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CTEITAHOB M.C., IBAHOBA JI. I1., IITOBYEHKO I1.1., IBAHOBA M.C.

ONIHKA TEIUVIOOBMIHY NPUA CHIJIBHIN AIi CTPYMEHIB HOBITPA I IMOTOKY 30P ITPH
mMJI®YBAHHI

OnHHUM 3 OCHOBHHUX 1 HEPCHEKTUBHUX METOMIB ITiJBHIICHHS MPOAYKTHBHOCTI 1 sIKOCTI 00OpoOKH mpH HUTihyBaHHI € 3aCTOCYBaHHS YIOCKOHAJICHOL
TexHiku noxadi 30P. [Insg mpakTHYHOrO 3Ai1HCHEHHS 3a3HAUYCHUX METOAIB Ha BHPOOHUIITBI PO3POOIAIOTH i BIPOBAUKYIOTH Pi3HI HPHCTPOi mopadi
30P B 30Hy pi3aHHA. Y [OESKUX MPUCTPOSX ISl 3abe3nedeHHs BiicyTHOCTI KoHTakTy Harpitoi 30P 3 nertamsimu BepcTata CTBOPIOIOTH IOBITPSIHY
3aBicy, B pe3yJIbTaTi YOro BHHHKAE KOMIUIEKCHA TeIuioBa B3aemois ctpyMeHiB 30P i moBiTps. Y nmaHiif cTaTTi po3risiHyTa cxeMa repezadi Teria Ha
pisHuX minsHkax motokiB 30P i moitps B mpuctpoi momaui 30P. 3anpomoHOBaHO MaTeMaTHYHI MOJENI TEIIOBOro OalaHCy Ha IHMX JUISHKAX i
KIIBKOCTI TEIUIOTH, IO BHAiNsAeThcs 3 Harpitoi 30P i BigBoamThes cTpyMeHsmu moBitps. HaBemeHi MaTeMaTHuHi 3aJIeXHOCTI MOXYTh OyTH
BUKOPHCTaHI IPH MpoeKTyBaHHi TexHiku nmogadi 30P, sika 3abe3nedye yCyHeHHs MOMKIMBOCTI KOHTAKTY HArpiToi piliHH 3 €IeMEeHTaMH BepCTaTa.
Kurouosi cioBa: npuctpiit mogaui 30P, moBiTpsiHUI ekpaH, ra30HACHYeHA pinuHa, Temneparypa 30P, Temoo0MiH. .

CTEINIAHOB M. C., UBAHOBA 1. I1., JUTOBYEHKO II .1., HBAHOBA M.C.
OHEHKA TENJIOOBMEHA ITPU COBMECTHOM JJEMCTBUU CTPYU BO3JYXA U IIOTOKA COX IIPU INIJIM®OBAHUHU

OIHMM U3 OCHOBHBIX M IEPCHEKTHBHBIX METOJOB IIOBBIIICHUS IPOM3BOJUTENFHOCTH M KadecTBa OOpabOTKM NpH IUIN(OBaHUM SBISIETCS
IIPUMEHEHUE YCOBEepUICHCTBOBAaHHOH TexHMKHM nomaun COX. i npakTHYecKoro OCYIIECTBICHHs YKa3aHHBIX METOJOB Ha IIPOM3BOJICTBE
pa3paldaThIBalOT U BHEAPSIOT pasnuyHble ycrpoiictBa nogaun COXK B 30HYy pe3aHusi. B HeKOTOpbIX ycTpoicTBax uisi 0o0ecre4eHHs OTCYTCTBHS
koHTakTa Harperoil COX ¢ neransMu cTaHKa CO3/afOT BO3AYIIHYIO 3aBECY, B Pe3yJIbTaTe Yero BO3HMKAET KOMIUIEKCHOE TEIIOBOE B3aHMOJICHCTBIE
crpyit COX u Bo3nyxa. B JaHHO# cTaThe paccMOTpeHa cXeMa Iepeiadyn Teruia Ha pa3Hbix yuactkax notokoB COXK u Bo3ayxa B yCTPOMCTBE MOJauu
COX. IIpennoxxeHpl MaTeMaTHYECKUE MOJIENH TEIUIOBOrO OajaHca Ha 3THX YYacTKaX M KOJMYECTBA TEIUIOTHI, KOTOPOE BBIICIAETCS U3 HAarpeTou
COX u orBOmHTCS CTPYSAMH BO3IyXa. IIpHUBeneHHBIE MaTeMaTHYECKHE 3aBHCHMOCTH MOTYT OBITh HCIOJIB30BAaHBI IIPH NPOSKTHPOBAHHU TEXHHUKH
nomaun COX, kotopas obecreunBaeT ycTpaHeHHEe BO3MOKHOCTH KOHTaKTa HarpeToO! JKHAKOCTH € 2JIEMEHTAMH CTaHKa.
Kurouessie cioBa: ycrpoiictBo nogaun COXK, Bo3aylIHbIN 3KpaH, ra30HACHILIEHHAs )KUAKOCTh, Temneparypa COX, TerooomeH.

