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PernamMeHTupoBaHbl BBHIOOP HMCXOJHBIX JAHHBIX M TMOPSAIOK IMPOBENEHHUS PACUETOB OCHOBHBIX
[apaMeTpoB MPOTHBOJIBIMHON BEHTWISLMM 3JaHUM pPa3IMYHOIO HA3HAYEHUS, NMPEUMYLIECTBEHHO
KWIBIX U OOLIECTBEHHBIX. METOI0NIOTHS pacueToB OPHUEHTUPOBAaHA Ha JEHCTBYIOLIUE TPeOOBAHUS
noxapHoi 0e30macHOCTHM W 0Oa3upyercss Ha pe3yjibTaTaXx 3aKOHUYEHHBIX TEMaTHYECKHX
uccinenosannii BHUUIIO, kotopeie BhIMoOMHsUMCH B nepuon 1996 - 2004 rr. mo TEXHUYECKUM
saganusm ['YTTIC MUC (MBJI) Poccun.

[Tpennaznauensl mist corpyaaukoB YITIH rnaBabix ympaienuit MUC Poccun 1o cyObexTam
Poccuiickoit deneparu. MoryT ObITh HCIIOJIB30BaHbl B JESTEILHOCTH MPOEKTHBIX OPTaHU3aAIMM,
CHEIUATM3UPYIOMIUXCS B pa3pabOTKe TMPOEKTHBIX peleHud B 00JacTM  KOMIUIEKCHOM
IPOTUBOINOXXAPHOW 3allUTHl CTPOUTEIBHBIX OOBEKTOB, a TaKKe B pabOTe MNPOEKTHHIX OIOPO
HIMPOKOTO MPOQPUIIA U TOCYIAPCTBEHHBIX YUPEXKIEHUN COOTBETCTBYIOIINX HAJ30PHBIX OPraHOB.

BBEJIEHUE

CornacHo 0oTeyeCTBEHHON U 3apyOexHOW CTaTUCTUKE, THOesb mpuMepHO 85 % OT ymcia KepTB
IMOXXAapoOB B 3JaHUAX 06yCHOBJICHa MopaxKarommum BO3,Z[€I>'ICTBI/ICM BBIACIACMBIX ITPOAYKTOB I'OPCHUS.
HHTeHCHBHOE pacHpoCTpaHEHUE MPOAYKTOB TOPEHHUS MpPH MOXapax B 3/1aHUSAX, MOCTPOEHHBIX B
COOTBCTCTBUH C COBPECMCHHBLIMU APXUTCKTYPHO-TCXHOJOTUICCKUMU PCIICHUAMU, COIIPOBOKIAACTCA
MEPEHOCOM TOKCUYHBIX KOMIIOHEHTOB, IOBBIIIEHHMEM TEMIIEpaTyphbl BO3AYIIHON Cpelnbl 0
MOABJICHUA BTOPHUYHBIX 3aropaH1/1P”1 U U3MEHEHUEM €€ OINTHYECKOU INIOTHOCTH BILIOTH a0 MMOJTHOM
NoTepU BUAUMOCTU. B cBsi3u ¢ 3TUM B Hallel cTpaHe U 3a pyOexoM BHUMaHHE CHEIHAIUCTOB B
NOCJIETHUE JIECATUIICTHS 00palleHO Ha pelIeHrne mpooaeM MPOTUBOIBIMHON 3amuThl 30aHuid. OnHa
U3 BaXKHEUIINX 33/1a4 B IaHHOM 00JacTy - co3aHue METOJ0JIOTUU pacueTa OCHOBHBIX MapaMeTpoB
HpOTHBOI[bIMHOfI BCHTUJISALINU.
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B mnpakTuke OTEUeCTBEHHOrO MNPOEKTHUPOBAHUSA [0 HACTOSALIEIO BPEMEHHM HCIIOIb30BAIUCH
paznuuHble MeToaudeckue nocodus [1] - [3]. OHM ObLIM OPUEHTHUPOBAHBI MPEUMYLIECTBEHHO HA
31aHusl BbBICOTOM 16 - 25 »araxedl C TUNOBOM KOPUIAOPHOM CTPYKTYpOW TMpU YETHIPEX
TUTAHUPOBOYHBIX CXEMaX JIECTHUYHO-TH(TOBBIX y3710B. B MeTommueckoil OCHOBE BBIIOIHIEMBIX
pacueToB MO CYIIECTBY OTCYTCTBOBaja OOBEKTUBHO HEOOXOAMMas B3aUMOCBS3b C (DU3HMUECKUMHU
IIPOLIECCAaMU Pa3BUTHSI 110KapOB B IIOMELICHUSX 3/1aHUH.

C BBeseHHEM B JeiCTBHE OOHOBIEHHBIX HOPM MPOEKTHUPOBaHUS [4] BO3HUKIIA HEOOXOIUMOCTh B
COOTBETCTBYIOIIEM  IPeoOpa3OBaHMM  METOJOJOTMM  pacdyera  OCHOBHBIX  I[apaMeTpoB
MPOTUBOABIMHONM BeHTWIALMU 37aHuil. Hactosmme pexomeHmanuu o0000IIAIOT — pe3ylbTaThl
uccienoBaHuil, BeinmonHsBImKxcs cnenuanuctamu BHUUNIIO B pamkax miaHOBOH TeMaTHKU IO
texunueckuM 3aganusm ['YITIC MUC (MBJ) Poccum B mepuony 1996 - 2004 rr. Jlannas
pa3paboTka HE OTHOCUTCS K ()OPMAIM30BAHHBIM METOJWKAM, yCTAHABJIMBAIOUINM COJCpKAaHUE H
MOCNIE0BATEIbHOCTh PAcu€TOB B COOTBETCTBUHM C OCOOCHHOCTSIMH OOBEKTOB, MOCKOIBKY
COBPEMEHHbIE TEHACHLMU PA3BUTHS APXUTEKTYpPbl M TEXHOJOTMM OHKCIUTyaTalluu 3JaHuil
UCKJTIOYAIOT BO3MOXKHOCTH MOJ00HOTO AeTepMuHu3Ma. [Ipu sToM mpencTtaBieHHbIE METOAMYECKHE
MIOJIOKEHHUS HE WILTIOCTPUPYIOTCS MPUMEpPAMH pacuera, 4To OOYCIIOBIIEHO KaK HEOOXOIUMOCTBIO
CYIIECTBEHHOTO  COKpallleHHs O00beMa U3JOXKEHUs, TaK U  OOBEKTUBHBIMH  YCJIOBHUSMU
IIPEIOTBPALICHUS] HEAOMYCTUMOIO IpPSMOr0 3aMMCTBOBAaHUS TaKUX IPUMEPOB B IPOEKTHBIX
peuieHusax. PekomeHayemass METONOJIOTHS — PACIPOCTPAHSETCSS B OCHOBHOM Ha  OOBEKTHI
IPaX/IaHCKOTO CTPOMTENbCTBA - JKWJble M oOuiecTBeHHble 3AaHusd. C ydeToM MHOroo0Opasus
CTPOUTENbHBIX OOBEKTOB MPEICTABIACTCA 1EIecO00pa3HbIM IMPOJOIKUTH PabOTy MO CO3JAHUIO
pacyeTHbIX METOJIOB, OPUEHTUPOBAHHBIX HAa MHOTO(QYHKIIMOHAIbHbIE KOMIUIEKCHI, IOJ3€MHbIE U
CYMEPBLICOTHBIE CTPOUTENbHBIE OOBEKTHI C MACCOBBIM MPEOBIBAHUEM JIHOICH.

ABTOpPHI OyayT OiIarofapHbl CIENAATHCTAM B JAHHON 00JIaCTH 32 PUCIIaHHBIC 3aMEYaHus 1
MIPEITIOKEHUS TI0 COJIEP KaHUIO MPEACTABICHHOW METOIOJIOTUU U YUTYT UX B JalbHelIen padoTe.

1. OBIIME ITOJIOXKEHUA

1.1. Hacrosiue pekoMeHaanuu pa3paboTaHbl B COOTBETCTBUHU C JIEHCTBYIOIIMMU TPeOOBAaHUSIMU
MOXKapHOW OE30MacHOCTH W PErJIaMeHTHUPYIOT TOPSJOK pacueTa OCHOBHBIX IapaMeTpoB
MPOTUBOABIMHON BEHTWISILIMM 3/IaHUM, TPEUMYIIECTBEHHO >KWJIBIX U OOIIeCTBeHHbIX. /[aHHBIE
METOAMYECKUE TMOJIOKEHUS MOTYT OBITh HCIIONB30BaHBl TaKXKe [UId pacdyera IapaMeTpoB
MPOTUBOABIMHON BEHTWIALMU 3IaHUM U COOPYKEHUH pa3IUYHOIO Ha3HaueHus (B TOM 4YHCIIe
3aKPBITBIX TMOJ3EMHBIX W HAJ3€MHBIX ABTOCTOSIHOK, MPOU3BOJICTBEHHBIX W CKJIAJCKHX 3JaHHM,
MHOTO(YHKIIMOHAJIbHBIX KOMIUJIEKCOB), JMJIi KOTOPBIX HE pa3paboTaHbl COOTBETCTBYIOIIKE
METOJIUKH.

1.2. Pexomenmanmu npeaHasHadeHbl st coTpyaHukoB YITIH rmaBubix ympasienunit MUC
Poccun mo cyOwbextam Poccuiickoit ®Denepauuu, MpOEKTHBIX OpraHU3alUid W MPEANPUSTHIH,
OCYUIECTBIISIOIIUX JUIEH3UPOBAHHYIO AESITEIbHOCTh 0 pa3pabOTKe U BHEIPEHUIO TEXHUYECKHX
pelIeHU 0 KOMIUIEKCHOM MPOTHBOIOXKAPHOM 3amuTe 37aHUil U coopyxeHuid. MoryT ObITh
UCIIOJIb30BAaHbl B JESTEIbHOCTH MPOEKTHBIX OIOpO IMIUPOKOro Mnpopmisi U TrocyJapCTBEHHBIX
YUpEXIECHUN COOTBETCTBYIOIIMX HAJ30PHBIX OPTaHOB.

1.3. U3nanue HACTOSIIMX PEKOMEHAAMIA HE OTMEHSET ACHCTBUS U HE UCKIIFOYAET BO3MOXKHOCTD
MCIIOJIb30BaHUS CTICIUATMCTAMH PA3IMYHOTO POt HHBIX JOKYMEHTOB MMOJ00HOT0 Ha3HAYCHUS,
B TOM YHCJI€ HOBBIX pa3pabOTOK.

1.4. B mensx UCKIIOUEHHS] BO3MOXXHBIX MCKaKEHUU PE3yJIbTATOB MPAKTHUUECKOTO MPUMEHEHUS
pa3pabOTaHHOM METOJIOJIOTHH MPH €€ UCIOJIb30BAaHUHU HE JIOMYCKAOTCS 0000IIeHNe W YIIPOIIICHHAS
MHTEPIIPETAIUS PACUETHBIX JAHHBIX B BUJIE HOMOTPaMM, TaOJIHIl U UHBIX MOAOOHBIX MAaTEPUAIIOB.

2. ACXO/IHBIE JTAHHBIE

2.1. IIpoexTHBIE 0OBEMHO-TUIAHUPOBOYHBIE PEIICHHUS B COCTaBE KOMILIEKTa YepTexKen
ApPXUTEKTYPHO-CTPOUTEIBHON YaCTU AOJHKHBI COOTBETCTBOBATH JEHCTBYIOIIUM HOPMAaTUBHBIM



JIOKYMEHTaM B 00JIacTH MOKapHOW 0€30MacHOCTH, B TOM YHKCJIE TIO0 YCTPOMCTBY MyTeil 3BaKyaluu u
HBAKYaIIMOHHBIX BBIXOJOB, TMpEAeliaM OTHECTOWKOCTH OCHOBHBIX CTPOUTEIBHBIX KOHCTPYKIIUN U
pa3eNieHnI0 CTPOUTENBHON YacTH Ha OTAENbHbIE MOoXapHble OTCeKu. [Ipu HEoOXoaUMOCTH KpoMe
YKa3aHHBIX HOPMATHBHBIX JOKYMEHTOB MOTYT HCIIOJIb30BAThCS TIOJIOKEHUS pa3padOTaHHBIX
JOTIONTHUTEIBHO CHEIUAIBHBIX TEXHUYECKUX YCIOBUNH Ha MPOEKTHUPOBAHUE MPOTHBOIIOKAPHOM
3alUTHI.

2.2. B kauecTBe pacCYETHBIX YCIOBUH [EHCTBUS MPOTHBOJBIMHON BEHTHUIISIIUU CIEAYET
MPUHUMATh BO3MOKHOCTh BO3HMKHOBEHHS IIOKapa B OJHOM U3 TIOMEIICHHH, B KaXIOM U3
MOKapHBIX OTCEKOB, HA OJIHOM U3 €r0 dTa)Kel, MpenMyIleCTBEeHHO HMKHEM, KaKk B HAaJ[36MHOH, TaK
¥ B TOJ3EMHOM YacTH 31aHus. McxomHoe mosioxkeHne OKOHHBIX MPOEMOB - 3aKpPBITOE, IBEPHBIX -
coriacHo TpeboBaHusMm [4].

PacuerHbIit mepuos nelCTBUS MPOTUBOABIMHONM BEHTWISAILIMK JOJDKEH MPEIyCcMaTpUBaTHCA JTHOO
Ha TMEPHOJ] BAKyallMH JIIOJCH M3 MOMEIICHUH, ¢ dTaka WIM U3 3[IaHUs B IEJIOM, OO0 Ha BpeMms
MPOBEJICHHUS TIOXKAPHBIMHU TIOJPA3ACICHUSIMH pPa0dOT IO CIIACEHUIO JIIOJCH, OOHAPYKEHUIO U
JIOKaJIM3alluy ovara rnoxapa.

[IpoekTHOE MCTIOTHEHNE CTPOUTETHLHON YacTH 00bEKTa JOJKHO MPUHUMATHCS B COOTBETCTBUU C
YCTaHOBJICHHBIM YPOBHEM KauecTBa. KOHCTpyKIMU U 060pyI0BaHHE MPOTHBOJBIMHON BEHTUIISILINH
(BO3MyXOBO/IbI, KOJUIEKTOPHI, TPOTUBOIIOXKAPHBIC KJIANaHbl, BBITSHKHBIE BEHTHIIATOPHI, IBEPH, B TOM
YHClie MPOTHUBOMOKAPHBIE IHIMOTa30HETPOHUIIAEMbIE, TPOTHBOIBIMHBIE SKPaHbl U JIP.) JOJKHBI
COOTBETCTBOBATh TEXHUYECKHM JIAHHBIM TMPEINPUATUN-U3TOTOBUTENICH U TMPUMEHSTHCS B COCTaBE
MPOTUBOABIMHOMN 3aIIUTHI 00BbEKTA MpU Hamu4uu cepTudukaToB cooTBeTcTBHUs cuctembl [ OCT P u
cepTU(UKATOB MOXKAPHOU OE30MTACHOCTH.

