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Poszensnymo ma oyineno cyuacnuil cman npoMuciosux mpybonpogoois, nRpuduny GUHUKHEHHs. A8apill HA HUX.
3anpononosano suxopucmanms meepoux OOMIULOK NEGHOI KOHYEHMPAayii ma SpaHyioMempuyHO20o CKIady Ol

3MEHUWEeHHA empant muckKy.

Tokazano eénnue KoHyenmpayii meepoux YaCmuHOK Ha 3MeHuWeHHs: abo 30iIbuleH s KoeiyicHma 2iopasiitho2o
OnoOpy, Wo NPU3B00UNMb 00 3MEHUEHHSL A00 30LIbULEHHST 6MPam MUCKY Ni0 4ac pyxy piOuHU 3 meepoumu OOMIUKAMU.
3anpononosano ananimuyni 3anexicHocmi Koepiyicnma 2i0pasiiuHo2o onopy 6id uucia Petinonvoca 3a neenoi

KOHYeHmpayii meepoux 0OMIULOK y PIOUHI.

Tlobyoosano epaghix 3anesxcnocmi Koepiyicuma 2iOpasiivHo20 onopy 6i0 KOHYeHmpayii eymosoi Kpuxmu 3a

Ccmanoi weuokocmi nomoxy.

IIposedeno po3paxyHox numomux empam Hanopy OJis CYMili.
Kitro4oBi citoBa: koe(illi€HT T1IpaBIIYHOTO OMOPY, TiIPaBIIYHAN HAXWII, BTPATH TUCKY, KOHIICHTPAIlis, TPaHy-

JIOMETPUYHUN CKIIa.

Paccmompeno cospemennoe cocmosinue npomviclogbix mpybonpo6o0os U nposedeHa e2o OYeHKa.
Ipeonooiceno ucnonvzoganue meepoblx npumeceli OnpedeleHHol KOHYEHMpayuu u epaHyiomMempuyecKozo

cocmaea ons YMEHbUIEHUSL nomepb oaeneHusl.

Tlokasano enusHue KOHYernmpayuu m@epdblx uacmuy Ha yMeHbUuleHUue ujiu yeeiuderHue K03¢¢uz4ueHma 2uo-
pasiudecKkoco ConpomueieHus, 4mo npu@odum K YMEHbWEHUIO UTIU Y6elUYeHUIO nomepb oaenenus npu O8UdICeHUU

JHCUOKOCIUL C m@epdbmu npumeciamu.

IIpeonooicenvl ananumuieckue 3a8UCUMOCTIU KOIPhuyuenma 2u0pasiuieckoe0 CONPOMUGIEHUs Om YUcida
Petinonvoca npu onpedenennoil KonyeHmpayuu npumeceil 8 HCUOKOCmu.
THocmpoen epagux 3asucumocmu Kod3@uyuenma 2uOpaIUYECcK020 CONPOMUBTEHUSL OM KOHYEHMPAYUU pe3u-

HOBOI KpouwKu npu NOCMOSHHOU CKopocmu nomoka.

IIposeden pacuem yoenvhbix nomepsb HANOPa OJisk CMECU.
KiroueBbie cioBa: K03 (GUIMEHT THAPABINYCCKOTO COMPOTUBIICHNUS, THAPABINICCKUN YKIIOH, IOTEPH JaBJie-

HUs, KOHIICHTpalus, I‘paHyJ'IOMeTpI/I'-IeCKI/Iﬁ COCTaB.

The modern state of industrial pipelines, reason of origin of failures are considered and evaluated.

The use of hard admixtures of certain concentration and particle-size is offered for pressure losses reduction.
Influence of concentration of particulate matters is shown on reduction or increase of friction factor, which results
in reduction or increase of pressure losses in the flow of liquid with hard admixtures.

Analytical dependences of friction factor are offered on the number of Reynolds during the concentration of

hard admixtures.

The chart of dependence of friction factor is plotted from the concentration of rubber crumb at permanent

flow velocity.

The calculation of specific losses of head is conducted for mixture. _ _ _
Key words: friction factor, hydraulic inclination, pressure losses, concentration, particle-size.

Jlnst 3a0e3neueHHs O0e3MeKH CKIaaHOl TEXHId-
Hoi cucremu (CTC) BUCYBarOThCS Taki OCHOBHI
BHMOTH:

- CTBOpEHHS Oe3aBapiiHUX 00’ €KTIB;

- opraHizailis cucTeMu 0ap’epiB UM MEPEIIKo
PO3BUTKY YMHHHKIB yparkKeHHS;

- pO3pOOJICHHS 3aXOJiB, 3JaTHUX JIKBIIOBY-
BaTH HACIIAKH aBapii.

