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IMOXKAP B OBMOJIOTOYHOM IMPOCTPAHCTBE 3EPHOYBOPOYHOI'O
KOMBAMHA: MOJIEJIMPOBAHUE PA3BUTHSA U TYIIEHUS
JACTIEPTUPOBAHHOM BOJOI

Pa3zpaboTtano Meroguueckoe oOecreYeHHE PELCHUs NMPAKTHYECKH BaXKHOW 3a/lauM IOBBIIICHHUS HOXapo-
0€30I1aCHOCTH DKCIUIyaTalluu 3epHOYOOpOUHEIX koMmbOaiiHOB (3YK) myrem peammsanuu 3¢p¢deKTHBHOrO MeTona
O/IaBJICHHs] TOPEHHUS, BOSHUKILIETO B 0OOMOJOTOYHOM IPOCTPAHCTBE, AUCHEPIUPOBAHHON BONOH. MeToanueckoe
obecriedeHre BKIIOYAET MaTeMaTHIECKYIO MOJENb Pa3BUTHS MOXKapa, MO3BOJISIONIYI0 PACCUHTHIBATH ITapaMeTphl
€ro TEKYIIEro COCTOSHHS, U MOJIENb TYLICHHS B BHJE COOTHOILICHHUS, CBSI3BIBAIOIIECTO ITapaMETPhl U XapaKTepu-
CTUKH HOXKapHOU HArpy3KH, IOXapa, IOTOKa AUCIICPTHPOBAHHON BOJIBI, I01aBa€MOI Ha €ro TyIICHUEe, H BpeMeHI
tyuieHus. JocToBepHOCTh pa3pabOTaHHBIX MOJiEJIeH MOATBEPkKICHA IKCIEPHUMEHTAIBHO, B TOM YHCIIE Pe3y/IbTa-
TaMH TyLIEHHs OXKapoB B oOMonoroynoM npoctpancTse 3YK CK-4. Mcnons3oBanue pa3paOoTaHHOTO METOIU-
4eCKOro 00ecIeueHHs] 1 PEeKOMEH/IAIHil TO3BOIMT 0O0CHOBAHHO MOIXOMUTH K BBIOOPY IapaMeTpoB ANUCHEPIUPO-
BaHHOTO II0TOKA, 00ECHEeYNBAIOIIEro MMOAABICHIE 0XKapa B 0OMOJIIOTOYHOM IPOCTPAHCTBE 3a 3aJaHHOE BpeMs C
ucnosip3oBaHueM Bo3umoro Ha 3YK 3amaca BoJpbl, U cO3/1aBaTh aKTUBHbBIE CUCTEMBI NoxkapobdesonacHocty 3YK,
xapakTepusyromuecs 3pHEeKTHBHOCTBIO, HAISKHOCTBIO H TEXHOJIOTHIHOCTBIO.

Po3pobiieHo MeToquuHe 3a0€3MeUeHHs PillIeHHs MPAaKTHYHO BAXIUBOI 3aadi ITiBUIIEHHS ITOXKEK00e31ed-
HOCTI eKCIUTyaTamil 3epHo30oupansaux komoOaitniB (33K) numsixom peanizanii eheKTHBHOTO METOAY MPHUAYIICHHS
TOpiHHS, [0 BUHHUKJIO B OOMOJIOTHOMY IIPOCTOpI, JHUCIIEPrOBaHOIO BOAOI. MeronnuHe 3a0e3NedeHHs BKIIOYAE
MaTeMaTHYHY MOJEIb PO3BUTKY MOXEXKI, 110 03BOJISIE PO3PAXOBYBATH ITapaMeTpH Il IOTOYHOTO CTaHy, i MOZiEIb
raciHHsl y BHIJISI CHIiBBIJHOILICHHS, 11O 3B'3y€ [ApAMETPH i XapaKTEPUCTHKH ITOXKEKHOTO HaBAHTAXKEHHSI, [0~
JKEXKI, TIOTOKY AUCIIEPrOBaHOI BOAH, LIO TOJAETHCS HA 1l raciHHs, i yacy racinus. Biporiaaicts po3pobieHnx
Mogelnelt miITBEpKEeHO eKCIIEPUMEHTAIBHO, Y TOMY YHCII pe3y/IbTaTaMH TaciHHS MOXKEeX B OOMOJIOTHOMY IIPOC-
topi 33K CK-4. BukopuctanHs po3po0IeHOro METOANYHOr0 3a0e3MeYeH s Ta peKOMEeH/AAIIIN T03BOIUTH OOTPYH-
TOBAHO IIAXOJHUTH 0 BUOOPY IapaMeTpiB JHCIEProBaHOro MOTOKY, IO 3a0e3ledye NPUIYLIICHHS HOXKeXi B 00-
MOJIOTHOMY TIPOCTOPI 32 3a/IaHuii Yac, 3 BAKOPHCTAHHAM 3a1acy BOIH, o Bo3uthes Ha 33K, i cTBOproBaTH akTu-
BHI cucTeMH noxexxo6esnednocti 33K, 1o xapakrepu3yroTbes e(peKTHBHICTIO, HAAIIHICTIO I TEXHOIOT1YHICTIO.

Methodical support for solving the practically significant problem of improvements in fire safety of har-
vesters is developed using the efficient method for the fire suppression with dispersed water when a fire emerges
in the threshing room. This methodical support includes the mathematical model of the fire development for esti-
mating the current fire parameters and that of firefighting as a relation between the parameters and characteristics
of the fire load, the fire, the dispersed water stream and the time for firefighting. The validity of the developed
models is confirmed by experiments, including the results of firefighting in the threshing room of the SK-4 har-
vester. These methodical support and recommendations can be used to select the justified parameters of the dis-
persed water stream for firefighting in the threshing room in a definite time with some water storing in the har-
vester and to create the active systems of harvester fire safety resulting in the efficiency, the reliability and the
adaptability to manufacture.

Knwuesvie cnosa: 3epnoybopounviii KomoOaiiH, 0OMOIOMOUHOE HPOCMPAaH-
cmeo, 2pyoblli 6OPOX, NOXNCAp, pazeumue, myuweHue, OUCnepeUposanHas 600d, na-
pamempul NOMOKA.

[Toxaper Ha 3epHOyOOpouHbIX KoMmOaitHax (3YK), compoBoknarommecst BbI-
XOZIOM M3 CTPOS IOPOTOCTOSALICH TEXHUKH, BBITOPAHUEM 3HAUYUTEIbHBIX XJIEOHBIX
MacCHBOB, BBITOPAaHHEM IUIOJOPOAHOTO CJIOS II0YB, HAHOCSAT 3HAYUTEIbHBIH
HapOJAHOXO3IHCTBEHHBIN yIIIepO.

