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MNAPAMETPUYHUIN T’EHEPATOP YACTOTH HA HEKOJIIHEAPHUX
MAT'HITHHUX ITOJIAX

Mera. ¥V craTTi HEOOXiJHO MPOBECTU JOCIIHKEHHS MMapaMEeTPUYHOIO TeHeparopa YacTOTH Ha HEKOJIIHEapHUX
MAaTHITHHX TIOJISX, SIKUH BUKOHYE (YHKIIIi cTaOUTi30BaHOTO JPKEpesia )KHUBICHHS Ta 3aC00y 3aXUCTY BiJl BIUIUBY I10-
TY)XHUX IMIYJIBCHHX 3aBaJ] Y BUTJLAAI KOMYTAIIHUX TIEpeHANnpyT i po3psAniB OxmckaBku. Meroamka. s mpoBe-
JICHHS] €KCIIEPUMEHTAIBHUX JOCHIIIKEHb OyJI0 BUTOTOBJIEHO MAaKETHHUI 3pa30K IMapaMeTpHIHOro reneparopa. Ipo-
BE€/IEHO HM3KY JOCJIIKEHb 13 BU3HAUCHHS ONTHMAalIbHHUX MapaMeTpiB KiJl HAKAYKH Ta KOHTYPY HNPHUCTPOIO, 32 SIKHX
JIOCSITAIOTHCSl HaWKpalllli €HepreTH4HI XapaKTepUCTHUKM Ta MaKcHMajlbHa BHXiJHA TOTY)XKHICTH 13 3a0€3NeueHHSIM
cTiliKoi rereparii B cucrtemi. Pe3yabTaTH. ABTOPH JOBEIN HEOOXITHICTE PO3POOKH 3ac00y 3aXUCTy almapaTrypu CH-
rHaNi3alil, neHTpajizauii Ta GJIOKYBaHHS Bij BIUIMBY MOTYXHUX IMIYJIbCHHX 3aBajl. Po3po0ieHa KOHCTPYKIis MpH-
CTPOIO MOBHICTIO BUKIIOYAE TpaHc(hOpMaIiio eHeprii, TOOTO MPOHWKHEHHS MEpelIKoAn i3 BXOJY Ha BUXiI. Y pe-
3yJIBTATI MPOBEIEHUX EKCIIEPUMEHTAIBLHUX IOCII/DKeHb BH3HAUYEHO ONTHUMaJIbHI MapaMeTpu KiJl reHepaTopa, Lo
3a0e3neuyroTh HOro HalKpallli eHepreTuuHi xapakrepucTukd. HaykoBa HoBH3HA. Y IOCKOHAIICHO MPUCTPIi mapa-
METPUYHOTO FeHepaTopa, SIKMI Ma€ y CBOTH KOHCTPYKIIIT €HEPrOEMHI €JIeMEHTH, 110 3HAYHO TOJIMIIY€e SHePreTHIHI
XapaKTEePUCTUKH 1 BIACTHBOCTI. [3 METOIO Mi/IBUILIEHHSI HA/IIHHOCTI CUCTEM aBTOOJIOKYBaHHS IOJANIBIINIT PO3BUTOK
OTpHUMaJIH CIIOCOOM 3aXMCTy araparypy 3aji3HUYHOI aBTOMATHKH W TelIeMEXaHIKM BiJ BIUIUBY MOTYXHUX IMITyJIbC-
HUX 3aBaJl i BUCOKUX PiBHIB TATOBUX cTpyMiB. [IpakTnyna 3Ha4ynMicTh. Ha OCHOBI OTpUMaHHX pe3yibTaTiB MOXK-
Ha BIIPOBAJWTH Y BHUPOOHHUIITBO TOCTIKEHUH MPHUCTPIA 1 3aCTOCOBYBATH HOTO UIA OpraHi3aiii cTabigi30BaHOTO
BTOPUHHOTO JDKEpeIIa >KUBJICHHS KOJIMHUX NPHUCTPOIB 3aTi3HWYHOI aBTOMATHKH, a TaKOX JUIS 3aXHCTy amaparypu
BiJl IIii TOTYXHHUX IMITyJCHHUX 3aBaJ, CTBOPEHUX T'PO30BUMH PO3psSAaMU i OIMCKaBKaMU a00 KOMYTaIliHHUMH Tie-
peHanpyxeHHsIMHU. Pe3ynpraTi poOOTH TakoXK MOXYTh OyTH BHKOPHCTaHI IIiJ] 4ac nepeodaHaHHs MepeTroHiB HO-
BUMH CHUCTEMaMH 3aj1i3HHYHOI aBTOMATHUKU Ta IMiArOTOBKHM MPOCKTHOI JOKYMEHTAIlil Ha PEHKOBI KoJia, CTAHIlIHI
CHCTEMHU i CHCTEMH aBTOOJIOKYBaHHsS. Pe3ynbTaTu JOCIHIKEHHsSI BUKOPUCTOBYIOTh i/l Yac BHBYEHHS JAUCIMIUIIH
«CrientianbHi BUMIpIOBaHHS Ha 3aJi3HUYHOMY TPAHCIIOPTi» W «EJIEKTPOKUBICHHS IPUCTPOIB aBTOMATHKN», OpraHi-
3amii HayKOBO-TIPaKTHYHUX CEMiHapiB, KypCiB MiABUIIEHHS KBaTi(iKalii Tomio.
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Beryn

EnexTpoHHa amaparypa CHCTEM 3alli3HHYHOL
aBToMaTuku i Tenemexaniku (3AT) mig yac pooo-
TH miepeOyBae B JOCUTH CKJIAJHIN €IeKTPOMAarHiT-
Hiii oOcTtaHoBMi [5, 10], amke Ha HEl 3MIHCHIOIOTH
BIUIMB TOTYKHI immynbscHi 3aBaaum (I113), sxi,
3 0IHOrO OOKY, BUPaXalOThCsI TPO30BUMHU pO3psi-
IamMu ¥ ONHMCKaBKaMM, a 3 1HIIOTO — KOMYTAaIliitHH-
MU TIEpEHAIPY)KEHHSIMA W KOPOTKMMH 3aMHKaH-
HSMH TAroBO1 Mepexi. CboroiHi Maiike He icHye
MIPUCTPOIB, SKI TMOBHICTIO 3aXHUINAIOTh amaparypy
3AT Big mii Tpo30BHUX po3psAmiB 1 OimcKaBok [3].
VY kabensx g0 penerHol madu i NUTOBUX yCTaHO-
BOK CHCTEM CHUTHaJi3alii, HeHTpaizalii ta 0JIoKy-
BauHs (CLIbB) mix gac ynapiB GnmckaBku Moxe Oy-
TH TIPUCYTHS aMILTITyJla CTpyMY i Hampyru 3aBaau
8 KA, 4,5 kB i3 ¢pponTOM iMITyJIBCY 2 MKC 1 TpHBa-
mictio 210 mxc. EHepris moTyXHOI iMIyJIbCHOI

3aBaJiu (J-iztdt iHTerpan Jxoyis) IepeBHILye

30 x/Ix. [Ipu upomy pospaauuk PBHILI-250, sxuit
Hapasi 3acTocoByrOTh y npuctposix CLIb sk 3axwmc-
Hul 3aci0, mae iHTerpan Jxoynsa 2,5 k/x. Akino
MOPIBHATH 11i JIBa MOKA3HUKH, TO CTA€E 3PO3yMIIOI0
HEOOXIiTHICTh YIPOBAPKEHHSI MPHUCTPOIO 3aXUCTY
anapatypu 3AT Bin mii I1I3 1 mocmimkenHs #oro
poboTu.

Meta

YpaxoByrouu BHIIe HaBEJICHE, aBTOPU CTABJIATH 32
METY JIOCHI/KEHHS 1 BIOCKOHAJICHHS 3ac00y 3axmc-
Ty npuctpoiB CLIb Bij BIHBY Ipo30BHX pO3pSIiB
1 KOMyTaIlifHUX TIEpEHAIPYT TATOBOI MEPEKi.

Metoauka

[IpoToTHOM TOCTIIKYBAHOTO IPUCTPOIO € Tie-
perBoproBad yactotu IIY 50:25 i moximHuil Bix
weoro [I4 50:50-300, sxwuii, Ha BigMiHY BiX
ITY 50:25, He Mae MOCTIHHOI CKJIaZ0BOI POOOYOro
CTpyMy, IIIO MiAMarHidyBama i, sk HacIliJOK, Harpi-
Bajla MarHiTONPOBOJN CHUJIOBUX TpaHC(HOpMaTopiB
nocra IeHTpati3aiii, CTBOPIOIOYH THM CaMHM He-
TaTUBHUH BIUIUB Ha 1X po0OTYy.

[TapameTpuuHmii TeHEPATOP YaCTOTH 3 OPTOTO-
HanbHUMU (KomiHeapHuMu) monsmu 1Y 50:25
MIPeICTaBIsIE COOO00 AUTHHUK YaCTOTH 3 Mapajiesb-
HUMU TIOJSIMH T4 € CYTTEBO HENHIHHUM MPUCTPO-
eM. BiH ckiamaeTbcst 3 MarHiTONMPOBOJY, BUKOHA-

HOTO Y BHIJIIAI MPSIMOKYTHOTO Tapaiesernimnena
3 HaCKpi3HUMHU BiKHAMH, PO3TAIIOBAaHUMHU Ha Jia-
TOHAJAX MOro rpaHei.

Hdns  30yIKeHHA  eNeKTpUYHUX  KOJWBaHb
000B’SI3KOBOI0  YMOBOIO € HAsBHICTh Y KOHTYpi
EHEepreTHYHOro mnapameTpa (iHAYKTUBHOCTI abo
€MHOCTI), IO mepioau4Ho 3MiHoeThes [4]. [o To-
ro X IapaMeTpuyHe 30UTbIIEeHHs KOMOIHAIH MO-
K€ MaTH MICIIe TUIBKH 32 YMOB, KOJIM 3MiHa mapa-
MeTpa MPHU3BOJIUTH N0 30LIBIICHHS CHEPTrii KOJIH-
BaHb, SKi CMOYATKy BHHWKAJIN Yy KOHTYpI BHACIHIi-
JIOK HECHMETPIi MarHiTHUX XapaKTePHUCTHK Oocepab
a00 3a paxyHOK HE3HAYHUX 3MiH 3€MHOT'0 MarHiT-
HOro monsa. Taki HEBEJNWKi KOJHBAaHHS CTPyMY
CTBOPIOIOTH HAIpPyTy Ha KOHJEHCATOPI KOHTYpa,
IO 3MIHIOETBCS 338 3aKOHOM, HAOIMKEHUM IO CH-
HYCOI1aJIbHOTO.

VY Hamomy BUNAIKy AJs 30yIKEHHS KOTUBAaHb
3MIHIOBATUMEMO IHAYKTUBHICT KOHTYypa IIpH-
CTPOIO 30BHILIHIM JiKepenioM eneprii. Llei npouec
BiOyBaTUMEThCS 3a HACTYIIHMM 3aKOHOM: y Ti
MOMEHTH dYacy, KOIU CTPyM Yy KOHTYpi Jocsrae

makcumymy (i, ==l . ), IHIYKTHBHICTb JOCHUTbH

MIBUAKO 3MEHIIY€ThCS BiJ 3HaueHHs L, 100 3Ha-
4eHHs L,, a Konu cTpyM NpOXOIUTh 4epe3 Hylb, —

MOBEPTAETBCS IO CBOTO KOJHIIHBOTO 3HAYCHHS
(puc. 1). Y pasi 3MeHIIEHHS 1HAYKTUBHOCTI (MO-
MeHTH 1, t,...) 30BHilIHE mxepeno Oyne 3aikic-
HIOBaTH pPOOOTY TNPOTH CHJI MAarHiTHOTO IO,
W eHepris, Ky BHTpAvae JDKEPENo, JOPiBHIOBATH-
Me MIPUPOCTY eIEKTPOMATrHITHOI €Heprii KOHTypa:

0,5(L, —L)- 17 =0,5-W, - @, - A, =AA .

Bepyun 10 yBarm He3MiHHICTh MarHiTHOTO TO-
TOKY MiJ] 4ac 3MiHH iHIyKTHBHOCTI, €HEpTis KOH-
Typa 301IbIIyBAaTUMETHCS 32 PaXyHOK CTPHUOKOITO-
IOHOTO 301IBIIEHHS CTPYMY KOHTYpa NPHOIHU3HO
Ha BEJIMYUHY:

. AL
Al =1, —.

cp

[Ticns oTpuMaHHS KOHTYPOM MPHPOCTY €Hepril
CTPYM B IHAYKTHBHOCTI 3MEHIIYETHCS, a EIeKTPO-
Mar”iTHa €Hepris, M0 HakonmWdYeHa B Hil, Oyne
MEPEXOANUTH B €JIEKTPOCTATUYHY €HEPrilo KOHAEH-
caropa [1, 2]. [ToBepHEeHHS 1HIYKTHBHOCTI JIO TIO-
MEPEeAHbOr0 3HAUCHHSA, L0 BigOyBaeThCs uepes
YBEpTh MEPIOAY YacCTOTH KOHTYpa, HE CYIpPOBO-
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JDKYETBCS 3MIHOIO 3amacy eHeprii KOHTypa, Mo
30cepeKeHa B KOHJICHCATOpi, TOMy IO Lei mpo-
1IeC BiI0OyBa€ThCA B MOMEHTH 1, t,..., KONU CTpyM
I
KOHTypa nopiBHIOE Hymio. [Ipn mpomy Ha 3MiHY
IHAYKTHBHOCTI 30BHIIIHIX JKEpeN eHeprisi He BU-
TpadaeTreest [5]. Y Tperid uBepTi mepiomy, Koid

«n @ BUIIOBIIHO, H EIEKTPOMArHiTHa €Hepris

B L 2

B )

/ /

HaIpsIMOK CTPYMY IHIYKTHBHOCTiI 3MIHIOEThCS Ha
MIPOTHIJICKHUH, a 3HAYCHHS IHAYKTUBHOCTI 3HOBY
3MEHIIIYBATUMETHCS, CHEPTisl KOHTYpa 301IbLINTh-
sl Ha JIeAKy BeIUn4uHy AA, > AA , OCKUIBKH CTPyM
KOHTYpa 3a MEepIIy MOJOBHUHY TMEepioay 3pic Ha Be-
IU4MHY Al .

/N

. d{_‘

%

— |

Loy

P

Puc. 1. I'padiku 3MiHE TapaMeTpiB IepeTBOPIOBaYa YACTOTH B MPOIIECi MapaMETPUIHOTO 30yIKEHHS

Fig. 1. Graphs of changing the parameters of the frequency converter in the process of parametric excitation

[loHATTST «HakadyBaHHSI» O3HAYaE KOMIICHCA-
LiI0 BTpaT €HEprii CUCTEMH BIPOAOBXK pPOOOTH,
3MIACHIOBAHOI i 9ac 3MiHM 1HXYKTUBHOCTI JIXKe-
peyioM HakauyyBaHHs. BiAMmoBIAHO 10 1[bOTO HaJaIi
BUKOPUCTAHO TEPMiHM «CTPYM HaKadyBaHHS»
W «Hampyra HakadyBaHHS» 3aMICTh TepMiHa «Ha-
Tpyra Mepexi».

3rigHo 3 puc. | MOXHAa BUAUIUTH HACTYITHI
0COOJIMBOCTI TapaMeTpUYHOrO 30yIKEHHS KOIH-
BaHb!

1. HaifehekTUBHIIIUM  pEKUMOM 30y KEHHS
KOJINBaHb € TaKHid, 32 SIKOT0 3MiHa MapaMeTpa KOH-
Typa BiOYBa€ThCS 3 YACTOTOI0 HaKadyyBaHHS, IO
B/BIYl MEpPEBHIIYE YACTOTy BIACHUX KOJMBAHb
y cuctemi (puc. 1).

2.3MileHHs MOMEHTY 3MeHIIeHHs L Ha BiaMi-

Ky "acy, kom [i | <|lyy,|, T06T0 Ha At 3a wacom t
abo Ha 2mwAt 3a (azoro, mpusBeae 10 3MEHIICHHS
SHeprii, sKa MOCTYNae B KOHTYP; 3pOCTAaHHS 3Ha-
YeHHS 1HIYKTUBHOCTI BigOyBaTuMeThes 3a U # 0,
a ToMy Oyze CyInpOBOJKYBAaTHCS BUTPATOI €HEp-

rii KoHTypa. SIKIIO X 3MICTUTH MOMEHTH 4Hacy

o . T, .
3MIHM 1HAYKTHBHOCTI Ha Atsz, TO 1HAYKTHB-

HicTb Oyne 3meHmryBatucs (iy ~0) 1 30UIbLIYyBa-
THCS (|ik| = Ikm), TOOTO €Heprisi y KOHTyp B3araii

He Oy/e HaJIXOAUTH, 1 il BTpaTH NP IbOMY BHUSB-
JIAOThCS HalOimbmuMu. Taka 3MiHa L mpusBene
10 301JIbIIEHHS 3TacaHHs CTPyMYy KOHTYpa.

Jlo KOHCTPYKIIMHNX HEAOJIKIB 1HIIOTO aHajo-
ra pospobseHoro mpuctpoto, I1I" 50-50-300, Ha-
JISKUTh HAsBHICTH OOMOTKH 3BOPOTHOTO 3B’SI3KY,
110 CTBOPIOE MMOBipHicTh noTparusaHs 1113 y Bu-
XiIHy KOHTYpHY OOMOTKY. Y TaKOMYy BHIIQJKY 3a-
XHCHI BJIACTHBOCTI MOBHICTIO aHYJIIOIOThCS. BuHu-
Ka€ HEOOXiTHICTh y pO3poOIli MPHUCTPOIO 3aXUCTY
amapatrypu BiJ Aii TPO30BHX PO3PSIiB 1 KOMYyTa-
UiHHUX TepeHanpyr, Sk Ou He BOJOJIB BHIIC
HaBeJICHUMHM Heolrikamu [9].

VY BIOCKOHAJIECHOMY HPUCTPOi BUKJIIOYEHa 00-
MOTKa 3BOPOTHOTO 3B’SI3KY, 1 KOHCTPYKIIisi MarHi-
TOMPOBOJY Tepeadadae HEKOJIHEapHICTh MarHiT-
HUX KiJI. 3MiHHUH CTPYM y pO3MIiILIEHUX OPTOTOHA-
JFHO OOMOTKaX HAaKadyyBaHHS CTBOPIOE MarHITHUN
MOTIK, CHJIOBI JIiHIT SKOTO HE IMEePEeTHHAIOTh KOHTY-
pHY 00MOTKY. Take KOHCTpyKILiiiHE pillleHHs 10-
3BOJISIE TIOBHICTIO YHUKHYTH TpaHchopmMariii eHep-
rii 3 Kojla HaKayyBaHHSA B KOHTYp HaBiTh 3a 4acT-
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KOBOTO 3aMHKaHHS BUTKIB OOMOTKHM HaKadyBaHHS.
Kpim Toro, 3a Takux yMOB MOXXHa YHUKHYTH He-
npaBWwiIbHOI poOoTH (Ha30UyTIMBOTO KOJIHHOTO
pere.

Otxe, yci Bullle TepepaxoBaHi BIACTHBOCTI,
0COOIMBOCTI i XapaKTEpUCTUKU OYJIM BUKOPHCTaHI
JUISL CTBOPEHHSI TaKOro MapaMeTPHUYHOro TeHepa-
topa (I1I), stkuit MOXXHA BUKOPUCTATH 1 SIK CTa01Ti-
30BaHE BTOPUHHE JDKEPEJIO )KUBJICHHS, 1 SK TPHCT-
pii 3axucTy Bif Iii iMITyIbCHUX 3aBal.

JInst BUTOTOBIICHHS JIOCIIHOTO 3paska Iapa-
METPUYHOTO TeHEpaToOpa YaCTOTH ¥ JOCIIHKEHHS
HOro XapakTepuCTHK OyJo po3paxoBaHO BCi
KOHCTPYKTHBHI ¥ €JEKTPUYHI MapaMeTpH, aje

BOHM MOTpeOyBalnM IOJAJBIIOTO  YTOUYHEHHS
€KCIIEPUMEHTOM. Ocepas BUKOHAHO
3  XOJIOHOKATaHOi TOHKOJHMCTOBOI 130TPOMHOL
eNeKTpoTexXHIuHOI cTami 2412, mo Bolomie

XOopourmMu MAarHiTHUMH BIIACTHBOCTSIMH.

Puc. 2. Maketnuii 3paszok I1I" 50:50-150
Fig. 2. A parametric generator 50:50-150 prototype

3cyB ¢a3z 90° MiXK BXiHOK Ta BUXIJHOK Ha-
npyramu 3abesneuytots oomoTku I, po3mimeni
OpPTOTOHAIIBHO (pHC. 2).

Hocnigauii 3pa3ok MepeTBoproBava IMOTYXKHiC-
TI0 150 BT Ha HekoJiHEapHUX MarHiTHUX MOJSIX
Ma€ HACTYITHI MmapamMeTpu: 00’€M CTajli MarHiToI-

p = 0,34 m;
mramn cram 11-33-50-198, emuicTh Kojla Haka-
YyBaHHs C,=40mx®, €MHICTb  KOHTypa
C. =40mxD,

poBoayV =1,3-10; cepensst Jinis |

C]

BUTKH OOMOTKU HaKaYyBaHHA

W, =300, W,, =300 , BUTKM KOHTYPHOI OOMOTKH
W, =300 [64].

JocnigxkeHHs MPOBEJEHI 3a CXEMOo, IO 30-
OpakeHa Ha puc. 3.

[0 ¢
11ObC 34V3

Who=50

JIATP 1

1,1 Om

Cn

40T

ix Y\

1IK AL

Puc. 3. Cxema [t moCHiIKeHHS XapaKTePUCTHK apa-
METPUYHOTO T'eHepaTopa YacToTH

Fig. 3. A scheme for studying the characteristics
of a parametric frequency generator

EnemeHnTH BXiZHOTO KOJIa Te€HEpaTopa MICTATh
nocnioBHuil koHtyp L, —C,, ne MoxnuBui Jii-
HIHHUN pE30HAaHC HAmNpyr, Ta MapanelbHe KOJO
L, —Cy 3 HeNiHIiHOI 1HZYKTUBHICTIO OOMOTKH

HaKauyyBaHHs, JI¢ MOXJIMBUH (epOpe30HAHC CTPY-
MIB.

my e i
1
350
Cn s
K
50
OxX Lo
n

Puc. 4. Cxema BxigHoro xona I1I" 3 3ycTpiuHMM YBIMK-
HEHHSIM BUTKIB 00MOTKH Hakauku 300 Ta 50

Fig. 4. Scheme of the input circuit of parametric genera-
tor with the inclusion of the pumping winding
300 and 50

VY pesynbTari pO3paxyHKIB XapaKTEPUCTHK
€JIEMEHTIB BXIJHOrO KOJIa IeHeparopa 3HahIeHO
3HaueHHs1 eMHOCTi (30...40 Mx®), siKe 3a 3aJaHUX
napamerpiB I1I" 3a6e3neuye B 0OMOTILi HaKauyBaH-
Hs HEOOXIgHY IHAYKIIiFO 1 CTBOPIOE PEKUM KOJIH-
BaHb y BUXIJHOMY IapaMETPUYHOMY KOl 0e3 110-
CSITHEHHSI PEKMUMIB HACHYEHHS CTalli OCep/s reHe-
patopa. 3a 3HaWIECHOI €MHOCTI KOHJEHCATOpa
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CTpyM y KOHTYpi L, —C,; He nepesumye 2,5 A. Ile
caMme Ta €EMHICTb, 3a K01 MPOSBIIETHCS pepopeso-
HAHC, VYHACHIJIOK YOro Bi0OYBaeThCs CTPHOOK
ctpymy. HacnipaBai obpana amsi mpoBelieHHS eKC-
MMePUMEHTANBHUX JTOCHTIDKEHbh €MHICTh € TPOXH
MEHIIIO0 32 PO3PaXyHKOBY, OCKUIBKH PEKUM TOB-
HOTO PE30HAHCY CTPyMY Iifl 4ac poOOTH MEPEeTBO-
proBaya He OaxxaHWH 13 TOYKK 30py OOMEKEHHS
CTpyMy HaMarHiuyBaHHS OOMOTKH HaKaqyBaHHS.
Ha puc. 4 300paxkeHi MOCHIIOBHO BKIIIOUYEHI
eJIeMeHTHU BXinHoro kona I1I° (L0 + LHO)— Cy, mo

CTBOPIOIOTH TEPEIyMOBY MJIsi BUHUKHEHHS JIiHIN-
HOTO pe30HaHCYy Hanpyr (iHIyKTuUBHICTb L., Me-
HIa BiJ Ly, ). 3a pe3oHaHcy Hampyr, sK BiZIOMO,
(haza cTtpymy B Kouti 30iraeTscs 3 $a3zor eneKTpo-
pyuriiHoi cumu. Y 1bOMY BHIAAKY BXIAHUH OMip
CXEMH € aKTUBHHM, a CTPYM Ha BXOJli — MaKCHMa-
meHUM. Hampyra Ha iHIZyKTHBHOCTI OOMOTKHM Ha-
kauyBanug W, nocarnme Bemmumnn U, =QU,,

(Lo + L)

(Do'
ne Q= R

ro KOHTYpa; ®, — BJIaCHAa YacTOTa BXIJHOIO KOH-

— MOOPOTHICTh PE30HAHCHO-

typa III'. 'eneparop nomyckae BIIXUIEHHSA ©, Bif

YacTOTH XKHUBWIBHOT Mepexi B mexax 40 %. ns
po0OTH mochigHOrO 3pa3ka oOpaHi MmapaMeTpu
€JIEMEHTIB BXiJHOI CXEMH, 3a SKMX PE30HaHC Ha-
npyr Moxe posBuBatucs jumie Ha 20..30 % Big
MaKCUMaJIbHOT JOOPOTHOCTI KOHTYPA.

VY po06oTi MpoBeAEHO MOLIYK ONTUMAJIBHUX I1a-
pameTpiB Kona HakadyBaHHS W koHTypa [, sxi
3a0e3MeuyroTh MOTPIOHI EHEPreTUYHI OKa3HUKHU 1
BUXIJIHY TMOTYXHICTb. BUWHHKIIA HEOOXIJIHICTH
3MIACHUTH YTOYHEHHS KiJBKOCTI 3yCTPIYHO BBIMK-
HEHHMX BUTKIB, BEIMYMHN €MHOCTI HaKauyyBaHHS Ta
iH.

IngykTuBHICTE L, 3aCTOCOBYIOTH y KOJIi Haka-

YyBaHHS HE TiJIBKH JJISl OpraHizalii pe3oHaHCy Ha-
npyr. Jlns aprymenTanii BBeJleHHs L, ckopucTae-
MOCS OCIIHJIOIPaMOIO BXi/IHOI HANPYTH W BUXiJHO-
ro crpymy 6e3 L, y cxemi (puc. 5). Buxinnuii
CTPYM, SIK BHJIHO 3 PHC. 5, Ma€ XapakTepHy HecH-
HYCOIaNbHICTh, aJKe Ha HBOTO 3IiHCHIOE BILIMB
HENTIHIHHICTh KOHTYpPa, 10 CTBOPIOE TPETIO TapMO-
HIKY, Ka Ma€ aMIUNTyay OnM3bKy A0 mepiuoi. To-
My JAJIs TIOJIaBJIEHHS TPEThOi TapMOHIKH OYJIO BBe-
J€HO JiHIHY 1HIYKTHBHICTb L,. 3a mOBHOro BH-

KJIIOYeHHs L, 31 cXeMu HakadyBaHHs I'eHepallis He

HacTae HaBiTh y pasi BXigHOi Hampyru go 220 B.
TakuMm 4YMHOM, HASBHICTH y CXeMi JOJATKOBOI JIi-
HifHOi 1HAYKTHBHOCTI L, NMO3MTHBHO BIIMBAE Ha

JOOPOTHICTH BXiHOTO KOJIa.

Puc. 5. Ocmnmorpama BXigHOT HaIIpyTH
1 BUXITHOTO CTPyMY:
1 — BximHa Hanpyra; 2 — BUXiAHHI CTPyM
Fig. 5. Oscillogram of input voltage and output current:
1 — input voltage, 2 — output current

[1ig yac npoBeneHHS eKCIIEPUMEHTAIBHUX JOC-
JiKeHb OYyJI0 3aCTOCOBAaHO OaraTo BapiaHTIB YBi-
MKHEHHsSI BUTKiB OOMOTOK 1 BapilOBaHHS iXHBOT
KITBKOCTI, a TAKOXK PI3HUX HOMIHAJIIB EMHOCTEH [6,
8]. 3ailicHeHO PO3paxyHKH BHXiZHOI MOTYKHOCTI
i xoedinienta xopuchoi mii (KKJ) renepatopa.
[IpoBenenHi mocmiKeHHST CBiTYaTh, M0 HANOLIBII
e()eKTUBHOIO € CXeMa i3 3yCTpPiYHO YBIMKHEHUMHU
ButkamMu W, =50 1 W,; =300 i eMHICTIO B KOJIi
HakauyBaHHS 40 Mk®. Y pa3i Takux mapamerpis
CXeMH  TeHepauis Hacrtae Mpd  Hampyru
U, =180B (puc. 6).

Puc. 6. OciuiorpaMa BXiHOT Ta BUXITHOT
HampyT Y pexXuMi TeHepartii

Fig. 6. Oscillogram of input and output voltages
in generation mode

PesynpTatn BUMiproBaHb HaBeleHi B Ta0x. 1.
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Tabomums 1

Pe3ynbTaTH eKcepHMMeHTAJbHUX J0CTiAKeHb

Table 1
Results of experimental studies
U.vtepe.wci’B U,.B UksB iR,"’A
180 242 262 1,5
210 256 260 1,5
220 267 257 1,5
230 279 252 1,5
255 295 240 1,4

V pasi nocarnenns U, =180B 3cyB (a3 mix

HaIpyTol0 BXIIHOTO Ta BHUXIJHOTO KOHTYPIB IOpi-
BHIOe 90° [11], mo BimoOpaxkae poOoTy
I (puc. 7).

Uk, b’\
2601
250

240+

230 — >
190 200 210 220 230 240 250
180 Uwmepearci, B

Puc. 7. HeniHiliHa 3a7eXHICTh BHX1IHOT HAIIPyTH KOH-
Typa BiJl HANIPYTH )KUBJICHHS

Fig. 7. Nonlinear dependence of the output voltage
of the circuit on the supply voltage

3a OTpUMaHMMHU EKCIIEPUMEHTAIbHUMH IaHU-
MU OyJI0 ITOOYI0BAaHO 3aJICKHICTh BEIMYMHHA BUXI-
JTHOT HAIllpyTd KOHTYpa BiJi HANpyTrd >KUBMIBHOL
Mepexi. SIk BUIHO Ha puc. 6, BHXiZHa Hampyra
€ ctabimi3oBaHOO, i Mynbcalii He MEePeBUIIYIOTH
8 %, mo € npuiiHaTHUM 3rigHo 3 TY. [ns mporo
cxemuoro pimenns KK/ n=0,7.

3Bakal04yy Ha OTPUMaHI OCLIJIOrpaMHU W BHMi-
psui Harpyry, 1T 50:50-150 MoskHa ycmimHO 3a-
CTOCOBYBAaTH K CTa01J1i30BaHE BTOPUHHE JHKEPEIIO
’KHUBJICHHS.

Ha cranii po3pobku npuctporo III" 50:50-150
OyJI0 3alIaHOBaHO BHKOPHCTOBYBATH 1 SIK 3aci0
3aXHMCTy BiJ Jii TpPO30BUX PO3PSAIiB i OJHMCKABOK,
TOMY IIPOBEJICHO JTOCTI/KEHHS 1 B IbOMY HAIIPSIMI.

CeptudixoBana nmadoparopis BUpoOyBaHb TEXHi-
YHUX 3aC00iB 3aJi3HUYHOT aBTOMAaTHKH W TeJeMe-
xaHiku mipoBena BunpoOyBanns [1I" 50:50-150 na
€JIEKTPOMATHITHY CYMICHICTb. Y pe3ynabTaTi Ha
BHUXOJIl TEHepaTropa cIocTepirajacs Halpyra Iie-
pemkou amIutityor0 5—7 B mig vac momaui Ha
BXim mpucTtporo Hanpyru 3,5 kB TpuBamicTio 10
100 mkc.

PesyabTaru

Ha ocHOBI mpoBeneHNX AOCIiAKEHb MAKETHOTO
3paska III" 50:50-150 Gyno yTo4HEeHO mapameTpu
€JIEMEHTIB KiJl HakadyBaHHS Ta KOHTYpa, 30KpeMa
CXeMy BBIMKHEHHs BUTKIB HaKadyBaHHS, iX KiJb-
KiCTh, HAsIBHICTh y CX€Mi JIIHIHHOT iHIyKTHBHOCTI.
[ToOymoBaHO 3aNEXKHICTH HANPYTrd KOHTypa Bif
HaTNpyryd MepexXi, OTPUMAaHO OCHUIIOTPaMHU BUXiJI-
HOTO CTPyMYy, BXiIHOi Ta BHXiJHOI Hampyr y pe-
xuMi reHeparii. [IpoBeneHo AOCTIKEHHAS 3aX¥C-
HUX BIIACTHUBOCTEH MpUCTporo. Po3pobneno niro-
ynii 3pa3zok [, akuii 1O3BOJIMTH BHUPIMIUTH BaxK-
JUBY TpPaKTH4YHY 3agady —  OpTraHi3yBaTH
e(eKTUBHUI 3aXUCT amapaTyph CHUCTEM 3ali3HUY-
HOI aBTOMATHKHU BiJ Aii MOTYXHUX IMITyJIbCHUX
3aBaji, CTBOPEHUX TPO30BUMH PO3psiiaMH, OiHcKa-
BKaM# i KOMYTallifHUMH TepeHanpyraMi TATOBOI
Mepexi 3aJi3HUIIb.