Omxe, 3aBiaHHs 3a0e3MedeHHs Oe3NeKu Tpy-
OOIMpPOBITHOrO TPAHCIOPTY MOBHHHI YpaxoBYyBaTH-
csl y HOPMAaTHBHMX JIOKyMEHTaX y MPOIeCci IMpOeK-
TyBaHHS, Ha crafii OyIIBHUIITBA, CEKCILTyaTallii,
KOHCepBallii Ta JIIKBiIaIlii 00’ €KTiB.

[epeBaxkna OLIBIIICTE 00’€KTIB TPyOOIPOBI-
JHHUX CHCTeM IMOOYyIOBaHO i EKCIUTyaTYIOThCs 3a
CTapUMH JICP)KAaBHUMH Ta Tajly3eBUMHU HOPMATHB-
HHUMH JOKYMEHTaMH, 10 HE BIIIOBIIAIOTh Cydac-
HOMY PIBHIO 3HaHb Ta TEXHIYHMM MOXXJIHUBOCTSM,
TOMY BHHHMKJIA HEOOXIIHICTh IIMPOKOrO 3acCTOCY-
BaHHA 3aC00IB KOMIUIEKCHOI JIarHOCTHKH, IO II0-

MEePEeKYIOTh MOMIKOHKEHHS TPYOONPOBITHUX CH-
creM, 3aco0iB aJieKBaTHOI iHTepnperanii cuTyarii
B YMOBaX, 3a SKHX pPO3BHBarOThCs aBapii. O0’ek-
TUBHY 1H(QOpMAIIiIO0 MPO JAWHAMIKY 3MIHH TEXHid-
HOT'O CTaHy TpyOONpOBOLY MOXYTh JaTH JIHIIC
pe3yabTaTH TEPIOANYHMX iHCIeKIiH. HasBHicTh
Takoi iH(pOpMaIlii JacTh 3MOTY CYTTEBO ITiJIBHIIH-
TH TOYHICTh MTPOTHO3YBAHHS 3aJHIIKOBOTO PECYypCy
SIK MaricTpajibHHUX, TaK 1 TPOMHUCIOBUX TPyOOINpo-
BOJIIB.

3a JgaHWMU, HaBECHMMH B JIITEPATypHHUX
JDKepelnax, Ha ra30KOHICHCATHUX IPOMUCIIaX aBa-
piiiHICTh TPYOOIPOBOJIB HAa MOPSIOK HIXKYA, HIX
Ha HadToBuX. LlopiyHO Ha Ta30MPOMHCIOBUX
TpybonpoBonax ¢ikcyerbest 1-2 aBapii. HaiiGinb-
Iy HeOe3MeKy i 00CIyroBYIOYOro MEpPCOHANY,
KHUTENIB TPWIETIINX TEPUTOPId Ta MPHUPOIHUX
KOMILUIEKCIB CTaHOBJIATH TPYOOIIPOBOIU Ta CIOPY-
IIM Ha MPOMUCIaX, Je BUJOOYBAEThCS Ta3 3 BUCO-
KHM BMICTOM CIpKOBOAHIO [1].
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Ha HadTOBHX mpOMHCIAX CIIOCTEPIraeThCs
MacCOBHH TepeaUacHuil BUXiJ 3 JIaay TpyOOIpoBO-
IB, 3apOCTaHHs Tepepi3iB TpyO MpoayKTaMH KO-
po3ii Ta pi3ke 3HMKEHHS MPOITYCKHOI 3/aTHOCTI
BHACJIIIOK OJHIET Mpo0ieMu — KOpPO3ii.

Kopo3ist Takox € 0Hi€10 3 OCHOBHHUX MPHUYUH
BUHUKHEHHS JeEeKTiB y Tl TpyOH, sSIKi MPU3BO-
ISTh 10 aBapiiHMX CHUTYyalllii y BHUIAJKy IiJIBH-
IIICHHS THUCKY.

lazonpoMuciioBi TpyOOIPOBOAM € OIHUM 3
OCHOBHHX €JIEMEHTIB B TEXHOJIOTIYHOMY JIAHIIFO31
BUI00YBaHHA Ta MIATOTOBKH 10 TPAHCHOPTYBAHHS
ra3y Ta ra3oBOro KoHjeHcarty. IX 3aranmbpHa mpors-
KHICTh BIINOBIJA€ MPOTHKHOCTI MaricTpaibHHX
ra3onpoBoAis. Jlo ra3onpomMHuCIOBUX TpyOONpoBo-
JiB  BIIHOCATHCS TPyOONPOBOAM OOB’A3yBaHHS
CBEPVIOBHH, ra3030ipHi NPOMHCIOBI MEPEKI, TEX-
HOJIOT1YHI TPyOOIPOBOIH, MIKIPOMHUCIOBI Ta30-
KOHJICHCATOIIPOBOJIM, TPYOONPOBOIU B CHCTEMAaXx
3aKavyBaHHS MPOMHUCIOBUX CTOKIB Ta iH. Bpaxo-
BYIOUH, IO TMPOMHUCIIOBI TpyOONpOBOIM MpOKIa-
JIA0THCsL Ha TEPUTOPIi 00’€KTIB, e 6e3r0cepenHbo
NPUCYTHIN MEPCOHAN, TO 10 HUX NOBHHHI BHCYBa-
TUCS TABMILEH] BAMOIY MO0 HAMIHHOCTI Ta 6e3-
MEYHOCTI.

