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XMeNnbHUIBKUH HalliOHATbHUI YHIBEpCHTET

PO3POBKA TA AHAJII3 TOYHOCTI METOAIB PO3PAXYHKY
IIJIBHOCTI KAHAJIIB TA EKBIBAJIEHTHOI'O JIAMETPY KAHAJIIB
BE33MAIYBAJIbBHUX NUJITHAPO-IIOPIIHEBUX YIIIJIbHEHD

Pegpepam - Ha ocnosi meopii cmoxacmuunux npoyecie po3podieHi Memoou pO3PAXYHKY OCHOGHUX XAPAKMEPUCIMUK
KOHMAKMY CAPAICEHUX NOBEPXOHL 0e33MAUYBANbHUX YUATHOPO-NOPUIHEBUX YujiibHenb. Pesyromamom € cmeopenns indwcenepHux
Memo0i6 pO3PAXYHKY 2epMemudHOCmi (mpusanocmi HAmikauHa 2asy) 6 6e33Mauy8aIbHUX YUIIHOPO-NOPUIHEBUX MEMANONONIMEPHUX
ViyinbHeHHAx. B cmammi pozensoaemvca npysCHUll KOWMAKM CUTLHO AHI30MPONHOT WOPCMKOI NOGEPXHI (NOAIMEPHA NOBEPXHA) 3
2naokoio (memanesa nogepxwus). Ilocmagneno 3adauy po3pobumu iHMHCEHEPHI Memoou PO3PAXYHKY OCHOBHUX XaAPAKMeEPUCIUK
KOHMAKMY CAPANCEHUX NOBEPXOHL 0e33MAUYBATbHUX YUTTHOPO-NOPUIHEBUX MEeMAlonONiMePHUX YWiNbHeHb — CepeOnboi 8ucomu
3a30py ma nUMoMOi nIowi WOPCMKOL NOBEPXHI KOHMAKNLY, d MAKONC 6UKOHAMU AHANL3 MOYHOCTI PO3POONIEHUX Memoois.

Knrouosi cnosa: koumaxkm,; HOMIHATbHUT KOHMAKMHUL MUCK, NUMOMA NIOWA WOPCMKOL NOBEPXHI KOHMAKMY,; WINbHICIb
KaHanie, exsigaieHmHuil oiamemp KAHAN8, MpUealicmv HAMIKAHHS 2a3y, 0e33Mauy8anbHi YUIIHOPO-NOPUIHES] YULTbHEeHHS,
npoginocpama, meopis cmoxacmuiHux nouis.
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DEVELOPMENT AND ANALYSIS OF ACCURACY OF CALCULATION METHODS
THE DENSITY OF THE CHANNELS AND THE EQUIVALENT DIAMETER OF THE CHANNELS OF OIL-FREE
CYLINDER-PISTON SEALS

Abstract - On the basis of the theory of stochastic processes, methods for calculating the main characteristics of the contact
of the conjugated surfaces of the non-greasy cylinder-piston seals are developed. The result is the creation of engineering methods
for calculating the tightness (duration of gas leakage) in the non-greasy cylinder-piston metal-polymer seals. The article deals with
the elastic contact of a strongly anisotropic rough surface (polymeric surface) with a smooth (metal surface). The task is to develop
and investigate engineering methods for calculating the main characteristics of the sealing of the non-greasy cylinder-piston seals -
the density of the channels and the equivalent diameter of the channels in the zone of coupling of metal-polymer seals, as well as
perform the analysis of the accuracy of the developed methods. the dependence of the density of channels on the complex of contact
conditions is of an extreme nature. The channel density (the number of channels per unit of nominal profile length recorded in the
transverse direction to the direction of the medium stream) can be calculated as the difference between the surface of contact
surfaces that have come into contact and the density of the depressions that are above a given level. Mode of flow of gas in the seal is
determined by the Knudsen criterion. On the basis of the formula of the effective level of deformation for a given value of the complex
of contact conditions with the help of Kanal [7], written using the software product Mathcad 2000 Professional, the relationship of
channel density with the complex of contact conditions is calculated. As the contact conditions increase, the density of the channels
initially increases, and then decreases. This is due to the influence of the process of fusion of contact spots in the loading process.
The maximum number of channels is reached at K = 0.6315. To determine the channel density, the exact formula is derived. On the
basis of the exact formula, the calculated formula is obtained. Values calculated from the exact and calculated channel density
formula do not differ by more than 0.0045. Precise formulas of equivalent diameters are derived. Dependence of equivalent
diameters from the complex of contact conditions is investigated. On the basis of exact formulas, the calculated formulas of
equivalent diameters are obtained. Values calculated on the exact and calculated formula of the consolidated equivalent diameter do
not differ by more than 9%, for the consolidated equivalent diameter the difference does not exceed 10%.