HaykoBa HOBHU3HA Ta MPAKTHUYHA
3HAYUMICTh

VY 10CKOHAJIEHO TMPUCTPii MapaMeTPUIHOTO Te-
HepaTopa, KUl Mae y CBOiH KOHCTPYKILIi eHepro-
€MHI €JIEMEHTH, 110 3HAYHO MOJIMIIYye HOro eHep-
TeTUYHI XapaKTePUCTHKH 1 BJIACTHBOCTI. s
MiIBUIIEHHS. HAAIHHOCTI CUCTEM aBTOOJOKYBaHHS
MOJJANTLIIAN PO3BUTOK OTPUMAIH CIIOCOOH 3aXUCTY
armaparypu 3alli3HUYHOI aBTOMAaTHKH W TeleMmexa-
HIKM BiJl BIUIMBY TNOTYKHUX IMITYJIbCHUX 3aBajl
1 BUCOKMX PiBHIB TATOBHUX CTPYMIB.

Ha ocHOBI oTpumMaHMX pe3ynabTaTiB MOXKHA
BIPOBAJIUTH Yy BUPOOHUIITBO JTOCIIKEHUH MTPHCT-
pili 1 3acTOCOBYBAaTH HOTO B CHCTEMAX 3ali3HHYHOT
aBTOMATHKHU Ul OpraHizauii crabijli3oBaHOro BTO-
PHHHOTO JDKEpea JKUBJICHHS, a TAKOXK JIJISl 3aXHC-
Ty amaparypu BiA Oil MOTY)XHUX IMIYJIbCHUX 3a-
BaJl, CTBOPEHUX TI'PO30BUMH PO3psiiaMu 1 OJIHMCKaB-
KaMu a00 KOMYTaI[ifHUMH TepeHaIpy>KEHHIMU.
Otpumani B poOOTi pe3yibTaTH TAaKOX MOXYTb
OyTH BUKOPHCTaHI i1 4ac repeobiagHaHHs mepe-

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/166623

12

O K. I. Amyk, A. 0. XKypasnsos, B. I. Illeka, 2019


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HaL[iOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOro Tpancnopty, 2019, Ne 2 (80)

ABTOMATH30BAHI TA TEJJEMATHUYHI CUCTEMU HA TPAHCIIOPTI

TOHIB HOBUMH CHUCTEMaMH 3aJII3HHYHOI aBTOMAaTH-
KM ¥ MArOTOBKY MPOEKTHOI JOKYMEHTallii Ha pel-
KOBI KOJIa, CTAHIIHHI CUCTEMU W CHUCTEMH aBTOO-
JIOKYBaHHSA. Pe3ynmpTaTu TOCITIIKEHHSI BUKOPHUCTO-
BYIOTh TIiJI Yac BHBUEHHS AMCUIUILTIH «CrieriaibHi
BAMIPIOBaHHS Ha 3aJi3HUYHOMY TPAHCIOPTi»
U «EneKTpoXUBIIEHHS IPUCTPOIB aBTOMATUKNY,
opranizalii HayKOBO-IIPAaKTUYHUX CEMiHapiB, Kyp-
CIB ITiIBHIIIEHHS KBamiikallii ToIro.

BucHoBku

ITapameTpuuHuil TeHEpaTOp YaCTOTU Ha HEKO-
niHeapaux MarHiTHUX nofsix I1IN 50:50 moxHa yc-
MIITHO 3aCTOCOBYBATH Ha 3ali3HUIIX YKpaiHU SIK
cTabimi3oBaHE BTOPHHHE [DKEPENIO  SKHBICHHS
W OpUCTPii 3aXUCTY BiJ BIUNIMBY TPO3OBUX IMITyJIb-
ciB 1 OiuCKaBOK. YHi(iKOBaHICTb KOHCTPYKIIi
1 CTaOUTBHICTh XapaKTEPHUCTHK TO3BOJISIE BUKOPHIC-
TOBYBATH MapaMeTPUYHUN reHepaTop B iHIIUX ra-
JMy3SX MPOMHCIOBOCTI i MEIWIMHU SIK cTabii3o-
BaHE JDKEPETIO JKUBIICHHS.
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HNAPAMETPUYECKUN TEHEPATOP YACTOTHI HA
HEKOJIVIMHEAPHBIX MAI'HUTHBIX TTOJIAX

easb. B cTatbe HEOOXOAMMO MPOBECTH HCCIEAOBAHNE MTAPAMETPHUECKOTO TEHEPATOPa YaCTOTHl Ha HEKOJUTHHE-
apHBIX MarHUTHBIX TIOJISIX, KOTOPBIM BBIMOJHIET (DYHKIMH CTaOMIM3MPOBAHHOTO MCTOYHHKA ITUTAHHUSA U CPEACTBA
3aIUTBHl OT BO3ACHCTBUS MOIUHBIX MMILYJIbCHBIX IIOMEX B BUAEC KOMMYTALMOHHBIX MEPEHANPSKCHUN U pa3psioB
MonHNH. Metoauka. [ npoBeneHHs 3KCIEPUMEHTAIBHBIX HCCISJOBaHUN OBUT M3rOTOBIEH MaKeTHBIN oOpasen
napaMeTpu4ecKoro reseparopa. IlposeneH psan ucciaea0BaHui 110 ONPEECIICHUIO ONITUMANIBHBIX IIapaMeTPOB Lienei
HAKa4K{ U KOHTypa yCTPOMCTBA, IIPU KOTOPBIX JOCTUTAOTCS JIyYIIUE 3HEPre€TUYECKHE XapaKTEPUCTUKU U MAKCHU-
MaJsbHas BBIXOJHAs MOIIIHOCTh C 00ecreyeHneM yCTOHUHBOIl reHepanuy B cucteMe. Pe3yabTarhl. ABTOPHI H0Ka3a-
T HEOOXOAMMOCTh Pa3pabOTKH CPEACTBa 3alIUTHI aNapaTypbl CHTHAIN3AIWN, IEHTPAIU3AMHA U OJIOKMPOBKH OT
BO3/ICHCTBUSI MOIIHBIX HMITYJIBCHBIX NOMeX. Pa3paboTaHHas KOHCTPYKIHS YCTPOMCTBA IMOJTHOCTBIO HCKIIIOYAET
TpaHc(opManuio HEPTHH, TO €CTh MPOHUKHOBEHHE ITOMEXH CO BXOJa Ha BBIXOJ. B pe3ynbraTe MpOBEICHHBIX 3KC-
MIEPIMEHTANBHBIX HCCIICIOBAHNH ONpEeNeHbl ONTUMAaIbHBIE ITapaMeTphl IIeNel reHepaTopa, KOTOpble 00eciedn-
BalOT €TO JIy4lIHe HEPreTHYECKHe XapakTeprucTuku. HaydyHnas HOBHU3HA. Y COBEPIICHCTBOBAHO YCTPOMCTBO Mapa-
METPUYECKOT0 TeHEpaTopa, KOTOPBII MMEET B CBOEM KOHCTPYKLIUHM JHEPrOEMKHE DJIEMEHTBI, YTO 3HAYUTEIHHO
yIy4IIaeT HEePreTHYECKHEe XapaKTepUCTUKH U CBOWCTBA. C IIeNbI0 TOBBIMICHHUS HAIE)KHOCTH CUCTEM aBTOOJIOKH-
POBKM JaibHeillee pa3BUTHE TONYYMJIM CHOCOOBI 3allUThl anmnapaTypbl JKEeJE3HOJOPOXKHOW aBTOMATHKH
U TEIEMEXaHUKU OT BO3JEHCTBUS MOIUHBIX HMIIYJIBCHBIX IIOMEX U BBICOKMX YPOBHEH TIIOBBIX TOKOB.
IIpakTnyeckas 3Ha4uMOCTb. Ha OCHOBaHMU MONY4YEHHBIX PE3YJIbTATOB MOXKHO BHEAPUTH B IIPOM3BOACTBO HCCIIE-
JIOBAaHHOE YCTPOWCTBO U MPUMEHSTH €ro JUIs OpPraHu3aliy CTaOMIM3UPOBAHHOTO BTOPHYHOIO MCTOYHHUKA MUTAHMS
IIyTEBBIX YCTPOMICTB JKEJIE3HOJOPOKHOM aBTOMATHKH, & TAKXKE Ul 3alUTHl allllapaTypbl OT BO3AEHCTBUS MOIIHBIX
HUMIYIbCHBIX MOMEX, CO3JAHHBIX IPO30BBIMHU pa3psJaMH U MOJHUSMH WIH KOMMYTallHOHHBIMH IEpPEHANPSKEHHs-
MU. Pe3ynbpTaTsl paboThl TakkKe MOTYT OBITH MCIOJIB30BaHbI MPH IIEPE0OOPYIOBAHIH IIEPETOHOB HOBBIMU CHCTEMa-
MU KEJIE3HOJOPOKHON aBTOMATHKH U MPH MOATOTOBKE MPOEKTHON JOKYMEHTAllMU Ha PEIbCOBBIE LIEMH, CTAHIUOH-
HBIE CHCTEMBI U CHUCTEMBI aBTOOJIOKMPOBKH. Pe3ynbTaTel McCIeIoBaHUS HCIOIB3YIOT NMPH W3yYEHHH JUCIUIIINH
«CrenuanbHele M3MEPEHHS Ha JKEJIE3HOJOPOKHOM TPAHCIOPTE» U «INEKTPONUTAHUE YCTPOICTB aBTOMATHUKH,
OpraHM3aIH HAYYHO-TPAKTHYECKUX CEMHHAPOB, KYPCOB MOBBIIIEHHS KBATN(HUKALUH U T. TIOJ.

Kniouesvie cnosa: mapamMeTpHyecKH T'€HEpAaTOp YacTOTHl; HEKOJUIMHEApHBIE MATHUTHBIE MOJIS; MOIIHBIE HUM-
ITyJIBCHBIE TOMEXH; 3aL[UTHOE CPEJCTBO; IPO30OBBIE PA3PsIIbl; MOJTHHUH; CTAOMIN3UPOBAHHBIN HCTOYHHUK MMUTaHUS
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PARAMETRIC FREQUENCY GENERATOR ON NONCOLLINEAR
MAGNETIC FIELDS

Purpose. The article is aimed to study a parametric frequency generator on noncollinear magnetic fields, which
performs the functions of a stabilized power source and means of protection against the effects of powerful impulse
noises in the form of switching overvoltages and lightning discharges. Methodology. To carry out experimental
studies, a prototype model of a parametric generator was fabricated. A number of studies were carried out to deter-
mine the optimal parameters of the pump circuits and the circuit of the device, in which the best energy characteris-
tics and maximum output power are achieved with stable generation in the system. Findings. The authors proved
the importance to develop a means of protecting signaling equipment, centralization and blocking from the effects of
powerful impulse noises. The developed construction of the device completely eliminates the transformation of en-
ergy, it means the penetration of noise from the input to the output. As a result of the experimental studies, the opti-
mal parameters of the generator circuits, which provide its best energy characteristics, were determined.
Originality. The device of the parametric generator, which has energy-consuming elements in its design, has been
improved, this significantly improves the energy characteristics and properties. In order to improve the reliability of
automatic blocking systems, the methods for protecting railway automation equipment and telemechanics from the
effects of high-power impulse noises and high levels of traction currents were further developed.
Practical value. Based on the obtained results, the device under investigation can be introduced into production and
used in railway automation systems to organize a stabilized secondary power source for railway automation track
equipment, as well as to protect equipment from the effects of powerful impulse noises created by lightning dis-
charges and lightning or switching overvoltages. The results of work can also be used in re-equipment of the hauls
with new railway automation systems and in the preparation of design documentation for track circuits, station sys-
tems and automatic blocking systems. The results are used during the studying of the subjects: «Special Measure-
ments at Railway Transport» and «Automatic Devices Power Supply»; the organization of scientific workshops,
training courses etc.

Keywords: parametric frequency generator; noncollinear magnetic fields; powerful impulse noises; protective
devise; lightning discharges; lightning; stabilized power supply
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MINIMIZATION OF THE CHEMICAL POLLUTION LEVEL AT THE
WORKING ZONES IN OPEN AREAS USING SCREENS

Purpose. The scientific work aims to develop a new method for assessing the level of chemical air pollution in
working zones located in open areas near highways using screens of different heights. Methodology. The analytical
method for calculating the airflow velocity field near protective screens is based on the mathematical apparatus of
the theory of complex variable functions, which allows obtaining the value of the velocity potential and the flow
function, to calculate the velocity value at any point of the plane with a screen of different height. The obtained ve-
locity field is used to calculate the level of carbon monoxide concentration in the numerical solution of the two-
dimensional mass transfer equation. Findings. The developed program of numerical calculation allows conducting
computational experiments on the effectiveness of the use of protective screens, taking into account changes in their
geometry and meteorological conditions. The developed method based on the obtained concentration field makes it
possible to carry out an assessment of the risk of chronic intoxication for the employees of the take-out trade, who
are within the zone of the emission source (highway) for a long time. Originality. The regularities of changes in the
concentration of carbon monoxide are established depending on the distance to the emission source at a height of
2 m from the ground in the presence of a screen of a certain height and in its absence. A risk assessment of chronic
carbon monoxide intoxication has been carried out for take-out trade workers near the highway. It is shown that the
presence of the screen reduces the risk of chronic CO intoxication by 10% as compared to its absence. Increasing the
screen height to 1.8 m reduces the risk of chronic intoxication by 6% relatively to the situation when the screen
height is 1.2 m. Practical value. The developed numerical-analytical method for calculating the level of chemical
pollution in working zones in open areas and the program «Screen» created on its basis allow us to carry out
a prompt forecast of atmospheric air pollution level with carbon monoxide taking into account the effectiveness of
the screens. Quantitative results are necessary at the planning stage of trading places near highways, during the ar-
chitectural-planned reorganization of adjacent developments.

Keywords: highway; complex potential; dispersion of impurities; functional area; risk of disease

impurities in the air of working zones in open areas

Introduction along highways depends on the characteristics of

traffic on the road, the density of traffic flow and

environmental parameters, as well as the location

of buildings and structures, the presence of green
spaces.

The size of the contaminated zone is influenced
by a number of factors that can be divided into
groups [3—4, 8-10]:

A large number of studies were conducted on
the impact of roads on the state of atmospheric air.
These studies have found that near main streets the
level of air pollution by chemicals and harmful
compounds significantly exceeds the maximum
permissible values. The concentration of harmful
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— anthropogenic factors — traffic intensity, traf-
fic flow composition, fuel type and its quality, road
condition;

— natural factors — meteorological factors of the
natural environment, the direction and speed of air;

— architectural-planned factors — the character-
istics of the adjacent buildings.

The highest level of pollution is observed on the
roads of citywide value with a regulated traffic and
with great intensity. A large contribution to the gen-
eral air pollution is also made by industrial enter-
prises, which are located in the vicinity of working
zones in open areas near the highway [7, 13]. The
most unfavorable sections of the road are places
with a forced stop of vehicles — at intersections, in
places with low traffic capacity, near public
transport stops. In these places, the concentration of
pollutants reaches peak values [5]. In this regard,
drivers and employees of open trade, whose jobs are
located in these areas, receive more pronounced
loads on their body. Studies have also shown that
the organization of continuous movement of vehi-
cles with the highest possible speed leads to a de-
crease in pollutant emissions [2]. It has been estab-
lished that on the places of forced stopping of vehi-
cles the concentration of carbon monoxide is 2.54
times higher than in the areas of continuous traffic.

One of the most effective ways to protect work-
ing places that are located in open areas or in
buildings near highways is the use of protective
engineering structures (screens) [12, 14]. The ad-
vantages of using screens in comparison with
green areas include constant efficiency, which
comes from the moment they were installed, re-
gardless of the season and the density of the leaves.

An extremely important task is to minimize the
level of chemical pollution at working zones in
open areas.

Fig. 1. Placing the screen along the motorway

One of the effective means is to use screens
(Fig. 1). The screens allow changing the trajectory
of the pollution particles and reducing locally
chemical pollution in the working area.

The efficiency of the screens is influenced by:
meteorological conditions (wind speed and direc-
tion), the intensity of emission of pollutants on the
highway, the presence of local obstacles and so on.

An extremely important task is to fulfill the
forecast of the effectiveness of the screens at the
design stage, as well as future plans for the imple-
mentation of protective measures. Screen effect is
used for specific local conditions. Abroad the Na-
vier-Stokes equation is used to solve this problem,
but the implementation of such developments re-
quires a considerable amount of time to obtain re-
sults. The calculation time can be several days, so
it is very important to have effective scientifically-
based methods that allow you to quickly assess the
use of screens.

Purpose

The main purpose of this study is to develop a
new method for assessing the level of chemical air
pollution in working zones located in open areas
near highways using screens of different heights.

Methodology

To solve the problem, it is necessary to conduct
research in two stages:

— determine the irregular air velocity field in
working areas with screens;

— determine the concentration field of the
chemical substance, which is formed under the
influence of the air flow rate and atmospheric dif-
fusion.

This method allows predicting the level of
chemical pollution in working zones in open areas
using screens of different heights. A feature of this
method is that the irregular velocity field of the air
flow in the presence of a screen is determined on
the basis of an exact analytical solution of the aer-
odynamic problem. The mathematical apparatus of
the functions of a complex variable is used for
solving this problem. This method is used to calcu-
late currents, which are described by the Laplace
equation for a potential flow (1):
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The formulation of the boundary problem for
airflow around the screen is considered in [6, p.
267-271].

Aky

b I — o~ X,
\_/
\700 vV < a >
U

Fig. 2. Airflow around the ellipse

When using the theory of functions of a com-
plex variable, we use the following approach to
solve the problem. We consider an ellipse (Fig. 2),

which is covered by the flow with speed V. As it
is known, the ellipse equation has the form:

X—+y—:1,a>b, 2)

where a, b — larger and smaller axis of the ellipse

(Fig. 2). If the velocity at infinity V.. makes a cer-
tain angle o with the longitudinal axis of the el-

lipse [6], then the vector V. can be decomposed

into components Vo =U+iV.

We will consider oblique flow as a result of the
addition of longitudinal and transverse flow with
velocities U and V at infinitely distant points.
Then the complex potential of such a resultant flow
can be represented as the sum of the corresponding
complex potentials (3) and (4):

W(z):L(az—bx/z2 —c’ ) (3)

a-b

W(z):v—i(bz —ayz? —02). 4)
a-b

As a result of the linearity of the Laplace equa-
tion (1), which satisfies the complex potential
W (z) =p+iy, it is possible to obtain the potential

of the form:

W(z):ﬁ[(az—b 7’ —cz)-U +

+i(bz—ax/zz—cz)-VJ, (5)

where W(2)=¢+iy
W (z) =@ +iy — current function.

— air velocity potential,

Assuming c=a, U =0, b=0, we get the fol-
lowing expression for the complex potential:

W(z)zé[az U +i(—a)ﬁ-v]:
—-i2-a V. (6)

Ay
O X
—m—>
a a -
A -2
V

Fig. 3. Airflow around a flat plate

Potential (6) corresponds to the process of
wrapping around an infinitely flat strip width 2a

(Fig. 3).

Y1

Fig. 4. Airflow in a coordinate system wrap
around a flat plate X0y,

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/164923

© M. M. Biliaiev, T. I. Rusakova, V. 1. Shynkarenko, 2019

19


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayka Ta nporpec tpancrnopty. BicHuk J{HIIpOneTpoBCbKOro
HaL[lOHAJIBHOTO YHIBEPCHTETY 3aJIi3HUYHOro TpaHcnopty, 2019, Ne 2 (80)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

In the complex plane xQy, z=x+l1y, by

making a turn through an angle —g (Fig. 3), we

get the system X Oy,, where z, =X, +1y, (Fig. 4),

- T

Z, =(x+iy)eI 2 -
=(X+iy)-(cosg—i -sinng

=(x+iy)-(-i)=—xi+y.(7)

We introduce new notations X, =Yy, Yy, =—X,
- T
L

i7 -
2, z=1ze?=zi. The complex po-

T

then z, =ze
tential with respect to the variable z, takes the fol-
lowing form:

W(z,)=-iVy(zi) -a

=—iV\/—_1-\/zl2 +a’ :V\/zl2 +a’.(8)

Since

W(z)=Vz’ +a’> =p+iy=
=V /(z —ia)(z +ia) =
_v fpleie‘ e =

i(6,+6,)

=Vpp, € ?

Vp,p, (cos J ;62 +isin J ;ezj. 9)

From relation (9), we obtain the dependences
for the potential of velocity ¢ and the current

function v :
(p:V./plp2 cos i -12-92 , (10)
v =iVp,p, sin 0 +9, . (11)

In order to get an expression for the coupled
speed dﬂzVX—iVy, take the derivative using
Z
expression (9):
dw Vz,

dz, Jzi+al B
V(% +iy;) 74(912’62) ~
PP

:V(Xl +Iyl)(cosel 9 _jgind +92]
\/9192 2

+0 : 91+62J
+ Y, sin 2 +

% M 0, +0,
= X, COS
\PiP2 2
—X sin%” .(12)

From relation (12), we obtain the expressions
for the components of the airflow velocity vector:

( 6,+6,
+l| Y, cos 2

V, = v [X cosel+62+y sinel+ezj'
=X 1 ;
" \[PIP2 2 (13)
v ( 0,+0, . 91+92j
V, =———| Y, cos — X, sin——= |.
\PiP2
ia &
\% 19) X1

Fig. 5. Determining the parameters of the air flow
rate at an arbitrary point

According to Fig. 5 we obtain the following
expressions for the modules of the radius vectors
and angles that determine the position of a point on
the plane.

y,+a

0, =arctg-—,
X
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7 —ia=x +iy, —ia=x +i(y,—a)
>

P = X12+(Y1_a)2, (15)

7, +ia=x +iy, +ia=.x +i(y, +a)., (16)

PZZ\/X12+(V1+3)2 ) (17)
0, _arctg "2 (18)
Xl

The obtained dependences (13) — (18) are the
basic formulas for calculating the air flow velocity
field in the working zones with a screen. Note that
in practical use of the obtained analytical depend-
ences for calculating the components of the veloci-
ty vector near the screen with height H, it is neces-
sary to take into account that a=H/2.

Using the obtained analytical relations
(13) - (18), it is possible to calculate the compo-
nents of the air flow rate U, v, to use this infor-
mation to model the dispersion of chemical pollu-
tion in working zone.

A two-dimensional mass transfer equation is
used to predict the level of air pollution in working
areas:

a[co] au[co] av[co]
a x| oy

n
= div(ugrad [CO])+ "Q ()8(x — x)8(y - ¥,) (19)
i=1
where Q. — emission rate of CO, U, v — wind ve-
locity vector components; p=(p,,n,) — turbulent
diffusion coefficients; — coordinates of the emis-
sion source; O(X—X,) &(y—Y,) — Dirac delta

function, which simulates the release of pollutant.
The values of the diffusion coefficients is calculat-

ed by the u,=(0,1+1)-U,
un, =(0,1+1)-U , where U — wind speed [11].

At the border, where the flow enters the calcu-
lated area, the concentration of pollution is known

Cr, =C;. If pollution from outside is not taken

formulas:

into account, then Cp, =0. At the border, where

the air masses flow out of the computational area,

the diffusivle4transfer is neglected with respect to

. oC
the convective one, namely, —| =0. Every-
FZ

where on solid surfaces, a condition of impermea-
bility is set oc =0.
on
Initial condition for the equation (19) C|t:0 =0
or C|t:0 =C,.

Findings

The developed prediction method was used to
solve the problem of assessing the level of pollu-
tion in working zones in open areas with an emis-
sion source, with the presence of a screen of vari-
ous heights and its absence. A calculation program
«Screen» was created. The scheme of the calculat-
ed area is shown in Fig. 6. The calculations were
performed with the following data: air flow rate
5 m/s, average emission intensity CO — 0.058 g/s,
geometrical dimensions — 8§ m on axis Ox and 6 m
on axis Oy.

q

[ ] /3
e | 'n‘
7777777777777 77777 /7777777777 /7 /7777

Fig. 6. The computational area:
1 — screen, 2 — emission source of CO,
3 — employee in working area

Three scenarios were considered: in the absence
of a screen (Fig. 7 a), with screen height H=1.2 m
(Fig. 7 b) and H=1.8 m (Fig. 7 c). Below are the
zones of pollution that are formed for
each scen X,, Y, ario.

As can be seen from Fig. 7, the screen causes
deformation of the contaminated zone; the greatest
concentration gradient is formed at the emission
source. The presence of the screen causes a rever-
sal of the pollution zone, which leads to its de-
crease and decrease in the CO concentration in the
working zone.
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Fig. 7. Concentration field distribution CO t=9 s:
a — with no screen; b — with screen height H=1.2 m;
¢ — with screen height H=1.8 m

In Fig. 8 the distribution of CO concentrations
at different distances from the emission source at a
height H=2 m from the surface of the earth is
shown.

At the installation site of the screen, the concen-
tration values increase as the flow decelerates, but
behind the screen the concentration value slowly
decreases and, compared to the absence of screen,
the concentration decreases by 11% at a screen
height of 1.2 m and by 15% at a screen height of
1.8 m, i.e. increasing the height of the screen leads
to a decrease in the concentration of pollution.

£
o

[A)
a

T=withmo
screen

>

R
o

2-with screen

e s |

~—

Concentration, %

N
o

distance, m

0 1 2 3 4 5 6 7 8

Fig. 8. Concentration distribution of CO
at height 2 m:
1 — with no screen; 2 — with screen H=1.2 m;
3 — with screen H=1.8 m

Thus, the use of the screen leads to a decrease in
the level of air pollution in the working areas, which
reduces the risk of chronic diseases among the em-
ployees of the take-out trade near the road (Fig. 9).

In Fig. 9 the change in the risk of chronic CO
intoxication over 10 years is shown at a distance of
2 m from the source of pollution and at a height
from the ground H=1.2 m (human respiratory or-
gans) [1. 71.

0,6

risk
05 ——
04 _ /
L-withmo 7 with scrden
scregn L 7
03 — H=132
02 / //ﬂmreen
01 A [ o
| — I
years
0 T
0 2 4 6 8 10

Fig. 9. Changing of the risk of chronic carbon
monoxide intoxication:
1 — with no screen; 2 — with screen height H=1.2 m;
3 — with screen height H=1.8 m

After five years, the risk of chronic diseases in
the absence of a screen is 31 %, in the presence of
a screen 1.2 m high, this value is 21 %, with a
screen in height of 1.8 m is 15 %. Thus, the pres-
ence of the screen reduces the risk of chronic CO
intoxication by 10%, increasing the screen height
to 1.8 m reduces the risk by 6% relatively to the
situation when the screen height is H= 1.2 m.

Originality and practical value

1. A numerical-analytical method for evaluating
the effectiveness of screen application for reducing
the level of chemical air pollution in working areas
in open areas is proposed.
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2. The authors obtained the distribution of the
carbon monoxide concentration field in the work-
ing area near the highway for three scenarios: in
the absence of a screen, in the presence of a screen
in height H=1.2 m and H=1.8 m.

3. The regularities of changes in the concentra-
tion of carbon monoxide are established depending
on the distance to the emission source at a height
from the surface of the earth H=2 m.

4. An assessment of the risk of chronic carbon
monoxide intoxication has been carried out for
open trade workers near the highway.

The fulfillment of the forecast regarding the
level of atmospheric air pollution with carbon
monoxide, taking into account the effectiveness of
the screens, is a necessary step in the planned or-
ganization of trading places near highways.

Conclusions

As a result of research, the following results
were obtained:

— an analytical method was proposed for calcu-
lating the airflow velocity field near protective

screens based on the theory of functions of a com-
plex variable;

— the method allows to obtain the value of the
velocity potential and the current function, to cal-
culate the velocity value at any point of the plane
with a screen of different heights;

— the resulting velocity field is necessary to cal-
culate the carbon monoxide concentration level;

— the developed program of numerical calcula-
tion allows a number of computational experiments
on the effectiveness of the use of protective
screens, taking into account changes in their geom-
etry and meteorological conditions;

— the developed method based on the obtained
concentration field allows to carry out an assess-
ment of the risk of chronic intoxication for em-
ployees of the open trade, who were within the
zone of the emission source (highway) for a long
time.

The perspective of development of this direc-
tion is the creation of a methodology that allows
performing risk assessment for workers of the
main industrial trade within small architectural
buildings.
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MIHIMI3ANIA PIBHA XIMIYHOI'O 3ABPYTHEHHS B POBO1HX
30HAX HA BIAKPUTIM MICHEBOCTI 3A 1O0ITIOMOI'OIO EKPAHIB

Mera. HaykoBa poboTa Mae Ha MeTi po3p0oOKy HOBOTO METOJy OLIHKH PiBHS XIMIYHOTO 3a0pyIHEHHS HOBITPS
B pOOOYMX 30HAX, PO3TAIIOBAHUX HA BIJKPUTIH MICIIEBOCTI Ol aBTOMaricrpajie, y pa3i BUKOPUCTaHHS E€KpaHiB
pi3HOT BucoT. MeToanka. AHATITHYHUNA METOJI PO3PAXYHKY IOJISI LIBUAKOCTI MOBITPSHOTO MOTOKY OISl 3aXMCHUX
€KpaHiB IPYHTY€EThCS HAa MaTeMaTHYHOMY amapati — Teopii QyHKIiH KOMIUIEKCHOT 3MIHHOI, sIKa I03BOJISIE OTPUMATH
3HAYCHHS MMOTEHINATY MIBUIKOCTI i QYHKIIT HOTOKA, OOYMCIUTH 3HAYCHHS IIBUIKOCTI B OY/b-sIKiil TOYIIl IUIOIIUHI
3a HasBHOCTI eKkpaHa pi3HOi BHcOTH. OTpuUMaHe MoJie LIBHIKOCTI BHKOPHCTOBYIOTH JUIS PO3PaxyHKY piBHs
KoHLeHTpauil okcuay Byriemo (CO) mij yac YMCEIbHOrO PO3B’SI3aHHS JIBOBUMIPHOTO PIBHSHHS MacollepeHOCY.
Pe3yabraTn. 3anpornoHoBaHa mporpama 4HCEIFHOTO PO3PaxyHKY J03BOJISIE IPOBOIUTH OOUYMCIIOBAIBHI EKCIIEpH-
MEHTH 3 ¢(DeKTHBHOCTI 3aCTOCYBAaHHs 3aXHCHUX CKpaHIB 3 ypaxXyBaHHIM 3MiHHU iX reoMeTpii i MEeTeOpOIOTIYHHX
yMmoB. Po3poOiiennii MeTo/, Ha OCHOBI OTPHMMAHOTO TI0JIs1 KOHIICHTpaIlii, 1a€ MOXJINBICTh BUKOHYBATH OLIIHKY PH3H-
Ky XpOHIYHOI IHTOKCHKAIi IS TIPaliBHUKIB BHHOCHOI TOPTIBINI, SKi TpHUBaJWid Yac repe0yBarOTh y 30HI Mil
Jokeperna eMicii (aBromarictpaini). HaykoBa HOBH3HA. Y CTaHOBJICHO 3aKOHOMIPHOCTI 3MiHHM KOHIICHTpAIlil OKCHUIY
BYTJICIIIO 3aJIC)KHO BiJ BificTaHi 70 JKepena eMicii Ha BHCOTI BiJ MOBEPXHI 3eMJli 2 M 3a HAsIBHOCTI €KpaHa MEeBHOT
BUCOTH 1 32 H0ro BiZicyTHOCTI. BUKOHAHO OIIHKY PU3MKY XPOHIYHOT IHTOKCHKAIIi OKCHIOM BYTJICIO JUIsl TIPalliBHU-
KiB BHHOCHO{ TOpriBii Oing aBTomarictpam. [lokasaHo, 110 NPUCYTHICTh €KpaHa 3HHXKYE PHU3UK XPOHIYHOT
inTokcukarii CO Ha 10 % MOpPIBHAHO 3 WOro BiACYTHICTIO. 30ULIBIICHHS BHCOTH €KpaHa a0 1,8 M npu3BOAUTH
JI0 3MEHIIEHHS! PU3MKY XPOHIYHOI iHTOKCHKalii Ha 6 % BiAHOCHO CHUTYyallii, KOJIM BHUCOTa €KpaHa ckiamae 1,2 M.
IpakTHyHa 3HAYUMicTh. Po3p0obieHnii YncenbHO-aHATI THIHUI METOJT PO3pPaxyHKY PiBHS XiMIYHOTO 3a0pyIHEHHS
B poOOYMX 30HaxX Ha BIJIKPHUTIH MICIIEBOCTI Ta CTBOPEHA Ha HOT'O OCHOBI IporpaMa «Screen» J03BOJISIFOTH OllepaTHB-
HO BMKOHYBATH IPOTHO3 PiBHSA 3a0pyIHEHHS aTMOC(EPHOro MOBITPSI OKCHAOM BYTJICIIO 3 ypaxyBaHHSAM e(eKTHB-
HoCTI Aii expaniB. KibKicHI pe3ysibTaTi € HEOOXiAHUMHM Ha eTarli IUIaHyBaHHS MicIlb TOPTiBIi OiIs aBTOMaricrpa-
JIe, il 9ac apXiTeKTypHO-TUIAHOBOI peopraHi3alii Mpuieraux 3a0yaos.