B Hacrosimee Bpemst mpobiema oOecriedeHus] HaJeKHONW MPOTUBOIOXKAPHON
sammthel 3YK npeBpaTtunack B mpoOJieMHBIH SKOHOMUYECKUN U COLMAJIbHBIN (ak-
TOp AJIsL arpONIPOMBIIITIEHHOTO KOMIUIEKCA CTPAaHBI.

3t0 00ycnosneHo TeM, uro yxe K 2009 r. mapk 3YK cokparuncs o 70 % ot
TEXHOJIOTHYECKH HEOOXOAMMOTO, B CBSI3M C Y€M BO3pOCia CE30HHAs Harpy3ka Ha
KaXIyl0 MalliHy, YBEIMYHINCH CPOKM YOOPKH W TOTEpH 3€pHa, KOTOpPHIE MO
OIICHKaM YYeHBbIX-arpapueB cocTaBisioT 8 — 10 MuH. ToHH B rof [1].
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VYka3aHHBIE 00CTOATENHCTBA, HAPSAAY C YBEIMUYECHHEM JOJIM MAIInH, BbIpabo-
TaBIIUX CBOH pecypc [2], CYIIECTBEHHO aKTyaJIM3UPYIOT MPOOJIEMy ITOBBHIIICHHS
nokapo0e30nacHocTH 3kciutyarauu 3YK, B ToM uuciie HHOCTPaHHOTO IIPOU3BOI-
ctBa [3, 4].

OO0muM HETOCTATKOM MCIOJB3YEMBIX W MPEIaraeMbIX CHCTEM OOECTIeueHUs
noxkapoOe3onacHocTy 3YK sBiIsieTcsl X HECOOTBETCTBUE CIIOKHOCTH U HAYKOEM-
KOCTH KOMOaifHa U crieruduKe yCIOBUH €ro dKCIUTyaTalui. JTO IPeIonpeaeseT
HHU3KYIO PE3YJIbTATHBHOCTh W3BECTHBIX TEXHUYECKUX PEIICHUH M OOYCIIOBIMBAET
HEOO0XOIUMOCTh MOXUCKA MPUHLMINAIBHO HHOIO MOAXO0Ja K PELICHUI0 3a1a4H I10-
BBILLICHHUA HOXkapoOe3onacHocTy 3kciyarauuu 3YK 10 ypoBHS, COOTBETCTBYIO-
LIEr0 COBPEMEHHOMY, H, TeM 0oJjiee, IePCIEKTUBHOMY 3TaIly Pa3BUTHs 3€pHOYOO-
pOYHOM TEXHUKH.

®DakTOopOM, CIIEPKUBAIOIIUM Pa3padoTKy d(H(PEKTHBHBIX MEPOIPHUATHI 1O TI0-
BBILLICHUIO TOKapoOe3onacHoCcTH dKcIutyatauu 3YK, siBisercst oTcyTcTBre anex-
BaTHBIX MOJENEH Ui IPOTHO3MPOBAaHMA OCHOBHBIX XapaKTEPUCTHK HauOoiee
OIIACHBIX 110 BO3MOXKHBIM MOCJIEICTBHUAM MOXKApPOB B IPOLIECCE UX PA3BUTHS C y4e-
TOM cHeun(pUKU rOPIOYHX BEIIECTB, XapaKTEPUCTUK Oyara rOpeHHs U T. 1.

BeimensnoxxeHHOe Mpeaonpeaenser HeoOXoauMOCTb pa3padOTKU MaTeMaTH-
YecKuX Mojenell HanOomnee xapakTepHbix mis 3YK BHIOB MOXkapoB Kak OCHOBEI
1S co3aaHus 3 PEeKTUBHBIX METOAOB U CPEICTB UX TYIICHHUSL.

[Tpu pazpaboTke MaTemarnuecKkux mMozenei moxkapos Ha 3YK menecoobpazno
HCIONb30BaTh MOJEIUPOBAHUE HA OCHOBE YCPEOHEHHBIX IapaMeTpOB Ta30BOM
cpedbl B 30HE IMOXKapa. TOT METOJ AAaeT BO3MOXHOCTH IOJIyYaTh YIOBJIETBOPH-
TENbHBIE, C IPAKTUYECKON TOUKH 3PEHHSI, JaHHBIC O XapaKTEPUCTHKAX I10XKapOB.

[IpuanrMas Bo BHUMaHHE cOCTaB W crienuduky Haxomsammxcs Ha 3YK ropro-
YUX BELIECTB, OCOOEHHOCTH KOHCTPYKLHMM KOMOailHa M TEXHOJIOTHYECKOro Mpo-
necca yOOpPKH yposkasi, MO’KHO BBIJEIUTH B KauecTBE HauOOJIee OMACHBIX MO BO3-
MO>KHBIM HET'aTUBHBIM ITOCIIEACTBHUSIM CIIEIYIOLINE BUABI ITOKapoB [2]:

— noxkap Ha noBepxHocTH 3YK B MecTax CKaIrIMBaHUSL COJIOMHUCTBIX TOPHOYHNX
MaTepHajoB (IOJOBBI, COOMHBI U T.I1.), B TOM YHCJIE MPOMUTAHHBIX TOPIOYUMH
KHUJIKOCTSMH IPH HAIMYMHU UX MPOJIUBOB U yTEUEK;

— MOXKap NPOJIMBA FOPIOYEH KUAKOCTH, 00pa3yIOIIerocs: Ipy pa3pyLIeHHH eM-
KOCTEH /7151 UX XpaHEHHUs W COOTBETCTBYIOLIMX MarucTpajei;

—noxap B oomosnoTouHoM npoctpanctse (OIl), xapakTepusyomemMcs 3Hauu-
TEJNBbHBIM KOJMYeCTBOM HoxapHo# Harpysku (IIH) B Buae paBHOMepHO pacnpene-
JICHHOT'O BOPOXa U MaJlo IPOEMHOCTBIO.

IlepBbie ABa BMAa MOXApOB BO3HMKAIOT HAa HApPYXHBIX MOBepxHOCTAX 3YK, B
CBSI3U C YyeM OOHApYXHMBAaIOTCA HA CAaMOM HAa4daJbHOM JTalle CBOETO Pa3BUTHSA H,
KaK MPaBUJIO, YCHEIIHO MOAABISIIOTCS C UCIIOJIb30BAaHUEM HAXOAALIMXCS Ha OOpTY
TIEPBUYHBIX CPEJCTB TYIIEHUS (OTHETYIIUTENHN, KOIIMBI U T. 11.) [4, 5].

