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JOCILIKEHHSA IMMPOLECIB TEILJIO- TA MACOIIEPEHOCY B KPUOT'EHHO-
T'PABIHHOMY ®LIbTPI

AHOTAILIA Posensoaemvpcsi npoyec npoMep3anHs 807102020 OUCNEPCHO20 CePedosutyd KPUO2eHHO-2pasilinozo Gitempa.
3anpononosano mamemamuuny Mooeib ma 4ucenbHy MemooOuKy po3paxyHky napamempie @inempa. Busnauerno eghexmusni
DEACUMU BUCOMOBIEHHS SPABIIHUX INTbMPIE NPU KPUO2EHHOMY cnocobi samopocysansi. [Iposedeno docnidicenns npomep-
3aHHA 2PAGIlIHO20 PINbMPY MA SUHAYEHO 3ANEICHICIb MEeMNEPamypu Qitbmpy, 601020CMi, 4acy NPOMeP3anHs 8i0 yMog ma
cnocoby 3amopooicysanns. Pesynomamu docniodcents npedcmagisiioms inmepec npu U3HAYEHHI YaCOBUX XAPAKMEPUCTNUK
3aMOPOIANCYBANHS KPUOLEHHO-2PABIIHUX (Piibmpis, ma 00380J510Mb CHPOSHO3YEAMU IX eKCNLYamayitihi napamempu nio uac
001a0HAHHS 2I0PO2E0N0IUHUX CBEPONOBUH.

Kniouosi cnosa: zpagitinuti pinemp, KpuoeeHHa mexHoi02isl, OUCNepCHe 60102e cepedosuwye, Pazosi nepemeopenHs.

K. LYSENKO

STUDY OF THE HEAT AND MASS TRANSFER PROCESSES IN CRYOGENICALLY-
GRAVEL FILTER

ABSTRACT The article deals with the freezing processes of the gravel filters during their manufacture and operation in
order to improve low-temperature technology. We consider the low-temperature technology of gravel filters and shows the
need for studies to determine the heat and mass transfer processes of rational technology parameters. The mathematical
model and numerical method of calculation of the filter parameters was considered. We propose and justify a model of cryo-
gen technology of freezing gravel, have developed a numerical method for calculating the parameters of the process. The
effective parameters of low-temperature technology and the exploitation of gravel filters. A study of freezing gravel and de-
termined the dependence of the filter temperature, humidity, time of freezing on the conditions and method of freezing. The
outcomes are interesting for determining of freezing time of the cryogenically-gravel filters, and allows them to predict the
operational parameters during the equipment of water wells. Developed recommendations for determination of parameters

low-temperature production and operation gravel filters.

Key words: gravel filter, cryogenically technology, wet dispersion medium, phase transformations.

Beryn

I'pagiitHi QinbTpu € enmemeHTamMu 00T THAHHS
TiAPOTeONOTIYHNX, HAPTOBUX a00 T€OTEXHIYHUX CBE-
PAJIOBHH, SKi MPH3HAYCHI TSI 3MEHIICHHS KOHIICHT-
parii JOMINIOK B PiivHi, 10 BUAOOYBa€ThCS, Ta Mif-
BumieHHs nebery ceepmioBuuu [1, 2]. CyuacHa TeH-
JICHIIISI 1O 3POCTAHHS MOMUTY Ha MUTHY BOAY Ta He3a-
JIOBUTBbHI SIKICHI MOKa3HHMKHW IMOBEPXHEBUX BOA, 00Y-
MOBJIIOE BCe Oibllle BUKOPUCTAHHS MiA3€MHUX BO/I.
Jis BUIOOyTKY SIKiCHIIIOI BOMU HEOOXiTHO 301TbIIy-
BaTH MIHOWHY CBEPIJIOBHH, IIPH [[OMY YCKJIaTHIOETh-
csl X KOHCTpYKIis. B 3B’SI3Ky 3 IUM ITiABHITYIOTHCS
BUMOTH 10 HaJIHHOCTI, e()eKTUBHOCTI Ta JOBIOBIYHO-
cTi QimpTpiB. [CHYFOUI KOHCTPYKIIi rpaBiiHUX (iTbT-
PiB HE 3aBXKAH 33TOBOJBHIIOTH HOBIM BHMOTaM, 30K-
peMa 3 TOYKH 30py 3a0e3MeUeHHs MIIIHOCTI KOHCTPY-
KIIii i yac BcTaHOBJICHHS GinbTpy Ha 3a6iii. Ha cro-
TOJIHI PO3POOISAIOTECS HOBI TEXHOJIOTIi BUTOTOBJICHHS
OITYCKHHX TpaBifHUX (iTbTPIB, B AKiH MIIHICTH KOHC-
TPYKIIii 3a0e3meuyeThest 32 paxyHOK (a3oBOTO mepe-
XOJy B’SDKYy401 peYOBHHU B cepeluHi MaTepiaiy (iib-
Ty [3, 4]. s 1poro mpomnoHyeThCsi BUKOPHCTOBYBA-
TH 3aMOPOXKYBaHHS il YaC BUTOTOBICHHS (PiTBTpPY Ta
3BOPOTHHHU (pa30BUI Tepexif MpH BCTAHOBJICHHI HOTO
B po0oYe MOJOXKCHHS. TakuM YHHOM, TaKa TEXHOJOTISA
MOB’s3aHA 3 BHKOPHCTAHHAM HHU3BKHX TEMIICPaTyp
JUISL BUTOTOBJICHHS (UIBTPIB.