Kniouosi cnoea: aBromarictpaib; KOMIUIEKCHUH MMOTEHIIAN; PO3CIFOBaHHS JIOMIIIKH; poOoya 30Ha; PH3HK 3aXBO-
pIOBaHHS
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MUHUMU3ALUA YPOBHSI XUMHUYECKOI'O 3AI'PSI3SHEHU B
PABOYHUX 30HAX HA OTKPBITOU MECTHOCTH C HIOMOLIBIO
IKPAHOB

eas. Hayunas paboTa cBoei 1enbi0 MIMEET pa3pab0TKy HOBOTO METOJIa OLEHKH YPOBHS XHUMHUYECKOTO 3arps3-
HEHHUS BO3[yXa B pabOYMX 30HaX, PacloI0KEHHBIX Ha OTKPBITOH MECTHOCTH BO3JIC aBTOMArucTpajei, Mpyu UCIOJIb-
30BaHMH SKPAHOB Pa3HOH BBICOTHL. MeTOAMKA. AHATUTHYECKHI METO] pacdeTa Nojsl CKOPOCTH BO3IYIITHOTO MOTO-
Ka BO3JIC 3aIIUTHBIX YKPAaHOB OCHOBBIBAETCS HA MaTEMaTHYECKOM ammapaTe — TeOpHH (PyHKIUH KOMIUICKCHOTO IIe-
PEMEHHOT0, KOTOpast II03BOJIAET ITOJIyIUTh 3HAUCHNE TIOTEHIMAIa CKOPOCTH M (DYHKIMM MOTOKA, BBIYMUCIUTD 3HAUE-
HUE CKOPOCTH B JI0OOOM TOUYKE IJIOCKOCTU MPH HAJMUYUU dKpaHa pas3iudHOM BBHICOTHL. [lomydeHHOE mojie CKOPOCTH
WCTIONB3YIOT JJISl pacueTa ypoBHS KOHIEHTpamuu okcuna yriepoga (CO) mpu YUCIEHHOM PEIICHHUH JBYMEPHOTO
ypaBHeHHUs MaccornepeHoca. Pesyabrarthl. [IpennoxkeHHas mporpaMMa YHCICHHOTO pacdeTa MO3BOJISET IPOBOAUTH
BBIYHCIIUTEIbHBIE SKCIEPUMEHTHI 110 3P (PEKTUBHOCTH NMPUMEHEHHMS 3alIUTHBIX SKPaHOB C YYETOM HM3MEHEHHs HMX
TeOMETPHH U METEOPOIOTHYECKUX YCIOoBU. Pa3paboTaHHBINH METO]], HA OCHOBE HOJIY4YEHHOTO I0JI1 KOHIIEHTPAIUH,
JIlaeT BO3MOXKHOCTb BBINOJHSTh OIIGHKY pPHCKa XPOHUYECKOH WHTOKCHKAIMK JUIS DPaOOTHHUKOB BBIHOCHOM
TOPTOBIIM, KOTOpBIC UIMTEIHHOE BpEMs HAXOAATCS B 30HE MACHCTBUS HMCTOYHHKA SMHCCHH (aBTOMAarucTpain).
Hay4nasi HoBH3HA. YCTaHOBJIEHBI 3aKOHOMEPHOCTH U3MEHEHHUSI KOHLEHTPALMH OKCHJA YIiIepoja B 3aBUCHMOCTH
OT PacCTOSIHUU 10 UCTOYHHUKA 3MUCCHH HA BBICOTE OT MOBEPXHOCTHU 3€MIIH 2 M TPU HAJIHMYUU SKpaHa ONpPEAEICHHON
BBICOTBI U IIPU €r0 OTCYTCTBUM. BBINOIHEHA OLIEHKA PUCKA XPOHMYECKON MHTOKCHKALMU OKCHAOM YTJIEpPOAa IUIs
pabOTHHKOB BBIHOCHOI TOPTOBIIM BO3JIe aBTOMarucTpaiu. [lokazaHo, 9TO MPUCYTCTBHE 3KpaHa CHUXKAET PHCK XPO-
Huueckoil nHToKcukanuu CO Ha 10 % 10 CpaBHEHHIO C €ro OTCYTCTBHEM. YBEIMUYEHHE BBICOTHI 3KpaHa 10 1,8 M
MIPUBOJANT K YMEHBIIEHUIO PUCKA XPOHNYECKON MHTOKCHKAIMK Ha 6 % 10 OTHOIIEHHUIO K CHTyalluH, KOTJa BhICOTa
sKkpaHa coctaBisieT 1,2 M. IIpakTHyeckasi 3HaUMMOCTh. Pa3paboTaHHBIN YHCIEHHO-aHATUTUYECKUHA METO]| pacue-
Ta YpOBHS XUMHYECKOTO 3arpsi3HEHMS B paOOYMX 30HAX HAa OTKPHITOM MECTHOCTH U CO3JAaHHAS HA €ro OCHOBE IPO-
rpamMmMa «Screeny I03BOJISIOT ONEPATUBHO BBIMOJHATH TPOTHO3 YPOBHSI 3arpsi3HEHHsT aTMOC(EPHOro BO31yXa OKCH-
JIOM yriepoja ¢ y4etoM 3((heKTUBHOCTH NeWCTBUsI 3KpaHOB. KonnuecTBEeHHbIE pe3yNbTaThl SBISIIOTCSI HEOOXOANMBI-
MU Ha 3Tarne IJIAaHUPOBAHUS MECT TOPTOBJIM BO3JI€ aBTOMAruCTpaliel, MpH apXUTEKTypHO-IUIAHOBOI peopraHU3alnuu
MPUJIETAIOMINX 3aCTPOEK.

Kniouegvie crosa: aBTroMarucTpaib; KOMILIEKCHBIH MOTEHINAN, pacCCEUBaHNE IPUMECH; pabouast 30Ha; PUCK 3a-
OoyeBaHUA
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OYUCTKA BOJ OT IIVIACTHUKA

Hesb. OcHOBHAs LieNb CTAaThU — IPOAHANIN3UPOBATH HAJIMYKE B BOAE YKpauHBI M MHpa IUIACTHKA, a TAKKE HA OCHO-
BaHUY MHUPOBOT'O U COOCTBEHHOT'O OIBITA MPEIOKHUTH METOJIBI OUMCTKH BOJ OT IutacTuka. Meroguka. VccnenoBanus
BBINOJTHEHB! HA OCHOBAHMH aHAIM3a HAYYHBIX 3apYOEKHBIX U OTEUECTBEHHBIX JIMTEPATYPHBIX HCTOYHUKOB O HATMYUU
ITACTHKA B BOJIe YKpauHsl, eBponeiickux crpas, CIHA (1999-2018 rr.). Pe3yabTaThl. M3yueHHbIE HCTOYHUKH CBU/IC-
TEIBCTBYIOT, YTO OHOI M3 OCHOBHBIX 3KOJIOTUUECKUX YTPO3 MUPOBOTO MacIITada SBIAETCS HATMIHE IIACTHKA B TUTh-
€BOI 1 cTOYHBIX BoaX. OUMCTHBIE COOPYXEHHU MUPa HEAOCTATOYHO MPHUCIIOCOOIICHBI 71T OOHApYKEHHS U yJIaBINBa-
HUA IUIACTHKA. ABTOpPBI TPEICTABIAIOT PE3YJNbTAaThl KOMIUIEKCHOTO PAacCMOTPEHHs BOMPOCOB, CBSI3aHHBIX
C OIIpesieNICHNEM HAJIMYMs IUIACTHKA B PA3IMYHBIX BOJAX, €r0 pa3MepaMy M KOHIIEHTPAIMSAMH, MaTepHallaMy A7 €T0
W3TOTOBJICHHUS. BBUIN IIPOBEACHBI HCCIICIOBAHMS 110 OTNPEIEICHHIO COAEPKaHMU IUIACTHKA B TINTHEBOI BOJOTPOBOAHOM
BoJie ropooB /lxumnpa u 3anopoxbs. Hanpumep, B MUTheBOH BOJIE U3-TI0A KpaHa coepxutcs oT 4 o 10 vactur mia-
CTHKAa Ha JIUTP BOJBI, pa3Mep KOTOPbIX mpeBbliiai 100 MUKPOH, TO €CTh CPEJHIOI0 TONIIMHY YEI0OBEYECKOrO BOJIOCA.
A B OyTHJIMPOBAaHHOM BO/Ie M3BECTHBIX TOPTOBBIX Mapok «MopmmHcKas» U «Buvette» comepxurcs ot 49 no 102 gacTuig
IUlacTHKa Ha JUTp Boabl. Hayunast HoBu3Ha. B paGoTe 0000IIEHbI MMEIONMECS U MPEACTABICHbl HOBBIE METOJIbI
1 TEXHOJIOTUH OYUCTKU BOJBI OT IUIACTHKA, TAKHE KaK: NMPOICKUBAHUE HA PA3IMIHBIX COOPYXKEHHUSIX (MEXaHUIECKUE
MeTo/Ibl), (poTarmoHHbIe, MEMOpaHHBIE H 0OPAaTHOOCMOTHUYECKHE CUCTEMBI, MEMOpaHHbIE OHOPEaKTOPBI ((PU3NKO-XH-
MHYECKHE U KOMOMHHPOBaHHBIE MeTOIbI). Kak BTOpO# MyTh CHIDKEHHS KOJIMYECTBA IUIACTHKA B BOZE IPEIIOKEHO 3a-
TIpeIieHNe ero M3rOTOBJICHHSI WIIM CO3JlaHue OnopasiaraeMoro ruiactuka. IlpakTudyeckasi 3HAYMMOCTb. Y UHUTHIBas
pactpocTpaHeHHOCT OTpeOIeHNs Oy THIMPOBAaHHON BOJIBI IT0 BCEMY MHUPY, PE3YJIBTAThI 3TOT0 HCCIEA0BAHHS OATBED-
K0T HEOOXOIMMOCTh TAIbHEHIINX HCCIeJOBAaHNH BO3AEHCTBHS MUKPO- N HAHOILIACTOB HA 3/I0POBBE YEIIOBEKA.

Kniouegvie cnosa: 3arpsisHeHHE BOA IUIACTHKOM; OyTHIMPOBaHHAS BOJA; 3arpsA3HEHNE OKEaHa; METOJ(bl OUMCTKU
BOJI OT IUIACTHKA

Beenenue yenoBek B CeBepHoit AMepuke u 3anajgHoit EBporie
3a roj ucmoib3yeT 100 Kr miacTuka, B OCHOBHOM B
BHJIE YIaKOBKHU. E>KeroTHO B OKeaHBI MOIAAaeT OT
10 mo 20 miH T minactuka. CorinacHO OLIEHOYHBIM
JIAaHHBIM, TIOBEPXHOCTh BCEX OKEAaHOB Ha 3eMIie Co-
JIEp>KUT 245 ThIC. T IJIACTUKA [TaM xe].

Oxkomno 80 % MHUKpOIUIACTHKA B CTOYHBIX BOJIAX —
9TO  CHHTETHMYECKHME  BOJIOKHA, IIOHaJalOIIHe
B CTOKH IOCJIe CTUPKH ok bl B 2013 romy Obu10
MPOU3BENIEHO OKOJIO 55 MIIH T OJEXK/bl U TEKCTHIIb-
HBIX M3JIeJIMI U3 CHHTETHYECKOro BojiokHa. HekoTo-
pbI€ YaCTHUIBI MUKPOIUTACTHKA (BEPOSTHO, W HAHO-
IJIACTUKA, XOTS HUKAKUE UCCIICOBAaHUS HE IPOU3BO-
JTAITH ) TIOTIAIAF0T B PEKU U OKEaHbI, MUHYS OUUCTHBIC
coopyxerus [5]. B To e BpeMs 4aCTHIIbI, KOTOPBIE

B uem cymov eonpoca? Ilmactmacca Ha cero-
OHSAIIHUKA JeHb sIBIsieTcs Haubojee pacmpocTpa-
HEHHBIM MatepuanoM B mupe [11]. Ona npencras-
nsieT co0OW MaTepuall Ha OCHOBE MPHPOJIHBIX WIIH
CHUHTETHYECKHX NOJIMMEPOB, KOTOPBIE MOTYT NpH-
obOperath 3amaHHyl0 ¢GOpMy IMpU HarpeBaHUH
Y TIOJ] IaBJICHHEM yCTOMUYMBO COXPAHSThH €€ MOcie
oxnaxaenus [1].

[ImacTuk cOCTOMT M3 CTPYKTYPHBIX MOBTOPSIO-
IIUXCS 3BEHBEB IO/ Ha3BaHWEM MoOHOMepbl. OHHU
CBSI3aHBI B JJTUHHBIE [IETIOYKH — [TOJIUMEPHI. XUMHU-
YECKHUE HMHIPETUCHTBI C COJEP)KAaHUEM IUIACTHKA
6onee 50 % xmaccuuUUPYIOT Kak omacHble [16].
ExerosmHo mpoM3BOAAT M BBHIOPACHIBAIOT OKOJIO

300 mua T miactuka [5]. CpeaHecTaTUCTUYECKUI
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ObUTH YIIOBJICHBI, B KOHEYHOM CYETE IMOMAAaloT Ha
CYIIy, HO YK€ B Ka4eCTBe IJIamMa.

B CesepHoit AMeprKe Ha CEIIbCKOXO3IHCTBEH-
HEBIE TTOJI exeroaHo momagaeT oT 44 no 300 TeIC. T
Mukpomactuka. B EBpore sta nudpa cocrasnser
ot 63 mo 430 Teic. T. Eciit moTpebiienne macTuka
OCTaHeTCsl Ha TOM e ypoBHE, To K 2050 r. ero Ha
iaHere oopaszyercs eme 33 miapa T [5].

CornacHo CTaTHCTUYECKIM JIAHHBIM, B Y KpanHe
npoxyuupyercss B cpeaaeM 300 MIH T OTXOAOB
B rof, okosio 10—15 % u3 HUX OpUXOAUTCA HA TIIa-
ctuk [18]. OTx0/b! (MPOMBIIUICHHBIC H MYCOp) 3a-
HumaioT 7 % tepputopun Ykpamnbl (2017 r.).
WM ecin B pa3BUTBHIX CTpaHax, TaKUX Kak [ epmaHus
n lseinapusi, nepepabateiBatoT 10 97 % Bcero
MPOM3BENIEHHOTO  IIACTUKOBOTO  Mycopa, TO
B YKpauHe 3Ta unudpa konebnercs ot 4 no 10 %,
B 3aBUCHMOCTH OT PETHOHA.

Bbomee Toro, cnenuanncTel 13 MHUHHECOTCKOTO
YHHUBEpPCUTETA HEAABHO TIOJENMINCH Pe3yIbTaTaMu
HCCIEA0BAHUM, B KOTOPBIX MPUIUIA K BBIBOAY, YTO
MHKPOYACTUIIbI IIJIACTUKAa MOXKHO HalTH B BOAC
MIPaKTHUYECKU B 000K Touke mupa [13]. OHu mpo-
BEJIM TIIATENBHBIN aHanmu3 159 o0pasloB BoAbI W3
pasnuuHbIX peruonoB 3emun, BkItouas CIIIA, Es-
pony, Wuponesuto, VYrauny, beiipyr, HMunuro
u OxBaznop. B 83 % uccnenoBaHHBIX npo6 HAILIH
IJIACTUK; HU OJJHa CTpaHa HC MOXCT IIOXBAaCTATbCA
TEM, UTO €€ BOJIOEMBI IIOJTHOCTHIO YUCTHIE.

Hean

KauecTBO muThEBOIl BOJBI SIBISAETCS MHPOBOI
poOIeMOii, BaXXHOW IS BCEX JIIOJICH HE3aBUCUMO
OT PETHOHOB, B KOTOPBIX OHU NMPOKUBAIOT. CeroHs
UIET NHTEHCUBHOE 3arps3HeHue 3eMIIN I1acTMac-
coil. B xoze uccrieoBanmii OCIEHHUX JIET OBLIO
HaiiileHo OO0JbIIOe KOJIMYECTBO IJIACTUKA BO MHO-
IMX 9KOCHUCTEMax 3€MHOro Iapa, MupoBoro oke-
aHa ¥ JlaXke B TaKUX JaJIeKHUX MECTHOCTAX, KaK AH-
TapKTH/Aa U ApKTHKA.

Ha nam B3risig, eciy He IPUHUMATh CEPbEIHBIX
Mep, TO BpeJa OT IJIaCTHKAa MOXET MPEB30WTH €ro
monb3y. HeoOXoauMo MmpekpaTuTh BBIMYCK Hepas-
JITaraeMoro IJIacTHKa, Kak 3To ciaenanu B CuHra-
nype, banrnagem un Ha o. TaliBaHb, 3alpeTUB HC-
MOJIb30BaHUE IJIACTUKOBBIX MakeToB. HyxHo mepe-
XOAWTh HAa BBIIYCK OMOpa3iIaraeMoro IJIacTHKA,
MIPOU3BOAUTH COPTHUPOBKY OTXOAOB, MX Iepepa-
0OTKY, YTHJIU3AIHIO U T. II.

Y4uuThIBas BCE 3TO, EIBIO HAIICH CTaThH SIBIIS-
€TCS aHAIN3 HaJW4Msl TUIACTUKA B BOJC Y KpPaWHEI
W MUpPA, €r0 KOJHYECTBA U Pa3MEPOB; BIHSHUS €T0
Ha OKPY’KaIOLIyIO Cpe.y, 310POBbE JOAEH, 3eMHBIX
Y MOPCKUX )KHBOTHBIX, PBIO, 2 TAKXKE MPEIOKCHUS
MO0 BHEIPEHUIO pa3pa0OTaHHBIX HAMH METOJIOB
OYHMCTKH NIUTHEBBIX U CTOYHBIX BOJI OT IIACTHKA.

MeToauka

Jng momydenust moaHOH MHQOpMaMH O Mac-
mTabax 3arpsA3HEHUS BOIBI INIACTUKOM OBLIT IIPOBE-
JICH aHAJINU3 HAyYHBIX HICTOYHUKOB U 1a00paTOPHBIX
OTYETOB KaK YKPAaHHCKHUX, TaK M 3apyOeKHbIX H3/1a-
Huit. Takum 0Opa3om, TeopeTHIecKoii 6a3oi nccie-
JOBaHWI CTaly HOBEHIIME Hay4yHBIE Pa3pabOTKH
(1989-2018 rr.), B KOTOPBIX OTOOPaXKEHO, KaKOH
IJIACTHK, B KaKOW (OpMe M KOJIUYECTBE MPUCYT-
CTByeT B THTHEBOH W OYTHIMPOBAaHHOW BOJIE,
a TaKK€ B CTOYHBIX BOJaXx.

Pe3yabTarbl

Ilpobnemor Oymunuposartoii 600vl. YTOTpeO-
nsisi OyTUIIMPOBaHHYIO BOJY, JIIOAHM, MYCTh W HE
YMBIIJIEHHO, CaMU )K€ 3arps3HAI0T BOAY, KOTOPYIO
OHU TIBIOT.

Ykpaunisl 3a nociaeaaue 10 jgeT Ha4amu MUTh
B 5 pa3 Oojblie OyTHIMPOBAHHON BOJIBI, 3TO MOYTH
42 nuTpa B rog Ha OgHOTO yenoBeka. OAUH eBpo-
meer] B cpeaHeM BeimuBaeT 103 mutpa OyTuimpo-
BaHHOU BonbI B ron [14]. Hackoiabko 3TOT TpeHH
Oe3omaceH [yIsl 310pOBbs, OKPYKAIOLICH CPEJIbl, MBI
MOTIBITAEMCSI Pa300paThes B 3TOH CTaThe.

B 2016 r. cpeanmii ameprKaHel MCIOJIb30Baj
167 ogHOpa30BBIX OYTHUIOK C BOJOW, U3 KOTOPBIX
Obu10 mepepadorano 38 mt. llpw atom cpemnuit

poccusiHUH UcTioNb3yeT 120 01HOpa30BhIX OYTHUIOK
B IO/, a IepepadaThIBaeT U3 HUX TOJIBKO 5 mmiT. [18,
19].

Cotpynuuku w3 YHuBepcuTeTa mrara Hpio—
Mopk mpoBemu uccienoBaHue OyTHIMPOBAHHOI
BOABI Ha €€ KadecTBO, COOTBETCTBYIOLIEMY TEp-
MuHy «Oe3omnacHas» [18, 19]. [IpoBepunu u yxkac-
HYJUCh. 3aMephl TIOKa3ali, YTO Ha KaKIBIA JUTP
TOr0, YTO MOMNAJAET B OPraHMU3M 4YeJOoBeKa U3 IUIa-
CTHKOBBIX OyTBUIOK, IPUXOANUTCS 325 4acTHLl MUK-
porutactuka. Pazmeps! wactuir ot 6,5 g0 100 Muk-
pomerpoB (1 mukpomerp = 10° m, Hanomerp =
0,001 MKM), 4TO MPUOTUIUTEIHLHO COOTBETCTBYET
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TOJILIMHE YEJIOBEYECKOIo Bojioca. JTa rpymmna yde-
HBIX II0Ka3aj1a, YTO BOJONIPOBOIHASI BOJA COAEPKUT
B 2 pasa MeHbIe mpuMeceii. Bo BpeMs skcriepu-
MEHTa XMMHKH MPOaHAJIU3UPOBAIM COCTaB COJEp-
KHUMOTO 259 OTHeNbHBIX OYTBUIOK W3 27 pa3HBIX
mapTtuii 11 caMbIX U3BeCTHBIX OpeHA0B B Mupe. O0-
pasipl A1 TECTUPOBAHUS 3aKymany B 9 crpanax Es-
pomel, Amepuku, Appuku u Asun. Bomy mpose-
PSUIH U IOMOIIM CTIEKTPOCKOIIMYECKOr0 aHAIN3a
FTIR.

Pe3ynbrarel mokaszanu, 4To U3 BCEX IPOBEPEH-
HBIX OyTBUIOK (259 mT.) numb 17 He comepkanu
CJIEZIOB MHUKpPOIUIACTHKA. B IPOIEHTHOM COOTHO-
IICHWH 3TO BBITJISAMT elie Oojiee yCTpaluarome —
Bcero 7 % OyTunupoBaHHOW Bojabl. OcCTalibHBIC
93 % coneprkanu 325 yacTuIl IUIACTUKA HA KaXKAbIHA
matp [10].

Bonpmas gyacts Mukporiactuka (54 %) okasa-
nacek nonunponuieHoM (PP), 11 % —nonuctuponaom
(PS), 16 % — netimonom (NYLON), 10 % — monu-
stuiieHoM (PE), 6 % — cmech monuaupa u monu-
stunentepedranara (PEST), 3 % — npyrue Bkito-
YeHus (a3JI0H, TTOMMAKPIIATHL U COTIONIMMEPHI) [14,
15].

IIpoBeneHHBIN aBTOpamMu JAHHOW CTAaTbU AHA-
JI13 BOAONIPOBOIHOM BOJKI ropoaoB ITpunHenpoBss
MOKas3all, YTO OHA COAEPKUT 10 4 YaCTHIl IUTaCTHKA
(uHOTHA W MEHbIIE), a OyTWIMPOBAaHHAS BOAA H3-
BECTHBIX YKPAaHMHCKUX OpPEHIIOB COAEPKHUT CBBILIE
10 MUKpOYaCTHII MJIACTHKA.

3aepaznenue Muposoco okeana niaACMUKOM.
Crenenp 3arps3HeHHs MHPOBOTO OKeaHa IocCTe-
neHHo Bo3pactaet [10—19]. CnocoOHOCTE BOJBI K
CaMOOYMILICHHIO 3a4acTyI0 OKAa3bIBAETCSl HEIOCTa-
TOYHOH, YTOOBI CIIPABUTHCS CO COPACHIBAEMBIMHU OT-
XOAaMH, KOJIMYECTBO KOTOPBIX ITOCTOSHHO YBEJIH-
YHBACTCS.

Pone MupoBoro okeana B )KU3HHU 4EJIOBEKA 3HA-
yutenbHa. OH BBINOJHIET CPelooOpasyroIIylo,
MPOMBICIIOBYIO, CHIPBEBYIO, TPAHCIIOPTHYIO U JIpY-
rue QYHKIUW. YUYUThIBass HEOTpaHW4YEeHHbIE Oorat-
cTBa MUpOBOro OKeaHa, y4YeHBIE HA3bIBAIOT €ro
CeIbMON SKOHOMHUKON Mupa cpasy mnocie CIIA,
Kuras, Anonun, ['epmanuu, @panunuu u Benuko-
Oputanun. OOIIYI0 CTOMMOCTh €0 PECYPCOB Olle-
HUBaIOT B 24 mupa nojuiapoB. Ho 2/3 okeaHckoit
SKOHOMMKH 3aBUCHUT OT COCTOSIHHSI CAMOT'O OKEaHa.

C GorarcTBOM MupPOBOTO OKeaHa YEII0BEUSCTBO
oOparaeTcsi HEOpPEXKHO W pacTOUUTENbHO. Exxe-

roJHO B Hero cOpaceiBatoT 6osee 30 ThIC. pas3mny-
HBIX XUMHUYECKHIX COeIMHEHUH, 00Iast Macca KOTo-
peIx cocraBisieT 1,2 mupa 1. Ho 3arps3nenne ero
BOJ IJIACTUKOBBEIM MYCOpPOM MpuoOpeTaeT Kara-
cTpoduyeckuii xapakrep.

[Inactmacca sBisiercss Hamboisiee pacrpocTpa-
HEHHBIM AJIEMEHTOM, KOTOpBI HaXOAMUTCS B OKe-
aHe. OTO BpPEAHO IJs OKpYXaroIleW cpensl, Mo-
CKOJIbKY IJTACTMACCy MOPCKUE KUBOTHBIE paccMaT-
PHBAIOT KaK IMHIILY.

W3BecTHO, 4TO B OTIMYHE OT APYTUX 3arps3HU-
TeNel, MIacTUK He TOHET U MOYTH HE pas3yaraercs,
€ro JIETKO 3aXBaThIBAOT BOJBI MOIIHEUIINX Teye-
Hu#t 3emiu. BeneacTBue 3Toro B OKpeCTHOCTAX Ta-
KHUX TEYEHUI BO3ZHUKAIOT CBOCOOPa3HbIE MIACTHKO-
BBIE CBAJIKH — «OCTPOBay», CaMOW OOJBIION U3 KOTO-
pBIX siBIsieTCs. bonblioe MycOpHOE MATHO B CEBEp-
HoM wyactu Tuxoro okeana. Ilo pasnuuHbIM
OIIEHKaM, 00IIast TIIOMAIb 3TOTO MATHA COCTABIISET
ot 700 ThIC. 10 1,5 MJIH KM?, B HEM COCPEIOTOYEHO
6osee 100 muH T Mycopa.

Onpiii m3o0perarens u3 r. KponmuBHHIIKOTO
(Yxpanna) Pycman KomreB paspabotan M CKOH-
CTpYUpPOBAI POOOTH3MPOBAHHYIO CHCTEMY IS
cOopa MmIacTUKOBOTO Mycopa U3 BojioeMoB. DakTu-
YecKH poOOT OBLI CO3MaH M3 MOIPYIHBIX MaTepHa-
JIOB M OCHAIIIEH CONTHeYHOU Oatapeeit, GPS u kame-
poti ¢ naturkoM. [IpoBeneHHbIE MTUIIOTHBIE UCTIBITA-
HUSl YCTAHOBKH TIOKa3alld €€ BBICOKYIO A((EeKTHB-
HOCTh. 3a OJIWH JIeHb PabOThl POOOTH3MPOBAHHAS
cucreMa Moxer coOpaTh A0 20 KI' IJIaCTHKOBOTO
Mycopa c¢ TmoBepxHOCcTH BogoeMma. Ceiuac paszpa-
0OTYHK W ero KOMaHJa MBITAI0TCS HAWTH CPEJICTBA
JUIsT HaJNa)KUBAaHWSI CEPUMHOrO BBINYCKa CBOETO
nzobpereHwus [9].

[To MHEHUIO y4eHBIX, YAAIUTh MUKPOILJIACTHK
13 MupoBOro okeaHa He MPEACTaBISETCS BOZMOXK-
HbIM. Hanuuue B okeaHe orpoMHOM Macchl MUKpPO-
IJIaCTHKA — 3TO HOBas, MaJIOW3BECTHAs yrpo3a s
MOPCKHUX 3KOCHCTEM U YEJIOBEUYECKOr0 OpraHu3ma.
B nporecce pacnaga miiacTika nojgy4yaeTcs CBOEro
pona cycreH3uia. MHOTHe MOpPCKHE KHUBOTHBIE
M OTHULBI MOTJIOMIAIOT IUIACTUK KAaK YacTh MHUIIU.
Jlronu nerko 3apakaroTcsl, TOTpeOsis 3arpsa3HeH-
HbIE MOPEMPOAYKTHI, KOTOPBIE MOTYT BBI3BIBATH Ce-
pBE3HBIE TPOOIIEMBI CO 3J0POBBEM — OT MOBPEXKIC-
HUS IMMYHHOH cHcTeMBI A0 paka. [loaTomy cambiM
3¢ (HEKTUBHBIM PElICHHEM JTaHHOW TPOOJIeMbI SIBJISI-
€TCsl COKpaIleHHe MIacCTMAaCCOBBIX OTXOJIOB.
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Pa3nrle cTpans! pemarot ee no-csoeMy. Hanpu-
Mmep, B Cunramype, banrnazgem, o. TaiiBans 3ampe-
THJIM UCTIOTh30BaHKE IIJIACTUKOBBIX NMAaKkeToB. EBpo-
coro3 mpenmnosnaraeT kK 2030 . 3apeTUTh 0AHOPA30-
BYIO IIJIACTUKOBYIO yakoBKy. [IpaBuTenscTBa MHO-
TUX CTpaH BBOASAT HAJIOTH, MOTHUBUDPYS CBOE
HAcelIeHWe  OTKa3aThCsi  OT  MPOM3BOJICTBA
Y UCIOJIb30BaHM I1acTuka. B Ykpaune 1o Hacro-
SIIIIETO BPEMEHH MpOOJIeMy 3arpsi3HEHUS HPUPO-
HBIX BOJI IUTACTUKOM HE pacCMaTPUBAIIA HA Ha O(H-
LUAJIbHOM, HU Ha aKaJIEMHUUECKOM YPOBHSX.

Hecmotps Ha Bce ycumnus 3aKkoHOAaTeNel, He-
MPaBUTEIHCTBEHHBIX OpPTaHW3allMi, B OKEeaH IIO-
MPEKHEMY NOMAAA0T TBICAYN IIaCTMACCOBBIX OT-
xoq08B [8&, 10].

Brusnue nracmuka Ha 300pogvbe cOBpeMeHHbIX
nompebumerneti. C MOSBICHHEM OJHOPA30BOH IJa-
CTUKOBOM Imocyabpl JrIOaAM CTajln €€ aKTUBHBIMU
nonb3oBatensaMu. [IpoBeieHHbIe B TOCTIETHHE TOBI
WCCIIEIOBAHNS TIOKa3ajdl, YTO HEKOTOPBIE BHUIBI
IJIaCTUKA ABJIAIOTCA OINMACHBIMH, UMCIOT HEIIOCPCI-
CTBEHHOE NaryOHOe BIMSIHUE Ha 370pPOBBE TOTpe-
outeneii. [Ipexne dyem KynmuTh MJIACTHKOBYIO TIO-
Cyay, HEOOXOAMMO TIIATENbHO M3YYUTh 3HAUCHHE
3aHlI/I(1)pOBaHHLIX CHMBOJIOB 1 3HAKOB Ha €€ MapKHu-
POBKe.

[Tnactuk — noaumepHsiil Matepuan. CaMele pac-
MMPOCTPAHCHHBLIC ITOJIMMCPHLIC MaTCpUajbl, U3 KO-
TOPBIX TPOW3BOAAT KAk TEXHUYECKHH, Tak
Y MIUIIEeBOH TuTacThK, — nonuBuHmIKIOpU (I1BX),
MOJIMTIPONIMIIEH, TOJUATUIIEH, TOTUCTUPO, TOJH-
stuieHTepedranar, noaukapoonar. [lmactuk, xo-
TOPBI WCHONB3YIOT JUISI TIPOW3BOJICTBA W3/EIH,
KOHTaKTUPYIOMIMX C IHIIEH, B MEPBYIO OdYepellb
JIETCKOTO aCCOPTUMEHTA, B 00sI3aTEIHHOM MOPSAKE
WCCIIETYIOT Ha COOTBETCTBUE CAaHUTAPHO-TUTHECHH-
YeCKUM HOpMaM U cepTuuuupyrot. [IponsBoan-
TeNb 0053aH MAPKUPOBAThH CBOKO MTPOAYKITHIO.