[TpruviHN BHHUKHEHHSI aBapii Ha MPOMHCIIO-
BUX TPYOOIPOBOJaX MOXKHA YMOBHO MOJIUTHTH Ha
TEXHIYHI Ta OpraHi3alliiti.

Binbiricts aBapiid, sIKi BUHHKAIOTh mj yac
300py Ta MiArOTOBKM Ha()TH, OB A3aHi came 3 op-
raHi3alifHIMK [IPUYMHAMH, TAKUMH, 5K HEJOTPHU-
MaHHsl TEXHOJOTii BAPOOHHYOrO MpOLECY Ta mpa-
BUJI MOKEXKHOI Ge3riekr. MOKIMBI TeXHIYHI NpH-
YUHHU — 11 BIIXMJICHHS BiJl MPOEKTIB IMPH MOHTAXI
YCTaHOBOK 300Dy Ta MiArOTOBKH Ha(TH.

BuHuKHEHHs aBapii Ha HaTOIPOMHUCIIAX
00yMOBIICHE HasBHICTIO B HA()TO30IPHUX KOJIEKTO-
pax MOXexo- Ta BHOYXOHEOE3MEUHOr0 MPOIYKTY
IiJ] BACOKUM THCKOM. 30LIbIICHHS B SI3KOCTI MPO-
InyKiii HaQTOBUX CBEPUIOBUH 3 IIJBHMILCHHIM iX
OOBOJIHIOBAHHS MPU3BOANUTH J0 HEOOXITHOCTI Mij-
BHILICHHS THUCKY Ha MOYaTKOBHX AUISHKax TPy0oO-
MPOBOJIIB 3 METOIO IMOAOJIAHHS TiAPABIIYHUX OIO-
PIB, BHACIIIZIOK YOI'0 MOXIJIMBI PO3PUBU TPyOOINpPO-
BOJIIB.

BingmoBu TpyOOmpoBoIiB IPU3BOASATE 10 CEp-
HO3HUX YCKIAJIHEHb B PO3p0o0Il HaQTOBUX POIO-
BHIII, @ caMe:

- 3pOCTae BHTpaTa MaTepialbHO-TEXHIYHUX
pecypcis;

- TIOTIpPIIYEThCS CTAH HABKOJHUIIHBOTO Cepe-
JIOBUIIIA;

- 3HAYHO MOTIPUIYIOThCS YMOBH Ta Oe3meka
poOOTH OOCITYTOBYIOUOTO TIEPCOHATY.

KinpkicTh BIAMOB IPOMHCIOBHX TpPyOOIpO-
BOJIiB KommBaeThbes Big 0,15 mo 1,15 ma omuu Ki-
JIOMETp Ha pik. B TpyOomnpoBogax cucremu 300py
Ha)TH HaWOLIBIIA KUIBKICTh TONIKO/KEHb TIPH-
najia€ Ha BUKUIHI JIiHIT CBEPUIOBUH, 3 IKUX BUJO-
OyBaerbcs Hadra (80-97%). OcHOBHA KIBKICTh
aBapiii (1o 90%) BinOyBa€eThCs BHACIIIOK KOPO3il
BHYTpIIIHBOI MoBepxH1 TpyO. [Ipu upomy 70—85%
MOIIKO/PKEHb BifI0OyBaeThess Mo Timi Tpyo. [pm
1bomy 72-83 % BiZIMOB 3HAXOAUTHCS B 30HI HIK-
HBOI TBipHOI TpyOHU [1].

Buxopsum 3 akTyanbHOCTI Oe3aBapiiiHOI ekc-
utyartamii TpyOOnpoBoOiB, OLTBIIICT SKHX TIpa-
LIOIOTh HE OJUH JCCATOK JIT, MOTPIOHO IIyKaTH
NUISIXW 3HIDKEHHS THCKY Ha MOYaTKy TPyOOIpoBO-
Ny, AKAW € OJHUM 13 OCHOBHUX YMHHUKIB O€3IEKH.
3HIKYIOUH B MTPOIIECi eKCIlTyaTailii TpyOornpoBoLy
THCK Ha TOYaTKy TPYOONpPOBOLY, — 3MEHIIYIOThH
MIMOBIPHICTh BUHMKHEHHSI aBapifHOI CUTYallil.

OCKITbKM OJJHUM 3 OCHOBHUX UYMHHHUKIB, IIO
BILIMBAIOTh Ha Oe3aBapiiiHy poOoTy TpyOOrpoBo-
Jly, € TIATPUMAHHS THCKY Ha MOYaTKy TPyOOmpo-
BOJly B O€3MIEYHUX MEXKaX, TO MOTPiOHO BI/IpHHI/ITI/I
y SIKMI croci0 3MEHIIUTH BTPATH THUCKY Ha JaHii
JUJISTHIT.