HauOonbiryto onacHOCTb NMPEJCTABIISIET MOKaP, BO3HUKAIOIUI B 00MOJIOTOY-
HOM NIPOCTPaHCTBE. DTO 00YCIOBIEHO TEM, YTO 0OMOJIOTOYHOE MPOCTPAHCTBO CO-

BpemenHoro 3YK mnpencrasnser coboif 3amMkHyTbIH 00BbeM (V, z9—1OM3),

OTPAaHUYCHHBI METANIMYECKUMH IMOBEPXHOCTSMU C HE3HAUUTEIBHON MPOEMHO-
cThio (< 25%), B KOTOpPOM TOpPIOYUI MaTepuall B BUAE 3€PHO-COJIOMUCTON MacChl
pacnpesensercss B mporecce oOMOJIOTa MPAKTHYECKH PaBHOMEPHO Ha IUIONIAU

Sy =6+7 M2, Dro o0ycioBNIMBaeT OBICTPOE, C JIMHEHHOW CKOpPOCTBIO

V, <0,02—-0,06m/c [6], pacpocTpaHeHHEe BO3HHKIIETO MO TOH WM WHOW HpH-
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YUHE TOPEHHS 0 BCEH MOKapHOW Harpy3Ke C IMOCIEAYIONNM IIEPEX0I0M TokKapa
K MOMEHTY €ro OOHAapy)XKCHHS B Pa3BUTBIA OOBEMHBIA [7], KOTOPBI HE MOXET
OBITh TIOJIABJICH TEMH NEPBUYHBIMH CPEICTBAMH II0KAPOTYIICHUS, KOTOPBIMHU
KOMIUTeKTyeTCs Kakapiid 3YK.

CymecTBeHHBIH MTPOTPecc B 3TOM HAIMPABICHUH MOXKET OBITh TOCTUTHYT ITy-
TEM CO3JaHMA aKTHBHOW cHCTeMbl TymieHus noxapa B OIl, xapakrepusyromeiics
MOOMITBHOCTBIO, IKCILTYaTAIIHOHHON HaJe)KHOCTHIO W BHICOKOW TTOJTHOTOW HCITOIb-
30BaHUS MOKAPOTYIIAIIETO MOTeHIIHAla OTPaHUIEHHOTO0 KOJIMYeCTBa BOSUMOTO Ha
3YK moxapoTymiamero cpe/icTBa. Y CIenHoe peleHrne TaKoW 3aaqd MIpearoia-
raer HeoOXOJUMOCTh Pa3pabOTKH HAYYHO-METOJAMYECKOTO OOECTIeYeHHs, BKITFO-
YaIoMIer0 MaTeMaTHYeCKHe MOJIEIH MoXKapa B 00MoJI0TOYHOM TpocTpaHcTBe 3YK
M €ro TYUIeHHs BRIOPAHHBIM IMTOXKapOTYIIAIINM CPEJCTBOM KaK YCIOBHS Mepexoia
K Ka4eCTBEHHO HOBOMY JTaIly CO3IaHHS CHUCTEM oOecredeHus moxapobe3omnacHo-
ctu (CIIb) skcruryatammu 3YK.

[Ipu mocTpoennn mMatemarnyeckord mozaenu moxkapa B OIl mpumem cnemyto-
II¥e JOIyIIEeHUS:

— IPOUCXOJIUT MOJIHOE CTOPAHME MOXKAPHOU HArpy3KH, Haxonsmekcsa B Ol

— TEIJIOTa CTOPaHMs COJIOMHUCTBIX TOPIOYMX MAaTEPHAJIOB paBHA TEIUIOTE CTO-
paHusl CTaHAAPTHON APEBECUHBL;

— Temneparypa razooil cpenpl B OIl B nponecce pa3BUTus moxapa pacrpeze-
JIeHa PaBHOMEPHO;

— nnst Bcelt BHyTpeHHer moBepXHOCTH OII MokeT OBITh MCTIONB30BaHO EIIMHOE
3HaueHHe KOd((OUIINEHTA TOBEPXHOCTHON TETUIOOT/AaYd OT Ta30BOM CPEJIbI.

[Toxxap B OIl mpoxoauT B CBOEM pa3BUTHH, KaK ¥ JIFOOO0I Apyroil moxap, Tpu
CTa/Ivu:

— HaYaIbHYIO CTaJHIO0, MPOJOJDKAOIIYIOCS BIUIOTH A0 momHOTOo oxBara OIl
TUTAMEHEM;

— CTaJUI0 TIOJIHOCTHIO Pa3BUTOTO IIOXKapa, KOTJa IUTaMs OXBATHIBAET BECh
o0wvem OIl, mpu 3TOM CKOpPOCTh CTOpaHusl, TEIUIOBBIJICIICHHE W TeMIIepaTypa ra3o-
BOTO 00beMa MaKCUMAJIbHEI;

— CTaJIUIO 3aTyXaHMUsl.

ITponoixUTENbHOCTD HAYAJIBHON CTalUM T,., COCTABISET HECKOJIBKO AECAT-

I
KOB CEKYH]I © MOKET OBITh OLIEHEHA M0 COOTHOIICHUIO [7]

o1 [Sw
HCIT VO\ T >

c. (D)

Macca moxxapHoi Harpy3KH, BO3TOpaHHE KOTOPOi oOecriednBaeT mepexo;
BosHukmiero B OIl moxkapa B 00eMHBIH, cocTaBiseT [7]:

m,
G, 2m-— V&3, K, 2

H

rae Mg, — CKOPOCTh BBITOPAHHS TOKAPHON HArpy3KH, KI/c.

