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CUCTEMHUWM NIJIXIJ 10 3HWKEHHA EKOJIOTTYHOI HEBE3NEKHA BEHTHWJIAII PE3EPBYA-
PIB 3 HA®TOIIPOAYKTAMMU

PosrasigaeTsess HECIPUSATINBUIL €KONOTTYHUI BIUIMB Ha JOBKUUIS BUKHIIB 13 pe3epByapiB 3 3aIUIIKaMH HA()TONPOAYKTIB HiJ Yac iX MPOBITPIOBaHHS
repes MPOBEACHHIM PEMOHTHHUX Ta IHIIMX BHAIB poOoT. HaBemeHi po3paxyHKH II0Z0 €KOJOTIYHOTO BILTUBY 00’€KTiB Ha atMocdepy. PesynbraTom
JIOCITI/KEHb € PO3pOOJICHUH MEXaHi3M CHCTEMHOTO MiJIXOIy 0 3HMXKCHHS €KOJIOTIYHOI HeOe3leKu BEeHTWIIALIl pe3epByapiB 3 Ha(TONPOIYKTaMH.
CKOpOUCHHSI TPUBAIOCTI POOIT 3 OUHIIEHHS Pe3epByapiB 1 3HIKCHHS PiBHS M0XKEKOBHOYXOHEOE3IeKH MpHU X BEHTWIIANII MOTPiOye BHBUCHHS BCIX
Gbi3nuHEX (aKTOPIB Ta 3aKOHOMIPHOCTEH, 110 BIUIMBAIOTh Ha LIeH mporiec.

KuarouoBi ciioBa: exosnoriyna HebGe3neka, atmocdepa, 3a0pyIHIOBadi MOBITPs, BEHTWIALIS pe3epBYyapiB, 3aJIMIIKA HAQTOIPOAYKTIB

PaccmaTpuBaeTcst HEOIAroNPUATHOE SKOJIOTHYECKOE BO3/ICHCTBHE HAa OKPYIKAIOLIYIO Cpely BRIOPOCOB M3 PE3epBYapoB C OCTATKAMU HE(TEIPOILYKTOB
BO BPEMsi UX MPOBETPUBAHHS MEPE]l POBEACHUEM PEMOHTHBIX WIIH HHBIX BHIOB MOJTOTOBHTENBHBIX POOOT. IIpHBECHBI pacyeTsl Ul PasIndHbIX
BHUJIOB 3KOJIOTHYECKH HEOIAronpHsTHOTO BO3ACHCTBUS 00BEKTOB Ha aTMochepy. PesynbraToM mcciieJoBaHUN SBISETCS pa3pabOTaHHBIA MEXaHHU3M
CHCTEMHOT0 IT0IX0/Ia K MOBBIIICHUIO 3KOJIOTMYECKOI 6€3011aCHOCTH BEHTIIALUY pe3epByapoB ¢ Herenpogykramu. COKpaleHHe TPOJOIKUTEIbHO-
CTH paboT 10 OYMCTKE PE3EPBYaPOB M CHIKEHUE YPOBHS MOXKAPOB3PHIBOOIIACHOCTHU TIPU MX BEHTHIALMK TpeOyeT usydeHns Bcex Hu3ndeckux dax-
TOPOB U 3aKOHOMEPHOCTEH, BIUSIONMINX Ha 3TOT IIPOLECC.

KuroueBble clioBa: 5KoJI0rnueckas 6e30macHoCTb, aTMoc(epa, 3arpsA3HUTENHN BO3/yXa, BEHTHIIALUS Pe3epByapoB, OCTATKH HETENPOIyKTOB

The article examines cases of the adverse ecological impact on the environment of emissions from tanks of oil residues during their airing before the
repairs or other types of preparatory works, as well as before the changing of the class of petroleum products. Reducing the duration of cleaning tanks
and reducing the level of fire and explosion hazard during their ventilation requires exploring all physical factors and consistency that affect this pro-
cess. At the article was shown a complex of mathematical calculations for various types of environmentally adverse impacts of objects on the atmos-
phere. The result of research is the developed mechanism of systematic approach to improve the environmental safety of the ventilation of tanks with
petroleum products. Diesel oil, gasoline, toluene were used as fluids for research. Laboratory studies to water were used as a fluid for comparison.
Supply air in the designed and constructed experimental tanks was supplied in four ways. Three of which have previously been studied and described
in the literature (traditional supply, contrary and mixed), and also the supply which was developed by the author using the innovative ejector-vortex

flow method. Its effectiveness is proven on several parameters — ventilation speed, environmental compatibility and efficiency.
Keywords: ecological safety, atmosphere, air pollutants, ventilation of tanks, oil residues

Beryn. [l IpakTHYHOTO MiATBEPKSHHS TEOPETH-
YHUX BUKJIAJIOK LIOA0 3HW)KEHHS €KOJIOTIYHOI HeOe3reKkn
NPU BEHTWISALIT pe3epByapiB 3 3alIUIIKaMK Ha(TOIPOIY-
KTiB, HaBeJIEHWX Yy NoOmepenHix poborax asTopa [l1-5],
CTaJIO 32 MOTPiOHE CHPOSKTYBaTH, PO3POOUTH Ta BUTOTO-
BUTH CHELiaIbHUNA CTEH[], 332 JOMOMOIOI0 SKOTO MPOBO-
JUITACS. JOCHIDKEHHST CIOCO0IB MPUMYCOBOT BEHTHIIALIT
pe3epByapiB, B TOMy YHCIi ¥ 3alpONIOHOBAHOTO HAMH iH-
HoBarliifHoro cnocody [6]. CTeHn mpu3HAYEHUH U1 BU-
3HAUYEHHsI PYXJHMBOCTI MOBITPS MPH PI3HHUX Crocobax Horo
nojiavi y BHYTPIMIHIA MPOCTIp pe3epByapiB, IIBHIKOCTI
BHIIAPY Ta BTPATH MACH PiIMHAMH, 1110 B HUX 30€piraamcs.

MerTor0 eKcliepiMEeHTANBHHUX JIOCIIKEHb, 110 OITH-
CYIOTbCs, OyJI0 Ofep)KaHHS HU3KU EKCIepHUMEHTaIbHUX
JIAHUX IIOJI0 ITOXKEKOBUOYX00E3MEKH IMPOLeCcy BEHTHIIS-
1ii pe3epByapiB HAPTOTA30BOTO KOMILIEKCY IEpex Ipo-
BEJICHHSM BOTHEBHX (PEMOHTHHUX) poOIT 32 PaxyHOK ITiJ-
BUIIICHHS MPOJYKTUBHOCTI OYHIICHHS BUKUIB. [locras-
JIeHa MeTa JIOCSTAEThCS 32 PAXyHOK MAaKCHMAJIBHOTO Iie-
peMillyBaHHs [TOJJABaHOTO MOBITPSI 3 TA30M Y pe3epByapi.

PesynbraT gociikeHb MaCOOOMIHY MPU BEHTHJIS-
ii pe3epByapiB MOXKYTh OyTH BUKOPHCTaHI JUIsl IPAKTHY-
HOTO 3aCTOCYBaHHsI CIOCOOIB  OYMILEHHS pe3epByapib.
Takoxk pe3ynabpTaTH JOCHIIKEHb €()EeKTHBHOCTI MpOLECY
BEHTWJIALIT ¥ Mpoliecy BUNApy PiIUH € OUIbII eKOJIoTiu-
HUMH, HIXK Ti, OO0 3aCTOCOBYIOTHCS 710 CHOTO/IHI.

AHani3 JiTepaTypHHX JaHHUX Ta IOCTAHOBKA IPO-
6semu. OOroBopeHHsT mpoOiemu 3a0pyHEHHS aTtMocdep-
HOTO TIOBITPS — OHI€T i3 CAMHX TOCTPUX EKOJIOTTYHHUX IPO-
0JIeM ChOTOZICHHS, Y CYJACHil HAyKOBIiH Ta IMyONiIICTHIHII
JTepaTypi BENEThCA IOCTATHHO TOMIMPEHO SIK BITIU3HSIHI-
MH Tak 1 3aKOpIOHHMMH HayKOBIIIMH [7-9]. 3 o3HadeHOl
nMpo0JeMH BUTIKAE HayKoBa 3ajada IIOo/0 3a0e3leueHHs
cranoi QineTpalii (OYUILEHHS) BUKHIIB 13 pe3epByapiB 3 3a-

JIMIIKaMU Ha(TOIPOIYKTIB MiJ Yac iX MPOBITPIOBAHHS Iie-
pea PEMOHTHUMH, NPO]ILIAKTUYHUMHU Ta IHIIMMH BHIAMH
poOit abo npw 3MiHI K1acy HaTONPOIYKTIB, IO B HUX 30e-
PpiraroThCsl, 3 MiHIMAJIBHOIO KUTHKICHOIO CKJIa/I0BOIO TIOTparl-
JUSTHHS IIKIZUIMBHUX PEYOBHH B aTMOc(epy.

VY poboTax «KIIACHKiB» MOJEITIOBAHHS BEHTHILAIIIH-
HuX mporecis [10—16], omucaHi HIHI BimoMi criocoOu Ta
METOJIMKH IX 3aCTOCyBaHHS. MM X NpPONOHYEMO HOBUU
croci6 mposiTproBanHs [17].

Liabs Ta 3apa4i gociigxenns. MeToro JOCHTIIKEH-
HS € OepKaHHS PENPE3EHTATHBHOIO PsNy OaHUX INOJO
MOXKEXKOBUOYX00€3MEKH MPOoIlecy BEHTUIIIT pe3epByapiB
Ha(TOra30BOro KOMILIEKCY TIepe]] NMPOBEACHHSIM BOTHE-
BUX (PEMOHTHHX) POOIT 32 paXyHOK IiZIBUIIIEHHS ITPOTYK-
TUBHOCTI OYHMINEHHS BHKHIIB, IO JOCATAETHCS 33 paxy-
HOK MaKCHMAaJIbHOTO INepeMillyBaHHS I10JIaBaHOTO IOBIT-
ps 3 Ta30M Y pe3epByapi.