Tomy nana pobora mpuCBsYEHA JOCIIIKECHHIO
BIUIMBY TBEPAWX YAaCTUHOK Ha BTpPaTH THCKY Y
MPOMHCIIOBUX TPYOOIPOBOIAX.

[{um akTyaabHUM MUTAHHSM, IO CTOCYIOThCS
3MEHIIICHHS BTPAT TUCKY 3a 3aJ]aHOl MPOAYKTHBHO-
crti, npucBsyeHo minuit psag poodit FO. I1. Koporae-
Ba, b. ®.JIesunpkoro, B. B. Uepnroka, €. [1. Men-
HikoBa, b. 3. TeBeporckoro Ta iH. 2, 3, 4, 5, 6].

OnHuM 3 HamnpsIMKIB BUPIIICHHS JaHOI Mpo-
OneMu € BBEACHHS B IMOTIK TBEPAMX YACTUHOK Iie-
BHOI KOHIIEHTpAIlil Ta T'PaHYJIOMETPUYHOTO CKJIa-
Ny, SIKi, Ha JyMKy 0araThbOX aBTOpiB, MOXYTb
BILTUBATH HA 3HWKCHHS T1paBJIIYHUX BTPAT.

Meroro nanoi po6oTH € HOCIIKEHHSA BILIUBY
TBEPIUX JIOMILIOK Ha Tepenaj THCKY B TpyOompo-
BOJI, 1 3CYBaTH, Y4 € MOXKIUBICTb BUKOPHCTOBY-
BaTH TBEPJi JOMIIIKK JUIs 3MEHIICHHS Iepenay
TUCKY. JUIs 1bOrO BUKOPHCTAHO I'OTOBi €KCIEpH-
MCHTAIIbHI JIaHi, J¢ AOCII/DKYBABCS BIUIMB TBEp-
WX YaCTWHOK TPW Tedii PiAMHU Ha TipaBiivyHi
ornopw, sKi nmpoBouiucs y [Bano-®paHKiBCbKOMY
iHctuTyTi HadTH 1 Taszy [7]. [pu npomy ans mpo-
BE/ICHHS EKCIIEPUMEHTIB BHKOPHUCTOBYyBajacs TIy-
MOBa KpUXTa PI3HOI KOHIICHTpAIil Ta TpaHyJIOMeT-
puuHoro ckianmy. J1ocmipKyBanocs: BIUIMB KPUXTH
HA TipaBIIivYHI OMOPH.

BpaxoByroun, 1m0 B JOCHIKEHHAX 00‘€eMHa
KUIBKICTh PIJUHU Habarato IepeBUINyBaja Kilb-
KICTh TBEPAMX YACTHHOK, PO3PaxyHKH KoedimieH-
TIB TiIPaBIIYHOrO OMOPY, YKcen PeifHombaca mpo-
BOJMJIMCS BIIHOCHO NOTOKY pimmum. Lle#t migxin,
x04a 1 popMaNbHHH, ajie JO3BOJISIE HAHOUIBII T10-
BHO YCTaHOBUTH BIUIMB TBEPJMX YACTHHOK HA Te-
Yif0 PiIMHY, a8 TAKOXK J]a€ MOXKIUBICTh MPAKTUIHO
BUKOPHCTOBYBATH 3HaiJIEHi CymapHi Koedilientn
OIIOpPY y BIAHOCHO MPOCTOMY PIBHSAHHI U PIIMHH.
[pu oMy TOYHICTh OfIEp)KaHUX PE3YNbTaTIB MPH
PO3B‘si3aHHI NMPaKTUYHUX 3a]lad 3 BUKOPUCTaHHIM
PIBHSHB ISl PITUHE 30UTBIIYETHCS, OCKUIBKH BU-
KOPUCTOBYIOTBCSI peajbHi CyMapHi Koe]illieHTH
OTIOpY, 3HAMJICHI EKCTIEPUMEHTAITLHUM IIISIXOM.

JAnst pinuH BTpaTH HAoOpy Ha TepTs BU3HAYA-
I0ThCS 32 JonoMororo gpopmynu Japcei

[-v?
hme =A—, (1)
v d-2g
ne A — Koedil[ieHT TiPaBIivYHOTO OIOpY;

U — CepeaHs IIBHIKICTh;

[ — noBkuHa TPYGONPOBOLLY;

d — BHYTILIHIN Jiamerp;

£ — IPUCKOPEHHS BUTLHOTO MaJ[IHHS.
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Pucynok 1 — 3anexknicts koedinienta rixpaBJiuHoro onopy Bix yuciaa PeiiHoabaca
3a KOHUeHTpauii TBepaux aomimok ¢ = 0,25 %