2.3. AspoauHaMHUYECKHE XapaKTEPUCTHKHU 3MaHUN ompenensitoTces: ko3 uirenraMu BeTpoBOTro
Haropa Ha pa3m4dHbIX (pacamax. Pacnpenernenue u 3HaAYCHUS adPOUHAMHYCCKUX KOI(DPHUIHEHTOB
BETPOBOTO HAIopa JJs MPOEKTHPYEMbIX 3JaHHM HEOOXOJMMO MPUHUMATh COTJACHO MPOEKTHON
JOKYMEHTAIlMK WM 10 OSKCHEPUMEHTAIbHBIM  JAHHBIM, TOJYYEHHBIM B  PE3yJbTaTe
aIPOIMHAMUYECKUX UCHBITAaHUI (TpoAyBKa Mojnenel B aspoauHamuueckodt TpyOe). Ilpum
OTCYTCTBHM  HEOOXOJWMBIX  JIaHHBIX  ad3POJMHAMHYECKHE  XAPAKTEPUCTUKU  JOJIKHBI
YCTaHABIIMBATHCS PACUYETHBIM IyTEM B 3aBUCHMOCTU OT HAIpPAaBIIEHUS BETPOBOTO BO3JCUCTBHUS Ha
pasnuaHbIe (acabl 3TaHNK:

ky = knsin2 o+ krcos2 o, (1)

rne kq - a3poJMHaMU4ecKUil K03((UIIMEHT BETPOBOTO HANIOpa MpHU BO3JEHCTBUU BETpa MOJ YIIoM
O K TUIOCKOoCTH (hacana;

kn, k. - adpoauHammueckue Ko3(QUIMEHTH BETPOBOrO HAmopa IPH BO3IACHCTBUH BETpa
COOTBETCTBEHHO IT0 HOPMAJIH U 10 KacaTeIbHON K IJIOCKOCTH (hacasa.

Bennuunsl k03((HUIIMEHTOB BETPOBOro Hamopa k, U k; MOTYT OBITh NPHUHSTHI IO JAHHBIM TaOI.

COOTBETCTBYIOIIME YHUCIIOBBIE 3HAYCHHUS KOI(D(UIIMEHTOB BETpPOBOIO Hamopa ki, k,, k; Moryt
OBITH ONIPEAEIICHBI IO CIIETYIONIMM 3aBUCHMOCTSIM:

2
ik, =-108exp| - 2.7 ;—H]—U,oﬁ,

0<x<l,

rae L, H - CoOOTBETCTBEHHO JJIMHA U BbICOTa (hacasia, MEPHEeHIUKYJIIIPHOTO HAlIPaBIEHNUIO BETPOBOTO
BO3/CUCTBUS, M; [ - nirHa OOKOBBIX (hacasoB, M; X - yAaJleHHE OT TUIOCKOCTH JaHHOTO (hacama mo
HOBEPXHOCTAM MOKPBITHUS U (acaioB, UMEIOIIUX pa3Mepsl [XH, M;

k, =-0,3H/y npu 0,5 <y < 3H,
k,=-0,1 mpuy > 3H,



I7ie y - yAaJeHue OT MJIOCKOCTH (hacasia, UMEIOIEro pa3Mepsl /X H, BAOJIb MOBEPXHOCTEN MOKPHITUS

u ¢acasoB, UMEIOMINX pa3Mmepbl LxH, M;

ki =k, mpux = 1.

J71s1 KOHEYHOTO BBIYHMCIICHUS a9POAMHAMHYECKUX KOA((UIIMEHTOB 10 3aBHCUMOCTH (1) JOIKHO

HCIIOJIB30BaThCA

COOTBCTCTBYIOLICC

COUYCTaHHUC

nap U3

MPHOOPETAIONTNX TaKUM 00pa30oM 3HaUYCHUS KOAP(HUITUEHTOB k, U k.

K03 (HULINEHTOB

kWW) kWS 5 kWO >

Tabnuya 1

AspoguHamMmnyeckue K03 GUIHEeHTHI BEeTPOBOr0 HANMOPA Ui PAa3JIMYHbIX (hacagoB 37aHUN

CootHoleHue IepnenaukynapHbIit BokoBas cropoHa unu
Haserpennas ctopoHa 3aBeTpeHHasl CTOpOHA
rabapuTHBIX Pa3MEpOB | HANpPaBICHUIO BETpa k IIOCKOCTb HOKPBITHUS k
(acamos dacan " Kos "o
LxH 0,8 -0,4 -0,6
l < L< H 2 ) 5
B IxH 0,8 -0,4 -0,6
LxH 0,5...0,8 ky ki
l < H < L bl bl X
B IxH 0,6...0,8 k, -0,3...-0,2

JU1s BBINOJIHEHUSI pAacueTOB OCHOBHBIX MapaMeTpOB MPOTUBOJIBIMHOM BEHTUJISILIMU C MEHbIIEH
TOYHOCTBIO JIOMYCKAETCS BHIOOp a’pOJMHAMHYECKMX XapaKTEPUCTHK MO (PUKCHPOBAHHBIM
BeIMYMHAM K03 UIeHToB coriacHo Tabdn. 1 npu / <L < H.

2.4. TTapameTpbl Hapy>KHOTO BO3/yXa IS IPOCKTUPYEMBIX 00OBEKTOB TOJKHBI COOTBETCTBOBATH
[5]. BenuuumHy CKOpPOCTM ¥ HampaBl€HUWE BeTpa CIEAyeT NPUHUMATh 10 JaHHBIM
METEOPOJOTUYECKUX HAOIIOJCHUMN, OTHOCAIIMXCS K TEPPUTOPUU 3acTpoiku. Temmeparypa
Hapy’>KHOTO BO3/yXa JOJKHA COOTBETCTBOBATh MEPHOAY MAKCHUMAaJIbHOTO BETPOBOTO BO3JCHCTBHUS.
Temmeparypy BHYTPEHHETO BO3[yXa CIEIAYeT OIPEACISITh COTJIACHO TPOEKTHOW TEXHOJIOTHU
9KCIUTyaTaluy MPOEKTUPYEMOTO 3aHHUs.

3. BBITSAKHASA TIPOTUBOJABIMHAS BEHTHJIALUA

BriTsbxHas MNpOTUBOABIMHAA BCHTHUJISALUA 110 q)YHKHHOHaHLHBIM IMPpU3HAKaM MOAPA3ACIIACTCS Ha
ABC OCHOBHBIC I'PYIIIIbI, OJJHA U3 KOTOPBIX 06”beI[I/IH$IeT CUCTCEMBI, IPCIHASHAYCHHBIC JIA YAAJICHUA
MMPOAYKTOB IOPCHUA HCIIOCPCACTBCHHO U3 TOPALICTO NOMCIICHUA, Apyrasd - CHCTCMBbI JJI Y IAJICHUA
IMPOAYKTOB IrOpC€HHA U3 CMCIKHBIX C ropsAIUM HOM@HIGHI/Iﬁ.

3.1. YaaneHnue npoayKTOB ropeHusi HEMOCPeACTBEHHO U3 rOpPsIero noMelieHust

MaccoBbrit pacxog MpoAyKTOB IOpCHUsA, YAAIACMBIX U3 IrOopAIICTro MOMCIICHWA, paCCUNTBIBACTCA
Ha OCHOBC YPAaBHCHU HEPA3PBIBHOCTHU BHA:

AL (o, 1) -G, -G

T "

(2)

rac A - OKBUBAJICHTHAs IIJIOIIAAb CCUCHUSA ABIMOBOI'O CJIOA B FOpI/I?,OHTaJ'IBHOﬁ IIJIOCKOCTH, MZ; T -
BpeMS, C; Psn - CPEAHsS IJIOTHOCTH ra3a B JIBIMOBOM clioe, oOpasylolieMcsi B BepXHEW 4YacTu
TOPAIIETo TMOMEIICHUS, Kr/M° ; h - TommmHa oOpasyromierocss AbIMOBOTO ciosi, M; Gy, Ggy
MaCCOBBI PAcXoJl COOTBETCTBEHHO B KOHBEKTUBHOW KOJIOHKE U YJAISIEMBIX MPOIYKTOB FOPCHHUS,
Kr/C.

s pemenusi ypaBHeHUs (2) HEOOXOJMMO JOMOJIHUTEIBHO HCIOJIb30BATh 3aBUCHMOCTHU IS
MOIIIHOCTHU TCIIJIOBBIACIICHUA O4Yara H0>I<apa 158 CpCI[HCfI TCMHGpaTypI)I AbIMOBOTO CJIOA:

Qk = T]QpHcp\IfcpI'ro; (3)
- = a + A —exp |- M ,
Qi+ A) C,.G, W




OneuaTtka.
rae Ok - MOIIHOCTH TEIUTOBBIIENeHus, KBT; 1 - momnora cropanust; Fucp, Wep - HMapaMeTpPhI
MOXKapHOHW Harpy3ku nomemenus (rnpui. 1); F, - Tuiomaaps rOpeHusl MOKapHOW Harpy3KH, M Ty
T, - cpenusis TemriepaTypa ABIMOBOIO CJIOS W TeMIeparypa Bo3Ayxa B mnomeunieHuu, K; o -
KOA((PUIIMEHT TEMmIo0TAaYM JABIMOBOTO CJIOSI B OTPaXKIAIOIIME KOHCTPYKIIUH, KBT/MZ-K; ry -
KOX(PUIIUEHT, XapaKTepU3YIOIUH TEIUIONOTEePH Ha M3Iy4yeHHe; [, - MaKCUMaJbHBIA MEPUMETP
TOPU30HTAIBHOTO CEYEHUsS] JbIMOBOrO ciosi, M; C, - YyJlenbHas TEIUIOEMKOCTh Trasza IIpH
temneparype Tsm, KJx/Kr - K.

Oneyartka.

JlHs momemieHud MTpSAMOYTolbHOM (OpMBI C pa3MepaMu Moja W TMOTONKAa axb yKa3zaHHBIN
MEPUMETP COCTABIAET Ly, = 2(a + b).

[IpuBeneHHbIE 3aBUCHMOCTH 3aMBIKAIOTCS YPAaBHEHUEM COCTOSHHS Ta3a M (YHKIHMOHATHHON
CBSI3bI0 MACCOBOTO pacxo/ia B KOHBEKTHMBHOM KOJOHKE C MOIIHOCTBIO TEIUIOBBIICICHUS U
TOJIIIUHOMN JBEIMOBOTO CJIOS:

Psm = Pala/ Tom; )
Gi = (O h), (6)

IJIe P, - IIOTHOCTH BO3LYXa, KI/M .

PacueTtnast cxema razoo0MeHa, COOTBETCTBYIOIIAs (DYHKIMOHAIBHBIM 3aBUCHUMOCTSM (2) - (6),
npuBereHa Ha puc. 1. Ilopsmox W coiepkaHue pacdera ¢ Y4eTOM CIeUU(UKH 3alIMIiaeMbIX
MOMEIEHUH ompenenseTcss BHIOOpoM (PyHKIIMOHAIBEHOM 3aBUCUMOCTH (6).

prEs

= ’ Tow . Rif

| i = —am AN, ’ —_—F

F

x a1 A F

s e e e —— -

Puc. 1. Pacuemnas cxema eazoobmena 6 copAauem nomeueHuu, sauuilaemom BLIMSIIICHOLL

NPOMUBOOLIMHOU BeHMUNAYUEU
(T - memnepamypa KoOHBeKMUBHOU KOAOHKU, Ry, - NpeOelbHO 00NYCIMUMAsS MOJUWUHA ObIMOBO2O COL)

3.1.1. Jns 3aibHBIX TOMEIIEHUH pa3IMYHOrO HAa3HAYCHHS, B TOM YHCIE KOH(EPEHII-3aJI0B,
3pUTEIBHBIX 3aJI0B, TOPTOBBIX 3aJI0B, CIIOPT3aJIOB U JIp., 3aBUCUMOCTH (6) Hcmoyb3yeTcs B Buze [6]:

Gy =0,071(r 00" (H - h)*” +0,0018r¢ O, (7)

Omneuyartka.

Trac H - BrICOTA IIOMCIICHUA, M.

3.1.2. Jlna aTpuyMOB pAa3IMYHOTO APXUTEKTYPHOTO HCIOJHEHMS, C Y4€TOM HAJIM4usi B HX
o0BeEMax raﬂepep"l Ha HCCKOJIBKHMX YPOBHAX WM KOHCTPYKTUBHOI'O OTACIICHHA STaXXEH OT ITUX
00BEMOB, pacyeTHbIE CXEMbI ra3000MeHa COOTBETCTBYIOT NMpHBEIEHHBIM Ha puc. 2. [lpu stom s
BapHaHTa ra3000MeHa, NPUBEIEHHOTO Ha pHUC. 2, @, 3aBUCUMOCTb (6) HCHOJB3yeTCs B BHJE
3apucuMoctH (7), a Ui BapuaHTa ra3o00MeHa, IPUBEACHHOTO Ha puC. 2, O, - B CIEAYIOIIEM BUE

[6]:



G = 0,032(r 01" (H - h). (8)

Oneuarka.

Puc. 2. Pacuemnas cxema 2azoobmena npu nosxfcape 6 ampuyme ¢ KOHCmMpYKMuHo
HeomoeneHHbIMU 2anepesimu (a) U ¢ KOHCMPYKMUBHO omoeneHHbIMuU smadicamu (0)

YacTHBIM clyyaeM MEpPBOTO W3 yKa3aHHBIX BApPHAHTOB SIBISICTCS T'a3000MEH B aTpuyme MpH
BO3HHKHOBEHUH B HEM TI0Kapa HEMOCPEICTBEHHO MO rajepeeii (Ha ypOBHE OCHOBAHUS aTpHyMa).
B sTrom cnyuae ¢pyHKIIMOHATBHAS 3aBUCUMOCTS (6) UCTIONIB3yeTCs B CIEAYIONIEM BUae [6]:

Gy = 0,36(07°)' (2, + 0,25H), 9)

rae W - HadanpHas TOJNIIMHA CTPYH Tra3000pa3HBIX NPOAYKTOB TOPEHHsS, HCTEKAIOMIEH OT
OTpaXKJIAIONIEH KOHCTPYKIIMU Tajieperd aTpuyma, M; Z, - BBICOTa OT YPOBHS rajeper, OMbIBa€MOMU
HCTEKAIOLIEH CTPYEH, 10 HUYKHEN IPaHullbl AIMOBOTO CJIOS, M; / - BBICOTA OT OCHOBAaHMS aTpUyMa
JI0 YPOBHS PACTIOJIOKEHHUS TAJIEPEU, M.