BusnaueHHS palioHaJIbHUX IapaMeTpiB Ta pe-
KHUMIB HHU3BKOTEMIIEPATYpHOI TEXHOJIOTii BHT'OTOB-
JICHHA TpaBiifHUX (IIBTPiB MOTpeOye BUBYCHHA Ta
aHaJli3y TeIIo- Ta MACOOOMIHHUX TPOIECIB B IHCIIEP-
CHOMY CEpEeJIOBHIII, IO MPEACTaBIsie COOOK KOPIyC
¢inpTpa. OHUM 13 epeKTUBHUX IHCTPYMEHTIB JOCITi-
JOKEHHS. € METOJM MaTeMaTH4HOT'O MOJCNIOBAaHHS 3
MPOBEJCHHIM OOYHCIIIOBAILHOTO EKCHEPUMEHTY Ha
EOM. Crin Takoxk 3a3HauMTH, 0 MOKJIMBOCTI TPO-
BeZICHHA (pi3UYHOTO EKCIIEPUMEHTY TaK0oX 0OMEXEeHi B
OUTBIIOCTI MPAKTHIHO BaXXITMBUX BUIAIKIB, 30KpeMa,
JUIl BUBYEHHS TEIUIOBHX MPOLECIB B CBEPAJIOBHHI.
[epeBaxkHa OIMBIIICTH AOCHITHHUKIB IS aHANI3Y TeEII-
JIOMacOOOMIHHHX TPOIECIB B JUCHEPCHOMY CEpelo-
BUII 32 HAsBHOCTiI (pa30BHX MEPEXOJIB 3BEPTAETHCS
JI0 METO/IiB YHCEIIFHOTO MOJICTIFOBAHHS.

TakuM YMHOM CTBOPEHHS MaTeMAaTH4YHOI MO-
Jiernti i METOUKHM PO3paxyHKY, MPOBEICHHS IapaMeT-
PHYHHX JIOCHI/PKEHb Ta BU3HAYCHHs e(DEKTHBHUX pe-
KMMIB BUTOTOBJICHHSI Ta €KCIUTyartallii HU3bKOTEMIIe-
paTypHUX TpaBiffHHX (ITBTPIB MPENCTABAAETHCSA aK-
TYalbHOIO 33Ja49CI0 TEXHIYHOI TeTIO(13UKH.

Meta pobotu
BusHaueHHs apaMeTpiB IPOLECiB KPUOTCHHO-
ro mpoMep3aHHs TpaBiHUX (QITBTPIB, sAKi 3a0e3medy-

I0Th MILHICTh KOHCTPYKILIi (GiabTpy mix wac mpose-
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JICHHA MOHTQ)KHUX POOIT i CIIyCKy B CBEpJIOBHHY.
BuxiageHHs1 0CHOBHOI0 MaTepiany