Keywords: contact; nominal contact pressure; specific area of the rough surface of the contact; channel density; equivalent
diameter of channels; duration of gas flow; non-greasy cylinder-piston seals; profile graph, theory of stochastic fields.

ITocTanoBKa mpodaeMu

Metogu po3paxyHKY TepMETHYHOCTI Oe33MallyBajJbHHX IMIIiHAPO-TIOPIIHEBUX YIIiIIbHEHb O0a3ylOThCS Ha
MO€THaHHI (I3MYHMX 3aKOHIB, IO ONHUCYIOTH MPOILEC HaTiKaHHS poOouoro cepenoBuina (rasy) 3 3aKOHOMIPHOCTSIMH,
110 BU3HAYAIOTh XapaKTEPUCTUKK KOHTAKTY IMOPCTKUX aHI30TPOITHUX MOBEPXOHb, TaKi K (aKTHYHA IJIOIIA KOHTAKTY,
MDKKOHTaKTHUH 00’€M, cepeqHiil 3a30p. Brpatn pobodoro cepenoBuila 3aexarh Bifl KyOy cepesiHbOro 3a30py, TOMY
noxuOka B 20% B BH3HAuYCHHI I1i€l BEJMYMHN NPHU3BOJNUTH 10 MOXHOKM B 73% TpH po3paxyHKYy HaTikaHb. Takum
YMHOM, TOYHICTh PO3paxyHKy HaTiKaHb 3HAYHOIO MIPOIO 3aJISKHUTh BiJl TOYHOCTI PO3PAXYHKY XapaKTEPUCTUK KOHTAKTY
Ta XapaKTEPUCTHK TEPMETHYHOCTI MMITIHIPO-TIOPITHEBUX YIIUTLHEHb.

IcHytO9i MeTomM pO3paxyHKy TI€PMETHYHOCTI BHUKOPHCTOBYIOTh (OPMYJIM BH3HAUCHHS XapaKTEPUCTHK
KOHTAKTY 3a croco6om onopraux kpusux [1,2,3]. Lleit crmoci6 Ma€ HU3BKY TOYHICTH BHACIIIZIOK TOTO, IO BiH HE Oepe 10
yBary, mo mnpodizorpaMa ma€ CIOTBOPEHE YSBICHHS MNPO IOBEPXHIO, OCKUIBKM HPOXOAWTH HE Yepe3 BEPIINHH



BUCTYIIIB, a CXWJIaMHM HEpPIBHOCTEH. 3HAa4YeHHS BEJMYMHM 3IVIaJPKYyBaHHS Ta MaKCHMaJIbHOT BHUCOTH HEpIBHOCTEH,
HEeOOXiTHI JJIsl BU3HAYCHHS XapaKTEPUCTUK KOHTAKTY, BU3HAUAIOTHCS 33 CIIOCOOOM OIOPHHMX KPUBHUX 3 YK€ HU3BKOIO
TOYHICTIO — JUI1 TOYHOTO BHM3HAYEHHS IMX BEIMYMH HEOOXigHO, m00 mpodizorpama MpoHNuIa OJHOYACHO dYepe3
HAMBHINY BEPIIMHY MOBEPXHI Ta depe3 camy ITHOOKY BIAIWHY, HMOBIPHICTD BOTO MPAKTHYHO PiBHA HYJIIO. 3HAYHO
TOYHIIIE XapaKTEPUCTHKH KOHTAaKTy MO)KHA BH3HAYHTH 33 CIIOCOOOM CTOXAaCTHYHHX mporeciB. CyTh IIbOTO crocoly
MOJIATAE B TOMY, IO IIOPCTKA MMOBEPXHS PO3TIIAAAETHCSA SIK peai3amis CTOXaCTHIHOTO MOJIS.