CormacHo pa3f. 2 HacTOSHIMX PEKOMEHJALMKA pacdyeT OCHOBHBIX MAapaMETPOB BBITSHKHOM
IIPOTUBOJIBIMHOM BEHTWJISILUU JAHHOTO THUIIA JOJKEH MPOBOJUTHCS MO YCIOBHUSAM 3aIMTHI TOJIBKO
Ha TIEPUOJ dBaKyallud JIOACH M3 MOMEIICHUH OO0 Ha BpeMs, HEOOXOAUMOe JUIsi OoOecTieueHus
JNICUCTBUU TMOXapHBIX mnojapaszaeneHui. [lepBble M3 yKa3aHHBIX YCIOBHH YJIOBJIETBOPSIOT
COOTHOIICHUSIM BUJIA:



0<t<T, OShShvm, (10)
T>T1, h> hg,, (11)

TZie T, - PacyeTHOE BpPEMS DBAKyallUd U3 TOMEIIEHHH; /g, - MPENENTbHO JOMYCTHUMAs TOJIIHHA
JTBIMOBOTO CJIOSI, TPU KOTOPOH CoOXpaHsieTcss CBOOOJHAS OT 3aJbIMJIICHHS BO3IyIIHAs 30HA Ha
TOPH30HTAIILHBIX MY TSIX 3BAKyaIlUH.

B stom ciyuae Gy, < Gy

J171s BTOPBIX U3 YKa3aHHBIX YCJIOBUM CIIPABEIMBBI COOTHOIIICHHS BU/IA:

OSTSTC OShShsm: (12)

IJie Tc - BpeMsl OKOHYAHUsI criacaTeIbHbIX PadoT.
B stom cnywae Gy, = Gy M pacyeT mapaMeTpoOB BBITSKHOW MPOTHUBOABIMHOM BEHTHJIALUU
oCylIlecTBIIsAeTCs 0€3 UHTErpUpOBaHMs ypaBHEHHS (2).

3.2. YaaneHue npoayKTOB rOPEHHs U3 CMEKHBIX € TOPSIIIUM MOMELIeHUH

Pacuer mapaMeTpoB cuUCTEM JaHHOI IpyMIbl MPOBOAMTCSA B 3aBUCUMOCTH OT BUAA OOBEMHOTO
noXkapa B TIOMEIIECHHH, COOOIIAIOMIEMCS CO CMEKHBIMH C HUM TOMENICHUSMH, B TOM YHCIIE
BECTUOIOJISIMH, XOJUTAMH, KOPUAOPAMHU, TOPTOBBIMU MOJIJIaMH, arpuymamu u T.1. CornacHo [7], [8],
BUJ] 00OBEMHOTO MOKapa B MOMEIIEHUU OIpPEAEsAeTCs] MPU CPaBHEHUM 3HAUEHUS MPUBEICHHON
YAEIBbHOU M0’KapHOW Harpy3KH MOMEILEHUS g C €€ KPUTHUYECKUM 3HAYEHUEM Gicxp.

€CIHU gk < Zxxp, TO B IOMEIIEHNHU OYJET MOXKap, peryaupyemsiii Harpyskoil (IIPH);

€CJIH Zx > Zxxp, TO B IOMEIICHUU OYJET MoXKap, peryaupyembiii Bentuwsaueii (I1PB).

3HaueHUue MaKCUMaJbHOM CpelHeoOBeMHONW TeMIlepaTypsl B ropsuiem nomenienuu npu [1PH
OIpeAEIIAETCS 3aBUCUMOCTBIO [ 7], IMEIOIIEN CIIEAYOIUN BUA:

Ty max = Ty + 2247, (13)

rae T, max - MAaKCUMambHas cpeqHeoObeMHas Temmeparypa, K; 7, - Temnepartypa Bo3ayxa, K; g -
MpUBEJCHHAs yCNIbHAs MOXKapHasi Harpy3Ka (CoriacHo 1. 2 npui. 1).

[Ipu IIPB MakcumanpHasi cpeAHeOObEeMHas TemIepaTypa B TOpALIEM IOMEIICHUU
COOTBETCTBYET 3aBUCUMOCTH BHJa [7]:

Ty max = Ty + 940exp(0,0047g, - 0,141), (14)

T7e g, - MPUBEJICHHAs yJebHas oJKapHas Harpy3ka (corjacHo 1. 1 mpui. 1).

VYka3aHHbIE 3aBUCHMOCTH HWCIONB3YIOTCA JUIS  ONPENENICHUs TMapaMeTpOB  BBITSHKHON
HpOTHBOI{BIMHOfI BCHTHWIIAIINU Z[aHHOI\/JI prHHbI.

3.2.1. PacuerHas cxeMa Tra3000Me€Ha B KOpHIOpE Ha 3Ta)xe, Ha KOTOPOM BO3HHUK IMOXap,
npuBesieHa Ha puc. 3. [l onpeaenenns TeMIepaTrypsl B IOTOKE I'a30B, BBITEKAIOIIEM U3 TOPSILIETO
MOMEILIEHUS] B KOPHUIOP, UCITOJIB30BaHO COOTHOIIICHHE BUA [7]:

To = 0,875 max, (15)

rne 7, - WCKOMOE 3HA4YeHHE TEeMIIepaTypbl ra30B, IOCTYMAIOMIMX W3 TOPSAIIEro IOMEUICHUS B
xkopuaop, K; 7, max - MakcumalibHasi cpeiHeoObeMHasi TEeMIIepaTypa B TOpPSIIEM MOMEIIeHUH (B
3aBHCUMOCTH OT BHj1a noxkapa - [1PB wmm [TPH), K.

Jnis onpezneneHus yCPeIHEHHOH TeMIepaTypbl IBIMOBOTO CJOS B KOPUIOPE HCIIOJIb3YeTCs
Cliefyromasl 3aBHCHUMOCTb, IIOJIyY€HHAsh HMHTETPUPOBAHMEM YPAaBHEHHS, XapaKTEpPH3YIOLIETO
M3MEHEHHUE TEMIIEPATYphl B IBIMOBOM CJIO€ 110 JUTMHE Kopuaopa [9]:

(T -T2k, + AL 058.3 ]‘
(16)

T, =, +122 Wl = eap -
R & j{ T +.t‘1:.l".','1

Oneuyarka.



rae hy, - TpefelnbHas TOJIIMHA ABIMOBOTO CJOs, M; A, - MIOWAAb KOPUAOPA, M2; l. - nmnHa
KOpHA0pa, M.

[Tpu ucnonb30BaHUU B pacueTax JaHHOW 3aBHCHUMOCTH TpeleibHas TOJNIIMHA ABIMOBOTO CJIOS
JIOJKHA yIOBJIETBOPSITH YCIOBUIO:

0,5 < hu/H<0,6,

rae H - BpIcOTa KOpuaopa.
Pacuer 3akaHuMBaeTcs onpeeneHueM MacCOBOTI0 pacxoja yJalsgeMbIX U3 KOpHI0pa MPOAYKTOB
ropeHus npu noxape mno gopmyie [2], [3]:

Gsm = ksmAdeo’Sa (17)

rae Gy, - MacCOBBIM PAacXoJ]l YOAIIEMbIX MPOAYKTOB TOPEHUs, Kr/c; A; - TUIOMIATL TBEPH IPH
BBIXOJI€ U3 KOPHUIOPA IO MyTSIM 3BaKyalluu, M2; H,; - BBICOTa 3TOM ABEPHU, M.

3HaueHust KO3PPUIMCHTA Ky, B JAHHOW 3aBHCUMOCTH COCTABISIIOT 1,0 1 1,2 COOTBETCTBEHHO ISt
JKMJIBIX M OOILIECTBEHHBIX 30aHHMH.

Puc. 3. Pacuemnas cxema 2azoobmena 6 Kopudope HA smaositce, Ha KOMopom npousouieil noasxcap

3aBucumoctH (16), (17) MoryT OBITH MCIIOIB30BAHbI JAJIS ONPEACIICHUS TAPAMETPOB BBITSHKHOU
MPOTUBOIBIMHON BEHTUIISILIUM, MTPEeIHA3HAYEHHON TaKXKe JJISl 3alUThl APYTUX CMEKHBIX C TOPSILUM
MIOMEIIEHUH: XOJUIOB M OTHOYPOBHEBBIX BECTHUOIONIEH.

3.2.2. JIns BecTrOONIEH, COOOIMAOMMXCS C ABYMS U 00JIee YPOBHSAMHM, a TaKXKe ISl TOPTOBBIX
MOJUIOB (3aKpBITHIX Tajiepei, COOOLIAIOIUXCS C TOPTOBBIMH 3ajlaMHM DPA3MUYHOM IUIOIAAH) U
aTPUYMOB MOYKET OBITh UCIIOIb30BaHA PETJIAMEHTUPOBAHHAs [6] 3aBUCUMOCTD BHJIA:

Gy = 0,68(4,H,"'"(Z,, + @) + 1,54,,H,", (18)

rae Ay, - IUIOmMAAhr TMpoeMa TOPSIIETO TOMEIICHUS, COOOIIAIOMIErocsS C 3allUIacMbIMU
BECTUOIOJIEM, MOJIJIOM, aTpUyMaMH, Mz; H,, - BbIcOTa 3TOrO Mpoema, M; Z,, - pacCTOsSIHUE OT Bepxa
JTAHHOTO TIpoeMa J0 HW)KHEN TPpaHUIbl ABIMOBOTO CJIOS, M;

a=244,"°H,"” - 21H,,

B normonHeHne K JaHHOW 3aBHCHMOCTH ISl ONIPEICIICHHS YCPETHEHHOW TEMIIEPaTyPhl ILIMOBOTO
CJI0SI MOYKET OBITh UCITOJIb30BaHA 3aBUCUMOCTH (4).

4. IPUTOYHASA ITPOTUBOABIMHAA BEHTNJIATIUA

CuctemMbl TNPUTOYHOM MPOTHUBOABIMHOM BEHTWIALMM MpPEIHA3HAUYECHbl JUIsl  CO3JaHUs
M30BITOYHOTO JIaBJICHUS BO3/lyXa B 3allMIIAEMbIX JECTHUYHO-TU(TOBBIX y3/1ax U TaMOyp-ILTI03axX,



a TaKXKe J1JI1 KOMIIEHCUPYIOILIEH MOJa4l BO3IyXa B TOPSLINE MOMEIICHUS, 3alIUIIEHHBIE BBITSHKHOU
MPOTUBOJBIMHON BEHTWJIALMEN. [IpUHIMO AEHCTBUS TAaKUX CHUCTEM KaXXJOTO BHJA CYIIECTBEHHO
pa3ianyaeTcs, MoATOMY M ONpPE/IeICHHUE UX MapaMeTPOB UMEET OCOOCHHOCTH.

CormacHo pa3j. 2 HACTOSIIMX PEKOMEHAAIMKN pacipeiesICHUe aBJICHUS MO0 MTPOTUBOIIOIOKHBIM
dacamam onpesenseTcs COOTHOIICHUSIMU BUIA:

wai = 'ghi(pa - pr) + kawwpa Vaz/z; (19)
Pwoi = ‘ghi(pa - pr) + k(xwopa Va2/2a (20)

1€ Piwi, Pyoi - IEpETIaJ] AABJICHUS HAa HapY’KHBIX OTPa)kJAIOLIMX KOHCTPYKIUAX 3AaHUS 10 BBICOTE
COOTBETCTBEHHO C HAaBETPEHHOW M 3aBETPEHHOH cToponsl, Ila; /; - BbIcoTa i-ro 3Taxa (0T ypOBHs
CpellHel TUIaHUPOBOYHOM OTMETKH 3€MHON MOBEPXHOCTHU JI0 YPOBHS LIEHTPA JBEPHBIX POEMOB i-T'0
staxa), Ila; p,, p, - MIOTHOCTH HAPYKHOTO BO3AyXa MpH Temmeparype 7, U INIOTHOCTh BO3AyXa B
noMemIeHusX 3nanust npu temmeparype 7y, K; kaww, Kawo - KOO(MOHUIIMEHTHI BETPOBOTO HATIOpa ISt
Hapy’KHBIX OTPaKIAIOIIUX KOHCTPYKLHUH, PacloJIOKEHHBIX IMOJ YIJIOM O K HaIpaBJIEHUIO BETPa,
COOTBETCTBEHHO C HABETPEHHOM U 3aBETPEHHOI CTOPOHBI; V, - BEAIMYMHA CKOPOCTH BETpa, M/C.
Jlnist TeMiiepatypel BO3AyXa BHYTPH 3/1aHHsI UCHOJIb3YETCsl OOIENPUHATOE COOTHOLLICHHUE

T,=0,5(T. + T),

rne T, - HadaibHas TeMIepaTypa Bo3ayxa BHYTpH 31aHus, K.
CooTBeTcTBYIOIIEE paCHpee/ieHHe OABJICHHUS BHYTPU 3/aHUS 110 €r0 BBICOTE ONpEAesIeTcs
COOTHOILIEHUEM BUJA:

Prl' = 'ghi(Pa - P;) + Oas(kaww + kOLWO)pa Va2/2' (21)

HapaMeprl HpHTO‘lHOﬁ HpOTHBO,Z[BIMHOﬁ BCHTUIAOWMM I J'IeCTHI/I‘IHO-J'II/I(l)TOBBIX Yy3JIOB
HAA3EMHOM dYacTH 3JaHHI ONpeCAC/IAAIOTCA B 3aBUCHUMOCTH OT pasMCIICHUA OTHUX Y3JIOB: IIpPHU
IIPUMBIKAHUH K HAPYKHBIM OI'PAXKAAOIIUM KOHCTPYKIUAM HUJIM B HCHTPAJIBHOM SJpC.

4.1. [logaua BO31yXa B JIECTHUYHbIE KJICTKH

4.1.1. [1ng neCTHUYHBIX KJIETOK HaJA3EMHOW YaCTH, IPUMBIKAIOIINUX K HaPYKHBIM OIPa)KAAr0IIHUM
KOHCTPYKIHSIM C YCTPOHCTBOM 00OCOOJIEHHOTO HAapYy»XHOTO BBIXOAA, BBHUAY OTCYTCTBHUS
BHYTPEHHEH CBS3UM Ha ypOBHE HIXKHEro (MepBOro) sTaxka, M30BITOYHOE AABICHHE BO3AyXa Ha
YPOBHE BBILIENEKANIETO dTaXa JOJDKHO COCTABIIATS!

PSl‘2 = P}”2 + 20) (22)

rae P, - naBiaeHue BO3ayXa, ompeaenseMoe Mo 3aBucumoctd (21), Ha ypoBHE paccMaTpruBaeMoOro
sTaxa, [1a.