3amayero JOCIIMHKEHH € MIIBUILNEHHS €KOJIOTIYHOT
Oe3mexu mpy OYMIIECHHI i peMOHTI pe3epByapiB 3 HadTo-
MPOJIYKTaMH He TUTBKH Jist HaTOBOI it HadTonepepoOHOT
IPOMHCIIOBOCT], JI¢ TaK BCTaTKyBaHHSA 3aCTOCOBYETHCS
CKpi3b, @ TaKOX [UIA IHIIUX rajy3ed HapOIHOTO TOCIO-
JIapCTBa, IIO CIIOKUBAIOTh HAPTONPOAYKTH Ta MAIOTh pe-
3epByapH Uisl IXHBOTO 30epiraHHsl.

[Tpm po3B’s3aHHI MOCTaBIEHOT 33124l CTBOPEHO YHi-
BEpCAIbHUN METOJl PO3PaxXyHKy, €AMHHUNA U1 PI3HUX TH-
MiB JDKEpea Ta OTPUMAaHI PIBHSHHS, IO JMAIOTh OIUCH
MIPOLIECIB, 110 BiI0OYBAIOTHCS MPH IILOMY.

TakuM YMHOM, aKTyabHHM 3aBIAHHSM € CTBOPCHHS
VHIBepCAIbHUX MoOJeNel Ta TeXHIYHUX KOMIUICKCIB IS
OIIHKY BIUTUBY BEHTWIIALIHHIX €KOJIOTIYHO HEOe3MeTHNX
MPOIIECiB, 110 MPOTIKAIOTh B BEPTUKAIBHHUX MHIIHIPHY-
HHX pe3epByapax 3 HahTOIPOLyKTaMH.
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Marepianu Ta MeTOAH IOCTIAKEHHS ILIOAO PO3- My,
POOKHM CHCTEMHOIrO MiAXOQYy MJIsl 3HHKEHHSl eKOJIOTid-
HOI HeOe3meKH 3a0pyAHeHHs] aTMocdepn BUKHIAMH i3

1

iy (O848 WHHOBALHOHHAA

. . . o ==ogaya HapcTpesy
pe3epByapiB 3 3aJIMIIKAMHU Haq.)TOHPOI[yKTlB mx qac. 1X R S —
HpOBiTpIOBaHHﬂ. MeTO)II/I JOCIIIPKCHH, B TOMY YHCJI1 " —¢—ogaya cMewarHan

mpu  o0poOIi pe3ynbTaTiB e€KCHepHUMEHTAIBHUX JTOCHi-

JUKEHb TIPOLIECIB BEHTWIIALIT pe3epByapiB i3 3alMIIKaMH 075 —

Ha(TONPOAYKTIB NPH Pi3HHUX (BIJOMHX Ta 3alporOHOBa- “\"'\5\
HOMY aBTOPOM iHHOBAIlifHOMY) croco0ax Imojaadi TMOBiT- ~
ps, MICTATB B cO0i aHANITHYHI Ta EKCIICPUMEHTAIBHI TOC-
nin)lfeHHﬂ 3 BUKOPHCTAHHIM CyJacHo1 KOHTPONBHO- ;
BUMIPIOBAJIBHOI ammapaTypH Ta BUKOPMCTOBYIOTE 3arajbHl il 10 20 o YA
Ta CIIeIialbHi METOAN HAYKOBOTO JOCIiHKEHHSL. Puc. 2 — JlociimkeHHs] BTpaTH MacH TOJIyOJIy MPH Pi3HUX CXe-
VYci mocnipkeHHs BUKOHYBAIKCS Y CBITJIMH Yac JI0- Max T0/1a4i NPHUILIMBHOTO TOBITPs

O0M Ta TpH BIJCYTHOCTI I'PO30BHX W TEPEArpo30BUX Me-
TeoyMoB. TemrepaTypa 30BHIIIHBOTO TOBITPSI — B MeXKax
20-27 °C. Ilpu BuUMipi PyXJIHMBOCTI MOBITPS 3a JOMOMO-
roto tepmoanemomerpa «TKA-ITIKM» mBuakicts mpun-
JIMBHOTO TIOBITPS (B M/C) BimoOpaxanacs Ha HWoro mud-
pOBOMY AMCILIE].

I[Tpu pi3HUX crocobax moAadi MPUILIMBHOTO MOBITPS 075
(a came — Ha3ycCTpiY, TPAAUIIITHOMY, 3MIIITAHOMY Ta 1HHO-
BalliifHOMY) B HPOCTOpi EKCIEPHMEHTAIBHOTO pe3epBya- ATl e
py TpoBOAMIHCS BUMIpH BTPATH Mach roplounX i JIerKo- g ) Gg A
3aMHCTHX PLAMH (I TOYHOCTI BUMIPIB BTPAaTH MacH pi-

Mep,
1

05 T, MHH.
JIUH, 10 BUIIAPOBYIOTHCS, EKCIICPUMEHT MPOBOJUBCS Ta- a s - - 55 ] &
KO Ha BOIi). Puc. 3 — JlociimkeHHs BTpaTH Macu OKTaHy IPH Pi3HUX CXe-
O06pobKa JOCTITHUX JaHHUX 0 BTPATi MacH piauHa- Max IoAatl NPUITUBHOTO NOBITPs
MH B TIPOIIeCi BEHTIIAMIT TPOBOAMIACS B CEPEIHIX Bif-
. m,
HOCHHX 3HAUYCHHSIX BEIMYMH MacH. BigHOCHE 3HAUCHHS cp-
BTPaTH Macu PiIMHOIO BUPAXKAETHCS B TAKUH CIIOCi0: 1A e s i
== logaya HaecTpeyy
&~ oflaya TpaaHLHOHHAR
- m. —b=—logava cmewannan
m=—- (1)
m,?l(.‘
075
Jie mi — Maca piIuHU B i-10 OJJUHUIIIO Yacy, T; m,, — Maca
PIIUHH, 3a7MTOI B EKCIIEPUMEHTAIIBHY €EMHICTB, T.
PesynbraT OCITIKEHh 3MIHM BIITHOCHHMX 3HAY€Hb
BTPATH MAacH OJIHOKOMIOHEHTHUX DiluH (Boma, TOMyON, o5 : : - = = - v
OKTaH, FeKCaH) TPE/ICTABIICHI Ha pHC. 1-4. . Puc. 4 — JlocnimkeHHs BTpaTH MacH TeKCaHy MpHU Pi3HUX CXe-
Pe;ynLTaTH JIOCTIKEHD O/IHOKOMITOHEHTHUX Pi- Max T10/a4i PHTIIHBHOTO TOBITPS
JIUH CBIOYaTh MPO Te, IO 3MiHM BiJHOCHHX 3HAYCHb
BTpaTh MacCh UL HAX y BEHTUIILOBAHMX PE3CPByapax € PesynbTaTét TOCHIIKEHb 3MIHU BiTHOCHUX 3HAYEeHB
JIHIMHAMA. BTPATH MAcH JUisl 0araTOKOMITIOHEHTHHX pinuH (GeH3uHH,
TTU3eNbHE TTaJNBO) MPECTAaBICHI Ha puC. 5, 6.
M, 7
ep.
i 1
=== loga4a HHHOBALHOHHAA
== ofaqa HascTpedy
e [lOAANE TPAAHLUMOHHAR
=== 01848 CMELIAHHER
0,875 06
=p=3a843 HHHOBAUWOHHAA
==ogaqa HaBcTpesy
==de=oga4a TRaaMLMOHHAR
=== lofa4a CHeWwanHan
0,75 T, MHH.
. 0,2 T, MHH.

o 10 20 30
Puc. 1 — JlocmiukeH S BTpaTH MacH BOAY NP PI3HMUX CXeMax

o4l IPUIUTUBHOTO TOBITPS

o 5 . 10 15 20 . 25 30 .
Puc. 5 — locnimkenns Brpatu Macu 6er3uniB A-92/95 mpu pis-

HHUX CXEMax HOIIa‘{i HNPUILUIMBHOI'O HOBiTpSI
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Puc. 6 — JlociipkeHHS BTpaTH MacH TU3eIbHOTO MakBa MpH pi-
3HUX CXEMax I0/1a4i IIPUIUTUBHOTO ITOBITPS

PesynpraT mocnmimkeHb A1 0araTOKOMIOHEHTHHX
piAMH CBimMYaTh MPO T€, MO0 3MIHH BITHOCHHX 3HAYCHBb
BTpaTH iX MacH y BEeHTHJIBbOBAaHHX pe3epByapax He € Ji-
HiftHuMH. [Ipy 11bOMY HIBHAKICTH 3MiHHM BiITHOCHHMX 3Ha-
YeHb BTPaTH MacH JJIsl 3allpOIIOHOBAHOTO HaMH 1HOBaIliii-
HOTO €KEKTOPHO-BUXPOBOTO CIIOCO0Y Moj1aul MoBITPst st
BCIX JTOCTIKYBaHUX DiJUH CYTTEBO BUINE, HIX IPH iH-
IIMX CH0c00ax opraHi3amii BEHTHIIALI.

JIyist IOPIBHSTHHS JaHUX IOJO0 BTPAaTH Macu PiIWHU
Y BHYTPIOIHBOMY IPOCTOpI pe3epByapiB MpH iX BEHTHIII-
1il, OTPUMaHUX EKCIEePUMEHTAIBHAM IUIIXOM, 3 po3pa-
XYHKOBHMH JaHHMH IIPOBEIEMO PO3PaxXyHKH 3a BiJIOMU-
MU GOpMyITaMu.