STEPANOV M. S,, IVANOVA L. P., LITOVCHENKO P. I., IVANOVA M. S.
ASSESSMENT OF HEAT TRANSFER WITH THE COMBINED ACTION OF AIR JETS AND LIQUID COOLANT FLOW WHEN
GRINDING

One of the main and promising methods for increasing productivity and processing quality during grinding is the use of advanced coolant supply
technology. Various devices for supplying coolant to the cutting zone are developed and implemented for the practical realization of these methods in
production. To ensure the absence of contact of the heated coolant with the grinding machine parts, an air curtain is created in some devices, as a
result of which there is a complex thermal interaction of the coolant jets and air. This article discusses the heat transfer scheme for different sections
of the coolant and air flows in the coolant supply device. Mathematical models of the heat balance in these areas and the amount of heat that is
released from the heated coolant and removed by jets of air are proposed. The above mathematical dependences can be used in the design of the
coolant supply technique, which eliminates the possibility of contact of the heated fluid with the elements of the machine tool.
Keywords: coolant supply device, air curtain, gas-saturated liquid, coolant temperature, heat transfer.

1. Beryn. 30inblieHHs MBUIKOCTI NUTI(QYBaIBLHOTO
Kpyra Ta TIOJaui BUKJIMKAE pi3Ky IHTCHCU]IKALIO
TEIUIOBOIO PEKUMY OOpOOKHM 1 MOB'SI3aHOTO 3  IMM
narpiBanss 30P. Konrakr Harpitoi 30P 3 neransimu Ta
By3JIaMH BEpCTaTa € OJHIEI0 3 MPUYMH IX TeMIepaTypHUX
nedopmamniid, Ki HETATHBHO BIUIMBAIOTh HAa MapaMeTpu
TOYHOCTI OOpOOKHM. 3MEHIIEHHS TEIUIOBOTO BIUIMBY Ha
€JIEMEHTH BepCTaTa BUMAarae CTBOPEHHs BiANOBITHOT
texHikH nogayi 30OP B 30Hy pizaHHS.

2. AHaJi3 OCTaHHIX J0CTIKEHb Ta IMyOJTiKaiii.

3a ganumu gocnimHukiB [1, 2], Ha TemepilnHii vac
Bimomo Oinmbie 200 crmoco6iB mogaui 30P, ocobiauBOCTI

BUKOPDHCTaHHS  SIKMX  3aJE€XKHUTh  BiJl ~ KOHCTPYKIIl
IHCTpyMeHTa, pexumiB Ta cxeM 00poOkm [3].
YnockoHaneHHs TexHIKH 3acTocyBaHHS 30OP BBakaeTbcs
ONHUM 3  HAWOUIBII  TEPCIEeKTUBHUX  HANpPsMKiB
MiABUIEHHS MPOAYKTHBHOCTI Ta SIKOCTI TIpoLeCcy
nutipyBaHHS, SKHA CIpHsIE PO3LIMPEHHIO HOro

TEXHOJIOTIYHUX MOXJiuBocTed [4, 5]. Tomy, po3podka i
JIOCITIHKEHHS ITapaMeTpiB MpUCTpoiB st moxadi 30P, mo
3a0e3neuyioTh  MiJBUILEHHS TOYHOCTI  HUTi(hOBaHUX
JeTayiedl, 3MEHLICHHs TeMIeparypHux nedopmanii
neraneil Bepcrata, 30epexeHHs BiactuBocteil 30P Ta

30UIbIIEHHS TepMiHy ii BHKOPHCTaHHS € aKTyaJbHOIO
HaYKOBO-TIPaKTHYHOIO 33J1a4elO0.