IIpu >TOM MaccoBBIM pacxoJ BO3[yXa, MCTEKAIOLIETO 4epe3 Hapy>XHBbIM BBIXOJ JIECTHUYHOU
KJIETKH, OIIPENEIIAETCS 3aBUCUMOCTBIO BUA:

_ 0,5

Gstl - (,uF)akBl[zpr(Pstl - Pwol)] ) (23)

rae (uF)ss1 - DKBHBAJICHTHAs IUIONIAJbh MPOEMOB B TamMOype HapyXHOTO BBIXOJA, M2; Py -
JlaBJIcHUE B JICCTHUYHOM KJIETKE HAa YpOBHE HapyxHoOro Bsixona, Ila; P,, - naBieHue 10

3aBucuMOCTH (20) Ha ypOBHE Hapy»KHOTO BhIXOAa, [1a.
DKBUBaJICHTHASI mIomajab IMpOEMOB HAPYXKHOI'O BbIXOJa JIECCTHUYHOM KJICTKU COOTBCTCTBYCT
BBIPKCHUTO

(UF 1) = F(nEg+ &+ 1Y%, (24)

rae F - miomaap ABEpHOTO Npoema, M?; 71 - KOJIMIECTBO MIPOEMOB (JIBEPEii) 10 HAPY>KHOTO BBIXO/IA;
&4, & - KOO(D(OUIIMEHT MECTHOTO CONMPOTHUBICHUS COOTBETCTBEHHO MpoeMa U TaMOypa Hapy>KHOTO
BBIXO/Ia.

Oneuyartka.



Yucnossle 3HaueHUS K03()(OUIIMEHTOB MECTHOI'O COIIPOTUBIICHHSI COCTABIISIIOT:

&= 2,44;

&, = 0 (ms mpsimoro TamOypa);

&= 0,99 (ansa npsIMOYTONBHOTO TaMOypa);

€, =29 ...4,0 (s z-o6pazHoro TamOypa).

MaccoBblil pacxoj BO3JyXa 4epe3 OTKPBITHIM MPOEM JIECTHUYHON KJIETKH Ha YPOBHE BTOPOIO
9Ta)ka 3/1aHUs ONPEAEIIAETCS IO COOTHOLLIEHUIO

GstZ = Gsm/n: (25)

rae Gy - MACCOBBIN PacxXojl yAaIsieMbIX TPOAYKTOB FOPEHHUS, ONpeIesieMbIi 10 3aBUCUMOCTSM (7)
-(9), (17), (18) ¢ yuerom cootHomenuii (10), (11); n - pacueTHOE KOTUYECTBO JIECCTHUYHBIX KJIETOK,
UMEIOIINX BBIXOJBI B TOT K€ KOPHIOP (IIOMEIEHHE) TOrO K€ dTaka M 3alUIIAeMbIX MPUTOYHON
MPOTUBOJILIMHON BEHTWJISIIMEH (NP OMHOW JIECTHUYHOM KJIEeTKe - n = 1, mpu AByX U Oosee
JIECTHUYHBIX KJIEeTKaxX - n = m - 1, Tae m - (aKTU4ecKoe KOJTUIECTBO JIECTHUYHBIX KIIETOK).

Ecmn Gy > Gy, TO Ha TOCHEAYIONIMX H3Tamax pacdyeTa NpuHUMaeTcs 3HadeHue Gyp, B
MPOTUBHOM CITy4ae JajJbHEHIINH pacyeT OCYIIECTBISIETCA MO 3HAUCHUI0 G-

[TocnenoBarensHO ompenesnsieMble JUIsl KaKIOTO BBIIIENIEKAIIETO 3Taka JaBJICHUE U MacCOBBIM
pacxo/ BO3/lyXa COOTBETCTBYIOT 3aBUCUMOCTSIM:

Pst(i+l) = Pstl' + E,,stpersti/z; (26)
Gir1y = Gori T AGyiv1), (27)

re Py, Pyi+1) - 1aBICHUE B IECTHUYHOM KJIETKE HA ypOBHE ee i-ro dTaxa u (i + 1)-ro sraxka, [1a; &,
- K09()(HUITUEHT MECTHOTO COMTPOTHBIICHUSI JICCTHUIHOMN KJIETKH; V; - CKOPOCTh BO3/IyXa Ha YPOBHE
i-T0 3Ta)ka JICCTHUYHOM KIETKHU, M/C; Gy, Gy + 1) - MACCOBBIN pacxoJ] BO3yXa Ha ypoBHE i-To U (i +
1)-ro 3Taxa JeCTHUYHON KIETKH, KT/C; AGyy;+1) - YTEUKH BO3/IyXa Yepe3 HEIUIOTHOCTH MPOEMOB Ha
ypoBHe (i + 1)-ro 3Taka JIeCTHUYHOU KIETKH, KI/C.

3HavyeHrne KOd(PPHUIMEHTa COMPOTUBIICHUS JIECTHUYHON KIETKH MOXKET OBITh MpHHATO &y = 60
(Ip1 OTCYTCTBUU JIOTIOJIHUTEINIBHBIX JJAHHBIX B COCTaBE MPOEKTHON JOKYMEHTALMH).

CkopocTh BO3[yXa Ha YPOBHE I-I'O 3Taka JIECTHUYHOW KIIETKH ONPENENSIETCS COOTHOIIEHUEM
BUJA:

Vi = [Gsti/(erst)]a

rae F, - miomanb cedeHHs JISCCTHUYHOM KIICTKH, e
VYTeuku BO3/ayXa 4epe3 HeIUIOTHOCTH JBEPHBIX MPOEMOB Ha ypoBHE (i + 1)-ro 3Taxa JeCTHUYHOM
KJICTKH OTPEACIISIOTCS 3aBUCUMOCTHIO

AGgivy = Fan[(Psgirt) - Pr(i+1)/Sda]0’5, (28)

rae Sy, - YIAETbHOE CONMPOTUBICHHE BO3MYyXONMPOHUIIAHUIO 3aKPBITOM IBEpH, kr!l oM s Fairny -
omaas ABepeit Ha (i + 1)-m 3Take JECTHUYHOU KIIETKH, M.

IIpu ycTpoiicTBe IBIMOTa30HENPOHUIIAEMBIX JIBEPEH JIECTHUYHOM KJIETKH YTEUYKH BO3MyXa uepe3
HUX OINPEIEINISIIOTCS 3aBUCUMOCTBIO

AGuairry = Faien)[(Psigurty - Prii1y/Sasm]™s (29)

1€ Sgm - YAETBHOE COPOTHBICHHE JHIMOra30POHHIIAHMUIO, KT * M.

3HaueHUs] XapaKTePUCTUK YJIEJIbHOIO CONPOTHBICHHUS BO3AYXO- M JABIMOTa30MpPOHUIIAHHUIO
AOJDKHBI ONpPCACTIATECA B COOTBCTCTBUU C TCXHUYCCKHUMU OAHHBIMU PISILCJII/IP'I (KOHCprKLII/Iﬁ
JIBEpeH, IPEeTyCMOTPEHHBIX MTPOCKTHOM JOKYMEHTaIuen). /[ pacueToB MEHbBIIEH TOUHOCTH MOTYT
6I:ITI: IMPUHATEI 3HAYCHUSA:
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= 1
Sdﬂ = iﬁ;i.’
260 4305
Suom = 50000 k! - M.

e &;' - KOOQDUIMEHT CONPOTHBIICHHS LIIe/TH MPUTBOPA ABEPEit; [y - JUTHHA IENH, M; 8y - IIHPHHA
LIEIIHU, M.

JInsi yKa3aHHBIX PACUETOB MOTYT OBITh IPUHATHI 3HAYCHHs: &' = 4 (A1 OAHOCTBOPYATOH
mBepn), &' = 8,76 (nnst xBycTBOpUATOil mBepH), 8y = 1,5 * 107 M, [; onpemensercs Mo mepumMeTpy
JBEPHOT'O NOJIOTHA.

YTeuku BO3Ayxa uepe3 OKOHHBIM MpoeM JIECTHUYHON KJIeTKM Ha ypoBHe (i + 1)-ro sTaxka
ONPEACIAIOTCA 3aBUCUMOCTBIO

naT
AT _ k: '-:-’Eirmlj - Em..lj)

sruli+l) R,: (30)

rae Py+1) - 1aBleHue Ha (acaje, mpuHUMaeTcs nbo 1o 3asucumoctu (19), mu6o no popmyie (20)
B COOTBETCTBHM C TNPOEKTHBIM PACIOJIOKEHHUEM JIeCTHUYHON kieTku, Ila; R, - compoTuBieHUe
BO3/IyXOIPOHUIIAHUIO 3aMOJTHEHUN OKOHHBIX MPOEMOB, OIpeensieMoe B cooTBeTcTBUU ¢ [10], M
g - [Ta/kr.

CyMMapHbIe YTEUKH BO3/IyXa COCTABIISIOT:

AGgi+1) = AGsiair1y T AGspivn)- (1)

Pacuer no 3aBucumoctsaM (22) - (31) noskeH NpoOBOIUTHCS 10 JOCTHIKEHUS BEPXHETO 3Taxka
JIECTHUYHOU KIIETKU: [ = N, r7ie N - MOPSAKOBBIM HOMEp BEPXHETO 3TaXka JECTHUYHOU KieTku. [Ipu
3TOM M30BITOYHOE JIaBJICHUE BO3JyXa B JICCTHUYHOM KIIETKE HE JOJKHO MPEBBIIIATh MAaKCUMAJIbHO
JIOITyCTUMOE 3HaueHue, papHoe 150 Ila.

Ecnu B xone pacuera BenuuuHa Pg; > 150 Ila, To He BbIllIe YpOBHS JAHHOTO 3Ta)a JIECTHUYHAs
KJIETKa TOJJICKUT pa3JEJCHUI0 pacceukaMu Ha 30HbI. [l BhIIENekamieil 30Hbl JECTHUYHOU
KJIETKH JOJDKEH OBITh MPOBEICH pacyeT B aHAJIOTMYHOM MOCieI0BaTeIbHOCTH 0€3 yueTa BhIOpoca
BO3/lyXa 4Yepe3 HapyXHbIA BBIXOJ HHWKHEro HTaxa. B3aMeH KOHCTPYKTHMBHOIO pa3/ieleHus
JIECTHUYHOM KJIETKH pacceYyKaMU MOKET ObITh MPEAyCMOTPEHA paclpeieieHHas [Mojlaya Bo3IyXa B
9Ty JECTHUYHYIO KJIETKYy Ha pa3iuyHbIX YPOBHAX (dTaxkax). Bo3MmoxkHble i peanuszanuu
BapHaHThI IPUBEJEHBI Ha puUC. 4.

a o
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Puc. 4. Cxema pacnpedenennoii nooauu 8030yxa 6 1eCMHUYHYIO KIemK):

a - yepe3 KaHaI-CHYMHUK U pe2yiupyemvle peuwemku (K1anamsl); 6 - 0moeibHblMU cucmemamu
NPUMOYHOU NPOMUBOOLIMHOL BEHMUNAYUU

4.1.2. JInst TECTHUYHBIX KJIETOK 1O 1. 4.1.1 mpu JOMONHUTEIHFHOM MX COOOIICHHU C XOJIJIaMH,
BECTUOIOJIIMM HWIKHETO 3Ta)ka, HAMpUMEp, Yepe3 TamOyp-ILII03bI, 3allUIlacMble aBTOHOMHBIMU
CHCTEMaMU MIPUTOYHOU MPOTUBOILIMHOM BCHTHIISLINH, PEKOMEHI0BaHHbIE BBIIIIC
MOCJIEIOBATEILHOCTh M COJIEPI)KAHUE PACUETOB OCTAIOTCS HEU3MEHHBIMH.

B cayuae ycTpoiicTBa MO3Ta)KHBIX BBIXOJIOB B MOJOOHBIC JIECCTHUYHBIE KJIETKH 4epe3 TaMOyp-
HUTKO3bl ¢ AHAJOTMYHOM 3alIUTON MOCJIEAHUX MPUTOYHOM NPOTHUBOABIMHON BEHTWIALIMEN U3
M3JI0’)KEHHOM BBIIIIE MOCIIE0BATEIFHOCTH pacueTa UCKIII0UAI0TCs 3aBUCUMOCTH (28), (29).

Ecin B3aMeH TaMOyp-11IT103a MTPH TOTIOJTHUTEIFHOM BBIXOJIE B TAKYIO JK€ JICCTHUYIHYIO KIIETKY U3
BECTHUOIOJIS, XOJIIa HIDKHETO dTaXka MpeayCMOTpeHa OJIMHAPHAsI ABEPb, TO B MOCIEA0BATEIHHOCTh U
COJIEpKaHUE pacueTa JOJDKHBI ObITh BHECEHBI CIICIYIONINE U3MEHEHUS:

3aBUCUMOCTH (22) mpeobpaszyercsi OCpeACTBOM 3aMeHbl Py, Ha Py U Py Ha Py

3aBUCUMOCTb (23) HONOJHAETCS CaraéMbIM, YUUTHIBAIOIINM JONOJHUTENIBHBIN BEIOPOC BO3TyXa
13 JIECTHUYHOM KIIETKU B XOJIII, BECTUOIOIIb.

4.1.3. Jlns NECTHUYHBIX KIETOK HAJ3€MHON YacTH, PaCIHOJIOKEHHBIX B IEHTPAIBHOM SIpeE,
M3HAYaJIbHO HEOOXOIMMO OMPEEIUTh KOIMYECTBO BO3/AyXa, BEIOPACHIBAEMOT0 B XOJUI, BECTHOIOIH
HIDKHETO 3Taxka. B ciywae ycrpoiicTBa TamMOyp-IIII030B, aBTOHOMHO 3aIMIIAEMBIX MPUTOYHON
MPOTUBOJBIMHONM BEHTUJISIIMEH U OTHENSIONIMX YKa3aHHBIE XOJUI, BECTUOIONb OT TaKHX
JIECTHUYHBIX KIJIETOK, PACXOJl BO3JyXa B ITUX JICCTHHYHBIX KJIETKAaX Ha YPOBHE HWKHETO dTaxa
NPUHUMAETCS paBHBIM HyJIO. B TakoMm ciyyae 3HaueHHE pacxoja BO3/yXa Ha YpPOBHE BTOPOTO
ATaka JECTHUYHOU KJIETKH PACCUUTHIBACTCS IO 3aBUCUMOCTH (25), U €ro BeIMYMHA, ONpeIeiICHHAs
TaKUM 00pazoM, MCMOIB3yeTCs Ha MOCIEAYIOIINUX 3Talax pacyeTa COrJlacHO 3aBUCHUMOCTSM (26) -

31).
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Ecnu 3TH necTHUYHBIE KIETKH COOOILIAIOTCS C XOJJIOM, BECTHOIOJIEM HIDKHEIro 3Taka yepes
OJIMHApHbIE IBEPHBIE MPOEMBI, TO PacXoJl BO3Ayxa ompezensercs 3aBucumoctamu (22) - (25). Ilpu
9TOM 3HAUCHHE Fs) OMpENesseTcsl Mo 3aBUCUMOCTH (26) Kak A JBepell TaMOypoB Hapy»KHBIX
BBIXOJIOB XOJIJIa, BECTUOIOJISA, TaK M ISl JOTIOJHUTEIHHON JBEpU JICCTHUYHOHN KieTku. C ydeToM
OTMEYEHHBIX 0COOEHHOCTEH NanbHENIINN pacyeT MPOBOAUTCS COITIACHO 3aBUCUMOCTSIM (26) - (31).