1. Maca piguHy, 0 BUIIAPYBABCS, :

m=W-F T, @)

ne W — IHTeHCHBHICTh BHIIApY, Kr-c'l-M'Z; F,— mioma Bu-
napy, M’ T — gac Bumapy, ¢ (1 ron.=3600 c)
2. IHTeHCUBHICTH BUTIapy W:

W=10"nJu P, 3)

Ie # — KoeiieHT, MPUHHATHHA 3aJIe)KHO Bl IIBUAKOCTI
TEMIIEPATyPU TOBITPSHOTO TMOTOKY HaJl MOBEPXHEIO BU-
napy; 4— MOJIPHA Maca PiHHH, M°KMOb ' P,— THCK Ha-
CHYEeHOI Mapu NpU PO3PaxXyHKOBIH TemmepaTypi piiu-
HU tp , kl]la.

3. Tuck HacHMYCHOT MTapH:

B
LgP, = A————, 4
8Py ot 4)

P

ne A, B, C — kOHCTaHTH piBHAHHSI AHTyaHa (3a JOBIJKO-
BUM JaHumn), klla; ¢, — po3paxyHkoBa Temreparypa
noBitps, °C.

st HadTONPOAYKTIB, IO IEepedyBaroTh 1M03a TeM-
TepaTypHUM IHTEpBaJOM, TUCK HacH4yeHoi rnapu, klla, Bu-
3HAYaroTh 1o Gopmydi [15]:

. exp| 6,908+ 0,043 (1, —0,9241,, +2,055) |

S . (5)
1047 +7,481,,
1e t., — TemMIeparypa cnanaxy, °C.
BignoginHo nmo [18] THck HacuueHOI mapu BOJH J10-
pisaioe 0,03 atm. (abo 3,03 kI1a).

Jlyis meTasbHOCTI Ta HAOYHOCTI MOPIBHSHHS po3pa-
XYHKOBHX 1 EKCIIEpUMEHTaJbHUX 3HA4eHb 3aJeKHOCTI
3MiHU MacH JIOCJIJDKYBaHUX PILAMH BiJ HIBHIKOCTI MPHUI-
JIMBHOTO TIOBITPS Y BHYTPILIHEOMY TPOCTOPI pe3epByapa,
B TIpOLECI EKCIIEPUMEHTY BapTO pO30UTH BHYTPILIHIN
MIPOCTIp pe3epByapa Ha IUIOLIUHY MIEPETHHY — pucC. 7.

Puc. 7 — Kpanku i miomuHy nepeTuHy pe3epByapa

[TopiBHAHHS eKCHEPUMEHTANBHIX 1 PO3PaXyHKOBUX
3MiH BiTHOCHOi iHTEHCHBHOCTI BHIIApy B IUIOIIMHI Hepe-
TuHy III excnepuMeHTanbHOTO pe3epByapa, OOMeXeHOT
Kkpankamu Bumipy 1.3.,2.3., 3., 2.7., 1.7., npu opranizaiii
CXEMH BEHTHIIAIIT IHHOBALIHHUM CIIOCOOOM ISl OJTHOKO-
MIOHEHTHOI PiIMHU TOJTYOJI IPEJICTABICHO Ha pucC. 8.

g % 08 \ /-\ /
] 5 0.6
9=
E 304 == DKCTCpIMCHT

a
E ; 02 == Pacuct

P oL Py 2 —

13. 23 ES 7 A 17.
Towkn wimcperna (miockocTs Ne 3)
a

E 5
g 1 L. 2
2\ S
[=]
g 2 \\ //
2% 1
8 \ & ./
= 0 v v v
£ 13. 23, 3 27. 17.
&
5 Tourm mvepenis (maockocTs Ne 3)

6

Puc. 8 — I'padikut 3MiHM IHTCHCUBHOCTI BUITAPY TOJIYOITY 3aJI€XK-
HO BiJl pyXJIMBOCTI MOBITps HaJl HOBEPXHEIO BUIMAPY B CKCIIECPH-
MEHTaJBHOMY pe3epByapi MpH MoAavi MPUILTUBHOTO MOBITPS
3aMpPOMOHOBAHUM CIIOCOOOM: @ — rpad)ik 3MiHM BTPaTH MacH TO-
nyouny B mwionmmHi nepetuny III; 6 — rpadik 3MiHE WBUIAKOCTI
MPUIIMBHOTO MOBITPS B II0omuUHI nepeTuny I11
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[opiBHSIHHS €KCIIEPUMEHTAJIBHUX 1 PO3PaxXyHKOBUX
3MiH BIJIHOCHOI IHTEHCHBHOCTI BHIIapy B IUIOLIHMHI Iepe-
tuny IIl ekcrepuMeHTaILHOTO pe3epByapa MpH OpraHisa-
i CXeMH BEHTIIAIIT TPAIUIIIIHAM CITIOCOOOM IS TOMY-
OJIy TIpEJICTaBJIEHO Ha puc. 9.

B I+
R
'EE 08 1
25 06
£f
gk 0.4 /\ == xcnepcar
5 E‘"‘ 12 1 3 =B Pacer

H 04

13 23 3 2.1 13
Touks msepernd (II0CkoCT Ne 3)
a

d 5

Z

g /O—
L

: /

E- 0 -_‘-—¢———_;

E 13. 23. 3 27. 17.

2
S Toukn wncperna (niockocts Me 3)

6

Puc. 9 — I'padiku 3MiHM IHTEHCUBHOCTI BHIIAPY TOIYOIY 3aJICK-
HO BiJl pyXJIMBOCTi HOBITPs HaJl HOBEPXHEIO BUIMIAPY B EKCIIEPH-
MEHTAJIBHOMY pe3epByapi IpH NO/adi MPUILTHBHOTO MOBITPS
TpaIULiHHIM CIOCOO0M: a — rpadik 3MiHH BTpPAaTH MacH TO-
nyony B momuHi nepetuny I11; 6 — rpadik 3MiHN MIBUIKO-
CTi IPUIUINBHOTO TIOBITPA B IuTomyHI neperuny 11

3aJeXHICTh BTPAaTH MacH BOJM 3a | TOAWHY BEHTH-
JSILT Y Pi3HUX croco0ax Mmojayi MPUILIMBHOTO MOBITPS
Y BHYTpIIIHIN IPOCTip pe3epByapa rmokazaHo Ha puc. 10.

Mofa4a NpHTC4HOrD Mopasa np Moaasa np NMogasa np
BoAAY Bo3AYxa ") pedy”  Boagyxa ™ " poxgya " o
"HHHOBALMOHHAA"
] Aavnpe  @P AdHHBIE

Puc. 10 — Jliarpama BTpaTé Macy BOJIY MPH BEHTWIIALIT pe3ep-
Byapa

Brpata macu nu3nanuBa 3a 1 roJuHy BEHTHIISLIT
MPpU PI3HUX croco0ax Mojayi NMPUIUIMBHOTO MOBITPS Y
BHYTPILIHIN MPOCTIp pe3epByapa mokazaHo Ha puc. 11.

Brpara macu Gensunamu A-92 ta A-95 3a 1 roguny
BEHTWIALIT NPU PI3HUX CHOCO0aX IMojadi MPUILTHBHOTO
TIOBITpPSl y BHYTPILIHIN MPOCTip pe3epByapa MOKa3aHO Ha
puc. 12.

Brpara macu Tonyony 3a 1 ToauHy BEHTWIALIT IpH
pi3HHX crmoco0ax moaadi MPUIUTHBHOTO TOBITPS y BHYT-
pimmHIN TIpocTip pe3epByapa moka3aHo Ha puc. 13.

15 14,9

8 6,9
6 5 49 38
: 53 39
2
2
9 = .
Mogaua npsToyBone MNopaua np MNogaya np Mopaya np
Bo3yxa " BO3AYxa " peuy”  Boagyxa BO3YAE e
o LECTUNE I - AaHHbIE

Puc. 11 — Jliarpama BTpaTy MacH IU3eJIbHOTO MaJIMBa IPH BEH-
TUILSLIT pe3epByapa

104,1

MNapasda np
BO3AYKE

Mapaya npl

Noaaya np
BO3AYNA "HaBCTReYY”  BOIgYNA “TP

"WHHOBALROHHAA"

Adnhse  EF Asmkbie

Puc. 12 — Jliarpama BTpaTu Macu OSH3WHAMH TPH BEHTHIISLIT
pesepByapa

124,6

28,2

211

¥ 888 8 & 8

o

Mogada nps MNopava np Nogada np Mogaua npHToYHGTD
BOIRYEA Boanyxa " pedy”  soagyxa ™ " eoapyxa “cmewsaHan”
"HHHOBALMOHHAR™
L] AsHume  @F ABHHbe

Puc. 13 — Jliarpama BTpaTu Macu TOJIyOITy IPU BEHTHILILIT pe-
3epByapa

OTxe, MpH BEHTWIALIT ra30BOr0 MPOCTOPY BCepe-
JIMHI pe3epByapa MO>KHa BUKOPUCTOBYBATH Oyab-sKi CII0-
co0u mojadi MPUTUIMBHOTO TIOBITPS y BHYTPIIIHIA TIPOC-
Tip pe3epByapa. EdexTHBHICTH CIIOCOOIB BEHTHIIALIT OITi-
HIOETBCS IUISIXOM TIOPIBHAHHS CEPEeTHHOO0’ €MHUX BTpAT
MacH PiJUHM NP OAHAKOBUX MMapaMeTpax Momayi IpHil-
JMBHOTO NOBITPs. Jpyruii napamerp eeKTUBHOCTI — 1€
MaTepiajibHi BUTPATH.