Takum umnOM, 3rifHO 3 dopmynoro (1) 3Ha-
XOAUIN Koe(bluleHTH rlz[paquHoro onopy UL
BOJIM Ta CyMapHi KOe(illieHTH TriIpaBIiyHOro oro-
py MiJ 4ac pyXy CyMilli BOJAW 3 TBEPIUMHU YaCTHU-
HKaMHU. OCKIHBKI/I BTpaTH TUCKY

2

Ap = pghmep
BH3HAUEHO 3a Pe3y/IbTaTaMH BHMIpPIOBAHHS THCKIB
HA TIOYATKy Ta B KiHIII TOPH30HTaJIBHOTO TPYOO-
MIPOBONY JAOBXKHUHOIO 15,5 M, TO 3 (2) Jerko 3HaiTu
BTpaTH Hamopy. Burpara pinvHu BHU3HaUamacs 3a
JIOIIOMOT 010 J1adyparMoBOro BUTpaToMipa.
CepenHs MBUAKICT BOJAM a00 IIOTOKY 3 TBEp-
MMM YaCTMHKaMH BHU3Ha4anacs 3a (GopMyIior

0
v=—, 3
S 3)
ne S - molia MonepevyHoro mepepisy Tpyoompo-

BOTY.
Yucno PelHonbpaca 3HaXOOUIM BIZHOCHO MO-
TOKY PLOUHHA

4)

vV — KIHEMaTUYHHH KOS(IIiEHT B A3KOCTI.
OOpoOka MpOBEIECHUX EKCIICPUMEHTIB Jajia
3MOTY BHUSIBUTH Ta OIIIHATH BIUIMB TBEPJUX YaCTHU-
HOK Ha PyX PIAWHM 1 MOKa3aTH, IO HEXTYBaHHS
UM BIJTIBOM MOXKE MPHU3BECTH JIO0 TIOMHIIOK B
pO3paxyHKax THCKiB, HEOOXiJHMX IS TPaHCIIOp-
TyBaHHSI BYTJICBOJHEBUX EHEPrOHOCIIB MPOMHCIIO-
BHMH TPYOONPOBOIAMH.

[loOynoBani 3anexHOCTI KoedilienTa rigpas-
JIYHOrO Omopy Bix uncia PeiHonbaca st pi3HOT
KOHL(CHTPAL(II Ta IPaHYJIOMETPHYHOIO CKIaLy Iy-
MOBOi KpuxTH. [IopiBHSHHS KOCQILIEHTIB Trifpas-
JYHUX OIMOpIiB MpH Tedil Bogu 0e3 ITOMIIIOK Ta 3

ac

TBEPJVIMUA YAaCTHHKAMH CBiUUTh, IO 32 IEBHOI
KOHLIEHTPAUii KPUXTH Ta TPaHyJIOMETPHUYHOTO
CKJIaJly CIIOCTEPIraeThecsl 3HMKEHHSI T1IPaBIIIYHOTO
oropy.

Y pe3yabTaTi MaTeMaTUYHOI 0OOPOOKH eKcIie-
PUMEHTAIbHUX JaHuX 100yn0BaHO rpadiku saie-
KHOCTI Koe(illieHTa TipaBIiyHOro OMOpy BiJ YH-
cina Pelinonpaca (pucynku 1-3), Ha AKMX BHIHO,
o 3a kouueHTpariii 0,25 %, 0,5 % ta 1 % TBep-
JMX YaCTUHOK y IOTOIll BOAU € Pi3HI 3HAYCHHS
Koe(illieHTa TiIPaBIiYHOrO OMOPY MpH PYCi Yac-
THHOK pi3HOI ()OpMH TIPU OJIHAKOBHX 4Hclax Peii-
HOJIbJICA.

st omucy 3ajexHOCTi KoedillieHTa Tigpas-
JMHOro onopy Bix uncna Peiinonbaca nodynosani
niHii Tpenay 3acobamu MS Excel Ha ocHOBI To4-
KOBOI JiiarpamMu 3a (GakTUYHUMHU €KCIIEPUMEHTAIIb-
HUMH JAHUMH.

Jnst BU3HAYEHHS JIOCTOBIPHOCTI OJIEPKaHHUX
MaTeMaTHYHUX MoJieJiedl BHKOPHUCTAHO 3HAYCHHS

MOXUOKK ampoKcuMarlii (R2 ). Uum Ommxde 3HA-

YEeHHS (RZ) JI0 OIWHHUII, TUM TOYHIIIE oOpaHa
MOJIETTb.