4.1.4. JlecTHWYHbIE KJIETKH TIOA3€MHOW YACTH  BBINOJHSIOTCS, KakK TMPaBWiIO, C
HEIIOCPEACTBEHHBIM BBIXOJIOM HAapYKy Ha yPOBHE HM)KHEIO 3Ta)Ka HaJA3€MHON 4aCTH 3[1aHUS.

JlaBieHue Ha ypOBHE BEPXHETO MOJ3EMHOI0 3Ta)Ka B IaHHOM JIECTHUYHOMN KJIETKE ONpeesieTcs
3aBUCHUMOCTBIO

Pst—l = 20 + qh—l(pa - pro)a (32)

rze h.; - TIyOMHa OT YPOBHS HYJIEBOM OTMETKHM (ITOBEPXHOCTHU 3€MJIM) JI0 YPOBHS LIEHTpa ABEPHOIO
IpoeMa Ha JIaHHOM 3Taxe, M; Py, Pro - IVIOTHOCTh BO3JyXa IPU TEMIEPATYpEe COOTBETCTBEHHO 1,
T, K.

Pacxon Bo3myxa yepe3 Hapy KHbIN BBIXOJ JECTHUYHOW KJIETKU OMPEAEISIETCSA C UCIIOIb30BaHUEM
3aBucumocteil (23), (24). JlaBneHue M pacxoja BO3AyXa Ha HIKEIEXKAIIUX 3Taxax ONpeleNsioTcs
MOCJIEZI0BATENBHO COIJIACHO 3aBUCUMOCTSM (26) - (31) mpu MCKIIIOYEHUH BEJITUYMH YTEUEK BO3/yXa
no 3aBucumoctu (30). Ilpu sTOM pacnpeneneHue AaBiIeHUS IO TIyOMHE IOJ3EMHOM YacTu
(TOMeIIeHHUAM 3TOW YacTH) PACCUMTHIBAETCS IO 3aBUCUMOCTH

Pi = ghi(pa - pro)s (33)

rae P, - MaBleHWE Ha [-M dTaxe moa3eMHou uvactu, [la; /; -rmyOuHa OT HYJIEBOTO YpOBHS
(TOBEpXHOCTH 3€MJIM) JI0 LIEHTPa ABEPHOI0 MPOEMa JIECTHUYHOMN KJIETKHU i-T0 3Ta)Ka, M.

MaccoBblll  pacxol BO3ayXa 4epe3 OTKPBITBIM JBEPHOM NPOEM JIECTHUYHOM KIIETKH
OTIpeIeNIsIeTCsl Ha YPOBHE HIDKHET0 3TaXka MOJI36MHON YaCTH ¢ UCIOJIb30BaHUEM COOTHOLIEHNUs (25).
Bemnuuna Gy, npu 3TOM paccuuThiBaeTcs mo 3aBucumoctsm (7), (17). Cxema momauu Bo3ayxa B
YKa3aHHYIO JIECTHUYHYIO KJIETKY IIPUBEJIEHa Ha puc. 5, a.

[Ipn yctpoiicTBe BbIXOAAa U3 3TOM JECTHUYHOW KJIETKH B XOJUI, BECTHUOIOIb HUKHETO AITaka
HA/I36MHOM YacTH 34aHMs TpeOyeTcs NPUMEHATh 3allUIIEHHBIH aBTOHOMHON IMPOTHBOJBIMHON
BEHTWISIIMEW TamMOyp-uuito3. B 3ToM cioyuyae BelMuMHA MAaccoBOTO pacxoja Bo3Ayxa IO
3aBUCUMOCTH (23) mpupaBHHMBAeTCsl K HYJIO, a BCE OCTalbHbIE MapaMeTpbl OINpPEIENsIOTCS MO
3aBucuMoctsMm (7), (17), (26) - (29), (31).
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Puc. 5. Cxemwt nooauu 6030yxa 6 necmuuunvle kiemu (a) u 8 augpmosnvie waxmoi (6) n003eMHOU
yacmu 30anusl

4.2. ITonaya Bo3ayxa B JJM(PTOBBIC IIAXTHI

4.2.1. Ina nuTOBBIX MIAXT HAA3EMHOM 4YacTH (C OCTAaHOBKAMM JTU(PTOB HAa YPOBHAX TOJIBKO
HA/I36MHBIX 3TaXei) ¢ BHITOPOKEHHBIMU JTH(PTOBBIMU XOJJIAMH Ha Ka)KJIOM 3Take, KpOME HUKHETrO
(OCHOBHOTO TOCAZOYHOTO 3TaXka), BEIMYMHA W30BITOUHOTO MABICHHS BO3JyXa Ha YPOBHE
BBILIEJIEKALIETO ITa)Ka J0JIKHA COCTaBIIATH!

P12 = Prz + 20 (34)
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Pacxon Bo3myxa u3 JUQTOBOM IIaXThl HAa YPOBHE HMKHEro (MEpPBOr0) 3Ta)ka ONpeeseTcs
3aBHCUMOCTBIO BUJIA!

Gll = (/leaxBl[Zpr(PIZ = Prl)]o’sa (35)

. 2
A€ (UF)sxs1 - DKBUBAJIEHTHAS TIJIOMIA (b JBEPHBIX MTPOEMOB JTU(PTOBOM MIAXTHI, M".
Benuunna SKBUBaJIEHTHOM IJIOMIAAN TPOEMOB JIU(TOBOM MIAXTHI OMPEIEISIETCS 3aBUCIMOCTBIO

(1) = 2
& (36)

rJIe 7 - KOJINYeCTBO KaOuH Tu(TOB B maxre; F; - TUIomans ABepei Ju(ToBO MaXThl MPU BBIXOE
13 KaOMHBI, M*; &/ - K09 OUIHMEHT MECTHOrO COTPOTHBIICHHS.

YucnoBble 3HAUYEHHS &; JOJDKHBI NPHHUMATHCS COTJIACHO TEXHWYECKOW MOKYMEHTAIlMH Ha
au(TOBBIE YCTAaHOBKM 34aHUs. [ NMpHONMKEHHBIX BBIYMCICHUI MOXXET OBITh HCIIOJIB30BAHO
COOTHOIIIEHUE BHJIA!

Eo=43+ F—"”
Fu (37)

rae Fi., Fj - TIomaas monepeyHoro CeYeHUs] COOTBETCTBEHHO KaOWHBI TU(Ta U THPTOBOMN IIAXTHI,
M.

Pacxonmer Bo3myxa, (QUIBTPYIOMIETOCS TIOCICIOBATSIIBHO Yepe3 JBepH JM(TOBBIX INAXT U
TUQPTOBBIX XOJIJIOB HA KAXKIIOM i-M 3Ta)ke, BKJIIOYas 3TaX KOHEYHON OCTAHOBKH, OMPEHEINSIOTCS
3aBUCUMOCTSIMHU:

AG; = F[(Py - Pr)/Saal™, (38)
AGy; = F4[(Pyi - Po)/Sasm]™, (39)

rae Pj; - naBnenue B nud)TOBOM 1IaxTe HA YPOBHE i-TO 3Taxa, [la; F; - cymMmMapHas riomaab Jsepei
TUQPTOBON MIAXTH WM JU(PTOBOTO XOJIa HA MPOMEKYTOYHOM TOCATOYHOM ITAKE, M; Siu, Sdsm -
XapaKTePUCTHKU YICIbHOTO CONPOTUBJICHUS JBEpel JNU(PTOBOrO Xoila COOTBETCTBEHHO
BO3JYXOIMPOHULAHHIO U JBIMOTa30ITPOHULIAHHIO, koM.

C yuerom Pp = P; = const CyMMapHbIi pacxoj BO3AyXa, (UIbTPYyOIIErocs M3 JIU(TOBOH

IIAXTHI, COCTABJISICT:
G = Gy +24Gy, (40)

rne G; - TpedyeMblil o pacueTy CyMMapHBIH pacxoj BO3AyXa, MOJaBaeMOro B JTU(PTOBYIO MIAXTY,
KT/C.

4.2.2. HWcnomnenne mU@PTOBBIX maxT 1o 1. 4.2.1 ¢ JONOJHUTENBHBIM YCTPOWCTBOM
BBITOPOYKEHHOTO JIU(TOBOTO XOJUIa HA OCHOBHOM I1OCAJOYHOM 3Ta)ke 00YCIIOBIMBAET BOZMOXKHOCTh
ucnosib3oBanus 3aBucumocteit (34), (38) - (40). I1pu aToM pacxos Bo3myxa u3 JTUPTOBOM MIAXTHI HA
YPOBHE MEPBOTO 3TaXka 3[JaHUs JOJKEH onpeAesaThes 1o 3apucumoctsaM (38) umu (39).

4.2.3. JInst muTOBBIX MIAXT MOA3EMHOM YacTH (C OCTAHOBKAMHU HA YPOBHSX TOA3EMHBIX ITaXKeH)
C BBIFTOPOKEHHBIMH JIN(TOBBIMH XOJIJIAMM Ha KaKIOM 3Ta)ke, BKJIOYas OCHOBHOM MOCalOYHBIN
3TaXX (HWKHUN HaJ3€MHBIN), MOCIEI0BATEIbHOCTh U COJAEpXKaHUE pacueTa TpeOyeMbIX 3HAUYECHUMN
U30BITOYHOTO JIaBJICHUS W CYMMapHOIO pacxoja BO3/AyXa cleqyeT NPUHUMATh aHaJOTUYHBIMU
yKa3aHHbIM B 1. 4.2.2. Ilpu 3TOM pacueTHOE pacupeleleHUe NaBICHUs M0 IIIyOMHE MOA3EMHOM
YacTU JOJKHO COOTBETCTBOBATH 3aBUCUMOCTH (33). CxeMbl 1mojauu Bo3Jayxa B JUGPTOBBIEC LIAXTh
JTAHHOTO BHJIA MIPUBEICHBI Ha pHC. 5, 0.

4.2.4. Tlpu ycrpoiicTBe TU(GTOBBIX MIAXT, COOOIIAOIIUXCS C MOA3EMHON U HAI3eMHON YacCThIO,
HE0OXOIMMO TpeAyCMaTpUBaTh Pa3JeNbHYIO M0JIady BO3JyXa COTJIACHO CXEMe, NMPHUBEICHHON Ha
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puc. 6. PacdeTHble 3HaYeHHs NApaMeTPOB INPH 3TOM CIEIyeT OINpPEAETSATh MO 3aBUCHMOCTSIM,
yKazaHHbIM B mil. 4.2.1 u 4.2.3.

Puc. 6. Cxema pacnpedenennoii nooayu 6030yxa 6 waxmy augmoe, umerouux
0CMAHOBKU 8 NOO3EMHOU U HAO3EMHOU YACMAX 30AHUSL

4.2.5. Ina maxt JudTOB C PEeXHMOM «IIE€PEBO3KA MOXKAPHBIX MOApa3eNeHH» HE00X0AUMO
OTIpeNIeNIATh PAacXoJ] BO3JyXa HAa OCHOBHOM IOCAJOYHOM 3Taxke MO 3aBUCHUMOCTH (35) Oe3 yuera
BBIFOPOYKEHHOT'O JIUPTOBOTO XOJJIa HA ITOM 3TaXe.

4.3. [logauya Bo3ayxa B TaMOypP-1LLIIO3bI

4.3.1. Pacxox Bo3myxa, 10/1aBa€MoOro B TaMOYP-IIUTIO3bI TTPU BBIXOAX M3 JICCTHUYHBIX KJIETOK H
HH(pTOBBIX mraXT B XOJIIbI, BCCTI/IGIOJII/I HIWKHCTO HAA3CMHOI'O JTaxXKa 3JaHHA, OHpeI[eJIHeTCSI
COOTHOIIIEHUEM BHA:

G, = Vannpra (41)

rne V, - MUHHMaNbHO JOIYCTHMasi CKOPOCTh MCTEUYEHHUS BO3AyXa 4Yepe3 OIHY OTKPBITYIO JBEPb
Tambyp-unmosa, m/c; Fj, - IUIOmMAnb ABEPH TaMOyp-IUT03a, M, p, - IUIOTHOCTH BO3AyXa IpH
temnepatype 7.

4.3.2. Pacxon BO3dyxa, IOJAaBaEMOro B TaMOyp-IUIIO3bI TPU MOSTAXKHBIX BBIXOJAaX B
JIECTHUYHBIE KJIETKH, OTIPEIENAeTCS 3aBUCUMOCTSIMI BHJIA:

Gstn = Gn + AGna (42)
AG, = (1 - DEg(Po/Sam)", (43)

rae Gy, - MacCOBBIM pacxo]| BO3AyXa, MOCTYMAIOMIETO B BEPTUKAIBHBIA KOJUIEKTOp, Kr/c; AG, -
YTEUKH BO3/lyXa 4Yepe3 3aKpbIThle KJalaHbl KOJUIEKTOpa, KI/C; n - KOJMYECTBO KIJIANIAHOB B
KOIIEKTOPE; Fy - IUIOMAAb MPOXOJHOrO CEUCHMs KIamaHa, M2, P, - cpeiHee H3OBITOYHOE
JaBIIeHHe B KOIwiekTope, I1a; Sy, - yAeIbHOE COMPOTHBIICHHE BO3IyXOIPOHHUIAHMIO KIallaHa, KI' ' *
M.

Omneuarka.

4.3.3. Pacxon BO3Iyxa, MOJABAEMOTO B JU(TOBBIE XOJUIBI HA IOA3EMHBIX YPOBHSX, TaMOyp-
IITI03bI IPU BBIXOAAX W3 MOMEIEHUH MOJ3eMHOM YacTu B JIECTHUYHBIE KJIETKH, COOOLIAIOIUECS C
BECTHOIOJIEM Ha/I36MHOM YacTH 3aHUs, ONPEACIAeTCS 3aBUCUMOCTBIO
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G.= Fdsm(Pc/Sdsm)o’Sa (44)

rae Fs, - Tiomans Asepeit Tamoyp-1uito3a, M; P, - 130BITOYHOE JTaBJIEHHE BO3/IyXa B 3alIUIIIAEMOM
tamOyp-uutose, Ila; Sy, - yIdenbHOE CONMPOTHUBIEHHE ABIMOTA30MPOHUIIAHHIO ABEpel TaMOyp-
IIIJTI034, kol

Benuunna n306ITOYHOTO JaBICHUS B TaMOYP-IIUTIO3€ TOJKHA yIOBIETBOPSTH ycinoBuio: P, > 20
I1a.