Ha puc. 14 moka3zaHa 3arajibHa JiarpaMa BTPaTH Ma-
CH JOCII/DKYBAaHUMH DPiJMHAMH 32 | TOAWHY BEHTHIIALIT
NIPY BUKOPUCTaHHI Pi3HUX CIOCOOIB 1M0/1a4i IPUILTTMBHOTO
MOBITPsl y BHYTPIIIHIM TpoCTip pe3epByapa 3a DaHUMHU
1ab0paTOpHNUX EKCIIEpPUMEHTIB, MmO OyiaM TpoBeieHI B
paMKax JOCTiDKEHHS. |3 HUX BUIUIMBAE, IO 1O e(peKTHB-
HOCTI CIT0c00iB TI0adi MPUIDITMBHOTO MOBITPSI, CXEMH PO-
3TAIIOBYIOTHCS B HACTYITHOMY HOPSIKY:

1) mogaya MPUILTHBHOTO TIOBITPS 33 CXEMOIO 1;

2) nojava MPUILTHBHOIO TOBITPS 33 CXEMOIO 2;

3) nogaya NPUILTHBHOIO TIOBITPS 33 CXEMOIO 4;

4) noxava MPUILIMBHOTO MOBITPSI 32 CXEMOIO 3.
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[Tpuyomy momaya 3a cxemoro 1
3HAYHO TMEpeBepIIYeE IHII CXEMH Be-
HTHIAIIT 32 ©()EeKTUBHICTIO BEHTHU-
moBaHHs. Bukopucranns cxem 2 i 4
MAaIOTh MiBUINCHY MOXKEKHY Oe3re-
Ky Ta J0al0Th PO YHCTOTY MPOCTOPY
HAJ pPEe3epByapoM, ajie TPUBAIICTh
BEHTWIIALIT 3HaYHO 3pocTae. Cxema 3
— TpaaWIiliHAa ¥ IO CBOIX XapaKTepH-
CTHKaX CXOa 31 croco0amMu BEHTH-

W Boga .

JIAIL €3€pBYyapiB O3TJITHYTHX
oAaT eepo 1 p PBYap . p . .yT Y

pobotax [19-22], ii BiAMIHHICTD JTH-
H A-92 eppo .

1€ B poO3TalllyBaHHI1 JIFOKa JUIsl BUJa-
B AK-95 espo . . N

JICHHS T'a30MOBITPAHO1 CyMIII1.
@ Tonyon

PesynpraTt  eKkcriepuMeHTalb-
HUX JIOCJI/DKEHb BiJJHOCHHX 3Ha4YeHb
IIBUIKOCTEH TOBITPS Y BHYTPILIHBO-
My TpOCTOpi pe3epByapa il 4acTok,
110 BUIApYBAJIKCS 3 PiIUH MpH OJHA-
KOBHX BUTpaTax IMOBITps, HaBEACHI B
Tabm. 1.

NoTepa Maccbl

Puc. 14 — 3anexxHicTh BTpaTH Macu piAMHAMH 32 | TOJMHY BEHTHIALIT, OTpUMaHa eK-

CIICPUMECHTAJIBHUM IIIISIXOM

Ta6J’II/IHﬂ 1- PeSyJ'ILTaTI/I CKCIICPUMECHTAJIbHUX Z[OCJ'IiI[)KeHI) BiI[HOCHI/IX 3Ha4YCHb HIBI/I}IKOCTCﬁ HOBiTpSI Y BHYT-

PIIIHEOMY MPOCTOPI pe3epByapa i YacTOK, M0 BUIMAPYBAIKCS 3 PiJJH TP OJTHAKOBHX BHTPATAX MOBITPS
Howmepu cxem mogaui nosi- | BigHocHa mIBUAKICTH YacTky, 110 BUMIAPYBAJIHCS 3 PIAMHU
Tpst TIOBITPS BOJA TH3ITAIIHBO Oensuan A-92/95 TOJIyOJI
IHHOBaLIMHA 2.4 0,08 0,08 0,63 0,7
Ha3ycTpiu 1,8 0,01 0,01 0,35 0,32
TpaauIiiHa 1 0,02 0,02 0,25 0,11
3MilIaHa 1,9 0,01 0,01 0,34 0,15

3 pgammx Tabm. 1 GauyuMo, MO TPU EKEKTOPHO-
BHUXPOBOMY (3alpoONOHOBAaHOMY iHHOBAIIIHHOMY) crioco0i
NoZavi MOBITPs y BHYTPILIHIN MPOCTip pe3epByapa BiJHO-
CHa IIBUJKICTB B 2,4 pa3u BUIIA, HOK MIPH OpraHi3ailii mo-
Jlayi MPUIUTMBHOTO MOBITPS TpaAULiiHUM criocodom. [Tpu
[IOMY YacTKa PiJIMHY, 10 BUIIapyBayacs, Oinbima B 4 pa-
3 JUIS BOJU W AM3MAIuBa, B 2,52 — st OeH3MHIB, B 6,3 —
JUTS TOTYOIy TIPYA OJHAKOBil BUTpATIi MOBITPSI.

Hamm 3amporionoBaHa METOAWKA OINIHKH TUHAMIKH
3MiHA KOHIICHTpAIlii mapiB y pe3epByapi MpHU BUTIKAHHI
BUJIBHUX CTPYMEHIB MOBITpsl. [Ijis1 BU3HAYCHHS JAUHAMIKA
3MIHM KOHLIEHTpALl MapiB y pe3epByapi NpH KOHBEKTUB-
HOMY MacOoOOMiHI MPOBOAMIKCS JaOOPaTOPHI EKCIepH-
MEHTH.

Jns mocmimkens Oyna oOpaHa OJHOKOMIIOHCHTHA
pianHa — ToNTyon ¥ 0araTOKOMIOHEHTHI HATOMPOIYKTH
— JIu3enbHE ManuBO Ta OeH3WHH. {1 «YHCTOTH» eKCIie-
PUMEHTY IOCIHi/UKEHHS i3 BTpaTH MacH pIAMHAMH TpH
MPUMYCOBIH BEHTHJIALIT pe3epByapa MPOBOAMIIHCS TaAKOX
Ha BOJI.

[Nepen npoBeaeHHAM EKCHEPUMEHTIB 3a JOIIOMOT OO
aHeMOMeTpa 3aMipsiach IMBHAKICTE TOTOKIB TIOBITPSA
BCepe/InHI pe3epByapa.

Jlyist BU3HAUSHHS! KOHLIEHTPAIT JOMIIIOK BUOYXOHe-
0e3NeYHNX PEYOBHH B Ta30BOMY IIPOCTOPI BEHTHIIHOBA-
HOTO pe3epByapa HeoOXiTHO 3HATH IHTCHCHBHICTH BUTIAPY
(motik Macu) HaTONPOIYKTY, IO 3HAXOIUTHCS B Cepe-

JIMHI pe3epByapa. MaTemMaTtndHy oOpoOKy JaHHX HPOBO-
JIUMO y BUTJISIII 3aJIKHOCTI:

z, = f(Re,Pr,ﬂ[,,y), 6)

il .
e 7, = L YHCIIO, IO BPaXOBYe€ MOIIEPEYHUH HOTIK
pU
MacH.
VY poborti [19] ycranoBieHo emmipudHy (Gopmyry
JUIsL pe3epByapiB:

7, =0,065-Re"-Pr,-0° -7, - . (7)

[HTeHCHBHICTH BUMApy B Tiil ke poOOTI BU3HAYAETH-
csl SIK:

v-F .-F
M, = 0’065.%.]@0,8 -Pr,-x, -,uo’s, 8)
%
-, ©

t

T n
A, —ﬂo'(z—mj ) (10)
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ne [y — 3Havenns koedimienta mudysii [23], m%/c; T — Te-
MIeparypa HaBKOJIMIIHBOTO TOBITps, K; n — moka3Huk
CTYIICHsI, IPUNHATAN BIAMOBIIHO JO JOBIAKOBOI JIiTepa-
TypH.

BigHOCHI ekcriepuMeHTaIbHI IHTEHCUBHOCTI BUIIApiB
JOCTIKYBaHUX PIIUH y CXeMaxX BEHTWIISIII eKcIepuMe-

w,

RS

nexHocTi Bif koedimienta audysii [ 1 uncna nonodu
[MpannTns mudysiitnoro Pr,. PesympraTé npejacTaBieHi
Ha puc. 15, 16.

HTAJBFHOTO CTEHIA PO3PaxOBaHi y BHUTILIL B 3a-

% 10
Vi P,
0 i 2 3 3
50 é % %
40 % i 2 i
2 4
30 s v S T
20
== [lofaua UHHOBALMOHHAA
10 =—fr=t [Nlogaya 1pa,ﬂ,HLI,HOI1IHEH
==fr=lofia4a HascTpey
0 =®=t[lonaya cmeLaHHas It - 10
0 1 2 3 4 5 6 7 8 9 10 ™%/,
Puc. 15 — 3anexxHiCTh BIIHOCHOI IHTEHCHBHOCTI BHIIAPy BiJ KoedimieHTa Tudy3ii:
1 — Bona; 2 — nu3nanuBo; 3 — OEH3UHU; 4 — TOIYOI
W, 1o
-10
V-
60 %_ -g 2 1
. aram :
40 -
4 2
30 k-i i k
20
==p==[loga4a UHHOBALMOHHAA
10 =—dr=[lofaya TpaaMIMOHHAA
=i [TOfla4a HageTpedy
0 =D=-{[loAaua cmelllaHHan
-12
0 1 2 3 4 5 6 7 g Pra-10

Puc. 16 — 3anexHiCTh BITHOCHOT IHTEHCHUBHOCTI BHNapy Bin uucna [Ipanamis audysiiHoro:
1 —Bona; 2 — mm3nanuBo; 3 — OEH3UHU; 4 — TOIYOI

KonrneHTparito HacHIeHNX MapiB BU3HAYAEMO SIK:

T, =

(1)

o’.U |m~U

Tuck HaCHYEHHX Map BU3HAYAEMO 3 PIBHSHHS AHTyaHa:

)
P=10 ‘" (12)
BimHOCHY MOJICKYIISIpHY Macy:
M 0,5
=l =] . 13
u ( Mﬂj 13)

lixpHicTE 1 KOe(]imieHT KiHEMATHYHOI B'S3KOCTI
MOBITPSI:

353

- 14
Ion ]-;, > ( )
v=[14,7+0,09-(T, —283)]-10". (15)

Uucno PeffHonbIca BHU3HAYAEMO IO CTaHIAPTHIN
thopmyi:

R =—, (16)

NPV . Vv
nie [ — xapakTepHHH JiHIHHUNA po3mip 00’ ekTy, / = R
0
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3arasnpHa IJI01Ia TOBEPXOHb pe3epByapa:

F3:FZIH+FH+F6.H.) (17)
ne F, — mioma JHUINA, M2; F, — nnoma naxy, MZ; Fs, —
IomIa 6i9HOT MOBEPXHI, e

CepenHIO PYXJIMBICTH MOBITPS B pe3epByapi BH3Ha-
yaemo 110 popmyiti B.M. Dnvrepmana [12]:

V 1/3
1
0=07-¢"- ,

— (18)
0
Jie &, — CHEpris MPUIUIMBHOTO CTpyMEHs; V — 006’eM pesep-
Byapa, M’; F;)— 3araibHa ILIOIIA TIOBEPXHi pe3epByapa, M’.
EHeprist IpUILIMBHOTO CTPYMECHS:

3
£, = —fZVV : (19)

zie f, — IIoMa MPUILTUBHOTO OTBOPY, M’; Vy — IIBUAKICTh
TO/1a4i MOBITPS B MIPHUIUIMBHAN OTBIp, M/C.

IIBrAKiCTh TIOAAYi OBITPS Ta IUIOMIA TPUILTHBHOTO
OTBOPY BIMOBIAHO:

q

v, =—, (20)
1
_ 2
f,=0,785-d, .., 21)
1€ dyp or. — AiAMETP NPUITIUBHOTO OTBOPY, M.
[HTeHCHBHICT BUTIApY piBHA:
M
w="-2 22
7 (22)

u
KoedirieHT HEpiBHOMIPHOCTI PO3MOALTY KOHIIEHT-
pariit Bu3HagaeThes mo popmyii [20]:

p 0,132
—0,48- [ L|
7 (Vj

BinmoBimHO [0 iCHYOYMX METOAWK iHTEHCHBHICTBH
BUTIAPY BU3HAYAETHCS SIK:

(23)

W=10"n \p-P, (24)
A Maca piuHH, 1110 BUIIAPYBaBCS, 5K:
m=W-F,T. (25)

PesynbraTy, oTpuMaHi B X0/l €KCIIEPHIMEHTY, a came
— CepenHbOi IHTEHCHBHOCTI BHMApPy IO OJHOKOMIIOHEHT-
Hill piguHI TOIYOIN i 6araTOKOMITOHEHTHINA pinuHi OeH3U-
HU A-92/95 — y 4aci, npencraeneri Ha puc. 17, 18.

W10 kr/M2-c

100

P P M
80 ‘H-*-v__'
== lof34a MHHOBALHOHHAA
60 == loga4a HaecTpeyy
e oga4a TPagULUHOHHAA
=—f=logaua cMelaHHan
i A e i e e P s
20
0
o i 10 20 . 30_
Puc. 17 — I'padik cepeqHpOr0 3HAYE€HHS IHTEHCHBHOCTI
BHIIApPY TOJIYOIy

W-107* kr/M%-c

N\

200

=== lofa4a HHHOBALMOHHARA
={l=[lofa4a HaBCTpey
=r=[lofaya TpaguUHOHHaA
=== lofaua cmellaHHan

150

100

0

0 10 20 30
Puc. 18 — I'padik cepeaHbOro 3HaueHHsI IHTEHCUBHOCTI

BUIMapy OCH3HMHIB
A-92/95

PesynbraT po3paxyHKiB Ta OTpUMaHI eKCIIEpUMEH-
TaJbHI 3HAUYEHHS CEPEAHBOI PYXIUBICTh TOBITPS IPH Pi3-
HUX croco0ax Imojadvi MPUIDIMBHAX CTPYMEHIB Y BHYTpI-
ITHBOMY TIPOCTOPi pe3epByapiB HaBEACHO B Ta0MI. 2.

Tabmuus 2 — CepeHsi pyXJIMBICTh ITOBITPsI BCEPEHHI pe3epByapiB

Cxema nojiadi CTpyMeHs ExcriepuMeHTaIbHI# pe3epByap ExcriepuMeHTaIbHU# HAITi BIIPOMUCIIOBHUIA CTEH]]

MIPUILTUBHOTO MOBITPSI WPO3PAXYHKH (0 CKCTICPUMEHT WPO3PAXYHKH (0 EKCTICPUMEHT
IHHOBAIIi}{HA 0,55 2,9 0,23 0,88
Ha3yCcTpid 0,60 3,5 0,21 0,70
TpaauiiHa 0,50 2,7 0,11 0,42
3MilIaHa 0,57 3 0,22 0,74

3 OTpUMAaHWX pPE3yNbTaTiB BHUIUIMBAE, IO NPH BEH-
TUITIOBaHHI pe3epByapiB i3 3aJHUIIKAMU OJTHOKOMITOHEHT-
HUX DiJIMH, 3HAYEHHsS IHTEHCUBHOCTI BUMApy B 4aci mpar-
HYTb JI0 cTaiioHapHocTi. [Ipu BeHTUIISILIT pe3epByapiB 3 3a-
JIMIITKaMA 6araTOKOMITOHEHTHHX PiIUH IS BCIX CXeM Mo/a-
Yi MOBITPsl €KCHIEPUMEHTAIbHI IHTEHCHBHOCTI BHUIApiB 3Mi-

HIOIOTHCSI B YaCi 3aJIeKHO BiJ] 3MiHHM BIACTUBOCTEH ITHX Pi-
JIMH, TOOTO MPOLIEC MacOOOMIHY HE € CTAIliOHAPHHM.

Pesynbratit OCIIPKEHb MOKAa3ajM, 10 BU3HAYCHI B
XOJIi eKCIIEPUMEHTY HIBUKOCTI MOBITPSl 3HAYHO BHII[, HDXK
IIBUIKOCTI MOBITPsI, O po3paxoBani mo ¢opmyni (18). Le
BUMAra€e KOPeKTyBaHHsI PO3PaxyHKOBUX (HOPMYIL.
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CkJaHicTh KOMIIOHEHTHOTO COCTaBa Ha(TOIPOMY-
KTiB BU3HA4a€ CKJIAIHICTh MPOTIKAHHS MPOIIECIB KOHBEK-
THUBHOTO MacooOMiHy. B mporieci Bunapy HadTornpomyk-
TiB BiZIOyBa€eThCs Oe3nepepBHa 3MiHa BIACTUBOCTEH Ia3o-
BOi (mapoBoi) Ta pinkoi a3, 3MiHa THCKY HACHUSHHX Ta-
PiB, MOJIEKYJIIPHOI MacH, B'sI3KOCTi, (pakmiiiHOTO cocTa-
Ba, IHIIKMX BIIacTUBOCTEH. [locTiliHa 3MiHa B Yaci BJIacTH-
BOCTEeW Ha(TOMPOAYKTIB OOYMOBIIOE HECTAI[IOHAPHICTH
IpoIecy KOHBEKTHBHOTO MacooOMiHy. PesympraTté moc-
JHKEHb TI0 3MiHiI BIACTHBOCTEW HA(TOMPOIYKTIB y TIPO-
Ieci BHMapy JOCUTH JOKJIAIHO OIMHMCaHi B podorax [19—
25]. Tlpu po3paxyHkax BTpaT HahTONPOIYKTIB BijJ BHIIa-
piB THCK HACHYCHOI IapH 3a3BHYail BU3HAYAIOTH 110 BHUBE-
JeHii HUM ke hopmyii [20]:

P=P,¢*°, (26)
ne Py, — BuXigHWiA TUCK Hacw4deHHX mapiB; K — koedirri-
€HT, IO 3AJICXKUTH BiJl BIACTHBOCTEH pinwHU. K ais OeH-
3WHIB CTAHOBUTH:

K=0,188(t25—1,,)=0,376(t 151 27)

MornekynsipHa Maca HAQTONPOAYKTIB 30LIBIIYETHCS
B Iporeci Woro Bumnapy. st OEH3UHIB MOJIEKYJSIPHY Ma-
CYy MOXXHa BHU3HAYUTH 3a JOIIOMOTOI0 eMIipUYHUX (op-
mya [20]:

[=45+0,61,y, (28)

,u:50+6000,

20

(29)

Ie ty, — TEMIepaTypa MOYaTKy KUIHHSA OeH3UHY; Py —
THCK HACHYEHHX TIapiB mpu Temireparypi 20 °C.