Y po0OTi HABENIEHO MAaTEMATHYHI MOJIENI, SKi
ONHUCYIOTh  3aJIOKHICTh KOe(ili€HTa TiIpaBiIidHo-
ro onopy Bia 4ucna PeiiHonbica 32 pisHUX KOH-
HEHTpaIii JOMIIIOK Ta TPaHyJIOMETPUYHOTO CKJIla-

JocnimpkyBanacsi KOHIEHTpAIlis JOMIINIOK Y
mexax 0,25...4 %. ['panynomerpuynuii ckmag ry-
MOBOI KPUXTH HAaCTYITHUI:

- J10 O/IHOTO MiNiMeTpa;

- Bl OZIHOrO 110 BOX MLIIMETPIB;

- BiJ] IBOX JI0 TPHOX 3 TIOJIOBHHOIO MiTIMETPIB.

Y  HaBeNeHWX  MAaTEMAaTHYHHUX  MOJIEISX
x=InRe, y= 4.
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Pucynok 2 — 3ane:xknicts koedinienta rixpaBJiuHoro onopy Bix yuciaa PeiiHoabaca
3a KOHUeHTpauii TBepaux aomimok ¢ = 0,5 %
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Pucynok 3 — 3ane:xknicts koedinienta rixpaBJiuHoro onopy Bia yuciaa PeiiHoabaca
3a KOHUeHTpauii TBepaux aomimok ¢ = 1 %.

I3 aHamizy HaBeJEHWX MaTEMAaTUYHUX MOjIe-
JICH BHILIUBAE, 110 3a KoHUeHTpauii ¢ = 0,25 %, B
3aJIEKHOCTI Bill IPaHylIOMETPUYHOrO CKIaay Ty-
MOBOI KPHXTH, OJICpKAHO MaTeMaTH4yHi Mojeni
JUIsl BU3HAYEHHS Koe(illieHTa TiIpaBIiqHOrO OIOo-
py 3a BiZOMUM 4YHCJIOM PeifHonbaca MiHIAHI Ta
CKCIIOHEHTHA 3 BHCOKHM CTYIEHEM JIOCTOBIPHOCTI.
A 3a xoHmeHTpanii TBepaux yactuHok 0,5% Ta
1% Iu1st YaCTHHOK po3MipoM Bix 2 10 3,5 MM Ha-
BEJCHO MOJIENI 3 HU3bKUM CTYIIEHEM JOCTOBIPHOC-
Ti. J{y1st MOCATHEHHSI BHIIIOTO CTYIICHS JOCTOBIPHO-
CTi HEOOXITHO PO3TISTHYTH PI3HOMAHITHI THIIN arl-
POKCHMYI04O0i 3aiiekHOCTi. [licias moOymoBu JiHik
TPEHY KOXKHHIA pe3yNIbTaT MPONOHYETHCS OIIHUTH
NUISIXOM pPaHXXyBaHHs 3a KUIbKOMa KpPUTEPisIMH,
SKI XapaKTepH3yIOTh JOCTOBIPHICTh, BiIIOBI/-
HICTh, HAIIHICTh 3aIIPOITIOHOBAHOI MOJIEITI.

Y pesynbTaTi NPOBEACHUX NOCIIKEHb OyI0
BCTAaHOBJICHO, 110 TBEPAI YACTMHKH, KOHLIEHTPALIis
sakux nopiBHioe 0,25 % ta 0,5 %, po3mipom Bix 2
10 3,5 MM IO3I0BXHBOI ()OPMH PYXaIOThCS TPsi-
MOJIIHIHHUMHU TPA€EKTOPISIMH, TPH LBOMY PO30H-
BAIOTh BUXOPU Ta 3MEHILIYIOTH omip. 3i 3pocTaH-
HSM KOHIICHTpAILIil TBEPAUX YAaCTHHOK [0 1 % 1
BUIUE 3MEHLICHHS TiPAaBJIiYHOrO ONOpY HE CIo-
CTEpiraeThCesl.

Onepxani pe3ynbTaTd MiATBEPIDKYIOTh BH-
CHOBKH TIPOBEICHUX paHillle eKCIIEPUMEHTAIBHUX
nocnimkens 0. I1. Koporaesa nipu Teuii mositTps 3
HEBEITMKOI0 KUTBKICTIO PIIMHU 10 BEPTUKAIbHHUX
TpyOax, MO MOMIMIKH B TypOyJIE€HTHOMY IOTOII
MOXYTh CYTTEBO BIUIMBATH Ha HOTO CTPYKTYPY.

Bax1Bor0 0COOIMBICTIO OACPIKAHUX PE3YIb-
TaTiB JOCHIIKCHb 3 TBEPAMMU YaCTUHKAMHU € Te,
10 BOHU 30IrafoThCsl 3 pe3ysibTaTaMu, OJepiKaHu-

d
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Pucynok 4 — 3anexnicts koedinienTa rigpaB/jiyHoro onopy Big KOHUEeHTpaunii TBepPaAMX TOMIllIOK
3a mBuaKocTi 1,5 m/c

mu 1O. I1. KoporaeBuM ansi HEBENMKHX KiTBKOC-
Te pimuHMU, TOOTO, KOMU KOoe(illiEHTH OmNopYy, IOo-
YMHAIOUM 3 JAeAKoro uucna PeliHombaca, CTalOTh
MEHIIIMMH 3a KOe(illiEHT OMOopy JUIs TOBITPSI.