4.4. Komnencupymwiuias noaada Bo3ayxa

Bo3menienne 00beMOB  yAansieMbIX U3 TOMEIIEHHWHA TMPOAYKTOB TOPEHUSI TPU TOXKape
obecrnieunBaeTcs MOCPEACTBOM IMOJaYU HAPYKHOTO BO3/AyXa B HUKHIOIO YacTh TAaKUX MOMEIICHHA.
Pacxon mogaBaemMoro Bo3ayxa OnpeaersieTcs: COOTHOIIEHHEM

1= (45)

rne Gy, - MaCCOBBIN PacXo/1 yIAISIeMbIX MPOYKTOB TOPEHUS, KI/C; 71 - KOO PHUIIMEHT qucOananca.
Jmana3on normyckaemoro aucbaranca: -0,3 <n <0,3.
Jlns ompenencHus TpeOyeMoro 0oOBEMHOTO pacxoja I0JaBacMOTO BO3AyXa NPUMEHSIIOTCS
3aBHCHMOCTH

Lm = sz = r
L, = Gg/p, unua T (46)

Oneuarka.
rae Ly, Lgy - 0OOBEMHBIN pacXxo]l COOTBETCTBEHHO MOJIaBAEMOT0 BO3AyXa M YAANSEMBIX MPOAYKTOB
TOpEHUS, M/c wu M/a; Ty, Tym - aOCOMIOTHBIE TEMIIEpaTyphl BO3AyXa M yAAJSIEMbBIX MPOIYKTOB
ropenus, K.

Cnoco0Obl mogau BO3JyXa MOTYT OBITh pPa3IMYHBIMH, HO B OCHOBHOM IOJPA3ICISIIOTCS Ha
UCTIONb30BaHUE MPUHYIUTEIFHON U €CTECTBEHHON BEHTUISAIMHU. EcTecTBeHHAs BEHTUIISIUS MOYXKET
OBITH MPETYCMOTPEHA C MPUMEHEHHUEM JBEPEH HAPYKHBIX BBHIXOJIOB MOMEIICHUS WU CIEIUATBHO
BBITIOJTHEHHBIX BO3yXOMPUTOUHBIX KaHaloB. TpeOyeMble pa3Mepbl MPOXOIHBIX CEYCHHH TaKHX
JBEPCH W KaHAJIOB OIPEICISIOTCSA C yUYETOM HX (PAaKTHUICCKOTO THUAPABINYCCKOTO COMPOTHBIICHHUS,
COOTHOCHMOTO C YCTaHOBIIEHHBIM CTaTUYECKUM JIABJICHHEM BBITSDKHOM TPOTHUBOJBIMHON
BCHTHJISIIUH.

5. TEXHUYECKUE XAPAKTEPUCTUKHU OBOPYJOBAHUA

Jns cucteM BBITSDKHOM W NPUTOYHOW MPOTHUBOABIMHOM BEHTWISUMHA B KAa4€CTBE OCHOBHBIX
napamMeTpoB, MOMJICKAUUX YYETy, pacCMaTpUBAIOTCA BEJIMYMHBI JIaBJIIEHUS U  [OAAYU
BEHTUJISITOPOB.

5.1. O6opynoBaHMe cCUCTEM BBHITSKHOI NPOTUBOABIMHOI BEHTHJISIIIUA

5.1.1. C y4eToM MOJIy4eHHBIX pacueTHbIX 3HaueHU Gy, Ty, VIS TIOMENIEHUHN, 3alIUIaeMBbIX
BBITSDKHOM ~ NMPOTHUBOABIMHOM  BEHTWISAIMEH, COIIACHO TMPHUHATBIM  HCXOAHBIM  JITaHHBIM,
OTIpefieNIsIeTCsT HEOOXOAMMOE KOJIWYECTBO JBIMONMPUEMHBIX YCTPOHCTB M WX pa3MmerieHue. B
COOTBETCTBUU CO CTPYKTYPHOH CXEMOW CHCTEM HaMEUaeTCsl TPACCHPOBKA STaKHBIX BBITSIKHBIX
KAHAJIOB, BEPTHUKAIBHBIX KOJUJIEKTOPOB. [IpeaycMarpuBaioTCsi MecTa yCTAaHOBKHM BEHTHIISITOPOB C
(UKCUPOBAHHBIM HAPY>KHBIM BBIOPOCOM TIPOTYKTOB TOPEHUSI.

[IpenBapuTenbHbIl BEIOOP pa3MEpoOB MPOXOAHBIX CEUYCHUN COOPHBIX 3JIEMEHTOB BBHITSKHBIX
KaHAJIOB W 00OpyAoBaHUs (PEIIETOK, KJIarmaHOB) MPOBOIUTCS, UCXOMS W3 YCIOBHs 00€CIeueHUs
MaKCUMaJIbHOW CKOPOCTH Te€4YeHHs ra3oB He Ooinee 11 M/c (mpeamouTturensHO, B Auana3one 9 - 11
M/c). Ecnu ykazaHHOE yCIIOBHE SIBJISIETCS HEBBIMOJIHUMBIM BBUIY OTPAaHMYEHHON BO3MOKHOCTH
MPOKIAJAKUA KOHCTPYKIHMH BBITSDKHBIX KAHAJIOB C COOTBETCTBYIOIIMMH pa3MepaMHd Ha BCEM
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HOPOTSDKEHUM WJTH JIOKAIBbHO, BBIOMpAeTcs MHOM TUIIOpa3Mep CEYeHMH, KOTOpbIil obecrneunBan Obl
BO3MO>KHO MEHbIIIEE YBEINUEHHE CKOPOCTU TEUEHUS T'a30B.

5.1.2. Onpenensiercs TpeOyeMas BeIMUKHA JIaBJICHUS HA HAYaJIbHOM Y4YacTKe BBITSHKHOTO KaHala
(B 3aIIMIIaEMOM MTOMEILEHUH) 110 3aBUCUMOCTH BUJIA!

Psmo = Po + Oaspsmo(ZéOinsmoi + /102stmoiloi/d30i), (47)

rae Pgno - CTATHUECKOE JABIICHUE B BBITSDKHOM KaHaje B KOHLE HAadallbHOro yuacrtka, Ila; P, -
100aBOYHOE CTaTUYECKOE JABJICHHE B BBITSHKHOM KaHaze, Ila; &, - ko3pdUIUEHT i-TO MECTHOTO
COMPOTUBIICHUSI HAa HAYaJIbHOM Yy4YacCTKE BBITSDKHOTO KaHana; A, - K0d()pPHUIHMEHT COmpOTUBICHUS
TPEHUsSI ISl BBITSDKHOTO KaHala Ha HAYaJIbHOM YYacTKe; [, - JUIMHA i-TO AJIEMEHTa BBITSKHOTO
KaHaja Ha HaYaJlbHOM YYacCTKe, M; d,; - DKBUBAJICHTHBIA TUIPABINYECCKUIN TUAMETP i-TO dJIEMEHTa
BBITSDKHOTO KaHaJla Ha HaYaJIbHOM YYaCTKE, M; Psmo - TUIOTHOCTH Ta3a MPHU PACUETHON TEMIIepaType
JIBIMOBOI'O CJIOA, KF/M3; Vimoi - TOKallbHas CKOPOCTh Ta3a, MEPEMEIIaeMOro B i-M JIIEMEHTE
BBITSDKHOTO KaHaJIa Ha Ha4aJbHOM ydJacTKe, M/C.

Benuunna 100aBOYHOTO CTATUYECKOTO JaBJICHHS B BBHITSDKHOM KaHalle OMpEAeNseTcs IO
CyMMapHBIM MOTEPSIM JABJICHUS B MPUTOYHBIX YCTPOMCTBAX KOMIIEHCHUPYIOIICH MOJaYl BO3AyXa C
€CTECTBEHHBIM MOOY>KJICHUEM TATH:

P,=R, G,
-1

-1 o
rae R, - SKBUBAJCHTHOE CONMPOTHBICHHE BO3AYXOMPHUTOYHOTO KaHana, K * M ; G, - MacCOBBIU
pacxo MPUTOYHOTO BO3yXa MO 3aBUCHMOCTH (45), Kr/C.

JlokaspHasi CKOPOCTh TIEPEMENIAEMOT0 B KaHAJIE Ta3a OMpPE/eIIsAeTCs COOTHOIICHUEM

&

— S

Kha: - F
2 e g (48)

I[J'ISI OIIPCACIICHUS 3SKBHUBAJICHTHOI'O THUAPABIMYCCKOIO AUaMETpa IIPAMOYTOJIBHOI'O CCHUCHUSA
KaHaJia UCII0JIb3YCTCA COOTHOIICHUEC

Zak
a+h’ (49)

3

rne a, b - pa3mepsl CTOPOH CEYEHHUS, M.
KoadummeHTsl MECTHOTO COMPOTHBIICHUS OMPEACISAIOTCS MO0 CIpPaBOYHBIM AaHHBIM [11], a
K03(pPpULIMEHTHI CONPOTUBICHUS TPEHUS - IO U3BECTHOM 3aBUcUMOCTU A.J]. AnbTIIys:

A =0,11(68/Re + kid,)"", (50)

rne Re - xpurepuii PeifHonbiaca; & - SKBHBajeHTHas IIEPOXOBATOCTh BHYTPEHHEW MOBEPXHOCTU
KaHaja (Ui BO3yX0BoJ0B U3 cTanu k = 0,1 Mmm).
ITpu 3TOM Re onpenenseTcs Mno TeroQpu3nIecKuM napaMmerpam, IpUBEAEHHBIM B IPUIL. 2:

Re = Vd‘.
v (51)
5.1.3. Eciu wMexJIy BepTUKaIbHBIM KOJUIEKTOPOM M HadaJbHBIM Yy4YacTKOM KaHaja
paccMaTpuBaeMOM CHUCTEMBbl CYIIECTBYET MPOMEXKYTOUHBIM TPAH3UTHBIM Y4YacTOK, TO BEIWYMHA
JIABJICHUS B HEM MOKET OBITH OMNpejesieHa Mo 3aBUCUMOCTU (47) MpU COOTBETCTBYIOIIECH 3aMeHE
Py HA Pgyo 1 P, HA Pyy,,,. IlonpaBka Ha U3MEHEHUE BEJIMUYMHBI MACCOBOI'0 PAacXo/a B KOHLIE TaKOrO
MIPOMEKYTOYHOT'O TPAH3UTHOTO YYACTKa OMPEIETAETCS CIASAYIOIMMUMH 3aBUCUMOCTSMH:

Glsmo = Gsmo + AGa; (52)
AG, = paLla(nd'ssi = 15:)/3600, (53)
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rae G'su, - MaCCOBBIM pacxo]] raza B KOHEYHOM CEUEHHM MPOMEXYTOYHOTO y4acTKa KaHalla, KI/c;
AG, - TOACOCHI BO3AyXa 4Yepe3 KOHCTPYKIUH IMPOMEXKYTOYHOTO ydYacTKa KaHanua, Kr/c; p, -
IIIOTHOCTh BO3AyXa, Kr/M; L, - momcockl Bosayxa, M /a; d'y;, [ - SKBHBAICHTHbIH
THJIPABIUYECKUH TUAaMETpP | JUIMHA i-T'O SJIEMEHTA IPOMEXYTOYHOTO Y4acTKa KaHaa, M.

3HadeHue L, onpeaenseTcs o annpoKCUMUPYIOIIeH 3aBUCUMOCTH coryiacHo 1. 1 mpui. 3. Ipu
3TOM B aNIPOKCHUMUPYIONIEH (hopMyie U BO3LyX0BOIOB Kiacca «II» mpuHuMaercs:

P=P,, 107
I/ISMGHGHI/IG TeMnepaTypI)I rada B KOHCYHOM CCUCHHU HpOMe)KyTO‘-IHOFO yLIaCTKa KaHalJia
onpez[enﬂeTc;I 3aBUCUMOCTBHO

T" = CPJMI’GJMP‘?;MJ +&Gﬂ?; B gldl

C;jWG;M-P‘ (54)

2

TAC ¢; - TOTCPHU TCIUIA Ha CAMHULY JJIMHBI KaHajla, KBT/M; [ - CyMMapHas JJIMHAa IIPOMCIKYTOYHOTI'O
ydacTKa BBITSDKHOT'O KaHaJ1a, M.
Y aennHEIC MOTECpHU TCIJIa OMPECACIIAOTCA 3aBUCUMOCTAMU BU/JIA:

QI:kln(Tsmo' a)a (55)

-1

e lpde, 1 yda, 1)
and, A dy Zh, dy od, (56)

rae k; - koo dunuent remnonepenayn, KBt/m - K; a;, o, - k0o3hpHUIMEeHTH TEII00Ta4H OT Ta3a K
BHYTPEHHEH TOBEPXHOCTH U OT BHEIIHEH MTOBEPXHOCTH KaHANA K OKPYKAIOIEeMy BO3IyXY, KBT/M” -
K; 41, A2 - k03¢ pULIMEHTHI TEIIONPOBOAHOCTH MaTEpPHAJIOB COOCTBEHHO KaHala M OTHE3AIIMTHOTO
nokpeitusi, KB1/™M * K; d,1, ds, dy3 - 5KBUBAJIGHTHBIN THAPABIMYECKHUI JUAMETP, COOTBETCTBYIOIINMA
BHYTPEHHE! TOBEPXHOCTH, BHEUIHEH IOBEPXHOCTH KaHajla (BHYTPEHHEH IOBEPXHOCTHU
OTHE3AIUTHOI'O CJI0sI) ¥ BHELIHEH ITOBEPXHOCTH 3TOTO CIIOS, M.

KoadduumeHTs! TenaonpoBogHOCTH A U A, HAXOATCS MO CIIPABOYHBIM JaHHBIM. 3HAYCHHE O]
OIpeNieNsIeTCsl U3 KpUTEpUaIbHOM 3aBUCUMOCTH BHJIA!

Nu,= 0,02 lRefo’gPrf0’43(Prf/PrW)O’zsszeR, (57)

rne Nu, Pr - xpurepum Hyccenbra u IlpaHarins COOTBETCTBEHHO; &, €p - IOMPABOYHBIC
KOX(PDUITUEHTHL;

o = Nu/tismo/d;,l .

KonuyectBennsle 3HaueHUss KO3(PPUIMEHTA & YCTAaHABIUBAIOTCS MO TaOIMYHBIM CIIPABOYHBIM
naHHbIM [11], a koaddurmenTa &g - ONPEACIAIOTCS TTO COOTHOIIICHUIO

er = (1+ 1,77d/R), (58)

rae R - paauyc u3rnba KaHama, M.