B po6ori [20] ycraHoBieHo, mo ¢opmyna (26) 1ii-
KOM TIpUIHSATHA ISl PO3PaxyHKIB MPOIeCy MOBHOTO BH-
napy HadrompoaykriB. Pesynbraru ioro mocmimkeHs [ 19,
20] 103BOJISIFOTH 3pOOUTH BHCHOBOK IPO MOXKITUBICTH BH-
KOPHCTaHHS eMMipuyHuX (HOPMYIN U PO3paxyHKiB MO-
JIEKYJIAPHOI MacH 1 THCKY HacuueHuX mnapis. [llmsxom mi-
JICTAHOBKM 3HAYCHb TEMIIEPATypd BUKHUIMAHHSA Tiel abo
iHIIOI YacTKM OEH3WHY pPO3paxoBYeEMO HEOOXiIHI JaHHI
10710 BTPAT Ha()TOMIPOAYKTIB:

P=qa-"" (30)

[MopiBHSIHHS AaHUX PO3PaxXyHKIB MOJIEKYJISIPHOT Ma-
cu o popmyi (28) mist 6eH3uHy, 3 TaHUMH eKCIepH-
MEHTY 110 BU3HAYCHHIO 3MIiHM MOJIEKYJSIPHOI Macu B
nporeci BUmapy, ki npencrarieHi B pobori [19], mo-
Ka3ajM, M0 JaHi JOCIiIiB 1 pO3PaXyHKIB y3TOKYIOTh-
cs1. Crimparouuch Ha MpOBeNeHi qociimkeHHs [20], Mo-
’KHa 3pOOHTH BHCHOBOK IPO KOPEKTHICTh BUKOPUCTAaH-
HS TIpA 00pOOII JOCHIMHUX TaHUX 1O KOHBEKTHBHOMY
MacooOMmiHy | Gopmynm (28), a mo BTpaTtaMm HadTOpo-
OykTiB Ps — popmynu (26).

BesnepepBHa 3MiHa BJIacTHBOCTEH OEH3WMHY B IPO-
Lieci BUTIAPIOBAaHHS OOYMOBITIOE 3MEHIIIEHHs KoedilieHTa
MacoIepeHocy, PYIIIHHOT CHIM MacomepeHocy Ta audy-
3iltHuX uucen Pry, Nuy, mty, mp.

Crimparounch Ha poditu [19, 20] B X011 TOCITIIKEeH-
HSl YCTaHOBJICHO, II0 HAHOLIBUI PI3KO B MpPOIECi BUMAPY
OCH3MHY 3MIHIOIOTRCS PYIIiHA CHIa Macomepenayi i Ju-
cel nogodu z; Ta p. JloCHTh HE3HAUHO 3MIHIOIOTHCA Bif-

Prn

HOIIeHHs —— # nudysiitHe uncno Pry. 3MiHa pymIiiHOI
S

CHJIM MAaCOIEPEHOCY ¥ YHCeN Ty Ta Tp MiAKOPSIIOThCA eKC-

MTOHEHTHOMY 3aKOHY.

VY mpoueci Bunmapy Ha(TONPOAYKTIB 30LIBIIYETHCS
IITBHICTB, B'SI3KICTh, 1 IOBEPXHEBUN HATAT. Y ITOCIiIKe-
Hi [24] BcranoBneno, mo npu Bumapi 90 % o06’emy Oen-
3WHYy MOro KiHeMaTW4YHa B'SI3KICTh IMiABHINYETHCS Ha
15 %, a moBepxHeBuil HaTsar Ha 10 %. A minbHICTH OSH-
3WHYy B TIpolleci HOro BUMapy 30LIbLIYEThCSI He Olnblie
HiK Ha 10 % [20].

OTKe, pe3ynbTaTd TEOPETHYHUX 1 EKCIIEPUMEHTAITb-
HUX JOCNI/DKEHb JIOBEIH, 10 HAMOLIbIIE CYyTTEBO B TPO-
1eci BUIapy 3MIHIOEThCS THCK HACHYEHHX TapiB 1 MoJie-
KyJIsipHa Maca HaTONPOIYKTY.

OOroBopeHHs ¥ y3arajabHeHHsI pe3yJbTaTiB 10C-
JilZkeHb Npolecy KOHBEKTHBHOIO MacOOOMiHY Ta Ko-
PeKTYBaHHSI PO3PaXyHKOBHUX (pOpPMYJ 1151 BU3HAYEH-
Hfl WIBHAKOCTI BUNapiB HaQTONPOAYKTIiB NpPH BeHTH-
Jasmii. OO0poOka ¥ y3aradbHEHHS NOCHIAHAX NaHWUX II0
MacoOOMiHY HaMH MTPOBOAMIACH TI0 HAWOUIBII 3HAUYIIHM
BEJIMYMHAM — TEMIIepaTypaM TIa30BOTO IPOCTOPY Ta IO-
BEepXHI pIAMHHA. 3a TeMIepaTrypy Tra30oBOTO IPOCTOPY
npuiiMany cepeaHb000’ EMHY TEMIIEPaTypy, SIKYy BHMIpIO-
BaJIM Ha cToui 3 pe3epByapa. [y BU3HaYeHHS TeMmepa-
TypH MOBEPXHI IPOBOIWIUCH OKPEMI JAOCIIKEHHS B KO-
JKHIH 13 cepii IociiaiB. YCTaHOBICHO, IO TEMIEpaTypy
MOBEPXHi BHIAPY MOXXHA MPUIAHSAITH 32 KOHCTAHTY, 32 BH-
HSTKOM Ti€l YaCTUHU TOBEPXHI, sIKa po3TalloBaHa B 00Ja-
cTi ctpymeHiB. Y toukax 1.7. ta 1.3. (puc. 7) npu monxadi
MIPUTUTHBHOTO TIOBITPS «IHHOBAIHHUMY, «HA3YCTPId» abo
«3MILIaHUM» CIIOCOOOM TeMIeparypa BiJpi3HSIACH Bil
TOYOK, PO3TAIIOBAHMX II03a OONACTIO CTPyMeHs Ha
2-2,6 °C. VY Toukax, Onu3bkux 70 obnacti ctpyMeHiB 1.8.
ta 1.4. npu criocoOi oaayi MoBiTpsS «IHHOBAIIHHUIT», TO-
ykax 2.7.12.3. npu crocoOi mosadi NOBITPs «HA3yCTPIu»,
Touti 2.7. mpu cnocoOi moxadi NOBITPs «TPAAUIIHHUI» —
Ha 1-1,4 °C.

¥ po6orti [19] B. I1. HazapoB ycTaHOBHB 3aJ1€XKHICT
3MIHM TeMIepaTypH PiuHU B mporeci BeHTwsinii. [Tpu
3MiHI KPaTHOCTI TOBITPOOOMiHY B 7 pa3, TeMIepaTypa
CTAIiOHAPHOTO HpoLecy 3MiHIoeThes B 7”2 pasis.

Juis po3paxyHKiB KOHIIEHTpAIl y Ta30BOMY IIPOC-
TOpi i yacy BeHTHJISLIIT pe3epByapa HEOOXiTHO 3HATH Ma-
KCUMaJIbHy IHTEHCHBHICTH BUIapiB HA(TOMPOAYKTIB B
mporieci BeHTwsALii. IIpu po3B's3aHHi 3aBOaHHS PO Ma-
CcOOOMIH OUIBLIICTh JOCHIAHUKIB POOMIM y3arajibHEHHs
MOCTIHUX JaHUX y BUIJLAI  3aJI€KHOCTI  YHCa
Nu , (St;) Bin immmx gucen nono6wu. Llek crocié 06po6-

KU JOCIHIIHUX JAaHUX IJISI PO3B'S3aHHS MOCTABICHOTO 3a-
BIIaHHS MPEACTABISETHCS HE 30BCIM 3PYYHUM, TOMY IO
MPU PO3paxyHKax iIHTEHCHMBHOCTI BUIIAPY HEOOXIJAHO 3HA-
TH KOHIIEHTPALIiIl0 Ta30BOT0 MPOCTOPY pe3epByapa. Tomy
00po0Ka JOCHIMHUX JaHHUX MPOBEIEHA y BHIIISII 3aexk-
HOCTI YHCJa Tp BiJl YKCEN MOA00U, IO BPaxOBYIOTh Tif-
pPOAMHAMIYHI, TEMIEPaTypHI YMOBH BEHTWIIALII, a TaAKOX
BJIACTHBOCTI PIAVHH, 1[0 BUMAPOBYETHCSI.
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Takoxk B mporeci JoCHipKeHHsT Oy/10 yCTaHOBIIEHO,
110 HalOLIBII Pi3KO B MPOIIECI BUMAPY 3MIHIOETHCS YUCIIO
Tp, TOMY J[aHE YHCJIO HEOOXITHO BpaxoByBaTH NpHU 00po-
Oui mocigHUX AaHUX. BpaxoByrouw, 1o 3MiHa KOHIIEHT-
patiii ra30BOro mpocTopy it HACHYEHUX TAPiB i KOPAETh-

[

Csl OJIHOMY 3aKOHY, a BiTHOIICHHS B TIPOLIEC] BUTIAPY
S
3MIHIOETBCSI HE3HAYHO, TO JUIS XapaKTEPHCTUKH BIIACTH-

BOCTEH 1 TeMITepaTypHUX YMOB MOYKHAa BHKOPHUCTOBYBAaTH

: P,
BIHOIICHHS —.
0
3 ypaxyBaHHSAM aHaJIi3y JITEpaTypHUX JHKEpe, IPH
00poO01Ii JOCTITHIX JaHUX YXBATIOEMO HACTYITHY 3aJICHK-
HICTB:

ﬂpr(RE,PI’d, ﬂ-()s /J, 9): (31)

Yucno nomobu R, sBIse coOOI0 CBOEPIAHY MOJIHM-

¢ikamito yncna PeliHonb/ca 1 BU3HAYA€THCS 1O €HEpPre-
THYHHUX XapaKTePUCTHKAX Ha MPUILTHBI 3 ypaxyBaHHIM
OCHOBHHX pO3MIipiB pe3epByapa.

IMpn Takomy cmocoOi y3arajgbHEHHS EMITIpHYHUX
JaHUX, KOHIIEHTpAIlis ra30BOr0 MPOCTOPY BPAXOBYETHCS
TP BU3HAYCHHI YHCIIA Tp.