AHaJi3 ocTaHHIX JoCHiTKeHb i mydaikaniii

Po3pobmi MeTomiB po3paxyHKy OCHOBHHX XapaKTEPUCTHK KOHTAKTY MIOPCTKUX aHi30TPOIHHUX ITOBEPXOHb MPH-
cBsiueHi podotu Cemenroka M.@. [5], Baunncekoi H.K. [6], iHmux aBTopiB. [TuTaHHS repMEeTHYHOCTI IAIIHIPO-
MOPIIHEBUX Ta TOPLEBHUX YIIIbHEHb PO3rsaainch B podorax Cementoka M.®@. [5], Kanmu I'.C. [4], Baunncskoi H.K.
[6], B sikuX po3paxyHKH 0a3yIOThCsl Ha 3aCTOCYBaHHI Teopii CTOXacTUYHHX IpoueciB. Haioubm neransHo po3pobiieHi
PO3paxyHKH TepMETHIHOCTI Oe33MallyBalbHUX ITiHAPO-MOPUIHEBUX YIIIIbHEHb B poOoTi [7].

®opMyTI0BaHHA Wili cTATTI

HeoOxigHo po3poOuTH i JOCHIANTH 1HXEHEPHI METOJM PO3paxyHKy OCHOBHUX XapaKTEPHCTHK FepMETHYHOCTI
0e33MaInlyBaTbHIX MIJTIHIPO-TIOPITHEBHX YIIIIFHEHD — IIUTBHOCTI KaHAJIIB Ta €KBIBAJICHTHOTO JIiaMeTpy KaHaiB B 30HI
CTPSDKCHHS METaJIONONIMEPHHUX YIIUIbHEHb.

BuxJiag ocHOBHOro Martepiany

SIKImo n3epKalbHO BimOOPa3sWTH TOYKHM HIOPCTKOI MOBEPXHI BIAHOCHO ii cCepeqHbOI MIIOIIMHM, TO BHCTYIH

TICPETBOPATHCS Y BIIAAWHU 1 HABIAKA. 3BIJICH BHIUIMBAE, IO MIIHHICTE HMOBIPHOCTI BHCOT BIIaJIH (0(6‘) 1 IJIBHICTE
BUCOT BEpIINH p(g) 3B’s13aHi POCTHM CITiBBITHOIIICHHSIM:

ple)=p(-¢) . (1)

3Baxkaroun Ha (opMyiy LIIBHOCTI WMOBIPHOCTI BHCOT BHCTYMIB NpOoQiI0 (MakCHMyMiB HOPMajbHOTO
CTOXaCTHUYHOTO MPOIIECY), MAEMO:

5 2 2
(p(é‘):E exp —2852 — 7 yzexp —% [L—erf(ze)]; - @)

[inbHICTh KaHAJIB 5k (KUTBKICTh KaHAJIB, IO MPUXOJUTHCS Ha OJUHHII0 HOMIHAIBHOI TOBXHUHU MPOQLIIO,
3aMMCaHOro y MOMEePeYHOMY HAMPSIMKY 10 HAMNPSMKY IUIMHY CEPEeIOBHINA) MOXKE OYTH PO3PaxOBaHa SK PI3HHUI MK

. . ! . . . . . " . .
IIBHICTIO O BUCTYTIIB MOBEPXHi, SIKi BCTYIHIIM B KOHTAaKT, Ta IUIBHICTIO O BMaJWH, AKi pO3TAlIOBaHi BUIIE JaHOTO
pigas U :

! "
5, =5-65". 3)
. . . . . !
[osnaunmo D - minsricTs BUCTYNiB moBepxHi. Tofi BemmunHa O BU3HAYUTHCS 33 HOPMYIOIO:

5 = Dj p(e)de . @)

B cuny cratuctmyHOi cMMETpii MIOPCTKOI MOBEPXHI BITHOCHO 11 CepeAHbOi IUIOMIMHU MIUIBHICTh BIAJIWH
MIOBEpPXHI piBHA MIJIBHOCTI BUCTYMIB. BpaxoByroun nie, MaeMo:

o' = DIQ)(E)dS : (5)