BBuny toro uro TemmepaTypa Ha BHELIHEH MOBEPXHOCTH OTHE3AIIUTHOIO CJIOSI BBITSHKHOIO
KaHaja SBJISIETCS HEW3BECTHOM BEJIMYMHOW, pacueTr ¢; MPOBOJUTCS TOCIEN0BATEIbHBIMU
npUOIMKEHUSIMHU, Ha TIEPBOM IIare KOTOPhIX 3amaeTcs 3HaueHue 1, < T3 < T,.

5.1.4. IlapameTpsl nepeMelIaeMoro rasa MpH BXOJAE €ro B BEPTUKAIBbHBIM KOJJIEKTOP
COOTBETCTBYIOT 3HAYEHUAM G 510, T'simos Psmo-

[Ipu ycrmoBum coxpaHeHUsi HEM3MEHHBIMH IUIOIIAIA MPOXOJHBIX CEYEHUH M COOCHOCTH TaKHX
CEYEHUH KOJUIEKTOpa MO BCEH €ro BhICOTE IPOU3BOAMTCS YCIOBHOE pPa3[ei€HUE HA YYACTKU C
TpaHUIIAMU Ha YPOBHE MEXITAKHBIX IEPEKPBHITUNA 3TaHUS.

Jl71s1 mepBOro Takoro yyacTka BHa4aJjie ONpeessieTcsl JaBJeHUE B KOHEYHOM CEUECHHH:

Psml = P’smo + flp'smonsml/za
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rae &1 - KO3 UIMEHT MECTHOTO CONIPOTUBIIEHUS; P'syo - INIOTHOCTB NIpH Temneparype 1., K.
3HaueHuss &; OMPENeNsAIOTCS IO CHOPAaBOYHBIM JaHHBIM [12] ¢ y4eToM TreoMeTpUYecKHX
XapaKTEPUCTHK JIEMEHTOB MPHUCOSAWHEHHS 3TA)KHOTO KaHajla K BEPTUKAIBHOMY KOJUICKTOPY NpH
HAJIMYUM TPOTHUBONOXKApPHOro kinamaHa. Ko3(@uuueHT MecTHOro CONmpoOTUBIECHUS s 3TOrO
KJIaraHa OMpeessieTCs M0 TEXHUIECKUM JaHHBIM U3TOTOBHUTEIIS.
5.1.5. Ilpu mepexojie Ha CIEAYIOUIMHA Yy4acTOK BEPTUKAJIBHOIO KOJJIEKTOpa MPUHUMAETCS, YTO
NpY TaBIeHUA Py, OCTANBHBIC TApaMETPhl UMEIOT 3HAYCHHS

—_7r .
Tvml - Tsmo:

—
Gsml - smo-

I[aBJ'ICHI/IC B KOHIEC JAaHHOI'O Y4aCTKa ONpCACISACTCA 3aBUCUMOCTBIO

Psm2 = Psml + (th/da)psml stml/2 - th(pa - psml)a (59)

rae hy - BeicoTa (JUIMHA) KOJUIEKTOpa Ha JAHHOM Y4YacTKe, M; Vi, - CKOPOCTh MEpEMEIICHHUS ra3a,
M/C.

CoOTBETCTBYIOIIIEE M3MEHEHHE MAacCOBOTO pacxoja rasa B KaHale K KOHILy JaHHOTO y4acTKa
COCTaBHT

Gy = Ggm + 4Gy, + AG[I, (60)

rne 4Gy - pacxon Bo3ayxa, (UIBTPYIOMIETOCS B KOJUIGKTOp dYepe3  HEIUIOTHOCTH
NPOTHBOIIOXKAPHOTO HOPMAIILHO 3aKPBITOTO KJIallaHa Ha JAHHOM y4YacTKe, Kr/c.
W3MmeHeHHas K KOHILy TaHHOTO y9acTKa TeMIIepaTrypa raza onpeaeiseTcsi 3aBUCUMOCTHIO

T , = Cpmlgmlel * T:z(é‘gfa * Ma:' -‘:"ﬂ}aﬁ _
CPJ.E:!GJME (61)

bl

VY enbHble TEIJIONOTEPU ONPEAEISAIOTCS COTJIAaCHO BBIIIE MPHUBEAECHHBIM 3aBUCUMOCTAM (55) -
(58).

Jlis npuOnmKeHHbBIX BHIYMCIEHUN TEMIIEpaTyphl ra3a B KOHIIE i-I'0 yJacTKa KaHajia JIOIyCKaeTcs
HE YYMTBIBATh MOTEPH TEIlIa Yepe3 OrpakJarolline KOHCTPYKLIMHU KaHana. B aToM ciydae B3ameH
3aBUCUMOCTH (61) MOKET OBITh HCIIOTH30BAHO COOTHOIIICHUE:

- _(039163+0.00014 149%7 - 0,94426
m 0,0007

3

&

sl

Tac l:'F';}ir.l. * '&G.:‘E * Mﬂ

5.1.6. Tlomy4yeHHble B UTOre€ AaHAJIOTMYHBIX BBIUMCICHUN (I BCEX IMOCIEAYIOIIUX
BBIIIIEJIEKANINX YYaCTKOB KOJUIEKTOPA) MapaMmeTpsl Uis BepxHe yacTu KoJuieKTopa (Psuv, Tsmns
Ggmn) MCTIOJIB3YIOTCS JUISl KOHEUHOT'O ONPEIeNICHUs TapaMETPOB BEHTUIISITOPA CUCTEMBI:

-3

IS = CpJMGJMJT * I:‘ﬁGa‘a * "ﬂj :I?:t

L = 3600 Tt
P it (62)
Psv = (PsmN + Pd)l,z/PsmN, (63)

rae L, - mogaya BEHTWIATOPA, M3/q; Py, - npuBeeHHOE K CTaHAAPTHBIM YCIIOBHSIM CTaTHYECKOE
JlaBJIeHWEe BEHTWIATOpa, [1a; Py - cyMMapHOE CONPOTHBIICHUE MPUCOSANHUTENBHBIX BO3yXOBOIOB
(OT KOJITIEKTOpA /10 YCTPONCTBA HApYKHOTO BbiOpoca), [1a.

5.1.7. Iast cucTeM BBITSHKHOW MPOTHBOJIBIMHOM BEHTWIISILMH C €CTECTBEHHBIM NOOYXICHHEM
TATH MHUHHUMAJIBHO HGO6XOI[I/IMO€ MMPOXOAHOC CCYCHHUC IbIMOBBIX JIIOKOB, YCTAaHABJIMBACMbIX B
HOKPBITHSX 3[JaHUH, OTIPEEIACTCS 3aBHCUMOCTBIO
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SF = Con

20,80, —0,0) ~05k0 72 ]

rae F; - miomanab NTpoXoAHOro i-I'0 JbIMOBOTO JIIOKA, Mz; Gy - CyMMapHBIN MAacCOBBIM pacxoj rasa
yepe3 JABIMOBBIC JTIOKH, KT/MC; Wi - KO3 (UIIMEHT pacxoaa i-TO IBIMOBOTO JFOKA; Py -TNIOTHOCTH
ra3a B JBIMOBOM clio€ MpH TeMmmeparype 7m, KF/M3; hgn - TOJNIIMHA ABIMOBOTO CJOS, M; P, -
IUIOTHOCTBh HAPY’KHOI'O BO3/yXa Ipu Temmneparype 1y, kr/m; ky - a’pOAMHAMUYECKUN KOAIPPUIIUEHT
BETPOBOTO HAMopa JJIsl MOKPBITUS 3/1aHus; V, - CKOPOCTh BETpa, M/C.

YKaSaHHafl 3aBUCUMOCTH CHpaBeILJ'II/IBa IJIsI  OBIMOBBIX JIFOKOB OJHOTHITHBIX KOHCTPYKHI/Iﬁ
(paznuyaImUXCcs TONBKO Tumopasmepamu). Jlias Beidopa 3Hauenuid Gy, Ty cHEAyeT
PYKOBOJICTBOBAThCS TaHHBIMU pa3i. 3, a 3HaueHus 1,, k,, V, clienyeT mpuHUMAaTh COTJIACHO pasi. 2
HAaCTOSIIIMX PEKOMEHJaUWid. 3Ha4eHWe |, JOJDKHO COOTBETCTBOBATh TEXHMYECKUM JaHHBIM
HpeI[HpI/ISITI/Iﬂ-I/ISFOTOBI/ITeJIH.

5.2. O6opynoBaHue cucTeM NPUTOYHOM NPOTHBOABIMHON BEHTHJISILIUH

OCHOBHBIE TapaMeTpbl CUCTEM MPUTOYHON MPOTUBOABIMHOW BEHTHJIALIMH OIPEACIISIOTCS
COIJIACHO CJIETYIOIIUM 3aBUCUMOCTSIM:

® IS JIECTHUYHBIX KJIETOK:

L, =3600Gn/pg;

Psv = (PstN + Pd)l,z/Pa;

Oneuartka.

e 7151 TU(TOBBIX IIAXT:

LV = 3600G[N/pu;

Psv = (PstN+Pd)1a2/pa;

Oneuyartka.

e I TaMOyP-IILTIO30B:

Lv = 3600Gn, c, stn/pa;

Py, = (20 + Pyy)1,2/pg,
rae P; - cymMmapHOe CONpOTHUBICHHE NPHUCOCAMHUTEIBHBIX BO3AYXOBOJOB (OT 3allUIIAEMbIX
JICCTHHYHBIX KJICTOK, TH(TOBBIX MIAXT A0 BEHTWIATOPOB C BO3AyX03a00pHBIMH yCTpoicTBamu), [1a;
P, - cyMMapHOE COMPOTUBIICHHE MPUCOCTUHUTENBLHBIX BO3yXOBOJIOB (OT 3alUIIaeMbIX TaMOyp-
[IUTIO30B /10 BEHTWISITOPOB C BO3yX03a00pPHBIMU YCTPOMCTBAMH) C YYETOM T'PABHUTAIMOHHOTO
nepenaja nasienus, [1a.

6. PEKUMBbI YIIPABJIEHUSA ITPHU ITIO’KAPE

VYnpasnenue MIPUTOYHO-BBITSHKHBIMU CUCTEMaMHU MIPOTUBOABIMHOM BEHTUJISILINH
MpeyCMaTPUBAETCS B aBTOMAaTUUECKOM (OT CHCTEMBbI OOHAPYKEHHSI MOXKapa) U B AUCTAHIIMOHHOM
(OT KHOTIOK y ?BaKyallMOHHBIX BBIXOJIOB C STaXXEH WJIHM B MOXKAPHBIX MKadax) peskuMax. YKazaHHbIE
PEXUMBI YMpPaBICHUs] JOHKHBI OBITh MPUEMIIEMBI Uil PA3IMYHBIX IOKAPOOMACHBIX CHUTYaIlUH,
OTIpe/ieNIIEMbIX MECTOM BO3HHUKHOBEHHS TOXapa - PACMONIOKEHHEM TOpSIIero MOMEIIEHUsT Ha
OJIHOM M3 3TaXK€W, B OJHOM U3 TOKAPHBIX OTCEKOB (B Cllydyae pa3/ieJICHUs HAa MOXKAPHBIE OTCEKH
CTpOUTENbHOM uacTu 31aHus). [lepedyeHb COBMECTHO ACHCTBYIOIIUX CHUCTEM MPOTHUBOJIBIMHON
BEHTWISALIUU OTMIPEACIIACTCS B 3aBUCUMOCTH OT TaKUX TMOKaPOOIACHBIX CUTYaIIUM.

B rpanmmax orcexka, B KOTOPOM BO3HHMK TOXap, MOJJIEKAT OTKIIOUEHUIO BCE CHUCTEMBI
001Ie0OMEHHON BEHTWISIIIMA U KOHAMIIMOHUPOBAHUS, KpoMe (YHKIIMOHATHLHO COBMEIICHHBIX C
CUCTEMaMH MPOTUBOABIMHOM BEeHTWISIIMU. [y o0ecredyeHns pacyeTHbIX PEKUMOB COBMECTHOTO
JEUCTBUSI CHUCTEM MPOTUBOJBIMHOM BEHTWIALMM, BXOJASIIMX B YCTAHOBJICHHBIM IepEUCHb,
HEOOXOJMMO OIEPEe’Kalolee BKIIIOUEHUE BBITSDKHBIX CHCTEM OTHOCHUTEIBHO MPUTOYHBIX CHUCTEM.
[Tepuon omepexxenus AomkeH ObITh He Oosiee 30 c. B oCTaNbHBIX MOKAPHBIX OTCEKAX CHUCTEMBI
0011e0OMEHHONW BEHTWISIIMM M KOHAWLMOHHPOBAHUS MOTYT OCTaBaThCA BKIIIOUEHHBIMU (B TOM
YHUCJIE C UCTIOJIb30BAHUEM CUCTEM, COBMEIICHHBIX C MPOTUBOABIMHBIMU).
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VYkazaHHble OCOOEHHOCTU OOYCIIOBIMBAIOT BO3MOKHOCTh OINpEJAETCHUs B OOIIEM IepeyHe
MAaKCUMAaJIbHOTO KOJIMYECTBA CHCTEM IPOTHBOJIBIMHON BEHTWISALUU €IMHOBPEMEHHOIO JIEHCTBHS.
OTHOIIEHHE TAKOro KOJMYEeCTBA CUCTEM K HMX OOLIeMy 4YHCIy NpH HM3BECTHOM YCTaHOBOYHOMN
MOITHOCTH K&KIOH, B KOHEYHOM CUETe, COOTBETCTBYET KOXPPHUIHMEHTY dPPEKTHBHOTO
UCIIOJIb30BaHUS BEHTWISILIMOHHOTO 000PY10BaHMSL.
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IIPHJIOKEHHE 1
(cnpasounoe)

OmnpenesieHue OCHOBHBIX MAPAMETPOB MOKAPHOI HATPY3KH MOMeIIeHU

B nepedeHb OCHOBHBIX MapaMETPOB IOKAPHOM HArpy3Kd BXOJAST YJIENbHBIE, B TOM 4YHUCIIE
MPUBEICHHBIC U KPUTHUYECKUE BEIMYUHBI, a TAKXKE YCPEIHEHHBIC MOKA3aTeIH TErIo(pU3NIecKIX
cBoiictB. Jlns ompeneneHus] JaHHBIX MapaMeTPOB HCIHOJB3YIOTCS COOTHOIICHHSI U 3aBUCHMOCTHU
CJIETYIOIIETO BUJIA!