Maprupogka nracmuxosotl nocyovl u pacuug-
Ppo6Ka mapkepog. 3HaUOK «PIOMKa — BHJIKa» — Ca-
MBIl IJIABHBIA MapKep, CBHJETEIbCTBYIOLIUI
O MMPUTOAHOCTH MJIaCTUKOBOM MOCyAbl K KOHTAKTYy
C IUIIEBBIMH MTPOAYKTaMU. Eciu Takol 3HAYOK T1e-
pEUYEpKHYT WIH OTCYTCTBYET, IUIACTUKOBBIE U3iE-
JInA HC NPpE€AHAa3HAYCHbI IJIA XPaHCHUA, UCIIOJIb30-
BaHUs M yNOTpeOJeHUsT U3 HUX NMPOAYKTOB IHTA-
Hus. TpeyroibHUK U3 TPEX CTPETIOK — 3HaK BTOPUY-
HOM TepepaOOTKH CBIPhS, CHMBOJIM3UPYIOMINN
3aMKHyTBII71 OUKII: CO3aHUEC — IIPHUMCHCHHUE —>

yrunuzanus. [locyna wim ynakoBka, MapKHpOBaH-
Hasl JaHHBIM 3HaKOM, TIPUTO/IHA ISl TIOCIE Ty OIIeH
repepadoTKH.

Hudps! BHYTpH TPEyroibHUKA TOBOPAT O THUIIS
nepepaboTaHHoro Marepuana: 1-19 — miacrtuk,
20-39 — Oymara w xaproH, 40-49 — wmetamn,
50-59 — nmpeBecuna, 60—69 — TKaHW M TEKCTHIIb,
70-79 — crexino [7, 8].

Brigensror cremyromue TPyOObl  TUTACTHKOB
(Tabm. 1):

1. PET wu PETE (II9T)— nonustunentepedra-
nat. Ero ncmonb3yroT 11 U3roTOBJICHHUS YIAKOBOK
(O6yTBUTOK, KOPOOOK, OAaHOK) AJIS pa3iHBa MPOXJIa-
JUTEILHBIX HAIIMTKOB, COKOB, BOJABI. Takke 3TOT
MaTepHall BCTpedaeTcsl Ha YIaKOBKax Ui TOPOIL-
KOB, CBHIITyYUX MUIIEBHIX TPOAYKTOB.

2. HDPE (ITH/I) — mou3THiIeH BEICOKOH IIIOT-
HOCTH HH3KOTO JaBieHus. Ero mpuMeHsIoT s u3-
TOTOBJICHUS M3/IETNH, KOHTAKTHPYIOIIUX C THIIe-
BBIMH TIPOAYKTaMH, UTPYIIEK. DTOT MaTepHall SB-
nsieTcst 0€30MacHbBIM JIJ1sI THIIEBOTO UCTIONL30BAHNUS
U XpaHCHHUSI eJIbl.

3. PVC (IIBX) — mnomuBuHMIxnopun. MHc-
MONB3YIOT sl TpyO, TpyOOK, camoBoit mebenw,
B HAIOJIbHBIX TIOKPBITHSX, 111 OKOHHBIX IPOGUIICH,
JKaM03M, OyTBUIOK MOIOIIWUX CPEACTB M KIICCHKH.
Marepuan SBISIETCS MOTEHIUATHHO OMACHBIM IS
MUILIEBOTO TPUMEHEHHS, TAK KaK MOXKET COAEPKATh
JTMOKCHHEI, OMCeHON A, pTYTh, KQJIMUN U IPYTHE.

4. LDPE (IIBJ) — moausTHIIEH HU3KOH TUIOTHO-
CTH BBICOKOTO JaBJieHus. I3 Hero mpou3BoJsT Mo-
JUSTUIICHOBBIE ITaKEThlI, THYIIUECS IUIACTHKOBBIC
YIIaKOBKH, U3EIHUS U YIIAKOBKU U YKYTIOPKH Jie-
KapCTBEHHBIX CPEJICTB.

5.PP (III1) — momunponuieH. Ero npumenstoT
B aBTOMOOMIILHOW TMPOMBIIIIEHHOCTH (000pya0Ba-
HUe, OaMIepsl), PU U3TOTOBICHUN UTPYIIEK, B ITH-
IIEBOI MPOMBIIIUIEHHOCTH, B OCHOBHOM TP MTPOM3-
BOJICTBE yNakoBoK. [loiurponuieH BblAepKUBACT
BBICOKHE TEMIIEPATyphl, MMO3TOMY IOCYAY MOKHO
WCTIOJIB30BaTh JUIs ropsiuel ebl 1 HanuTKoB. KoH-
TaKT C aJKOTOJIeM BO3MOXKEH, HO HEXKeJaTeleH.
[InacTukoBEIe OJJHOPA30BhIE CTAKAHUYNKH, KOTOPBIC
JIENTAI0T U3 TIOMUIPOTIHIIEHA, K TOPSYUM KUIKOCTIM
«PaBHOJYIIHBD), TIO3TOMY BPEIHBIX BEUIECTB IMPH
HarpeBaHuu He BbyIesoT. Ho oHu oOmanator apy-
UM CBOMCTBOM: IIPHU KOHTAKTE C AJIKOT'OJIEM FLTH Ta-
3MPOBAHHBIMHU HAITUTKAMHU (C JFOOBIMHU CJIOKHBIMU
XUMHUYECKUMH COCIUHEHUSIMH) MOTYT BBIACIATH
tdhopmanprerun wim Genon. U3 atoro crnegyer, 4To
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BOJY IUTh U3 TAKOTO CTaKaHa MOYKHO, & BOT BOJKY
— He cTouT. PopManbaeTu UMEeET SIPKO BBIPAKEH-
HbIE MyTarcHHBIE CBOIiCTBa, OONafaeT ajiepreH-
HBIM U pa3JpaxaroliuM aeictsueM. KoHTakT yemno-
BEYECKOI'0 OpraHu3Ma co CpefoH, coepKallell 3T0
BEIIIECTBO, MOXET IIPUBECTH K IIOSBICHHUIO PaKa JIbl-
XaTeNbHBIX MyTE€Hd M MHOTHMX OPYTUX TSDKENEHIINX
3a00J1eBaHui BIUIOTH A0 Jeiiko3a. K mpusnakam, xa-
PaKTepHBIM ATl OTpaBiIeHUs (HOpMabIETUIOM de-
pe3 ero BABIXaHUE, OTHOCAT KOHBIOHKTHBUT U IIPO-
rpeccupyromui otek jerkux. [lonaganue qanHoro
BELIECTBA B OPraHMU3M Ue€pe3 KEeMyJO0YHO-KHIIEeU-
HBIA TPaKT MOXXET CTaTh MPUYUHON €ro XuMudye-
CKOTO 02K0T'a, 9PO3UH, A3BBI.

6. PS (IIC) — nonuctupon. Mcnomip3yroT npu u3-
TOTOBJICHUH IUIUT TEIUIOM30JIALMH 3AaHUH, Mulne-
BBIX YIaKOBOK, CTOJIOBBIX IPUOOPOB U YalleK, APY-
roi OJHOPa30BOW MOCyJbI, Kopobok CD, neHoma-
TepuanoB, Urpyumex, pydek. Ilocyna u3 monucru-
poja HPUrofHA HCKIIOYUTENBHO IJISI XOJOAHBIX
MUIICBBIX MPOAYKTOB U NPOXJIAAUTCIIbHBIX HAIIUT-
KOB, TaK KaK Py HarpeBaHUH WJIM KOHTAKTE C TOps-
YUM BBIIEISIET CTUPOJ — BBICOKOTOKCUYHOE Bellle-
cTBO, oTHOcsmeecs K Il kmaccy omacHoctu. Cru-
POJI CITY’KUT OCHOBOH JJIi U3TOTOBJIEHUS MOJUME-
PHU3AIMOHHBIX MJIACTUKOB (monwcTUpOoIIoB),
CTEKJIOIUIACTUKOB, CUHTETHYECKUX Kay4dyKOB, IO-
mGupHEIX cMoi. [locyny Henb3sh IPUMEHATH IS
rOpsS/YMX MPOAYKTOB, Ui pa3orpeBa eabl B MUKPO-
BOJIHOBOM I1€4H, a TaK)K€ B KAUECTBE EMKOCTEH IS
AJIKOI'OJIbHBIX HAIITUTKOB. HaHpI/IMep, €CJI1 HAJINTh
B CTaKaHYHK FOpH‘II/Iﬁ HAIIMTOK WJIHN ITOJIOKHUTH I'O-
psidee OO0 B TAaKylO IUIACTHKOBYIO MOCYIY, MX
YK€ HeNb3sl Ha3bIBaTh O€30MacHBIMH. Tapenku w3
MOJIMCTUPOJIA YaCTO HCIONIL3YIOT B JIETHUX Kade
MOJ| LIALUIBIK, TOPSYMI CYNl U OPYrue HPOIYKTHI.
[IpakTnyeckn Bce peakLUuH, KOTOPHIM IOABEpTra-
FOTCS CTHPOJ U €0 TOMOJIOTH, HECYT MOTEHIHAIIb-
HYI0 YIpo3y 3J0pPOBBIO M XKU3HHU 0. Bipixanue
€ro MapoB TPO3UT MHOTOYHMCICHHBIMH OCTPBIMH
W XpOHUYECKUMU 3a00J1eBaHMsIMU. [ITUTETHhHOE TO-
MajjaHle CTHUPOJa B OPraHU3M YeJOBeKa MOXKET
NPUBOAUTH K TOPAKEHHUIO AbIXaTEeNbHBIX IyTEH,
pa3apaskeHHIO KOKH U CIM3UCTHIX 000JI04€eK, Topa-
JKEHUIO TIEYEHU, TI0YEK, KPOBEHOCHOW M HEPBHOM
CHCTEM.

7.OTHER wmmn O — npoune. K 3toii rpynne ot-
HOCST 1000 JApYyrod miacTuk 06e3 OyKBEHHOTO
Kozaa, KOTOpBIﬁ HE MOXKET OBITb BKIIOYEH

B mpenpiymue rpynnbl. CIy>KHT Kak MHOTOCIION-
Hasl YIaKoBKa WM KOMOWHHMPOBAHHBIN IJIACTHK.
Hampumep, monmrkapOoHAT, KOTOPHIA HE SIBISICTCS
TOKCUYHBIM JIJIsl OKpY Karoiei cpes [15].

Tabnuua 1
TaliHbIi KoJX I1acTMAace
Table 1

The secret code of plastics
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Ilocyna u3 MenamMumHa MOXET COIep)KaTh ac-
0ecT, KOTOPBI 3alpelleH 1aXXe B CTPOUTEIbCTBE.

CornacHo HEKOTOPBIM HCCIECAOBAHHUAM MOCIIE-
HUX JIET, MHOTOPa30BO€ HCIOIb30BAaHHUE [LIACTHKO-
BOH MOCYBI WK OYTHUIOK CIIOCOOCTBYET Pa3BUTHIO
CEPJICYHO-COCYIUCTHIX 3a00JieBaHuil. DTO OOJbIIIe
BCEr0 OTHOCHTCSl K TMOJUKapOoHary. JudThirex-
cuwidranar u 6buchenon A, HaliJIeHHBIE B INIACTHKO-
BbIX OYTBIJIKAX M KaHHCTPaX, MOTYT ObITH IOTJIO-
LICHBI C €10/ U BHI3BIBATh aJUIEPrUUEcKue 3adoie-
BaHUs, OPOHXHMATIBHYIO acTMY, OecIuIoiue, paK Mo-
JIOYHBIX  JKeJe3,  IpeACTAaTeNbHOM  KeJe3bl,
3a00JICBaHUSl  CEPACYHO-COCYAUCTOH  CUCTEMBI,
HapylIeHre ooMeHa Bemects [2, 15].

OnHOpa30BYI0 YHaKOBKY HY)KHO HCIIOJIb30BaTh
TOJILKO OJIMH pa3. Het cBenenuii o ToM, Kak pearu-
PYeT IUIaCTHK Ha MHTPEIUEHTHI, ISl KOTOPBIX OH HE
npeaHa3HadeH. DTO OTHOCUTCS K )KHpaM U KHCJIO-
taMm. CUHUTAIOT, YTO MPOAYKTHI ¢ OONBLIMM COAep-
KaHWEM caxapa H OKHPBl Hellb3s TOTOBUTH
B IUIACTUKOBOM nocyie. OHU HarpeBaroTcs 10 TeM-
nepaTypsl IUIaBlIeHUs U AeopMUpOBaHuUs IIacT-
Maccel. Hy)KHO TOTOBUTh UX B CHELUAIBHOU IIO-
cyne, BeIAepKuBaromiel HarpeBanue jgo 140, 180
u Oonee rpaaycoB. [Ipu HOBTOpHOM HCHOJIB30Ba-
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HUU OJHOPA30BOM IJIACTUKOBOM MOCYABI IMOBpE-
JKIaeTCs e BHCITHUHN 3aITUTHRIN CJIOM, 1 HAYMHAIOT
BBIJICJIATHCS KAHIIEPOT €HHbIE BEIECTBA — (hopMasib-
nerua, ¢heHon, KaaMmuid, cBuHel. He crout muth w3
OJTHOPA30BBIX IUIACTHUKOBBIX CTAKaHOB CIIHPTHOE.
B nr060M mnacTuke comepxarcs TOKCHYHBIE Belle-
CTBa, KOTOPBIEC B OOBIYHBIX XOJOAHBIX HAIUTKAaX HE
PacTBOPSIIOTCS,, HO HE BBIACPKUBAIOT XUMUYECKON
aTaky aJKorojs. B nomamHux ycnoBusx 1enecoo0-
pa3HO cpa3y CHUMaTh C NPOAYKTOB YIAKOBOUYHYIO
IUIEHKY, Cpe3aTh BEPXHUH CIIOM ¢ NMPOAYKTOB, Xpa-
HUBIINXCS B IJIACTUKOBOM ynakoBke. Henomyctumo
HCIIONIb30BaTh OIHOPA30BYIO YIAKOBKY Ul XpaHe-
HUS IPOJYKTOB, HY’KHO JEpKaTh €y B CTCKJISIHHOMN
U KepaMU4ecKol mocyze, MoKymnarh JAETCKOE MUTa-
HUE TOJIbKO B CTEKJISIHHOM WJIM KAPTOHHOM YIIAKOBKE.
BaxxHo He ucnonp30BaTh IS AETCKOTO MUTAHUS
IUTaCTUKOBYIO mocyny. He crnexyer pasorpeBats B
MUKPOBOJIHOBOM IEYH MUILY B IJIACTUKOBOM MOCYe
U AepKaTh MOAOJITY BOAY B KyBLIMHHBIX (DUIIBTpax.
IToMyTHEBIIMI IUTACTUKOBBIM KyBIIMH JJII BOJBI
HEoOX0oMMO BbIOpachBaTh. Takke OJHOpa3oBas
YIIaKOBKA HE MpeIHa3Ha4YeHa Il MBIThSI, TaK KaK pe-
3yIbTaT MOXKET OBITh HeTpeackasyeM. Bmecto ma-
CTUKOBOH MOCYJbl IeTIeCO0OPa3HO HCIOIB30BATh
mocyny w3 OyMmardw, KOTOpas JKOJOTHYecKH 0e3-
oracHa U 0e3BpeHa s oprannsMa [15].

[TnacTukoBbIE OYTBUIKM M TPOYYIO Tapy CO-
30AI0T 10 3aJaHHBIM IapaMeTpaM M AJsl omlpese-
NEHHBIX CUTyallMd NPH HMCIONb30BaHUU (pHC. 1).
K nmpumepy, B OyTBIIKY M3-110/1 MOJIOKA JIydIlle HE
3aJMBaTh COKH, TeM 0o0Jjee CIUPTHBIE HAIHUTKH.
Bospiryto pons B MpOW3BOACTBE MJIACTUKA MIPAET
MOPSIIOYHOCTh €r0 MPOU3BOAUTENS, KOTOPBIH MO-
KET SKOHOMHTbh Ha KAaueCTBE M 3KOJOTHYHOCTH,
a TaKXKe Ha TEMIIEPaTypHOM PEXUME.

[Ipu HarpeBaHUM M KOHTAKTe C BOAOH IIACTHK
BBIACIIACT pa3IMYHbIC BPECAHBIC TOKCUYHBIC COCIU-
HEHUS, KOTOphIe, Tonajasi B OpPraHu3M YelIoBeKa,
MOATAYMBAIOT €ro 3J0POBbE, HAKAIUIMBAIOTCS
1 BBI3BIBAIOT PA3JIMUHBIC 3a00JIeBaHus.

UccnenoBanus nokasanu, uro 80 % BpemHBIX
BEIIECTB IJIACTHKA B OpPTaHU3ME YesloBEeKa IIoMa-
JaloT:

— U3 CTPOUTECIIbHBIX U OTACJIOYHBIX MAaTCpHUAJIOB
(ruppouzonsuuu, 000eB, yTEITUTENEH, MPEAMETOB
ObITa U 11p.);

— W3 INIACTHKOBBIX OKOH, MeOeau, OBbITOBOI
TEXHUKMU;

— W3 TUIACTUKOBOM MOCY bl — OOJIBIIIE BCETO.

Oco0eHHO BpegHO HCIOIb30BAHUE CTaBIINX
ceilyac MOAHBIMU IUTACTUKOBBIX KOHTEHHEPOB, TaK
KaK B HUX 3a9aCTyI0 XPaHAT U Pa30TPeBarOT MHUILY
B MUKPOBOJIHOBBHIX Tevyax. MIMeHHO mpHu TakoM uc-
[I0JIb30BAaHUM — HAarpeBaHWM M KOHTAKTE C BOZAOH
Y mamie — unet o0pa3oBaHrE W BBIICIIEHHE TOK-
CHUYHBIX BEIIECTB U SII0B, KOTOPBIE TIOMIAJAl0T B Op-
TaHU3M.

TexHU4YeCcKui 1 MUILEBOH TJIACTUK TTPOU3BOJISAT
m3 noymmBuHIIXIOpHAa (IIBX), momumpornmieHa,
MOJMATHIICHA, TOJTUCTHPOIIA U oJrKapOoHara. Bee
IJJACTMACCOBBIE H3JIENHA CO BPEMEHEM CTaperoT
(M3MEHSIOTCS), BBIACTSS TPOMYKTHI Pa3pyIICHHUS.
Hanpuwmep, [IBX co BpeMeHeM HaUMHAET BBIJIETATD
BpeHOE KaHILEPOr€HHOE BEIIECTBO — BHHMIIXJIO-
pua.

Bpennoe BemectBo u3 IIBX HaumHaeT Bblae-
JIATBCS Yepe3 HEJEIIO0 MOCIe TOro, Kak B IUTaCTUKO-
BYIO TIOCYIy 3alliiil conepkumoe. Uepe3 mecsir
B MHHEPAIFHOW BOJIe CKAIUIMBAETCS HECKOJIBKO
MUJJIMTPAMMOB  BUHWJIXJIOpHA (OHKOJIOTH CYH-
TarOT, YTO 3TO OUYCHH MHOTO).

ABcTpanuiickie yueHble IPOBEIH KCIIEPUMEHT
u oOHapyxuin oucheron A y 95 % obcienyeMbix
no0poBoblLeB. [Ipruem cpeiu MOAOIBITHBIX OBLTH
ety 1 OepeMeHHbIe )keHIUHEL [lonano ranHoe Be-
IIECTBO B MOUY, CKOpPEE BCEro, UMEHHO U3 OyTHIIH-
poBaHHOW BOAbL. [Ipu HarpeBaHuu na’xe HEMHOIO
BBIIIIE KOMHATHOH TeMIepaTyphl HauWHAETCS aK-
TUBHOE TEepPEMEIEHIEe TOKCHYECKHX MOJICKYNl W3
IUTACTUKOBOM OYTBIJIKK B JKUIKOCTh, KOTOPOH OHa
HarnonHeHa. [loHsaTHO, yTO B *Kapy Oonee 30° Takas
BOJIa CTAHOBUTCS OTPABICHHOM, B TOM YHCIIe U OH-
chenonoM A. DTOT KOMIOHEHT OTPHUIIATEIHHO BIIH-
sieT Ha muToBHUAHYIO *Kene3dy, LITHC, npoBouupyer
HECIOCOOHOCTh UMETh JIETEH, TUTIIEPTOHHUIO, OJKHPE-
HHe u auader [8, 10].

B namieil ctpase ecTh ele 0iHa CyLIECTBEHHAs
OTAaCHOCTb — MIOBTOPHOE HCIOJIb30BaHUE OaKIakKeK.
U3 PVC-0yThUI0K BRIAENSAETCS TOKCHYHBIHN XJIOpBU-
HWI. DKCHEPTHl CYUTAIOT, YTO OYTHIIOYHBIA IIa-
CTHK COXpaHSeT HeUTPaJbHOCTh TOJBKO B OTCYT-
CTBHUE KHCIIOPO/a, ITOKa BOJIa COXPaHSIET CBOM mep-
BOHa4YaJIbHBIA XUMHUECKUH cocTaB. Kak Tonbko Oy-
TBUIKY OTKPBIBAalOT, BOJAa U IUIACTHK OBICTPO
MEHSIOT CBOM CBOMCTBA.

[Tonb3oBaThess mocymoit u3 menamunHa (hop-
MajbJAeruna) KpaiHe omacHo. s mpodHOCTH TI0-
CyIIBI B Hee J00aBJISAIOT acOecT, KOTOPHIH 3amperieH
Ja)Ke B CTPOUTENLCTBE, HE TO YTO B U3TOTOBJICHUU
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nocynel. @opmaneaeru u acoecT OYEHb BPEIHEI
U MOTYT BBI3BaTh paK. PUCYHOK Ha TakoW Tapeyke
Toke BpeaeH. Ha menamuH Henb3st HaHecTH 0e€3-
BpEIHBIA KpacuTenb — aepxkarscst He Oynet. Ilo-
3TOMY HCIOJIB3YIOT KPAcKH, COJIEpIKaIME TSHKEIbIe
MeTaJlIIbl, HAaIIPHMEp, CBUHEL. Bcero HeCKoNbKo pa3
pas3orpeB B TakoH IOCYyJle CYITYMK, MOXHO 3apalo-
TaTh PakoBYIO ommyxods [8, 10].

[IpousBoguTenu MmpoAyKTOB OBICTPOrO HPHUIO-
TOBJICHUS TAK)KE€ 9aCTO MOJB3YOTCS TOIUCTHPOIb-
HOW yMAaKOBKOW (CTakaHYMK, MAaKETUK, MHCKa).
JloTku C 3aMOPOKEHHBIMH TOTOBBIMH OJIIOJJaMH,
B KOTOPBIX UX MOXHO pa3orpeBarb, MOTyT IOTEPATH
HEOOXOUMYIO TEPMOCTOMKOCTH TIOCIE TOTO, Kak
MOJIBEPTITUCH TITyOOKOMY OXJIQXKICHUIO.

B mmacTMaccoBBIX €MKOCTSIX HENb3sl XPaHUTh
KHCIIBIE TPOLYKTHI, KAIlyCTy, COJINTh OTYPLBI U IPY-
rue oBoUM. MBITh UX TOPSYEl BOAOU — TOXKE.

Mapxuponxa ﬁHOp-‘l’lﬂ-’fﬂf‘Mkl! nnacruxon

(O

Puc. 1. MapkupoBka OHopasiaraeMpIX INIACTHKOB
Fig. 1. Marking of biodegradable plastics

[lonutuka B obnactu ynpaBiieHHS IUIACTHKO-
BBIMH OTXOJIaMH yCTapejia U YrpOKaeT 3/0POBBIO
J0AEH M )KUBOW MIPUPOAE, KaK COOOLIAIOT SKCIEPTHI
Yencu M. Poxman, Mapk Ounromn bpayHn
u ap. [16].

Bonpias yacTh miiacTuka ornacHa cama 1o ceoe
B XUMHUYECKOM KOHTEKCTE — OHA MOKET OBbITh TOK-
CHYHOH B OTpE/ICIIEHHBIX YCIOBHUAX MO0 cama aJi-
copbupoBarth Bpeanbie Bemectsa. Ho B CIIIA, EB-
ponie, ABcTpuH, AnoHuM, a Takke B YKpauHe Ija-
CTHKOBBIE OTXO/bI BCE €Ille KJIACCH(PUIUPYIOT KaK
TBO, m mostomy ¢ HHMH OOpamarTcs, Kak
C THUIIEBBIMH OTXOJAaMHU WJIH, HalpuUMep, Kak CO
CKOIIIEHHOW TpaBOH.

Mpsl BepuM: eciil CTpaHbl KIacCUPHUIUPYIOT
IUTACTHKOBBIE OTXOMbI KaK OIACHbBIC, ar€HTCTBA I10
OXpaHe OKpY’)Karolled Cpeabl CyMEIOT BOCCTaHO-
BUTH apeajibl OOMTaHHWA U MPEJOTBPATUTh HAKOII-
JICHHBIE OTAaCHBIX 0TX00B [3, 17, 19]. B koHeuHOM
UTOre, NOJOOHBIM LIar MOXET HOIXJIECTHYTh HC-
CIEZIOBaHUsI B O00JacTH HOBBIX IIOJIMMEPOB
U 3aMEHHTH IUIACTHK OoJiee 0€30MacHBIMU MaTepu-
aJamMH.

C zarps3HEHUSIMH  OKpY)Karolled  cpensl,
B YaCTHOCTH BOJIbI, OOPIOTCS Mo-pa3HoMy. HekoTto-
pBI€ BBOJAT 3alpeT Ha MPOAaKy OyTHIMPOBaHHOMN
BOIBl Ha 3aKOHOAATEIILHOM YPOBHE, HaIpUMeEp,
B T. banmenyn (Asctpamusi) wimn 1. KoHkopa
(CIIA) [18].

[IBeiiiiapust OTOpABISET HA MOBTOPHYIO MEpe-
pabotky mpaktuuecku 100 % orxomos [19]. Cu-
CTeMa COPTHPOBKH Mycopa 34ech JoBeJcHa 110 ab-
COJIOTAa, a HEKOTOPBIM MOXET II0Ka3aThCsl, 4TO
naxxke 1o abcypna. Ilpm sTom Takas cucrema He
3HaeT UCKIIOYCHUSI — BCE O0sI3aHBI PacKIabIBaTh
Mycop MO pa3HbIM KoHTelHepaM. KTo He cornacen
— mratut mrpad. B IBelnapun cymecTByeT Tak
HazbIBaeMasl JSKOJIOIMYecKas IONHULHUSA, KOoTopas
C MOMOUIbIO COBPEMEHHBIX TEXHOJOTUH OTCIEKU-
BaeT U TpadyeT HapyIIUTEICH.

B YkpauHe TOXe NpuHATa CUCTEMa COPTUPOBKHU
Mycopa, HO JJI 3TOTO HE CO3/IaHbl yCIIOBHS: HET
KOHTEWHEPOB J1JIs PA3HBIX OTXO/I0B, HUKTO HE BEIET
MOHUTOPHHI COPTHPOBKHM OTXO/OB; HE mepepada-
TBHIBAIOT OTXOJIbI, & €CITU U IepepadaThIBaloOT, TO HE
6osee 4-10 % B 3aBUCUMOCTH OT PErHOHA H T. [I.

CpenHecTaTUCTUYECKUM B3pOCIIbIi YETOBEK UC-
MOJIB3YEeT JEBSTHh NPOIYKTOB B JI€Hb, COACPIKAIINX
126 pa3nuyHBIX XUMHYECKHUX BEIIECTB [5]. MBIThE
PYK, KylaHue, Ayll, CTUPKa, MBITbE IMOCYIBI, HC-
M0JIb30BAaHUE TyajieTa — HE3aBUCHMO OT TOTO, C Ka-
KOM IIeNTbI0 MBI MCTOJIB3yeM BOJy, OHAa HECET 3a-
IpA3HSIONINE BeliecTBa B cuB. Eciu 3Ta BoJa Mo-
CTyHaeT B MYHHLUNAJIbHYI0 CHCTEMY OUYHCTKH
CTOYHBIX BOJI, OHa B KOHEYHOM HTOT€ OKa3bIBAETCS
B BojioeMe (peKe, 03epe U T. A.), KOTOPBIii, Kak Mmpa-
BWJIO, AIBJSIETCS] HCTOYHUKOM ITUTHEBOI BOJIBI.

«OTO0 3aKOH KM3HU: IPAKTUYECKH BCETa BOAA,
CTeKaromas B KaHAJIU3aINIO0, COEPIKUT 3arpsI3HsIO-
1Me BelecTBa (B TOM YHCIe U MIacTuk. —/Ipume-
yauue Hauie), KOTOpPHIE B KOHIE KOHIIOB
MIOTAJIAI0T B YBIO-TO MUTHEBYIO BOMY», — TOBOPUT
[utep C. Kaptpaiit [4]. On sBasieTca oOnanaTeneMm
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JIBYX Harpaj, B TOM 4HUCJIE€ OT AccollMaluu Kaye-
ctBa Bogsl CIIIA, TeXHWYECKHMM KOHCYIBTaHTOM
Kananckoil acconuamuu KadectBa BOAbl. YTO
MOXKHO TpeiokuTh? «HauBuayanpHas Tpak-
Trka. OYEeBHIHO, YTO BCE MBI MOXXEM (M JOJDKHEI)
CTaTh NEPCOHATHHBIMU YHPABISAIONIMMH Hamei
OKpY’Karolel cpeasl», — roBopuT ganee Ilutep
Kaptpaiit [4]. DTo yaeneHue O0JBIION0 BHUMaHUS
TOMY, YTO MBI OpocaeM B KaHAJIM3AIWIO, a TaKkKe
HarreMy o01eMy UCTIOIb30BaHHUIO BOAbI. ECcTh cBH-
JeTeNbCTBA TOTO, YTO JIFOAW CTaHOBATCS Oolee
OCBEAOMJIEHHBIMHU OTHOCUTEIBHO OTXOOB B LIEJIOM
u Oollee BHIMATEIHHBIMH, HAIPUMED, YTHIN3AINU
iacTuka U (papMmareBTHYECKUX TPOAYKTOB. Bee
Oouble moTpeduTeNel BEIOPACKIBAIOT UX B MYCOD,
a "He B TyaneT. U »ToT nporecc HabupaeT 000pOTHI,
XOTSl U OYEHb MEJUICHHO. B mpou3BOACTBEHHON U
CEbCKOXO3SIMCTBEHHOW OTPaciIsIX MPOUCXOAUT I10-
CTETIeHHAsI CMEHA MapaJuTMbl: TEHACHIINU K SKOHO-
MUU BOJIBI, a TAK)KE€ K BOCCTAHOBIIEHUIO M TIOBTOP-
HOMY HCIIOIB30BaHUIO CTOYHBIX BOJI.

«J1)1s TUThS ¥ TPUTOTOBJICHUS THIIU MBI Ha ca-
MOM JieJie TOTPeOIsieM TOIBKO OAWH MPOIEHT TOTO,
YTO BXOJUT B Halll 10M. Eciu STUKETKH POU3BOIU-
TeJel OyTHIMPOBAHHOW BOJBI TIOJTBEPIKIAAIOT, YTO
MPOAYKT TPOIIENT 00pPaTHOOCMOTHYECKYIO WA JIH-
CTHUIUSIIIHOHHYIO0 OYMCTKY, 3TOT MPOAYKT JOJDKEH
ObITh MpreMiieMbiM. Ho He 3a0bIBaiiTe, 4TO UCTIONb-
30BaHUE TMPHU MPOU3BOJCTBE Tapbl IUIsl OYTHIHPO-
BaHHOU BOJIbl BOA- u BOC-mnactuka co3gaer npo-
OneMbl», — mpopoinkaet [Tutep Kaprpaiit [4].

Hayqﬂaﬂ HOBHM3HA U MPAKTHYECCKas1
SHAYUMOCTDH

B pabote 00001IeHBI HMEIOITHECS U TIPEICTaB-
JICHBI HOBBIE METOJIbI M TEXHOJIOTUH OYHCTKH BOJBI
OT IUIACTHKA, TAKUE KaK: IPOLICKUBAHNE HA Pa3IHy-
HBIX COOPYKEHHSIX (MEXaHUYECKUEe METOJbI), (hiio-
TallMOHHBIE, MEeMOpaHHBIE W OOpPaATHOOCMOTHYE-
CKHE CHUCTEMBI, MEMOpaHHbIe OHOpeakTophl ((u-
3UKO-XMMHUYECKHE U KOMOMHHPOBAHHBIE METOJBI).
Kak BTOpoii yTh CHIKCHHUS KOJTUYECTBA IIACTHKA
B BOJIE IPEUIOKEHO 3alpeiieHne ero M3roToBJIe-
HUS WIK CO3JlaHne OMO0-pas3araeMoro 1miacTHka.