ITincraBusmm (4) i (5) B (3), oTpuMaemo:

o0

o,=D T p(g)dg—j(p(g)dg : (6)

u

[TeperBopuMO BUpa3 y OyXKaX, BpaXxOBYIOUH (OPMYIy HIINBHOCTI IMOBIPHOCTI BUCOT BUCTYMIB IIPOoQiIfo Ta
dopmyay (2):
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IlincraBumo (7) i (8) B (6):
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0 2 2
jg exp[— %) de= exp(— u?j . (10)

3 ypaxyBaHHAM (HOPMYJIH MapaMeTpa HIMPOKONOIOCHOCTI & - 0€3p03MipHOI BEIMUYUHHM, [0 BU3HAYAETHCS 32
hopmyoro:

[HTerpyemo:

_ 2
a=mym,/m
(GOpMyJIH IIBHOCTI BepIuMH mopcTKoi nmoBepxui D
Dt M
2r
Ta MO3HAYEHb JI0 POPMYJIH IMIILHOCTI HMOBIPHOCTI BUCOT BUCTYIIIB MPO(III0, IIEPETBOPUMO MHOKHUK (hopmyiu (9):
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m,m,

1 (m Y}
J2Dsy =—(&j . (11)

z\m,
MincrasuBmm (10) i (11) B (9), orpumaemo dopmyiy:
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1(m u
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Ha mincraBi ¢opmynn edekruBHoro piBHs pgedopmarii 3a 3aJaHOI0 BEJIMYMHOI KOMIUIEKCY YMOB
KOHTAKTyBaHHSI:
1 u
1-exp(-K)-=erfd — |=0 (13)
27 2

ta popmynu (12) 3a gomomororo mporpamu Kanal [7], HanucaHol 3 BUKOPHCTaHHAM IPOrpamMHOro mpoaykry Mathcad
2000 Professional, po3paxoBaHMii 3B’S30K IIUIBHOCTI KaHAIIB 3 KOMIUIEKCOM YMOB KOHTakTyBaHHS. OTpuMaHi
pe3yJIbTaTH NpeCTaByIeHI Ha puc. 1.
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Puc. 1. 3ajexHicTb IIBHOCTI KAaHAJMIB Bil KOMILJIEKCY YMOB KOHTAKTYBAHHS

O4eBHIHO, IO 3ATEKHICTh IITHPHOCTI KaHANIB BiJl KOMIUIEKCY YMOB KOHTaKTYBaHHS HOCHTH €KCTPEMallbHHMA
xapakrep. 3 pOCTOM KOMIUIEKCY YMOB KOHTaKTyBaHHS IUIbHICTh KaHAJIB CIIOYATKY 3POCTAE, a MOTIM 3MeHITyeThes. Le
MOSICHIOETHCS BILTMBOM IIPOIIECY 3JIHUTTS IUIM KOHTAKTY B IIpOIeci HaBaHTa)KeHHS. MaKCHUMalbHa KUTBKICTh KaHAIB
nmocsiraethest mpu K = 0,69315 1 ctaHOBUTH

12
m,
-015915( —2 | . (14)
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I

, max

3aJIeXHICTb, IPeJCTaBIeHa Ha puC. 1, Oyna anpokcuMoBaHa (HOPMYIIOLO:

V2
5,-0.787) % K°™ exp|- (K +0,633)-"] . (15)

0

Dopmyna (15) otprmMana B pe3ynbTati po3paxyHkis 3a mporpamoro Appr K [7].
Pexxnm HarikaHHS Ta3y B yIIUIbHEHHI BH3HaudaeThcsl 3a Kputepiem Kuyncena [8], ToOTO 3a BenmumHOIO

. 7/d
- I/deKB
« 0,01< A / d.., <1,0 — nepexinnuit pesxum,

criBBigHOmeHHsT A / d

e > 1,0 — Monexynspruii pexum;

< 0,01 - p’s3xichuii pexum;

ne d exs — EKBIBAJICHTHHUII fliaMeTp KaHaliB;

