3apeructpupoBano B Munrocte PO 6 aprycra 2009r. N 14486

MMUHHUCTEPCTBO POCCHﬁCKQﬁ ®EJIEPAIIMH 11O JEJAM I'PAXKIAHCKOM
OBOPOHBI, YPE3BBIYAMHBIM CUTYALUSM U IUKBUIALINHA
MNOCJIEACTBUU CTUXUUHBIX BEACTBHUU

MNPUKA3
ot 30 urons 2009 r. N 382

OB YTBEPXXJIEHUU METOJIUKHA
OIPEJEJEHUSI PACYETHBIX BEJIMUHWH MOKAPHOI'O PUCKA B 3JIAHUSAX,
COOPYKEHHUSX U CTPOEHUSX PA3JIMYHBIX KJIACCOB
®YHKLIIMOHAJBHON
MOXAPHOM OITACHOCTH

B coorBerctBun ¢ ®enepanbHbiM 3akoHOM 0T 27 nexabps 2002 r. N 18403 "O
TeXHUYECKOM peryaupoBanun” <*> wu I[locranoBnennem IIpaButenbctBa Poccuiickoit
Oeneparun or 31 mapra 2009 r. N 272 'O mopsizke NpoBeIeHHs PAacYeTOB IO OICHKE
MOXKapHOTO pUcKa" <**> mpuKa3bIBaro:

<*> CoOpanue 3akonomatenbcTBa Poccuiickoit ®eneparuu, 2002, N 52 facts 1), cr.
5140; 2005, N 19rT. 1752; 2007, N 1%T. 2293; 2007, N 4%t. 6070; 2008, N 304@crts II),
ct. 3616.

<**> CoOpanue 3akoHoAarenbcTBa Poccniickoit @enepanun, 2009, N 14¢t1. 1656.

YTBepauTh NpUIaraeMyr METOAUKY OIPEAEIICHNS] PACUETHBIX BEJIMYUH MTOKAPHOIO PUCKa
B 3JaHMSX, COOPYKECHUSAX M CTPOCHMSX PA3IMYHBIX KJIACCOB (DYHKIIMOHAIBHOW MOKapHOU
OMNAaCHOCTH.

Munnuctp
cxumoury

IIpunoxenue
K [Ipukazy MUYC Poccun
ot 30.06.2009 N 382

METO/IUKA
OIIPEJEJEHUSI PACYETHBIX BEJIMUHWH MOKAPHOI'O PUCKA B 3JIAHUSAX,
COOPYKEHHUSX U CTPOEHUSX PA3JIMYHBIX KJIACCOB
®YHKLIIMOHAJBHON
MOXAPHOM OTACHOCTH

|. O0mue monoxeHus
1. Hacrosimass MeToAuKa OnpeelieHUs] PACYETHBIX BEITMYHH TOXKAPHOTO PUCKA B 3/IaHUSX,

COOPYKEHUSIX M CTPOCHHUSIX Pa3IMYHBIX KITACCOB (QYHKIIMOHAIBHOM MOXKAPHOH OmacHOCTH (nasiee
- MeTonuka) ycTaHaBIMBACT MOPSAOK ONPENEIICHHS PAaCYCTHBIX BEJIUYUH IOXKaPHOTO pHCKA B



3IaHUSIX, COOPY)KEHUSAX M CTPOCHUAX (ajnee - 371aHue) U PAcIpOCTPAHICTCS HA 37aHUs KJIaCCOB
(G YHKIIMOHATBLHOM TO’KapHOU OMMAaCHOCTH:

®1 - 3pmaHus, NOpeJHA3HAYEHHbIE JI1 [OCTOSIHHOTO TIPOXXKUBAHHUS M BPEMEHHOTO
npeOBIBAHMS JIFOCH, B TOM YHUCIIE:
a) ®1.1 - 3pgaHWs  JIETCKUX  JIOMIKOJBHBIX  00pa30BaTENIbHBIX  YUPEKIACHUH,

CTCIUATM3UPOBAHHBIX JIOMOB TMPECTapelibiX W WHBATHIOB (HEKBApPTUPHBIC), OOJBHHMIIBI,
CHaJbHBIE KoOpIyca 0Opa30oBaTEeNbHBIX YUPESKICHUH HMHTEPHATHOTO THMA U  JETCKHUX
YUPEXKICHUN;

0) ®1.2 - rocTUHHIBI, OOIICKHUTHUS, CIATBHBIE KOPIyca CAaHATOPHEB M JOMOB OTIbIXa
o011ero Tumna, KeMIUHIOB, MOTEJIeH U MaHCUOHATOB,

B) ®1.3 - MHOTOKBapTHPHBIC JKUJIBIC IOMA,;

r) ®1.4 -o1HOKBApTUPHBIE XKHUJIBIE JIOMa, B TOM YHCIIEe OJOKHPOBAHHBIE,

@2 -31aHUS 3PETUIIHBIX U KYJIbTYPHO-TIPOCBETUTEIHHBIX YUPEKICHUM, B TOM YHCIIE!

a) ®2.1 - Tearpbl, KHHOTEATpPhl, KOHIEPTHBIC 3albl, KJIyObl, IHPKH, CIOPTHBHBIC
COOpy)XeHHUsl ¢ TpuOyHamH, OUONMOTEKM M Jpyrue YUPEeKICHHUS C PACUCTHBIM YHCIOM
MOCAJOYHBIX MECT JIJISl IOCETUTENEH B 3aKPBITHIX TOMEILIEHUSX;

0) ©2.2 - my3eu, BBICTaBKH, TaHIEBAIbHBIC 3abl M JPYTUE MOAOOHBIC YUPEKICHUS B
3aKpPBITHIX IOMEIICHHUSIX;

B) ®2.3 - Tearphl, KHHOTEATpbl, KOHIEPTHHIC 3aibl, KIyObl, LHUPKH, CHOPTHUBHBIC
COOPY)KEHHSI ¢ TpuOyHaMH, OMOJMOTEKM W JPyrue YUPEXKACHHS C PACUYCTHBIM YHCIOM
MOCAIOYHBIX MECT JIJISl TIOCETUTENEH Ha OTKPBITOM BO3/IyXE;

r) ®2.4 - my3ed, BBICTABKH, TAHIIEBAIbHBIC 3abl U JAPYrHe MOJOOHBIC YUPEKIACHUS Ha
OTKPBITOM BO3/yXE€,;

@3 -3xaHus opraHu3aluii 1o 00CITyKUBAHUIO HACEJICHUS, B TOM YHCIIE!

a) ©3.1 -31aHus opraHu3anuii TOProBiy;

0) ®3.2 -31aHust OpraHu3anuii 00IECTBEHHOTO MUTAHHUS,

B) ®3.3 -BOK3aJIbI;

r) ®3.4 -MOJUKIMHUKHA U aMOYyJIaTOpHH;

n) ®3.5 - momerneHus IS TOCETHTENICH OpraHU3alMii OBITOBOTO W KOMMYHAJIBHOTO
00CTyXKMBaHUS C HEPACUETHBIM YHCIIOM MOCAJJOYHBIX MECT ISl IIOCETUTENEH;

e) ®3.6 - pU3KyIBTYPHO-03I0POBUTEIbHBIE KOMIUIEKCHI M CIIOPTHBHO-TPEHHPOBOYHBIC
YUPEKIACHUS C TOMEIICHUIMHU 03 TPUOYH JJIs 3pUTEIIel, OBITOBBIE TTIOMEIICHUsI, OaHH;

@4 - 37aHWS HAYYHBIX M 00pa30BaTENbHBIX YUYPEKACHUN, HAYYHBIX U TPOEKTHBIX
OpraHH3aIyii, OpraHOB YIPABIECHUS YUPEKACHHI, B TOM YHUCIIE!

a) ®4.1 - 3manusa 00mIe00pa30BaTENFHBIX YUPEKICHHH, 00pa30BaTEIbHBIX YUPESIKIACHUI
JOTIONTHUTEILHOTO ~ 00pa3oBaHus  JieTeil, 00pa3oBaTeNbHBIX  YUPEKICHUH  HadyaabHOIO
po¢eCCHOHATILHOTO M CPETHET0 MPO(hecCHOHAILHOTO 00pa30BaHus;

0) ®4.2 - 3manMs  00pa3oBaTEIbHBIX YUPEXKICHHH BBICIIETO0 MPO(ECCHOHATBHOTO
0o0pa3oBaHUS W  JIONMOJHHUTEIFHOTO  MPO(PECCHOHATBHOTO  00pa3oBaHUsi  (IOBBILICHUS
KBaTM()UKAIMHK) CIICIHATUCTOB;

B) ®4.3 - 37aHMS OPraHOB YIPABICHHUS YYPEKICHHUH, MPOCKTHO-KOHCTPYKTOPCKUX
opranuszanuii, HHOOPMALMOHHBIX M PENAKIMOHHO-W3/IaTENIbCKUX OpraHu3alfii, Hay4HBIX
opraHu3aiuii, 0aHKOB, KOHTOP, O(PHUCOB;

r) ®4.4 -31aHus MOKAPHBIX JIETI0.

2. PacueTsl 1Mo OIICHKE MOKapHOT'O PUCKA MPOBOJSATCS MYyTEM COMOCTABICHUS PAaCUETHBIX
BEJIMYMH I0KAPHOTO PUCKAa C HOPMATUBHBIM 3HAUYEHHUEM I0XKAPHOTO PHUCKA, YCTAHOBJIEHHOIO
OenepanbHbiM  3akoHOM oT 22 wmronst 2008 r. N 123D3 "TexHuueckudd peraamMeHT o
TpeOOBaHUAX MOKAPHOH Oe3omacHOCTH <*> (masnee - TeXHHUCCKHUI PErIaMeHT).

<*> CoOpanue 3akonomatenbcTBa Poccuiickoit ®eneparuu, 2008, N 30 facts ), cr.
3579.



3. OnpeneneHne pacueTHBIX BEIMYUH MOXKAPHOTO PUCKA OCYIIECTBIIICTCS HA OCHOBAHUH:

a) aHaJIM3a TOXKAPHOH OMACHOCTH 3/IaHHIA;

0) ompeesieHUs YaCTOThI PeaIN3alliH M0KAPOOTIACHBIX CUTYAIUH;

B) MOCTPOCHMS TIOJCH OMacHbIX (AKTOPOB IMMOKapa Ui Pa3IUYHBIX CICHAPHEB €ro
pa3BuTHUA;

r) OLEHKH TMOCIEACTBHIA BO3JACHCTBUSA OMAcHBIX (PAKTOPOB TMOXKapa Ha JIHOAEH s
Pa3JIMYHBIX CLIEHAPUEB €TO PAa3BUTHUSA;

1) HAJTMYIHSI CUCTEM O00CCIIEUCHHS TTOKAPHOM OC30MaCHOCTH 3/IaHHIA.

4. OmnpeneneHue pacuyeTHBIX BEIUYMH TIOKAPHOTO PHCKA 3aKJIIOYaeTCsi B pacyeTe
VMHJUBUIYAIBHOTO TOXAPHOTO PHUCKA I SKAJIBIIOB, MEPCOHATIA U TOCETUTENIEM B 3/IaHHM.
UucneHHbIM BBIPAXKEHUEM WHIUBUIYAIbHOTO MOKAPHOTO PUCKA SBJISIETCS] YAaCTOTA BO3JIEHCTBUS
ormacHbIX (akTopoB noxapa (mamee - O®PII) Ha deaoBeka, HAXOAAIIErocs B 31aHuK. [lepeyeHpb
O®II ycranosneH crarbeid 9 TeXHUUECKOTo periaMeHTa.

5. Yacrora BozaeiictBuss ODII ompenensercs sl MOXKApOOTACHOW CHUTYaIMH, KOTOpas
XapaKTepu3yeTcss HauOOJbIIEH OMACHOCTBIO JUISL JKU3HH W 370POBbBS JIFOJICH, HAXOJSMIIUXCS B
37aHUH.

6. 1t nenet Hacrosimeir MeTOUKN MCIIONIB3YIOTCSI OCHOBHBIC TIOHSTHS, YCTaHOBJICHHbIE
cratbeil 2 TeXHUUECKOTro periiaMeHTa.

[I. OcHOBHBIEC pacUeTHBIC BETMYNHBI HHAUBUIYATLHOTO
MOKapHOT0 PUCKA

7. IHnuBUAya bHBIN MOKApHBIN PUCK OTBEYaET TpeOyeMOMY, €CIIH:

Q <=Q, (1)
B B
H
roe Q - HOPMATMBHOE 3HAUEHMEe MUHIAUMBMOYAJLHOTO IOXKAPHOTO pPHCKa
B
E -6 -1
Q =10 ron |
B
Q - pacueTHas BEJMYMHA UHAOUBMIOYAJIBHOTO MOXAPHOTO PUCKA
B
8. PacueTHas BeJMUMHA MHIMBUIYAJBHOTO MOXapHoTo pucka Q B KaxIoM

B
3IaHWY PAaCCUMTHIBAETCH IO bopmyle:

Q=0 x1-R)xP x(1-P)x @a-pP ), (2)
B I all np 2 I1. 3
roe Q - JacToTa BOBHVMKHOBEHMHA Imoxapa B S3OaHUMN B TeyeHre I10ona,

I1
ornpernejideTcd Ha OCHOBAHMM CTATUCTUYECKUX ILOAaHHBIX, IIPVMBEIEHHEIX B HpMJ‘IO}KeHVH/IN

1 x Hacrosmen wmeTomMuke. I[IpM HAIMUMM OAHHHX O KOJMUECTBE JIoAeM B 3HaHUu

HEeOOXOIMMO MCIIOJL30BATH YTOUYHEHHYI OLEeHKY, a OPYM MX OTCYTCTBMM - OLEHKY B

pacueTe Ha OOHO YyYypexneHue. I[IpyM OTCYTCTBMM CTATUCTMUECKON wuHbOpMaLUM
-2

nonyckaercsa npuHmMars Q =4x10 OJIS Kaxnmoro 3maHusa. OLeHKY YacTOTHHX

I1
XapaKTEepMUCTNUK BO3HMKHOBEHMA IIoxapa TakKXe IOOIIyCKaeTC4d BHIIOJIHATE MCXOOAd U3

CTATUCTUUECKUX IHAHHEIX, NOyOJIMKYEMHX B HaydHO- TEXHMUECKOM XypHajte " [loxapHas
Hes30MnacHOCTh
R - BEPOATHOCTL 3QOEKTMBHOTO CpabaTHBaHUA YyCTAHOBOK ABTOMATUUECKOTO
an
noxaporymenusa ( nanee - AVIIT). SHauenue napamerpa R onpernengeTcd

an



TeXHUUYECKOM HaIeXHOCThIO BJIEMEHTOB AYIIT, IPUBOIOVMEIX B TEeXHUUECKOM

OOKYMEHTAaLNN. [IpM OTCYTCTBMM CBEIEHMM IO IapaMeTpaM TeXHUUYECKOM HaIeXHOCTU
oomnyckaeTcs npuamMats R = 0,9. [Ip OTCYTCTBMM B S3IaHUM CUCTEM
an
aBTOMAaTMUECKOTO NoXapoTymenmus R IPUHYMAETCS PaBHOWV HYJID;
an
P - BEPOSATHOCTL MNPUCYTCTBMS JIOOEM B 3IOaHUN, onpenejyiseMas U3
op
cooTHomeHua P =t | 24, roe t - BpeMsa HaXOXIeHMS JIoOel B 3OaHUM
np bynx bynxi
B Uacax,
P - BEPOSATHOCTL BSBaKyalLUM JIOIEN;
i}
P - BEPOSATHOCTb 50PeKTMBHOM pPaboOThl CUCTEMEl INPOTUBOIOXAPHOM 3allMTH,
n. 3
HanpaBJIeHHOM Ha obecrneueHue Oe30MNaCHOM 5BaKyaluM JIoIeM NpKY IIoXape.
9. BepoATHOCTL sBaKkyauum P paccuuThiBanT no dopmyJe:
i}
0,8xt -t
o) js)
-------------- , ecimt <0,8xt <t +t ut <=6 MMH.
t o) o o) HD CK
HD
P =< 3)
3 0,999, ecimt +t <=0,8xt nut <=6 MMH.
s HD o) CK
0,000, ecmmut >=0,8xt it >6 MMH.,
P 671 CK
roet - pacueTHOE BpeMs 5SBakKyaluuM JIOIENM, MUH.;
p
t - BpeMmda Hauajia sBakyauuu ( MHTEPBAJI BPEMEHM OT BO3HUKHOBEHMUA [OXapa
HD
IO Hauvajla 3BaKyaluuu JIOIEN), MUH.;
t - BpeMsa OT Hauajla I[oxapa IO OJIOKMPOBAHMSA D3BAaKyAalLMOHHBEIX MyTeM B
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pesynbTaTe pacnpocTpaHeHus Ha Hux OOIl, uMenlMxX IOpeNesibHO NOMIYCTUMBIE IJis
monert 3Hauvenud ( BpeMsa OJIOKMPOBAHMA MyTel 3BaKyalyuu), MUH.,

t - BpeMsa CyHNeCTBOBAHUA CKOIJIEHUN Jomel Ha ydacTkax nyTu ( IJIOTHOCTH
CK
JIOIICKOTO MOTOKAa Ha MyTAX SBaKyauuy npepsmaeT sHauenue 0,5).
10. PacueTHOe BpeMs o®Bakyaumm Joney t M3 I[OMEUeHMM W 3IaHUM
p

onpenesigseTCsa Ha OCHOBe MOIEJIMPOBAHMUA IOBMXKEHMS JIOOEelM IO BHXOIA HaAPyXy OIHUM
nU3 Cclengynilux CI0OCOoDOB

[0 YIPOILLIEHHOW aHAJUTUYECKOM MOJENM ABUKECHHS JIIOJICKOTO IMOTOKA, MPUBEICHHOW B
npunoxennu N 2 k HacTosiier Meroauke;

0 MaTEeMAaTHYECKON MOJENH WHIMBUAYAIbHO-TIOTOYHOTO IBMKCHHS JIOACH U3 3aHHUS,
npuBegeHHON B ipriioxkeHnu N 3 k HacTosmeld MeToauke,

M0 UMHUTAIMOHHO-CTOXACTUYECKOW MOJIETHN JIBMKEHUS JIIOJICKUX IMOTOKOB, IPUBEICHHON B
npunoxxenuu N 4 k HacTosier Meroauke.

Brei6op criocoba ompezeneHns: pacieTHOTO BPEMEHHU JBaKyallid MPOU3BOAUTCS C yUETOM
crenuuIeckux O0COOCHHOCTEH OOBEMHO-TNIAHUPOBOYHBIX PEIICHWH 37aHUsA, a Takke
0COOCHHOCTEH KOHTUHIEHTA (€ro 0THOPOAHOCTH) JIFOJICH, HAXOAAIIMXCS B HEM.

[Ipu onpenenenny pacueTHOrO BPEMEHHU dBaKyalluM YUYUTHIBAIOTCS JIaHHBIE, IPHUBEICHHBIC
B npuioxkeHnu N 5k HacTodmeln Meroauke, B YaCTHOCTH MPUHLUIIBI COCTABJICHUSI PACYETHON



CXEMBI IBaKyallUu JIIOJEH, MapaMeTpbl IBUKECHUS JIOACH Pa3NUYHBIX TPYHI MOOMIBHOCTH, a
TaK)K€ 3HAYCHMS IUIOMAACH TOPU30HTAIIBHBIX IPOCKIUN PA3JINYHBIX KOHTUHICHTOB JIFOACH.

[Ipu mpoBeneHUH pacyeToB CIEAYeT TAKXKe YUMTHIBATh, YTO MPHU HAJMYUU ABYX M Ooiee
9BaKyallMOHHBIX BBIXOJOB 00ILIas MPOMYCKHAas CIIOCOOHOCTb BCEX BBIXOJOB, KPOME Ka)JO0ro
OJTHOTO W3 HHX, JOJDKHAa 00ecneuuTh OE30MacHyI0 3BaKyallMI0 BCEX JIIOJCH, HaXOMSIIUXCS B
IIOMEILEHUH, Ha ITaKE WIH B 31aHUMU.