[Tomnomy oxBary mameneMm OIl, T. e. Hayanmy pa3BUTON CTaANH O0OHEMHOTO
Mokapa, COOTBETCTBYET BEIMYHMHA TEIUIOBOTO MOTOKA H3Ty4YEHHs IUIaMEHH Ha
yposHe mona OIl (s >20 kBt1/M?, Ipu 3TOM TeMIepaTypa IMOTOJKA JOCTHTAeT

(nn xapaktepnoii reomerpuu OIl) 3nauenus t, ~ 500°C, a HHTEHCUBHOCTH TeTI-
JIOBBIJICTICHUS COCTABIISACT [ 8]
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0,5
QHC]'I =60 ; FE(Z)H : FrI : hgs 5 KE)K/C, (3)

CcT

IJic A — TEIUIOMPOBOJAHOCTh KOHCTPYKIMOHHOTO Matepuana notoika OIl, Br/(m-K);
)

BCpXHOCTeﬁ, MZ; FH — IUIo@aab BCHTUIAIHUOHHOI'O IIpoema, MZ; hn — BBICOTA BCHTU-

or — TOJIIMHA IOTOJIKA, M; Fz(’“ — cyMMapHas Twiomaap orpanrunBatomux Ol mo-

JIAOUOHHOI'O ITpOEMa, M; Fr[ . hI? S _ napamMeTp BEHTHIAILIUU.

HpI/I 9TOM CKOPOCTBH BBII'OpaHUA no>1<apH0171 Harpys3ku OIPCACIIUTCA BbBIPpAKC-
HUEM

0,5
m :QSCH=0,043 ;-FZ"“-FH-hS’S , KI/c, (4)

cr
pis CT

rae Q, =13800 k[x/Kr — TemsoTa CropaHusi NOKapHOW HArpy3Kd (CTaHZapTHOM

npesecunbl) [8].
[Ipy HAIMYUK B OTPaXKICHAH HECKOJBKMX BEHTUISIMOHHBIX IPOEMOB TIapaMeTp
BEHTHJIALIAN MOYKET ObITh ONpeIeNieH KaK

(Fu-hek = Y h0®, ©)

Z Fni ’ hlg)’s

i
z Frli ,
i

IIpy nmpoBeneHUH OLIEHOYHBIX PACYETOB MOXKHO MCIOJIB30BATh TAKXKE IPUBE-
JeHHble B [8] cOoOTHOWICHMS AN ONPEAETICHUS CKOPOCTH BBITOPAHUS MOXKAPHOM
Harpy3Ku, COOTBETCTBYIOLIEH mojJHOMY oxBary ruiameHem OIl, T. €. OKOHYaHUIO
HavaJIbHOM M Ha4Yally pa3BUTON CTaJMM MOXapa:

— [ moapa, peryiaupyemoro BeHtuisiiueit ([1PB)

roe h, = i=1,...,n — KONMMYECTBO BEHTHJISIMOHHBIX MPOEMOB.

m,, =0,05+0,0333, -h®® xr/c; (6)
— Iyt IoXKapa, peryaupyemoro Harpyskoi (IIPH)
m.. > 0,08, kr/c. (7)

cr —

Bun noxapa, nportekatoiero B pazsuroi craauu B OI, ompexaensiercs coot-
HOIICHHEM MEX]y MapaMeTpoM BEHTWISAIMU M TUIOMIAIbI0 TTOBEPXHOCTH TOPCHUS
MO’KapHOM Harpy3ku [5].

IIpu

05
.E .h%
Pm T 0075, 6)

r

rie pp, — IWIoTHOCTH Tasa B O, kr/M®; F . — Iiomais moBepXHOCTH TOPEHUs, M2, B
OII pa3BuBaeTcs oxap, perympyeMblil BEHTWIALMEH, a IpH
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0,5
P FuM™ 60923 9)

Ir

B OII pa3zBuBaercs moxap, peryaupyeMblil oKapHOW Harpy3Kou.

[Inomaap NOBEPXHOCTH TOPEHHSI MOXKET OBITh OIICHEHA U3 CIIEIYIOINX CO00-
pakeHuM.

CymMapHasi 1iauHa cteOsiell COIOMBI B OJHOM MOTOHHOM METPE CKOILICHHOTO
BaJsika coctainsgeT ~ 700 — 800 m [9].

O6mas amuna ctebneit B OI1

¢ =750-1,, .M, (10)

rae |, — nnmuna OIl, M, a mIomags UX MOBEPXHOCTH

Fop224-10°-1,,-d.,, M2, (11)

Ion “HYers
rae d., — AuamMeTp cTeOIs CONOMBI, M.

CootHomenus (8) — (11) mo3BOASIOT ONpENeauTh BUJ MOXKapa, pa3BUBaIOIIC-
roca B OIl B 3aBHCHMOCTH OT KOHCTPYKTUBHBIX mapamerpoB 3YK u xapakrtepu-
CTHK cTe0JIel COIOMBI.

OTMeTnM, 4TO BBUAY Mayoi mpoeMHocTH coBpeMeHHBIX 3YK (<25 %) B HHX
pa3BuBaeTcs, Kak MPaBwIIo, MOXKap, PEryIUPyeMblil BEHTHIISIHCH.

[Ipu ropeHNH UEITIONI030COIePKAIMX MPOIYKTOB MaKCHUMallbHAasl CKOPOCTh
UX BBITOPAHUS ONpeseNseTcs BeIpakeHueM [7, 8]

m™*=0,092-F, -hY°, kr/c. (12)

Texymiast CKOPOCTh BBITOPAHHUSI B MOMEHT BPEMEHH T ONPEAEISIETCS] COOTHO-
IIEHHEM

mcr‘c =MNr (Tn) ' mgax’ KF/C, (13)

rae M, (t,;) — K03pUINEHT HHTEHCUBHOCTH TEIUIOBBIACIEHHS; T, — IPOJIOKH-

TCJIIBHOCTh IIOKapa A0 MOMCHTAa HACTYIUICHUA 3aTYXaIOIHeﬁ CTaguu, Korga CKO-
POCTH BbII'OpaHUs HAYMHACT YMCHBIIATHCA

5 Gy 'Q
1, =107 (F-—ho’sﬂg’ MUH. (14)

3aBUCUMOCTb KOX(Q(PHUINEHTa UHTEHCHUBHOCTH TEIUIOBBIACICHHUS OT BPEMEHH
T JUIS XapaKTepHbIX Ui Haubosee pacnpocTpaHeHHBIX kiaccoB 3YK 3nHaueHuit
Macchl MokapHOi Harpy3ku G, , IPOEMHOCTH M T, B 0OMOJOTOYHOM HpPOCTpPaH-

ctBe 3YK MoxeT ObITh MpeACTaBICHA B BHJIC YIOOHBIX I pacueTa KyCOUHBIX
¢byukuuii [7]:
— s 1, =10 muH:
n,=0173-7, 7<578 mun;
17, =10, 578<7<7,05 mus;
17, =05+0,0851294—-7), 7,05<7<1294 mun;
17, =0,2+0,03192235-7), 1294<7<2235 mun;
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— 10 T, =24 MUH: (15)
7, =0173-7, 7<3,45 mun;
1, =0,6+0,0537 -3,45), 345<7<78 mun;
1, =083+0,0287-78), 78<7<138 mus;
17, =10, 138<7<20 mus;
17, =05+0,035341-7), 20<7<34]1 mu=n.