A - cepe/iHs 0BXKMHA BiJILHOrO MPOGIry MOJIEKYIH Tasy, Ika po3paxoByeThes 3a Gopmysioro [8]:

kT

A=r—
ﬁ\/idmzpcp

(16)

ne K — crama Bonbimana;
T — abcomorna Temneparypa rasy;
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P., — cepeHiii THCK rasy B yIILIbHCHHI.

m — ¢DEKTUBHUI iaMeTp MONIEKYIIH rasy;

Jins 3HAXOMKCHHsS eKBiBaJCHTHHX JiaMeTpiB kaHamiB 4acto [9, 8, 10] KOpHCTYIOTBCS MOHATTSIM
€KBIBAJICHTHOT'O TiIpaBIiYHOTO JiaMeTpy, SKUH BU3HAYAIOTH 33 (JOPMYJIOI0:

o 4
P

ne F, P — Binnosiano nnoma ta nepumetp kanany.

He#t miaxix BunpasnoBye cebe B THX BHUIIAIKaX, KOJM BACOTA i MIMPUHA KaHAITy HE IyKe Pi3HATHCA. B Toif ke
4ac, BUKJIMKAE CYMHIB MPaBOMIPHICTh TAKOTO MiAXOAY OO PO3pPaxyHKY IUIMHY Ta3y B KOHTAKTi MIOPCTKUX TiJl, SIK I
3pobieno, Hanpukiaan, B [10, 9, 11]. IlizcTaBu Iuist TAKOTO BHCHOBKY HAcTymHi. OCKIIBKYM KYTH HAaXWITy HEPiBHOCTEH
peaNbHUX IMOPCTKUX ITOBEPXOHBb CKIANAIOTh JIMIIE AEKiIbKa IpagyciB, TO BHCOTAa KaHAIY B IEOMY BHIIaAKy Habarato
MEHIIA 32 OIHPUHY.

Po3rysHEMO T IPHKIALY MITMHEKH KaHAT elinTHaHoi popmy, 1o Mae Bucoty 20 Ta mmpuny 2a . Ilnoma
KaHaJTy CTAHOBHTb

F=mb ,
a [epumerp:
S =4aE(e) ,
pi (]
a?—b?
&= ;
a

E() — MOBHUI HOPMAJILHUI eMINTUYHU iHTerpan JIexkanapa Ipyroro poy.

Ockinskn D <<a, o & =1, BiznosigHo E(é‘) — 1. B pesymbrati otpuMyemo:
d,=7b ,

TOOTO €KBiBaJCHTHHM T1IpaBIIYHUH iaMeTp HE 3aJIC)KHUTH B IIUPHHHA IIITHHHOTO KaHAIY.
Jlo aHaJIOTiYHOTO BUCHOBKY MOXKHA MPHNATH, SKIIO MPUUHSTH, 10 KaHAT Mae (popMy NpSIMOKYTHHKA BHCOTOIO

2b Tta mupuHO0 2a. B 11bOMY BHTIA/IKy OTPUMAEMO:

F=4ab ;
P=4(a+b) ;
g - 4ab
a+b
Ockimsku b << a , TO OCTaTOYHO MAaEMO:
d, =4b |

TOOTO, 3HOBY X TaKH IPHUXOJMUMO JI0 BUCHOBKY, L0 €KBIBaJEHTHHUH TiJIPaBIiYHUHN JiaMeTp HE 3aJICKUTD BijJ MIMPUHU
IIIJTMHHOTO KaHaITy.

[Ipy BU3HaYeHHI EKBIBAJIECHTHOIO JiaMeTpy KaHally CIIiJi BpaxoBYBaTH SIK HOro IUiomty, Tak i mepumerp. I
OCKIJIbKM KaHaJl Ma€ HeNpaBWIbHY (opMy, TO CiiJl OWiKyBaTH, IO 3HAYCHHS €KBIBAJEHTHOTO JiaMeTpy, 3HalJeHl Ha
mijcTaBi mwionli, OyayTh BiAPI3HATHCH Bijl 3HAYCHB, 3HAWICHUX HA I1i/ICTaBi IEPUMETPY.