11. BpeMmsa Hauasia sBakyaumm t ompeneyiseTca B COOTBETCTBMM C IyHKTOM 1
HD
npunoxeHusa N5  « Hacrosmerr Meromuke
12. BpeMs OGJIOKMPOBAHMS MIyTel sBakyauuu t BHIUMCJIAETCS IIyTEM pacueTa
(¥}

BpeMeHu nocTtmxeHusa OOIl npeleflbHO IOONYyCTMMEIX BHAUEHMM Ha D3BaKyaLUMOHHEX IYyTAX
B pasJiMuHBle MOMEHTH BpeMeHM. [lopAOoK NPpOBeHNeHMS pacueTa M MaTeMaTUudecKue
MOIeNnn IJid OIpelejleHMs BpeMeHM OJIOKMPOBaHMUA NIyTel »sBaKyaluM OIllaCHEMU
baxTopamu noxapa npueenen B npuioxenru N6 x HacTosmer Meromuke
13. BepoATHOCTE 30OeKTUBHOM PaboOTH CHMCTEMH NPOTMBONOXAPHOM 3ammTe P,
ns3

HalIpaBJIEHHOM Ha ofecleueHKe 0es30NacCHOM 5BBakyaluM JIOIEM, pacCUMTHIBAETCHS IO
bopmysie:

P =1-(1-R xR )x(1-R xR ), (4)
13 00OH Covy3 00OH o3
rne R - BepoAaTHOCTL 5bdexTMBHOTO cpabaTHBaHMS CUCTEMEl [IOXAaPHOM
[e]e):
CUTHaIM3ALUN. SHaueHnue napamerpa R onpemesigseTCsa TeXHUUYECKOM HAaIeXHOCTBLIO
fe]e):
BJIEMEHTOB CUCTEMH IIOXapHOM CUTHaIM3aluy, IPUBOIMMEIX B TeXHUUECKOM
OOKYMEHTAalUM. [Ipy OTCYTCTBMM CBeIeHMUM 10 IIapaMeTpaM TexXHUUeCKOM HaIeXHOCTU
nonyckaercsa npmamMmars R =0,8;
fe]e):
R - YCJIOBHAA BEPOATHOCTb 5sbdbexTMBHOTO CpabaTEBAHUS CUCTEME
COoy3
OIOBEIEHUSA Jonen O TI[oxape U yIOpaBJieHMS BBakyalHMel JioIel B clydae
50bexTMBHOTO cpab®aTHIBAHMSA CUCTEMBl IOXAPHOM CUIHAIM3ALUN,;
R - YCJIOBHAA BEPOSATHOCTH 5bbexkTMBHOTO cCcpabaTelBaHMA CUCTEMEL
o3

NPOTUBOIBIMHOM BalUTH B Cciydae 300eKTUBHOTO cpabaTHBaHUA CUCTEMBl IIOXKAPHOM
CUTHaNIM3ALNNA.
lopamox oueHku napameTrpoe R |, R uR npreeneH B pasgpene IV
fe]e): COoy3 a3
Hacroamey MeTOnoMKM.

[ll. ITopsinok npoBeneHus: pacueTa UHIANBUYaIbHOTO
MOKapHOro pHcKa

AHanu3 MokapHOW OMACHOCTH 3JIaHUs

14. JIns mpoBeneHUs] aHaIW3a MOXKAPHOW OMACHOCTH OCYIIECTBIISIETCS COOpP JAaHHBIX O
31aHUH, KOTOPBIA BKJIIOYACT!

00BEMHO-TUTAHUPOBOYHBIE PELICHMUS,

TerIo(GU3NIeCcKre XapaKTePUCTUKU OTPAKIAIONINX KOHCTPYKIIMH U  pa3MemeHHOTO
000opyIOBaHUS;

BU/I, KOIMYECTBO U pa3MEIlEHUE TOPIOYNX BEIIECTB U MATEPUAJIOB,

KOJMYECTBO U MECTa BEPOSITHOTO pa3MeUIeHHUs JII0IeH;

CUCTEMBI TMOKAPHOW CHUTHAJIM3AIUM W T[OXAPOTYIICHHS, MPOTHBOJIBIMHON 3aIllUTHI,
OTNOBEILECHHUS JIIOJIEH O MTOXkKApe M YIPABJICHUS dBaKyallMeH JTI0IeH.

15. Ha ocHOBaHWM MONYYCHHBIX TaHHBIX MPOM3BOJAUTCS aHAIIM3 IMOKAPHOW OMACHOCTH
3J1aHus, IPU ATOM YUUTHIBAETCA:



BO3MOJKHAsI IMHAMKMKA Pa3BUTHS MOKapa,
COCTaB U XapaKTEPUCTUKHU CHUCTEMBI IPOTUBOMOKAPHOMN 3alUTHI;
BO3MOJKHBIE TIOCIIEJICTBUS BO3ACHCTBUS MOKapa Ha JTIOJEH U KOHCTPYKIIMU 3JJaHUs.

Omnpenenenne 4acTOThl PeaIM3alliy 0KapOONacHbIX CUTYalUN

16. Yacrora peanu3alM MOXKAPOOIMACHBIX CHUTyallMd  ONpENeNsieTcss 4YacTOTOU
BO3HMKHOBEHHs TIIOXKapa B 3JaHUM B TedeHHe rona. Ilopamok ompenencHuss 4YacTOTHI
BO3HUKHOBEHUS II0Kapa B 3JaHUU IIpUBeEH B pasaene || Hacrosameit Meronuku.

[TocTpoenue nosei onmacHeIX (GaKTOPOB MOXKapa I Pa3InIHbIX
CLICHAPUEB €0 Pa3BUTHS

17. JIns mocTpoeHus IMojieil omacHbIX (aKTOPOB TMOKapa MPOBOIUTCS SKCIEPTHBIA BHIOOD
CLEHapusl WIN CLIEHApUEB I0)Kapa, IPH KOTOPBIX OXKUJAIOTCS HAUXYIUIME MOCIEACTBUS AJIs
HaXOJSIINUXCS B 3JaHUU JIOACH.

®opmMynupoBKa CIIEHApUsI Pa3BUTHSI [T0Kapa BKIIOYAET B ce0sI CIECTYIOIIUE ITAlbI:

BBIOOpD MecTa HaXOXJACHHsS IEepBOHAYAJIHLHOTO oyara mHoXkapa M 3aKOHOMEPHOCTEHl ero
pa3BUTHS;

3ajaHue pacueTHoil oOmactu (BBIOOp paccMaTpuBaeMON TIPH  pacyeTe CHCTEMBI
IIOMEILEHUH, ONPEACIICHUE YUUTHIBAEMBIX IIPU PACUETE DIIEMEHTOB BHYTPEHHEH CTPYKTYpBI
MIOMEIICHUH, COCTOSHHSI TPOEMOB);

3aJlaHue MapaMETPOB OKPY)KAIOIIEH Cpelbl W HadaJdbHBIX 3HAUEHWH IapaMeTpOB BHYTpU
MTOMEIICHU M.

B cootBerctBum ¢ mnpunoxkenneM N 6 k Hacrosmed Meroauke ¢dopMmynHpyercs
MaTeMaTh4yeckas MOJIelb Pa3BUTUS IOKapa U IMPOBOJUTCS MOJAEIUPOBAHUE €ro IUHAMHUKHU

pa3BUTHAL.

Ha OCHOBaHMM PpPes3yJbTaTOB pPacCuyeTOB OCYUECTBJIAeTCs I[NOCTPOeHMe IoJiel
omacHEX GaKTOPOB IMoXapa M ONpenesiIeTCs BHaueHMEe BpeMeHU OJIOKMPOBAHMUSA NyTeMn
sBakyauum O®IIt .
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Orenka rmocnecTBUi BO3ACHCTBUS ONMAaCHBIX (PAKTOPOB MmoKapa
Ha JII0/IeH JUIs pa3INYHbIX CLIEHAPHEB €T0 Pa3BUTHS

18. Ormenka mOCHENCTBUI BO3JCUCTBUS OMAacHbIX (HaKTOPOB TMOXapa Ha JIoJeH
3aKJIF0YAETCS B ONPEAEIEHUHU BEPOATHOCTHU IBAKyallH JIOJAEH U3 34aHMs TP MOXKape.

BeposiTHOCTB 9BaKkyanuu Jiojieil onpenersercs no popmyse (3) Ha OCHOBE COIOCTABICHUS
3HaYeHUN PacueTHOTO BPEMEHU 3BaKyallu JIIOJeH M BpeMeHH OJIOKMPOBAHUS ITyTEeH 3BaKyallliu

OTIaCHBIMH (paKTOpaMH ToKapa.
Iis  onpemesieHMs PaACUYETHOTO BpPEeMeHU BBaKyaluuu Jomeiit B COOTBETCTBUM C
b

npuiioxerusamy N N 2 - 5 K HacrTosmeir MeTomuke ompenesseTcs MOIeJIb
sBaAKyaUuu JIOOEM M3 3OaHUA, [IPOBOOUTCH [NOCTPOEHME PACUETHONM CXEeMbl 3BaKyallun
U OCYWECTBJIAETCHA MONEJIMPOBAHME S5BaKyalUM JIOIAEN.

19. B coorBeTcTBUM C paspesaoMm Il HacTodmer MeTOoOuKM MOPOBOOUTCSH
onpenesieHue PACUYETHON BEJMUMHEL MHOVMBUIOYAJIBHOTO MOXapHOTO pucka Q u

B

COMOCTABJIEHME €€ C HOPMATMBHEIM 3HAUEHMEM MHIOUBUIYAJBLHOTO MMOXAPHOTO PUCKA
H
Q.

B

VY4er HamM4Uus cUCTEM 00eCTieueHus MOKapHOH
0€30ITaCHOCTH 3IaHUS



20. Hanuume cuctem oOecredeHus MOKapHOW OE€30MacHOCTH 37aHUs YYUTHIBACTCS B
cooTBeTcTBUH ¢ hopmysiol (4) u nosoxeHusMu paszena IV Hacrosieir MeToauKy.

brnok-cxema, wIIOCTpUpYIOIIas MOPAIOK MPOBEIACHHUS pacdyeTa WHIUBUIYaTbHOTO
MOKapHOTO PHCKA, Mpe/cTaBieHa Ha puc. 1.

/ -
/ AHANM3 MOXAPHOM ONAaCHOCTM 3manud /

/ /

OnmpenesieHMe YaCTOTH peaM3aluy I0XAPOOINIACHHX CUTYaLMUHA

v

>

v

[locTpoeHMe IOoJIeM ONacHHX (akTOpOB Ioxapa

Beibop cueHapmuda Hoxapa
dopMyIMPOBKa MaTeMaTUMUeCKOM MOIeJIM M MOIEIMPOBaHME
OMHAMMKM Pa3BUTUA HoXapa
[IocTpoeHMe MOJieM ONacHHX (akTOpPOB IoOXapa
OnpenejieHMe BpeMeHM OJIOKMPOBAHMA NIYyTeM s3Bakyalumn

PaspaboTka V
IOOIOJIHMTEJIbHEIX
IIPOTUBOIOXAPHEIX OLeHKa [OCJIeICTBMY BO3IOEMCTBMSA OIACHEX (aKkTopoB
MEPONPUATUN noxapa Ha Jioney
N dopMyJIMPOBKa MaTeMaTUUeCKOM MOIeJM U

MOIOeJMpOoBaHMe sBakyaluuu JIoOeM U3 3OaHUs
Ipy noxape
OnpenejieHMe BpeMeHM OJIOKMPOBAHMA NIyTelM s3Bakyalumn
PacueT BEpPOATHOCTM 3BaKyalUuM JIOOeu

77777777 T 1

| v |

| PacueT BEJIMUMHBE MHIOUBUIYAJLHOTO
MOXapHOTO PUCKA

| v v |
| PacueTHOe 3HadYeHME IOXapHOTO PacueTHOe 3HadYeHME IOXapHOTO |
pHrCKa IpeBHIaeT HOPMaTUBHOE pHrCKa He [NpeBHIlaeT HOPMATMBHOE
| v v |
| BriBOI: BriBOI:
IIOXAPHEI PUCK IIpeBHIIaeT IIOXAPHEI PUCK He IIpeBHIaeT

| OOy CTMMOE 3HA4YeHNMEe OOy CTMMOE 3HAYEeHNMEe |




Puc. 1.Ilopsnok npoBeaeHus pacueTa UHINBUYyaJIbHOTO
II0’KapHOT0 PUCKa

IV. Topsinok pa3pabOTKH AOTOTHUTEIBHBIX
IIPOTUBOIIOKAPHBIX MEPOIIPUATUN IIPU ONPEAEICHUN PACUETHON
BEJIMYMHBI HHIMBHUIYaIbHOTO TIOKAPHOTO PUCKA

21.B cnyyae, eciu pacyeTHasi BEIMYMHA UHIMBUYyaJIbHOTO MOXAPHOTO PUCKA MPEBbIIIAET
HOpPMAaTHBHOE  3HAY€HHME, B  3JaHUU  CIEAyeT  NPEeIyCMOTPETb  JOMOJHUTEIbHBIC
IPOTUBONOXAPHbIE MEpPONPHUATHS, HaAIpaBlIeHHblE Ha obecreyeHre Oe30MacHOi 3BaKyalluu
JIIOJIE IIpH TI0Kape.

K umciy mpoTuBOMOKapHBIX MEPONPHUATHH, HAIPaBICHHBIX Ha oOecrieueHne 0e30IacHOn
HBaKyalllH JIIOJIEH NP MOKaAPE, OTHOCATCA:

MPUMEHEHHUE  JIOMOJHUTEIbHBIX OOBEMHO-TNIAHUPOBOUHBIX PEIIEHUH U  CPEACTB,
o0ecreYnBarOIINX OTPAHUYEHUE PACTIPOCTPAHEHUS TI0KAPA;

YCTPOMCTBO JIOMOJHUTENBHBIX 3BaKyallUOHHBIX IyTeH, OTBEYAIOMIMX TPeOOBAHUAM
0e30MmacHOM 3BaKyaluy JIOACH MPH MoKape,

YCTPOMCTBO CHUCTEM OIMOBEUICHUS JIIOAEH O IMOXKape W YNpPaBJICHHUS 3BaKyallMel JroJen
MOBBIIIEHHOTO TUIIA;

MPUMEHEHHE CHCTEM IPOTUBOABIMHONM 3alIUThl OT BO3JEUCTBUSA OMACHBIX (HaKTOPOB
noxkapa,

OrpaHUYEHHUE KOJMYECTBA JIIOJIeH B 3JaHUU JI0 3HAUCHU, 00ecriednBaonInX 0€301acHOCTh
WX 3BaKyalluu U3 37aHUsl.

22. SQ@GKTMBHOCTB KaxngoIro nus IIEePeUurCIJIEHHBIX BHIIIE IIPOTUMBOIIOXAPHEIX
MepOHpMHTMﬁ ornpernejideTcd CTEIIEHbI BJIMAHMA Ha HapaMeTpmt,t,t ’ a InoJjid

P [e})4 HB
CHCTEMEL noxapHoﬁ CUT'HaJIM3alum, HpOTMBOﬂHMHOﬁ 3allMTEl M CUMCTEMEI OIIOBEUEeHMA
nwneﬁ IIpm rnoxape n YyIpaBJIEHUA 3BaKyauMeﬁ nwneﬁ TaKxe YCHOBHOﬁ BEPOATHOCTEBIO
BHIIOJIHEHMA 3amaum npu noxape (R , R uR ).
obr  COY3 a3

23. IlpumeHeHHe B KayecTBE JOIMOJHHUTEIBHOTO MPOTUBOMOXKAPHOTO MEPOIPHUSITHUS
00BEMHO-TUIAHUPOBOYHBIX ~ PEIIEHUH U CPEICTB,  OOEeCHmeuyMBaloIIMX  OrpaHUYEHUE
pacmpocTpaHeHHUsT  TOXapa, JOCTHTaeTcss  O0eCleueHHEeM  HOPMHPYEMBIX  IPE/eTIoB
OTHECTOWKOCTH W TOHW)XEHHOM [MOXKapHOW OMacHOCTH OOJMIIOBOYHBIX CTPOUTENBHBIX
MaTEpHaJIOB, HCIOJIb3YEMbIX B OrpPaXJAOMIMX KOHCTPYKUHUAX [OMEHICHUS, B KOTOPOM
HaXOJIUTCS BEPOSATHBIN ovar rnoxapa.

CTeneHb BJIMAHMA OAHHOTO IOOMOJHUTEJIBHOTO IIPOTUMBOIIOXAPHOT'O MEPOIIPMATUA Ha
OVHAMMUKY PacCIpOCTPaHeHus [oxapa M, COOTBETCTBEHHO, 3HaueHMe napamerpat

011
onpenejideTrcsd InyTeM IIpoBenEeHMA IIOBTOPHOI'O pacueTa t I1oCrJIe BHeCeHHM4A
011
COOTBETCTBYINX U3MEHEHUNV B cxXxeMy O@EeMHO-HHaHHpOBOqHHX pemeHmﬁ 30aHUA

24. HpM IIPVMMEHEHUU B KadecCcTBe OOIIOJIHUTEJIBHOT'O IIPOTUMBOIIOXAPHOTI'O
MEPOIIPMATNA YCTpOﬁCTBa IOOIIOJIHMTEJIBHBEIX 5BAKYALIMMOHHBIX HyTeﬁ I BEIXOIOOB CcCJjlienoyeT
BEIIIOJIHUTb HOBTOpHHﬁ pacueT I10 OLlEeHKe InapaMeTpa t C yYyuyeTOoOM

p
OTKOPPEKTUPOBAHHEIX OOBEMHO- IIJIAHUMPOBOUHBIX PeleHM .

25. HpM IIPVMIMEHEHUU B KadecCcTBe OOIIOJIHUTEJIBHOT'O IIPOTUMBOIIOXAPHOT'O
MEPOIIPMATNA YCTpOﬁCTBa CHCTEeMbI OIIOBEIlEeHNMA nwneﬁ O IIoxape nm ylpabBJIEHUA
3BaKyauMeﬁ nwneﬁ IIOBHIIEHHOTI'O THUIIa CJlenyeT BEHIIOJIHUTDb HOBTOpHHﬁ pacueT I10
OLlEeHKe InapaMeTpa t C yYHeToM IlepepaclipenelieHMAd IIOTOKOB 3SBaAaKYyMPYKRIMXCA U

p
M3MEHEHMA CXeMEBI S5BaKyaluum B 3aBUCUMMOCTU oT CLIEHapMeB BO3HMKHOBEHMA U
PasBuTMA IIoxapa u, COOTBETCTBEHHO, ajJjiropmTMa @yHKHMOHMpOBaHMH CHCTEeMbI



ONMOBEWEeHUd JIoAel O IoxXape U yNpaBJIeHMeM 3BaKyaluM JIomel.
SHauenue mnapamerpa R 0JI NAHHOTO TEXHWUYECKOTO PelleHUs OlNpeleliseTCd
COovY>5
TEeXHUYECKOM HAIeXHOCTBHI BJIEMEHTOB CMCTEME OIOBEINEHMSA JIogelM O [HoXape U
yIpaBJIeHMEeM 3BaKyaluu JHomel, [NPUBOIVIMEX B TEeXHMUECKOM IOKyMeHTaumu. lIpn
OTCYTCTBUMU CBEIEeHMI T[O0 I[apaMeTpaM TeXHMUYECKOM HaOeXHOCTM IONyCKaeTCd
npuamMats R =0,8.
COovY>5

26. BAMSAHME CHUCTEMEl NOPOTMBOIBIMHOM SallMTH Ha ypPOBEHB OBECIeUeHHOCTM
fes30macHoOM BSBaKyaluuu JIOOeM IpM [OOXape OLeHMBAEeTCHS MNOCPEeACTBOM pacueTa
3HadeHusa t c yd4eToM TexHNYEe CKMX XapaKTEepPUCTUK IPUMEHSEMOTO

671
BEHTUJIALMOHHOTO 0BopynOBaAHNA NPOTUBOIBIMHOM  BamUTeE. [ogdop NapaMeTpoB
BEHTMJIALMOHHOTO OOOPYOOBAHMA OCYINECTBJIAETCAS B COOTBETCTBMU C HOPMATWBHEMU
OOKyMEHTaMy IIO TIIOXapHOM 6Oe30MacHOCTM. IIpyM 3TOM IJiA BEIIOJIHEHMS PacCdeTOB
cllenyeT NPUMEHATH 30HHYD ( 30HANIBHYK) WM [OJIEBYK MOIEJIA.
SHaueHue mnapameTpa R 0JI9 NAHHOTO TEXHWUYECKOTO PelleHUs OlNpeleliseTCd
asikc)
TeXHUYeCKOM’ HAOeXHOCTLIO SJEMEHTOB aBTOMATMKM YIPABJICHUSA MNPOTUBOIEIMHOM
SaWMTE, a TakKke TEexXHUYECKOM HAOeXHOCTBEI 3JIEMEHTOB MNPOTMBOIEIMHOM S3allUTH,
[IPUB O OVIMBIX B TexXHNYEeCKOM’ OOKyMEeHTauun. I[py OTCYTCTBMM CBEIOSHMM 10
napaMeTpaM TEexXHMUECKOM HAaIeXHOCTM monyckaerca npuHumarts R =0,8.
I3

27. OrpaHMUYeHMe KOJMUYECTBa JIOASM B 3IaHMM OO 3HAYEeHMM, OO0eCHeuuBarlyX
6e30MacHOCTE MX BBaKyalMuM U3 3IaHMA IOPM HOXape, YUYMTEBAETCH IOCPEeICTBOM
MOBTOPHOTO pacueTa 3HadYeHUd napamerpa t npm CylleCTBYOIMX

P

O0BBEMHO- [1JIAaHUPOBOUHBIX peleHnax u OTPAHUUYEHHOM 3Ha4YEeHUU KOJIMYECTBa
3BAKYUPYOIMXCSA NPU IOXapPEe.