Jnst pemeHust npoOieMbl — OYUCTKHA BOABI OT
TUTACTHKA — €CTh MHOTO TyTeH, HO OHU CBOJSTCS
B OCHOBHOM K JIByM: TI€PBBIIl — 3TO CO3AaHUE HOBBIX
BUJOB IUIACTMACC U MaTEpHAJIOB, pa3iiaralolIuxcs
B TpUPOJIE W HEBPEIHBIX IS BCErO >KUBOTO;

BTOPOI1 — COBEPIIIEHCTBOBaHME IEUCTBYIOIIUX U CO-
3MaHre HOBBIX A(h(PEKTUBHBIX METOIOB U TEXHOJIO-
THH AJIS1 OYMCTKH BOJBI OT IJIACTHKA.

Ha tenexananax YkpauHbl CTany 4acTo 00Cyk-
JIaTh BOIIPOCHI, CBSI3aHHBIE C 3AIPETOM Ha BBIITYCK
IJIaCTUKOBLIX mmakeToB. st EBpornsr m CIIIA B mo-
ciefHee BpeMsi 0ojee XapaKTepeH TIPaXKAaHCKHUM
TpeHA — T0OPOBOJBHBIN 0TKA3 MOKyMaTeseH ot Oy-
TWINPOBAaHHOM BOJBI M Iepexon Ha (HIbTPOBAH-
HYIO BOAY B COOCTBEHHBIX OyTBUIKaX MHOTOPa30-
BOro Hucrnojbp3oBaHus. OuiabTpoBaHHas BOJOINPO-
BOJHAs BOJA (JOOYMIIEHHAs) C pa3BUTHEM TEXHO-
JIOTUH TepecTaja yCTymath OYTHIIMPOBAHHOM,
OUMILICHHON Ha MPOM3BOJCTBE, B Ka4eCTBE, HO 00-
nagaer 0ojee HU3KOW CTOUMOCTBIO. JIeHEeKHBINH
(hakTop, Kak 00bI9HO, pemraeT MHOTOE [4, 18].

Jist 0YMCTKH BOZABI OT IIACTHKA MBI Mpeia-
raeM MeXaHWYeCKHe M (PH3MKO-XUMHYECKHE Me-
TOJIBI, & TaK)KEe UX KOMOMHAIINH (pHC. 2).

Ousnveckuii MeTOoJ| TUCTHIUIALMUA BO3MOXKEH
IUIs HeOOJBIINX PAcXoloB Boabl. [lponexuBanue
Ha KaHAJTU3AIMOHHBIX CTaHIMSIX YKpawuHbl U JApY-
IMX CTPaH OCYLIECTBISIIOT Ha PElIeTKax ¢ Mpo30-
pamu He O6onee 16 mm (cormacao CHull) co cTepik-
HSMH TPSMOYTOJIBHON Wiu fpyroi popmel. Takoit
[IPO30p Ha pELIeTKaX HE IO3BOJSIET YJIaBJIMBATh
IUTACTHK Pa3MEpPOM B 4YEJOBEUYECKUH BOJOC, IO-
9TOMY MBI MEpENuId Ha OoJiee MENKYIO BEIUYHHY
npo3opa — 10 MM u MeHee.

Jist ynaBivBaHuUs TOHKUX YaCTHII TIACTHKA MBI
TIpesiaraeM oCylIecTBIATh MPOLEKUBAHNE Ha BUO-
PAIMOHHBIX IPOXOTaX, HA KOTOPHIX YCTAaHABIMBAIOT
LieJeBUIHbIE CUTa (pUC. 3) C pa3MepaMu OTBEPCTUI
0,25-0,1 mm. Takue rpoXoThl IUPOKO MPUMEHSIIOT
B TOPHOPYIHOM U yTOJIbHOW IIPOMBIIIJIEHHOCTH IS
00€3BOKMBaHUS KOHIIEHTpaTa Ha 000raTuTeNbHbIX
(habpukax. Jlns moBeimenns 3¢(HEeKTHBHOCTH M3-
BJIEUEHUS IJTACTHKA MOXHO YCTaHABJIMBAaTh MHOTO-
CTyIIEHYaTOe MpoleXUBaHue (2 1 GoJiee CTyNEHN)
Ha rpoxotax. OHO MO3BOJISIET YIaBIUBATH YaCTHIIBI
miactuka ¢ pasmepamu ot 0,1 MM mo 30 MrMm
u MeHble. UIBTPOBAHKE, HO YK€ KaK TOOYHCTKA,
MOJKET OBITh OCYILECTBJICHO 4epe3 CIIOH pa3pado-
TAHHOTO HaMU CIIEIMATBHOTO 3€PHUCTOrO MaTepu-
ama. OH TO3BOJISIET 33J€P)KUBATH 3arpsS3HEHUS
B BOZE, B TOM YHCIIE W IUIACTUK C pa3Mepamu
MeHbIe 30—40 MKM.
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OO6paTHBIi OCMOC CTAHOBUTCSI BO3MOHBIM TIPH
WCTIONB30BaHUN MOJTYIPOHUIAEMBIX MEMOpaH, Ko-
TOpble CBOOOAHO TPOIYCKAIOT BOLY, M B TOXE
Bpems 3aaepxxuBaroT 90-99 % Bcex pacTBOPEHHBIX
HEOpraHMYeCcKuX coequHeHuit, 95-99 % oprannye-
ckux BemecTB U 100 % MenpuaiimX KOJUIOUIHBIX
¥ TJJACTHKOBBIX TIpUMecei, OaKTepHii, BHPYCOB
UT. I

Puc. 3. llleneBunnbie cuta

Fig. 3. Slotted screens

HanodunsTpanus — 31o 6apoMeMOpaHHbIi Po-
Lecc pasfelieHdsl BewiecTB (pabodee IaBiicHHE —
1-2  Mlla) ¢ MOJEKyJISIpHOHM Maccod o
300500 /la. HanoduiapTpalinoHHBIE MEeMOpaHBI
HUMEIOT OTBEPCTHsI HAHOMETPUYECKOTO AuameTpa
(1-3 am). OHu 3amepxuBaroT AMEKTPOIUTH (NaCl
Ha 40-60 %) ®W TPaKTHYECKH MOIHOCTHIO
(98-99,9 %) opranmueckue coeqUHEHUsI (CIIUPTEHI,
caxap, NeCTUIIUIBI, TUIACTUK U ApP.). MUKpO(IIH-
TpaIys — 3T0 0apOMETPHICCKUI MPOIIECC, KOTOPHIi
MPUMEHSIIOT [ OTIEJICHHS U3 PacTBOPa B3BEIICH-
HBIX ¥ KOJUTOMJIHBIX yacTull pazmepom 0,1-10 Mrm,
B TOM YHCIIE W TUIACTMACCOBBIX YacTull (pabouee
nasnerune 0,01-0,05 MIla).

Yabprpadunbrpanus — 3TO Mpouecc 0apoMeM-
OpaHHOTO pa3fieNieH s, a TAKKE KOHIICHTPUPOBAHUS
1 (QpaKkIMOHUPOBAHUSA PACTBOPOB BBICOKOMOJEKY-
JIAPHBIX ~ coenuHeHWE  (pabouee  JaBJCHHE
0,05-0,5 MIIa). Dot mporiecc, B OTIUYKE OT 00paT-
HOTO 0CMOCa, IPUMEHSIOT JUTS Pa3JeNiCHUsI CHCTEM,
B KOTOPBIX MOJIEKYJISIpHAas Macca PacTBOPEHHBIX
KOMITOHEHTOB HAMHOT0 OOJIbIIIE, YEM MOJICKYIISIpHAS
Macca pactBopsieMoro (Bojiel). Ha mpakTuke ynbrpa-
(bUIbTpaio WCHONB3YIOT TOTIA, KOTAa XOTS OBl
OJIH M3 KOMIIOHEHTOB PacTBOPa UMEET MOJICKYJISIp-
Hyt0 Maccy cBbiie 500 [la (tmactuk u ap.).

dnoTanys OCHOBBIBAETCS HAa Pa3HOU CTENEHHU
CMa4YnBacMOCTH BOI[OI71 Pa3INYHbIX BCIICCTB. CYTB
mporiecca COCTOMT B TOM, YTO YACTHIIBI TLIACTHKA
MIPIIMTIAIOT K ITy3bIphKaM BO3ayxa (Ta3a) U KOTO-
pBIii BEIHOCUT WX Ha TIOBEPXHOCTH ammapara, IJie
OoHM 00pa3yroT neHy. OnTUMaIbHBIE pa3Mephl Ya-
ctur rieHsl — 10°-107 M.

BrIBoabI

Kak BugyM U3 aHanm3a MCCISJOBAHUN ITOCIIEI-
HUAU JI€T, MHOTHE SKOCHCTEMBI 3€MHOTO Iapa 3a-
TPS3HEHBI OOJIBIITUM KOJIMYECTBOM TLIACTMACCOBBIX
HU3JICITUH.

Jnst ymeHbllIeHUs 3arpsA3HEHUsl BOJ U OKpYXKa-
o1el cpebl B YKpanHe Hy)KHBI KOMILIEKCHBIE pe-
MICHUS:

— TpEeKpalieHne BEITyCKa Hepa3jaraeMoro Iia-
CTHKA;

— Tepexoj Ha OMopasiiaraeMsblii IIACTHK;

— COpTI/IpOBKa TBep)II)IX 6I)ITOBI)IX OTXO0I0B U UX
nepepadoTKa;
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— COKpallleHHE IJIaCTMACCOBBIX OTXO/I0B;

— Iepexo] Ha HOBbIE METO/Ibl YTHIIN3ALMH IUIa-
CTHKa;

— BBOJI HaJlora Ha IUIACTHK, KaK 3TO JENaroT
[IPaBUTENLCTBA MHOTUX CTPaH, MOTHBHPYS CBOE
HaceJICHHE OTKAa3aThCs OT IPOU3BOACTBA U UCIIOJIb-
30BaHUS IJIACTHKA.

Pesromupyroniye BBIBOJBI 110 BOJHOMY XO3S5M-
CTBY YKpauHBI:

— Heo0XoarMa SKOHOMHSI BOJIBL;

— PEKOHCTPYKIUS NPEANPUATHIA 110 IPOU3BOJI-
CTBY IMTHEBOH BOJBI C HCIIOJIB30BAHUEM METOJIOB
OYMCTKHU OT IJIACTHKA M HOBBIX METOIIOB 00e33apa-
xuBaHus (o30HHMpoBaHHe, Yd-00e33apakuBaHue
u ap.);

— TMepexoj Ha MHOTOPa30BYIO CTEKIISIHHYIO Tapy
JUTS TUTHEBON BOJIBI,

— yBenuueHne 00bEéMa UCIONb3YeMOl BOIBI U3
JIBTEpPHATUBHBIX HICTOYHUKOB — ILIAXT, MOPEH U Ap.;

— PEKOHCTPYKIMSI CTAHUWW OYHUCTKHA CTOYHBIX
BOJ;

— BOCCTaHOBJIEHUE W TNOBTOPHOE HCMOJb30Ba-
HHE CTOYHBIX BOJI;

— HCHOIB30BAaHHE JIOXKICBBIX M CTOYHBIX BOJI
JUJISL HETIMIIIEBBIX MTPUMECEH;

— MPUMEHEHUE JIOKAJbHBIX CUCTEM BE3JE, TAE
9TO BO3MOJKHO, KaK JUI JTOOYHNCTKH, TaK M JJII IO~
TOTOBKH BOJBI.

Co3HaTeNbHO HEe YIIOMHHAEM J[Ba HauboJee pa-
JIMKaJIbHBIX U MPaBUJIbHBIX, HO B TOKE BPEMS yTO-
MAYECKUX MyTEH — COBEPIICHCTBOBAHUE TEXHOJO-
TUHU [IEHTPAJIM30BaHHOM BOAOMOITOTOBKU U BOCCTa-
HOBJICHUE BOJIOTIPOBOJHBIX CETCH; M3bICKaHUE (U-
HaHCHUPOBaHUS u TIOMCK OTEYCCTBECHHBIX
U MHOCTPAaHHBIX MHBECTOPOB ISl PEKOHCTPYKIUHU
W COBEPIICHCTBOBAHUS MPEANPUATUNA BOJHOTO XO-
31CTBA.
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OYHUIIIEHHA BOA BII IIVTACTUKY

Meta. OCHOBHA MeTa CTaTTi — MPOaHaNi3yBaTH HAassBHICTh Y BOJI YKpaiHH Ta CBITY IUIACTHKY, a TAKOK HA OCHOBI
CBITOBOTO 1 BIIACHOTO JIOCBi/Iy 3allpONIOHYBaTH METOH OYHILEHHS BOA BiJl INIacTUKy. MeToamnka. JlociimKeHHs BU-
KOHaHi Ha MiJCTaBi aHaJi3y HAYKOBUX 3apyODKHUX 1 BITYM3HSHHX JITEpaTYpPHUX IDKEPEN MPO HAsSBHICTH IDIACTHUKY
y Boxi Ykpainu, eBponericekux kpain, CIIA (1999-2018 pp.). Pe3yabTaTu. BuBdeHi mkepena cBiquaTh, 0 OJHIEIO
3 OCHOBHHX €KOJIOTTYHHX 3arpo3 CBITOBOro MaciiTaly € HasBHICTb IJIACTHKY B MUTHIH 1 cTiYHMX Bojax. O4HCHI cro-
PYAHM CBITY HEIOCTATHLO MIPUCTOCOBAHI JUIsl BUSBJICHHS 1 YJIOBJIIOBaHHS IIACTHKY. ABTOPHU IPEJICTABISIOTH PE3YIib-
TaTH KOMIUIEKCHOTO PO3IJIsily NMUTaHb, OB S3aHMX 13 BU3HAUSHHSIM HAsBHOCTI IUIACTUKY B PI3HUX BOJaX, HOro po3-
MipaMH i KOHIIEHTpALIsSIMH, MaTepiajaMu 1Jisl HOro BUTOTOBJIEHHS. Byl npoBezieHi 0CIIiPKEHHS 3 BU3HAUEHHS BMi-
CTy IUTaCTHKA B MUTHIHM BogonpoBiaHii Boai mict Juinpa i 3anopixoka. Hanpukmnazn, y nuTHIN BoAl 3-1ix KpaHa Mic-
TUTHCS Bif 4 10 10 4acTOK IIaCTUKY HA JITP BOJH, PO3MIip sIKMX nepeBuiyBaB 100 MikpoH, TOOTO cepeiHIO TOBIINHY
JIFOJICHKOI BOJIOCHHU. A B OyTHIILOBaHIH BOJII BITOMUX TOProBux Mapok «MopIimHChKka» Ta «Buvette» MicTHTbCS Bij
49 no 102 gacTok riacTuka Ha JiTp Boau. HaykoBa HOBH3HA. Y poOOTi y3aransHeHi HasiBHI # MpeICTaBIICHI HOBI Me-
TOJM ¥ TEXHOJIOTIi OYMIIIEHHSI BOAM BiJl IUIACTHKY, TaKi SK: IPOLI/PKYBaHHS HA PI3HUX CHOpyAax (MEXaHidHi METOAN),
¢uoTaniiini, MeMOpaHHi ¥ 3BOPOTHOOCMOTHYHI cHCTEMH, MeMOpaHHi GiopeakTopy ((i3nKo-xiMiuHi i KOMOIHOBaHI Me-
TOaM). SIK Npyruii NUIIX 3HWKEHHS KUIBKOCTI IUIACTUKY Y BOJIi 3alIPOTIOHOBAHO 3a00pOHY HOro BUTOTOBJICHHS 200 CTBO-
peHHs 0i0pO3KITaaHOTO IJIACTHKY, 34aTHOTO OionoriaHo pyiHyBaTucs. [IpakTHyHa 3HaYMMicTh. 3 OISy Ha TOMIN-
PEHICTh CTIOKMBaHHS OYTHIIHOBAHOT BOAM MO BCHOMY CBITY, Pe3yIbTaTH TOCIIKEHHS MiATBEPHKYIOTh HEOOXiTHICTh
MOJTAVTBIINX JTOCTI/KSHD BIUITMBY MIKpPO- i HAHOIIJIACTIB Ha 3/10POB’S JIFOINHH.

Kniouosi cnosa: 3a0pyIHEHHS BOJ IUNIACTHKOM; OYTHIIbOBaHA BOJIa; 3a0pyIHEHHS OKeaHy; METOIU OYHILCHHS BOJ
BiJI TUTACTUKY
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CLEANING WATER FROM PLASTIC

Purpose. The main purpose of the article is to analyze the presence of plastic in the water of Ukraine and the
world, as well as to suggest the methods for purifying water from plastic on the basis of the world and personal
experience. Methodology. The studies were carried out on the basis of the analysis of scholarly domestic and foreign
literature sources on the presence of plastic in the water of Ukraine, European countries, and the USA (1999-2018).
Findings. The analyzed sources indicate that one of the main environmental threats of global scale is the presence of
plastic in drinking and waste waters. The wastewater treatment facilities of the world are not sufficiently adapted to
detect and trap plastic. The authors present the results of a comprehensive consideration of the issues related to the
determination of the presence of plastic in various waters, their size and concentrations, and manufacturing materials.
Plastic, entering the body of people, especially children, animals, sea fish, etc., has a negative influence on their health.
Studies have been conducted to determine the content of plastic in drinking tap water in the cities of Dnipro and
Zaporozhye. For example, drinking water from the tap contains from 4 to 10 particles of plastic per liter of water, the
size of which exceeded 100 microns, that is, the average thickness of a human hair. And in bottled water of well-
known trademarks «Morshinska» and «Buvette» contains from 49 to 102 particles of plastic per liter of water.
Originality. The paper summarizes the existing and presents new methods and technologies for cleaning water from
plastic, such as: filtering on various facilities (mechanical methods), flotation, membranous and reverse-osmotic sys-
tems, membrane bioreactors (physical-chemical and combined methods). As a second way to reduce the amount of
plastic in water, it is proposed to create biodegradable plastics or prohibit their manufacture.
Practical value. Given the prevalence of bottled water consumption worldwide, the results of this study confirm the
need for further research on the effects of micro and nanoplastics on human health.

Keywords: plastic water pollution; bottled water; ocean pollution; plastic water cleaning methods
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KOMILIEKC ITPOT'PAMM JJI51 OHEHKHW YPOBHAA 3AI'PA3HEHUA
BO3YIIHOU CPEJbI

Heas. Pabora mpeamnonaraer pa3pabOTKy YHCIEHHBIX MOJETCH Uil OLEHKH YPOBHS 3arpsi3HEHHs BO3IYLIHOM
Cpelibl B ciydae upe3BblYaliHbIX cuTyanuii. MeTommka. JIis1 onucaHus mpoliecca pacceuBaHus B aTMoc(epe XUuMu-
YEeCKH OINACHBIX BELIECTB, SMUTHPOBAHHBIX NPHU YPE3BBIYAMHBIX CUTYAIUSIX, HCIIOIBb30BAaHO TPEXMEPHOE YpaBHEHHE
MaccorepeHoca mpuMmecu B atMmochepHoM Bozayxe. J[iis mpoBeaeHus sKcnpecc-pacueTa UCIob3yeTcs IBYXMEpHOe
YpaBHEHHE MaccollepeHoca. Y paBHEHHS YUUTHIBAIOT IOJIE CKOPOCTH BETPOBOTO MOTOKA, aTMochepHyro auddy3uto,
HHTCHCUBHOCTh BBIOpOCa XMMHYECKH OIMACHOTO BemlecTBa B artMocdepy. s YHCIEHHOTO WHTETPUPOBAHUS
YpaBHEHHI MaccOMepeHoca UCIOJIb30BaHbl HESBHBIE Pa3HOCTHBIE cXeMbl. KoMIeke mporpaMm co3faH Juisl pelie-
HUS 3a7ad MPOTHO3a YPOBHS 3arps3HEHUS aTMOC(EPHI C YISTOM BIMSHUSA 3JaHUN Ha (JOPMHUpPOBAHUE 30H 3arpsi3He-
HUs. [Ipy 3TOM BBIITOTHEH pacueT MO CKOPOCTH BETPOBOTO IOTOKA Ha 0a3e MOJAETH MOTCHIIMATFHOTO TCUCHUS.
[IpumeHeHre JaHHOW MOJAENM IO3BOJIIET ONEPATUBHO PACCUMTHIBATH 3TO IMOJE MPU HAIWYUU MPEMSTCTBUH.
PesyabTarsl. IlocTpoeHHBIE MaTeMaTH4eCKHE MOJENIN COCTABISIOT OCHOBY CO3JaHHOTO KOMILIEKCa MpOorpaMm
U MOTYT OBITh ITPUMEHEHBI JUIsl TIPOBE/ICHHS ONEPaTHBHBIX PAacueTOB pa3MepoB, MHTEHCUBHOCTH 30H 3arps3HEHMS,
KoTOpbIe (popMUpYIOTCS B aTMoc(epe MpH BHIOPOCE XMMHUECKHX BEIIECTB B CIy4ae Ype3BbIUAMHBIX CUTyaluil Ha
XMMHUYECKH ONAaCHBIX O00BEKTaxX, TpaHCIopTe. Pa3paboTaHHBI KOMIUIEKC MPOTPaMM MOXKET OBITh PEeaU30BaH Ha
KOMIIBIOTEPAaX Mallod M CpeaHed MOIIHOCTH, YTO MO3BOJISET IIUPOKO HCIOIB30BATH €0 JJIS PEHICHUS 3afad MpH
paspaboTke miaHa nukBuganuu aBapuitHon curyanuu (ITJTAC). st mpakTHUeCKOro MpuMEHEHHs pa3paboTaHHOTO
KOMIIJIEKCa TpOrpaMM HeoOXomuMma cTaHmapTHas BXxomHas wHpopmanus. Hayunass HoBu3Ha. [IpeanmoxeH KoM-
IUIEKC MPOTpaMM ISl OIIEHKH YPOBHS 3arps3HEHHST aTMOC(EPHOTO BO3IyXa MPHU BEIOpOce B aTMOC(hepy XUMUIECKU
OTACHBIX BEIIECTB. DTOT KOMIUIEKC MOKET OBITh MCIIOJB30BaH UIS OICHKH BO3ICHCTBHS BEIOPOCOB Ha PUCK XHMH-
YEeCKOTO MOpakeHHs JIIOJCH KaKk Ha TEPPUTOPUH MPOMBIIIICHHOTO 00BEKTa, TaK U B ceIUTEOHOH 30HE. OCHOBOM
pa3paboTaHHOTO KOMIUIEKCa MPOTPaMM SIBIISTIOTCS] YUCIICHHBIE MOJICIH JIJIs pacdeTa adpoANHAMUKH H MACCOMEPEHO-
ca. IIpakTuyeckass 3HAYHMOCTH. Pa3paboTaHHBIN KOMIUIEKC IMPOrpaMM ITO3BOJISIET pellaTh MPUKIATHBIC 3a0auH,
Bo3HHKaromue npu paspadorke IINTACa 11 XMMHUYIECKH OTTacHBIX 00BEKTOB.

Kniouesvie cnosa: xuMudeckoe 3arpsi3HeHHE aTMOc(epsl; Ype3BbIYaiiHas CUTYyalus; YUCIEHHOE MOJETHPOBaHNE

pacdera MOXHO OILIGHUTh T€ OO0JIACTH, KOTOPBIC
MONaJaroT MO BIUSHUE UCTOYHUKA IMUCCUU. Pac-
YeT 30H XUMHUYECKOTO 3apa)KEHUsl COCTABISIET OC-
HOBY IUIaHAa JIMKBUJIALIMM aBapUMHON CcUTyaluuu
(INTAC). OmHako ero MOXHO BBITTOJTHHUTH, TOJBKO
HCIIONB3Ysl METOJI MaTeMAaTUYECKOr0 MOJIEIUPOBa-
HUAL.

[MosToMy co3nanme 3h(HEKTUBHBIX MaTeMaTu-
YECKUX MOJIeJell M KOMILIEKCOB IPOrpaMm JUIs

BBenenue

B Hacrosiee Bpemsi MOBBILIEHHBI HHTEpeEC
B 00JIACTH NPOMBIIUIEHHOH O€30MacHOCTH NpH-
BJIEKAIOT 3a/laud, CBSI3aHHbIE C OLIEHKOM BO3/EH-
CTBUA BBI6pOCOB XUMHWYECKHU OITACHBIX BEUICCTB HaA
3arpsi3HEHNE BO3TYIIHOW Cpellbl U pUCKA XMMHYe-
ckoro mopaxenus monaed [1-4, 7-14]. OcHoBoit
TaKou OILICHKHU ABJIACTCA pacd€T 30H XHUMHYCCKOI'0

3apaxKCHus, (bOpMI/IpyIOH_II/IXCSI npu S5MUCCHUU XHU-
MHYCCKH OIIaCHBIX BCIICCTB. Ha ocHoBe Takoro

OIIEpaTHBHOIO pacyeTa 30H XUMHUYECKOI0 3apae-
HUS SBISIETCS aKTyalIbHOU TIPOOIEMOH.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/164949

© W. B. Kanamankos, B. A. I'adpunen, B. H. INopsukun, 2019

41


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/164949

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancnopty. Bicaux /IHinponeTpoBcskoro

HaL[iOHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOro TpaHcnopty, 2019, Ne 2 (80)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

Hnst pacdyera 30H XHUMHYECKOTO 3apaskeHUS
HamboJIee YacTo HMCIONB3YIOT Mojenu [aycca [4].
Pexe B Ykpanne ncronsiytoT Mmetonuky OHJI-86.
B Helt He yuTeHa peallbHasi CKOPOCTh BETPa, a BMe-
CTO 3TOTO TMapaMmeTpa HCIOIB30BaH MapameTp, He
AMCIOMHMA  (PU3NIECKOTO CMBICIIA, Ha3BIBACMBII
«OTacHasi CKOPOCTb BeTpa». Takke B JaHHOU Me-
TOIMKE HE y4YTeHa BeluurMHa atMocepHor aud-
(y3un, ee MOKHO IPUMEHHUTDH TOJIBKO JIJIST CTAIlHO-
HapHOW 3MHUCCHH XUMHUYECKH OMAaCHOTO BEIECTBA.
MerToarka MporHo3a MOCEICTBUN aBapuil Ha XU-
MUYECKH OIMAacCHBIX 00BEKTaX W TPAHCIOPTE TAKKE
HE YYHUTHIBaeT atMochepHyo TudQy3uto U BIHs-
HUE 3/7aHUi Ha (OPMHUPOBAaHHE 30H 3apaKCHUSI.
ATnbTepHATUBHBIM TIOJXOJIOM  SIBIISIETCS METOI
CFD-monemupoBanus [2, 3, 5, 11]. Ograko u3-
BECTHO, YTO MPHUMEHEHUE TaKOro MeTona Tpedyer
HCIIOJIb30BaHUA OYCHb MOIINHBIX NEPCOHAIBHBIX
KoMmploTepoB. [loaToMy Ha TpakTHKe BakKHO
HUMETH 6I>ICTPOC‘II/ITaIOH_[I/Ie KOILJICKCBI IIporpamMm,
peanuzyroniue (u3nuecku 00OCHOBaHHBIC MaTe-
MaTHYECKHE MOJIEIH.

Hean

OCHOBHOH 1eNbl0 JaHHOW paboTHI SIBISETCS
pa3paboTka CIeNUaIM3UpPOBAHHOTO KOMILIEKCA
IporpamMM JUIs pacdeTa 30H XUMHUYECKOTO 3apake-
HUA TIPpU BI)I6pOC€ XUMHNUYECCKH OITaCHBIX BCUICCTB B
aTMocgepe.

MeToanka

Jnst DOCTMXKEHHSI LEeNM HCIOJIb30BaH METOJ
YHCIEHHOTO MOJEIHPOBAHMS, pealM30BaHHBIA B
BUJIE KOMITJIEKCA IPOrPaMM.

UuncieHHOe MOJICIIMPOBAHUE MPEACTABISET CO-
00l MpUMEHEHUE CICIHMAIbHBIX METOIOB PEIICHUS
Mozenupyromux ypaBHeHuil. Ilostomy cHauana
paccMOTpUM MOAETHPYIOLINE YPaBHEHHUS.

g pacueTa 30H XUMHUYECKOTO 3apaKEHUs UC-
nosib3yercst ypaBHeHue Mapuyka I'. U. [2, 3, 5, 9]:

oC auC ovC o(w-wg)C
—+ + +
ot ox oy oz

_ﬁ( @}rﬁ @Jrﬁ( @}r
x\ o ) Ty My )T e M e

+3Q (1)3(x—x (1)8(y -y (1)8(z—7). (1)

+0oC=

rae C — KOHIEHTPANUs MPUMECH; L= ( ux,uy,uz)

— ko3 dumnmentsl atMochepHOr TypOyIeHTHON
mudpdys3nn; c— KOIQOUIMEHT, YUUTHIBAIOIIUI
BBIMBIBAHHE NTPUMECH Ocaakamu; U,V,W — KOMIIO-

HEHTBl BEKTOpPAa CKOPOCTH BEeTpa; Wy — CKOPOCTb
IPaBUTALMOHHOTO OCe/laHus 3arpsasHurens; Q —
MHTEHCHBHOCTb BBIOpOCA areHTa;
8(x—x)(y—yi)(z-2) — nenbra-dpynxums Jlu-
paka; X;,Y;,Z; — KOOpAUHAThl HCTOYHUKA SMUCCUH

areHra; t — Bpems.

YcroitunBocTh aTMOCcdepbl ONMPENeNsioT 3Ha-
yeHneM ko3(hdunuentoB armocepHor muddy-
3HH.

Jid pemenus 3agad Ha dTare ONEPaTHBHOTO
IPUHATHAS PEIIEHUs HCIOIB3YIOT JIBYXMEPHOE
ypaBHeHue Mapuyka I'. W., ocpenHeHHOE MO BBbI-
coTe mepeHoca nmpumecu [2, 3, 51:

oC ouC ovC
—+—+——+0C=
o x oy
_i[ @}2 €.
ax\ o ) Ty My

+>Q (1)8(x—x®))3(y - ;). 2)

Cnenyer mnoOa4epKHyTb, 4TO ypaBHeHus (1)
U (2) yYUTHIBAIOT JIBa BXKHBIX (PaKTOpa: IBUKEHUE
HMCTOYHUKA 3MHCCUU XUMHUYECKH ONACHOTO Belle-
CTBa M pa3IMYHYI0 MHTEHCHBHOCTH €ro BbIOpoca
C TEYECHHEM BPEMEHH.

OTmeTHM, YTO pacueT 30H XHMHUYECKOIo 3apa-
eHus Ha Oa3e ypaBHeHuit (1) u (2) mpencrasiser
c000¥ KHHEMATUIECKUH MOAXO0/ K PEIICHUIO 3a/a-
yn. [Ipy 3TOM moOnEe CKOpPOCTHM BETpa HM3BECTHO
(HammpuMep, Ha OCHOBE METEOPOJIOTHYECKOro Mpo-
THO3a).

[Ipu HEoOXoaMMOCTH ydeTa BIHSIHUS 3/IaHUMA
Ha rpouecc (GOPMHUPOBAHUS 30H 3arpsi3HEHHUS Clie-
IyeT BBIMOJHWATH pacyeT TMOoJiI CKOPOCTH BeTpa
B YCIIOBHAX 3acTpoiiku. [l pacdera monst CKopo-
CTH BO3JYILIHOI'O MOTOKA BO BPEMsI paclpocTpaHe-
HUSl XUMHYECKH ONACHOI0 BELECTBA MPH HATUYNU
3aCTPOMKH TPHUMEHSIOT MOJENh MOTEHIMAIHFHOTO
Te4eHHd. B 3ToM cilydae MoJenupyromiee ypaBHe-
HUE UMEET BUJ:

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/164949

42

© W. B. Kanamankos, B. A. I'abpunen, B. H. INopsuxun, 2019


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/164949

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancnopty. Bicaux /IHinponeTpoBcskoro

HaL[iOHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOro TpaHcnopty, 2019, Ne 2 (80)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

o°P . o°P o°P
ox* oy ozt
rae P — noreHuuan CKOpoCTH.

Jns pacdyera KOMIOHEHT BEKTOpa CKOPOCTH
BETpa UCIMOIB3YIOT 3aBUCUMOCTH:

oP oP oP
OX oy 0z

=0, 3)

[Ipu mpoBeneHMM 3Kcmpecc-pacyeTa HCIOJb-
3yIOT JABYXMEPHOE YpaBHEHME [yl IOTEHLMAaja
CKOpOCTH:

o'p  O°P

ox2 8y2

ITocTaHOBKa KpaeBbIX YCIOBUM ISl MOZIEIU-
PYIOIINX YpaBHEHHUI paccMOTpeHa B [5].