Y pobori [2] 3amponoHoBaHO Kiacupikariito

croco0iB BHUTOTOBJICHHS TpaBiiHUX (iIBTpPIiB B 3aie-
JKHOCT1 BiJ KOHCTPYKTHBHHX OCOOJIMBOCTEH OypoBOi
cBepaioBuHU. B poborax [3, 4] HaBoauThCs OMHMC
KpUOTEHHO{ TEXHOJIOTii BHUTOTOBJCHHS (QiNbTpiB Ha
OCHOBI EKCHEPHUMEHTAJIbHUX Ta TIOJBOBUX JOCII-
JUKEHb.
[MutaHHIO MOJIETIOBAaHHS IPOILIECIB 3aMOPOXKYBAHHS
abo pPO3MOpPOXKYBaHHS JUCIIEPCHOTO CEpENIOBHUINA,
30KpeMa TPYHTIB, MPHUCBSYCHA BEJHMKA KUTBKICTH PO-
6ir, 30kpema [5-8] Ta iHIIi, B AKUX MPAKTHYHHUN iHTE-
pec mpezcTaBisie JOCIHiIKeHHS IPOMEP3aHHs Ta yca-
KM TPYHTIB, CYIIKa KalUIAPHO-TIOPHCTUX Martepiamis.
Ipore, kinbKka crienu(igHUX ACIIEKTIB, SIKi CTOCYIOTh-
csl caMe KpHOTCHHO-TpaBiftHUX (PUTBTPIB, Y HUX Marte-
MaTUYHUX MOJEIISX HE PO3IIIAJaeThCs.

MarematiuHa MOJIEIb TEMJIONEePEHOCY MpHU
NpoOMep3aHHi Ta  PO3MOPOXKYBaHHS  KPHOTEHHO-
rpaBiifHoro 6e3 ypaxyBaHHS BOJOTOIEpeHOCy Oyna
noOymoBana y [9], me Takok mpencTaBieH] pe3yibTa-
TH MOJICJIOBAaHHsI y BUIJISAI TEMIEPAaTypHUX IIOJIIB Ta
MOKA3aHO aJeKBaTHICTh JaHOi Mozemi. MoJenroBaHHs
MIepeHocy TeIula Ta BOJOTH i Yac MPOMEP3aHHS Ta
PO3MOpOXYBaHHS B JAUCIIEPCHOMY BOJIOHACHYEHOMY
cepenoBuiii Oyno nposeaeHo B [10, 11].

I'pagiitamii GinbTp mpeAcTaBisie COO0I0 MUITiH-
JpUYHY KOHCTPYKLIIO 3 IOPHCTOTO Marepiaiy, sKa
CKJIQIAETHCS 3 ACKIJIbKOX OJ0KiB. MartepianioMm QinbT-
py € cymim ApiOHO3EpHUCTOTO TPaBil0 Ta BOISHOTO
po3unHy. XKopcTka hopma Ta MeTareBa OCHOBA € 3Hi-
MHuMH. [lin gac BUTOTOBIEHHS OJOKIB QiIbTpy Mae
Miclie Mpolec 3aMOPOXKYBaHHS KOHCTPYKLIT 0 OTpH-
MaHHSI MOHOJIITHOI CTPYKTYPH.

3po0uMO KiJbKa MPHUITYIIEHb, MO0 (i3HIHOT
Ta MaTeMaTHYHOI MozeNi. 3HEXTYeMO IpolecaMu
«CIYYyBaHHSI» MaTepialy BOJIOTOTO TpaBiio IIiJ Yac
3aMOpO’KYBaHHS, a TAKOXK KUTBKICTIO 3B’ S3aHOI0 BOJIH,
10 3aJIMIIAEThCA HE 3amep3ioi. bynem BBaxaTH, 110
JpiOHO JUCIIEpCHOrO Marepiany (GiabTpy mporiec ¢a-
30BOTO IIEPETBOPEHHS BiOYBAETHCS Y BY3bKOMY 1HTE-
pBaji TeMIeparyp, Ta I HWOro OMUCY MOXHA BUKO-
pHUCTaTH EKCHEPUMEHTANbHY (QYHKIII0 «BMICTY JIBO-
y».

Bynemo posrmsmaT oauH OJOK TpaBiitHOTO
GbiTpTpY, SK MOKa3aHO Ha puc. 1.

MaremaTiyHa MOJAENb NPOLECy 3BOJUTHCS 10
CUCTEMH PIBHSHB TCIUIONPOBITHOCTI Ta Macomepeaadi,
3 BUKOPHUCTAHHSM €()EKTUBHOI TEIIIOEMKOCTI:
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ne Ry, R, — BHyTpilHIi Ta 30BHILIHIN pajiycH 3pa3-

ka 610Ky ¢ineTpy; H — Bucota dinerpy; T, — moyart-

U - (ikTUBHUIA BOJOT'OBMICT;
U, — nouaTrkoBuil BOJOTOBMICT, C¢ — eexTuBHI

KOBa TEMIIepaTypa,

TEIIOEMKICTh; ¥ — ryctuna; | — xoedirient temson-
posinnocTi; K — xoedimient mqudysii cepenosuina ¢i-
n1pa; i(T) — QyHKIIS JTBOAUCTOCTI; & — KoedilieHT
TEIUIOOOMIHY BiIIIOBITHOT MOBEPXHI 3 HABKOJMIIHIM
cepeloBUIleM; (| — TeIJIOBUM MOTIK, SIKUHM IMiIBOAUTH-
cs1 10 Ti1a ab0 BiABOAUTHCS Bif HHOIO.