28. Jlns monydeHUs WUCXOMHBIX JTaHHBIX, HEOOXOJUMBIX [IJIsl MPOBEIEHUS PAaCUETOB,
MPEyCMOTPEHHBIX HACTOSAIEH METOAMKOW, CIEAyeT HMCIOJIb30BaTh CIPABOYHBIE HCTOYHUKH

UH(POPMALIUU U TPOEKTHYIO JOKYMEHTAIIHIO 3/1aHUSI.

ITpunoxenne N 1
K MyHKTY 8 MeTtoauku

CTATUCTUYECKHUE JAHHBIE
O YACTOTE BO3HMKHOBEHMNA TTIOXKAPA B 3JIAHUAX

N HamMeHOBaHMeE 30aHUA YacToTa BOB3HMKHOBEHMA I1OXapa B
n/ o TeueHMe Toaa
B pacdueTe Ha YTOYHEHHasa OleHKa

OIOHO Y4YpeXIeHUe

1. IeTckMe IOWKOJIbLHEIE YUpPEeXIeHMUI -3 -5

( meTckutt cam, dcau, moM pebeHKa) 7,34 x 10 9,72 x 10

( B pacuere Ha
OOHOTO pebeHKa)

2. ObmeobpasoBaTeJIbHEE YUPEXISHNS -2 -5
( wxosia, wWKOJA- MHTEPHAT, OETCKUM 1,16 x 10 4,16 x 10
oM, JIuLel, TUMHa3Mg, KOJJIeIK) ( B pacuere Ha

OOHOTO ydYameTrocs)

3. YupexIeHrs HadajIbHOT'O -2 -5




npodecCcrmoHaJIbHOTO OOpas30BaHULA
( mpodeccuoHaNbHOE TEXHUUECKOE

1,98 x 10

4,59 x 10

( B pacuere Ha

yaumie) ONHOTO yUYamerocs)
4, YupexmeHns CpeIHeTo -2 -5
npobeccroHarbHOTO 0Bpas30BaHUSA 2,69 x10 2,94 x 10
( cpemHee crneuuasbHOe yuebHOE ( B pacuere Ha
3aBeneHue) ONHOTO yUYamerocs)
5. YUupexIeHUs BHICIETO -1 -5
npobeccroHasbHOTO 0Bpas30BaHUA 1,398 x 10 2,43 x 10
( BrHCHWEee yuebHOe 3aBemeHUE) ( B pacuere Ha
ONHOTO yUYamerocs)
6. [lpoure BHEMKOJIbLHHE M OeTCKMUE -2 -5
yupexmneHms 1,52 x 10 2,38 x 10
( B pacuere Ha
ONHOTO yUYamerocs)
7. JeTckye O3OOPOBMUTEJIbLHEIE Jlarepsd, -3 -5
JIeTHME IOeTCKMe Iauu 1,26 x 10 3,23 x 10
( B pacuere Ha
OIHOTO
OTIEIXAKMETO)
8. BOJILHULIE, TOCOUTANM, KIMHUKHA, -2 -4
POOUIILHEIE ITOMA, 3,66 x 10 2,358 x 10
[ICUXOHEBPOJIOTMUSCKMUE MHTEPHATH U (B pacuere Ha omHO
OpyT¥Me CTaLMOHaPH KOMKO- MECTO)
9. CaHaTopmuM, IOOMa OTIHXA, -2 -4
npodusakTopMUM, IOMa [IPEeCTapeJEx U 2,99x 10 1,767 x 10
MHBAJIUIOB (B pacuere Ha omHO
KOMKO- MECTO)
10. AMOYJIATOPUM, [NOJUKIIMHUKHA, -3 -5
OMCIIAaHCEPH, MEINYyHKTH, 8,88 x 10 537 x10
KOHCYJIbTaLnu (B pacuere Ha omHO
rnocemeHme
MaluMeHTOM)
11. | OpennpusaTUa PO3HUUHOM TOPTOBJIMU! -2 -3
YHYMBEpMaru, NOpOMTOBapHue Mmarasude; | 2,03 x 10 1,579 x 10
YHMBEPCAME], NPOOOBOJIbECTECHHEE ( B pacuere Ha
MarasMHE, MaTra3MHL CMelaHHHX OIHOTO
TOBApPOB, alTeKV, alTeudHHE JIapbKM, paboTawimero)
npoure 3OaHMA TOPTOBJMU
12. [IpeanpuATUS PHHOYHOM TOPTOBJIN, -2 -3
KPHITEI®, ONTOBHE peIHKM ( M3 3maHuM 1,13 x 10 1,678 x 10
CTAlLMOHAPHOM MOCTPOMKM), TOPTOBLIE ( B pacuere Ha
NaBUJILOHE, KUOCKM, JIapbKH, OIHOTO
najaTKyM, KOHTEMHEPEH patoTanmero)
13. |IlpennpmaTnsa OBMECTBEHHOTO NMTAaHUA -2 -3
3,88 x 10 2,063 x 10
( B pacuere Ha
OIHOTO
paboTawmero)
14. TOCTUMHULIE, MOTEJN -2 -4
2,81x10 3,255 x 10

(B pacuere Ha omHO
MecTOo)




15. CIIOPTUBHEIE COOPYXEHNS -3 -
1,83 x10
16. KiyOHEIE M KyJIbTYPHO- 3PEJIMIIHEE -3 -
yupexmneHms 6,90 x 10
17. BubanoTexku -3 -
1,16 x 10
18. My3zen -2 -
1,38 x 10
19. Spenumbbe yupexaeums ( TeaTpw, -2 -7
LVPKM) 9,66 x 10 403x10
(B pacuere Ha omHO
rnocemeHne
3pUTEIIEM)

[Tpunoxxenue N 2
k nyHkty 10 Metoauku

VIIPOILIEHHA S AHAJIUTUYECKA ST MOJIEJIb
JIBVDKEHU S JTFOJICKOI'O TIOTOKA (OIPEJIEJIEHUE PACYETHOI'O BPEMEHU
SBAKYAIIUU JIFOJEN U3 ITIOMEIIEHUM 1 3JTAHUI 110 PACYETY BPEMEHU
JIBVDKEHU ST OJJHOI'O MJIM HECKOJIBKMX JIFOJICKMX ITOTOKOB
YEPE3 DBAKYAIIMOHHBIE BIXO/Ibl OT HAUBOJIEE
YIAJIEHHBIX MECT PA3MEILEHWS JIFOJIEI)

PacueTHOoe BpEeMs sBaKyalmUm gomenn t us moMelue Hn U 3OaHUM
IS

YCTaHaBJIVMBAETCSI I[IO pPaCUEeTy BPEMEHM IBMXEHMUS ONHOTO MJIM HECKOJIBKMX JIOICKUX
IIOTOKOB uUepes3 DBaKyallMOHHEIE BHXOIE OT HamboJjiee yHOaJIEHHBIX MECT pasMelleHUS
JIOOen.

[Ipy pacueTe BecCchb IIyTb IBMXEHMS JIOLCKOI'O I[IOTOKa [oIpasleligeTcs Ha
yuacTku ( IPpOxXOM, KOPUIOP, INBEPHONM MNpoeM, JIECTHWUUHHIN Mapuw, Tambyp) njuHoi |

i
Y  WMPUMHOM IOenbTa . HavasabHEIMM yUYacCTKaMM SBJSKTCS IPOXONE MeXxny padoumMm
i

MecTaMy, OOOpyIOBaHMeM, paDaMM Kpecej UM T.II

[Ipy omnpenejieHMM PaCUETHOT'O BpEeMeHM 5BBaKyaluumu JioIeM IJIMHY M WUUPUHY
KaXImoro YydacTKa IOYyTM BBaKyaluuMu IJIid [OPOEKTUPYEMBIX SHOaHWM [OPUHUMMAKT 10

IPOEeKTY, a @OoJas T[OOCTPOEHHHIX - no GaKkTUMUeCKOMY IIOJIOXKEHMIL. [JIMHY OYTU II0
JIECTHMYHEIM MapliaM, a TaKxXe [0 [NaHOyCaM M3MepsiT 10 IJuHe Mapuma. [IIUHY IYTU
B IBEpPHOM IpoeMe I[IPUHMMAKT pPaBHOM HYJIO. [lpoeM, PAaCIOJIOXEHHH) B CTeHe
Tommmuon  Gosee 0,7 M, a Takxe TaMmMByp CJenyeT CUMTAaThb CaMOCTOSTEJIbHEMU

yYuyaCTKaMM T'OPM3OHTAJIBHOIT'O IIYyTHM, MMEKIVMM KOHEUHYIO ,HJ'H/IHyI.
i

PacueTHOe BpeMsa sBakyaluuu Jwone t cJlenyeT ONpemnesidTh KakK CyMMYy BpPeMeHU
b
OBMKEHMSI JIOOCKOTO IIOTOKA II0 OTIEJIbHEM ydyacTkam noyTu t no dbopwmye:
i
t=t+t+t+...+1, ( n2.1)

p 1 2 3 i



roe t - BpeMAa IBUXEHMA JIIOOCKOTI'O IIOTOKa Ha HepBOM( HaqaﬂbHOM) yuacTKe

1
MMH.;
t,t,t, ...t - BpeMsa IOBWMXEHMUS JIOACKOTO IIOTOKAa Ha KaXIOoM U3
1 2 3 i
cyenyomyx IIOCJe NepBOT0 ydYacTKa IIyTH, MUH
BpeMss IOBMXEeHUs JIOOCKOTO IMOTOKa [0 I[epBOMy yuacTkKy nyTtu t, MMUH.,

|
paccumMTEBaART 0 dopMyJie:

1
t=--, ( 1.2.2)
1V
1
Pﬂel - IJIViHa IIepBOTI'0 ydacTKa IIyTH, M,
1
V - CKOpPOCTBb IOBVIXEHWMSA JIDOCKOI'O IIOTOKAa 10 TOPM3OHTAJIBHOMY IIYTU Ha
1
IIepBOM yuacCcTKke, M/MMH.( onpenejidercsd I10 TaGHMHe HZi B 3BaBUCHMMOCTM OT

nnorHocTu D).
[IIOTHOCTE ONHOPOOHOTO JIOOCKOTO IIOTOKA Ha I[epBOM yuacTke nyTu D

1
paccumMTEBaART 00 dopMmyJie:
N xf
1
D = - , ( 1n2.3)
1 1x nenbTa
1 1
roe N - Y)CJIO JI0IEeM Ha IIepBOM ydacTKe, UYell;
1
f - CpenHsasa IJIolalb TOPM3OHTAJIBHOM MNPOEKLMM UYeJIOBEeKa, m2/ uemn.,
NpMHYMMaeMas B COOTBEeTCTBUM C OyHKToM 6 npunoxenua N5 k Hacrosmerr Meromuke
mejbTa - WMPpMHaA OEepBOTO ydacTKa OyTH, M.
1
Cxopocts V OBMXEHMSA JIOOCKOTO MNOTOKAa Ha ydYacTKax NOyTH, CJelyolMx [IOCie
1
IIEpPBOTO, npuHMMaknT o Tabmuue [12.1 B 3aBMCUMOCTU OT MHTEHCHMBHOCTM IBUKEHMS

JIDOCKOI'O IIOTOKa 10 KaXxXigomMy 3 9TUX YyYacCTKOB IIyTHM, KOTOPYK BHEUMCIIAIT IIJI4
BCeX y4"acCTKOB IIyTHy, B TOM UMCJIe UM IIJId IOBEPHBIX IIPOEMOB, IIO @opMyne:

q X eynepTa
i-1 i-1
g = ---m-mmmemee , ( n2.4)
i nesibTa
|
Tme mejbTa, MOeJbTa - WMPYHA PAacCCMaTPUBAEMOTO - TO U NPeAlecCTBYRIeTo
i i-1
eMy yuacTkKa IyTH, M,
g, q - VHTEHCUBHOCTM IBMXEHMSA JIOACKOTO MOTOKA MO PacCCMaTpPUBaEMOMY
i1
i- My ¥ O@OpemmecTByolieMy ydyacTkam nyTu, M MuH. ( MHTEHCUBHOCTHL IBUXEHUA
JIOINCKOTO T[OTOKA Ha I[epBOM ydacTke nyTw (=( onpemengeTcsa o tabauie
i-1
M2.1 no suauvenuw D, ycranosmenHomy mno dopmyse ( 12.3)).
1
Ecyiu 3HauveHue (, onpemnendemoe no dopmyse ( 112.4), MeHblIe U PaBHO
i
aq , TO BpeMsa IOBUXEHUA [0 ydacTKy nyTut, MMH., PAaBHO

max |



[

t = ( 12.5)
v
I

IIpm 2TOM BHaquVIHq y M/ MMH., crenyeT NPMHMMATL PaBHBIMU.
max

16,5 -1t TOPU3OHTANBHBIX MTYTEH;
19,6 -nns 1BEPHBIX MTPOEMOB;
16,0 -1 1eCTHUIBI BHUS,

11,0 -nns IeCTHUIBI BBEPX.
Ecniu 3HaueHme (), onpemenienHoe no GQopmyse ( 112.4), 6ompmed , TO
[ max
UMPMHY OejbTa HOaHHOTO ydYacTKa NyTM CJiedyeT yBeJIMUYMBATL Ha TaKoe 3HaueHue,
i
0PV KOTOPOM COBJIIaeTCA YCIIOBUE:

q<=q . ( 112.6)
i max

[Tpn HEeBO3MOXKHOCTHU BhINTOMHEHUS ycioBus ([12.6) MHTEHCHBHOCTD M CKOPOCTh JIBHKCHUS
JFOICKOTO MTOTOKA IO y4acTKy | onpenenstor mo tadmuie [12.1 npu 3Hauennu D = 0,9u Gosee.
[Ipu sTOM cieayeT y4uTHIBaTh BpeMs 3aJCp)KKH JIBUKECHHUS JIOJEH M3-3a 00pa30BaBIIETOCs UX
CKOILJICHUS B COOTBETCTBUHU ¢ MyHKTOM 4 npuinoxkenust N 5k Hacrosmeit Metonuke.

Tabmuua [12.1
VMHTEHCUBHOCTD U CKOPOCThH JIBHYKCHUS

JIIOJICKOTO MOTOKA Ha pa3HbIX yyacTKax IyTeH 3BaKyaluu
B 3aBUCUMOCTH OT IJIOTHOCTH

[TnoT- ['opu3zoHTaNbHBIM JBepHOI JlectHuna BHU3 JlectHuna BBEpX
HOCTb yTh poeM,
IIOTOKA | CKO- WHTEHCHB- | MHTEH- CKO- WHTEH- CKOPOCTh | MHHTCHCUBHOCTh
D, pocTh  |HOCTH (, CUBHOCTh pocTh | CHUBHOCTH |V, g, M/MuH.
M2/Mm2 V, M/MUH g, M/MuH V, q, M/MHH.

M/MUH. M/MUH. | M/MHH.
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 18,5 730,
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
0,90u 15 13,5 8,5 8 7,2 11 9,9
Oonee

HpI/IMeanHe - HTHTCHCUBHOCTH JIBUXKXCHUA B I[BepHOM npoeMe HpI/I IINIOTHOCTH IIOTOKA
0,9u 6oinee, paBHas 8,5M/MHH., yCTaHOBIICHA JUTS BEPHOTO IIPOEMa IIIMPHHON

1,6 M u Gonee, a mpu ABEpPHOM IIPOEME MEHbBIIECH MTMPUHBI MHTEHCUBHOCTH IBUIKCHUS
cienyeT onpenessTh no Gopmyne q = 2,5 + 3,75 xenbra.




Puc. I12.1. CiusiHue JrOACKHUX MOTOKOB (HE TIPUBOIUTCS)

llpu CaIMAHMM B Hadajle i- IO ydacTKa OBYyx M GoJjiee JIICKMX NoTokos ( puc
NM2.1) wWHTEHCUMBHOCTE nBWXeHMA ([, ™ MMH., PACCUMTHBAKT 1O QopMmyJie:
|
SUMq x nesbTa
i-1 i-1
g = -mmmmmmmmmmeeees , ( n2.7)
i nesbTa
|
rneq - MHTEHCUBHOCTL IBMXEHMS JIOACKMX MOTOKOB, CJMBAKNMXCSA B Hadaje
i-1
i- To yuacTka, M/ MuH.;
nenbTa - mMpMHA YyYaCTKOB MYyTU CIUSHUA, M;
i-1
IejbTa - WMpUHA PacCMaTPUBAEMOTO ydacTKa IyTH, M.
[
Eciu 3HaueHnme (, onpemenienHoe no Qopmyse ( I[12.7), 6ompmed , TO
| max

WMPMHY OejibTa HOaHHOTO ydacTKa NyTMu cjedyeT yBeJMUMBATL Ha TaKoe sBHaueHMe
[

uyTOBH cobmopaniock yciyoeue ( 112.6). B sToM ciydae BpeMAa IOBMXKEHUS MO YYaCTKY I

onpemenaoT no dopmyse ( 12.5).

[Tpunoxenne N 3
k myHkTy 10 Meroauku

MATEMATHUYECKA MOJEJIb 5
NHAMBUAY AJIBHO-IIOTOYHOI'O ABMJKEHWA JIFOAEN U3 3[JAHUA

PacuetHoe Bpems 3BakyallMy JIIOAEH U3 34aHUSA YCTAHABIMBACTCS 110 BPEMEHM BBIXOZA U3
HETO TOCJIEIHErO YEI0BEKA.

Ilepen HawaoM MOAEIMPOBAHHUS IPOLECCA IBAKYALMM 33Ja€TCA CXEMa JBAKYal[MOHHBIX
nyTed B 34aHUM. Bce dBakyallMOHHBIC IIyTH IOAPA3JEISAIOTCS HA JBAaKyallUOHHBIE YYaCTKU
JUMHOM a u mmpuHOoW bD. JlnMHAa W mMpUHA KaKAOTO YydYacTKa IIyTH OJBaKyallMd s
IPOEKTHUPYEMBIX 3/1aHUM MPUHUMAIOTCS MO MPOEKTY, a AJS MOCTPOEHHBIX - MO (PAaKTUYECKOMY
NOJIOKEHUIO. JUIMHA IYTH 110 JIECTHUYHBIM MapliaM U3MepseTcs M0 JJIMHE Mapiia. J[nuHa mytu
B JIBEPHOM IIpOE€ME MPHUHUMAETCS PABHOW HYNIO. OBaKyallUOHHBIE Y4YacTKHM MOTYT OBITh

TOPU30HTAJILHBIC U HAKIIOHHBIC (J'IGCTHI/II_[a BHU3, JICCTHUIIA BBCPX U HaHI[YC).
3a rabapuTH UYeJIOBEKA B I[IJIaHE NPMHMMAETCS BJUMIC ¢ pasmepamy ocenn 0,5 M
(umprua uesosexa B mieuax) u 0,25 M ( TonumHa uesoBeka). 3amanTca KOOPIOMHATEL

KaxImoro ueJjioBeka X - paccTosHMe OT LEeHTpa BJUIMICA LO KOHLA ®BaKyalMOHHOTO
i
yyacTka, Ha koTopom oOH Haxomurcsa ( puc. 13.1). EcaM pa3HOCTE KOOPIMHAT
HEKOTOPHX JIOIEM, HaxXONAWMXCS Ha ©SBAKYALUMOHHOM ydacTKe, COCTAaBJISET MeHee
0,25 M, TO OpMHMMaAeTCHd, UTO JIOOM C BTYMM KOOPAMHATAMM PACIIOJIOKEHH PSIOM
IpyT C OpyroMm- cOoky omvH oT mpyroro ( ycmosuo:" B paxn'). Ipu >5TOM uCXond
U3 TabapuTOB UeJIOBEKa B IJIAHE UM PAa3MEPOB 3BAKyaUMOHHOTO ydacTka ( mimHa un
WPMHA) OJIS  KaxXOoro 5BaKyalMOHHOTO YyUYacTKa ONPEemeJdAlTCa. MaKCUMAaJbHO

BO3BMOXHOE KOJIMYUECTBO UYEeJIOBEK B OIHOM pPAly cboky IpyT OT Ipyra M MaKCUMMaJIbHO
BOBMOXHOE KOJIMUECTBO JIOOeM Ha ydacTKe.
KOOpIU/IHaTbI KaXxngoro yeJjioBeka X B HaAYaJIbHBEIM MOMEHT BPpEMEHNM 3alalTCHd B



i
COOTBETCTBUM CO CXEMOM PacCcCTaHOBKMA JIonen B HOMemeHMHX( paGque MecTa, MecTa

oJisi  3pUTeJIEl, criajibHElE MecTa U T.I.). B cjlydae OTCYyTCTBUS TAKUX IJaHHBIX,
HanpMUMep nIJjisg MaTasWHOB, BLICTABOUHBIX 3aJIOB M IOPyroe, IONyCKaeTCs pasMelarThb
Jonen PaBHOMEPHO 1o BCEU mjomany IOMeleHMs C Yy4YeTOM pPacCCTaHOBKU

TEXHOJIOTMYECKOTI'O OGOpyﬂOBaHMH
Koopaunara kaxxoro uenoBeka B MOMEHT BpeMeHHU t onpeaensiercs no ¢popMmyie:

X () =x(t- OenvTat) -V () X Oenbrat, M, ( n3.1)
i [ i

roe X (t- Oenbrat) - KOOpPAMHATA i- TO YeJioBeKa B Npenpiaymmii  MOMEHT
i
BpEMEHU, M;
V() - CKOpPOCTE I- IO uejioBeka B MOMeHT BpemeHult, M/ c;
i
Ienprat-  npoMexyTOK BpeMeHM, C.