IIpu yKciIEeHHOM pELIeHUH TPEXMEPHOTO ypaB-

HEHMS AJIS MOTEHIMajla CKOPOCTH MPUMEHSIOT JIO-

KaJbHO-OHOMEPHYIO Pa3HOCTHYIO cxemy. llpen-

BapHUTENbHO ypaBHeHHe (1) pacuIerisioT Ha ypaB-
HEHUS BHUJA:

=0 (4)

oP _0°P
ot oot
»_zp
ot oyt
o _zp
ot o7*

Jlns anmpokcHManuyd KaKJIoro YpaBHEHHUS W3
JAHHOW CcUCTeMBI OyJeM HCIOJIb30BaTh CIETYIO-
ITUE Pa3HOCTHEIE BBIPAKCHUS:

PInJ+I1</2 _ F)Ii’]J’ Rnrlj/i Pn+1/2
At AX ’
P’ e Pn+1/2 Pl_T_-IHJ ) Pn+1
At AX ’
Pn+l/2 i:’]j’k _ F)I,J Pn+1/2
At Ay ’
P, Pn+1/2 _ Pnj++1] v F)l’n;]l(
At Ay

Pn+1/2 i,nj,k ~ PnJ+Il(/21 Pn+1/2
At Az ’
P Pn+l/2 - Pn]+il(+1 P|,nj+ll<
At Az
st YUCJICHHOTO HMHTETPUPOBAHUS
TPEXMEPHOTO U ABYXMEPHOTO  ypaBHEHUI
IepeHoca  OPUMECH  NPUMEHSIOT  HESBHYIO
pa3HOCTHYIO CXeMy pacmiemieHuss [2, 5]
Hcxonnoe MOJETUPYIOIEe ypaBHEHUE
pamlemsitoT  Ha  Tpu  ypaBHeHus.  IlepBoe

YpaBHEHHE YYHTBHIBACT pPACCEHBAHHE NPUMECH
TOJBKO 3@ CYET BETPOBOIO IOTOKA, BTOPOE — 3a
cuer atMochepHOr AUQPy3un, TPEThe yIUTHIBAET
BIMSHHE WCTOYHHKA SMHUCCUHM Ha (OPMHUpPOBAHUE
30HBI 3arpsI3HCHUSI.

IIpu ynucIEHHOM MHTETPUPOBAHUU JBYXMEPHO-
rO ypaBHEHHS Ul IMOTCHIMAJIa CKOPOCTH TaKXkKe
UCTIONB3YIOT JIOKAJIbHO-OJHOMEPHYIO Pa3HOCTHYIO
cxeMy. YpaBHEHUS paclIeIICHUs] HMEIOT BH/I:

®_op
o ox*’
P _oP
ot oyt

Juig anmpoxcuManuu Ka)XIoTo YpaBHEHHUS W3
JIAHHOM CHCTEeMBI OyJeM HCIIOIh30BaTh TAKUE pas3-
HOCTHBIC BBIPKCHUS:

R -RY _
At AX

P - _ RN -RY
At AX

R -PRl _

At Ay

n+1/2 n+1/2
PRIV —RY

Pn+1/2

n+1/2 n+1/2
P -RY

Pn+1/2 Pn+1 _ Pn+l

i,j+l1 i,

Ry -
At Ay

OneHky ypoBHS 3arpsi3HEHHs BO3IYIIHOW cpe-
IbI OCYLIECTBISIIOT B CIEAYIOLIEH IOCIIEN0BATENb-
HOCTHU:

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/164949

© W. B. Kanamankos, B. A. I'adpunen, B. H. INopsukun, 2019

43


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/164949

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec Tpancnopty. Bicaux /IHinponeTpoBcskoro

HaL[iOHAJIIBHOTO YHIBEPCHTETY 3aJIi3HUYHOro TpaHcnopty, 2019, Ne 2 (80)

EKOJIOI'I TA IIPOMUCJIOBA BE3IIEKA

— BBOIAT WH(DOpPMAIMIO O PETUOHE, IS
KOTOPOTO BEITIONHSIOT MOZACIHPOBAHUE IpoIiecca

3arpsi3HEHHsT  BO3AYIIHOM  cpenasl  (pacueTHBIN
yuactok Ha kapte Google Map, pasmepsl
pacdeTHOi 00nacTH, TOJOKEHHE HCTOYHWKA
BBIOpOCA);

— BBOZAAT MH()OPMAIMIO 0 METEOPOIOTHUECKUX
yCIOBUX B peruoHe (CKOPOCTb BeTpa, €ro
HaIpaBlieHHe, yCTOMYNBOCTD aTMOC(hepHl);

— BBOAAT MHQOpPManmui 00  HCTOYHHUKE
BbIOpoca (ero KOOpOWHATBI, PEKUM DMHUCCHH,
SIBJISIETCS JIN UICTOYHMK JBIDKYLIVMCS HIIH HET);

— BBOJAT, TIPH HEOOXOAMMOCTH, WH()OPMAITHIO
0 MOJIOKEHUH 3/IaHUH B pacueTHOl obacTy;

— BBIIOJHAIOT pPacyeT MoJIsl CKOPOCTH BETPA;

— BBIIOJNHAIOT pacyeT HOoJdsd KOHLEHTpaluu

3arps3HSIONIETO  BEIIecTBa JJII  KOHKPETHOTO
MIpOMEXKYyTKa BpEMEHH T0Cie Hayajla 3MHUCCUY;
— OCYIIECTBIISFOT revartb PEe3yIbTaTOB

MaTeMaTHYECKOTO MOICTTUPOBAHHSI.
s KonupoBaHUs pa3sHOCTHBIX YPABHEHUM HC-

nmonb3oBaH FORTRAN. PazpaboTtanHblii KoMILIIEKC

BKITIOYACT B ceOS CIICAYIOIINE MPOTPaMMBI:

— MporpamMMy pacueTa TOoJIsI CKOPOCTH BETPO-
BOT'O TIOTOKa Ha 0a3e ypaBHeHu# (3) win (4);

— MporpamMMy pacyera KOHIICHTPAIMH XUMUYe-
CKH OIIacHOTO BEIIIECTBA B PACUETHOM 007acT st
KOHKPETHOTO TPOMEXKYTKa BPEMEHHU (pelIeHHe
ypaBraenuit (1) umu (2);

— MporpamMMy pacdera TOKCOJO03bI MJisi KOH-
KPETHOM TOYKH B pacdeTHOH 00yacTu;

— MporpamMMmy MeuyaTH Pe3yJbTaTOB MOCITHPO-
BaHUSI.

PesyabTarsi

Komruieke mporpamMm ObLT HCITOJIB30BaH IS
penieHus cienyromei 3amadan. PaccMoTpum rurio-
TETUYECKYIO aBapHI0 HA XMMHYECKU OIMIACHOM 00'b-
eKTe, IJie XpaHuTcs amMuak. [lonaraem, 4To B pe-
3yJbTaTe aBaphHl IPOUCXOAUT SMHUCCHS aMMHUaKa
C HHTEHCHBHOCTBIO 2 k2/c. 3amadya COCTOHUT
B OIEHKE WHTEHCUBHOCTH 3arpsA3HEHHs BO3MYII-
HOM cpeJibl IToCIie Hadaa IMHUCCHH.

Ha puc. 1 u 2 moka3aHbl U30IMHUY KOHIICHTPA-
MU aMMHaKa JiJIsl Pa3INYHBIX MOMEHTOB BPEMCHH.
[Ipu pacyere mpUHATO, YTO CTAOMIBLHOCTH aTMO-
ctepbl COOTBETCTBYET Kiaccy D.

Puc. 1. Pacuernas o0y1acThb:
1 — moJytokeHne XMMHUYECKH OITACHOTO 00BEKTA

Fig. 1. Computational region:
1 — position of the chemical enterprise

Puc. 2. 3ona xuMudeckoro 3apaxenus yepes t = 7 Mun
OCJIe Havasla 3MUCCUY XMMHUECKH OMTaCHOTO BEIECTBA
(cevenue Z =7 M)

Fig. 2. Zone of chemical contamination after emission
of toxic chemical, t = 7 min (section z =7 m)

Puc. 3. 3oHa XUMHYECKOTO 3apayKeHHS depe3
t =15 MuH nocie Hayana YMUCCHU XUMUYECKU
OTIACHOTO BelllecTBa (ceyeHne Z = 7 M)

Fig. 3. Zone of chemical contamination after emission
of toxic chemical, t = 15 min (section z=7 m)
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Puc. 4. 3oHa xuMHYecKOTO 3apaxeHns yepes t = 24 MuH
MOCJIe Havasla SMUCCUM XMMHYECKH ONaCHOTO BEIIeCTBa
(ceuenue z =7 m)

Fig. 4. Zone of chemical contamination after emission
of toxic chemical, t =24 min (section z =7 m)

Kaxk BUJHO U3 NMPEACTABJICHHBIX PUCYHKOB, I10-
Clle aBapuuM Ha XUMHYECKH ONAcHOM OOBEKTe
OBICTPO (popMHUpYETCS 3HAYUTENbHAS 30HA 3arps3-
HEHHS aTMOC(EpHOro BO3[yXa. JTa 30Ha BBITSTHU-
BAETCS B BHUJC «I3bIKA» 10 HAIIPABICHUIO BIKE-
HUSI BETPOBOr'O MOTOKA M HAKPBIBAET CEIUTEOHYIO
30HY.

Ha puc. 5 nokazaHo pacnpeneneHue KOHIICH-
TpaLuy aMMHaKa Ha ypoBHE Z = 2 M JUI1 MOMEHTa
BpeMeHH t = 27 MUH mocjie Havaja SMHCCHU TpU
aBapuu.

C, mr/m°
500
450
400 \
350
300

o 50 100 150 200 250 300

X, M

Puc. 5. Pacnipenenenrie KOHUEHTpAaLUU XUMUYECKU
OITaCHOTO BEIIECTBA Ha Pa3IMYHOM PACCTOSIHUU
OT UCTOYHHKA SMHUCCUU

Fig. 5. Distribution of the concentration of a chemically
hazardous substance at different distances
from the source of emission

U3 puc. 5 BuaHO, 4TO TIpH aBapuH BO3JE MpeE-
MPUSTAS BO3HUKAET 30HA, I/Ie CYIIECTBYET PHCK
TOKCUYHOTO MOpayKeHUs Jtojaeil. Eciu npuHATh BO
BHUMaHHWE, YTO NPEAEIbHO AOMYCTHMAas KOHIICH-
TpanMsi JUIi aMMuaka cocTasiser 20 mr/m>, ToO
BHIHO, YTO BOJHM3M JaHHOTO MPOMBIILIEHHOTO
00bEKTa YpOBEHb 3arpsi3HEHUs] aTMocdepsl Oyaer
3HAYUTENIFHO MPEBHILATh 3Ty BeJIMYMHY. BBuUIY
ObIcTpOro  (OPMHUPOBAHHUS 30HBI  3aTrPSA3HCHUS
B aTMocdepe 3Bakyalus JIoAed U3 CenuTeOHOM
30HBI IPAKTHYECKH HEBO3MOXKHA.

OTmeTnM, 9TO BpeMs pacdeTra COCTABIIAET II0-
psanka 10 cek.

Haquaﬂ HOBHU3HA U MPAKTHYECCKas
3HAYHUMOCTDb

B crarbe paccMOTpeH KOMIUIEKC IPOTpaMM st
OIIEPAaTUBHOI'O pacueTa 30H XMMUYECKOIO 3apaKe-
HUSL aTMoc(ephl NIPU aBapUHHOW IMHUCCHH XHMHU-
YECKH ONACHOT'O BELIECTBA.

[Ipu mpuMeHEeHNU TPEATIOKEHHOTO KOMILIEKCa
[IporpaMM MOXKHO HCIOJBb30BaTh CTaHAAPTHYIO
BXOJIHYIO WH(OPMAIUIO (CKOPOCTh M HalpaBJICHHE
BETpa, YCTOWYMBOCTH aTMocdepsl u T. 1.). Oco-
OCHHOCTBIO KOMILIEKCA MPOTPaMM SIBISIeTCsl ObICT-
pora pacuera.

BriBOADI

B pabote mpencraBiieH KOMIDIEKC IMPOTPaMM,
TO3BOJISIONIHH BBITIOJIHSTh 3D- HITH
2D-monenupoBaHnue Mporecca 3arps3HeHUs BO3-
JYITHOU Cpebl TIPY 3MHUCCUU XUMHYECKH OIacHO-
ro BemiecTBa BciaenctBue aBapuu. OCHOBOM KOM-
IJIeKca TMPOTpaMM SIBISIETCSl YHUCICHHOE MOMAEIH-
poBaHMe Ha 0a3e ypaBHEHHH MaccoIepeHoca
1 a’ponuHamMuKu. [lanbHelIee COBEpIICHCTBOBA-
HUE BBIOPAHHOTO HAYYHOTO HAIPABIICHUS CIIEAYET
MPOBOAMTL B OOyiacTu co3manus 3D-momenu s
pacdera 3arps3HEHHUs BO3AYIIHON cpenbl Ha 0aze
YpaBHEHUH, OIMCHIBAOININX BSI3KOE JBHIKCHHC
BO3JIYIITHOTO MTOTOKA.
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KOMIUIEKC ITPOI'PAM U1 OLIHKU PIBHS 3ABPY/ITHEHHA
HOBITPAHOI'O CEPEJOBHUIIA

Merta. PoboTa nepenbauae po3poOKy 4ncenbHUX MoAesel Ul OLiHKH piBHS 3a0pyJHEHHs MOBITPSHOTO cepe-
JIOBUIA B pa3i HaA3BUYalHUX cuTyalii. Meroanka. [{i11 onucy mnporecy po3citoBaHHS B atMocdepi XiMidyHO Hebe-
3MIEYHUX PEYOBHH, EMITOBaHMX ITiJ] Yac HA/J3BUYAHHUX CHUTYyalil, BAKOPUCTAHO TPUBUMIpPHE PIBHSHHS MacoIepeHo-
Cy JIOMIIIKK B aTMocdepHOMyY HOBITpi. [[i1s MpoBeeHHs eKCpec-po3paxyHKy BUKOPUCTAHO JBOBUMIpHE PiBHSAHHS
MacorepeHocy. PIBHSIHHS BpaxoOBYIOTh IT0JI€ IIBUAKOCTI BITPOBOTO MOTOKY, aTMochepHy an¢ys3ito, IHTEHCHUBHICTh
BHUKHIY XIMI9HO HeOe3NeYHO! pedoBHHM B aTMocdepy. s YiceapHOTO iIHTerpyBaHHS PiBHAHbD MAacOIEPEHOCY BH-
KOPHCTaHO HesBHI pi3HHMIEBI cxemMu. Kommiekc mporpaM cTBOpeHHMH Ui po3B’si3aHHS 3aJad MPOTHO3Y PIiBHA 3a-
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OpyaHeHHs1 aTMoc(epy 3 ypaxyBaHHSM BIUTUBY OyniBesib Ha popMyBaHHS 30H 3a0pynHeHHs. [Ipu 1boMy BUKOHaHO
PO3paxyHOK MOJI MIBUAKOCTI BITPOBOTO MOTOKY Ha 0a3i MOENi MOTEHINAIbHOI Tedil. 3aCTOCYBaHHS i€l MOJEIi
JTO3BOJISIE OMIEPATHBHO PO3PaxOBYBATH IIE€ IOJIe 3a HasABHOCTI mepemkona. PesyastaTru. [loOynoBani maTemMaTudHi
MOJIeJNi CKJIaJal0Th OCHOBY CTBOPEHOTO KOMITIEKCY MPOTPaM i MOXKYTh OYTH 3aCTOCOBaHI JJIs IPOBEICHHS OIIepaTh-
BHUX PO3pPaxyHKIiB PO3MipiB, IHTEHCHBHOCTI 30H 3a0pyIHEHHS, Ki GOPMYIOTECS B aTMOCdepi i 9ac BUKHIY XiMi-
YHUX PEYOBHH y Pa3i HaI3BHYAHHUX CHTYalill Ha XiMigHO HeOe3MeuHuX 00’ €KTax, TpaHCHOpPTi. Po3pobnennii koM-
IUIEKC TpOrpaM MoXKe OYTH peai3oBaHHI Ha KOMIT FOTepax Majioi i cepemHbOi MOTYKHOCTI, IO JO3BOJISIE IHPOKO
BUKOPHCTOBYBATH HOT0 JUIs pO3B’s3aHHA 3a/1a4, [0 BUHUKAIOTH i1 Yac pO3poOKHM IUIaHy JIKBiAawuii aBapiitHoi cu-
tyauii (IIJTAC). [yt npakTHYHOTO 3aCTOCYBaHHs PO3POOJIEHOr0 KOMILIEKCY IIporpaM HeoOXijHa CTaHAapTHa BXif-
Ha iH(popmanis. HaykoBa HoBU3HA. 3apONOHOBAHO KOMILIEKC POrpaM Julsl OLIHKH PiBHS 3a0pyAHEHHs aTMoc(e-
PHOTO TIOBITPS IIiJ] 4ac BUKUIY B aTMocdepy XiMiyHO HeOe3rneuHnX pedoBuH. Lleit koMruiekc Moxe OyTH BUKOpHC-
TaHWH /711 OLIHKY BIUTUBY BUKHJIIB Ha PH3HK XIMIYHOTO YPa)KE€HHS JIIOJIEH SIK Ha TEPUTOPil IPOMHUCIOBOTO 00’ €KTA,
TaK i B ceniTeOHii 30Hi. OCHOBOIO PO3pPOOJIEHOI0 KOMIUIEKCY POTPaM € YHCENIbHI MOJIEN ISl pO3PaxyHKy aepou-
Hamiku i MacorepeHocy. IlpakTuyna 3HaYuMicTh. Po3po0neHnit KOMITIIEKC IporpaM I03BOJISIE BUPINIYBATH IPHU-
KJIaJHi 3a/1a4i, SIKi BHHUKAIOTH i 9ac po3poOku IIJTACy mis XiMidHO HeGe3neyHUX 00’ €KTIB.
Knrouogi crosa: ximidne 3a0pyaHeHHsS aTMOocdepy; Hag3BUYaiiHA CUTYaLlisl; YUCeIbHE MOJCIIOBAHHS
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COMPLEX OF PROGRAMS FOR ASSESSMENT OF AIR
ENVIRONMENT POLLUTION LEVEL

Purpose. The work involves the development of numerical models for assessing the level of air pollution in the
case of emergencies. Methodology. To describe the process of dispersing in the atmosphere of chemically hazard-
ous substances emitted in emergency situations, we use the three-dimensional equation of the mass transfer of pollu-
tants in the atmospheric air. For the express calculation two-dimensional mass transfer equation is used. Equations
of mass transfer take into account the field of wind speed, atmospheric diffusion, the intensity of release of chemi-
cally hazardous substances into the atmosphere. For numerical integration of the mass transfer equations, implicit
difference schemes are used. The developed complex of programs was created for solving the problems of forecast-
ing the level of atmospheric pollution taking into account the influence of buildings on the formation of pollution
zones. In order to take into account the influence of buildings on the formation of pollution zones, the calculation of
the velocity field of the wind stream is based on the model of potential flow. Application of this model makes it pos-
sible to quickly calculate this field in the presence of obstacles. Findings. The developed mathematical models form
the basis of the programs complex and can be applied for carrying out operative calculations of the sizes, intensity of
pollution zones, which are formed in the atmosphere during the release of chemical substances in the case of emer-
gency situations on chemically dangerous objects and transport. The developed complex of programs can be realized
on computers of small and average power, which allows it to be widely used for solving problems that arise during
the development of PLES (plan for liquidation of emergency situations). For practical application of the developed
complex of programs, standard input information is required. Originality. The complex of programs for the estima-
tion of the level of air pollution during the release of chemically hazardous substances into the atmosphere is pro-
posed. The program complex can be used to assess the impact of emissions on the risk of chemical damage to peo-
ple both on the territory of the industrial facility and in the residential area. The basis of the developed complex of
programs are numerical models for calculating aerodynamics and mass transfer. Practical value. The developed
complex of programs makes it possible to solve the applied problems that arise during the development of PLES for
chemically hazardous objects.

Keywords: chemical pollution of the atmosphere; emergency situation; numerical simulation
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POJIb TPAHCIIOPTHOM JIOTUCTUKHU B JESATEJBHOCTH
INPOMBIIIVIEHHOI'O ITPEAITPUATHUA

Henn. TpancnopTHast JIOTUCTHKA MPEACTABISICT IS IPOMBIIUICHHOTO TPSANPHUATHS OYCHD BAXKHYIO cdepy nes-
TeTbHOCTHU. [[03TOMY 11€JIbI0 CTAaThU SBISETCS OMpEIeIeHUE PO TPAHCTIOPTHOM JIOTHCTUKH Ha COBPEMEHHOM JTare
paboThl MPOMBIIIIEHHOTO MPEANPHUATHS 1O MPOU3BOACTBY MATKOM MeOeld, a TakKe PacCMOTPEHHE OCHOBHBIX JIO-
THCTHYECKUX TPUHIIMIIOB U cephl ux npuMeHeHus. Meromanka. B xoze uccienoBanus IPUMEHEHBI METO/Ib HAYY-
HOTO MOMCKA, CTATUCTUYECKOT0 aHAIN3a, CHHTE3a, SJIEMEHTHI TEOPUU MOJICITHUPOBAHUS CUCTEM JJISl U3yUEHUS! POJIU
TPAHCMOPTHOM JIOTUCTHKH B paboTe mpeampusarus. Pe3yabTaTsl. B kadecTBe 00BEKTa pacCMOTpEHHS BBHIOpAHO
MPOMBINIICHHOE MPEANPHUATHE, OCHOBHBIM BHIOM JESTSIFHOCTH KOTOPOTO SBIECTCS BBIMYCK MTKOM MebOenn. Paz-
paboTaHa W pOaHAIM3UPOBAHA CTPYKTYpa JOTHCTHUECKOW CHCTEMBI IPEANIPHUSTHS, IPON3BEICHA OICHKA BIUSHUS
TPAHCMIOPTHOM JIOTUCTHKY Ha (YHKIMOHUPOBAHHUE JIOTUCTHYCCKOHN Henw. [IpensiokeH BapHaHT HCIOIh30BaHUS WH-
HOBAIIMOHHOW CHCTEMBI cOBITa, Oasupyromieiics Ha 3(PQGEKTHBHOM HCIOIH30BAHUN TPAHCIOPTHOW JIOTUCTHKH.
OmnpeneneHsl poib, MECTO M aKTYaIbHOCTh TPAHCIIOPTHOM JIOTHCTHKYU B KAU4ECTBE MOJCHCTEMBI JIOTHCTUIECKON IIe-
M 3TOTO MPOMBINUIEHHOTO MpeanpusaTus. CymecTByomye npooaeMbl B TPAHCTIOPTHON JIOTUCTHKE MPEIMPUSITHIA
9TOM cdepbl B cTpaHe TPeOYIOT PENICHUs B CBSI3U C MOCTOSHHON HEOOXOIUMOCTBIO KaHAIOB CHAOXKEHUS CHIPhEM U
nosyabpukaTamu, a TakKe pachpe/eicHus IPOU3BEeICHHON npoaykund. Hanbosee BaKHBIM BOIIPOCOM IIPH 3TOM
SIBJISIETCSL IPUHATHE PEIIeHUs] 00 OnpeeNeHny MyTH JABIKEHUS ToBapa (MPOU3BOAUMON MSTKOW mebenu). JTo ca-
Mas ocTpas TpobiemMa, ¢ KOTOpOH NPUXOAMWTCS CTAJKUBATHCS TPU JOCTaBKE MPOJAYKIIMM Ha PBHIHOK COBITA.
Hayunasi HoBu3Ha. Ha meronmdeckoM ypoBHE c(HOpMYyITHpPOBAaHA POJHh TPAHCIIOPTHOW JIOTHCTUKH B CO3JaHHU
1 (HYHKIIMOHHPOBAaHUH MAKPOJIOTHCTUIECKON CHCTEMBI IPEANPHUITHAN TaKoro TUMa. Pa3paboTaH 1eTOCTHBIN TOIXO0.
K YIPaBJICHUIO B3aWMOOTHOIICHHUSIMA C TIOCTABITUKAMH, KOTOPBII ITO3BOJISET CBSI3aTh CTPATETHUIO CHAOKCHHS C ee
peanu3anyeil, ¥ yCHINBaeT y9acThe TIOCTABIIUKOB B paboTe npeanpuatus. [Ipakrudeckasi 3HaUnMocThb. [logpoo-
HOE M3YyYCHHE W aHAJIN3 BO3MOXKHBIX ITyT€H COBEPIICHCTBOBAHHS TPAHCHOPTHO-JIOTUCTHYCCKON JEATEIEHOCTH OT-
KpBIBaeT IS MPEINPHUATHS ITyTH MOBBIIICHUS 00ImIei 3 pekTHBHOCTH ero MPOU3BOICTBEHHO-X03SIMCTBEHHOH Jes-
TETHLHOCTH, TaK KaK MPaKTHYECKU MOJIOBMHA BCEX 3aTpaT Ha JIOTUCTUKY MPUXOAUTCS HA TPAHCTIOPTHBIE M3AECPKKU.
W uMeHHO MpaBUIIBHOE UCTIOIb30BAHUE TPAHCTIOPTHOW JIOTUCTHKH TO3BOJSET MPEATNPUATHIO PAIIMOHATBHO PACIIO-
PSKATHCSI IMEIOIIUMUCS Y HETO PECYpCaMu.

Kniouegvie cnosa: cObIT; CHAOKEHUE; JIOTUCTUIECKUE TIPUHITUIIBL; TOCTABIIUKH; JIOTHCTUIECKOE MOJCITUPOBAHNE
cObITa

BBenenue TOPBIX ABJISUIOCH €€ M3Y4YeHUE W Pa3BUTHE B pas-
JINYHBIX HaIIPaBJICHUAX.

C MOMeHTa CTaHOBJICHUS! JIOTUCTHKH KaK Camo-
Omnpeneneno, 4to 3PQPEKTUBHOCTh (PYHKIHO-

CTOATCIBHOTO BHAA ACATCIBHOCTHU OBLI IIPOBCJICH

o HI/IpOBaHI/ISI HpOMI)IIHJ'IeHHOFO HpeZIHpI/IHTI/ISI
pi[ZI MHOTI'OYHCJICHHBIX HCCJIICAOBAHHH, LCIIIMHU KO-
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HampsSMyI0 3aBUCUT OT 3(pPEeKTHBHOTO KOHTPOIS
HaJl 3aTpaTaMu, BaXKHEUIIEH COCTABIISIONICH Cpeau
KOTOPBIX Ha CETOTHSIIHHUNA JACHB SIBISIOTCS JOTHU-
CTHYECKHE 3aTPAaTHI.

B coBpeMeHHOM MHpe JOTHCTHKA SBISETCS Ya-
CTBI0O HAIMOHAJIBHOH 3KOHOMHUKH, YTO COOTBET-
CTBEHHO ompenenseT u (HakT BIUSHUS JOTHCTHYC-
CKMX 3aTpaT Ha 3()(PEeKTHBHOCTH YIpaBICHUS
npeanpusTieM. Mexay o0beMOM JOTMCTHYECKUX
3aTpaT ¥ 00BEMOM MPOJaX 3aBUCHUMOCTh OOpaTHO
MPOTIOPIIUOHATBHAS — 3TO TOATBEPKTAET OIBIT
BBICOKOPA3BUTHIX CTpaH H TIOKa3bIBa€T, YTO
yYMEHBIIIEHNE Ha OJHY MO3WMLMUIO BEJIMYMHBI JOTHU-
CTUYECKUX 3aTpaT IMNPUBOIUT K AECCATUKPATHOMY
YBEIMUYEHUIO TPONaX mpenmpusitus [2, 7, 9, 11].
U3 storo caenyer, uro 3¢ dexkTnBHOE (HYyHKIMOHU-
POBaHHUC JIOTUCTUKHU HAXOJUTCA B HETIOCPCIACTBCH-
HOHW B3aUMOCBSI3HM C TIOJIOXKHUTEIHHBIMU PE3YiIbTa-
TaMU JICATENbHOCTH TIpeanpusTus [3].

PaccmarpuBasi IOTUCTHKY B paMKax OTpacieit
MPOMBINIICHHOCTH, OTMEYaeM CIEIyIOIIyI0 TeH-
JEHIIMIO: JIOTUCTHKA TIO3BOJISIET ONTUMHU3HPOBATH
CYIIECTBYIOLINE MPOM3BOJCTBEHHBIE M TUCTPHOB-
IOTOPCKHE MPOIECCHl HA OCHOBE TEX KE PECYpCOB
Yepe3 METOABl YIPaBICHHS ISl TOBBIMICHUS d(-
(PEKTUBHOCTH W KOHKYPEHTOCIIOCOOHOCTH TMpen-
HpUATUH.

OOBIYHO BBIICTSIOT TATH (DYHKIIMOHATHHBIX
oOyacTell JIOTHCTUKU: 3aKyIOYHYI, IPOU3BOJI-
CTBEHHYIO, PaCHpEIENUTENBHYIO, TPaHCIOPTHYIO
n  uHQOpMaNHMOHHYI0. JlIsS  MPOMBIIIIEHHOTO
MpennpusTs (HapuMep, MPEATNPHUSITHE 110 TTPOU3-
BozcTBY Msrkoit mebenmn OAQO «['omenbckas Me-
OenpHast (abpuka «IIporpecc») Mx cojepkaHue
MO’KHO BBIPAa3UTh CIEIYIOIIUM 00pa3oM:

3akynoynas Joructuka. B mporecce obecrie-
YEHUs NPEANPUATHSA CBIPBEM U MAaTepUallaMHu pe-
MIAf0T 3a/1a4M 3aKyNMOYHOH JorucTuku. Ha stom
dTarne M3y4aloT W BBHIOMPAIOT IMOCTABIIUKOB, 3a-
KITIOYAIOT JIOTOBOPAa W KOHTPOJIUPYIOT MX HCIOJ-
HEHHUE, IIPUHUMAIOT MEPBL B Clly4ae HapyLICHUs
YCIIOBUI1 IIOCTABKH.

[IpousBoacTBeHHast JorucTuka. B mpomecce
YIPaBIECHUsI MAaTE€pUAIBHBIM IIOTOKOM BHYTPH
NPENpHUsTHS, CO3JAaIOIIEero MaTepuaibHble Ojara
WINM OKa3bIBAIOIIECTO MaTepUalbHbIE YCIyTH, B OC-
HOBHOM pE€1IaroT 3aa1a4yun HpOHSBOHCTBeHHOﬁ JIOorn-
crukd. Cnenn¢uka 3TOro 3Tama 3aKI0YaeTcs
B TOM, YTO OCHOBHOW 00BEM pabOT 1O TpoBexe-

HHIO MOTOKA BBIIOJIHSIOT B IIpeaeaax TEPPUTOPUU
OJIHOTO IPEANpUATUS. YUYAaCTHUKU JIOTUCTUYECKO-
ro Impouecca NMpu 3TOM HE BCTYINAIOT B TOBApHO-
JleHeXHble OTHOLIEeHUA. [IoTOK UaeT He B pe3yib-
TaTe 3aKIIOYECHHBIX JOTOBOPOB, a B peE3ylbTaTe
pelieHni, MPUHUMAEMBbIX CHCTEMOH yTpaBJIeHUs
MIPEANPUITHEM.

PacnipenenurensHas noructuka. Ilpu ynpasne-
HUM MaTepUalbHBIMU MTOTOKaMH B TPOLIECCE peasTu-
3alMM TOTOBOM MPOAYKUMHM pELIaroT 3aJadd pac-
MIpeeTUTeIbHON JOTUCTHKH. B cdepy ee BHUMaHUS
MaTepuaibHbIl MOTOK IONAJAcT, €lE HaXOIACh
B TNPOU3BOJCTBEHHBIX I€XaX. JTO O3HA4aeT, YTO
BOTIPOCHI Taphl U YIAaKOBKH, pa3Mepa H3roTaBjIMBa-
€MOW MapTHUU U BPEMEHH, K KOTOPOMY 3Ta MapTHA
JIOJDKHA OBITh M3TOTOBIICHA, 4 TAK)KE MHOTO JPYTHX
CYIIECTBEHHBIX IS Tpollecca pealn3alii BOMpPO-
COB, HAUMHAIOT peliaTh Ha OoJjiee paHHHUX CTAIHIX
YIPaBJIECHUS MAaTEPUATILHBIM TOTOKOM.

TpancnoprHas noructuka. Ilpu ynpasneHun
MaTepUalbHBIMA TMOTOKAMHU Ha TPaHCIOPTHBIX
y4acTKax pemaroT crennupuIecKre 3a1adi TpaHc-
nopTHO# noructuku. COBOKYNMHBIH 00BEM TpaHC-
MOPTHOM paboThl, BHIMOIHSIEMON B mpolecce J0-
BEICHHUS MATEpUAIBHOTO IMOTOKA OT IMEPBUYHOTO
HUCTOYHHKA CBIPbSl /10 KOHEYHOTO TOTpeOUTENs,
MOXXHO MOJpa3fAeNuTh Ha JBE OOJbIINE TPYIIIHL:
pabota, BBITIONHSIEMAs] apeHAYeMbIM TPAaHCIIOPTOM
(>xee3HOTOPOKHBIA TPAHCIOPT OOIIETO IOJIB30-

BaHus1); paboTa, BBINOJHIEMAas COOCTBEHHBIM
TPAHCTIOPTOM.
NudopmanmonHas  JOTUCTHKA.  Pe3ynbTarhl

JIBWKEHHS MaTepUAIbHBIX IOTOKOB HaXOAATCS
B IIPSIMOH CBSI3U C PallMOHATBHOCTHIO OPraHU3aIlluu
JBIDKEHUsST MH(OPMALMOHHBIX HOTOKOB. BpIicokas
3HAYUMOCTh MH(QOPMAIIOHHON COCTaBIISIOIIEH
B JIOTUCTHYECKUX IPOLECCax cTaja MPUYMHOMN BbI-
JeJICHHUs CIeLUalIbHOTO pa3zaeia — HH(POPMAaLUOH-
HOW sorucTukH. OOBEKT HCCIIEAOBaHHS 31€Ch —
WHPOPMALMOHHBIE CHCTEMBI, 00eCHeUnBAIOIIUE
yIpaBjeHUEe MaTepUaTbHBIMH MMOTOKAMH, HCIIONb-
3yeMasi MUKPOIIPOIIECCOPHAas TE€XHUKa, MHQOpMa-
LIMOHHbIE TEXHOJIOTUU U JIPYTHE BOMPOCHI, CBA3AH-
HbIE C OpraHn3anvell NHPOPMAIMOHHBIX TOTOKOB.
Koneuno, cpenn Apyrux TpaHCIOPTHOW JIOTH-
CTHKE NMPUHAIEKUT BAKHEHIIAs poJib — OHA HO-
CUT OOBEIUHSIONINHA, CBS3YIOIMN XapakTep sl
BCel NMPOU3BOJCTBEHHOM cucTeMbl. [loaTomy Kitro-
YEBBIM 3JIEMEHTOM JIOTHCTUYECKON LEMOYKH Tpea-
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MIPUATHUS ABIIAETCS ¢ TPAHCIIOPTHAS CHUCTEMa, KO-
Topas OOBEAWHICT OTACIBHBIEC BUIBI €T0 JCSTEITh-
HOCTH B €IMHBIA MEXaHU3M IIPOU3BOJICTBA TOBApA.