CepenHio miomy kKaHany F Moxna 3HaiiTH, TORINMMBIIN TTHTOMHEI MiXKKOHTAKTHHI 06’eM V' Ha mIinmeHiCTH

KaHaaiB O K-

17)

o)<



[o3uauumo d F - CKBiBaJICHTHHMII AiaMeTp KaHamy, 3HalaeHuni Ha miacTaBi Horo miomi. Buxoasuu 3 kpyrosoi

T

[ixcrasusim B (18) popmynu (17, 12) i popMyity Mi>KKOHTAKTHOTO 06’ €My, OTPUMAEMO:

d _2my” (Ejﬂeruexp u—z erfc| ——— (19)
Fom A\ 2 J2 )

(hopMu KaHATY, OTPUMAEMO:

abo

dFLZM— (Ejszruexp u—z erfc| - L (20)
m,"? b4 2 J2 )

Ha mincrasi dopmyn (13) i (20) 3a momomororo mporpamu Durchmesser _F [7] pospaxoBanuii 3B’s30K

exBiBasieHTHOTO Miamerpy O F 3 KOMIUIEKCOM YMOB KOHTaKTyBaHHs. OTpUMaHi pe3ybTaTH MPEJCTaBIEHI Ha PUC. 2.

In(dszm ]
Y2
m, ot

-

Puc. 2. 3anexuicTb exBiBajienTHoro xiamerpy d F Bill KOMILIEKCY YMOB KOHTAKTYBAHHS

3alIexHICTh, IPeIcTaBlIeHa Ha pHUC. 2, Oylia anmpoKCHUMOBaHa GOPMYJIIOFO:

0,545
dem,** (1+@) , (K <1y,

° 2,524 exp (- 0,615K**), (K >1)

(21)



Dopmyna (21) otprMana B pe3ynbTaTi po3paxyHkie 3a mporpamamu Appr dF_1, Appr_dF_2 [7]. Bona sikicHo
MIPaBUJIHHO ONICYE MOBEAIHKY €KBiBaJICHTHOTO AiaMeTpy d g TpH 3MiHi HOMiHAJILHOTO HABAHTAXCHHSA, OCKIIBKH 3 HEl
BUILIMBAE, I110:

lim d. =o0; lim d; =0.
o,—0

Un*)m

[epumerp kamanmy P Moxna 3HA#TH, NMOMINMBIIM NHTOMY IUIONIYy MOBEPXHi CTHKY, IO OMHBA€ThCS
CEpeNIOBHIEM S, Ha IUIBHICTh KaHaiB O, |

pk (22)

k
ITo3naunmo dP - eKBIBAICHTHUI JiaMeTp KaHajly, 3HaiileHunil Ha miAcTaBi Horo mepumerpy. Buxoasuu 3
KpyroBoi (opMHu KaHaTy, OTPIMAEMO:

d, = (23)

N |

MMincraBuBmm B (23) popmynu (22,12), oTpumaemo:

Y2 )
m u u
do=| 2| (1+5 = lerfc| —— | 24
o [mzj (1+ )exp(zjerc( 2] (24)

G [, j/Z:exp e erfc| ——— (25)
1+S(m, 2 J2)

Ha mincrasi dopmyn (13) i (25) 3a momomororo mporpamu Durchmesser P [7] pospaxoBanmii 3B’s30K

abo

ekBiBaneHTHOro miamerpy O p 3 KOMIUIEKCOM yMOB KOHTaKTyBaHHs. OTpHMaHi pe3ybTaTH MpeCTaBIeH] Ha puC. 3.

12
In dp [ M,
1+S\m,

1570

-5+

Puc. 3 3asexuicTh exBiBagenTHoro aiamerpy d p BiJl KOMILIEKCY YMOB KOHTAKTYBAHHSA

3aJIeXHICTb, IPEJCTaBICHa Ha pHC. 3, OyJia alpOKCUMOBaHa (JOPMYJIOI0:



1,09
K

0,886
(1+ %j : (K <03)

12
d, (m,

— =42,992 ~-1,353K%™®), (0,3< K <1,3); . 26
1+S{m, exp( ) (03< ) (26)

1134exp(-0,521K %) (K >13)

Dopmyna (26) oTprMaHa B pe3yJbTaTi po3paxyHkiB 3a mporpamamu Appr dP_1, Appr_dP_2, Appr_dP_3 [7].
BoHa sSIKICHO TpaBWILHO OMHCYE MOBEAIHKY CKBIBAJCHTHOTO JiaMETPy dp MpU 3MiHI HOMIHAJTBHOTO HABaHTAXKCHHS,