HVHTEHCUBHOCTH TEIUIOBBIAEICHUS IIPY [TOKAPE OMPEIENIETCS BEIpaKECHHEM
Q(7) =1y - Mery - Qy» KB, (16)

rae M. — Kod(QUIHMEHT NOoIHOTH cropanus npu I1PB.

Koaddumment monnoter cropanus npu [IPB B pa3Buroii ero craguu npu rope-
HUU LEJUTI0I030CoAepKallell MoKapHOH Harpy3Kd 3aBHCHUT OT KOHIIEHTPALlUU KUC-
nopoza B OIl, u ero 3HaueHus anmnpoKCUMHUPYIOTCS 3aBUCUMOCTBIO [ 7]

Ner =0,63+0,2- Xqps 17)

rae Xi, — cpeaHeoObeMHas KOHIEeHTpalus kucnoposaa B OIl, BeipaxkeHHas B 10-

JIIX €IUHALL.
Jns onpeneneHus 3Ha4eHUs. Xq, HEOOXOAMMO CONOCTAaBIIATH PACXOJBI IPO-

IOykToB cropanusi, nokuzparomux OII B mpouecce noxapa, u NPUXOISIIETO H3BHE
BO3/yXa, 3aBUCSIINE OT PACIIONOXKEHHUS INIOCKOCTH PaBHBIX AaBJICHUN (HEHTpasb-
HOH TUTOCKOCTH).
MHOTOYNCIIEHHBIMHA SKCIIEPUMEHTaMH ToKa3aHo [7, 8], 9ro pacmperneneHue
o BeicoTe namieHus B OIl mpu o0beMHOM IOKape Ha BCEX €ro CTaIusiX MOXKET
ObITh MPUHATO JUHEHHBIM. [Ipr 3TOM BBICOTa PacroNOKEHHS TUIOCKOCTH PaBHBIX
JaBJICHNUN (HEUTPambHOW TUIOCKOCTH) HaJl 04aroM TropeHus omnpezensercs Gopmy-
JIOH
Y, - Hom 1- 2AR, Ty
2 Pa9Horn Tm —Tom

, (18)

rae Hop — Beicota OII, m; AP, — cpennee uzbbirounoe aasinenue B OII, Ila; T,
— cpenHeoObeMHas Temmneparypa rasa B OIl, K; T,, — temneparypa raza B OIl
niepest noskapom, K; p, — IJIOTHOCTH HAapy»KHOTO BO3IyXxa, Ki/mM3, g =9,81m/c?,

Xapaxkrepuctuku razoBoi cpeasl B Oll, rae pa3BuBaeTcst 00bEMHBIN MOXap,
OTIPEETISAIOTCS COOTHOIICHUSIMHU:

RT,,

Py =Pm , Ia, (19)

c

rae R — yHuBepcanbHas ra3oBas nocrosHHas, KJx/(kmons-K); p,. — Monekysp-
Has Macca IPOAYKTOB CrOpaHus MOXapHOH Harpy3KH, Kr/kMois [7, 8];

AR, =Ry, =Py, Ia, (20)

rae P, — naBieHue B okpyxarouieil cpene, Ila.
B cooTBeTcTBUM C BBICOTOM pacmoioXxeHus HeHTpaiabHOW 1utockoctd B Ol
BEHTWISILIHOHHBIE ITIPOEMBI HA OTPaXKAAIOIIMX TOBEPXHOCTSX JIEJIATCS HA TPU BUJA!
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— IIPOEMBI, PaCIOIOKEHHbIE HIKEe HEHTpPaIbHON IJIOCKOCTH, Yepe3 KOTOPHhIe
MOCTYIIAeT BO3MyX U3 OKpyKaromiei cpeast B Ol

— IIPOEMBI, PACTIOIOKEHHBIE BBIIIE HEHTPATbHOMN TIOCKOCTH, Yepe3 KOTOPHhIE
npoayktsl cropanus (I1C) nokunator OII;

— IIPOEMBI, pa3JlelIeHHbIe HEUTPATFHON MIIOCKOCTHIO Ha JIBE YacTH, Yepe3 KO-
TOpBIE OCYIIECTBIISIETCS OJHOBPEMEHHBIN BBIXOJ MPOIyKTOB cropanus u3 OIl u
MOCTYTJIEHUE B HETO BO3AyXa.

Bripaxkenust ans onpenenenust pacxonoB Bo3ayxa u 1IC gepe3 cooTBeTCTBY-
FOIIMe BEHTHISAIIMOHHBIC TTPOEMBI UMEIOT BH/I [8]:

m = g Ce (FH ’ hl?’S)ZBX "Po 29 Po~Pm + m(}?}T.I/ICT’ Kr/c, (21)
vou 3 Po
2 j—
My = g'gnc (Fn : hg’S)ZBLIX “Pm 29 pOpOpm , Kr/c, (22)

IIe G — pacXoaHbIl K03()(GHIMEHT BEHTHJIALMOHHBIX IPOEMOB, (G, =¢,. ~0,8
[4D); (F11 -h0?® )sz — CYMMapHBIi MapaMeTp BEHTHIAIMU MPOEMOB, PabOTAIOIINX

Ha I0Jady BO3lyxa B OH; (Fn : hl?YS)ZBB

x CyMMapHbIM MapaMETp BCHTWIALWN

B
CT.UCT

mpoeMoB, padotatonux Ha Bbixoa I1C u3 OIT; m — pacxoj BO3ayXa, MojaBa-

emoro B OIl CTOpOHHMM HMCTOYHUKOM, HAmpuMep pPaOOTAIONIUM BEHTHUISTOPOM
OYHMCTKH M T. TI.

[To mony4eHHbIM 3HaUeHUSAM pacxoa0B [1C u Bo3ayxa uepe3 BeHTUIISIIMOHHBIC
npoemsl 10 (17) u (16) yrounsroTcs K03()(PHUIIMEHTHI MOJHOTH CrOPaHUs, UHTCH-
CUBHOCTB TCIUIOBBIJICIICHUS M MapaMmeTpsl ra3a B OIl B mporecce pa3BUTHS B HEM
00BEMHOTO TTOXKapa.