3 miero MeTor0 Oyio po3pobieno mpuctpii [6],
NPUHLUII POOOTH SKOTO HOJSIrae B TOMY, 1o notik 30P
nonajae B COIUIO, Aaji, OMMBAIOYU 3arOTOBKY, PYXaeThCs
no marpyOoky BimsemenHs 3OP 1 BuBoAWTECS B
migcuctemy nonadi ta oummenHs 30P. Pazom 3 M,
Yyepe3 KaHall MOJAa€ThCsl CTHCHYTE IMOBITpS, SIKE YTBOPIOE
pO3IUIBHMN €KpaH,  SIKMH 3armolirae BHUTIKaHHIO Ta
posnpuckysanHio 30P 1o TopLsM NpUCTPOIO.

Hnst po3poGieHOro mpHcTporo [6] XapakTepHOIO €
HasBHICTE e()eKTiB, sKi 3a0e3meuyroTh pi3Hi Hii, cepen
SIKMX MO>KHA BUJIUTH HACTYITHI:

- i3omoroumii  eekT, SAKUH Ja€ MOXKIHMBICTH
MiHiMi3yBaTH KoHTakT Harpitoi 30P 3 enementamm
BepcTaTa, 30Kkpema 3i i yBaipbHO0 6a0KoI0;

- MOIATPUMYIOUHHA eQeKT, SKUH CIpHsIE€ 3HWKECHHIO
MPY)KHUX  BIATUCKaHb 3aroTOBKH, MO CIPHUSITIHBO
MIO3HAYAETHCSI HA TapaMeTpax TOYHOCTI ILTihOBaHUX
JeTaJICH.

BusnaueHo (axkTopu BIUIMBY CTpYMEHsS INOBITpS Ha
notik 30P B po3poGieHOMY MpHUCTPOI.

Kpim Toro, B mpucTpoi MOXYTh HPOSBISTUCS PsX

Nif, e(QeKTUBHICTh SKWUX cJig oriHuTH. Hampukian,
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HAaCKUTbKM 3MEHIIHUTLCSA TEMIleparypa IOBITpS,
CTBOPIOE 130JTI0I0YNH €KpaH Ha BUXO/Ii 3 COTIEI.

SAKE

3. Mera pociaimxennsi. BusHaueHHS mapamerpiB
mporiecy TeIooOMiHy npu nurihyBaHHI JeTayned 3
BUKOPHUCTaHHAM HpucTpoiB monayi 3O0P, mpunmmm it
SKHX TOJATa€ y CTBOPEHHI 3aXHCHOTO IOBITPSIHOTO
€KpaHy, L0 CIPUYMHSE BUHUKHEHHS TEIJIOBHX ITOTOKIB
BiJl OZIHOYACHOI Jii MOBITPsHUX cTpyMeHiB Ta 30P.

4. BukjageHHS OCHOBHOTO MaTepiaJy.

3MiHa TeMIepaTypy HOBITPs HA BXOIl B NMPUCTPIH i
Ha BHXOJI B 3a30p MOXHA BH3HAUUTH CKOPHCTABIIKCH
hopmyoro
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1_ IgTBHX F; IgTBX
|gﬂ
pBX

T s Punr P, — TEMIIEpaTypa i THCK IMOBITPS Ha

n=
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ne T

BHX !
BHUXOZi 3 3a30py 1 Ha BXOHi B MPHUCTPIH; N — MOKA3HUK
TIOJIITPOTIH.

SIKmo HamoBHEHHA (CITOPOXKHEHHS) Ta30BOI €MHOCTI
BiZIOyBaeThCs Yepe3 KaHall abo OTBIp, B SKOMY BiJCYTHiH
MMOMITHHUH TEIIO00MIH 3 30BHIIIHIM CEPEIOBHUINEM, TO
MOKa3HUK MOJITPONH npuiiMaroTs N = 1,4,

ITpubnu3Hi po3paxyHKH MOKA3yIOTh, IO 3HMKECHHS
TEMIIEpaTypu TOBITpS Ha BHXOAi 13 comen B
pO3pO0JIeHOMY  MPUCTPOI  3HAXOMATHCS B Mexax
0,5...1,5°C, mo BiamoBimae pe3ymbTaTaM eQpeKTy

oT 1
Oy = ==

sxoynsg-Tomcona —
Jlxoy ) =1

Ui TIOBITPs
°C/(xr-cm?).