Hean

CormnacHO CTaTUCTHKE, PACXOAbl Ha TPAHCIOP-
THPOBKY 3aHHMAIOT TPETh OT CyMMBI 3aTpart, CBS-
3aHHBIX C (YHKIMOHHUPOBAaHHEM JIOTUCTUYECKOM
nenu. JTO CBA3aHO € TEM, YTO TPAHCIIOPTHUPOBKA
HeoOXoIuMa Ha MPOTSDKEHHHM BCEro Mpolecca
MPOM3BOACTBA MPOAYKLHUHU: TIOCTaBKa  ChIPbA,
BHYTPEHHEE pacIlpeliesieHHe PEecypcoB, JIOCTaBKa
TOBapa NOTPEOUTENISIM U BO3BpaT ToBapa. ToybKo
KauCCTBCHHAs KOOpAWHAIMA BCCX 3BCHLCB JIOTU-
CTUYECKOM LENH IPUHECET MAKCUMYM IIOJIB3BI.
[losromy menpro nmaHHOW pabOTHI SBISIETCA pac-
CMOTPCHHUE OCHOBHLIX JIOTUCTHUYCCKUX NPHUHIIUIIOB
U chepbl UX TPUMEHEHUS Ha MIPUMEpe IesTeIbHO-
CTH HPOMBIIUIEHHOTO NPEeANpPUATHS [0 MPOU3BO-
ctBy wmsrkoit mebenmn (OAO «['omenbckas wme-
OenpHas padpuka «I[Iporpeccy).

MeToanka

B mporecce uccienoBanusi TPUMEHEHBI METO-
Il HAYYHOT'O TIOMCKA, CTaTUCTUYECKOTO aHaln3a,
CHHTE3a, 3JCMEHTHl TEOPUH MOJIEIUPOBAHHS CH-
CTEM ISl U3y4eHHs POJIM TPAHCIOPTHOM JIOTHCTH-
KH B paboTe MPENPHUSITHSI.

PesyabTarsi
O¢ddexTBHOCTH MTPOU3BOICTBEHHO-
XO3SHCTBEHHOW  JICATENBHOCTH  TPEANPUSATHS

U, KaK CJIeJCTBUE, 00BbEM IOJIydyaeMoil UM MpUObI-
JU ONpEACTSIIOT B TMEPBYIO OYepe/b MOKa3aTeNu
€ro COBITOBOM JEATEIIbHOCTH:

— NMpUMEHEeHHe Habopa MHCTPYMEHTOB TpaHC-
MOPTHOM JIOTUCTHKH TIPU OCYILECTBICHUN COBITO-
BOM JICSATENBHOCTH MO3BOJISIET 00BETUHUTH KOHTP-
areHTOB, KOHKYPEHTOB M MapTHEPOB B CUCTEMY
B3aMMO/JIOTIONHSIONIUX ~JAPYr Jpyra JIIEMEHTOB
B TPAHCIIOPTHOM MPOIIECCE;

— JIOTHCTUYECKHE IPOLECCHl B YCIOBHUSX PbI-
HOYHON DKOHOMHKH XapaKTEePH3YIOTCS BBICOKHUM
ypoBHEM HeormpeeneHHocTr. [Ipennpusitue, ot-
MPaBJISIIOILEe TPY3bl, MOJIB3YETCsl yCIyraMu TpaHC-
MOPTHBIX OpraHU3allMii, HO B TO k€ BpeMs 3 dek-
TUBHOE YIpaBJIEHHE MaKpO- W MHKpPOJIOTHCTHYE-
CKMMH TPOLIECCAMHU IO/IPa3yMeBaeT, YTO IMepeMe-

IIEHUA T'PY30B, MNPEAIIoararomue 1mocTaBKu IIpo-

OyKIMHA, 3apaHee HYXHO IUTaHUPOBaTh, Kak
U BBIIIYCK IPOYKIINY;
— TPAHCHOPTHBIE TPEANPUATHS  CTAHOBATCS

MHTETPUPOBAHHBIM 3BEHOM IIPOLIECCa YIPaBICHUS
BBINIYCKA U peau3aliy MPOIYKIIHY.

Takum 00pa3oM, Ipy BHEJIPEHUN HHHOBAIOH-
HOTO TIOAXO0/Ia B COBITOBOW AESITETHHOCTH OCHOB-
HOC BHMMaHUE HY)XHO YCINSATh TPAHCIIOPTHOH JI0-
TUCTHKE, TaK KaK YIpPaBJICHUE TPAHCIOPTOM JaeT
BO3MOXXHOCTh ONTHMHU3AINN PACIPEEIICHUS TIPO-
nykwd [S].

TpaHcropTHBIE CHUCTEMBI OKa3bIBalOT 3HAYH-
TCJIbHOC BJIMAHHUC HA MNPOU3BOAUTCIBHOCTL JIOTU-
CTUYECKOM CHUCTEMBbL. TpaHCHOpPTHAs JIOTUCTUKA
OXBAaThIBAC€T BCC BHU/bI JACATCIIBHOCTH IO NEPEME-
IIEHUIO MAaTEPHAIbHBIX PECYpPCOB BO BPEMEHHU
1 B mpocTtpaHcTBe. DYHKINN JIOTUCTUKU Peajn3y-
IOTCS Ha BCEX CTaIUSAX MPOU3BOJICTBA U ABMKECHUS
MaTepHaJIbHBIX PECYPCOB.

MUKpOJIOTUCTHYECKUE TPOIECCHI, MPOTEKaIO-
e Ha TPEANPHUSATHH, SBISFOTCS COCTaBHOM dYa-
CTBIO MAaKpOJIOTUCTHYECKOTO TMpolnecca. BasTelie
B COBOKYITHOCTH, OHU (POPMUPYIOT CTaUH MPOM3-
BOJICTBA, COOTBETCTBEHHO KOTOPBIM IIPOTEKAET
MAaKpOJIOTMCTUYECKUH IpoLiECC.

PaccMoTpuM THITOBYIO MakpOJIOTHCTHYECKYIO
CUCTEMY, XapaKTEpHYIO IS AESTeIHHOCTH Mpo-
MBIIJIEHHOTO TIPEIIPUSATHS, BBITYCKAIOIIETO TPO-
TYKITAIO MacCOBOTO TIPOM3BO/ICcTBa (puc. 1).

Ucxons u3 puc. 1, MOXKHO clienaTh BEIBOJ O TOM,
YTO CBSI3U MEXIY OTHEIBHBIMA MHKPOJIOTUCTHYE-
CKUMH CHCTEMaM{ BO3HHUKAIOT Ha 0a3e TOBapHO-
JCHC)KHBIX OTHOIIICHUHM U B JaHHOM CJlIydac sBJIA-
FOTCSl THOKUMH, T. €. IBKEHUE MAaTEPUAIBHOTO I10-
TOKa OT MPOM3BOMTEIIS K OTpeOuTet0, Oaroaaps
TpaHCHOpTHOﬁ JIOTUCTUKE, MOXKHO OCYHICCTBJIATH
KaK 4epe3 MOCPETHUKOB, TaK U HAMIPAMYIO.

B kauecTBe mpumMepa Oblia UCCIIEI0BaHA JIOTH-
ctuueckas cucrema OAO «['omernbckas MeOenbHas
¢dabpuka «Ilporpeccy. JlesTenbHOCTh Mpennpus-
THSl HANpPSIMYIO CBS3aHAa HE TOJIBKO C IPOU3BOJ-
CTBOM, HO M CO CHA0XEHUYECKO-COBITOBOH Jiesi-
TeNbHOCThIO. OTCIO/Ia BHITEKAET HAIWYHE MaKpo-
U MUKPOJIOTUCTUYECKUX CUCTEM U TpoueccoB. Jis
MOJTy4eHus1 0oJiee TMOJHOTO NPEACTaBICHHUS O TO-
pAAKE OpraHu3aln JIOTUCTHYECKOM ACATCIIBHOCTHU
ATOTO TPENNpPUATHS OBUIM M3y4YeHBI CXEMBI €ro
MaKpO- ¥ MHKPOJIOTHCTUYECKHUX CHCTEM.
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ITocTaBUTHKH BHYTPHITPOM3BOJCTBEHHAA IToKynaTenu
CBIPBA H MHKPOJIOTHCTHYECKA S CHUCTEMA TOTOBOH
MaTepHAIoB IpOAYKIHH
4 ~| JlormeTHKa Jlorueraka Jlornetnka |« |

cHaDXeHHT IPOH3BOACTEA cObITa
—
TpaHcmopTH IIporrece Tparcriopt
pOEKA MPOH3BOICTEA POBKA
Crman

BHEIIHAA MHWEKPOJIOIMCTHYECKAA CHCTEMA

Puc. 1. TunoBas MakpoJOTHCTHUECKAs CUCTEMA MPOMBIIIJICHHOTO MPEIIPUATHS

Fig. 1. Typical macrologistical system of an industrial enterprise

HccnenoBanust TOKa3ald, YTO MHKPOJOTHCTH-
YeCKHE CUCTEMBbI SBJISIFOTCS TIOJICHCTEMaMU, CTPYK-
TYPHBIMH COCTABJISFONIIMMH MAaKPOJOTHCTHUSCKIX
CHCTEM U IMPEJCTABISIIOT CO00i Kiacc BHYTPUIIPO-

MPOU3BOJCTBA, OOBCIUHEHHBIC OJHOM WH(pPa-

cTpykTypotii [1, 4, 8, 10, 12].
Makponoructuueckass cucremMa OAO «lo-

MeJbckas MeOenbHas (adpuka «I[Iporpeccy mpen-

HU3BOJACTBCHHBIX JIOTUCTHYCCKHX CHCTECM, B COCTaB
KOTOPBIX BXOIAT TCEXHOJOTHYCCKHN CBA3aHHBIC

CTaBJICHA Ha puc. 2.
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Puc. 2. Maxkposnoructudeckas cucrema OAO «I"omenbckas MedensHas pabpuka «[Iporpece»

Fig. 2. Macrologistical system of «Gomel Furniture Factory «Progress» OJSC
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[To maHHBIM pHC. 2 MOXHO MPOCIIETUTH ABIKE-
HHE MaTepHaIbHOTO IIOTOKA Ha IPEAPUSITHH:

— Ha MEPBOM 3Talle 3aKyalT CPEJICTBA POU3-
BoacTBa. OHM B BH/I€ MaTepHaIbHOTO MOTOKA II0-
CTYNAIOT MEPEeBO3YHKY, KOTOPHIIl B CBOIO OUYepenb
JOCTaBIsICT WX Ha mpeanpusitue. OTaen marepu-
ATbHO-TEXHUYECKOTO CHA0KEHHs —pacrpesessieT
HCXOIHOE CBHIPHE /ISl IPOM3BOJICTBA, B 3aBHCHUMO-
CTH OT Ha3HAYCHHs, HA CKJIAJ TKaHEl MO0 LieH-
TpabHBIN CKIIA;

— Janee, B 3aBUCHMOCTH OT TMOTPeOHOCTH Ha
MPOU3BOJICTBE, HCXOIHOE CHIPHE CO CKIIA/IOB ITOTa-
nmaeT B ex Ne 1 m mex Ne 2;

— TMOJTy4YeHHasi Mocje O0O0pabOTKU HCXOTHOTO
CBIPbSl MPOJYKIHMS XPAaHHUTCS Ha CKJIaae TOTOBOU
MNPOAYKIHUHN WM KC€ Cpa3y IMOCTYNMACT KOHCUHOMY

OTpeduTENI0 MPH OPOPMIICHUH WHANBHUIYATHHO-
ro 3akaza. OTmensl MapKeTHHTa M COBITa 3aHUMa-
IOTCS TIOCTaBKaMH TOTOBOW TMPOIYKIIUH, TO €CTh
pachpeieNisiioT MaTepHANTbHBIA TTOTOK B Mara3uHbl
BHYTPH CTpaHHI U 3a pyOeskoM. B 3aBucumocTH ot
HaIpaBJIEHUS MaTEPHUAIbHOTO MOTOKA MOJOUPAIOT
MIEPEBO3YUKOB.

UccnenoBanre cucTeMbl NMOKa3bIBACT, YTO Ma-
TEPUATBHBIA TIOTOK B BUAC T'OTOBOW MPOAYKIIUU
MOTaIaeT K KOHEYHOMY TOTPEOUTEI0 Yepe3 Io-
CPEIHUKOB, & HE HAMPSIMYIO OT MPEIIPUITHS.

Jlanee neraibHOMY W3y4YeHHIO ObUIA TIOJBEPT-
HyTa HEIMOCPEACTBCHHO JIOTUCTUYECKAs  IICTh
npennpusitus. Ha puc. 3 u3o0paxkeHa cxema JOrH-
CTHYECKOH IIETTH JIBIXKESHHS PECYPCOB.
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Puc. 3. Jloructuaeckas nems OAO «I'omenbckas MeOenbHas padpuka «IIporpecc»

Fig. 3. Logistic chain of «Gomel Furniture Factory «Progress» OJSC

B pesynbTaTe BiccieioBaHus YCTaHOBICHO:

— OCHOBHBIC TIOCTaBIIUKH HMCXOIHOTO CBIPBS:
UIITVYII «®omneron, OO0 «MebenprHass KOM-
mwiekranusay, OAO «Peunikuii METU3HEBIA 3aBOMY,

OAO «I'omensape», OAO «l'omenbckuii paawo-
3aBo», COAO «bexHopaCraiiny;

— OCHOBHBIE IIEPEBO3KH OCYILECTBISIOT: beno-
pycckas Jkeje3Has Jopora, TPaHCIIOPT ITOCTABIIH-
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KOB, COOCTBEHHBI aBTOTPAHCIIOPT, IIPH 3TOM BHI-
00p mepeBO3UnKa 3aBHCUT OT YCIIOBUH TIOCTaBKH;

— MPOU3BOJICTBO COCTOMT W3 1iexa Ne 1 u mexa
Ne 2, HCXOIHOE CHIPhE AOCTABIISAIOT IO Mepe Heo0-
XOJUMOCTH B TIPOU3BOJICTBEHHEIE 11€Xa;

— TOTOBYIO MPOAYKIHIO pEaTM3yIOT Kak Ha
BHYTPEHHEM PBIHKE, TaK U 3a pyOeKOM, B TaKHX
ctpaHax kak Poccuiickas ®enepanusi, ApMeHus,

Kazaxcran, Keipreizcran, JlatBua, Monnasus, Ta-
JUKMKHMCTaH, DCTOHMS.

HccnenoBanust mokasaid, YTO JOTHCTHYECKAS
LIENTb COCTOWUT M3 JBYX KaHAJOB: KaHalla MaTepH-
aJIbHO-TEXHUYECKOI0 CHAOKEHHUS M KaHaja cObITA.
Jloructuueckuit KaHaj MaTepUaITbHO-
texHuueckoro cHaOxenust OAO «I'oMenbckas Me-
OenpHas ¢adpuka «lIporpeccy mpeAcTaBIeH Ha
puc. 4.
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Puc. 4. Jloructiueckuii kKaHaI MaTepHATFHO-TEXHIUECKOTO CHA0KEHHUS
OAO «I"'omenbckas MebenpHas padbpuka «IIporpeccy

Fig. 4. Logistic channel of material and technical supply
«Gomel Furniture Factory «Progress» OJSC

Kak BugHO M3 puc. 4, IBWKEHHE Pa3IUYHBIX
MMOTOKOB 110 MaTePUAIbHO-TEXHUYECKOMY CHa0Xe-
HUIO OCYIIECTBIISETCS CIEIYIONUM 00pa3oM:

— BHayalle TPENNpUsITHE BeIeT MeperoBOpPHI
C TIOCTaBIIMKAaMH 00 YCJIOBUSAX IOCTaBKH, TO €CTh
MPOUCXOANT 0OMEH HH(POPMAITMOHHBIM ITOTOKOM;

— TIOCTaBIIMK IEPENaeT MEePEBO3UYUKY MaTepH-
QJbHBIN TIOTOK, a TAKXKE MPOUCXOAUT OOMEH HH-
(hOpMaIMOHHBIM ITOTOKOM;

— MEePEeBO3YHK B CBOIO OYepeb JOCTABISIET Ma-
TePUANBHBIA TOTOK Ha TMPEANpUSITHE, W TaKXKe
MPOUCXOAUT 0OMEH MH(POPMAIIMOHHBIM ITOTOKOM.

B 3aBucuMocTH 0T yciaoBui TOCTaBKH, PUHAH-
COBBIY MIOTOK K IMEPEBO3YMNKY MOKET UCXOAUTH KaK
OT TPENPHUATHS, TaK M OT MOCTABIIMKA. TaKkKe OT
MPEANPUITAS UCXOAUT (PUHAHCOBBIN MOTOK K II0-
CTaBIIMKY B3aMEH Ha MaTEPUATBHBII ITOTOK.

Jlornctnueckuit kanan coprta OAO «'omens-
ckast mebenpHas dadbpuka «IIporpeccy» mpemcras-
JIEH Ha pHcC. 5.

JIBW>keHHE TIOTOKOB BHYTPH TPEATNPUATHS
OCYITIECTBIISIETCS CIEAYIOMNUM 00pa3oM: OT TIPOHU3-
BOJICTBAa MCXOJUT MaTepUAIIbHBIA IMOTOK Ha CKJIa[

TOTOBOH MPOAYKIMH, ¥ MEXKAY HUMHU OCYIIECTBIIS-
eTcsi oOMeH MH(OPMAIMOHHBIMU TOTOKaMH. J[Bu-
JKCHUE MOTOKOB BHE TPEAMPHUATHUS IPOUCXOMT IO
CIIC/IYIOIICH cxeMe:

— CO CKJaja roTOBOM HMPOXYKLIHU MaTepuallb-
HBIH MMOTOK MOCTYIAET MEePEBO3YMKY, OT MEPEeBO3-
YKKa K TOCPEJHUKY, OT MOCPESTHUKA K KOHEUHOMY
MOTPEOUTENIO, TAKXKE B 3TOW LETOYKE MPOUCXOTUT
00MeH MHPOPMAIIMOHHBIMHA TOTOKAMU;

— KOHEYHBIA MOTPEOUTENbh MOXET HAMPSIMYFO
nepeaaTth MHOOPMAIMOHHBIH MOTOK Ha MPEApHUs-
THE, U TOTJIa CO CKJaJa TOTOBOW MPOAYKIHH OH
MOJYYHUT HAMPSIMYIO MAaTepUAITbHBIHN MMOTOK;

— MpennpusaTHe mepenacT HHGOPMAIMOHHBIN
MOTOK KOHEYHOMY MOTPEOUTENIO B BHJIE PEKIIaMBbI
MPOAYKIMH B Mara3uHax, KaTajuora Ha caiTe;

— B 3aBUCHUMOCTH OT YCIIOBHH ITIOCTaBKH, Iepe-
BO3YMK TMOJy4YaeT (HHAHCOBBIA IMOTOK WIH OT
MPEIPUITHS, HITH OT TIOCPETHHUKA;

— KOHEYHBIH MOTpeduTeNns MproOpeTaeT roTo-
BYIO MPOAYKLUHUIO Y MOCPEAHUKA JINOO HAMPSIMYIO
y TPeINpusTHs, ¥ B 3aBUCHMOCTH OT 3TOTO pac-
npenensiercs GUHAHCOBBIM MOTOK.
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Fig. 5. Logistic sale channel of «Gomel Furniture Factory «Progress» OJSC

Koneuno, B pamkax oOpraHu3anyy HpPOU3BOJ-
CTBEHHOT'O Tpoliecca Ha TPEANPUATHH TPAHCIIOPT-
Hasl JIOTUCTHKA CTAJIKUBAETCS C PSIOM TPOOIIEM.
B wactHoCcTH, ¢ Bompocamu BbIOOpa KaHAJOB pac-
MpeeNieHns, YIakoBKM TOBapOB, MOJATOTOBKH HX
K TpPaHCIOPTHUPOBKE W JOCTaBKH TOIydaTelto,
a TaKkKe C BONPOCAMM IPOU3BOJICTBA KOMILJIEKTY-
IOLIMX U 3aKyIIOK MaTepHuanoB. 3a4acTyl0 3TH IIPO-
OnmeMbl pemarT 000COOJNIEHHO, HE paccMaTpHhBas
WX BO B3aUMOCBSI3H JIpYT € Apyrom [5].

Jisi TOCTpOEHUS! JIOTUCTHYECKOH CHCTEMBI,
obecrieunBaronield  KOHKYPEHTOCIIOCOOHOCTh 32
CUET ONTHMHU3AIMHM DPEUICHWH B pacrpeleieHUH
NPOAYKIHH, Hallla NPUMEHEHHWE W MPOIOJDKAET
WHTEHCUBHO Pa3BUBAThCSI MapKETHHIOBAas JIOTHU-
crhyeckas Kouuenuus. Haubonee mmpokoe pac-
MPOCTPaHEHHUE CPEeId MAPKETHHIOBBIX TEXHOJIOTHH
nonyuywia cucreMa DDT wunu noructuka, opueH-
TUPOBAHHAS Ha CIIPOC, a TaK)Ke HECKOJIbKO Bapu-
AHTOB peanu3alyy dToi TexHonornu. Cpeau HUX:
TexHoJyorust OpicTporo pearmpoBanHust — QR, cyThb
KOTOPO# COCTOMT B OIIEHKE CIpoca B PealbHOM
MacimTade BpEeMEHH H MaKCHMAIBHO TOJHOM
U CBOEBPEMEHHOM €I0 yIOBJIETBOPEHHH C MCIIOJIb-
30BaHMEM COBPEMEHHBIX HH(OPMAIMOHHBIX TeX-
HOJIOTHIA; TEXHOJIOTHS HETPEPBIBHOTO TIOTIOJTHEHUS
3aracoB — CR, ocHOBaHHas Ha MOJyYEeHUH OT PO3-
HUYHBIX MPOJABLOB JaHHBIX O MPOJa)kax W OIpe-
JICJICHUHU MOTPEOHOCTEH B MOCTaBKaX UM TOBAapHOH
MPOAYKIMH. B mociemHne rojpl yCiuoKHEHHE Pbl-
HOYHBIX OTHOIIEHWH, OCOOEHHO YCHUJICHHUE KOHKY-

peHINH, caenano HeoOXOAMMBIM WHTeHCcH(pHKa-
U0 OM3HEC-TIPOLIECCOB CHAOXKEHMS, MPOU3BO/I-
CTBa U pacnpeneneHus [8].

Bce mmpe npuMeHSIFOT NOHSATHE MHHOBALMOH-
HOW cucTeMBbl cObITa. Ha B3ris aBTOpOB, mpHMe-
HEHME TaKOH HWHHOBALIMOHHON CHCTEMBI cOBITA
UMeeT IEpPCIEeKTUBBl M Il pPaccMaTpUBAEMOTO
MPEONpUsTHs, T. €. IPU IPOU3BOACTBE U Peann3a-
nun Mebenu. Mcmonb3oBaHue Takod CHCTEMBbI Ha
MPENPUITHN TTO3BOJSIET BBIIBUTH CKPBITHIE pe-
3epBbI NOBEIIIeHUs Y dexkruBHOCTU. [Ipn Popmu-
pOBaHUM HMHHOBAI[MOHHON CHCTEMBI cOBITa BBIIC-
JSIOT clieAytomue (akTopbl, ONMpeeNsIonure pe-
3yJIETATUBHOCTh COBITOBOM JAEATENLHOCTH Mpel-
MPUATHSL:

— Hannuve ¥ (YHKIMOHMPOBAHWE KaHAJIOB
cOBITA;

— HaJM4YMe WHHOBALMOHHBIX NpeoOpa3oBaHMI
B cHCTeMe CObITa Ha TIPEANPHSTHH;

— OpHUEHTAlUs TPEINPUITHS TIPU BBITYyCKE MPO-
OYKLHMU Ha IOTPEOHOCTH NOTPEOUTEINS M PHIHKA,;

— HaJM4y#Me CUCTeMbI O0TOOpa M OLEHKH YIpaB-
JIEHYECKUX PEIICHUN B 00JaCTH COBITA C TIO3UITUH
HWHHOBAIIMOHHOT'O MOIX0/A.

Jnst ompeneneHusi 3KOHOMUYECKO 3ddekTus-
HOCTH (YHKIIMOHMPOBAaHUSI MHHOBAI[MOHHOW CU-
CTeMbI CObITa, OPUEHTHPOBAHHOW Ha TPaHCIIOPT-
HYIO JIOTHCTHKY, HEOOXOAWMO COIIOCTaBUTH pac-
XOJIbl TIPEAPUSTHSI, KOTOphIe BO3HUKAIOT TIPU CY-
HIECTBYIONEH cucTeMe cObITa, H  Pacxojpbl,
KOTOpbIC BO3ZHUKHYT NPH BHEAPECHHH WHHOBAIIU-
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OHHOI1 cucteMbl. COOTBETCTBEHHO, (hOpMYyIHUpyeM
CIIEAYIOIINE OCHOBHBIE HANlPaBJICHHUSA COBEPILCH-
CTBOBaHHS CHUCTEMBI COBITA TPEANIPHUATHS, Xapak-
TEPU3YIOIIUE €€ NHHOBALIMOHHOCTB!

— PAa3HOHANPABICHHOCTh, IOAPa3yMeBaroIIas
paboTy He TOJNBKO C TUIepaMu U JUCTPHOBIOTOpA-
MH, a TaKKe HEMOCPEICTBEHHO C MOTPeOUTENsIMH
MPOAYKIIHH;

— IIMPOKOE KCIOJIb30BaHNE MH()OPMAIIHOHHBIX
TEXHOJIOTHH TpH pacnpeie]eHud MNpPOLYKIIHH,
MPEAIOIAraloIuX OCYIIECTBICHHE cObITa MIPH TO-
Mouu MHTepHEeT-pecypcoB;

— BBIXOJl Ha HOBBIC LIEJNEBbIE PHIHKU IOCPE-
CTBOM YYacCTHsI MIPEANPHUATHS B BBICTaBKax, Qopy-
Max ¥ TEeMaTUYeCKUX SpMapKax;

— paboTa ¢ HOBBIMH MOTPEOUTENSIMH TOCPE-
CTBOM YUACTUA MPCANPUATHA B CUCTCME TOCyJdap-
CTBEHHBIX 3aKYIIOK M TEHAEPOB [3, 6].

CoBepIlieHCTBOBaHNE  CHA0KEHUYECKOW  Jies-
TENBHOCTH B paMKax MOCTPOEHUsS O0Ieil Makpo-
JIOTUCTUYECKOW CHUCTEMbl NPEANPHUATHS HapsAmy
¢ 9(QeKTHBHBIM HCIIONB30BAHUEM JJIEMEHTOB
TpaHCHOpTHOI\/'I JJIOTUCTHUKHU II03BOJIAACT ITOBBICUTH
PEHTa0EIbHOCTD PO MPEANIPUATHS Oojee YeM
B 1,3 paza (Ha 2 % — 3a c4eT yJay4ILIeHHs] TeXHOJIO-
UMY IPOJBHKEHUS CBOEH NPOAYKIMM Ha PBIHKE
n Ha 1,1 % — 3a cyeT U3MEHEHHs CXEMBI CHaOKEeH-
gecKoi aestenbHOCTH) — ¢ 13,6 % 1o 17,7 %.

Hay4yHast HOBU3HA ¥ NpaKTHYecKasi
3HAYUMOCTh

Crnenyer OTMETUTh, YTO B COBPEMEHHBIX YCJO-
BUSIX YCIICIIHAS pean3anusi MPOIYKIIUH 3aBUCHT
B MEPBYIO OYEPE/Ib OT OPraHU3alluK COBITOBOM Jesi-
TeIBHOCTH Tpennpusitus. CorTacHO CXeMe MaKpo-
JIOTUCTUYECKOW CHCTEMBI MPEIIPUATHS TPAHCIIOPT-
Hasl JIOTUCTHKA UTPAET OJHY W3 PEHIAIONTNX pOJiei
B XOJIe TPOM3BOACTBEHHOT0 mpouecca. CTOUT ak-
[IEHTUPOBaTh BHUMaHWE HAa TOM, YTO 3TO MMEHHO
TPaHCIIOPTHAs JIOTHCTHKA, 4 HE MPOCTO TPAHCIIOP-
THPOBKA, TaK KaK TPAHCIIOPTUPOBATH MOKHO HYTO
YTOJIHO, KOT/Ia YTO/IHO, CKOJIBKO yrofHo u T. A. Ho
MMEHHO TPaHCIOPTHAs JIOTUCTHKA MO3BOJISIET Mpe.i-
MIPYSITAIO  PAIMOHAIILHO PACIOPSKAThCS MMETOIIIN-
MHCSI pecypcamH, ONTHMH3HPOBATh WX HCIIONIB30-
BaHUWE U OPraHu30BaThb YETKO HAJIAXKCHHBIE MeXa-
HU3MBI [TIOCTABOK, MPOU3BOJICTBA U COBITA MPOIYK-
LUK, YTO B UTOre OOyCIaB/IMBaeT 3PPEKTUBHOCTH
pabotsl npennpusTus. [Ipyu 3ToM METO0I0THIeCKH

MIPEJUIO’KEHO OCHOBBIBATHCS Ha HMHHOBAITMOHHON
cucreMe cOBITa MPOAYKIMH, YTO OTKPBIBAET IS
MIPEINPUSITUAS CKPBITHIE PE3ePBbI MOBBIIICHUS 00-
meil 3h(HEKTUBHOCTH €ro NEATEIIbHOCTH 3a CYeT
MPUMEHEHHUsT TpaHCHOPTHOW noructuku. Ilpennara-
EMBIN LIEJOCTHBINA JIOTUCTUYCCKUHN MONMXoa (HE HC-
MOJIL3YEMBIA HAa MOPEANPUATHUSX TAKOrO THUMA
B CTpaHe) K YMPaBIECHHIO B3aWMMOOTHOIICHHSIMHU
C TOCTaBIIMKAMHU TIO3BOJISICT CBSI3aTh CTPATETHIO
CHa0XXEHUS C ee peayn3aliell U YCUIIUBACT yJacThue
ITOCTABITUKOB B paboTe MPEeanpHATHSI. OTO maeT
BO3MOXXHOCTH TPENNPUATHIO PAMOHAIBHO PacIio-
pSKaATHCS UMEIOIITUMIUCS Y HETO Pecypcamu.