OCKIJIbKH 3 Hel BHUINIIMBAE, I10:
lim d, =oo; lim d, =0.
o,—0

Op—>0

OCKIIbKH 3HAYEHHS dF Ta dp PI3HATBCS BHACIIIOK HEMPABMIIBHOI T€OMETPHYHOI (OPMH KaHAIy, TO 3a

exBiBaneHTHuIl miameTp kanany d exs MOXKHA NIPUAHATHU CEPEIHE 3HAUCHHS:

B

deKB:(dF +dP)/2 ' (27)
BucHoBku
Jis Bu3HAYeHHS IUTFHOCTI KaHAJIB BHBEIeHAa TOYHA (hopMyiia
12 2
1(m, u
o, =—|—=| expl——| .
2\ m, 2

Jae My, M, — crexTpaibHi MOMEHTH;
U — edexTrBHMIi piBeHb Aedopmarii.
Ha mincTaBi TouHOi (hopMyiH OTpHMaHa po3paxyHKOBa (opMydIa:
2
m
5,=0,787| "2 | K®"exp|- (K +0,633)*] .
m,

0

3HaYeHHs, PO3paXOBaHi 32 TOYHOIO Ta PO3PaXyHKOBOK (OPMYIIOI0 MIUTFHOCTI KaHATIB Pi3HATHCS He OLibIe,
Hix Ha 0,0045.

3aJIeXKHICTh MIIJIBHOCTI KaHANIB BijJI KOMIUIEKCY YMOB KOHTaKTYBaHHS HOCHTb €KCTPEMaJbHHUI Xapakrep. 3
POCTOM KOMIUIEKCY YMOB KOHTAKTYBAaHHS IIUTBHICTh KaHAJIB 3pa3y 3pOCTa€, a MOTIM 3MEHIIYEThes. Lle MosSICHIOEThCS
BILUIMBOM IPOLIECY 3JIMTTS IUISIM KOHTAKTY B MPOIieCi HaBaHTaXeHHs. MakcHMallbHa KiIbKICTh KaHAIIB IOCATAETHCS TIPH
K=0,69315 i ctaHOBUTH

12

~015915 12

1)
k m,

, max

Jl1st po3paxyHKy €KBiBAJIEHTHOTO JiaMeTpy 3alporioHOBaHa (hopmya:

dCKB :(dF +dP)/2’

ne d E dp — eKBIBaJICHTHI JliaMeTpH KaHaly, 3HalJIeH] BIIOBITHO Ha Mi/ICTaBi HOTO TUIOLII IIEpUMETDY.

BI/IBGHCHI TOYHI1 q)OpMyJ'II/I CKBIBAJICHTHUX N1aMETP1B d = dp .



d _2m_0’/2 (Ejueruexp ﬁ erfc LI
" omM \\# 2 J2 )

d, = [%Tz (1+ S)exp(u—;jerfC(—%] ,

ae My, M,, M, — crnexkTpaabHi MOMEHTH.

Jloctimkena 3anexHicTh ekBiBanenTHUX giameTpis d E d p BiJ KOMILIEKCY YMOB KOHTaKTyBaHHI.
Ha mincTaBi TouHNX (GOPMYIT OTpHUMaHi pO3paxyHKOBI GpopmMyIn:

0,545
d.m,"* (1+@) , (K <1y,

72
™ 2,524 exp (0,615 K**%), (K >1)

0,886
(1+&21j , (K <0,3),

Kl,09

2
;j_Ps(%j = 2,9926xp(—1,353K°'7°3), (03<K <13); .
+
’ 1134exp(-0,521K°%*) (K >1.3)

3HaueHHs, PO3paxoBaHi 3a TOYHOIO Ta PO3PaxyHKOBOIO (OPMyYIOI0 3BEJECHOIO EKBIBaJEHTHOTO IiaMeTpy

dszj/“ / moj/2 pi3HATHCS He OinbIe, Hix Ha 9%, IS 3BEJICHOTO €KBiBaJICHTHOTO JiaMeTpy Clp(m2 / m, )1/2 / (l—l— S)
pi3uuLs He nepesuirye 10%.
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