IMapamerp ¢« XapakTepu3ye IIBHAKICTb 3MiHH
TeMIlepaTypH y piBHSHHI
Pass
_[ adp; . 2)
Pax

OueBHIHO, WO TEIUIOOOMIH BiJ PI3HUX IUISTHOK
TIOBEPXHI 3arOTOBKH PI3HHM 1 CITi/I BpaXOBYBaTH XapakTep
pO3MOAITy KoedillieHTa TEIUIOBiAMaYi B  IUIOIIUHI,
MEepHEeHANKYISPHIM JiHIT KOHTaKkTy, w0 paHime OyJo
3pob6aeno[7-9].

KpiMm Toro, xapakrep TEIUIOOOMIHY  MOXe
3MIHIOBaTHCS 1 B3IOBXK JiHII KoHTakty [10]. Ile
TIOSICHIOEThCSL HASBHICTIO JJISTHOK, Ha SKUX OXOJIOJKCHHS
30HU pi3aHHA 3IIHCHIOETHCS TMOBITPSIHAM, Ta30PiANHHIM
ab0 pimMHHHM CTpyMeHsMH. I TOYHOrO BH3HAYCHHS
Temia, IO TepemaeThcs i3 30HY pizanHA y 30P cmig
MpOaHaI3yBaTH KapTUHY TEIUIOOOMiHY B IIPUCTPOi OLITBII
JetanpHO. {1 1bOTO IpOaHaNi30BaHO CXeMy Mepenadi
TeIJia Ha AISTHKaX, pOo3TalloOBaHUX B IPUCTPOT (puc. 1).

T -T =

BUX BX

1 2 3 n-1 n
3p 30P, 30P, 30P, 30P, 30P,
E Q/3OP,—_ Qr3or>2 Q1301>; QBOP,,_1 - Q_Boi_ Qt3OP” ; oo
< 30P
2 30P, 30P, 30P, 30P,, 30P,
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3] 3P I, I, I I, I,
Q/ﬂ1 QQ/H: OQIHX OQ’HM Q_tﬂ,, Qtl‘l“ i [ToTox
MOBITPS

TopueBa cTiHKa IPUCTPOIO
Puc. 1 — Cxema nepenadi Temia Ha pi3HUX IiIstHKaX moTokiB 30P Ta moBiTps B mpuctpoi nogadi 30P

Ha cxewmi nepemaui temia Ha ginsakax notokiB 30P
i moBiTps B mnpuctpoi monmadi 30P BBemeHo Taki
Qél())plthgni o
IepeaaroThes 13 30HHM pi3aHHA BimmosigHo y 30P Ta y
noBitps (ainsuka 1); Qégllj,z, égi:’l

nepenarotecss B 30P  Bim 1-oi

30P, (30P,
t, T,

MIO3HAYCHHI . TEILIOBI IIOTOKH,

— TEIJI0BI HOTOKH, IO

0 N-01 JIUISHKY,

— TEIUIOBI TOTOKH, 110 MepeaaroTbes Big 30P

y moBiTps Ha 1-iif, N-ii AiAgHKaX BiAIIOBIIHO,

in My
1, 1 et
Bix 1-01 mo n-oi mimsaku. KinpKicTe OUISHOK BiAToOBimac
YHUCITy TIOBITPSTHUX COTIEN, a JOBKUHA JUISHOK JOPIBHIOE

BiZICTaHl MI>K OCSIMH COITE]L.

Jns mingaky 1 TeruioBuii 6agaHc Ma€e BUTIIS

3P 30P, 3P
'op, T Y, - 3

— TEIUIOBI MOTOKH, IO IepenarTbes B 30P

t30P,

3BiKH, TEIUIO, sSKe TMepenaeThcs Bim 1-oi AUTIHKH
motoky 30P mo 2-oi

30P 3p 3p
I3OP12 = Ko, _le . 4)

s mingakn 1 TOBITPSIHOTO MOTOKY TEIUTOBHHA
OaJlaHC Ma€ BUTIIAL

3P _ AL ~30P,
t, sz - )
3BiKH, TEIUIO, sSKe TMepenaeThcs Bim 1-oi AUTIHKH
MOTOKY MOBITpPS A0 2-01
I _ A3 _ ([30P,
sz _Qtn1 t, - (6)
Temo, mo nepenaerbes Big 30OP mo mositps Ha 1-iid
JUJISTHIIL
0P, _ AL, 3P
Qtn1 - Qtl'lz i, - (7
3 iHmoro 0OKy, TEIJIO, IO TMepeAacThCs Ha Il ke
JUJISTHIIL
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Qt3n?l)1 = tfj;l())lp1 - ti%ll))lz . (8)