Puc. [13.1. KoopaunraTtHast cxema pa3MeIieHus JIt0I1ei
Ha MyTSIX dBaKyalnuu (HEe MPUBOIUTCS)

CxopocTsk i- 1o uenoseka V (1) B MOMeHT BpeMeHmnt omnpemendgerca no Tabmaule
i
2.1 npunoxeurs 2 k MeTomMke B SaBMUCHMMOCTM OT JIOKAJIbHOM MJOTHOCTM [OTOKAa, B
xoTopoM oH meuxetcs, D (t) U THIa 3BaKyalMOHHOTO ydYacTkKa
i
JlokanbHasa mioTHOCTh D (1) BHUMCIISETCSA IO Tpylne, CcocTodAmel u3 N
i
JesioBeK, N0 QopMmyJie:

D (t) = (n(®) - 1) xf/ (b x Hensra x), M2/ M2, ( 13.2)
|

r€ N - KOJIMYECTBO JIFOAEH B IPYIIIIE, YEIOBEK;

f - cpenHss TUTOIMIAAF TOPU3OHTAILHOM MIPOCKIHH YeI0BeKa, M2/M2;

b - mupuHa sBaKyallMOHHOTO y4acTKa, M;

JlenpTa X - pa3HOCTh KOOPJMHAT MOCJIEIHETO U MEPBOr0 YEJIOBEKA B IPYIIIE, M.

Ecim B MoMeHT BpeMeHu t xoopamHaTa uejoeeka X (1), onpemneJsieHHAas IO

i

dopmysie ( 13.1), CTaHeT OTpulAaTeJIbHOM - 3TO O3HadaeT, YTO dYeJIOBeK IOOCTUT
I'PaHMIEL TeKylmeIro S5BAKYyaAlIMMOHHOTI'O yYdacTKa u IOOJIXKEH IIepenTr Ha Ccllenynoumun
3BaKyauMOHHHﬁ Y4aaCTOK.

B stoM cimywyae koopauHara 3TOrO 4elnoBeKa Ha CIEAYIOLIEM 3BAKYallUOHHOM YYacTKe

OTIpeICIIACTCS:

X@®=x{t-d)-V (@) xd]+a - I, M, ( 13.3)
i i i i ]
roe X (t-dt) - KOOpIOMHATAa I- TO 4YeJoBeKa B MNPeIuIOyluii MOMEHT BpPeMeHM
i
Ha (j-1) 5BAaKyalUVOHHOM ydacTKe, M,
V() - ckopocTh i- 1O uemoBexka Ha (j-1)- OM B®BaKyalMOHHOM ydacTKe B
i
MOMeHT BpemeHut, M/ ¢
a - LNIVHA - TO 3BaKyaUMOHHOTO ydacTKa, M;
J
I - koopmmHaTa Mecra ciauaHudj- 1o u (j-1)- TO DSBaKyalUMOHHEIX YyYaCTKOB
j .
- paccTosHMe OT Hauaja |- IO SBaKyalUMOHHOTO ydacCTKa OO MECTa CJMAHUSA ero C
(-1)- ®BM 5BaKyaUMOHHBIM YyYaCTKOM, M.

KonmmuecTBO Jomei, MNepexondmMx C ONHOTO 3BAKYyalLMOHHOTO yuyacTKa Ha OpyToin



B S IOVHUILLY BPEMEHN, onpenejyideTrcd HpOHchHOVI CIIOCODOHOCTHIO BEIXOOa C YydacCTKa
Q)
J

QM =q(t)xc xdt/(fx60), uen, ( 13.4)
J J J
rme q(t) - MHTEHCUMBHOCTL IOBWXEHMS HA BEIXOOE C |- IO 5BAKYALMOHHOTO
j
yJyacrka B MOMeHT Bpemenmt,  w/ MumH,;
c - WMPMHA BEIXOOA Cj- [0 3BAKYaUMOHHOTO ydacTKa, M;

J
dt - mpoMeKyTOK BpeMeHH, C;
f - cpenHss IOIMIAAb TOPU3OHTAIBHOM MTPOSKITUH YEJIOBEKA, M2.
JHTEHCUMBHOCTEL IOBWKEHMS Ha BEIXOLE Cj- IO ®BakKyaumoHHOTO ydactka ( (i) B

J

MOMEHT BpeMeHM! omnpenmensercda B 3aBUCHMMOCTM OT IJIOTHOCTM JIOACKOTO MOTOKAa Ha
sTom yuactke DV (t).

J

[IJIOTHOCTEL JIOACKOTO [IOTOKA Ha j- OM sBakyauuoHHOM yuactke Dv (1) B MOMEHT

J

BpemeHut onpenensercsa no dopmysie:

Dv(t)=(N xfxdt)/(a xb), M2/ M2, ( 13.5)
oo i
rae N -  umcro jozer Haj- OM 3BaKyalMOHHOM ydacTKe, dYell;
j
f- cpenHasa MNJomanb TOPUBOHTAJILHOM MNPOSKUMM udeJjioBeka, M2;
a - IJIVHA - TO 3BaKyalMOHHOTO YYacTKa, M;
J
b - WMPMHA j- TO 3BAKyalMOHHOTO Yy4YacTKa, M;
|
dt - NpOMeXyTOK BpPEeMeHu, C.
B MoMeHT BpeMeHu t onpeneyfgeTca KOJMUECTBO Jiodel M C OTPMUIlATeJbHEMMY
xoopamuaTtamu X (1), onpenesienusiMu o dopmyse ( 13.1). Ecam 3HaueHme M <=
i
Q (b), TO BCeM UYeJOBEK MNEepexOoIAT Ha CJeNylNMi 3BaKyalVOHHHM yJ4acTOK U MX
j
KOOPIOMHATH ONpPedelialnTCca B cCooTBeTcTBUM C Qopmysoh ( 13.3). Eciu sHaueHue M >
Q (1), TO KOJMUECTBO YeJIOBEK, pabBHoe 3HaueHmo Q (1), NepexonmuT Ha Cllelyommi

J J

5BAKYALUMOHHEI YyUYaCTOK U WUX KOOPOMHATH OINPEeIesauTCa B COOTBETCTBUM C
dopmygion (- 113.3), a KOJIMUECTBO UeJioBek, paBHoe sHauenwmo (M - Q (1)), He

J

nepexonuT Ha crle oyommn 5BaKyaLMOHHBIN yuacTtok ( ocranTca Ha HAHHOM
3BaKyalMOHHOM YyYacTKe) U MX KOoOpAMHAaTaM mpuceaupanTca sHauenmsa X () =

i
k x 0,25+ 0,25,

rae K - HOMep psiga, B KOTOpOM OyayT HaxXOAUThCS JOAW (MaKCHMallbHO BO3MOXKHOE
KOJIMYECTBO YEJIOBEK B OJHOM psIy COOKY IpYyr OT JApyra Ui Ka)AO0ro SBaKyallMOHHOTO
ydacTKa OIpEIeNsIeTcsl IMepe] HadajaoM pacyeToB). TakuM 0o0pa3oM, BO3HHKAET CKOILUICHHE
JOJIe! Tiepesl BBIXOI0M C ABAKYallHOHHOT'O y4acTKa.

Ha puc. I13.2 uzo0OpakeHa OJoK-cXxema OINpPEACIICHHs] PAacYeTHOTO BPEMEHH 3BaKyalluu
JroJei u3 3/1aHus.

Ha ocHoBaHMM 3aJaHHBIX HAYaIbHBIX YCIOBHH (HAYaJdbHBIX KOOPIHHAT JIFOJCH,
apaMeTPOB 3BAKYAI[MOHHBIX YYaCTKOB) OMPEACISIOTCS TUIOTHOCTH JIFOJACKHX MOTOKOB Ha MYTSX
9BaKyallMl W TIPOITYCKHBIC CIIOCOOHOCTH BBIXOJOB C 3BaKyallMOHHBIX ydacTkoB. Jlaiee, B
MoMeHT BpeMenu t =t + dt,onpenensercs nanmune OPII Ha myTsax sBakyaruu. B 3aBucumoctu
OT JTOr0 BBIOMpAETCS HAMPaBICHUE JIBMKCHHS KaXKIOTO YEJIOBEKAa W BBIYMCISICTCS HOBAs
KOOpJMHATA KaxJoro deyoBeka. llociie 3TOro cHoBa OMNpENENsOTCS IJIOTHOCTH JIFOJICKUX



IIOTOKOB Ha MYyTAX 3BaKyallMM W TPOIMYCKHBIE CIIOCOOHOCTH BBIXOJIOB. 3aTeM BHOBb JaeTcs
npupanieHie mo BpeMern dt U OmpenessiFoTCsl HOBbIe KOOPIHHATHI JIFOJCH C YyU4eTOM HAITMYUS
O®II Ha myTsax 3BakyallMM B 3TOT MOMEHT BpemeHM. [locie 3Toro mpouecc moBTOpPSETCH.
PacueTsl mpoBoAATCA 10 TEX MOP, IOKA BCE JIIOJU HE OyyT HBaKyHMPOBAHBI U3 3/1aHMSL.

BBOO MCXOZIHBEIX IOaHHEBEIX

OnpernejyieHVe HAYAJIbHHX KOOPAMHAT JIoOen

OnpenejieHue NapaMeTpOB BBaKyalUMOHHHX yd4acTkoB ( myTeii)

OnpeﬂeneHme BPEMEHNM HauaJla SBakKyallMM KaXIOI'O UYeJIOBEKa

—> OnpeﬂeneHme IIJIOTHOCTEM JIOOCKMX IIOTOKOB Ha SBaAKYAULUMOHHEIX Yy4YaCTKax

OnpemejieHMe IMPOINYCKHOM CIOCODHOCTM MIPOEMOB

BelBOI Ha IIedaThb XapaKTepMCTHMK IIpollecca »BakKyaluu

[lepexon K cJjenyoleMy MOMEHTY BpPeMeHU

OnpeﬂeneHme HalpaBJIEHMA IOIBUMXEHMA KaAaXIOI'O UYeJIOBEKa

OnpeneseHMe MJIOTHOCTU JIOICKOTO MOTOKa Mepell KaxIbM UeJOBeKOM
( paccTodaHMe OO MOYMETO BIepenM dYesoBeKa)

OnpeﬂeneHme CKOPOCTHM IOBUMXEHMA KAXIOI'O UYEeJIOBEKAa

OnpeﬂeneHme KOOPIOMHAaTHE KaXOJoIr'o 4YeJIOBEKa

V

V

V

V

V

V

V

V

V

v

v




V V

OBaKyalusa He 3aBeplleHa OBakKyaluud BabBeplieHa

OxoHUaHMe pacueTa

Puc. [13.2. biiok-cxema onpeiesieHus: pacCueTHOTO BpEMEHH
ABAKYyallUH JIFOAEH U3 3JaHUS

ITpunoxxenne N 4
k myHkTy 10 Meroauku

NMHUTALIUOHHO-CTOXACTUYECKA A MOJEJIb
JABWXEHNW A JIIOACKUX IIOTOKOB

MHOXeCTBO JIOOElN, ONHOBPEMEHHO MIOYyNMX B OIOHOM HalpaBJIEHMM 10 OOWMM
yyacTkaMm IIyTH, oBpal3ynT JIOLCKOM I[OTOK. YuacTkaMu GOPMMPOBAHMSA JIOLCKMX
IIOTOKOB B IIOMENEHMAX CJlegyeT I[IPMHMMAaTL [IPOXOIH Mexny ofopymoBaHMeM. g
nocJjlenymMx YYaCTKOB 5SBaKYallMOHHEIX I[IyTeM OHM MNPelCTaBJAnT COOO0M NepBUUHLE
VCTOUYHUKU JIIOOCKUX IIOTOKOB. Pacnpenenenue N YeJIOBEK Ha ydacTKax

i
bopMmMpoOBaHMA, MMeUMX WMPuHY b u oouny |, IIPMHUMAETCS PABHOMEPHBIM.
i i
[losTOMYy B HAaUaJIbLHHM MOMEHT t Ha KaxXIOM 3JIEMEHTapHOM ydacTke Jesnbtal,
0 i

t0
3aHMMAEeMOM I[IOTOKOM, I[IJIOTHOCTBL mnoroka D onpeneyseTcsa no dopMmye

|

t0 t0
D =N /b x Ienbra l, yeg.] M2 ( n4.1)
i i i i

[IpM DajibHeMmeM IOBWXEeHMM JIOOCKMX I[IOTOKOB M3 INEePBUYHHX MCTOUHMKOB I10
ofumMM ydacTKaM IOyTY [OIPOUCXOOUT UX ciausHue. OBpasyeTcsa obmmi IOTOK, YacCTu
KOTOPOTO MMEKT Pa3JIMUHYI0D IIJIOTHOCTL. [[POMCXOIMUT BHPABHMBAHME IIJIOTHOCTEN
PaBJIMUHBIX YacTell JIONCKOT'O IIOTOKa - ero nepebopMmmporBanme. ClenyeT yUMUTHBATH,
YTO ero TOJIOBHAas YacTb, MMepmas nepen co®ol CBOOONHEIM NyThb, pacTeKaeTcs -
JIOOV CTPEeMATCS MOTY cBoBomHo mnpu muorHocTmu D. 3a wmHTepsan Bpemenu JenbTa t

0

yacTb JIOOeV IIepexomuT C  DBTUX DBJIIEMEHTAaPHHX YYacCTKOB Ha [OCJenywolye U
IPOMUCXOINUT M3MEeHeHMre COCTOSHMSA JIONCKOT'O IIOTOKAa, €TI0 IBWXeHMNe

CKOpPOCTh IOBWXEHMSA JIOOCKOTO TNOTOoka npu mjorHoctu D Hali- oM orTpeske

i
yyacTka nOyTu K- r©o BuOma clemgyeT CUMTaTh CJydalHOoM BeauuuHoin V rMemnien
D,K

UMCJIOBHE XapPaKTEPUCTUKN!

MaTeMaTHYECKOe OKUaHue (CpeHee 3HAUCHHE)



V =V x(1-axInD /D )xm npuD >D ,

Dk 0Ok k i Ok i 0Ok
V =V npuD <=D ; ( 14.2)
Dk 0k i 0k

CpeliHee KBaJpaTUUHOE OTKIOHEHHE

curma(V )= curma(V )x(1-a xInD /D ), ( 14.3)
D,k 0,k k i 0k
rone V u curma(V ) - MaTeMaTUYeCKOe OXMIAHME CKOPOCTU CBOBOIHOTO
0,k 0,k
nemwxenus Joneit B nortoke ( mpm D <= D ) U ee cpedHee KBaIpaTHUUHOE
i 0Ok
oTkJIOHeHMe, M/ MUH.;
D - npernesbHOE SHAUEeHME TIJIOTHOCTM JIDIACKOTO MOTOKa, IO IOCTWXKEHMS
0,k

KOTOPOTO BO3MOXHO CBOBONHOE nNBMXeHue jonett no k- My Bumy nyTw ( MIOTHOCTBL He
BJIMSET Ha CKOPOCTb IBUXEHUSA JIOAE);

a - KO2QOMUMEHT amanTauuM JIel K M3MeHeHUAM [JIOTHOCTM MOTOKa NpuU
k
OBMXeHUM 1o K- My BuUOy nyTy,
D - 3HaUeHUe [JIOTHOCTM JIOACKOTO MOTOKa Hal- oM orpeske ( Iesbra l)
i
ydacTka OyTy wWmMpuHOM b, uen./ M2;
i
m - KODOOMUMEHT BIMAHMSA OpOeMa.

3Ha4YeHUs NEPEUHCICHHBIX TapaMeTPOB ClIeAyeT NPUHUMATh 1o Tabuure 114.1.

Ta6muna [14.1

Bun nytu, K Vv, curma(V ), D a m
0,k 0.k 0.,k k
m/ MmH. m/ MmH. yemn.] M2
Topusonraneueni| 100 5 0,51 0,295 1
B 3IaHUM
Topusonraneueni| 100 5 0,70 0,407 1
BHE 3IOaHMA
Mlpoem <*> 100 5 0,65 0,295 1,25 -0,05D,
npu D >=5
JlecTHMIIA BHU3 80 5 0,89 0,400 1
JlecTHMIIA BBEpPX 50 5 0,67 0,305 1
<*> Mpru D=9 uen/ mM2 sHauvenuaq =V xD omnpenesydnTCca Mo dbopMmyse
i i 0Ok
g =10x(3,75+2,5xb), M/ MUH.
i i
t0 t0
llpy JO6OM BO3MOXHOM 3HadeHUM V oo B koaudecTie N | Haxomdmmecs B

|
moMmeHT t Ha i- oM SJIEMEHTAPHOM yuacTKe, IBUT'AlTCHd II0 HEMY UM HAYMHAaKT



0

nepexOomouThL Ha nocnemyoumii ydacTok (i+1) ( puc. 14.1). Ha vyuacroki B cBOD
ouepens NEPexXOOUT UYacThb Juoneil ¢ npensinywero (i-1) DJIEMEHTAPHOTO ydacTKa U
U3 UCTOUYHMKA |.

[lo mnpomecTBMM BpeMmeHu JesbTal Kk mMoMmeHTy t =t + ODenvTat TOJNBKO

I 0
t0
yacTte Jmomern N c yuacTkal ycneer mnepedTu Ha yuactok (i+1). K sTomy
i,i+1
to
MoMeHTy BpeMmeHu us N Juonelt, OBIBLMX Ha ydYacTke | B MOMeHTt, ocTaHeTCHd
[ 0
t0 t0
(N -N ) monert.  MxX  UMCJIO TOMNOJIHAETCHA 3a& CuUeT JIIel, yCHeBIMX 3a
i i,i+1
t0
STOT MHTEPBAJl BPEMEHM [epeiTy Ha HerO C NPedHOymero ydacTka - N u us
i-1,i
t0
ucrounyka N . Torma [JIOTHOCTB MOTOKA HAa ydYacTkeli B MoMeHT!  Oynmer
i 1

paBHa:

t1 t0 tO to t0

D =(N-N +N +N )/bx Oenvra l. ( 1n4.4)

T T A R B Y O A

CKOPOCTEL  ABWXEHMA JioAel, OKa3aBUMXCA Ha ydYacTKe | B MOMeHT t,
1

onpenensgeTcsa no odopwmyse:

t1 t
V =V (1-axInhD /D ). ( 14.5)
i Ok Kk i 0Ok

Puc. I14.1. I3MeHeHNs COCTOSTHUS IIOTOKA B [IOCJIEAOBATEIBHBIE
MOMEHTBI BpeMeHHU (He MPUBOIUTCS)

Cremyer yuuThIBaTh, 4TO U3MEHEHUE IJIOTHOCTHU IIOTOKA HA KAXKIOM Y4acTKE B Pa3IIMYHbIC
MOMEHTBI BPEMEHH OTpa)kaeT mporecc nepedopMUpOBaHUs Pa3IMYHBIX YacTeH MOTOKA, M Kak
YaCTHBIN CIlydai, POLECC paCTEKAHUs IIOTOKA.