1. YnenbHasi mpuBeleHHas MOXapHas Harpy3ka (OTHECEHHAas K IUIOIIAAM IOoJla MOMEIIEHHs)
COOTBETCTBYET BBIPAKEHUIO

_ ey
Fole

TJe m; - MaccoBas JOJIA [-rO BEIIECTBA MJIM MaTeprajia B COCTaBe MOKapHOM Harpysku, kr; O,
(1 - COOTBETCTBEHHO TEIUIOTA CTOPAHMUS [-I'O BEINECTBA WM MaTephaja B COCTaBe IMOKapHOM
HArpy3KU U TEIIOTa CrOpaHusl IpeBeCHHbI, KJK/KT; Fy - MIOMaAb 1M0Jia MOMEIIeHus, M.
Omneuyartka.
Buauenust F,;, Fyx ONPEAEIAIOTCSA MO CHPABOYHBIM JAHHBIM, TPUBEACHHBIM, B YaCTHOCTH, B
craugapre [13] u monorpaduu [14].

En

2
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2.  VYpenpHas  TNpHBelIEHHas  TOXKapHas  Harpy3ka  (OTHECEHHass K  IUIOLIAAU
TEIUIOBOCIIPUHUMAIOLIEH MOBEPXHOCTU OTPAKIAIOIIMX CTPOUTEIbHBIX KOHCTPYKLIHMHA MOMELICHHS)
COOTBETCTBYET 3aBUCHUMOCTSIM:

s - PILTE I
(7, - A%
F,,=6V"";
AO =2Ai,
roe F), - cyMmapHas IUIOIIQJb BHYTPEHHEW TMOBEPXHOCTU OTrPAXKIAIOUIUX CTPOUTEIBHBIX

KOHCTPYKIUN TMOMEIIEHUS, M2; Ai, A, - COOTBETCTBEHHO IUIOMIA/lb i-T0 MPOEMa M CyMMapHas
IJI0IIAab TPOEMOB MTOMEILICHHS, M2; V - 06beM MIOMEIIEHHUSL, M .

3. VYpaenbHOE KPUTHUYECKOE KOJMYECTBO TIOKAPHOM HArpy3Ku (KF/MZ) COOTBETCTBYET
3aBUCUMOCTSIM:

_ 4s00I it
T+ 500 &l

Z A
II = I IE

- 0,263
1000

rac IT - IPpOCMHOCTL MMOMCHICHUA, Ml/2 VO - YACIBLHOC KOJIMYCCTBO BO3/JYyXa, H606XO,Z[I/IMOC JJIA
TOJTHOTO CrOPAHHS TOXKAPHOH HATPY3KH MOMEIICHHS, M /KT; /o - BBICOTA i-rO IPOEMa MOMEIICHHS,
M.

4. Cpenssisi TEIUIOTA CTOPAHUs MOXKApPHOU HArpy3kH (K/[/Kr) COOTBETCTBYET BHIPAKCHHIO

ey ~ 2B

. 2
5. CpemHsis CKOpPOCTh IIOTEPH MAacChl IOKapHOW Harpy3ku (KI/M~ ° C) COOTBETCTBYET
BBIPa)KEHUIO:

¥ =T,

IJIE Y, - CKOPOCTB TIOTEPU MACCHI /-0 MaTepUalIa IOXKaPHON HArpy3KH (Kr/M” * ¢).

6. JIuHeiiHasi CKOPOCTh PACIPOCTPAHCHHUS TUIAMEHH TI0 TIOBEPXHOCTH MOYKAPHOW HArpy3ku (M/c)
MOYET MPUHUMATHCS IO MAKCUMAJIBHOW BEJIMYMHE, XapaKTEPHOM JJIsI COCTABIIIOIIUX ATy HArpy3Ky
MaTepHaJIOB:

Ucp l]max is

A€ Upmax i - MAKCUMAJIBHOE 3HAYEHUE CKOPOCTU PACHpPOCTPAHEHHUS IUIAMEHU MO MOBEPXHOCTHU I-TO
MaTepuaa ImoXKapHOW Harpy3KH IMOMEIICHHUs, M/C.

3Ha4YeHHs TEIJIOThl CTOPAHMS, CKOPOCTH MOTEPHU MACCHI U CKOPOCTU PaCIpPOCTPAHEHHUS MIJIaMEHU
M0 TTOBEPXHOCTH VISl PA3NIMYHBIX MATEPUATIOB, KOTOPHIE MOTYT HaXOJIUTHCS B COCTaBE MOXKAPHOM
Harpy3Ku NOMEIIeHH, puBeneHs! B [8], [13].

XapaKTepHbIE YCPEIHECHHbIE 3HAUCHUS STHUX MapaMEeTPOB ISl TOKAPHON HArpy3Kd pa3IMUHbIX
MOMEIIEHUH MpecTaBleHbl B Tabnuie [14].
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ycpelll—[el—ll—lble SHAYCHUS IMMapaMETPoOB HO)KapHOﬁ Harpy3ku pasjimaHbIX noMeleHui

. VnensHast
Huzmas padouas | JInneitHas ckopocTh CKOPOCTD
IToxxapHas Harpy3ka TEIJIOTa CTOPaHUs, | PaclpOCTPAHECHUS
MJIx/kr TUTAMEHH, M/C BMFOP? HHA,

KI/M™ " ¢
3nanus I u Il cTeneHn OorHECTOUKOCTH: MeOeIb + OBITOBBIC
W3S 13,8 0,0108 0,0145
3nanus I u Il crenenn oruecToMKoCTH: MeOeb + TKaHU 14,7 0,0108 0,0145
3manus | crenenn oraecTorkocTu: Medens + Tkanu (0,75
+0,25) 14,9 0,0125 0,0162
Kabuner: mebenb + 6ymara (0,75 + 0,25) 14,002 0,042 0,0129
TTomemenusi, oonuioBanubie nanensivMu JIBIT 18,1 0,0405 0,0130
AIMUHHCTpaTHBHOE MOMenIeHne: mebens + Oymara (0,75
+0,25) 14,002 0,022 0,021
ObmecTBeHHbIe 30aHUsA: Mebenp + muHoaeyM [IBX (0,9 +
0,1) 14 0,015 0,0137
bubimoTrexu, apXyBbI: KHUTH, )KYPHAJIBI HA CTEIIAKaAX 14,5 0,0103 0,011
CrieHn4ecKas 9acTh 3pUTENBHBIX 3QJI0B (JIPEeBECHHA) 13,8 0,0368 0,0145
Bepxusist onexna: Bope, TKaHu (MepCTh + HEHIOH) 23,3 0,0835 0,013
PesnHOTeXHMUECKHE U3NIENHsI: pe3UHA, U3IENNs U3 Hee 36 0,0184 0,0112
OkpaleHHbIe Mok, CTEHBI: aepeBo + kpacka PXO (0,9 +
0,1) 14,1 0,0151 0,0145
BricTaBounble 3al1bl, MACTEPCKUE: IEPEBO + TKAHU +
kpacka (0,9 + 0,09 +0,01) 14 0,0163 0,0152
Mebenb: nepeBo + 00auIoBKa 14,4 0,0154 0,0135
ITIpomTOBaph! (TEKCTHILHBIE U3IETIHS) 16,7 0,0071 0,0244
Kabenpusiii mogsan/notok (kadean ABBI' + ATIBI) 30,7 0,0071 0,0244
Pannomarepuaiibl: TOTUAITHIIEH, CTUPOJI, IPOTIUTICH,
TeTHHAKC 34,8 0,0137 0,0177
DJIEKTPOTEXHUUECKHUE MaTEpUabl: TEKCTOIUT, KapOOJIUT 20,9 0,0125 0,0076
Onextpokabenr ABBI': IIBX obosouka + uzomnsius 25 0,0071 0,0244
Onextpokabdens AIIBI: [IBX ob6onouka + moJmITHICH 36,4 0,0071 0,0244
Tenedonnsiit kabexp TIIB: TIBX + momuaTrieH 34,6 0,0062 0,0085
JlucTBeHHBIE IpeBECHBIC CTpOUMaTEepHalThI (TTa0eNb) 13,8 0,0585 0,014
Krneensle crpoiimarepuansl (hanepa) 18,4 0,0167 0,0089

Oneuarka.
IIPU/IO/KEHHUE 2
(cnpasounoe)

Termoqm3uqec1me CBOMCTBA ILIMOBBIX I'a30B

Termnodusnyeckre CBOWCTBAa Ta3000pa3HBIX MPOIYKTOB TOPEHHS, HEOOXOAMMBIE /ISl PacyeToB
3aBHCUMOCTH DPA3JIMYHBIX IApaMeTpoOB OT TeMIeEpaTypbl JaHHOM Ta30BOW cpenbl, MOTYT ObITh
YCTaHOBJICHHl Ha OCHOBE IIPHBEICHHBIX B TaONuIle 3HAauYeHWH. B YacTHOCTH, YKa3aHHBIC
3aBHCUMOCTH JUIsl TEIUIOEMKOCTH OJTy4eHbl B BUJIE:

Cpsm = a[1 + exp(b - o),
e a = 1,3615803; b = 7,0065648; ¢ = 0,0053034712; d = 20,761095;
Cpsm = a + stm + CTZSm:

rae a =0,94426057; b = 0,00035133267; ¢ =-0,0000000539.
IIepBast 3aBUCHUMOCTB SIBIECTCA NPEANOYTUTEIBHOM I10 TOYHOCTH aNMPOKCHMALMM, BTOPAs
3aBHCUMOCTb MOXET OBbITh IPUHATA JUIs IPOBEJCHUS PACUETOB MEHBIIIEH TOYHOCTH.
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dusznueckue mapamMeTpbl 1bIMOBBLIX I'a30B
(HpI/I P = 0,0981 MHa; Pco2 = 0,13;pH20 = 0,1 l;pNz = 0,76 [14])

2 2
t,°C vwH-m? | ’%"ﬁ(M S IOK’)?T(M' a-10% M ¢! p- 108 Ma - c|v- 108 M> - ¢ Pr
0 12,704 1,04 2,28 16,89 15,78 12,20 0,72
100 9,320 1,07 3,13 30,83 20,39 21,54 0,69
200 7,338 1,10 4,01 48,89 24,50 32,80 0,67
300 6,053 1,12 4,84 69,89 28,23 45,81 0,65
400 5,150 1,15 5,70 94,28 31,69 60,38 0,64
500 4483 1,18 6,56 121,14 34,85 76,30 0,63
600 3,973 1,21 7,42 150,89 37,87 93,61 0,62
700 3,561 1,24 8,27 183,81 40,69 112,10 0,61
800 3,237 1,26 9,15 219,69 43,38 131,80 0,60
900 2,953 1,29 10,01 257,97 4591 152,50 0,59
1000 2,698 1,31 10,90 303,36 48,36 174,30 0,58
1100 2,521 1,32 11,75 345,47 40,90 197,10 0,57
1200 2,354 1,34 12,62 392,42 52,99 221,00 0,56
OneuaTtka.
IIPU/IOJKEHHUE 3
(cnpasounoe)

BO3I[yXO- U ABIMOIIPOHUIA€EMOCTDb BO31YXOBO/OB M KJIAIIAaHOB

1. Jlns ompeneneHus YTEYSK WM IOJICOCOB BO3AyXa MPUMEHHTEIHHO K BEHTHIISITUOHHBIM
KaHajaM MpPOTHUBOJBIMHBIX CHCTEM MOTYT OBITh HCHOJB30BaHBl CleAylomue (QopMyIbl,
MIOJTyYEHHBIE allllpOKCUMallMel TaOJUYHbIX JaHHbIX [4]:

JUISL BO3/1yX0BOI0B Kiacca H (B muanazone masnenunii 0,2 - 1,4 klla): AL = a(P - b)°, rne AL -
MOJICOCHI (YTEUKH) BO3YXa, MM u; P - naBneunne, xlla; a = 10,752331; b = 0,0069397038; ¢ =
0,66419906;

_ab+ cF?
ISt BO3yxoBoioB kiacca I1 (B aumanazone masienuit 0,2 - 5,0 kIla): B+ 7 rea=
0,00913545; b = -3,6147682 - 10°; ¢ =-1,2724412 - 10°; d = 0,68424233.
Omneuyartka.

2. Jlng mpOTHMBOMOXAPHBIX HOPMAIBHO 3aKPBITHIX KJIAIaHOB YHMCIIOBBIC 3HAYCHHS YICIBHOM
XapaKTePUCTUKH COMPOTHUBIICHUS JBIMOTA30MPOHULAHUIO B 3aBUCHUMOCTH OT TEMIIEpaTyphl Tasa
COOTBETCTBYIOT JAHHBIM, ITOJYYECHHBIM IIPH CTCHJOBBIX OTHEBBIX MCIBITAHUAX PA3THMYHBIX W3ICTHN
Ha dKcrepuMeHTanbHoi 6aze BHUUIIO:

XapakTepucTuKa yIeIbHOrO COMPOTHBIICHUS

Temmepatypa, °C JIBIMOTa30IPOHULIAHUIO, M KD
20 29900
20 ...100 30300
100 ... 200 38300
200 ... 300 37900
300 ... 500 29300
COJAEP)KAHUE

1. O01Me TOI0KEHUS
2. UcxomHble TaHHbBIE
3. BoITsKHAst TPOTUBOABIMHASI BEHTUIISIUS
3.1. Y paneHnue npoayKTOB rOPEHUs HEMOCPEACTBEHHO U3 TOPSAIIETO TOMEIIEHUS
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3.2. YaneHnue npoAyKTOB TOPEHUS U3 CMEXKHBIX C TOPSIINM IMOMEIICHUN
4. [IpuTo4yHasi MPOTHBOIBLIMHAS BEHTHIISIIHS
4.1. Ilogava Bo3yXa B JIECTHUYHBIC KICTKU
4.2. Tlogava Bo3ayxa B TH(TOBBIC MAXTHI
4.3. Ilogaua Bo3ayXxa B TaMOyp-IILTIO3BI
4.4. KomneHcupytoias rmojada Bo3ayxa
5. TexHU4YecKue XapaKTEPUCTUKHU 000PYIOBAHHUS
5.1. O6opynoBaHue CUCTEM BBITSXKHON MTPOTHUBOIBIMHOM BEHTHIISIITUN
5.2. OGopynoBaHUE CHUCTEM MTPUTOYHOMN MPOTHUBOIBIMHON BEHTHIISALIUN
6. PexxuMbl yripaBJIeHsI IPU TIOXKape
Crucok nurepatypsl
[Tpunoxenne 1. OnpeneneHne OCHOBHBIX TAPaMETPOB OKAPHOW HArpy3KH MOMEIICHUN
[Tpunoxxenue 2. Ternodusznyeckue CBOMCTBA IHIMOBBIX T'a30B
[Tpunoxenne 3. Bo3myXxo- U IBIMOTIPOHUIIAEMOCTH BO3[yXOBO/IOB H KJIAITAaHOB
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