®yukuis aeoauctocti i(T) Mae BUTIIAL
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Ie i, — 3HavYeHHS JBOIUCTOCTI NpH Temreparypi T,

SIKE€ 3aJIC)KUTh BIJ KIIHKOCTI MIIIHO3B’ s13aHOI BOJIOTH,
T,, T, — Temmeparypa mouaTrky Ta KiHIS (a3oBOro
Mepexoay, BIATOBIAHO; N — Koe(illieHT, SKUH Xapak-
TEPU3Y€E CTYIIHb 3B S3aHOCTI BOJM 3 AUCICPCHUM Ma-
Tepiagom. KoedimieHT N 3a1eXKUTh BiJl AUCIIEPCHOCTI 1
CTPYKTYPHOTO CKiamy Matepiamy. Bimomo, mo dmm
CWJIBbHIIIIE 3B’s3aHa BOJa B MOpax, TUM MeEHIIe N, a
NpH 3aMep3aHHi BUTbHOT BoJu N ® ¥ |

Pesynbrate WmcenmpHOTO pO3B’s3aHHA 3amadi
JUIS BUIMAJKY HA3BKOTEMIIEPATYPHOTO CIIOCO0Y 3aMo-
POXyBaHHS OXOJIOIPKCHHUM TIOBITPSM TPUBEACHI B
poborax [10, 11].
[Ipote, Takuii crocid BUrOTOBIEHHS TPaBiiHUX (iib-
TpiB Mae Micle JIIie AJisi HETJIMOOKUX CBEPJJIOBHH
(mo 100 m). Jlyist riMOmIMx CBEpUIOBHH JOLIIBHO BH-
KOPHUCTOBYBATH KPUOTEHHI CITOCOOM 3aMOpPOKYBaHHH,
30KpeMa OyJeMO BHKOPHUCTOBYBATH 3aMOPOXYBaHHS
PLOKUM a30TOM.

OOrosopeHHsl pe3yJIbTaTIB

s aHamizy xapakrepy po3noJury TeMIepary-
pY i BOJOTOCTI B JOCHIIKYBaHiii oOmacti (uIBTpY
HaBeneHo rpadiku (puc. 2 Ta puc. 3), Ha SKAX TOKa-
3aHO PO3IOALT TEMIIEPATYPH Ta BOJIOTOCTI MO pajaiycy
B CEpEeIHbOMY Iepepisi CTIHKK (PiIBTPy MPH MOYATKO-
Bill TemmniepaTypi 3aroroBku ¢ineTpy 15 °C, mouarko-
Biii Bosorocti 20 %, Temmeparypa B MOpPO3MJIbHIN
kamepi —20 °C. Yepes 1,2 roguHm Ha BHYTPIIIHIN 1
30BHIIIHIA MOBEPXHAX CTIHKHM YTBOPIOETHCS Mep3ia
30Ha, 110 CYHIPOBODKYEThCS CTPUOKOM KPUBOI cyMap-
HOTO BosoroBMicty (puc. 3). B mporieci mpomep3anHs
obmacti QimpTpy BigOyBaeTbCsA HEMEpEepBHE 3011Ib-
IIEHHS BOJIOTOBMICTY Mep3J101 30HH, a B TaJii — BOJIO-
TOBMICT TOCTIIfHO 3MEHIYETHCS, Ma€ MiCIe Mirparis
BOJIOTH 3 TaJO1 30HU B MEP3IIy, TOOTO OCYIIEHHS TaJIOi
30HM. HaliMeHIIOro 3Ha4YeHHs BOJIOTOBMICT IpHUHAMAE
Ha rpaHuIll (a30BOro MepeTBOPEHHS.

3aneXHOCTI YacOBUX IapaMeTpiB MpU KpHO-
TeHHOMY CI10co01 3aMOpOKYBaHHS I'paBiiiHOr0 (iIbT-
Py Bix TemmepaTypH B MOPO3WIBHIM Kamepi MMOKa3aHO
Ha puc. 4, ne t; — iHTepBaN Yacy, HEOOXiTHHUI A

npocyBaHHS (QpoHTY (Ha30BOro NMEpeTBOPEHHS BCepe-
JIUHY CTIHKU.