U3meHenne cpeHeodbeMHoil T, M MakCUMalbHOH Ty'o¢ (IpU T =T, ) TeM-
nepaTyp ra3oBoii cpenbl Bo Bpemenu npu [1PB, passuaromemcs B OI1, onpenensi-
ercst ¢ morpemrHocThio < 10 % cOOTHOMIEHUSIMH, TTONYYEHHBIMH TPU UCCIIE0BA-
HUHU TEMIIEPATyPHOTO PEKMMA ra30BOM CPEJIbl IIPH TOXKAPaX, PETyIUPYEMbIX BEH-
TUJISILIUEH, IPOUCXOIUBIINX B TOMEIICHUIX o0beMoMm 1,73 — 216 M® C OTHOIIICHH-
€M IUIONIaJIell BEHTWIAIMOHHBIX MPOeMOB K ruiomianu noja I1 = 45 — 25% u
YAEIbHON TIOKapHOW HArpy3KOW B BHJIE IPEBECHBIX OTXOJOB BIAXXHOCTHIO 16 —
18 %, nsmenstomeiics B quanasone g, =0,8-14 kr/m? [7], KOTOpPbIE€ UMEIOT BU]L

3 41 75 %
Tm—To ~1156 -z e T (23)
an-lnax _TO z—l'l
T =T, +320007°°(1,08-9-107° - II), (24)

rae Ty — HadajbHas TeMiepaTypa ra3zoBoi cpensl B OI1.

OTH COOTHOIIEHUS MOTYT OBITh HCIIONB30BAHBI I ONPEIEICHUS BPEMEHHU
MO/Aa4Yy YIPABJISIOLIEr0 CUTHANIA HA BKJIKOYEHUE CUCTEMBI TylleHus mnoxapa B Ol
1o cpabaThIBAHUIO TEIUIOBBIX MOXAapHBIX M3Bemiareneit [10] u Tekymux napamer-
POB TOXapa Ha 3TOT MOMEHT BPEMEHH: CKOPOCTH BhiropaHus (13), MHTEHCUBHOCTH
terutoBbIieneHns (16) n koaduUIMeHTa TeII00TIa4l O OT ra3a K OrpaHU4HBa-
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oM OIT moBepXHOCTSIM.
Bripaskenue nis1 onpenenenns o uMeeT Bu [7]

o =11,63-e2002(n-To) (25)

B nenom cootnomenus (1) — (25) npeacTaBinsioT co00H MaTeMaTHYECKYIO
monens [IPB, pa3suBatomierocss B ooMonotouHoM npoctpanctee 3YK, u mo3Bo-
JISIIOT OTPENEIsATh €ro OCHOBHBIE MapamMeTpbl Ha MOMEHT Havaja IMOAa4Yd B 30HY
TOPEHUs] OTHETYIIAIIEr0 CPEACTBA, B KAYeCTBE KOTOPOTO LIENecooOpa3Ho HCIOIb-
30BaTh JUCIEPTHPOBAHHYIO BOMY, XapaKTEPH3YIOLIYIOCS BBICOKOH IMOKapOoTyIa-
el 3 PEeKTUBHOCTHIO B HKOJIOTHYHOCTBIO.

Crnenyet, 0JJHaKO, UMETh B BHJY, YTO BBICOKas MOXKapoTymiamas 3¢¢deKTus-
HOCTB TUCTIEPTUPOBAHHON BOJBI IOCTUTAETCA B TOM Clly4yae, KOT/ia mapaMeTphl ee
MOTOKa (MHTEHCHBHOCTH MOAA4YM, XapaKTEPHUCTUKH IUCIIEPCHOCTH H CKOPOCTh
JBIDKEHHS TOTOKA) COTJIAaCOBAaHBI C BUAOM IOKAPHOW HAarpy3Kd M HapameTpaMu
noxkapa. OTo OOYCIOBICHO TEM, YTO Ka)XIOMy BHIYy IOXapa COOTBETCTBYET
BIIOJIHE OTpENEeNICHHBIN TUamna3oH pa3MepoB Kamelb NWUCIEPTUPOBAHHOW BOIBI U
CKOPOCTh UX JBWKEHHSI, OTIPEACISIONINE HEe TOJIBKO MPOTPEeB Karenb Ha MyTH JBU-
XKEHUSl K TOKApPHOW Harpy3ke W MHTEHCHBHOCTh CMadyHMBaHHs Ipy0Oro Bopoxa B
OIl, HO ¥ MHTEHCHBHOCTH IOJIa4d, OOECIIEYMBAIOIIYIO IOJABICHUE TOPEHHS 3a
MUHHMAaJIBHOE BPeMs TIPH HAUMEHBIIIEM PacXo/ie BOJbI.

Jns moctpoenus maremaruueckoit mojenu (MM) mporecca TyIieHus moxkapa
B OIl NOTOKOM IMCTIEPTUPOBAHHON BOJIBI 1IE€1€CO00pa3HO UCTIONIB30BATh PE3yIbTa-
THI 3KCIIEPUMEHTAJIBHOTO OIpEeNICHHs] BPEMEHH TMOJABJICHUS! TOPEHUSI BOJOKHH-
CTOH MOKapHOW HArpy3Kd B IIUPOKOM JHMANa30HE M3MEHEHHS e¢ yJNeIbHOW Bel-
YKHBI (KI/M?), BPEMEHH TIOJHOTO BHITOPaHUs ( Ty ) P CBOGOIAHOM TOPEHUH, MH-

TEHCHBHOCTEH BhIgenenus temna (Q kBT) u ero oTBoma mcHapsromMMCs Ha

kBT) [11].
[TpaBOMEpPHOCTH HMCHONB30BAHUS ITHX PE3YJHTATOB O0YCIIOBIIEHA METOJUKON

MIPOBEICHIS IKCIIEPUMEHTOB, aKIEHTUPOBAHHOW Ha IO/JIABJICHHE TOPEHUS 3a CUET

oxnaxaeaus [TH moaHOCThIO UCTIAPSIONTUMUCS HAa €€ MOBEPXHOCTH KAIUISIMU BO-

TTBL.
O0paboTKOl yKa3aHHBIX SKCIHEPUMEHTAIBHBIX JaHHBIX B [12] momydeHa pe-

BBII

nosepxsocty [TH aucneprupoBanHbM MOTOKOM BOABI ( Qyyy

TPECCHUOHHAsT 3aBHCUMOCTb, aJeKBaTHO ( R =0,97) omnuceBaromias mporecc Ty-
[IEHHS B BHJIE COOTHOIIEHUS
1,204
11 =0,0124- 15 Qory. , (26)
BBIL
rIe Ty — BpeMs TYIIEHMs, MUH; Ty — HPOJOJDKHTENBHOCTh noxapa B OIl mpu