M3meHeHNe IUIOTHOCTH TIOTOKAa HAa KaXKIOM M3  JJIEMEHTapHBIX  y4acTKOB B
TIOCJIC/IOBATEIEHBIC MOMEHTBI BPEMEHHM 3aBHCUT OT KOJHMYECTBA JIIOJCH, MEPEXOIINX Yepe3
TPaHMIIBI YIaCTKOB. B 00mieM ciydae KOIM4ecTBO JII0AEH, Nepexo/SsIiX 3a HHTEPBAI BPEMEHU
Jenpra t ¢ ydacTka | Ha IOCJIEAYIOIIUI y4acTok i+1, cocTaBiser:

t1 t0

N =D xb x JenbTa XV X IenbTa t. ( 114.6)
i,i+1 i nep

CxopocTs nepexoma V yepes TPaHULE CMEXHEX 3JIEMEHTAPHEX YUaCTKOB

nep
cllenyeT NPMHMMAaTb, PYKOBOIACTBYSACH ClelyouyMy GOopMyJiaMu:

t0 t0
V, ecmD <=D npumaxV xD=q
i i+1 Di,k max
V =<
nep t0 t0
v o, ecmD >D npumaxV xD=q . ( 114.7)
i+1 i+1 Di,k max

CnenyeT y4YMTEBaTbL, YTO B TOT MOMEHT BPEMEHV[t ) KOI'ma IIJIOTHOCTB IIOTOKa



n
Ha ydacTke i OOCTUIJIA MAKCUMAJIbHOM BEJIMUMHEl, Ha DTOT yYaCTOK HE MOXET
OPUMATY HYM OOMUH UeJIOBEK, HM C [NpeAlleCTBYIEero ydJyacTKa, HM M3 MCTOUHMKA. B
tn
pesyJsibTaTe nepen y4acTKOM | 3amepxuBaeTcsa coorTBeTcTBeHHO Jesbra N %8
i-1
tn
IOensTa N Jonei. B cienyommii MOMEeHT Bpemenu t YacTh JIOOEeM C ydacTka
Ji n+ 1
i  nepexomuT Ha ydacTok i+l, JIOTHOCTB JIOLNCKOI'O [IOTOKa HAa HEM YMEHLUMTCS U
YacTb CKONMBUMXCS [E€pel ero IPaHuLel JIoIel CMOXEeT NepelTy Ha Hero. JoJsd MX
y4acTusa B MONOJIHEHUM JIOIbMM ydacTkai B MoMeHT t onpenenseTrcs bopMyJIOn:
n+1

tn,tn+1 tn,tn+1 tn,itn+1 tn, tn+1 tn,tn+1 tn,tn+1
OemnsTa N / OemnsTa N =D xV xb /D X \ xb.( 114.8)
i-1 j i-1 i-1 -1 j j

dopmymar ( 114.4) - ( [14.8) MOJHOCTBLI OMMCEBAKT COCTOSHME JHOICKOTO MOTOKAa
Ha OJIEMEHTAPHEIX yYacTKax U UX [EPEexXONE B OCJIeNOBATEJIBHHE MOMEHTH BPEMEHMU.
COBOKYIHOCTb 3HAUEHWM  PaCYeTHOTO BPEMEHM 3BaKyaUuy, IOJYYEHHEIX [IpU
Pas3nIMuUHbIX 3HadeHusax V bopMMpyeT sMIMPUYECKOe pachpefelieHue BEepOSTHOCTENR

0,k
suauenut SUMt. IIo oTOMy PpacHnpeneseHUo cienyeT PacCUMTHBATH 3HaYeHUe
P
BPEMEHM 3aBepleHMsa BBaKyaluu, COoOoTBeTcTByomee sepoarHocTtu P(t ) =0,999
p. 3B

[Tpunoxenue N 5
k myaktam 10, 11MeTonuku

JAHHBIE
JUIA OITPEOEJIEHN A PACYETHOI'O BPEMEHU 5BAKY AL
1. SHaveHMe BpEeMEeHM Hadajla SBakyauunu t OJi9 MOMEIEeHMSa odara moxapa
H3
crnenyer npuHuMaTh pabHemM 0,5 wMuH. 54 OCTaNIbHBIX [IOMEUIEHMM SHAUEHMEe BpEeMeHU
HauaJjla sBakyaummt crenyeT onpenenaTs no Tabmmue I15.1.
HD

Tabmuua I15.1

N Knacc GyHKUMOHAJILHOM IIOXaPHOM 3HaueHMe BpPeMeHM HauaJla
n/ o OMAaCHOCTM 3IaHUM ¥ XapaKTepucTuka sBakyauumn Jioment , MMUH
KOHTUHTEeHTAa JIoIen HD
3OaHUS, 3OaHUs, He
ODOpPYyLOBaHHEE ODOpPYyILOBaHHEE
CUCTEMOM CUCTEMOM
OIOBEIMEHUS U OTOBEMEHUS U
yIIpaBJIeHUS yIIpaBJIeHUS
sBaKyalmMemn Joiemn sBaKyalmen
Jionen
I -1l I -v
TUIAa TUIA
1 ([BmaHmMsa OeTCKMX OOWKOJIbHEIX 6,0 40 9,0
o0pasoBaTEJIbHEIX YUPEeXIeHNM,
CrlelMaIM3UPOBAHHEIX IOOMOB IIpeCTapeJibx
u mHBaIMNoOB ( HEKBAPTUPHEE), OGOJIbHNLIH,




crajibHEHE KOpIyca o0pasoBaTeJibHBIX
YUpexXIOeHU MHTEePHATHOTO THuIla U
OEeTCKUX YyUYPEeXIeHUM, MHOTOKBAaPTUPHLE
XMJIBIE IOOMa; OIOHOKBAPTUPHBEIE XUJIBIE
ooMa, B TOM uMcJie OJIOKMPOBAaHHHE
(0l.1, 1.3, 21.4). Jooy MOTyT
HAXOOMUTHCSA B COCTOSHMM CHa, HO
3HAKOMEI CO CTPYKTYPOM 5BaKyallMOHHBIX
nIyTelr M BHXOIOB

2 TOCTUMHULE, OBWEXNUTUE, CIaJlbHbBe 3,0 2,0 6,0
KOpPIlyCa CaHaTOPMEB ¥ IOMOB OTIHXA
ofmero Tuna, KEeMIMHIOB, MOTEJIeN U
nancuonatos ( ©1.2).  XMJIBLUE MOTYT
HaxoOOUTLCA B COCTOSAHMM CHa U He
OOCTATOUHO BHAKOMHI CO CTPYKTYpPOM
3BaKyalMOHHEIX NyTel M BEIXOLOB

3 |3maHuMAa SpeNMIHEIX U KyJbTYPHO- 3,0 1,0 6,0
NPOCBETUTEJLHHX yUYPEeXISHUM, SOaHuUd
OpTaHM3auuii Mo OBCIYyXMBAHUID HaCEeJIeHUH
(92, @3). IHoceTnTeny HAXOOATCH B
BOOPCTBYRIMEM COCTOSHUM, HO MODYT OHTH
He 3HAaKOMEl CO CTPYKTYypOM
3BAKYaUMOHHEX MyTelM M BHXOIOB

4 3IaHusa HAYUHHX U 0Bpasz30BaTEJIbHBIX 3,0 1,5 6,0
YUPeXIeHUM, HAYUYHEX M [IPOSKTHEIX
opraHmM3auuii, OPTaHOB yIpPaBJCHUA
yvupexnenuit ( ®4). IloceTuTenu HaxOOATCH
B OONPCTBYOIEM COCTOAHUM M XOPOLO
3HAKOMEI CO CTPYKTYPOM 3BaKyaLMOHHEIX
nyTel U BEXOIOB

2. [IpuHIMIIBI COCTABIICHHS PACYETHOM CXEMBI IBAKYAIIHH.

PacueTHas cxema »JBaKyallMd TPEACTAaBISET COOOH OTAENBHO BBHIMOJHCHHYIO, HIIH
BO3MOYKHO HAHECEHHYIO Ha IUIaH 31aHHs CXeMY, Ha KOTOPOH OTPa)KCHBI:

KOJIMYECTBO JIIOJICH HAa HAYalbHBIX y4acTKaX - MUCTOYHUKAX (IPOXOIBI MEXKIY pabounMu
MeCTaMH, 000pyIOBaHUEM, PSIIAMU Kpecell | T.I1.);

HAalpaBJICHNE UX JIBIDKEHUs (MapIIPYTHI);

reOMETPHUYECKHE TapaMeTphl yIaCTKOB MyTH (JUIMHA, IIUPHHA) M BUJIB YYaCTKOB IYTH.

PacueTHas cxema sBaKyalu JOJDKHA YYUTHIBATh CHTYAIMIO, IPU KOTOPOH XOTSI OBl OIUH
YeJI0OBEK HAXOAUTCS B HanOoJiee YAAICHHOW OT BBIXOJa M3 34aHHS, COOPYKECHHS MM CTPOCHUS
TOYKE.

B pacdeTHOl cxeMe YYUTHIBAIOTCS TOJBKO TE ITYTH JBHKCHHS JIFOJICH, KOTOPBIE OTBEYAIOT
TpeOOBaHHSM, IPEIBSIBISIEMBIM K ITyTSM BaKyallnH.

PaccmoTpeB KonmuuecTBO IOl Ha HAdYalbHBIX YYacTKax MYTH, CIEIYeT ONPEICIHTh
HalpaBJICHUE WX JBW)KCHHS. YCTAaHOBIICHBI CIEIylOUIMe HaOJloJaeMble TpaBHia BbIOOpa
JFOJJbMU HaIpaBiieHus (MapIIpyTa) ABUKEHHUS IIPH dBaKyaI[Hu:

a) IBWYKEHUE M0 TOMY ITyTH, KOTOPBIM JIFO/IU TTOTIAIN B 3/1aHHE;

0) WCKIIOUCHHE MyTEH IBIIKCHHS, NMPOXOASNIMX PSAJIOM C 30HON TOPEHHUs, XOTS JIFOIH
MOT'YT 9BaKyHUpPOBAThCS Yepe3 3aIbIMICHHBIC KOPUIOPHI;

B) BIIMSIHHE ITepcoHala. B 00IIeCTBEHHBIX 3/1aHUX, KaK IPABHJIO, TOCETUTENH TIPH HOXKape
CIIEIYIOT YKa3aHUSIM MepCOHaa, JaXe eCIIM 9TH yKa3aHUsl He COOTBETCTBYIOT ONTUMAIIbHBIM;

I') IPX 3BaKyallMy C TIEPBOTO 3Ta)Ka - IBHKEHHE K OTKPHITOMY BBIXO/y HAPYXKY U3 3/IaHNS;

I) CIIOKHAs JIOTHMCTHYECKas 3aBUCHMOCTB, OIMCBIBAIOIIasi BBIOOp BBIXOJA C JTaKa
3putenapHoro 3ana (puc. I15.5);



€) TP MPOYMX PABHBIX YCIOBUSX - ABHKCHUE K OJIVDKAMIIEMY BBIXOTY.

Kpome Toro, mmeronyecss JaHHbIE MOKA3bIBAIOT, YTO (aKTOPOM BBIOOpA HAIPaBICHUS
MOXET OBITh MECTO MapKOBKU JIMYHOTO aBTOMOOWIIS, MECTO BCTPEYM WICHOB CEMbU H T.II.
OmnpeneneHne OIMPHUHBI yTH BBI3BIBACT 3aTPYyAHEHHE TOJBKO NPH BBIXOJE JIIOJCH HAa y4acTOK
"HEOrpaHWYEHHON" IIMPUHBI, HapuMep B BecTUOWIb. B TakoMm cimydyae mmpuna motoka (D)
3aBucuT oT KoamuectBa jaoaen (N) u mmunsl (I) yaactka: b = 4m nmpu N < 100uqen. u | <= 6wMm; b
= 6M - B OCTaJIbHBIX CIyYasiX.

CorylacHO JaHHBIM HATYPHBIX HAOIIONECHUH YCTAHOBJIEHO, YTO TIOBOPOTHI IIyTH HE BIUSIOT
Ha NapaMeTphl ABHKCHUS JIIOACKOTO MOTOKA.

Ormpenenenne AIUHBL (BOONH OCH ITYTH) OTIIMYACTCS JUIS TOPU3OHTAJIBHBIX W HAKIOHHBIX
nyreil. K HaKJIOHHBIM IIyTSIM OTHOCSTCS JIECTHHIBI W maHxycel. CBoOomHas mmpuHa D
HaKJIOHHOTO ITyTH, HaIPUMeEp JICCTHUYHOTO Mapilia, IPUHUMAETCS B CBETY: OT MEPHJI 10 CTEHBI.
Jnaa HakimonHoro myty L (puc. I15.1) npuHrMaeTcs 1o HICTHHHOMY €r0 3HAUYCHHI0. DTa)KHbBIC U
MEXTY3TaKHBIE IUIOMAAKH B IEISIX YNPOIIEHUS W OOJEerdeHHs BBIYMCICHUI, YUUTBIBAs HX
HEeOOJIbIINE pa3MepPBl H MEHBIIIYIO CIIOKHOCTH JIBUYKEHHSI IO HUM B CPAaBHEHHH C JICCTHUYHBIMU
MapIlamMH, JOIYCKAeTCsl OTHECTH K HAKJIOHHBIM ITyTsM. Toria cpeaHss AIMHA HAKIOHHOTO MyTH
B IIpeJieNiaX OJJHOTO dTaXka, C yYETOM JABIIKCHUS 110 IJIOIIAAKaM, COCTaBHT:

L
0Ji9 OByXMapueBuX JjecTHui L = --------- ,
CcoSs anbda

rrae L' - ropu3oHTanbHas MPOEKIHS JJTMHBI HAKIIOHHOTO ITYTH, M;

anb(a - yroj HaKJIOHA K TOPU30HTY;

HE JIOIYCKasi Cephe3HON MOTPEIIHOCTH, JJIMHY MyTH 0 JBYXMAapIIeBOH JIECTHULIE MOXHO
MPUHUMATh PaBHOU ero yrpoeHHou BeicoTe H, T.e. L = 3 - H;

2xL' L"
IJIS TpexXMaplieBHX JieCTHul L = --------- A +L"+4xhb.
Ccos ansba COS anesbda

Puc. I15.1. PacueTHas [yiHa MyTH 10 JIECTHULIE!
a - IByXMaplleBas JJECTHULA; O - TpexmaplleBas JIECTHULA
(ne mpuBOIUTCS)

[Tangycel, €cnM HMX HAKIOH HE3HAUYMUTEIECH (Menpime 1:8), MOXHO OTHOCHTH K
TOPU30HTAIBHBIM MYTSIM, NpH OoJjiee 3HAUYUTENbHBIX HAKJIOHaX - K JecTHUUaMm. J[nuna
HAKJIOHHOTO ITyTH TaK)Xe OIMPEACIISIETCS 10 €ro OCH.

[Iytu nABWXKeHUs B mpeaenax 34aHUS OOBIYHO MEPECEeKAroTCs IBEPHBIMU IMPOEMaMH,
ACKOPATUBHBIMU TIOpTAJIaMH, HMCIOT CYXCHHUA 3a CUCT PAaA3JIMYHBIX APXUTCKTYPHBIX WA
TEXHOJIOTMYECKHUX DJIEMEHTOB, BBICTYNAIOUIMX U3 IUIOCKOCTH orpaxiaeHuil. Takue MecTHbIE
CY)KCHUSI HE3aBUCHMO OT HX XapakTepa B JajbHEHIIEM Ha3bIBAIOTCS MPOEMaMU IIUPUHON D.
JivHa nytu L B mpoeme MOXKET HE yYUTBIBAThCA, €CiiM OHa He mpesbimiaer 0,7 M, T.e. AJIUHBI
OIHOTO IIara, B MpOTHBHOM CJIy4ac ABUKCHHUC B IPOCME CICAYCT paCCMAaTpUBATh KAaK JIBUKCHHC
Ha CAMOCTOSATEIbHOM Pacue€THOM Y4acTKe FOPU30HTAIBHOIO MYyTH.

JlecTHHUYHBIE KIICTKU SBJISIIOTCS HCHTpaMU TATOTCHUA JIIOJCKHUX ITOTOKOB (,Z[.H}I epBoro
3Taxka - BBIXOJBI HAPYXKy), Ha BXOJE B KOTOpBIC 3aKaHUYMBACTCS BTOPOW ASTam HSBaKyallHH.
[ToaToMy pacueTHBIE CXEMBI I[EIeCO00Pa3HO COCTABIATH IS KaKIOM YacTH 3Taxa, o KOTOPOi
JFOJT BAKYUPYIOTCS Yepe3 MPeIyCMOTPEHHYIO ISl HUX JICCTHHYHYIO KIIETKY (BBIXOJ HAPYXKY).
Ha puc. I15.2 mpuBenen npumep COCTaBICHUS PACUETHOW CXEMBI SBAaKyalluu JIIOJICH 10 YacTH
9TaXa 10 BXOJa B JICCTHUYHYIO KJICTKY.

Puc. I115.2. Ilpumep cCOCTaBJEHMSA PACUETHOM CXEeMH 3BaKyalun
JIIoOeM IO dYacTu 3Taxa OO BXOHNAa B JIECTHUUHYK KIIETKY.:



KOJIMUYECTBO Juomels, b - mmpuHa; | - OJIMHA

uvprHa npoema ( He TPUBOOUTCHA)
0

B 3purtenbHBIX 3aax ¢ MOCTOSIHHBIMHA MECTaMH JJISl TIOCETUTENICH paclpeiesIeHUe JI0aei
10 HANPABJICHUSAM JIBKEHHUS K HBaKyallMOHHBIM BBIX0JIaM MoKa3zaHo Ha puc. [15.3u I15.4.

Puc. I15.3. MapuipyTu3anus ABHXKEHHS JTIOJACKUX TOTOKOB
IIPY YBAKyalllH U3 3PUTEIBHBIX 3aJI0B ¢ OOKOBBIMH (IIPOIOJIEHBIMH)
npoxoaamMu (He TPUBOTUTCS)

Puc. I15.4. Mapuipytusanust IBUKEHHS JIIOJICKUX TOTOKOB
IIPU HBaKyalluy U3 3pUTEIIBHBIX 3aJI0B C IIONEPEYHBIM ITPOXOJJOM
(ne mpuBOIUTCS)

Ecnu B manpHEWIIUM JIFOAM BBIXOJAT B (oiie MM BECTHOIOIb, T.€. Yepe3 MOMEIICHHs, He
OTPaHUYMBAIONINE, KAaK KOPUIOP, IIHUPHUHBI JIIOACKOTO IMOTOKA, TO pacHpeiesieHue JIFOICKUX

IIOTOKOB Me)KI[y BO3MOXHBIMU 3BaKyaI_II/IOHHBIMI/I BBIXOJaMH, KOTrJa OHHU HE 6J'IOKI/IpOBaHI>I,
MIPOUCXOAUT COTJIACHO 3aKOHOMEPHOCTSIM, TPUBEJACHHBIM Ha puc. [15.5,a, 0.

Puc. 115.5, a. Umcno spurenen
U BHIOOP BHIXOIA NPV BBaKyaluu B IOBE JIECTHWUHLE
KJIETKM JMBO B IOBE OTKPHTHE JIECTHULL WM B IOBA BHXOIA
u3 3pnauva. N-  oflmee KOIMUECTBO 3BAKYyUPYOIMUXCS
UMCJIO 3BAKYUPYKIMXCH Uepes OJIMKHUM BBEIXOI,

YMCJIO BBAKYUPYOIMUXCSA Uepes IaJIbHUM BHIXOM;

B, NZRrZ

OJIVHA IIYyTM 0O OJMXHEIO BHXOﬂa;l'

2

IIyT™M OO IaJIbHEI'O BHXOHa( He HpMBOﬂMTCH)

OJIMHa

Puc. I115.5, 6. UYucmo spurenen,
3BAKYyUPYRIMXCA IO OTKPHTOM JecTtHuue. N -

obmee
KOMMUYecTBO sBakympybumxcsa; N - UMCJIO 9BaAKyUPYOULMUXCS
1

[0 OTKPHITOM JecTHuue,; | - OJIMHa [OYTM OO OTKPBEITOM
1

snecrHuus; | - LIVHA [yTV OO BHXONA HA JIECTHUYHYIO
2
kierky ( He NpUBOOUTCA)

3. Ilpu ogHOPOAHOM cCOCTaBe JIOJICKOTO TMOTOKa Tpymm moOuiabHOCTH M2, M3 nu M4
3HayeHus BenuuuH D, V u ( cnexyer npuHUMaTh B COOTBETCTBUU C JaHHBIMH Tabmauis! [15.2.

Ta6mumna I15.2



PacueTHbie 3HaUCHUS TapaMeTPOB IS TPy MoOuiibHOCTH M2 - M4

I'pynna | Bug nytu

MooOmIBL- | D, TOPU30HTAILHBIA | JICCTHHIIA BHU3 JIECTHHIIA MaHIyC BHU3 HaHIyC BBEPX

HOCTH mM2/M2 BBEpX

V! a, V! a, V! q V! g, V! g,
M/MHUH. |M2/M M/MuH. |M2/M M/MuH. |M2/M M/MUH. |M2/M M/MuH. | M2/
X MUH. X MUH. X MUH. X MHH. X MHH.