3aJeXHICTh AL 4acy, 3a SIKMH TeMmIeparypa
HOBEPXHi (QINbTPY JOCATHE TEMIIEPATYpPH MOPO3HIIb-
HOT KaMepH npeacTaBieHnd Ha puc. 5, ne ty — iHTep-
BaJI yacy.

3 aHaiizy Temno(i3WYHUX MPOLECIB B JHCIIEp-
CHOMY CEpEAOBHINI MiJ 9ac 3aMOpOKYBaHHS TpaBiii-

HOTO (IIBTPY 3pOOJCHO BHCHOBOK, 1[0 BU3HAYAIBHH-
MU TapaMeTpaMH TpH OI[HII TPHBAJOCTI BUTOTOB-
JICHHA OJHOTO OJOKY (UIBTPY 3aJaHUX PO3MIPIB €:
croci0 3aMOPOXYBaHHS 3aTOTOBKU (QiJbTPY, TEMIIEpa-
Typa MOPO3WIBHOI KaMepH, I0YaTKoBa TEMIIEpaTypa
3arOTOBKH. 3HaYCHHS TI0YATKOBOi BOJIOTOCTI 3ar0TOB-
K Ta ii JUCIepCHOCTI Y MekaX, 3a3Ha4eHHX TEXHOJIO-
TiYHO, HA TPUBAJICTH NPOLECY 3aMOPOKYBaHHS OJIOKY
(GUIBTPY CYTTEBO HE BILUTUBAIOTH.

Jlns BUTOTOBJICHHSI KPHOTE€HHO-TpaBifHOTO (i-

JBTPY MiJ 9ac 3aMOPOKYBaHHS PIIKUM a30TOM TpHUBa-
JIICTh BUTOTOBJICHHS OJHOTO OJIOKY (ilbTpy i3 BKa3a-
HUMH BUILE ITapaMeTpaMH B 3aJISKHOCTI BiJl TOYaTKO-
BOI TeMIIepaTypu i TeMIiepaTypu B KPHOTCHHIN Kame-
pi TOpiBHIOBATHME:
— JuIsl MiHIMaJIBHOI ITOYaTKOBOI TeMIlepaTypH 3aroro-
BkU ¢inbTpy 5 °C Bif 2 roguH Npu TeMmepaTypi Mo-
posmwisHOI kKamepu —50 °C 10 2 roaus 20 XBWIMH MIpH
TemrepaTypi Mopo3uibHoi kamepu —100 °C;

— JUIl MAKCUMAJIBHOT IT0YaTKOBOI TEMIIEpaTypu
3arotoBkH (inbTpy 25 °C Bin 3 roguH 9 XBUIMH NpU
TemrepaTypi Mopo3wibHOi kamepu —50 °C no 3 roau-
HU 20 XBHIIMH NP TEMIEPaTypi MOPO3WIBHOT KaMepH
—-100 °C. IlepeBaramu KpHOTEHHOTO CIIOCOOY 3aMo-
POXXyBaHHS TpaBiifHHX (UIBTPIB Tepeln MOBITPSHIM
3aMOpOXKYyBaHHSIM € BHCOKa IIBUJKICTH INPOILECY 3a-
MOpPOXKYBaHHs Ta IMIMPOKUH Jiana3oH KiHLIEBHX TEM-
nepatyp. BukopucTanHs KpHOTEHHUX CIIOCOOIB 3aMO-
POXYBaHHS MiJl 4aCc BUTOTOBJICHHS T'PaBiiHUX (UIBT-
piB 3HAYHO PO3IIUPIOE Cepy BUKOPUCTAHHS KOHC-
TpyKUiit 3 pimpTpamu. OnHAK, BUKOPUCTAHHS PIIKOTO
a30Ty [T 3aMOPO3KH (DIIBTPIB MOB’S3aHO 3 TEXHOJIO-
TIYHOIO CKJIAJIHICTIO Ta BHCOKOI BapTICTIO MPOIECY
BHUTOTOBJICHHSA (PUIBTPOBHX OJIOKIB, IIO € OCHOBHOIO
MPOOIEMOIO TaHOi TEXHOJIOT1.