VY3aranpHEeHHsI TOCTIHUX JAHUX MPOBOHMIOCS MPH
HACTYMMHHUX BH3HAYAIBHHX TEMIIEPATYPaxX: MO CEPEeIHBO-
00’eMHIl TeMIepaTypi ra30BoOro NpocTopy BU3HaYaIH D,
V; TIO CepelHii MOBEpXHEBii TeMIeparypi BUIIapy piauHH
BU3Hauanu 3. 3a XapakTepHy JIiHIHHY 3aJ€XKHICTh HpH-
WHSTK BiTHOIICHHS 00’ €My pe3epByapa J0 IUIOINI MoBep-
XHI HOTO KOHCTPYKIIIi.

VY pobori [19] B. I1. HazapoB ycranoBus, 1110 3i 30i-
JBLUIEHHSAM 4YHUCJA Ty, YUCIIO Tp TAKOXK 30LIbLIyEThCA. Y
psni poOiT, MPUCBIYEHUX JOCIIDKEHHSM TEIIo- 1 Macoo-
Ominy [25-27], BKa3yeTbcs, mo (i3UyuHI BIACTUBOCTI pi-
JIMHH, 110 BUIIAPOBYETHCS, OMHUCYIOTHCS YUCIOM Pr.

[Ipn mopiBHSIHHI OTpUMaHUX 3aJIEKHOCTEH IS BU-
3HAYEHHS MaKCUMaJbHOI Macu Bunapis (M,,,,) Oyiu BH-
KOpHUCTaHi ()OPMYJIH HIIMX AOCIIIHUKIB, 110 TE€X BHBYA-
JIU BUIIAPH 3 BUTBHOI MMOBEPXHIi B aepOAMHAMIYHUX TPyOax
[22, 28], cepemus Temrmeparypa MOBEpPXHI PIAWH y TIpoIIe-
cl BeHTWIAMIT TpuiiManack 3a TaHuMHA [29], KOHIIEHTpaITist
razoBoro npoctopy (Cy,) BH3Ha4anach mo (Gpopmyii, mo
omucaHa B po6oTi [19].

[TincyMOK TNpoBelNeHWX EKCHEPHMEHTIB MOJsrae B
TOMY, IIO JOCIHI)KYBaHI CXeMH BEHTHJIFOBAHHS Ta30BOTO
NPOCTOPY pe3epByapiB MaroTh 3HAa4yHI BiIMIHHOCTI MO
CBOil €()eKTHBHOCTI Ta BIUIMBY Ha €KOJIOTIYHHH CTaH J10-
BKiUIs. HaliOmb eeKTHBHOIO y 3acTOCYBaHHI BUSIBH-
macs cxema 1. CxeMH mopadi CTpyMEHIB HPHUILIMBHOTO
TOBITPs 2 1 4 BigPi3HAIOTHCSA BiJ TPAAUILIAHOI cXeMH 3 He
KapauHaibHO. ToMy B poOOTI €KCIIepUMEHTalbHI 3Ha-
YeHHS 3MiH CEepeHIX KOHIIEHTpAIliii BYTJIEBOIHIB y TPO-
1eci BEHTWILIl pe3epByapiB IPE3CHTOBAHO I10 HOBIH
€KEKTOPHO-BUXPOBIA CXeMi B MOPIBHSIHHI 13 TpaauIliii-
HOIO CXEMOIO.

Ha puc. 19 npencranenuii rpadik 3MiHU cepeqHbO-
TO 3Ha4€HHs MOTOYHOI BIZIHOCHOT KOHIIEHTpALil ByTJIeBO-
JTHIB MPH BEHTHIIOBAHHI BHYTPIIIHEOTO MPOCTOPY pe3ep-
Byapa i3 3aJHMIIKOM 0araTOKOMITOHEHTHOI pinuHu (OeH-
3uH). Ha puc. 20 — rpadik 3MiHN cepeaHbOro 3HaUYCHHS
MIOTOYHOI BiJIHOCHOI KOHIIEHTpalii ByIJIEBOIHIB IIPH BEH-
TIJIFOBaHHI BHYTPIITHROTO TIPOCTOPY pe3epByapa 3 OTHO-
KOMIIOHEHTHOIO PIAMHOIO (KCHIION).

1,5

—g-~Cxema N2 3

== Cxema N2 1

T, MHH.

0,5

(o] 5 10

15

20 25 30

Puc. 19 — I'padik 3MiHM KOHIIEHTpaNii ByTJIEBOAHIB IPU BEHTWIALIT pe3epByapa i3 3aJHIIKaMi 0araTOKOMIIOHEHTHOI PiJHHI
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Puc. 20 — I'pacik 3MiHM KOHIIEHTpaNii ByTJIEBOAHIB TPU BEHTWIIALIT pe3epByapa i3 3aJHIIKaMH OJJHOKOMIIOHEHTHOI PiIHHH

3 OTpUMaHUX AaHUX BOAYAETHCS, I10 HA IHTECHCHB-
HICTh BHNApiB HAQTONMPOAYKTIB BIUIMBAE HE CTUIKH Ce-
peaHsl PYyXJUBICTH MOAAaBaHOI'O B pe3epByap MOBITPA,
CKUJIBKM cXeMa ioro nmonaui. ExxekTopHO-BUXpOBa cxe-
Ma T0Jadi NMPHUILUIMBHOTO IIOBITPS J03BOJISIE MaKCHMa-
JIFHO TEPEMIIyBaTH MI0/IaBaHE MOBITPSI 3 Ta30M y pese-
pByapi. [lepemimryBaHHs IUTOIIMH 3iTKHEHHS PiAWHU U
MMOJaBAaHOTO TIIOBITPS BHTICHIE 3 pe3epByapa OiThII
30araueHy CyMiIl.

JHani po3paxyHkiB Oynu BigHeceHi 10 M., IO BHU-
3HaYaNach 1o GopmyIii, OTpUMaHill y X0/i eKCIIEpPHUMEHTY.
Po3paxyHku mokasany, IO IPH 3a3HAYEHHX BHUIIE JOIY-
HICHHX, YCi IaHi o M,,,, KOPEIIOITHCS HE3aIeKHO Bij
TOTO, IO SIKill METOAUI OyJM BU3HAYEHI.

OCHOBHHMM KpHTEpieM €(EeKTUBHOCTI 3alpoONOHOBa-
HOTO METOJy MiATOTOBKH pe3epByapiB A0 BOTHEBHUX (pe-
MOHTHHMM) po0OOTaM € Yac BEHTHIAMii Ta MiHIMaJbHHN
BIUIMB BUMAPiB Ha HABKOJIMIIIHE CEpeOBUIIE. TpuBaicTh
BEHTHJIAII] 3aJICKUTh BiJl TMPOXYKTHBHOCTI BEHTHIIATOPA,
TEeMIepaTypyu MPUIDIMBHOTO TOBITPS, IDIOMII TOBEPXHIi

BUIIApY, BUIY HAQTONPOLYKTY H CXeMH MoJadvi MOBITPs Yy
BHYTPIIIHIH ITpOCTip pe3epByapa.

[IpoayKTHUBHICTE BEHTHJIATOPIB Ta BIACTUBOCTI
Ha(TONPOAYKTIB, BIUIMB TEMIIEPATypPHHX YMOB 1 3ajex-
HICTH BiJ] TUIOIII TIOBEPXHI BUIAPIB TOKJIAIHO PO3IIISHYTI
B poOori [19]. Mu B mociikeHH]I CKOHIIEHTPYBAJINCh HA
BUBYEHHI IIMTaHHS PO BIUIMB CHOCOOY IMOJavi MpUILIHB-
HOTO TIOBITps B pe3epByap. KiUIbKiCHOIO BEITMYMHOIO LIS
MOPIBHSHHS PI3HAX CXEM T0Jadi MOBITPs OyB MPHHHATHIHA
KOeQilieHT eQEeKTHBHOCTI, SKHA [UIT «TPAAWIIIHHO)
cXeMH mojadi moBitTps mopiBHioe 1. [Tpu 3MeHmIeHH] Yacy
BUIAPY 3QJUIIKIB HA()TOBMICTHHX PIAMH MPHU 3aCTOCY-
BaHHI Oy/ap-sKOi cxeMH KoeillieHT eeKTHBHOCTI 3011b-
mryersest. Pesynbrat mociimkeHb €()eKTHBHOCTI CIIO-
co0iB mojayi MoBiTpsl y BHYTPILIHIH TPOCTIp pe3epByapa
II0/I0 NIBHIKOCTEH I0/adi NMPHUILIMBHOTO TIOBITPS HaBe-
nedi B Ta0II. 3.

PesynbpraTtit mociipkeHHS €(eKTHBHOCTI CHOCO0IB
1oJavi MoBiTps y BHYTPILIHINA MPOCTIp pe3epByapa BiIHO-
CHO YacTOK PiIMHH, 1[0 BHUIIAPYBAINCS, IPH PIBHUX BU-
Tparax MPUIDTHBHOTO TIOBITPS HABEACHO B TA0I. 4.