M2 0,01 | 30,00 0,30 30,00 0,30 20,00 0,20 45,00,45 25,00 0,25
0,05 | 30,00 1,50 30,00 1,50 20,00 1,00 45,0Q,25 25,00 1,25
0,1 30,00 3,00 30,00 3,00 20,0¢ 2,00 45,0@,50 25,00 2,50
0,2 26,05 5,21 26,22 5,24 16,78 3,36 41,98,38 21,98 4,40
0,3 21,97 6,59 22,01 6,60 13,96 4,19 33,920,18 18,09 5,43
0,4 19,08 7,63 19,03 7,61 11,96 4,78 28,2831,30 15,32 6,13
0,5 16,84 8,42 16,71 8,36 10,41 5,20 23,881,93 13,18 6,59
0,6 15,01 9,01 14,82 8,89 9,14 5,48 20,282,16 11,43 6,86
0,7 13,46 9,42 13,22 9,25 8,07 5,65 17,222,05 9,95 6,97
0,8 12,12 9,69 11,83 9,47 7,14 571 14,591,67 8,67 6,94
0,9 10,93 9,84 10,61 9,55 6,32 5,68 12,2711,04 7,54 6,79

M3 0,01 70,00 0,70 20,00 0,20 25,00 0,25 1D5,0,05 55,00 0,55
0,05 | 70,00 3,50 20,00 1,00 25,00 1,25 1D5,6,25 55,00 2,75
0,1 70,00 7,00 20,00 2,00 25,0( 2,50 105,00,50 55,00 5,50
0,1 53,50 10,70 20,00 4,00 20,57 4,11 83,416,68 45,54 9,11
0,3 43,57 13,07 16,67 5,00 17,0% 5,12 65,709,71 35,59 10,68
0,4 36,52 14,61 14,06 5,62 14,56 5,82 53,121,25 28,54 11,41
0,5 31,05 15,53 12,04 6,02 12,62 6,31 43,321,69 23,06 11,53
0,6 26,59 15,95 10,38 6,23 11,04 6,62 35,421,25 18,59 11,15
0,7 22,81 15,97 8,98 6,29 9,70 6,79 28,890,02 14,81 10,37
0,8 19,54 15,63 7,77 6,21 8,54 6,83 22,868,284 11,53 9,23
0,9 16,65 14,99 6,70 6,03 7,52 6,77 17,715,94 8,64 7,78

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




0,05 |60,00 | 3,00 115,C 5,75 140,00 | 2,00
0,1 60,00 | 6,00 115,G 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 79,89 23,97128,36 | 8,51
0,4 33,93 | 13,57 65,84 26,34/23,52 | 9,41
0,5 28,58 | 14,29 54,99 27,49119,77 | 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 26,37 23,68/ 9,90 8,91




[Ipumeuanue:

M2 - HeMONIHBIE JIOAU, MOOUIBHOCTh KOTOPBIX CHHXKEHA W3-3a CTapeHUs OpraHu3Ma
(MHBaMMIBI MO CTAPOCTH); WHBAIUIBI HA MPOTE3aX; WHBAIUIBI C HEJOCTATKAMH 3PCHUS,
MOJIb3YIOIUECs 0eI0l TPOCTHIO; JIOH C ICUXHUUYECKUMHU OTKJIIOHEHUSIMH;

M3 - uHBamUIBI, UCMOJB3YIOUIME TPU JBHKECHHH JOMOJHUTEIbHBIC OMOPhI (KOCTHUIH,
HAJIKH);

M4 - uHBanuIbl, NepeIBUTAIONINECS Ha KPECIax-KOJsACKax, MPUBOAUMBIX B JBUKCHHE

BPYUYHYIO.

4. Tlnomiame TOPU3OHTANIBHOW Tpoekiuu yenoBeka f, M2[den., mnpuHHMaeTcs B
3aBUCHUMOCTH OT COCTaBa JIIO/I€H B MOTOKE B COOTBETCTBUU C NMIPUBEACHHBIMU HIXKE TAHHBIMHU.

Puc. I15.6. [1nomaae ropu30HTAIEHON TPOSKITUH YETIOBEKA:
a) pacuetHas; 0) neicTBUTENbHAS (HE IPUBOIUTCS)

Pazmepsl mroneii M3MEHSIOTCS B 3aBUCHMOCTH OT (DU3MYECKHUX JaHHBIX, BO3pacrta M
onexnasl. B tabmunax I15.3,115.4,115.5u Ha pucynke [15.7 mpuBoasTcss yCpeTHEHHBIC pa3MepPbl
JIOJIEH Pa3HOTO BO3PAcTa, B PA3IM4YHON ONEKIE U C PasIMYHBIM rpy3oMm. [Ipu 3TOM npuBeneHsl
3HAYCHUS IUIOINAJM TOPU3OHTAIBHOM TNPOCKUMH HMHBAIWIOB C HapyLICHHWEM OIIOPHO-
JIBUTaTEJIBLHOTO armapara.

Tabauua I15.3

[lomaay ropu30HTaIbHON MPOEKIMHU B3POCIIBIX JIHOICH

Tumn omeXxIel lnpuHa a, M TomnumHa C, M IInomwans TOPU30OHTAJIbHOM
npoexuun, w2/ ges.

JleTHad 0,46 0,28 0,100
BeCeHHe- OCeHHAH 0,48 0,30 0,113
3YMHS S 0,50 0,32 0,125

Taomuua [15.4

[Tmomaan ropu30HTaANBLHON MPOEKIIMU AETEN U MOJPOCTKOB

Tun onmexnrl Bo3pacTHEE TpPYNIE
MJlamnma s cpenHsas crapumas
0o 9 gmer 10- 13 JeT 14 - 16 JeT
OOMAlIHAS OIOexXna 0,04 0,06 0,08
IOMallHAS OmexIa CO MKOJbHOM 0,07 0,10 0,14
CYMKOM
yaIMYHaA omexna 0,09 0,13 0,16

Puc. I15.7.I1n0manb ropu30HTaIbHON MPOEKIUH JIFOEN
C pa3IMYHBIM IPY30M (HE MPHBOIUTCS)

Taomuua I15.5

[Tmomaas TOpU30HTAITBLHON MPOEKIUH JIIOJIEH C OTpaHUYEHHOU



MOOWJIBHOCTBIO, M2/delt.

300pPOBHE Crenue C nopaxeHueM OIOPHO- OIBUI'aTEJIbHOTO amnaparTa
oo,  Ccra-
Gocubmanmme, nepenByu- |mepensu- |mepenBu- |mepenBu- |TpPaHCHOOpP- | TPAHCOOP-
C orpaHum- ranmMecsd |raomyecs |ranmMecd |TanmmMecsd | TUpyeMbe | TMpyemble
YeHMeM yM- Ges c omHo¥ |c mByMa |Ha Ha Ha
CTBEHHOM IONOJIHY- | HOTOJIHM- | IONOJIHU- | Kpecjax- |HOCWUIIKAX |KaTallkax
neaTesnb- TENLHEIX | TeJbHOM | TeJbHEMM |KOJACKAax
HOCTH omnop omnopoit onopamu
1 2 3 4 5 6 7 8
PUCYHOK PUCYHOK |PUCYHOK |pMCYHOK |pUCYHOK |puUCyHOK |puUCYHOK |pUCYHOK
(ue nmpmeo- |(He mpm- |[(He npw- |(He mpu- |[(He npu- |(ue npu- |(He nmpw- |[(He npwu-
nurcsa) BOOMTCA) |BOommMTCH) |BOmMTCH) |BOmMTCH) |BOmMTCH) |BOAMTCHA) |BOmMTCH)
cxema cxema cxema cxema cxema cxema cxema cxema
(ue npmeo- |(He mpm- |[(He npw- |(He mpu- |[(He npu- |(ue npu- |(He npw- |[(He npw-
nurcs) BOOMTCA) |BOommMTCH) |BOmMTCH) |BOmMTCH) |BOmMTCH) |BOAMTCHA) |BOmMTCS)
a=0,28 a =0,72 a =0,40 a =0,50 a =0,50 a =0,80 b =0,50 b =0,75
1 2 3 4 5 1 2
c=0,46 c =0,82 c =0,75 c =0,65 c =0,90 c =120 e =2,10 e =2,10
1 2 3 4 5 1 2
f=0,10 f=0,40 f=0,25 f=0,20 f=0,30 f=10,96 f=1,05 f=1,58
4. BpeMsa 3anmepxku t IBMXEHMA Ha ydacTKe | u3- 3a 0Bpas30BaBLEroCcs
3
CKOMJIEHMA Jiomel Ha TIpaHuue c nocienyiomuM ydactkom (i+1) onpenesseTcsa Mo
bopmysie:
1 1
t=N XX (--mmmmmmmen - - -, ( 115.1)
q xb g xb
npu D=0,9 i+1 i i
roe N- konmuuecTBO Jomelt, dedl.,
f- nJomanss TOPUBOHTAJBLHOM MPOeKLMHM, M,
- MHTEHCUBHOCTb IBUXEHMS uepes ydacTok i+l npwu mmorHoctn 0,9
npu D=0,9
u Bosee, M/ MuH.;
b - muMpMHa ydYacTka, M, TpY BXOXIEHMM Ha KOTOPH 0BpasoBajioch
i+1
CKOIUIEHME JIOOER
q - MHTEHCUBHOCTL OBMXEHMS Ha ydacTKe i, M/ MMH.;
i+1
b - uMpMHa NOpefuecTByoulero ydacTka i, M.
i
BpeMsa CylleCTBOBaHMUSA CKOIMJIeHMA t Ha ydJacTke | omnpemendercs no dopmysie:
ck
N x f
t = e . ( 115.2)
ck ( xb
npu D=0,9 i+l
PacueTHoe BpeMa D3BaKyalMM MO yYacCTKy i, B KOHLE KOTOPOTO Ha TpaHule C
yuactkom (i+1) oBpas30BajioCh CKOIMJIeHMEe JIoIel, PaBHO BPEeMEeHM CyYHNEeCTBOBAaHUSA
ckomnenusa t . PacueTHoe BpeMa 3SBaKyauuu MO yUaCTKY | momnyckaeTcs

CcK
onpenesaTbe 0 bopmyse:

t=--+t. ( 115.3)




[Tpunoxxenue N 6
K IyHKTYy 12 Meronuku

MOPSIJIOK
[IPOBEJIEHNSI PACYETA U MATEMATUYECKUE MOJIEJIV JULS OITPE/IEJIEHUS
BPEMEHMU BJIOKMPOBAHMS ITYTEIN DBAKY ALY OTTACHBIMU
®AKTOPAMU MOKAPA

|. Tlopsimok mpoBeACHUS pacueTa

ITpon3BoanTCS SKCHEPTHBIA BHIOOP CLIEHApUs MM CLEHApHEB IoXapa, HMPHU KOTOPBIX
0’KMJIA0TCSl HAUXYIINE TIOCIEACTBUA U1 HAXOJAUXCS B 3laHUN JIIOJIEH.

®opMyIupoBKa ClIEHapHsl pa3BUTHSI [T0Kapa BKIIKOYAET B ce0sl CIeyIOIUE ITallbl:

BBIOOp MeCTa HAaXOXKACHHUS IEPBOHAYAIBHOTO Oyara Io)kapa M 3aKOHOMEPHOCTEH ero
pa3BUTHS;

3aJaHue pacdeTHoil oOmactu (BBIOOp paccMaTpuBaeMON TIpH  pacueTe CHCTEMBI
IIOMEILEHUH, ONPEACICHUE YYUTHIBAEMBIX IIPH PACYETE DIIEMEHTOB BHYTPEHHEH CTPYKTYpPBI
TIOMEIICHNH, 3a]JaHUE COCTOSIHUS IPOEMOB);

3aJlaHue MapaMeTPOB OKPY)KAIOIIEH Cpelbl W HadalbHBIX 3HAYCHUU IIapaMeTPOB BHYTPHU
IIOMELICHUM.

Bb10op MecTa HaxoXAEHUs ouara Iokapa IMpOU3BOAMUTCS HKCHEPTHBIM IyTeM. Ilpu sTOoM
YUUTBIBACTCS KOJIMYECTBO TOPIOYEH HArpy3KH, €€ CBOMCTBA M PACIIOJI0KEHHUE, BEPOSITHOCTH
BO3HHUKHOBEHHS I10’Kapa, BO3MOXHAsi INHAMUKA €r0 Pa3BUTHUSA, PACIOJIOKEHHAE YBAKyallMOHHBIX
IIyTE€H U BBIXOOB.

HauOosnee yacto nmpu pacyerax paccMaTpUBAarOTCs TPU OCHOBHBIX BHJA Pa3BUTHs MOXapa:
KpyroBO€ pacIpoCTpaHEHHE IIoKapa 110 TBEPAOM TOpIHOYEH Harpyske, JIMHEWHOE
pacnpoCTpaHEeHue IoKapa II0 TBEPAOM TOpIOYEH HAarpy3Ke, HEYCTaHOBUBLICECS TOPECHHE
TOPIOYEN KUJKOCTH.

CKOpOCTb BBITOpaHUs I 3TUX CIIy4daeB onpeaensercs GopMyIaMu:

2 2
ncu X nmXV Xt - VI KPYTOBOTO PACHPOCTPAHEHMS MOXapa
ya
ncu X2XvXtxb- IJIS JIMHEMHOTO pachpocTpaHeHus noxapa ( 116.1)
ya
ncm = <
It
ncn XFX [ - IJiSs HeyCcTaHoBUBHETOCH TopeHus I'K,
va It
V cT
Tme ncu - yIeJibHAd CKOPOCTH BHITOpaumda ( IJIS XUIAKOCTEM yCTAaHOBUBIIAACH),
ya

xr/( cX wm2);
V- CKOPOCTBL pachnpocCTpaHeHus njamenu, o/ c;



b - IMPWHA I[IOJIOCE I'OpPIYEelN HaTpPy3KM, M,

t - BpeMA CTa6VLHVIBaLU/H/I I'OpeHMA I'opfoqeﬁ[ XMIOKOCTU, C;
cT
F- mIomanes odara mnoxapa, M2.
C yuerom pazmena |l maHHOTO TPUIOKEHHUS BBIOMPACTCS METOA MOJACTUPOBAHUS,

dopMmynupyeTcsi MaTreMaTHYecKass MOJIeNb, COOTBETCTBYIOIIAs JTaHHOMY CIEHApuio, |
MPOU3BOJUTCS MOJCIUPOBAHNE TUHAMUKH Pa3BUTUs TMOkapa. Ha OCHOBaHMM TMOJYYE€HHBIX
pE3yIbTaTOB PACCUUTHIBACTCS BpPEMs TOCTHIKCHHUS KaXKIBIM M3 OMACHBIX (DaKTOPOB TOXKapa
MpeIeTbHO AOMYCTUMOTO 3HAYCHHSI HA MTYTAX IBAKyallHH.

Kputrnueckoe BpeMst 1o KaKJOMY U3 OMACHBIX (haKTOPOB MOXKapa OMpeAeIsieTCsl Kak BpeMst
JOCTHKEHUST ATUM (DaKTOPOM MpEAeNbHO JOMyCTHMOIO 3HAYCHHS Ha MYTAX OSBaKyallud Ha
BeIcOTE 1,7M OT moJa.

[IpenenpbHO MOMYCTUMBIC 3HAYEHUS 10 KAXKIOMY U3 OMNACHBIX (DaKTOpPOB mMOXkKapa
COCTABIISIIOT:

1o NoBbIIeHHON Temmeparype - 70 °C;

0 TETI0BOMY MOTOKY - 1400BT1/M2;

o moTepe BUauMoctu - 20m;

10 MMOHMKEHHOMY CofiepkaHuio Kuciopoaa - 0,226xr/m3;
no KaxIoMy M3 TOKCMUYHHEX Tas3006pasHeix nponykros ropenmsa (CO -0,11

2
-3 -6
xr/ M3; CO-1,16 x 10 xr/ M3; HCL - 23 x 10 1/ m3).

HCOGXOHHMO OTMCTUTH, UYTO HpI/I HUCITIOJIB30BAHU N HOHGBOﬁ MOoacan OHpeI[eJIeHI/Ie
KPUTHYECKOTO BpPEMEHU HUMECT CYHICCTBCHHEBIC 0C06CHHOCTI/I, CBsA3aHHBIC C TEM, 4YTO
KpI/ITquCKOG 3HAYCHUC B paSHHquIX TOYKaX IMOMCHICHUA OJOCTUTAaCTCs HE OI[HOBpeMeHHO. I{HH
HOMEIIEHHIA C  COM3MEPUMBIMH  TOPH30HTAIBHBIMH  pasMepaMi KPUTHYECKOE  BpPEMSI
OHpeI[eJIHeTCH KaK MAaKCHUMAJIBHOC U3 KpI/ITquCKHX BpeMeH JUUIA 3BaKyauHOHHLIX BBIXOJ0B H3

JTaHHOT'O IIOMEILCHUS (BpeMﬂ OJIOKMPOBAHMSI TIOCTIEAHETO BI)IXOI[a).
OnpenenseTrcsa BpeMmsa OjokupoBanmalt

61
O
. B. T .o, 2 T. .
t =min<t ,t,t ,t, t >, ( 116.2)
61 L Kp Kp Kp Kp Kp J

[I. Knaccudukarus u 061acTh IPUMEHEHUS METO/I0B
MaTEeMaTHIECKOT0 MOJICITMPOBAHUS TTOXKapa

Jlnsg omnucaHus TEpMOra3oAMHAMUYECKHX I1apaMETpPOB IMOXkKapa NPUMEHSIOTCS TPH
OCHOBHBIX TPYIIbI JCTEPMUHUCTHUCCKUX MOJCJCH: HHTErpajibHble, 30HHBIC (30HAJBHBIC) U
MIOJIEBBIE.

Bb100op KOHKpETHON MOJENH pacyeTa BpEMEHU OJIOKMPOBAHUS IyTEH BaKyallUd CIIEIyeT
OCYILIECTBIISATh UCXO/S U3 CIEAYIOIIUX IPEANOCHUIOK:

WHTETPAIIbHBIA METO/:

JUTsL 3JaHUM, CONEpIKAIlMX PAa3BHTYI0 CHUCTEMY IOMEIICHHUH Majoro oobhema MpPOCTOM
TeOMETPHUYECKON KOHPUTYpaInu;

JUIsl TIOMEIEHUH, TJI€ XapaKTepHBIM pa3Mep odara mokapa COM3MEpPUM C XapaKTEpHBIMHU
pa3MepaMH TOMEUICHHUS M pa3Mephbl IOMEIICHUS COM3MEPUMBI MEXay co0oi (TIUHCHHbIC
pa3Mephl MOMEIICHUS OTIMYAIOTCS He Ootee ueM B 5 pas);

JUIS TIPEIBAPUTEILHBIX PACUYeTOB C IENbI0 BBISABICHUS HAaWOOJIiee OMACHOTO CIeHapus
noxkapa,;

30HHBIN (30HAJILHBIN) METO/I;



JUIS TIOMEUICHWH W CHUCTEM TMOMEIIEHUH TMPOCTOM TEOMETPUUYECKON KOH(UTYpaIHH,
JMHEHHBIE pa3Mepbl KOTOPBIX COM3MEPHMBI MeXay co0oi (TMHEHHBIE pa3Mephbl MOMECIICHHS
OTJMYAIOTCS HE Oojiee yeM B 5 pa3), korja pa3smep ouara mokapa CYIIECTBEHHO MEHBIIIE
pa3MepoB MTOMEILICHHUS;

Ut paboYrX 30H, PACIIONIOKECHHBIX HAa PA3HBIX YPOBHSAX B Ipelaeiax OJHOTO MOMEIICHUS
(HaKJIOHHBIN 3PUTENBHBIN 387 KHHOTEATPa, aHTPECONIN U T.1.);

MOJEBOM METO:

JUTSl TIOMEIICHHWH CJIOKHOM TeOMETPUYECKONW KOH(UTYpalluu, a TakKe TMOMEIICHUHA C
OOJIBIITUM KOJIMYECTBOM BHYTPEHHHX Iperpaj (aTpuyMbl ¢ CUCTEMOM rajepeil ¥ MPUMBIKAFOIIUX
KOPUIOPOB, MHOTOQYHKIIMOHAJIBHBIE IICHTPBI CO CJOXKHOW CHCTEMON BEPTHKAJIbHBIX U
TOPU30HTAJILHBIX CBSI3CH U T.1I.);

JUIsL TIOMENICHUH, B KOTOPBIX OJWH W3 TEOMETPHUYECKHUX pa3MepoB Tropa3fao OoJblie
(MeHbIIIE) OCTaTBHBIX (TOHHEIH, 3aKPIThIC ABTOCTOSIHKH OOJIBIIION TUIOIIAIM U T.11.);

JUISL WHBIX CJIy4aeB, KOTJa TNPUMEHUMOCTh WM HMHPOPMATUBHOCTH 30HHBIX |
UHTETPaJIbHBIX MOJICJICH BBI3BIBACT COMHCHHE (YHUKAJIbHBIC COOPYKCHHS, PacCIpOCTpaHCHHE
nokapa 1o dacaay 37aHus, HEOOX0AUMOCTh y4eTa padoThl CHCTEM ITPOTUBOIIOXKAPHON 3alUTHI,
CMOCOOHBIX KAUECTBEHHO U3MEHUTh KapTHHY MOXKapa, U T.1.).