[Ticns mepeTBOpeHHS MOXHA OTPUMATH TEIJIO, IO

nepenaerbcst B 30P Bijg 30HM pizaHHA A0 N-01 AUISHKA
HOTOKY

30P, _ (A3 _ (30P, _30P, ~30P;  ~30P,;  ~30P,
130P,,; — “<t30P; 1, 11, 1T, T, 1,
abo 9)
30P, _ ~\3P 3P _ A,
130P,,, — “Ct30P, +Qtl'[1 Qtl'lm :

OO0ayB 30HU pi3aHHS ITOTOKOM IIOBITPSl HEIOCTATHHO
e(heKTHUBHHI, a MOTYXHICTh TEIJIOBOTO DKEpesia MOXKe
sam3uTHc Ha 2...3% [11]. Ile moxa3ama oIliHKa
OXOJIOJDKEHHSI TOBEPXHi, IO UUIQYEThCS, IOTOKaMHU
TIOBITPSI, SIKI IUPKYJIIOIOTH HaBKOJIO Koja. Lle mos's3ano 3
HEBHCOKOIO  TCIUIONPOBINHICTIO MOBITPS 1  MaluM
TEMIIEpaTypPHUM HarlopoM.

VY 3anpornoHOBaHOMY MPUCTPOI MOTOKH TOBITPS, 11O
TeHEPYIOTbCS KPYrOM Y 30HY KOHTAKTy, IPAaKTUYHO HE
NPOHHUKAIOTE. Y IO 30HY MOE MMOTPAILUIATH MOBITPSI, K
BUPHBAETBCS 3 COIIEI, [0 CTBOPIOIOTH MOBITPSIHUHA €KpaH
Ha TOPLISX.

Jns  KOXKHOI NINSHKA BHYTPIIIHBOI  TMOBEPXHI
TPUCTPOIO CJTiJ] BU3HAYUTH IapaMeTpH TeruioooMiny. Js
MMOTOKY MOBITPsI HABEJAEMO HACTYIIHI.

SIk BiZIOMO, TIPOIIECH KOHBEKTUBHOIO TEILIOOOMIHY
JIOCHIZKYIOTh, TOJOBHHM YHHOM, €KCIIEPUMEHTAIbHO, a
Koe(illieHT TeIUoBiIayl BU3HAYAIOTH 32 JIOMOMOIOI0
KpHUTEpito moaioHOCTI 32 GopMyJIot0

o= Nu-A4 , (10)
Iﬂ

ne Nu — kpurepii Hyccempra, A — xoedimieHt
TertonpoBigaocTi oBitps, Br/(m'K); |, — Bu3HauanbHumit
PO3Mip, M.

Hdnst  BusHaueHHs NU  MOXHa  CKOPHCTATHCS
¢dbopMysiol0, OTPUMAHOK MpH OOTIKAHHI MHUITIHIPA
MOTIEPEYHUM TIOTOKOM IOBITPSI

Nu=c-Re"- ¢, (11)

ne Re — uucio Peiinonsaca, Re = (5...10) 105; c,n—
KOeQIIiEHT Ta MOKA3HUK CTEIEHI, sIKi 3aJIeKaTh BiJ YrCIa
Peitnomnnca, c=0,197...081, n=06...04; ¢-—
MONPaBOYHUM  KOe(illieHT, 1[I0 BPaxoBY€ CTYIiHb

ae py, M, — B’askicte 30P 3 Oynpbamikmu Ta 6e3
BifNoBinHO; b, — BMicT moBitps, %; K,— emmipudnuii
koedirient, k; =0,015 n1s ByrneBoanenux 30P.