OTCYTCTBUH TYIICHHS, MUH.
B (26) naTercuBHOCTH 0TBOJA Teruta oT ropsmeii B Ol moxapHOi Harpy3ku
OTIpE/IETISIETCS BRIpAKEHHUEM

QOTB:| 'r'SH’ (27)

rae | — MHTEHCHBHOCTB MOJAuu AUcIeprupoBanHoil Boasl B OIL, kr/(c-m?); r —

TerIoTa ucnapenus, kK/pk/kr; S, — miIomane HOBEPXHOCTH, HA KOTOPOH JIEKHUT

rpyObIii BOPOX, M2, a €r0 MHTEHCHMBHOCTD BBIIEJIEHHS Temia npu noxape B OIT —
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Beipakenusmu (16), (12) — (15), (17).
Vuureisas, uto Q, =13800 kx/[x/Kr, a moJHas MPOJOIKHTENLHOCTD MOKapa
npu cBoboxHoM Beiropanuu Beei ITH B OII cocraBnser 7,5 = (2,0 — 3,5) 1, co-

oTHomeHue (26) mocie yKa3aHHBIX MOJCTAHOBOK M COOTBETCTBYIOIIUX MpeoOpa3o-
BaHMI MOXeT ObITh MPUBEICHO K BUIY, ONPENSISIONEMY HHTEHCUBHOCTD TTOAaYH
JCTIEPTUPOBaHHON BOJIBI, oOecmeunBaromieit mogasnenue ropenuns B OIl 3a Bpems
Tr , MHUH,

( _ 0,5);17 G\
|=0,06K; 0 E oy (1,)(069+02Xy) | 2 | wrl(end), (28)
I T

rae K3 — xoaGuuueHT 3amaca, Ha3Ha4aeMblil o pekoMeHgauusM [13] wmm mo

pe3yibTaTaM SKCIIePHUMEHTOB.
CootHomenue (28), ompenensonee HHTCHCUBHOCTh TTOJAadd BOJBI, o0ecIie-
yuBaroLylo nogasiaenue roperus B Ol 3a BpeMs 17, MOIY4EHO Ul Cilydasl MOJI-

HOTO HCHApeHHs Kamelb TUCIEPTHPOBAHHOTO MOTOKA HAa MOBEPXHOCTH TOpAIIEH
ITH, coOTBETCTBYIOIIET0 MaKCUMAIbHOW MHTCHCUBHOCTU €€ OXJIaXKICHHUSA. DTO, B
CBOIO OY€pe/lb, 0O3HAYAET, YTO CKOPOCTh ABMYKEHHS NHCHEPTUPOBAHHOTO MOTOKA,
nonaBaemoro B OIl, u quamerp ero Karmesib JOJKHBI BHIOMPAThCS U3 YCIOBHS, YTO
BpeMsl IBWKCHUS Kariesb K [TH He Mo/mKHO mpeBbilaTh BpeMsi, HE0OXOAMMOe ISt
WX TPOTPEBa JI0 TEMIIEPATyPhI KUTICHUS BOJIBI.

Bpewms nporpesa kxarui Boabl auamerpoM d, , JBIOKYyIIEHcs B ra30BOH cpene

OI1, mo TeMmepaTypsl KUIIEHUS BOJIbI ONPEENIeTCs BRIpakeHneM [ 14]

2
o 0GPy T =T,

b CY 29
LY 373-T,, (29)

T

rae Cy, — TCIIOEMKOCTD BOBL, kJIx/(xr-K); p, — INIOTHOCTH BOJPI, Kr/MS; A —

temtonpoBoaHocTh ra3a B OIl, kJIx/(c-M-K); T, — HauanpHas TeMreparypa BOIbI
) OB

B karure, K.
Bpewms nepememenus kamu ot Bxoaa B OIl no nosepxnoctu [TH
Lmax
Tnep = T » € (30)

K

rae Ly, — MakcHUMalbHOE paccTOsIHUE OT BXOJa AUCIEPIMPOBAHHOIO IIOTOKA B
OII no ITH, m; V, — cKOPOCTH ABMKEHHS KaILIH, M/C.

U3 (29), (30) cienyer, 4To HavaIbHBIE MTAPAMETPHI Karellb, 00eCIeunBatoIIne
WX TOJIHOE WCTapeHWe Ha TOBEPXHOCTH AJIEMEHTOB rpy3oBoro Bopoxa B OII,
JIOJDKHBI YJIOBJICTBOPATH YCIOBHIO Ty = Ty, T. €.

mp = ‘mep>
Liax - M
2 > . _max/r
dZ, -V, 20,029 i (31)
T, -373

Bo3MoxHOCTD MMOJIY4Y€HUA BBICOKOCKOPOCTHOI'O ITOTOKA HHCHepFHpOBaHHOﬁ
KUOKOCTU C YKAa3aHHBIMU XapaKTCPUCTUKaAMU obecnieuuBaeT TUAPOUMITYJILCHOC
JUCTIEPTHUPOBAHUEC, TTO3BOJIAOMICE YIIPABIAThE JUCIICPCHOCTEIO U MHTCHCUBHOCTBIO
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pactaga crpym (mmpuHO# (akena) mpu GUKCHPOBAHHOM pacxoie BOIBI U yCTa-
HOBJICHHOM HarHeTaTellbHOM HAanope MyTeM M3MEHEHHs YacTOThl TeHEPHPYEMbIX
ITyJIbCAIAK JaBJICHUS B TTOTOKE XKUAKOCTH [15]. Kpome Toro, reomeTpudeckue xa-
PaKTepUCTUKU (pakena THAPOUMITYIBCHOW CTPYH MO3BOJISIOT OCYIICCTBISATH €JIH-
HOBPEMEHHOE HAKpBITHE BCel 30HBI mokapa B OIl MHHUMAILHBIM KOJIHYECTBOM
OTJCNBHBIX TIOTOKOB JIUCTICPTUPOBAHHON MOXKAPOTYyIIAIIEH KUIKOCTH (BOJIBI).