KinneBa Ttemmeparypa 3aMOpOKYBaHHS Tpa-
BilfHOTO ()IIBTPY BUOHMPAETHCS B 3aJICKHOCTI BiJ TEX-
HOJIOTIYHUX BUMOT JI0 EKCIUIyaTaIlifHuX XapaKTepHc-
TUK QIIBTPY: YMOB TEIIOOOMiHY 3 HABKOJIMIIHIM Ce-
PEIOBUIIEM IIiJl Yac MPOBEICHHS MiATOTOBYUX POOIT
nepen cnyckoM (GineTpy y pobody obnacth, TTMOUHA
CBEPAJIOBUHH, IIBUKOCTI CIYCKY (iIbTPOBOI KOJIOHH.

Jlns 3a0e3nedyeHHsT JOCTaTHBOI MIITHOCTI KOHC-
TPYKIIi Ta 3amo0iraHHs nepeayacHOMY pYHHYBaHHIO
KOHCTpYKLii (imbTpy TemmepaTypy HOro 3aMOpoXKy-
BaHHS HEOOX1THO BUOMPATH, BUXOJSTIH 3 YMOBH

t, 3t

M !

p

Ae t, — MPOMIXKOK 4acy, 3a SKUH MOYHETHCS PO3MO-

poxyBaHHs ¢GineTpy; t, — iHTepBan 4acy, HeoOXia-

HUI Ha IPOBEJICHHS OMEPAIliif IT0 MiATOTOBIII Ta CITyC-
Ky O110KiB (QDimbTpy B poO0Uy 30HY.

3naueHHsa T, 3aJeXHUTH BiJl TPUBAJIOCTI BCTa-
HOBJICHHS Ta TPAHCTIOPTYBaHHS (iNbTPIB y CBEPAJIO-
BHHY 1 BU3HAUYA€ThCA 3rifHO TexHojorii. OIiHka Be-
maunnyn t, mposesiena B pobori [11].
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BucHoBku

BukoHaHO IOCHTIIKEHHS MPOIECy KPHOTEHHO-
TO 3aMOpPOXKYBaHHs €JIEMEHTy OJOYHOTrO IpaBiiHOTO
(GUIBTPY Ta TNPEACTaBICHO 3aJIEKHICTh TEMIIEPaTyp-
HUX Ta BOJIOTICHHX TMOJIB TpaBilfHOTO (iTBTPY Bif
TeMIlepaTypyd B MOPO3WIBHIH KaMepi Ta MOYaTKOBUX
yMOB. Bu3Ha4ueHO TpUBAICTh BUTPUMKH OJIOKY (ijb-
TPY B 3aJIe)KHOCTI Bil TeMIEpaTypH B MOPO3MIbHIN
KaMmepi.

PesynbraTi po3paxyHKy 03BOJISIIOTh BH3HAYA-
TH YacOBi XapaKTEPUCTUKU 3aMOPOXYBAHHS HU3BKO-
TEMIEepPaTypHUX I'paBiiHUX (DITBTPIB, Ta MPOTHO3YBA-
TH 1X pO3MOPOXKYBaHHS I 9ac OOJNIAAHAHHS TiApore-
OJIOTIYHHX CBEPJIOBHH.
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AHHOTALIHA Paccmampusaemcs npoyecc RpoMep3anus 61AMCHOU OUCNEPCHOU CPedbl KPUOLEHHO-2PABUIHO20 (urbmpa.
IIpeonosicena mamemamuyeckas MoOOelb U YUCIEHHASL Memoouka pacuéma napamempos guibmpa. Onpedenenvt d@gex-
MUBHbIE PENCUMbL U32OMOBNEHUSI SPABUIHBIX UILIMPOE NPU KPUOSEHHOM cnocobe 3amoposku. IIpogederno ucciedosanue
NPOMEP3aHUsL 2PABUIIHO20 PUILMPA U ONpedeNeHa 3a8UCUMOCb MeMNepamypbl Quibmpa, 61aA*CHOCMU, 6peMeHU npomep-
3aHUs OM YC08UL U cnocoba 3amopo3ku. Pesynbmamol uccie0o8anusi npedcmagisiom unmepec npu onpeoeieHuu epemeH-
HbIX XAPAKMEPUCTNUK 3AMOPANCUBAHUS KDUOLEHHO-2PABULHBIX QUILIMPO8, U NO360AION NPOSHOZUPOBATL UX IKCNIYAMAYU-
OHHbLE nAPaAMempsl NPU 060PYOOSAHUY 2UOPO2EOTIOSUYECKUX CKEANCUH.
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