OmHMMH 3 TIEPIIUX JOCIITHUKIB IIOTO SBUIIA
oymu Tomc, FO. II. Koporaes. Lle siBuie, Bimome
TaKoXK K epekT ToMca, BUKIMKAIIO BETMKUI Hay-
KOBHI Ta TPaKTHYHHU iHTEpec. 3amporoHOBaHO
OJIM3BKO TPHOX ACCATKIB TiMOTE3, B SKUX Hamara-
IOTBCSI TIOSICHUTH €(DEeKTH, alie 3arajbHOMPU3HAHOL
Teopil 3HMKEHHS OIMOpy JOMilKamu He icHye. Lle
OB’ SI3aHO 13 CKIAAHICTIO BUBUEHHS SIBUIIA, SKE, 3
MO3MIIIH TAPOIUHAMIKY, Ma€ PsiJl aHOMATIH.

3arajbHUM €JIEMEHTOM OUIBIIOCTI 3amporo-
HOBaHUX TEOPIH € MOHSTTS aHi30Tpomii B A3KOCTI.
BcraHoBieHO, 1110 3HMIKEHHSI OMOPY BHKIUKAIOThH
YaCTUHKHU MoNoBXKeHo! Gopmu. [loTparustoun B
PIIMHHMIA MOTIK, Yepe3 HasSBHICTh BEIMKOTO Tpaji-
€HTa [IBHJKOCTI y JIaMiHApHOMY TIi/Iuapi Ta mepe-
XiIHOMY Timapi MOJOBXEHI YaCTHHKH OpI€HTY-
FOTBCSL OUIBLIOO BICCIO B3/I0BXK MOTOKY. IIpu 3cyBi
y IUIOIIMHAX MapajielbHUX Opi€HTaIll YacTHHOK,
BIUIMB JIOMIIIIOK Ha B’S3KICTh PO3YHMHY € MiHiMa-
npHOIO.  HasiBHiCTH  AWHAMIYHOI  aHI3oTpomil
B’A3KOCTI MPHU3BOAUTH A0 OUIbII IHTEHCHBHOIO
raciHHsl MONEpeYHuX myinbcamid. B TypOyneHTHO-
My SIpi, A€ TPaJi€eHT IIBHJIKOCTI BITHOCHO HEBE-
JUKWH, IMHAMIYHA aHI30TPOMist B I3KOCT1 MPaKTH-
YHO BiJICYTHSI.

[IpunyckaeTbcst, O Jis JOMIIIOK Ha MOTIK
MPHU3BOANUTEH JIAMIHIPU3AIlil0 TMPHUCTIHHUX MIapiB
Tedii, TOBIIMHA JIAMIHAPHOTO MiAmapy 30UTbIIy-
€TBCS.

OTxe, criouaTKy NpH 30UTBIICHH]I KOHIIEHTpA-
il omip 3HUXKYETHCS, BIATaK — 30UIbIIYEThCs. Ma-
KCHMAJIbHE TIOHMKEHHs KoedilieHTa riz[paBnquo-
o Oopy 3a po3Mipy 4aCTHHOK Bix 2 j10 3,5 MM
CIIOCTEPIraeThes MpH KoHmeHTpaii ¢ = 0,25 %.

3a pe3ynbTaTaMH IIPOBEIECHUX p03paxyHKiB
mo0OymoBaHo Tpadik 3aJeKHOCTI KoedilieHTa Tij-
PaBIIYHOrO OINOPY BiJ KOHIIEHTPAIII

TyMOBO1L

KPUXTH B MOTOII 3a CTaJol MIBUIAKOCTI (puc. 4). 3
aHaJli3y pHCyHKa BUIUIMBAaE, MO 32 KOHIEHTpAIlii
¢ = 0,25 % 3a mBuakocti 1,5 M/c BinOyBaeThCs
3HMKEHHSI KoeillieHTa TiIpaBIivHOrO OMOpYy Ha
26 % mnopiBHAHO 3 Tedieto Boau. KoediiieHT ria-
PaBIIYHOTO OMOpY MiJ Yac pyxy BOJH 3a JaHOl
mBuAKocTi gopieHioe 0,0176. 13 30UIBIICHHAM
KOHIIEHTpaIlil TBepauX 4acTHHOK 10 ¢ = 0,5 %
3HIKEHHS KoeillieHTa TipaBIiyHOro OMopy CIIo-
crepiraeTbest Ha 15 %. 3a konuentpauii ¢ = 1 %
KOC(ILIEHTH TiAPABIIYHOIO ONOPY BOIM Ta CyMi-
i 30iraotees. [Ipu 30inbLICHHI KOHLEHTpAUIT
TBEPAUX IOMIIIOK Big ¢ =1 % 1 Buie koedimieHT
TiIPaBIIYHOrO OMOPY 3POCTAE.