[Ipu minBemeHHI TMOBITPA HA  OUIAHIN, IO
PO3TIISIAETECS, MOXKE YTBOPHUTHCA IiHA OIS SIKOI €
XapakTepHUM Te, [0 Ha TpaHUll 3 HOBITPSIHUM
MIPOIIAPKOM po3Mip OynbpOamok OLTbIIMK, HIK B TJHOMHI
noroky 3OP. BopomnosirpsHa cymim notoky 30P
3MEHIIYE 3MallyBaJibHY Jil0, NPOTE 3HAYHO 3pOCTae
OXOJIOJUKYFOYa  Jisi, 1o  30uIplIye  KoedillieHT
TeryIoBiAaayi.

Jnst nISHOK 30HM KOHTAKTYy MOJKHA HPHUITYCTUTH
10 ISl KOXKHOT 00J1acTi MOBEpXHi

ymec
o=V —
1 ox1 '
AT, -F

m,-c

a, =V, ——
2 OXZATZ'FZ

(13)

v m; -c
o=V _ ——
1 oxt ATI . FI
V.,V v

' arVoips eV, — HMIBUOKICTh OXONOMKEHHS 1-1, 2-1,
i-i AINAHOK BIAMOBiAHO; M,,M,,..., M, — Maca 1-i, 2-i, i-i
OUITHOK BIINOBIOHO, ¢ — TEIUIOMICTKICTh MaTepiamy
3aroToBky; AT, AT,,..,AT, — pi3HHIA TeMmIepaTryp
MOBepXHI Ta cepemoBuma mig 1-i, 2-i, i-1 AUISHOK

Bignmosizno; F, F,,...,F — miomuna 1-i, 2-i, i-i
JUISTHOK OXOJIO/IXKYBaHOI TOBEPXHI.
BIZIBEICHHSI TeIIa MPOMOPIIHHUI Maci TUISTHKH, 1110

oxonokyerhes [13].
AQI = zmi .C.Voxi =Zai A-I—l : FI .
i=1 i=1

(14)

CyMim TOBITpS 3 PIIWHOI MOXKHA PO3TIANATH Y

BUIJIAZI TOMOTEHHOTO CEpENOBHIIA, UIJIbHICTh SKOTO

OnM3bka J0 UIUJIBHOCTI PIAMHM, a TEepMOJMHaMIuHI

napaMeTpy BH3HAUYalOThCSl Yepe3 ra30BMICTKICTh PiJIMHU.

Ilpu 1pOMY, KIJBKICTH TeIUIa, BiJBEJCHA HA KOXKHIM
KOHKPETHI# JUIAHII, BU3HAYAETHCS 32 HOPMYJIOI0

TypOyJIeHTHOCTI Habiratouoro moToky, ¢ = 1...16. AQ =G, -Ai, (15)
. . 1
Hnsa cucremu 3actocyBanHs 30P mpu nutidyBaHHI e G — Macosi N
. N N hit OBi BHUTpaTH; Ai; — 3MIHM EHTAJIBIHI]
MPUPOJHOIO € HAsBHICTH ra3oBoi ckianoBoi. [lapamerpu cepesioBHIa
Fa30BMICTY TIDH LLOMY BHSHAHACTHCA - CIPYKTYPOIO 1 3MiHa eHTanbIlii CepeloBHINAa BH3HAYAETHCS 32
KOHCTPYKTUBHMMH  OCOOJIMBOCTSAMH  TEXHOJIOT1YHOT (hOpMYIIO0
cuctemu [12]. Ai—c AT, (16)
Jnst  minsHOK, 3 HasSBHICTIO Tra30BOi CKJIa/IOBOI, P i
XxapaktepHe HacTynHe: moBiTpst B 30P 3Haxomutscs y ne AT,— — S3MIHa TEMIICpaTypu CEpPElOBHUllla B
MEXaHi4Hil CyMilli, IPUYOMY B 3aJI€KHOCTI BiZl PO3MIPIB  pe3ynbTaTi 1MiBEeACHHS Tema.
Oynp0amok Ccymim BONOAIE MEBHOIO CTiMkicTio. Ilpm [apamerpu 30P  3amexaTh BiI rasoBMicTy,
HasBHOCTI B 30P HEpO34MHCHOro MOBITPs i B'SI3KICTE  mampumkmaj:
30UTBITy€eThCA. 3MiHA B'I3KOCTI MOXKE BH3HAYaTHCA 3a - IiNBHICTB cepeIoBHINA
M -
bopmysoio P =P 1=0)+ Py, 17)
Mgy K, by, (12) J€  Psops Pn mineHicTe 30P  Ta mosiTps
Ho BIJIMIOBIJTHO; @ — 00’€MHUII ra30BMICT;
- CHTAJbMIA
i =l (1—X)+iy X, (18)
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ae iyop,l; — eHTanenis 30P Ta noBiTps BiANOBIIHO;
X ~— MacoBMH  Ta30BMICT, [0  BH3HAYA€THCS
Pn®