[Ipy wWCcnoONBb30BaHMM MHTETPAJIbHOM W 30HHOW MOJENEH sl MOMENICHUs, OJWH U3
JUHEHHBIX pa3MepPOB KOTOPOTO O0JIee YeM B MATh pa3 MPEBBIMIACT XOTS ObI OMH U3 ABYX IPYTHX
JUHEHWHBIX pa3MepoB, HEOOXOJMMO 3TO TMOMEIICHUE JEIUTh Ha y4acTKH, pa3Mepbl KOTOPBIX
COM3MEPUMBI MEXIy COOOH, W paccMaTpuBaTh YYaCTKM KaK OTACIbHBIE IMOMEIICHNUS,
coo0MmIaronMecs mpoeMaMH, TUIONaab KOTOPBIX paBHA TUIOMIAN CEYCHHS HAa TPAHUIIE YYACTKOB.
Hcnonp3oBanne aHAJIOTMYHON NIPOLEAYPBI B ClIydae, KOIr1a [Ba JIMHEWHBIX pa3Mepa MPEBbIIIAI0T
TpeTuit 6ojee 4eM B 5 pa3, He AOIMyCKaeTCs.

[ll. UaTerpanpHas MmaTeMaTH4YeCcKasi MOJIENb pacueTa ra3000MeHa
B 3JIaHUU TIPU TIOKape

Jlnst pacuera pacnpoCTpaHEHUsT MPOJIYKTOB TOPEHHUs MO 3[aHUI0 COCTaBISIOTCS U
pemarTcs ypaBHEHHUS ad’palldd, TEeIIo- W MaccooOMEHa KakK Uil KaKJOoro TOMEIICHHS B
OTJEIBHOCTH, TaK M JJIS BCETO 3JaHHS B I[CJIOM.

VYpaBHEHUsI JBWKCHHUS, CBS3BIBAIONIME 3HAYCHUS TIEPEMaoB JABICHUN Ha IMpoeMax C
pacxo/iamMH ra3oB yepe3 MPoeMbl, UMEIOT BU/!

G =sign( Ienvra P )X Mo X F xV2 x poX |HDemsraP |, ( 116.3)
ji ji ji

roe G - pacxonm Tas30B depes npoeM Mexdgy AOByMA (- M Mi- M) CMEeXHBMU
ji

IIOMEeIlle HMAMU, xr/ C,

MO - xondomumenT pacxoma npoema ( Mo =0,8 OJ19 3aKPBEITEIX [IPOEMOB M MO =
0,64 1[yia OTKPHITHX);
F- omanbk CedYeHMa IpoeMa, M2,
PO - IJOTHOCTE Tas0B, MNPOXOoOAmMx uepes mnpoeM, Kr/ m3;
HOenpTa P - CpemHult mnepenan I[IOJIHEX MJaBJICHUNA MexOy j- M U - M

ji

nomMeumeHueM, Ila.

Hanpaenenue ( 3HaK) pacxoma ompenesseTcsd 3HaKOM pasHoCTH naBJIeHUN
Jenbra P . B 3aBUCUMOCTHM OT BTOTO IIJIOTHOCTH PO [IPMHMMAaET pasJMyHEE
ji
3HAUEHUS.

3Hak pacxojga Tra3oB (BXOIAIIMH B IMOMEIIEHHE PACXOJ] CUYHUTACTCS IMOJOKUTEIbHBIM,
BBIXOJISIINN - OTPUIIATEIBHBIM) U 3HAYCHHUE PO 3aBUCST OT 3HAKA TNiepenaia JaBjICHUN:



{—1, po po, npu Hensra P<O0
]
sign ( DenvTaP), po=< . ( 116.4)
‘fl, po po, npu Hensra P>0

JIsisi TpOTHO3UPOBAHKsSI TTAPAMETPOB MPOIAYKTOB TOpEHHUsi (TeMIlepaTyphl, KOHIICHTpAIUi
TOKCHYHBIX KOMIIOHCHTOB MPOJYKTOB TOPCHHUS) B IMOMEIICHHUSIX MHOTOITAXXHOTO 3/aHHs Ha
JTakaX, PpACIOJOKEHHBIX BBIIIE HJTaKa, HA KOTOPOM MOXET BO3HUKHYTH I[OXKap,
paccMaTpUBAKOTCS MPOLECCHI PACIPOCTPAHEHUS MPOJYKTOB TOPEHHUSI B BEPTUKAJIBHBIX KaHAJIAX
(MecTHUYHBIC KJICTKH, IIAXTHI TUPTOB, BEHTKAHAJIBI H T.II.).

BeprukanbHyro maxTy MO BBICOTE pa3AeiAIOT HAa 30HBI, KOTOPBIE MPEACTABIAIOT Y3JIbl B
TUAPABIMYECKON cXeMe 3/1aHMsl. 30Ha MO BBICOTE MOYKET OXBATHIBATh HECKOJIBKO ATAXKEU 3/aHMUS.
B sToMm citydae pacxon raza Mex1y 30HaMHU MOKHO BBIpa3uTh (opMyIioil Buaa:

/ Desnbra p

J— , ( 116.5)

roe S = e - XapakTrepmucrmnkKa I'MIpaBpJIMYEeCKOI'O

2XQgX po Xk xF
COINIPOTUMBJIIEHNMA Ha TI'PaHMULE 30H,

F - miomans monepevyHoro cedeHus maxThl,

k - ko3¢ dpunment (nomyckaercs npuHUMaTh paBHbM 0,05¢2/m);

g = 9,81m/c2 - yckopeHne CBOOOIHOIO MaICHHS;

Jenpra p -nepenag AaBICHUN MEXIY Y3JIaAMMU.

371aHue TMPENCTABISAIOT B BHJE THUIPABIMYECKOW CXEMbI, Y3JIbI KOTOPOU MOACIHPYIOT
MOMEIICHUS, a CBSI3U - MYTU ABUKEHUS MPOJIYKTOB TOpeHUs U Bo3ayxa. Kaxmoe momelieHue
3MaHMUsI OMHUCBHIBACTCS CHUCTEMOW YpaBHEHWM, COCTOSIIEH W3 ypaBHEHHUs OajlaHca Macchl,
ypaBHEHHsI COXPAHCHHS SHEPTUM W YpaBHEHHsS OCHOBHOTO ra3oBoro 3akoHa (MeHpaeneeBa-
Knaitiepona).

VYpaBHeHHe OanaHca Macchl BeIpaxaeTcs: opMyIIoi:

d( po xV)/dt= ncu+SUMG -SUMG, ( 116.6)
i k k i i

roneV - obbeM nomemeHusa, M3;

j
t- BpeMd, C,
SUM G - cyMMa PacxomoB, BXOOAIMX B NoMmemeHue, Kr/ c;
k k
SUM G - CyMMa PacxXOIlOB, BHIXONAWMX W3 MNoMemeHus, kr/ c;

i
I1cu - ckOpOCTH BHITOPAHUS MOKAPHOW HArpy3KH, Kr/c.
YpaBHEeHHE COXPaHEHUSI SHEPTHH BhIpaXKaeTcst (HOPMYJIIOi:

d(C x po xV xT)/dt=C xSUM(T xG)-C xT x SUMG +Q -Q,( 116.7)
v g p k k k poj i I w
rneC,C - yIenbHas M30xXOpHas M uzobapHasa TemnsoemxkocTy, kIx/( xr X K);
v p
T,T - TeMIepaTypel I'a3oB Bi- M uj- M noMeumeHusax, K;
i
Q - KOJIMUECTBO TEeIJia, BHIASJIAEeMOTO B [OMElleHUM [pU TOpeHuu, KBT;
T
Q - TEMJIOBOM I[OTOK, [OTJIOWAEME KOHCTPYKLUMAMM U UBJIyUaeMEll depes



W
NpoeMsl, KBT.
Iia noMemeHus oudara noxapa besmumbHa Q onpenensercs no dopwmyse:

T
Q = sra XxQ +1,

T H

roe sTa- KOSQPMUMEHT MOJIHOTHEL I'OPEHMUHd,

Q - HM3WAaA TeIlIioTa cropanms, kIx/ KT

| - DHTAJbNMA Ia3UOMLMPOBAHHOM IOplYel Harpy3KU.
Ina ocramnpuux nomemenuir Q =0.
T

KoaduuneHT nosHOTH TOPEHHUs 3Ta ONpeeNsIeTcs o Gopmye:

X xG
ox,a a
sTa= sTa X K+(1- K) X ===mmmmmm , ( 116.8)
a Mcm X L
oX
Tme sra - KOZOOULUMEHT MOJIHOTH TOPEHMSA B PEXMUME [OKAPA, PETyJIMPYyEeMOM

a
TopoYel Harpys3KoM, olpenesseMell GopMyJIoi:

6

sra =0,63+0,2xX +1500xX . ( 16.9)
a ox,a o} X,a

Koaddumnuent K paccuntsiBaercs mo popmyie:

X X
ox,m B ox,m
K= (----) exp(Bx (1 - ----- )E ( 116.10)
X X
ox,a ox,a
X
ox,a 2
roe B = (- )
X -0,01
ox,a
X - HauvaJjlbHad KOHLEHTpaluMsda KUCJIOpOoHa B IIOMEUleHMM ouara Ioxapa,
ox,a
X - TeKyllad KOHILEeHTpalMd KMCJIOpOILa B IIOMENEeHMM oual'a IIoXapa.
ox,m

VYpaBuenune MenneneeBa-Kinaiinepona Bbipaxaercs: OpMyIIoif:

R
P = po XT X-, ( 116.11)
LY
rne P - naBnenve rasa Bj- M noMemenuy, Ila;
i

T - TemnepaTypa rasa Bj- M nomemenuu, K;
j

R = 8,31 -yuuBepcanbHas razosas nmocrosauas, /(Mo X K);

M - mounsipHas Macca rasza, MoJib.

[TapameTphl Ta3a B MOMEIICHUHN ONPECISIOTCS U3 ypaBHEHHs OajlaHCa MAacc OT/ACIbHBIX
KOMITOHEHTOB MPOAYKTOB FOPEHUS U KHCIOPOJaA U ypaBHEHHs OalaHca ONTHYCCKOM MIOTHOCTH
JIbIMA.

VpaBHeHue OajaHca Macc OTACIbHBIX KOMIIOHEHTOB MTPOJTYKTOB TOPEHHUS M KUCIOPOA:

diX x po xV)/dt= ncuXxL +SUM(X XxG)-X xSUMG, ( 116.12)
Lj J ] L k Lk k Lj i i



roe X , X - KOHIEeHTpauusa L- 70 KOMNOHeHTa NpPOIyKTOB TOPEHMA Bi- M
Li L,j
uj- M nodemenusax, xr/ kr;
L - xommuecTBo L- ro komnonenTa npomykToe ropenua ( xuciopona),
L
Beenanmerocsa ( MNOTJomamnmerocs) MOpy CLOPaHuyM OIHOTO KMJIOTPaMMa [IOXapHOM
Harpys3ky, Ko/ Kr.

VYpaBHeHHe OalaHca ONITUYECKOM MIOTHOCTH JbIMA!

V xd wmo /dt= ncuxD +SUM( w0 XG)/ po - Mo XSUMG / po,( 16.13)
i m k k k k joiig
Tne Mo, MO - onTuueckas IUJIOTHOCTbL IHbMa Bi- M U J- M MNOMEUEHUAX,
i
-1
HoX w™m ;
D - meMooBpasyolas CIOCOOHOCTL MOXAPHOM HATrpys3ku, Hm X M2/ xr.
m

Onrtuueckas IUIOTHOCTh JbIMa IpPU OOBIYHBIX YCIOBHUAX CBSi3aHA C PACCTOSHUEM
npeenbHON BUANMOCTH B IBIMY (POPMYIIOi:

| =2,38/ Mo, ( 116.14)
np

Jlns momerneHuii 06e3 mcToyHMKa Teruta cucrema ypasHenmit ([16.6), (16.7) u (I16.8)
YOPOILAETCS U MPEICTABISAETCA B BUJIE:

G ( ray)=sign( HOemeraP ( Tay))x wmoXFxV2x po X |DemsraP ( Tay) |
ij ij k ij
< G ( Tay) ( 116.15)
n ij
SUM -------- =0,
i=1 po
k
1
rne po =-X|[ po + sign( OenvTa P ) X po + po -
k 2 i ij i j

- sign(  Oembra P )X po .
i
[leppoe ypaBHEHME CBA3HBaET Iepenans IaBJIeHUM Ha COeIMHSAIMX IOMeleHue
npoemMax C pPacxoIoM Tasa dYepes 3TU NPOeME. BTopoe - BHpaxaeT NOCTOAHCTBO
obbeMa IOJig OAHHOI'O IIOMEUeHMA. TakyMm oBpasoM, OJia BCero 3IaHud TpebyeTcd
pewaTs cucTeMmy, cocrodmyio w3 (M +m )Xn HeJIMHEVHEIX ypPaBHEHMM BuIa
rc BC ST
(16.12) un xn JuHeMHHX ypasHeHur Buza ( [16.13). 3mece m um -
y ST rc BC
COOTBETCTBEHHO UWMCJIO TOPM3OHTAJIbHEIX M BEPTHMKAJIbHEIX CBA3EM Ha 3Taxe; N -
N
4MCJO y3JI0B; N - 4MCJIO 3Taxemn.
3T

Cucrema ypaBHEHMH, BKItouaromas B ceds ypaBuenus ([16.6), (16.7) mist momereHust
ouara noxapa u ([16.12), (16.13) mns ocrambHbIX TOMelneHUH u ypaBHenue ([16.11),
OIUCHIBAMOIIAS THAPABINYCCKYIO CXEMY 3aHUsl, PEIIaeTCs YHUCICHHO METOJOM HTEpalud B
COBOKYITHOCTH C METOJIOM CEKYIIIHX.

OCHOBHBIC ypaBHEHHsI [UIsl ONPECICHUS TEeMIepaTyphl Ta3a U KOHIICHTPAIIMU TPOTYKTOB
TOPEHHsI B IOMEIICHUAX 37[aHMUs MMOJyYEeHbI U3 YPABHCHUN COXPAHCHHUS SHEPTUU M MACCHI.

Temneparypa raza B MOMEIIEHHH, TJI€ OTCYTCTBYET Odar Moxkapa, ONpeIeseTcs u3
ypaBHEHUS TEIJIOBOTO OajlaHca, KOTOPOE MOKHO TOIYYMTh M3 YPaBHEHHS COXPAHEHHS SHEPTHH



(I16.7). ®opmyna i OmpeleicHUs] TeMIeparypbl Tra3a B |-M IIOMEUICHWHW 3J1aHus B "N'"-i
MOMEHT BPEMCHHU

n

SUM(C xG xT)+ Q
k=1 PB k k j
T S s e +
nj n m m * *
C x(SUMG -SUMG)+C xSUMG + ansda XF + anspa XF
\Y r k=1 k i=1i pr =1 j o j m jcc jec
n
SUM(C xG xT )+Q
k=1 PB Kk K |
+ | T - X
(n-1)j n m m * *
C x(SUMG -SUMG)+C xSUMG + ansda XF + anspa XF
\ r k=1 k i=1i pr =1 i nj = jec jec
n m m * *
C x(SUMG -SUMG)+C xSUMG + ansba XF + ansda XF
vr k=1 k i=1i pr =1 j o j & jec jec
X exp | -------------------- X HensTa Tay|,
(16.16)
C x po XV
v v
roe Q - cymMma uMCTOuHMKOB ( CTOKOB) Temjia B OBbeMe |- IO [NOMEelleHUS U
i
Temnsa, YXOIAWero B Oorlpaxiaplye KOHCTPYKLMM,
T(ray)-T( Tay)
* w
anbba = anpda X |-----mmmmmmmmmm- - IIPUBEIEHHBI kosddmLMeHT
T( Tay)-T
0
TEeIJIOOToaun,
T - HadaJlbHad TeMIepaTypa B IIOMElleHNN,
0
F - JIOWANbL MOBEPXHOCTM OTPAXIANIMX KOHCTPYKLUMIA Bj- M [OMELEHUN.
j cT

Koaddumnuent termnooraaun ambda MOKET OBITH PACCUUTAH 110 AMIUPUIECKON hopmyIie:

o J—
4,07 xVT -T mpu T <=60 °C
m w m
anbda =< . ( 116.17)
11,63 x exp[0,0023 x (T - T)] mpu T > 60 °C

m 0 m

KOHHGHTpaHI/IH OTACJIBHBIX KOMIIOHCHTOB TI'a30BbIX cMeced B IIOMCHICHUAX 3JaHUs
BBIYUCIIAIOTCS M3 ypaBHEHUs Oananca Macchl ganHoro kommonenrta (I16.12). Konnenrpamms L-

IO KOMITOHEHTA MPOAYKTOB TOPEHHUS B j-M MOMEIICHUHU B "N"-if MOMEHT BPEMEHHU OIPEICIIACTCS
ypaBHEHUEM:

n n n
SUM (X xG) SUM (X xG ) SUM G
k=1 Lk k k=1 Lk k k=1 k
D + (X et -) X exp(- --------- X IensTa Tay).( 16.18)
Lj(n) n Lj(n-1) n po XV
SUM G SUM G i

k=1 k k=1 k



Onruueckast KOHIOCHTpanud AbiMa B IOMCHICHUAX ONPCACIIACTCA U3 6aHaHCOBOFO
ypasuenus ([16.19). HatypanbHblii mokaszarenb ociaabaeHus Cpeabl B j-OM MOMEIIEHUH B "N"-i
MOMCHT BPCMCHH ONPCACTIACTCA ypaBHeHI/IeM:

n n n
SUM ( Mo X G) SUM ( Mo XG) SUM G
k=1 k k k=1 k k k=1 k
MO T mmemmeeee +( MIO - e ) X exp(- --------- X IensTa Tay).( 16.19)
(n)j n (n-1)j n po XV
SUM G SUM G i
k=1 k k=1 k

AHaINTHYECKHE COOTHOIICHHS AJId OIIPCACIICHUSA KpI/ITI/I‘ICCKOI\/'I
MMpOAOJIKUTCIIBHOCTH IMOXKapa

Jlis ONMHOYHOTO TOMEUIEHHsI BBICOTOM He Oosiee 6 M, YIOBIIETBOPSAIOIIETO YCIOBHUSAM
NPUMEHEHUSI UHTETPAJIbHOW MOJENH, NPU OTCYTCTBUU CHUCTEM MPOTHUBOIOKAPHOM 3alUTHI,
BIMSIOIIMX HA Pa3BUTHE MOXKapa, AOMYCKAECTCS ONPENEIATh KPUTUUECKUE BPEMEHA MO KAKIOMY
U3 OTMACHBIX (PAKTOPOB IMOKapa ¢ MOMOIIBI0 AHATUTHYECKUX COOTHOIICHUH:

I10 TIOBBILLIEHHOHN TeMIepaType

1/ n

70 -t
T B 0

Ve [ [ ——— > , ( 116.20)
KD [A (273 +t)xz J
0

10 MIOTEPC BUAUMOCTH

1/n
-1
m. B. B V x In (1,05 x ansda X E)
t =<-xIn[1- -] >, ( 16.21)
Kp A | xBxD xz
np m

10 TIOHM)KEHHOMY COJIEP KaHUIO0 KUCIOpoAa

1/n

, ( 116.22)
Kp

M0 KaXXJIOMY U3 Tra3000pa3HbIX TOKCUYHBIX MPOTYKTOB TOPEHUS

1 /n

[ 1 1



T. T |B V x X |

t =<-xIn[l------m--- ] > , ( 116.23)
Kp [A BxLxz J
353xc xV
p
roe B = --eeemm e PasMepHEIM KOMILJIEKC, BaBUCHUMUNM OT TEIJIOTH
1- du) X sTaxQ
H
CTOpaHusa MaTepualyla M CBOOOONHOTO ofbeMa MNOMeNeHMs, KI;
t - HauaJibHasa TeMmIepaTrTypa BO3Idyxa B noMemenun, °C;
0
n - nokKasaTejlb CTeleHH, YUMTHBAKIMNUNA M3MEHEHME MACCH BHI'OPAIEeTo
Marepmralsia BO BpPEMEeHU,
A - PasMepHEl IapaMeTp, YVUMTHBAKINUNY yYIOEJIbHYI MACCOBYI CKOPOCTH
n
BEIOPAHMA IOpoYero MaTepualya M IUlomanb noxapa, Ko/ c ;|
Z - Oe3pa3MEepHHl I[apaMeTp, YYMTHBADIMA HEPaBHOMEPHOCTL pPaclpelnesieHNI
O®Il mo BHICOTE IIOMEIEHUSH,
Q - HM3mas TelJioTa CropaHmua Marepuana, MIx/ xr;
H
C - yIesnbHas usobapHasa TelJIoeMKOCTb rasa, MIx/ ko
p
()7 xosddmumenT Temnyonoreps ( NPMHMMAETCA MO HAHHEM CHIPaBOYHOM
JIMTEPaTypH, [PY OTCYTCTBUM IJAaHHEIX MOXeT OnTb npuHAaT passbmM 0,3);
3Ta - KO30OUIMEHT MOoJNHOTH TopeHud ( ompenensgerca no dopmyse 116.9);
V- CBOOOIHHEIT OBBeM NoMelleHud, M3
a- KO3bOMLUMEHT OTpaxeHMs NPEeIMEeTOB Ha MNYyTSX 3BaKyaluy,
E - HavaJibHAasg OCBEUEHHOCTDL, JIK,
| - npenejibHas OaJIbHOCTH BUAOMMOCTM B IOEIMY, M,;
p
D - meMoOBpasyuas CIOCOBHOCTL TOpAleTo Marepuasna, HoX w2/ ko
m
L- YIEJBHED BEIXOJI TOKCUUHEIX Ias0B Opu cropaHmu 1 xr MmaTtepmana, xr/ xkr
-3
X - npenejibHO IONYyCTMMOE COIepXaHMe TOKCUMUYHOTO Tra3a B IIOMEeUeHWUM, KI M
-3 -6
X =011 xr/ M3; X =1,16 x 10 xr/ M3; X =23x10 xr/ M3);
CcoO CcO HCL
2
L - YIOEJBHED pacxon Kucjioponma, Ko/ ko
O
2

Ecnu mox 3HakoMm norapudma mosydaeTcst oTpuiareiabHoe uuciio, To AaHHelii ODII He
IIPEJICTaBIISIET OIIACHOCTH.
[TapameTp Z BEIYUCISIOT 110 hopmyie:

h h
z=-xexp(1,4x-) npu H<=6 1w, ( 116.24)
H H

rae h - BeicoTa paboueii 30HbI, M;
H - BeICOTa ITOMEIIEHNS, M.
Omnpenensiercst BBICOTa paboyei 30HBI:

h=h +1,7-05x nesnbTa, ( 116.25)

I1JI

roe h - BHICOTA IIJIOWAIOKU, Ha KOTOPOM HAXOIOATCS JIOOM, HAaI II0JIOM
11
IOMEIEeH, M,



JieNbTa - Pa3HOCTh BBICOT I10J1a, paBHASI HYJIIO IIPU TOPU30HTAIBLHOM €0 PACIIONOKEHHUH, M.