Sx BUAHO i3 pHCYHKIB 5, 6, 3a IIBHIKOCTI
pyxy 1,5 m/c BinOyBaeThcs HaWOIIbIIE 3HUKEHHS
KOe(iI[iEHTa TiIPaBIIYHOrO OIOPY 3a KOHIIEHTpPA-
1id TBepaux yacTuHOK ¢ = 0,25 % ta ¢ = 0,5 %. I3
30LIBIICHHSIM IIBHIKOCTI KOS(DILIEHT TiIpaBIiuyHO-
T'O OMOPY MOYUHAE 3POCTATH.

3 aHanii3y rpadikiB BUIUIMBAE, 1110 32 KOHIICH-
Tpaun c=0,25%3a HIBI/IZ[KOCTI 1 ,5 M/c xoediri-
€HT TiIpaBIivyHOro onopy cymimi cknanae 0,013, a
i gac pyxy Bomm — 0,0178.

Omxe, mig 4ac pyxy BOIM 3 JOMIIIKAMH Ty-
MOBOI KPHXTH 3aJICXKHICTb KOG]IIlieHTa Ii/[paBiid-
HOT'O OMOpPY BiJl MIBHJIKOCTI Ma€ eKCTpeMallbHUi
xapakrep. CrnoyaTKy 31 30UIBIIEHHSAM IIBUIAKOCTI
OIIp 3HUKYETHCS, BIATAK — 30LTBIIYETHCS.

3a KOHIIGHTpaIlil TBEPAUX YaCTUHOK OUIbIIE
1% choocTepira€rbcs MABUIICHHS KoeQillieHTa
TiIpaBIivHOrO OMOPY 32 OJHAKOBUX umucen PeitHo-
TBJICA.

[Tpu 30inbIIeHH] OMOPY 3aJEKHICTh ITUTOMHUX
BTPAT HANopy (TiIpaBaivHOrO HaXUily) Ul Tifpo-
CyMillli MO>KHA TIOZIATH Y TAKOMY BHTJISIIII:

i=ip+Ai, 4)
Ae iy — MUTOMI BTPAaTH HAmopy OXHOPIAHOI pi-
JIMHY;
Ai — I0IaTKOBI MUTOMI BTPATH HAIOPY.

T22)
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PucyHnoxk 5 — 3anexknicTsb koedinienTa rixpaBaiyHoro onopy Bia mBHAKOCTI
3a KOHUeHTpanii rymoBoi kpuxtu ¢ = 0,25 %
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PucyHnok 6 — 3anexknicTb koedinienTa rixpaBaiyHoro onopy Bia mBHAKOCTI
3a KOHIeHTpauii rymoBoi kpuxtu ¢ = 0,5 %

Po3paxyemMo, sk BIUIMBAIOTH TBEPAl JOMIIIKH
Ha BTpaTH THCKY. Hampuknan, 3a KoOHIGHTpallil
TBEPAUX AOMIIIOK ¢ =4 % BTpaTH THCKY CKJajaa-
I0Th
Ap=p-g-i-1=998-9,81-0,0828-15,5=1256511a,
e [ — TiIpaBIivyHUN HAXHJI.

Brpatu THCKy Tij wac pyxXy BOAW JIOpIBHIO-
10Th 8604 Ila.

OTmxe, min 4ac pyxXy BOOHM 3 TYMOBOIO KpHX-
TOKO PO3MIPOM Bif 2 10 3,5 MM, KOHIIGHTpAIIis SIKOT
¢ =4 %, BTpaTH THUCKY 3pOCTaloTh Ha 46 % mopis-
HSTHO 3 PYXOM BOJH €3 JIOMIIIIOK.

BucHoBku

3 aHaNi3y NPOBEACHUX JOCIIPKEHb BUILIIBAE,
0 B 3aJIGKHOCTI BiJ KOHIIEHTpALlii TBEPAUX Yac-
THHOK Ta iX TPaHyJIOMETPUYHOr0 CKJIaJy BinmOyBa-
€ThCS 3HWKCHHS a00 MIABMINCHHS KoedilieHTa
TiIpaBIivHOrO OMOpPY, MIO MPU3BOIUTH JO 3MEH-
nIeHHs1 a00 30UTBIIEHHS BTPAT THCKY Il Yac pyxy
PIAMHHU 3 TBEPIUMH JOMIIIKAMHU.

3aBlaHHIM HACTYITHUX JIOCIIPKEHb € TIPOrHO-
3yBaHHS BUHHKHEHHS aBapiiiHUX CHUTyamid Ha
MPOMHCIIOBUX TPYOONPOBOAAX 3 KOMIUIEKCHUM
ypaxyBaHHSM YHHHUKIB, SIKi BIUTMBAIOTh HA PHU3HU-
K/ BUHHKHEHHS HeOe3IeK.
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