X=——"7""7".
Psor 1= 9) + pup
BimHOCHY  OIUTBHICTP  MOKHA ~ BH3HAUHTH 3
ypaxyBaHHsIM pexxumy Tedii 30P mo gpopmyi
P =1-K, -Re, (19)
I€ P, — BIIHOCHA IIIIBHICTE ABO(A3HOI pinnHH,
sIKa TOPIBHIOE BiHOIICHHIO MIUTFHOCTI TBO(A3HOI PiIuHH
no mimeHOCTI 30P mpm Temmeparypi 20 °C; k, -
koediwieHT B'13kocTi; Re — ynceno PeitHonbca.
Koeodiuient B's3kocTi K, 3amexuTh Bil B'S3KOCTI

piauHU 1 MOke OyTH BU3HAYCHUI 3a (hopMyIoro

k,=1,-v, (20)
ne f, — xoediuieHT mnponopuiitHoCTi, ANA
ByrnesogHesux 30P f, =0,0055; v — koedimieHt

KiHEeMaTH4YHOI B'SI3KOCTI.

EdekTuBHICTh 0X0J0KeHHsI MOTOKY 30OP 001yBOM
CTPYMEHSMH TOBITPs, SIKE BHUPHBAETHCS 3  COIET,
3aJICKUTh BiJl BiTHOCHUX miBUaKocTer 30P 1 moBiTpsi.

KinbpkicTh Teruia, BiIBEAGHOTO MOBITPSM BiJl TOTOKY
30P

Qtnl :Qn P Cn ’(Tﬁm _Tr;[;x) )

e le— KIIBKICTh Temaa, IO BIiIBOJUTHCA 3

(21)

JIISHKM TOTOKOM TOBITPs; Q) BUTpaTH TMOBITPS;
P Cy — LWIUIBHICTD Ta MUTOMA TEINIOMICTKICTb MOBITPS
: T . BHUX BX : :
BiamoBigHo; T;™, T} — TemmepaTypa NOBIiTps Ha BUXO.I

Ta BXOJi B AUISTHKY BiJIIOBITHO.
KimpkicTh Teruia, mo BUAUIIETHCSA 13 TOTOKY 30P

_ . . . BUX _ rUBX
QI3OP1 - Q3OP p3OP C3OP (T;%OP T;iOP ) 1 (22)
Ie QBOP1 — KIUIBKICTH TeIlla, IO BIJABOJIUTHCS

Q3OP

Paops C3op — LWIIBHICTH Ta HMTOMa TemoMicTkicts 30P

nmotokomM 30P Ha nunsgHIU; Butpatn 30P;

BimnoBigHO; T.05, T2, — Temneparypa 30P Ha Buxoni Ta

30P ' "30P
BXOJIi B UISHKY BIJIIIOBITHO.
BucHoBku. Taxum YHUHOM, 3MEHILIECHHS
TeMIepaTypHux Jnedopmariiii 3a paxyHOK KepyBaHHS
TenaoBuM cranoM 30OP € BaximBUM  3acoOoM

MOJINIIEHHS TOYHOCTHUX IIapaMeTpiB IUTi(yBambHUX
BepcTariB. IlpudoMy, 1ie MOKHA 3IIMCHUTH 3a PaxyHOK
BJIOCKOHaJIeHHs! TexHoorii nmoxadi 30P B 30Hy pizaHHH,
110 Ma€ BEJIMKE 3HAUEHHS IS IMiABUIICHHS e()eKTHBHOCTI
nuripyBanns. HaBemeHi 3anexHocTi MOXyTh OyTH
BUKOPHCTaHI IIPH ITPOEKTyBaHHI TexHiky nogayi 30P, sika
3a0e3neuye yCyHEHHS MOXJIIMBOCTI KOHTAaKkTy Harpitoi
piAMHH 3 eJIeMEeHTaMH BepCTaTy.
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