOCOOHOCTH CTPYH, OMBIBAIOIIEH KOHCTPYKIIUH M POTPEeBa caMoit
1-i1 koHcTpykuuu Ti(y) mo tonmuue y. [l 3TOro 4YMCICHHO MHTETPUPYETCsS HECTALMOHAPHOE YpaBHEHHE
Dypse:

arly) 1 1) am(y)

ot C(T)-p 2y (116.37)
C FTPaHUYHBIMH ¥ HAYAIbHBIMH YCJIOBUSIMU:
oT;(y)
a.to, | (T.+T,|=—A, ——
(o) (Te+T) % ly=0 (116.38)

or; (y)
% ly=5 (116.39)

(%"‘%) '(T0+Ti(5)): “hr

T(0, y)=T,, 0<y<b (T16.40)

riue %o O COOTBETCTBEHHO KOHBEKTHBHBIH H TYYUCTBIA KOAPDUITUEHT TEIII00TAauH, BT/(MZ'K);

S _ tonmuna OrpaxJiarolie KOHCTPYKLIUH, M;
C(T) - TeNI0EMKOCTh MaTepHana KOHCTPYKIH mpu Temmepatype T(y), Jhx/(kr’-°K);

k(T) - TETIONPOBOAHOCTh MaTepHaja KOHCTpYKIMu nipu Temmeparype T(y), Bt/(m-°K);

Tw To TeMIIepaTypa COOTBETCTBEHHO 0OOrpeBaeMoil 4YacTh KOHCTPYKLIHMH U Cpeabl Y

HeoOorpeBaeMoi moBepxHoCcTH, K;

P - mnoTHOCTH MaTepuana KOHCTPYKIIHH, KI/M.

TemnoBsle W MacCOBBIE MOTOKH ycpe3 mnmpoeEmM B K&)K}IBIfI MOMCHT BPEMCHHU PaCCUUTBIBAIOTCA C
Y4ETOM TEKYIIEro Nepenaia JaBjieHus Mo BICOTE MpoeMa, COCTaBa M TeMIIepaTyphbl ra30BOM cpeabl 1Mo 0oe
CTOpPOHBI Ipoema (cxema pacyerta Ha puc. [16.1). Tak, mMaccoBbIii pacxol JpIMa M3 MOMEIIEHHUs odara
1oXkapa B coce/lHee MMOMEIICHNE PaCCUUTBIBACTCS CIETYIOLUIMM 00pa3oM:

Ym ax

Gy =B-&- _[ /20 (P(h)-P,(h)) -dh
Vo , (II6.41)

rae B - mupuna npoema, M;



S . a’pOMHAMUYECKHI KO3 PHUIIMEHT ITpoema;
P(h)-P,(h) - pa3nuna naBneHuii B MOMENICHUAX Ha BBICOTE h;

p - IINIOTHOCTB AbIMA B Sa,Z[bIMHeHHOfI 30HC COCCAHCTO ITOMCHICHUA IIPpU TEMIICPATYPC JAbIMa T.

Heutpanthan
...n.n.ocecrrb e : = . ecassvecussissiennesesnias T rarersesstsesrsniadeinansre

Puc. [16.1. Macconoroku 4epe3 npoem

HpeI[CJ'ILI HHTCTPHUPOBAHUSA Ymax u YminBBI6I/IpaIOTCH B MIpcaciiax CTBOpa IMpo€Ma, CJI0A IObIMa
AP=(P(h)~P(h,))>0
MOMCIICHHU OYara rnoxapa u tam, rac N30BITOYHOE JaBJICHUC
puc. I16.1.
HCO6XOI[I/IM8.H AJI1 OLCHKU IIepfriala OaBJICHUSA IO CTBOPY IpoeMa 3aBUCUMOCTL HAaBJICHUSA OT
BBICOTBI B 1-OM ITOMEIICHUH (C YIETOM 3aBIMIICHHON 30HBI 3TOT'0 TTIOMEIICHUS ) OICHUBACTCS KaK:

, KaK 5TO YKa3aHO Ha

P(h _{P.opo'g-h ecm h<Z (I16.42)
PP 9 Z—pirg-h ecmh>7



rze Pjy - Tekylee 1aBieHne B i-oM MOMEUICHUU Ha HYJIEBOM OTMETKe (MM MPUBEIEHHOE K HYJIEBOM
OTMETKE, €CJIM YPOBEHb I10J1a IOMELICHHUS BbILIE HYJIEBOW OTMETKH);

Po _ morHoCTH BO3MYXa IpH HauanbHOI Temmeparype To;

Zi - TCKYyIlasa BBICOTA HGS&I[LIMJIGHHOP'I 30HEI B 1-OM IIOMCIICHUH.

PaccunTannble mapamMeTpsl TEIIOMAcCOOOMEHa B MIPOEME HCIIONIb3YIOTCSI KaK TPAaHUYHBIE YCIOBHSA
JUIL COCE/IHEr0 MOMEILEHHUS.

V. IllosneBoii MeTOA MOACTUPOBAHUSA 110Kapa B 31aHUHU

OcHOBOM [UIsl TOJEBBIX MOJEICH TMOXApOB SBISIOTCS YPaBHEHHsI, BBIPAXKAIOIINE 3aKOHBI
COXPAaHECHHS MACChl, UMITYJIbCa, SHEPTUU M MAcC KOMIIOHCHTOB B paCCMAaTPUBAEMOM MaJIOM KOHTPOJIHLHOM
o0BeMme.

VYpaBHEHHE COXPAHEHMS MACChI:

QB"'i(pU] :O

o ox (116.43)
VpaBHEHHE COXPAHEHHS HMITYJIbCA:
T O S O
i) (oruru)==5e+ 5 +po

. (116.44)

JI1si HBIOTOHOBCKHUX KHJAKOCTEH, MOAYMHSIOMUXCA 3akoHy CTOKca, TEH30p BS3KUX HaNpsKEHUN
onpenensiercss GopMyoi:

oy 0u; 2 OUy

Tij:P«' a_xj+a _§u&

. (116.45)

YPaBHeHI/Ie OHEPTHUU:

Olonle L fpup=L, 0 [2 o) %
ACUAS A GV il Uil s
, (I16.46)
T
h=h0+j cp AT+ D (Y Hy)
rac To k - CTaTUYCCKasdA SHTAJIbIINUA CMCCH,

Hy - Teruiora 06pazoBanus k-ro KOMIOHEHTa;

Cp: ZYK : Cp,k
k

a;

- TCIUIOEMKOCTb CMECH ITPU IMTOCTOSAHHOM IaBJICHUU,

- paaualMOHHbBIA IIOTOK SHEPTUU B HAIIPABIICHUH X;.



YpaBHEHHE COXpaHEHHSI XUMUIECKOT'O0 KOMITOHEHTA K:

0 Yy

%(p'Yk)+ aixj(p-uj-Yk):a—xj(p-D- 8_xj)+sk
(T16.47)

Jna 3ambikanusa cuctembl ypaBHeHui (116.43) - (I16.47) ucnonb3yercs ypaBHEHHE COCTOSIHUS
uzeanbHOro ra3a. /ljis cMecu ra3oB OHO UMEET BUJI:

Yk
Mk
K , (I16.48)

P:p.RO.T.

rae Ry - ynuBepcaiibHast ra3oBasi IOCTOSIHHAS,
My - MmonsipHast Macca k-ro KOMIOHEHTA.