CrnenyeT uMeTh B BHAY, YTO HAaWOOJBIIEH OMACHOCTU MPHU MOXKApEe MOJBEPraloTcs JIIOIH,
Haxojsmmecss Ha Oosiee BBICOKOW oTMerke. [loaToMy, Hampumep, TpU ONpeIeICHUN
HEO0OXO0UMOT0 BPEMEHHU 3BaKyalllH JIIOJIeH U3 MapTepa 3pUTEIbHOIrO 3a1a C HAaKJIIOHHBIM M10JIOM
3HaYeHHe N ciemyer HaxoaUTh, OPUEHTHPYSICh Ha HauOOJiee BBICOKO PACIIOIOKEHHBIC PSIIbI
kpecen. [lapameTpsl A 1 N BRIYUCIISIIOT TaK:

JUTSL CITydasi TOPEHUS )KUIKOCTH C YCTAaHOBUBILIEHCS CKOPOCTBIO:

A= ncu XF,n=1,
vo
Tme ncu - yaeJbHas MaccoBas CKOPOCTb BHTIoOpaHusa xuokocty, ko/( M2X c);
ya

JUIsL KpyTOBOT'O pacpOCTpaHEHUs IoKapa:

2
A=1,05x ncu XV,n=3,
va

rae V - JIMHelHas CKOpOCTh paciipoCTpaHeH s TIaMeHH, M/C;

JUIs. BEPTUKAIBHON WJIM TOPU30HTAIBHON MOBEPXHOCTH FOPEHUsS B BUJE NPSAMOYTOJIbHUKA,
OJIHA U3 CTOPOH KOTOPOrO YBEIWYMBAETCS B JIBYX HAINPABICHUIX 33 CYET PACHPOCTPAHEHUS
IIaMeHU (HampuMmep, paclpoCTpaHEHUE OTHsS B TOPU3OHTAIBLHOM HAINPaBICHUH IO 3aHABECY
I0CJIC OXBAaTa €ro MjIaMeHeM 10 BCEi BBICOTE):

A= ncu XVxb,n=2,
Ve

rae b - meprneHaMKyISpHBIN K HANPaBICHHUIO ABHKCHUS IJIAMEHH Pa3Mep 30HBI TOPEHHS, M.

llp OTCYTCTBMU CHEUMAJIbHEIX TpeBOBaHMM 3HadeHMd a u E npuammanTcsa
paeueiMm 0,3 150 5k coorBeTcTBeHHO, a 3HadeHume |l =20 M.
np

IV. MaTtemaTtrueckast IByX30HHasi MOJIENb MOKapa B 3/laHUU

[Ipu pemeHun 3amad ¢ WMCHOJb30BAaHUEM JBYX30HHOW MOJACIM TMOXap B 3JaHUU
XapaKTepU3yeTcsl YCPEIHCHHBIMHU TI0 Macce U 00beMY 3HAYCHUSIMU MapaMeTpPOB 3abIMICHHON
30HBI.

T - Temneparypa cpeasl B 3aJbIMIEHHON 30HE, K;

MIO - ONITHYECKAs IUIOTHOCTH AbiMa, Hr/M;

X - MaccoBasd KOHILEHTpauMda i- TOro TOKCUUHOTO MNPOINYKTa TOpeHud B

|

3anbIMIIEHHOM 30He, KkI/ KT

X - MaccoBafd KOHLEHTpalLusa Kucjaopomda, Kr/ KT
K
Z - BbICOTa HM>KHEH TPAHULIBI CIIOS IbIMA, M.
B cBO ouepenr IEpEeUYMCIIEHHBIE IApPaMETPhl  BBIPAKAIOTCS YEPE3  OCHOBHBIE

UHTETpaJIbHbIC TAPAMETPhI 3aIbIMJICHHOM 30HBI C IOMOIIBIO CIeIYIOMUX (HOpMyIT:

Q = uurerpan mxc (T) x dT, ( 116.26)
3 0 p

X ==, X =-- ( 116.27)



MIO = --, ( 116.28)
\Y/
i
\/
m I
po=-,2Z=H--, ( 116.29)
V A
I
roe m,m - obmasa mMacca OuMa M COOTBETCTBEHHO - T'O TOKCUYHOIO MNPOIAYKTa
i
TOpEeHMs B 3aIbIMIIEHHOM B3O0HE, KT,

m - Macca KUCJIOpOoIa B B3aIbMIIEHHOM 30HE, KT

K
Q - SHTAJNBNNVA NPOAYKTOB TOPEHMS B SaNuMIJIEHHOM 30He, KX,

3
S - ONTUYECKOE KOJMYUECTBO mObMa, Ho X M2;

PO - IUJIOTHOCTB OuMa npu Temmnepartype I, krn/ m3;
V - OoBBEM BAaIEMIIEHHOM SBOHBE, M3,

I
H, A - BEICOTA M IJIOWANb I[IOMEUIEHMA, M,
c - yaeJbHas TernjoeMKocTb ammMa, kIx/(KX — x1).
p

JIlnHaMuKa OCHOBHBIX HMHTETPAJIbHBIX IMAPAMETPOB 3aJbIMICHHON 30HBI OINpPEAETACTCS
WHTETPUPOBAHUEM CHCTEMBI CIIEAYIONINX 0aaHCOBBIX YPaBHEHUI:

o0mmeil Macchl KOMIIOHEHTOB 3aJbIMJICHHON 30HBI C y4€TOM JbIMa, BHOCHMOTO B 30HY
KOHBEKTHUBHOW KOJIOHKOH U JIbIMA, yJIaJsieMOT0 Yepe3 MPOEMbI B COCETHHE ITOMEILCHHUS

dm
-=G -G, ( 116.30)
dt K I
roet- Tekyllee BpeMsd, C;
G,G - MaCCOBHI pPacxol IObMa COOTBETCTBEHHO Uepes KOHBEKTUMBHY KOJIOHKY

K II
M OTKpPHITEHE NOpPOeMH B noMeumenwmu, xr/ c;
SHTAJBIMS KOMIIOHCHTOB 3aJbIMICHHOW 30HBI C YU4€TOM TC€IlJIa, BHOCUMOI'O B 30HY

KOHBEKTHUBHOW KOJIOHKOH, TEILUIOOTIa4U B KOHCTPYKLIUU U YHOCA JbIMa B IIPOEMBI:

dQ
-=Q -Q -Q , ( 116.31)

dt K II KOH

rone Q, Q, Q - TenjoBas MOIHOCTD, COOTBETCTBEHHO BHOCKHMAS B
K IT KOH
SaOEMICHHYK SOHY KOHBEKTMBHOM KOJIOHKOM, yHajlgeMas C IEMOM dYepes OTKPHITHE
npoeMel M TepsdeMasd B KOHCTPYKLUM, KBT,
MacChl KHCJIOpPOJa C yYeTOM IIOTePh Ha OKHCIICHHWE IPOJYKTOB MHUPOJIH3a TOPIOYHX

BEILECTB.

dm

K
--=0,23x (G - sraX ncuXL)-x xG, ( 116.32)
dt K K K II

3Ta - OJHOTA CTOPAHUs FOPIOYEro MaTepuaa, Kr/Kr;

TICH - CKOPOCTh BBITOPAaHUS TOPIOYET0 MaTepuana, Kr/c;
L - norpedJyieHre KMUCJOpoHa INPM CLOPaHMM eIMHMIE MAaCCH IT'OPoYeTro



K
Marepuana, xr/ kr,

ONTHYECKOTO KOJUYECTBA JIbIMa C YYETOM JIhIMOOOPA3YIOIICH CIIOCOOHOCTH TOPSIIETOo
MaTepuana:

ds MIO
- = ncuXD-G X -, ( 116.33)
dt I po

rae D - npiMooOpa3syroriias cnocoOHOCTh Toproyero Matepuaina, Hi/(M2 X kr);
MAacChl I-r0 TOKCUYHOTO MPOYKTa TOPEHHSI:

dm
i
-—- = ncuXL -x xG, ( 116.34)
dt i i}
roe L - MaCCOBHI BEIXOL i' I'O TOKCHMUHOI'O INIpongykKTa I'OpeHMHd, KI‘/ KT
i
Macca KOMIIOHEHTOB IObBIMa G, BHOCUMMEBIX B 3aIbIMJIIEHHYK 30HY KOHBEKTUBHOM
K
KOJ‘IOHKOI\/JI, OLleHMBaeTCcsda C yYyaeTOoOM KOoJIMuyeCcTBa BO3OyXa, BOBJIEKaeMoOI'o B
KOHBEKTVMBHYIO KOJIOHKY I10 BCEU ee BEICOTE oo HIMKHEN I'PaHMIEL CJIOA HbIMa. B
VMHXEHEPHEIX pacueTax pracxono KOMIIOHEHTOB IObBIMa uepes OCEeCVIMMETPUNYHYIO
KOHBEKTUBHYIO KOJIOHKY Ha BEICOTE HIVIXHET O YPOBHA Sa,ﬂbIMJ'IeHHOVI 30HEL Z( B
3aBUCVHIMOCTU oT TOTO, Kakad obJsiacThb KOHBEKTMUBHOM KOJIOHKMN nJin @aKena

NoTrpyXeHa B 3albMIEHHYK SOHY) 3alaeTcs MOJySMIUPUUYECKON GOpMyJIIONn:

Z 0,566
0,011 x Q x (----) njs ofslactu dakesa
2/5
Q
Z 0,909
G = <0,026 x Q x (----) OJIsT [IEPEeXOnHOM o6JacTu ( 116.35)
K 2/5
Q
Z 1,895
0,124 x Q x (----) 0Jig oBJyIaCTU KOJIOHKH,
2/5
Q

rae Q - MOImHOCTE ovara moxkapa, kKBT.

JluHaMyKa mapamMeTpoB ouara Io)kapa OIpeAessieTcsl pa3BUTHEM IUJIOIIAAu TOPEHUs C
Y4E€TOM CJIO)KHOTO COCTaBa TOPIOYMX MATEpPUAJIOB, UX PACIIOJOKECHHs, MECTa BO3SHHUKHOBECHHUS
ouara Moskapa u MOJIHOThI CTOPaHUS

P
Q= sra X ncu XQ XF(t). ( 116.36)
ya H
lloTepu  Temia B OUpaxjaolye KOHCTPYKLMM PACCUMUTEHBAKNTCS C yYEeTOM
TeMnepaTyps ropgder CcTpyu |, CKOPOCTM M M3JIydaTeJibHOM CIOCOBHOCTM CTPYH,
c
OMEIBAKWEN KOHCTPYKLUMM M NOpOTpeBa camoli- 1 koHcTpykumu T (Y) no rosumuHe Y.

|
g BTOTO UMCJIEHHO MHTEeTPMPYyeTCs HecCTalMoHapHoe ypaBHeHMe Oypbe!



dT ) d nambna(T) x dT (y) _

X -, ( 116.37)
d ray C(T)X po 2
d xy

C 'PaHUYHBIMU U HAYAJIbHBIMHU YCIIOBUSMU.

dT ()
|
( ansba + ampda )X (T -T)=- aaMBma X ------ , ( 116.38)
K i C W w dy
y=0
dT ()
|
(ansda + ampda )X (T -T( nenvTa)) =- aambna(T) X ------ . ( 116.39)
K a0 i dy
y=1nenbTa
TOyY)=T,0<=y<= IeybTa, ( 116.40)
i 0
roe annda, ajabda - COOTBETCTBEHHO KOHBEKTUBHHMU U JIYUUCTEM KO30QULMEHT
K JI

rensoornaun, Br/( M2 X K);
JeTIbTa - TOJIIMHA OTPAXKAAIOIICH KOHCTPYKIHH, M;
C(T) - rerutoeMkocTh MaTepuaia KOHCTpyKimu npu temrepatype T(Y), Ix /(kr2 X °K);
asm6a(T) - TEIONpOBOAHOCTE MaTepraia KOHCTPYKIMU nipu temmeparype T(Yy), Bt/(m X

o .

K);
T, T - TeMIreparTypa COOTBETCTBEHHO oGorpeBaeMoﬁ YacCTM KOHCTPYKUUM U
w O

cpemsl y HeoBoTrpeBaeMoM noeepxHocTwH, K;

PO - IUIOTHOCTh MaTepuaia KOHCTPYKIIUH, KI/M.

TermoBbIe 1 MacCOBBIC TIOTOKH Yepe3 MPOEM B KaXKIBIIi MOMEHT BPEMEHHU PaCCUUTHIBAIOTCSI
C y4eTOM TEKYIIEero Tepernaja JaBlIeHUs MO BBICOTE MPOEMa, COCTaBa U TEMIIEPAaTyphl Ta30BOU
cpezpl 1o 00e cTopoHbI MpoeMa (cxema pacduera Ha puc. [16.1). Tak, MacCoOBBIi pacxo asIMa U3
MOMEIIEHUS oYara mokapa B COCE/IHEe MOMEIIEHUE PACCYUTHIBACTCS CIEAYIOIUM 00pa3oM:

Y
max - -----mmeeeeeee- e
G =Bx kcu X wmHTerpan V2 X po X (P(h) - P (h)) xdh, ( 116.41)
I Y 2
min

rae B - mupuna npoema, Mm;
KCH - a3pOIMHAMHYECKUI KO3 PHUIMEHT poeMa,
P(h) - P (h) - pasHulla OaBJIeHM) B NOMEWEeHMAX Ha Brcore h;
2

PO - TUIOTHOCTH JIbIMa B 3aJbIMIICHHOW 30HE COCETHETO IMOMEIICHHUS MPU TeMIepaTrype
neiMa T.

Puc. I16.1. MaccomnoToku depe3 mpoemM (He TPUBOIUTCS)

lpenessl MHTerpupoBaHus Y uY BEIOMPAKTCA B INpenejiax CTBOpa IpoeMa,
max min
CJIo4d IObIMa IIoOMelleHM A ouara IIoxapa 1Z8 TaM, roe MBOLITOUHOE oaBJIEeHUE

Oensra P = (P(h) - P(h)) >0, KakK 3TO yKasaHo Ha pwuc. I16.1.
2



HeoOxonuMmas 11 OLIEHKH Tiepenaa AaBIeHUs M0 CTBOPY MpoeMa 3aBUCHMOCTh JTaBIICHUS
OT BBICOTHI B I-M MOMEMIEHUH (C y4ETOM 3aJBIMIIEHHON 30HBI 3TOTO IMOMEIICHHS) OLEHUBACTCS

KakK:

P + po xgxh ecimh<=Z
i0 0 [
P(h)=< o ( 116.42)
i P + poxgxZ+ po Xgxh ecomh>2Z
i0 O i i
rone P - TeKymee IaBJIEHME BI- M [OMENEeHMM Ha HyJeBol orMerke ( wmim
i0
NPUBENEHHOE K HyJIEBOM OTMETKe, eCJiu yPOBEHB [OJIa MOMENEHMS BHIIE HyJIEBOMU
OTMETKN);
PO - IMJIOTHOCTL BO3MOyxXa NPV HadaJbHOM Temnepartype T ;
0 0
Z - TEeKymas BHCOTAa HE3aAbMIIEHHOM SOHH B - M IOMENEHUM.

i
PaccuntanHble mapaMeTpsl TEIJIOMaccooOMEHa B MpPOEMe UCHOJIb3YIOTCS Kak IpaHUYHbIE
YCIIOBHS 1151 COCEIHETO TTOMEILICHHUS.

V. [loneBoii METOJ MOJIENTUPOBAHUS MTOKapa B 3TaHUHU

OcHOBOH 7151 MOJEBBIX MOJENEH MOXKAPOB SIBISIIOTCS YPABHEHMSI, BBIPAXKAIOUINE 3aKOHbI
COXpaHEHMsI MacChl, UMITYJIbCA, PHEPIMH M MacC KOMIIOHEHTOB B pPAacCMaTpUBaeMOM MajoM
KOHTPOJILHOM 00BbeMeE.

VYpaBHEeHHE COXpPAHEHHS MACCHI:

d po d
-+ ( poxu)=0. ( 116.43)
dt dx i

j

VYpaBHEeHHE COXpaHEHUSI UMITYJIbCA!

d Tay
d d d po ij
- ( poXu)+--( POXU XU) ===+ -—mmmv + poxg. ( 16.44)
dt i dx j iodx d X i

j [ j

JIsi HBIOTOHOBCKHX JKHUJIKOCTEW, NOMUYMHAIOMMXCS 3akoHy CTOKca, TEH30p BS3KUX
HaIpsHKEHUHN ompenenseTcss GopMyIoi:

du du du
i j 2 k
Tay = wMoOX(-—-+--)--X MO X === X nenbTa . ( 116.45)
ij dx dx 3 dx ij
joi k

YpaBHEHUE JHEPIUHU:

R
dq
d d dp d navbna dh i
-( po X h) + --( po XU Xh)=-+--(----- X--)-- ( 116.46)
dt dx i dt dx c dx dx
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+ unrerpan ¢ dT +SUM (Y xH) - cTaTudeckas SHTANbLONA

h
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0

cMecu,
H - rTergiora obpasosanud K- 1o xomnoneHTa;
k
c =SUMY xc - TENnJIOEMKOCTbL CMECH MPM IIOCTOSHHOM OaBJIEHUM,
p k k pk
R
q - PaOMAaLVOHHEI [NOTOK SHEPIMM B HalpaBJICHUM X .

j j
VYpaBHEHHE COXPAHECHHUS XUMHUECKOTO KOMITOHEHTA K:

dy
d d d k
-( poXY)+-—( poXUu xXY)=-( poXxDx--)+S. ( 116.47)

d k dx | k dx dx k
j j j

Jlns 3ambikanus cucrembl ypaBHenuid ([16.43) - (16.47) ucnoaw3yercss ypaBHEHHE
COCTOAHUA UACATIBHOT'O I'a3a. I[HH CMECCH Ia30B OHO UMCCT BUI.

Y
k
p= poXR XTx SUM --, ( 116.48)
0 k M
k
roe R - YHUBEepCaJibHasad r'asoBasd IIOCTOAHHAHA,

0

M - MOJIApPHadA Macca k- I'O KOMIIOHEHTa.
k