I'uapouMIysibCHOE AMCIEPTHPOBAHKE SBISCTCS KOMOWHAIMEH THIpaBinye-
CKOTO M UMITYJILCHOTO CIOCOOOB, MPH KOTOPOM IYJILCAIIMK JABICHUA B TIOTOKE,
HauboJiee CYIIECTBCHHO BIUSIOIIME HA JUCIEPCHOCTD, MApaMETPhl H XapaKTepH-
CTHKH ero (akelna, TCHEPUPYIOTCS 3a CUET SHEPTHH CaMOT0 MOTOKa MpU (HUKCUPO-
BaHHOM IHTaTeIbHOM Hamope (H ).

CooTHoIeHUsT ISl ONPE/CIICHUST OCHOBHBIX MapaMETPOB M XapaKTCPUCTUK
(hakena THIPOUMITYILCHONW CTPYH B 3aBUCHMOCTH OT YacCTOTHI ITyJIbCAIlUH JaBlie-
HUSI UMerOT BU [16]:

— ME/IMaHHBIN JUAMETpP Karellb

051405 B 05 11405
¢ A=KOHPPHP £ kiH, o o) L—KF)H® —kfH;

d,, = 0,05k S+ 0,
[@—kf)H, —kfH, ] @L—kf)H,, +kfH,

M, (32)
rae f —uacrora, I'm; H,, — nurarensHslif Hanop, M; H,, — Hamop B UMITynbCe, M;

k — koaddurment 3anonuenus ummyibca (K = 0,0025);
— HavaJIbHBIN auaMeTp (akena

dg, =4.23/dgH® -k, m, (33)

rae dy — IuameTp BBIXOAHOTO OTBEPCTHS (POPCYHKH, M;
— YTOJ pacKpsITUs (akena

B(l) ~ 1’1BCTp > I'pan, (34)

7€ Py, — YTOJI PacKphITHS CIUIOUIHOH CTPYH, IPaj;

— Ha4daJIbHas1 CKOPOCThb ABUKCHUS KaIICJIb

Lo MHyrUkOH, (35)
KFHO® + (L—kf)H

Ko

— 1anbHOOOWHOCTH CTPYH

Limax = 0.9L0max, M, (36)

rae Ly, — aabHOOOMHOCTH CIUIOMIHOM CTPYH, COOTBETCTBYHOLIAS 3aaHHBIM
3HaueHusM H, u dg, m[17];
— HaKpbIBaeMasl IUI0IIaab

BA
Si =Lmax déo + Lmaxtg% , M, (37)
— MHTCHCUBHOCTH I1OJa4YH
d 2 H 0,5
|=4.1073 OT , kr/(c-M?). (38)
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Jnst omleHKH 3P QHEKTUBHOCTH NPEATIAraeMoro MojxoJla K PElIeHHUI0 3a1adu
TOBBIMICHUS TTOXKapobe3omacHoCcTH 3KcIuTyaTanud 3YK ObUTH TpoBeIeHBI dKCIIe-
PUMEHTBHI 10 TTO/IaBJICHUIO TOPSHUS COJIOMBI B OOMOJIOTOYHOM IPOCTPAHCTBE KOM-
baitna CK-4 ¢ momaapio COJIOMOTpsCA, HA KOTOPOM YKIIaJIbIBANIaCh MOXKapHAs

Harpyska, S, = 6 M’ u nmokasarenem npoemuoctu (F, -hg’5) = 1,95. Macca mo-
JKapHOU Harpysky, 3arpyxkasiueiics B Oll, cocraBiana G, = 35 kr.

Tymmenue moxkapa OCYIIECTBIISUIOCH 10 CUTHATY OT JaT4MKa M3BEIATeNs 1o-
xapa DS1820, mogaBaBmiero mpu AOCTHKEHHUH TEMIIEPAaTypol ra3oBOil cpelbl B
OII 3nauenus T, > 400K xomaHay Ha BKIIOUEHHE CHCTEMBI TYIIEHHMS I0Kapa Io-

TOKOM JHCIIEPTUPOBAHHOM BOMBI ¢ mapamerpamu d,, ~15mm, VKO ~ 45m/c, cooT-

BETCTBYIOLLMMH TOJIHOMY HCIIapeHUIo Kanenb Ha [TH.
VYka3zaHHbIE TapaMeTpbl THAPOUMITYIIBCHOTO IIOTOKA 00ECIIEYNBAINCh YCTPO-
ctBoM [15] mpu H, =80 ™M, H, =300 mu f =35 T'u. M3MeHeHue HHTEHCUBHO-

CTH TOJIa4W BOJBI B 30HY MOXKapa OCYIIECTBISUIOCh U3MEHEHHEM KOJIMYecTBa I0-
naronux Boxy B OIT dhopcyHOK.

Pe3ynpTaThl OTHEBBIX IKCIIEPUMEHTOB MOATBEPININ G (EKTUBHOCTD Tpeasia-
raemMoro nojaxoja: pa3suthiidi moxkap B OIl 3YK Obur momasnen 3a 3 muH 45 cek
IpU UHTEHCHBHOCTH Tofauk oAbl | =0,05 kr/(c-M?) u 3a 2 MUH IpM Mojiaye BOJbI
¢ unTeHcuBHOCTRIO | =0,075 kr/(c-M?). CyMMapHblIii pacxo/] BOJIbI Ha TyIICHHUE HE
npesbicusl 60 — 70 kr. PacueTHble 3HaUeHUS MOXKAapOTYIIAIIEH HHTEHCUBHOCTH T10-
Jlaud BojbI Ha TylieHue noxkapa B OIl, onpenenenusie mo (28), cocrauu 0,034 u
0,06 kr/(c-M2) COOTBETCTBEHHO, YTO MO3BOJISET PEKOMEHIOBATH MPUMEHEHHUE CO-
otHo1eHus (28) ¢ koaddunuenrom 3anaca Ky =15.

Takum 00pa3om, NPEISIOKEHHBIM MOAXO0M, pa3paboTaHHOE HAyYHO-METOIU-
yeckoe obecreueHre U CpeCcTBa €ro peaju3aldid MOTYT ObITh, P COOTBETCTBY-
IOLIEM BBIOOPE MX MapaMeTPOB M XapaKTEPUCTHK, PALIHOHATIBHBIM PELICHUEM TEX-
HUYECKU CJIOKHOHM, pa3HOIUIAHOBOW M aKTyalbHOW 3aJayd MOBBIIIEHUS MOXKapo-
0e30MacHOCTH HKCIUTyaTallud 3€PHOYOOPOUYHBIX KOMOAMHOB C HCIOJIb30BaHHUEM
BO3MMOT0 Ha KoMOaiiHe 3amaca Bogsl [18].
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