Tabmuns 3 — Pe3ynbratu 1ociipkeHHs: epeKTUBHOCTI CIOco0iB 1mojiadi MOBITPSI 11010 MIBUAKOCTI HOAAY1 NPUILTHBHOTO

TIOBITPSI
Cxema 1oj1a4i CTpyMeHs! IPUILTMBHOTO . . . - .
. IHHOBAIliifHa Ha3yCTpid TpaauLiiHa 3Milana
TIOBITPsI
KoedimieHt edekTuBHOCTI 2.4 1,8 1 1,9

Tabnuns 4 — Pesynbratu oCHipkeHHS e(peKTUBHOCTI CIIOCO0IB IMO1avi MOBITPS BiIHOCHO YacTOK PiAMHU, 0 BUTIAPY-

BaJIUCS
Cxema nojiadi CTpyMeHs! IPUILTHBHO- EdexTuBHICTh BEHTWIIALI{ BiIHOCHO 9aCTOK PiWHH, III0 BUIAPYBAIHCS
'O MOBITPsI BOJA JU3TAJINBO Oensunn A-92/95 TOJIYOJI
IHHOBAaLIiiHA 0,08 0,08 0,63 0,7
HazycTpiy 0,01 0,01 0,35 0,32
TpaguniiHa 0,02 0,02 0,25 0,11
3MillIaHa 0,01 0,01 0,34 0,15

B xozi ocnmipKeHHsT YCTaHOBIICHO, IO 3MiHA CXEMH
Noja4i NPUILUTUBHOTO TOBITPS Y BHYTPILIHIN MPOCTIp pe-
3epByapa IMpY MPAaKTUYHO OJAHAKOBHX 3HAUCHHSX Cepel-
HBOI PYXJIMBOCTI MOBITPSl B HHOMY, 38 BHHSTKOM 3aIpo-

MIOHOBAaHOI HAaMU CX€MH, He 3HA4YHO BIUIMBAE HA IHTEHCH-
BHICTb BHUIApy HAQTOBMICTHUX PiAHH.

Kpim TOro, y X0/l eKCIeprMEHTy BHSIBIICHI IPUYNHU
migBUIIeHHS (200 3HWKEHHS) ©(EKTHBHOCTI BEHTHIIAILT
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TIPU 3MiHi croco0y Mozadi MoBiTps. 3 AOCHIIB BUILIUBAE,
IO Ha Mpolec MacooOMIHY IIpU BEHTHJIALII pe3epByapa
MIBUJIKICTB 1 PyXJIMBICTD MOBITPsI BIUIMBA€E He 3HauHO. [Ipn
NPaKTUYHO OJIHAKOBIM PYXJIMBOCTI MOBITPSl B pe3epByapi
3HaYHMI BIUIMB HA MacoOOMiH Ma€ CIociO mojayi moBiTps
# CTYMiHb IepeMilTyBaHHs HOTO 3 piIHAMY.

[Mpouec merasarii MO>kHa HPUCKOPUTH HE CTIJIBKH
30UIBIICHASIM KUTBKOCTI IMOJJABAaHOTO TIOBITPS, CKLUTBKH
BIIOCKOHAIIIOBAHHSAM CIIOCO0y TOadi MOBITpsA. 3acToCy-
BaHHS 3aIlPOIIOHOBAHOTO €XEKTOPHO-BHXPOBOTO CIIOCO-
Oy mepeMilTyBaHHS MOBITPS JO3BOJISE CKOPOTHTHU IIKiJ-
JUBHH BIUIMB Ha JOBKULIA 32 PaXyHOK 3MEHIIEHHS 4acy
Jerasarfii, a TakoX 3a IeHl e paxXyHOK CKOPOTHUTH dac
HiZATOTOBKH pe3epByapiB 10 peMOHTY. OJHOYACHO CKO-
POYYIOTHCSl €HEPreTHYHI BUTPATH, TOMY IO JJISI OJEp-
JKaHHsI €KBIBAJIEHTHOTO e(eKTy, B MOPIBHAHHI 13 IPOTO-
THUIIAMH, TOTPIOHO HArHITaTH MEHIIIH 00’€M IOBITPA.
[igBumyersest koedimient kopucHoi nii (KKJ{) BenTH-
msmii. [ligBumenns KK o3Havae 3HWKEHHS CHEPTeTH-
9HUX (OT)KE, MaTepialbHUX) BUTpPAT Ha IiJITOTOBKY pe-
3epByapa 0 pEMOHTY.

Koedirmient edpextuBHOCTI (4p), MO BBOAMUTHCS Yy
¢dbopmyny iHTeHcHBHOCTI BHmNapy (8), sk e(peKTHBHICTH

BEHTHJIALIT JOCIIDKYBaHHX CXEM IoJadi IPHIUIMBHOTO
MOBITPS, MOXKE XapaKTEePU3yBaTHCS BiHOIICHHSM €KCIIe-
PUMEHTANBHOI IHTEHCHBHOCTI BUIIApy HpPHW AOCIIIKyBa-
HOMY CIoco0i /10 IHTEHCHBHOCTI BHIApy TpaIuliiHUM
CIIOCOOOM.

Jocninu mokaszanu, o HaHOLIBII iIHTEHCUBHO TPO-
IlecH BHUIIApy MPOTIKAIOTh IIPU OpraHi3alii HoBiTpooOMiHy
3a 3aIpOIIOHOBAHOI0 HAMH CXeMOI0. [yt po3B'si3aHHS 110-
CTaBJIEHOT'O 3aBJaHHS IOCTAaTHIM € BHUBYEHHS KIUJIBKICHOT
XapaKTEePUCTHKH CIoco0y Iomavi MOBITPs, IO XapakTe-
pusyethes kKoedinieHToM edeKTuBHOCTI (4p). CTBOpIOIO-
YH «IHHOBALIHY» MMOJauy MOTOKIB IMOBITPS Y BHYTpILI-
Hiif mpocTip pe3epByapa, 30UIbLIYIOTh TYpOYIi3alito pyxy
noBiTpsi. [lepeMilryBaHHs MOBITPs 3 Ta30M y pe3epByapi
NpU «iHHOBaLiHHOMY» cHOCO01 Mmojadi MOBITPs BinOyBa-
€TBCS y BCIX 30Hax pesepByapa. [Ipu Takomy crocobi mo-
Jladi TIOBITPSI BiJI ABOX BICECUMETPUYHHX IOTOKIB Pe3yJiIb-
TAaTOM CTa€ HaMOUIbIIE MepeMilIyBaHHS PIAMHH 3 TOBIT-
psam. lociipkyBaHa pianHa IIpH TakoMmy criocoOi mojaadi
MIPUIDTHBHOTO TMOBITPS MMOYMHAE 3aKpydyBaTHCS y OiK Ha-
MPSIMKY CTPYMEHs, IO 301IBIIye CTYIiHD IEepEeMilTyBaH-
HS TIOBITPS 3 TA30M 1 PIIMHOIO Ta MPUCKOPIOE TIPOIEC BU-
MapOBYBAHOCTI TP PiBHIM KPaTHOCTI MOBITPOOOMIHY.

Tabnuist 5 — 3HaueHHs KoedillieHTa e)eKTUBHOCTI BUIApy

Cxema nojiadi CTpyMeHs! IPUILTHBHOTO MOBi- Koedimient edexruBHOCTI 40
Tpst BOJA JTU3MATHNBO Oensunu A-92/95 TOJTYOJ
IHHOBALIHA 4 4 2,52 6,36
Ha3yCTpid 0,5 0,5 1,4 2,9
TpauIiiHa 1 1 1 1
3MillIaHa 0,5 0,5 1,36 1,36

VY Ttabn. 5 mpencraBiieHi po3paxyHKH KoedilieHTa
e(peKTUBHOCTI y (hopMyITy iHTEHCHBHOCTI BHMapy (8), mis
KOXHOI 13 JOCHIDKYBaHHX CXEM II0Aadi MPHUIUTHBHOTO
MTOBITPSI.

BucHoBknu

B pesynbTati mpoBeieHNX J0CIKEHb BCTAHOBIIEHO:

1. Ha mifcraBi eKCIEPHMMEHTAIBHOTO JTOCIIIKCHHS
MiATBEPKCHI TEOPETUYHI 3aKOHOMIPHOCTI MPOIECY BEH-
THIISILIT pe3epByapiB i3 3aIMIIKaMi Ha(TOIIPOIYKTIB.

2. ExcriepuMeHTaNbHO MiATBEpIDKEHa METOMKA MO-
JIEITIOBaHHS TIPOIIECiB BEHTWIALII pe3epByapiB i3 3ajIwii-
KaMH OJHOKOMITOHEHTHHX 1 0araTOKOMITOHEHTHHX PiIvH,
a TakoX mporeciB merasarii. [Ipu mpoMy moBenmeHo, 0
MIpY MOJIETIOBAaHHI TPOLECiB BEHTHJISLII pe3epByapiB i3
3aJIMIIKAMU OJJHOKOMIIOHEHTHHX 1 0araTOKOMIIOHEHTHUX
PIIUH NPUITYyCTUME BUKOPHUCTAHHSI OTHAKOBHX METOMUK.

3. EkcniepiMeHTaNnbHO MiATBEPPKEHO BIUIUBH CIIO-
co0iB 1MO/a4i MPUILUTUBHOTO TOBITPS HA IHTEHCHUBHICTH
MacooOMiHy ¥ BH3HA4YEHHWH HAMOUIBII €KOJIOTIYHO edek-
TUBHUHA croci0 BeHTHiAMI. ExcriepuMeHTansHO IOBee-
HO, IO SKOJIOTIYHA ¢(EKTHBHICTh BEHTWJIALII 3aJICKUThH
BiJl CITOCOOY IMO/avi MOBITPS # TOCATAETHCS 32 PAXYHOK
IHTEHCUBHOTO TTEPEMIITyBaHHs TOJABAHOTO TIOBITPS 3 Ta-
pamu HadTOIIPOAYKTIB Y pe3epByapi.

4. Ha 6a3i excrmepruMeHTAlbHUX IOCITIIKEHb OTPH-
MaHO KoedilieHT eeKTUBHOCTI y (opmynax s po3pa-
XYHKIB IIBHKOCTI BUTIAPY.

5. ITicis MOPIBHSHHS TEOPSTUYHHUX Ta €KCIICPUMEH-
TaJBHUX JOCII/KCHb BIIKOPEKTOBaHA METOJAUKA po3pa-

XYHKIB TIPOIECY HAWOUIBII eKOJIOTiYHO Oe3rmedHol mera-
3aii Ipu JOCTiKYBaHUX crioco0ax moaadi IPUILTHBHOTO
TIOBITPS Y BHYTPIIIHINA IPOCTip pe3epByapiB.
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