BrIBoaBI

Ha ocHoBanmm BBIIIECKA3aHHOIO MOXKHO CHE-
JaTh BBIBOJA O TOM, YTO TPAHCIIOPTHAS JIOTUCTHKA
o0najaeT akTUBHBIM WHTETPUPYIOIIUM MOTEHIINA-
JIOM, CIIOCOOHBIM CBSI3aTh BOEAMHO M YIYYIIUTbH
B3aMIMOJICMCTBAE MEXAy O0a3ucHBIMU (DYHKITHO-
HAJIBHBIMU c(epaMu TPEANpHUsITHS, TAKUMH Kak
cHa0)XeHHe, MPOU3BOJACTBO, MAapKETHHI, AMCTPU-
Oy1usi, opraHu3aIys npojax. Taxke oHa crocob-
CTBYEeT yMeHbIIeHHI0 Joructudeckux (Ha 11 %)
u o0umux 3arpar (nopsaka 2 %) ¥ CHIKSHHIO 1ie-
Hbl Ha IMPOU3BOIUMBIE M PEAIN3yEeMble TOBApHI.
[pennpusitue OAO «['omenbckas MeOenpHas
¢dabpuka «I[Iporpecc», kKak M Bce NPEIIPUATHS
MPOMBIIIJICHHOT0 KoMIulekca PecmyOnuku bena-
PYCh, IMEET CBOIO YHUKAIBHYIO, CEIH(DUIECKYIO
JIOTHCTUYECKYI0 cucTteMy. OHa XapakTtepusyercs,
MPEX/e BCEro, HATMYMEM KOHKPETHBIX YYacTHH-
KOB JIOTHCTHYECKOH LENH, COYETaHHE KOTOPBIX
XapaKkTepHO TOJIBKO JUIS ATOTO MPENpHsTHs, KO-
TOpBIE B3aMMOJICHCTBYIOT TOCPEACTBOM MaTepu-
JIBbHBIX, (PUHAHCOBBIX U MH(POPMALMOHHBIX MOTO-
KOB. Kaxkiplii M3 y4yacTHUKOB MMeeT CBOU (yHK-
UM, OT CBOEBPEMEHHOTO W Ka4eCTBEHHOTO BbI-
MOJTHEHUSI ~ KOTOPBIX  3aBUCHUT pabora  Bceil
cucrteMbl. OCHOBHas pojib BO BCEM IIpolecce, KO-
HEYHO, TPUHAUICKUT UMEHHO TPaHCIIOPTHOM JIO-
ructuke. Ha mpoTskeHHn Bcero MpOW3BOJICTBEH-
HOTO LHMKJa, HaYMHasl OT 3aKyNOK M 3aKaHYUBas
COBITOM TOTOBO¥M MPOAYKIIMH, aOCOTIOTHO KK IBIi
9Tall TaK WIH WHAYE COMPOBOXKIACTCS MPUMEHEHU-
€M TPaHCIIOPTHOH JIOTUCTUKU. B mpoTuBHOM city-
yae He MOXKET UATH pedr 00 3PPeKTUBHOM (PyHK-
UOHUPOBAHUY TIPEIPUSTHS.

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/164942

56

© O. A. Xonmockuna, B. JI. Anacosuuy, A. . XunskeBud, 2019


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec TpancnopTty. BicHuk J[HinponerpoBchkoro
HaI[iOHAIBHOTO YHIBEPCUTETY 3aJli3HUYHOTO TpaHcmopty, 2019, Ne 2 (80)

EKOHOMIKA TA VIIPABJIIHHA

CIIMCOK UCIIOJIbB30BAHHBIX NCTOYHUKOB

1.  AmwmuoBa, M. T. IloHsATHE U CTPYKTypa yIpaBIeHHs TpaHCHOpTHOU ioructukoi / M. T. AmuHoBa // Amnest
Hayku. — 2018. —T. 2, Ne 7 (23). — C. 478-483.

2. AcaeBa, T. A. [ToctpoeHue cucTEMBI TPAHCIIOPTHO-JIOTUCTUYECKOTO 00CTY)KMBaHUsI HA OCHOBE TEOPHH Macco-
Boro oociyxuBanusi / T. A. AcaeBa, A. U. Urnatees, 1. I1. ConosseBa // CoBpeMeHHbIE TEHACHIIMU B QyH/Ia-
MEHTAJIbHBIX W TPHUKIAJHBIX HCCIEAOBaHUAX :@ €O. Tp. BTOpoi MexnayHap. Hayd.-npakT. kKoH}. (Ps3anb,
30 amp. 2015 r.). — Psazanb, 2015. — C. 64-68.

3. Taprynr, A. 1. Jlorucruka kak ocHOBa 3()()eKTMBHOTO yNPaBICHUSI TPAHCIIOPTHBIMU MOTOKAMH TIPOMBIIILICH-
Horo npexnpustus / A. W. Taprysr, U. I1. ConoBeeBa, A. U. UraarseB // HoBeie TexHONIOTHH B y4eOHOM IIpO-
mecce W Mpom3BOACTBe : Marepuansl XIV MexBy3. Hayd.-TeXH. KOH(®., MOcB. 60-IeTHIO WH-Ta / TIOA pex.
A. A. Ilnatonosa, A. A. bakymuaoii. — Ps3ans, 2016. — C. 387-390.

4. JHemwuna, E. A. CoBpeMeHHas IpakTHKa yIpaBJeHUs 3aKyno4dHoii moructukoit / E. A. lemuna // Cuneprus
Hayk. —2017. - T. 1, Ne 17. — C. 184-190.

5. HopoxkuHa, O. K. OcoOeHHOCTH MHHOBAIMOHHOTO PA3BUTHS JIOTHUCTHYECKUX TPOIECCOB MPOMBIIIICHHOTO
npeanpusitust / O. K. Jopoxkuna, Y. H. lopoxkun, U. A. llunkesuu // MuHoBauuu. — 2016. — Ne 8. — C. 35—
40.

6.  Kupkun, A. I1. HoBble aHanuTHYECKHE METO/BI YIIPABICHHUS TPAHCIOPTHBIMU ITOTOKaMHU Ha 0a3e CHCTEMHBIX
uccnenoBanuii B joructuke / A. I1. Kupkun, B. W. Kupkuna, T. FO. Kupkuna // BicH. [Ipua3oB. aepx. TeXH.
yH-Ty. Cepis: Texniuni Hayku : 30. Hayk. nip. — Mapiynouns, 2017. — Bun. 34. — C. 209-216.

7.  OpnoBa, H. A. CoBepIieHCTBOBaHHUE JIOTUCTHYECKON CHCTEMBI IIPOU3BOACTBeHHOTO Tipeanpusatus / H. A. Op-
nosa, T. A. luanunHa // Cubupckuii xKypHan Hayku 1 TexHonoruid. — 2018. —T. 19, Ne 1. — C. 182-187.

8.  Tlapymaksn, B. D. ®opmupoBaHue JTOTHCTHYCCKON KOHIENINN (TEXHOJIOTHH) CUCTEMHOT'O VIIPABIICHUS TPO-
[IECCOM MAaTEPHAIOJBIDKCHNS Ha MeTamurypruiyeckux npeanpusatuax / B. O. Iapynaksau // CoBpemeHHbIE
mpoOJeMbl  TpaHCIOpTHOrO  KoMmruiekca Pocemm. — 2018, — T. 8, N 2. - C. 4-21.
doi: 10.18503/2222-9396-2018-8-2-4-21

9. TloxapuoBa, . M. TpancnoptHas noructuka B opranusaiuu / . M. [ToxapHosa, E. A. MiBanosa // Borpocst
OKOHOMHKHM M ynpaBieHusi : marepuaibl I Mexnynap. Hayy.-mpakt. koH®. (Pocros-Ha-/lony, 30 HOs0.
2016 r.). — PocroB-Ha-/lony, 2016. — C. 39—41.

10. Lukinskiy, V. Logistic Systems Efficiency Increase Based on the Supply Chains Integration / V. Lukinskiy,
V. Lukinskiy, T. Shulzhenko // Procedia Engineering. — 2017. — Vol. 178. — P. 117-122.
doi: 10.1016/j.proeng.2017.01.073

11. Straka, M. The position of distribution logistics in the logistic system of an enterprise / M. Straka // Acta logistica. —
2017.—Vol. 4. —Iss. 2. — P. 23-26. doi: 10.22306/al.v4i2.5

12. Tarasova, V. V. Logistic map with memory from economic model / V. V. Tarasova, V. E. Tarasov // Chaos, Soli-
tons & Fractals. —2017. — Vol. 95. — P. 84-91. doi: 10.1016/j.chaos.2016.12.012

0. A. XOJIOCKIHA'", B. I. AHACOBHWY*, A. 1. XUILKEBNY?

"Ka¢. «EkOHOMiKa TPaHCIIOPTY», BiIopychkuil AepKaBHUi yHIBEPCUTET TpaHCIopTy, By Kiposa, 34, Tomens, Pecny6iika
Binopycs, 246653, ten. +37 (529) 730 35 91, exn. momra for_diplomnic@mail.ru, ORCID 0000-0003-2254-9638

2Kad. «EkoHOMIKa TpaHCIIOPTY», BinopychKuii aep:xaBHuii yHiBepcHTET TpaHcHopTy, By Kiposa, 34, Tomens, Pecriybiika
binopycs, 246653, ten. +37 (529) 931 88 07, en. momra 3_steamakk 3@mail.ru, ORCID 0000-0002-9902-332X

3« omenbxenmopTpancy, Byl O6’°izna, 30A, Fomens, Pecniybnika binopyck, 246000, Ten. +37 (544) 758 45 99,

en. momta hilkevich nastya@mail.ru, ORCID 0000-0002-4786-926X

POJIb TPAHCIIOPTHOI JIOI'ICTUKHU B JISIJIBHOCTI
HNPOMMUCJIOBOI'O HIAITPUEMCTBA

MeTa. TpaHcropTHa JIOTICTHKA € JUIsl IPOMHUCIIOBOTO ITiIIPUEMCTBA JIy’Ke BayKIIMBOIO cheporo AisibHOCTI. Tomy me-
TOIO CTATTi € BH3HAYEHHS POJI TPAHCHOPTHOI JIOTICTUKM HA CYy4acHOMY eTarli poOOTH IPOMMCIIOBOTO IiJIPHEMCTBA
3 BUPOOHMIITBA M’SIKMX MEOJIB, a TaKOXX PO3IJIS OCHOBHMX JIOTICTHYHHX IPUHIMMIB 1 cepu iX 3acTOCyBaHHSL.
Metoanka. Y X0/ ZOCHTHKSHHS 32CTOCOBAHO METOJIM HAyKOBOT'O TOIIYKY, CTATUCTHYHOTO aHaJli3y, CHHTE3Y, CIIeMEHTH
Teopii MOZIENIIOBAHHS CUCTEM Il BUBYEHHS POJIi TPAHCIIOPTHOI JIOTICTUKK B poOoTi migmpuemcrsa. PesyabraTn. Sk
Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/164942 © O. A. Xonockuna, B. JI. Anacosuu, A. 1. Xunskesud, 2019

57


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.proeng.2017.01.073
https://doi.org/10.22306/al.v4i2.5
https://doi.org/10.1016/j.chaos.2016.12.012
https://orcid.org/0000-0003-2254-9638
https://orcid.org/0000-0003-2254-9638

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec TpancnopTty. BicHuk J[HinponerpoBchkoro
HaI[iOHAIBHOTO YHIBEPCUTETY 3aJli3HUYHOTO TpaHcmopty, 2019, Ne 2 (80)

EKOHOMIKA TA VIIPABJIIHHA

00’€KT PO3IIBIAY BHOPAHO MIPOMHCIIOBE ITiAIPHEMCTBO, OCHOBHMM BHIIOM JiSUTBHOCTI SIKOTO € BHITYCK M’SIKMX MEOJIB.
Po3pobieHo # mpoaHali3oBaHO CTPYKTYPY JIOTICTHYHOI CHCTEMH MiATIPUEMCTBA, OIIHEHO BIUIMB TPAHCIIOPTHOI JIOTICTHKA
Ha (YHKIIOHYBaHH JIOTiCTUYHOTO JIAHITIOTA. 3aIIPOIIOHOBAHO BapiaHT BUKOPHCTAHHS IHHOBAMLiiHOI cucTeMH 30yTy, IO
6a3yeThCst Ha e()eKTUBHOMY BUKOPUCTaHHI TPAHCIIOPTHOI JIOTICTUKH. BU3HAUCHO PO, MicIie  aKTyaIbHICTh TPaHCHOp-
THOI JIOTICTHKH K MiICHCTEMH JIOTICTHYHOTO JIAHIIOTa [IHOTO MPOMHCIIOBOTO TinpreMcTBa. HasBHI ipobiaeMu B TpaHC-
TIOPTHIH JIOTICTUI TiANPHEMCTB 1€l cepu B KpaiHi MOTpeOyIOTh BUPIIICHHS Y 3B 53Ky 3 MOCTiIHOIO HEOOXiTHICTIO Ka-
HaJIiB MOCTa4aHHS CHPOBHHH Ta HamiB(haOpHKaTiB, a TAKOX PO3MOILTY BHpOOJICHOT NpoayKiii. HaiOimpi BaykIMBIM
MUTAHHSAM TIPH [bOMY € NPUHHSTTS PIMIEHHS NP0 BU3HAUCHHS LUBIXY PyXy TOBapy (BHpOOJEHHMX M’SKHX MEOJIB).
Lle wnaifroctpima mnpobiema, 3 SKOK JOBOJUTHCS CTUKATHCS IIiJ Yac JIOCTABKM NPOAYKIii Ha PUHOK 30yTy.
HaykoBa HoBu3Ha. Ha MeToanuHOMY piBHI c(hOpMyTIbOBaHa pOJIb TPAHCIIOPTHOI JIOTICTHKU Y CTBOPEHHI Ta (DYHKIIIOHY-
BaHHI MaKpOJIOTICTHYHOI CHCTEMH i IIPUEMCTB TaKOTO THITY. PO3p0o0IIeHO MTiCHUI MiIXiA IO YIIPaBIiHHS B3a€MOBITHO-
CHHAMH 3 TIOCTa4YaIbHIKaM, III0 JO3BOJISE 3B’ S3aTH CTPATETiI0 IOCTadaHHs 3 ii peaizalli€ro Ta miACHIIIOE yIacTh IocTa-
YaNbHUKIB Y po0oTi minpueMcta. IlpakTuyna 3HaunMicTh. JloKiaHe BUBYCHHS i aHANI3 MOMKIMBHX MULIXIB BIOCKO-
HaJICHHS TPAHCIIOPTHO-JIOTICTUYHOI MisUTEHOCTI BiKPUBAE VTS ITiANPHEMCTBA IIUIIXA MiIBHUIICHHS 3aralbHOI e(heKTHBHO-
CTi HOro BHPOOHMYO-TOCTIONAPCHKOI MISUTBHOCTi, 00 TPAKTUYHO TOJIOBUHA BCIX BUTPAT Ha JIOTICTHUKY IpUIAfac Ha
TPaHCIOPTHI BUTpATH. | camMe npaBiIbHE BUKOPUCTAHHS TPAHCIIOPTHOI JIOTICTHKH JI03BOJISIE MIAIPUEMCTBY PaLliOHAIBHO
PO3MOPSKATHCS HASBHUMHU Y HHOTO PECYPCaMH.
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THE ROLE OF TRANSPORT LOGISTICS IN THE ACTIVITIES OF
INDUSTRIAL ENTERPRISES

Purpose. Transport logistics is a very important area of activity for an industrial enterprise. Therefore, the pur-
pose of the article is to determine the role of transport logistics at the current stage of operation of an industrial en-
terprise for the production of upholstered furniture, as well as to consider the basic logistics principles and their
scope. Methodology. In the course of the study, the methods of scientific search, statistical analysis, synthesis, ele-
ments of the theory of system modeling were used to study the role of transport logistics in the operation of the en-
terprise. Findings. As an object of consideration the authors selected an industrial enterprise, whose main activity is
the production of upholstered furniture. The structure of the enterprise’s logistics system was developed and ana-
lyzed; the impact of transport logistics on the operation of the logistics chain was assessed. The option of using an
innovative sales system based on the efficient use of transport logistics is proposed. The role, place and relevance of
transport logistics as a subsystem of the logistics chain of this industrial enterprise were determined. The existing
problems in the transport logistics of enterprises in this sector in the country require solutions due to the constant
need to supply the channels with raw materials and semi-finished products, as well as distribution of manufactured
products. The most important issue is the decision to determine the way of goods movement (produced upholstered
furniture). This is the most acute problem faced in the delivery of products to the market. Originality. At the me-
thodological level the role of transport logistics in the creation and functioning of the macrologistical system of en-
terprises of this type is formulated. The holistic approach to supplier relationship control, which allows you to link
the supply strategy with its implementation, and enhances the participation of suppliers in the enterprise operation
was developed. Practical value. The detailed study and analysis of possible ways to improve the transport and lo-
gistics activity opens up ways for the company to increase the overall efficiency of its production and business activ-
ities, since almost half of all costs incurred in logistics are transportation costs. And it is the proper use of transport
logistics that allows for an enterprise to rationally manage its resources.

Keywords: sales; supply; logistics principles; suppliers; logistic sales modelling
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FIELD TESTS OF GLUED INSULATED RAIL JOINTS WITH USAGE OF
SPECIAL PLASTIC AND STEEL FISHPLATES

Purpose. The aim was to compare behavior of polymer-composite fishplated and control steel fishplated (type
GTI and MTH-P) glued insulated rail joints in railway track. Methodology. After laboratory tests (shear tests of
glue materials, 3-point-bending tests, axial pull tests), as well as field inspections, trial polymer-composite and con-
trol (steel) fishplated glued insulated rail joints were built into railway tracks with (almost) the same border condi-
tions (rail profiles, cross section parameters, track condition, etc.). The authors summarize in this paper the results of
field tests related to polymer-composite, as well as control (steel) fishplated glued insulated rail joints between 2015
and 2018 considering measured data of track geometry recording car and straightness tests. Findings. The investiga-
tion and diagnostics of experimental (fiber-glass reinforced fishplate) and control (steel fishplate) rail joints
(straightness tests, track geometry recording car measurements) are in progress. Originality. The goal of the re-
search is to investigate the application of this new type of glued insulated rail joint where the fishplates are manufac-
tured at high pressure, regulated temperature, glass-fiber reinforced polymer composite plastic material. The usage
of this kind of glued insulated rail joints is able to eliminate the electric fishplate circuit and early fatigue deflection
and it can ensure the isolation of rails’ ends from each other by aspect of electric conductivity. Practical value. The
polymer-composite fishplated glued-insulated rail joints and control steel fishplated rail joints were built into the
No. 1 main railway line (Kelenfold-Hegyeshalom) in Hungary at three different railway stations. The accurate time
could not be determined when the polymer-composite fishplated glued-insulated rail joints reach the end of their
lifetime as the result of previous research. In this article the investigation of deterioration process of glued-insulated
rail joints is demonstrated.

Keywords: polymer-composite; fishplate; rail joint; railway; field test

is the false railway control signal due to rail end
failures that results railway capacity restriction.

In this paper the authors summarize the railway — Other problems are for example: glue material,
measurement results related to APATECH (Rus-  endposts, rail ends, rail profile inner corner wear

sian branded) glued insulated rail joints with spe-  and plastic deformation.

cial ~fibre-glass reinforced plastic ~(polymer- In the international literature the researchers
composite) fishplates. have been dealt with the following subtopics (the

According to railway maintenance experiences  order does not mean the relevancy and the list was
of Hungarian Railways (MAV) and Raaberbahn, not made with the demand of fullness). In the fol-
Gy6r-Sopron-Ebenfurth Railway (GYSEV in Hun-  [owing (in the literature review) the authors write
garian abbreviation, or ROeEE in German abbrevi-  only ‘rail joints’, but, of course, e.g. mechanical
ation), glued insulated steel fishplated joints need  rail joints mainly differ from ‘insulated rail joints’,
a lot of maintenance source due to rail defor- a5 well as from ‘glued insulated rail joints’:
mations (especially settlements). The next problem

Purpose
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— standards and prescriptions related to design,
dimensioning and structural configuration [15, 27]

— determination of general failures and failure
patterns of rail joints and identification of the rea-
son of breakdown [9, 10, 21, 24, 25, 26, 30, 37, 39,
40, 41, 46, 50, 54, 60, 66, 70],

— improvement (reinforcement) and develop-
ment of rail joints (mechanical joints, insulated
joints, as well as glued insulated joints) and ele-
ments of these rail joints [2, 12, 19, 21, 22, 23, 26,
28, 30, 32, 37, 40, 46, 53, 54, 58, 60, 70],

— analysis of the effect of different materials of
rail endpost on carrying capacity (strength) and
stiffness of rail joints [2, 16, 21, 22, 23, 26, 60],

— investigation of rail joints’ in mechanical and
electrical aspects [2, 8, 9, 10, 11, 12, 13, 14, 16,
19, 21, 22, 23, 24, 25, 26, 28, 29, 30, 32, 33, 34,
37, 38, 39, 46, 50, 52, 53, 54, 55, 56, 57, 58, 60,
66, 69, 70],

— examination of deformation (mainly deflec-
tion) behavior of rail joints, as well as the stress
distribution in the rail head and fishplates; exami-
nation of wheel-rail contact in the aspect of stress
and/or strain distribution, as well as wear behavior
[2, 8,9, 10, 12, 13, 16, 18, 19, 23, 25, 28, 30, 33,
34, 37, 38, 46, 50, 53, 54, 55, 56, 57, 58, 60, 69,
70],

— investigation of the effect of the arc shape at
railhead edges on the stress distribution in the rail
head [12, 57],

— analysis of sleeper settlement and stress dis-
tribution on the contact surface between sleepers
and ballast bed, considering the usage of geosyn-
thetic reinforcement solutions or without them [1,
9,10, 19, 34, 36, 39, 46, 54, 58, 64],

— investigation of support properties of rail
joints and rail tracks as well as ballast deformation
[1, 35, 36, 37, 46, 60, 64],

— investigation of glue material quality ade-
quacy related to glued insulated rail joints [52, 53,
66, 671,

— analysis of the quantity of glue material be-
tween fishplates and rail web due to assembly pro-
cess, as well as the effect of the glue surface pat-
terns on carrying capacity (strength) of rail joints
[52, 53, 66, 67],

— investigation of epoxy de-bonding phenome-
na [52, 53, 66],

— examination of the effect of the angle be-
tween the rail longitudinal axis and rail joint cut

(endpost) (i.e. square and inclined rail joints) on
the mechanical behavior of the rail joint [8, 11, 12,
13, 18, 37, 38, 58, 68],

— analysis of the effect of the size of the end-
post [19, 21, 22, 23, 26, 57, 58],

— investigation of lipping (and/or ratchetting)
at the contact lines between rail ends and endpost
elements [25, 26, 28],

— analysis of electric arc burning at insulated
rail joints in high-speed railway stations [17],

— investigation of dynamic effect in railway
tracks due to railway vehicles with or without un-
der sleeper pads [35],

— investigation of speed-dependency of stresses
arising in rail joints’ elements [39],

— analysis of detecting method of missing
and/or loose screws in the rail joints [41],

— development of special measurement tech-
niques for determination of faults (electrical and/or
mechanical) in rail joints [2, 7, 13, 26, 41, 49, 55,
56, 59, 66],

— development of defect-based condition as-
sessment methods [20],

— investigation of dynamic effects due to rail
joints on railway vehicles and railway track ele-
ments [9, 10, 11, 24, 32, 33, 34, 41, 50, 51, 55, 60,
61, 62, 65, 69, 70],

— considering dynamic effects of railway vehi-
cles on railway tracks as well as measurement of
equivalent conicity [3, 4, 6],

— investigation of calculation and evaluation
techniques of railway track geometry measurement
data made by track geometry recording cars in the
aspect of real chord values [5].

Foreign research teams worked the methodolo-
gies below:

— numerical analysis with finite element meth-
od (FEM), static and dynamic approaches [10, 12,
13, 16, 25, 30, 37, 38, 46, 50, 53, 54, 60, 69, 70],

— laboratory tests [2, 13, 21, 22, 23, 25, 26, 28,
40, 52, 54, 55, 56, 66, 67],

— field (in-situ) tests [2, 9, 10, 11, 18, 24, 32,
34, 35, 39, 41, 52, 53, 54, 55, 58, 59, 61],

— image analysis supplemented with Wavelet
calculation method,

— calculations based on mathematical and
physical theories, i.e. MATLAB [17],

— mathematical calculation of deterioration and
maintenance theories [42, 43, 44, 45, 51],

— 10T (internet of things) techniques,
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— electrical measurement methods [14, 29],

— signal processing for non-destructive testing
of railway tracks [59],

— mathematical (statistical) regression analysis
and artificial intelligence, as well as artificial neu-
ral networks [42, 43, 44, 45].

There are some interesting results from the in-
ternational literature review:

— significant part of the rail joints’ failure is re-
lated to reduced moment of inertia of the fishplate
pair (compared to parent rail section) [54], as well
as increased stress values in the rail head that can
lead to plastic deformation, lipping in the rail steel
material [25, 26, 28],

— the maintenance cost of rail joints is enor-
mous, it is very significant aspect because the
avoiding of insulated rail joints from the CWR
tracks is very complicated [54],

— it is very important to choose adequate glue
material for glued insulated rail joints [2, 16, 21,
22, 23, 26, 60], respectively the endposts’ material
and thickness [19, 21, 22, 23, 26, 57, 58],

— modified railhead geometry (longitudinal
section, i.e. arch shape) is able to ensure reduced
stresses and higher life-time for rail joints [12, 57],

— lipping phenomena in the rail head near the
endpost can be hindered by higher rail steel grade
or modified-treated steel materials in the rail head
[26, 28, 40],

— external reinforcement methods are able to
ensure higher bending stiffness for fishplated rail
joints [54],

— the usage of inclined (30° and 45°) rail joints
helps with reducing vertical displacement, noise
and vibration compared to square ones [11, 12,
18],

— it has to be mentioned that the railway opera-
tion practice verified that inclined rail joints are not
adequate (i.e. they are not better than square ones)
[68],

— importance of glue patterns (as well as the
quantity of glue material between fishplates and
rail web) [52, 53, 66, 67],

— the support geometry influences the arising
stress-strain state in the rail joint elements [35, 37,
46, 601,

— a lot of methods were developed that are ad-
equate for detection faults and stress-strain state in
the rail joints (i.e. for example: ultrasonic test,
acousto-elastic method, neutron diffraction meth-

od, X-ray measurements, usage of optical fibre
Bragg grating sensors) [2, 7, 13, 26, 41, 49, 55, 56,
59, 66],

— additional dynamic effect due to rail joints
can lead to faster deterioration process [9, 10, 11,
24,32, 33,34, 41, 50, 51, 55, 58, 60, 61, 69, 70],

— the geometrical deterioration process of rail-
way track as well as rail joints can be determined
by up-to-date methods, e.g. analysis of measured
data of railway track geometry recording cars us-
ing with artificial intelligence, artificial neural
networks, etc. [42, 43, 44, 45],

— unequal elasticity of the subrail base as well
as quasi-static calculation method can be consid-
ered during railway superstructure calculations [1,
36],

— dynamic effects of railway vehicles on rail-
way tracks can be measured by railway track ge-
ometry recording car (e.g. type Plasser&Theurer
EM 250, etc.), values of velocity, accelerations in
different directions are able to be measured, de-
rivatives of measures values can be calculated, in
this way the occurent geometrical problems of rail
joints are able to be determined and localized [3, 4,
6, 62, 65].

The authors investigated and made diagnostics
of experimental fibre-glass reinforced fishplated
and designated for inspection control steel fishplat-
ed rail joints. The process of the railway investiga-
tion was the following:

— the locations designations where the poly-
mer-composite fishplated glued insulated joints
and the assigned steel fishplated insulated railway
joints were built in railway track,

— analyzing of the track geometry recording car
measurements (only evaluation of longitudinal set-
tlement data),

— to performing the straightness tests, which
were measured in the guiding edge and the running
surface of railhead.

The aim is to compare behavior of polymer-
composite fishplated and control steel fishplated
(type GTI and MTH-P) glued insulated rail joints
in railway track and determining the time course of
the deterioration process. The authors’ future task
is to investigate and make diagnostics of experi-
mental (fibre-glass reinforced fishplate) and con-
trol (steel fishplate) rail joints from straightness
tests and track geometry recording car measure-
ments and determine the state change of the joints.
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Methodology

The prior field survey, the polymer-composite
fishplated glued insulated rail joints for field tests
were manufactured by ‘A’ type glue material (after
laboratory shear tests of glue materials, 3-point-
bending tests, axial pull tests). The polymer-
composite joints and the assigned control joints
(for comparison) were built-in the track in three
different places, with three different rail profiles, in
three different speeds [15, 27]. The three different
places and those specifications where the polymer-
composite fishplated glued insulated rail joints and
the control steel fishplated glued insulated rail
joints were built into the railway track are the fol-
lowings.

Biatorbagy railway station:

— Polymer-composite fishplated experimental
insulated rail joint: 60 rail system, left transitive
main track in 296+42 section, V=140 km/h. Instal-
lation date: 13-09-2016.

— Control GTI steel fishplated insulated rail
joint: 60 rail system, left transitive main track in
295436 section (between the No. 4 and No. 8 turn-
outs), V=140 km/h. Installation date: 22-06-2016

Tatabanya railway station:

— Polymer-composite fishplated experimental
glued insulated rail joint: 54 rail system, right tran-
sitive main track in 711+68 section, V=120 km/h.
Installation date: 30-08-2016

— Control MTH-P steel fishplated insulated rail
joint: 54 rail system, right transitive main track in
702+80 section, V=120 km/h. Installation date:
06-05-2016.

Lébény-Mosonszentmiklos railway station:

— Polymer-composite fishplated experimental
insulated rail joint: 60 rail system, right transitive
main track between the No. 2 and No. 8 turnouts in
1598+55.80 section, V=160 km/h. Glued ballast
bed, installation date: 26. 09 2016.

— Control MTH-P steel fishplated glued insu-
lated rail joint: 60 rail system, left transitive main
track between the No. 6 and No. 12 turnouts in
1598+97 section, V=160 km/h. Glued ballast bed,
installation date: 27-9-2016.

Track geometry measurements (evaluation of
longitudinal settlement data):

— The railway track geometry data — which is
measured by FMK-004 and FMK-007 geometry
recording car — and the rolling stock data were giv-
en by MAV Central Rail And Track Inspection
Ltd. and MAV Ltd. for the time period between
years 2015-2018. All three locations are on the
Kelenfold-Hegyeshalom railway line, which is part
of the trans-European rail freight network. That is
why the FMK-007 geometry recording car does
measurements on this railway line with undistorted
measurement result in D1 wavelength range. Dur-
ing the procedure the original chord measurements
are calculated by the system, it does not include
any characteristic features (distortion) of any wrap
arrangement, it filters out the wavelength of less
than 3 meter or more than 25 meter wavelengths.
In order to evaluate the change of the condition of
the track, the data of the longitudinal settlement
were mainly taken into account for the evaluation
of the track geometric data (glued-insulated rail
joints were in a straight track, so the «direction»
parameter can be neglected, and the twist parame-
ter could have been examined for too short base
lengths, so it is neglected, too.

In all sites where the polymer-composite fish-
plated and control steel fishplated rail joints were
built into the track, the data per 25 centimeter have
been filtered from the middle of the joints to 100-
100 meters in both directions. After the measured
values were represented along the sections for both
rails in 200 meter length (between years 2015-
2018) and shifting the measurement data line along
the longitudinal section, which shown in Figure 1.

EEEFEFEFLFEEEEEET

Control stecl fishplated glued
insulated rail joints (295+36)

294+89

Polymc-composit fishplated glued
insulated rail joints (296+42)

296+8

Fig. 1. The original and corrected settlement data at Biatorbagy railway station
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The measurement data of 2017 December was
selected for the reference point (each dataset was
corrected according to the selected base measure-
ment). It was necessary to offset the data along the
length profile because the satellite positioning is
not always turned on in the geometry recording car
or the accuracy is not adequate, so the sections
may slip (shown in Fig. 1 below picture). Then the
shifted measurement data lines along the longitu-
dinal section were narrowed down (decreased) to
30 meter length. In this way only the analysis of
the surroundings of the joints is important, and the
evaluation with a rating of 200 meters does not
give a true picture of the change of state of the des-
ignated control rail joints and the polymer-
composite fishplated rail joints. The percentage
distribution of the number of errors were examined

in 30 meter long section for both of rails, separate-
ly, and the absolute value of average of the param-
eters regarding to both rails. The resulting values
have been collected in at 15%, 50% and 85% by
measurement intervals (i1sw, 1s0%, 185% Vaszary sta-
tus characteristic number with the following rela-
tion), and using the below formula a condition
character can be determined [47, 48]:

_ 2 2 2
I = if5e, + 1500, + 850

These «I» condition characteristic numbers
were represented in a graph (Fig 2.) which are
shown the current condition parameters of poly-
mer-composite fishplated glued insulated and con-
trol steel fishplated glued insulated rail joints.
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Fig. 2. The «I» condition characteristic numbers of polymer-composite fishplated glued
insulated joint on left rail at Biatorbagy

Straightness tests

The straightness tests were made by MAV-
THERMIT Ltd. During the straightness measure-
ment the device is placed on the rail head, and it
measured the roughness of the guiding edge and
the running surface of railhead on 1.0-meter base
length.

After measurement the results were calculated
with the «Min-Max Absolute» value (this is the
highest difference between the minimum and max-
imum values), the «Average» values and the «De-
viationy» values of the guiding edge and the running

surface of railhead, after it the change of data has
been observed. Then the measurement results have
been investigated related to the area below the
curves (integer), and the areas have been compared
and depicted in graph depending on the rolling
gross tons.

Findings

The authors conceive statements about the con-
dition changes of the surroundings of the measured
railway joints.

During the evaluation of longitudinal settle-
ment values the data per 25 centimeter have been

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/165874

64

© A. Nemeth, S. Fischer, 2019


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.15802/stp2019/158471

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka ta nporpec TpancnopTy. Bicaux [{HIIponeTpoBCLKOro

HaLiOHATBHOTO YHIBEPCHTETY 3ali3HHYHOro TpaHcnopty, 2019, Ne 2 (80)

3AJIIBHUYHA KOJIISI TA ABTOMOBUIBHI JOPOI'

filtered and were shifted along the longitudinal
section to 30 meter basis length. The percentage
distribution of the number of errors were examined
in 30 meter long section for both of rails, separate-
ly, and the absolute value of average of the param-
eters regarding to both rails, and the calculated
condition characteristic numbers were represented
in a graph. The results obtained are as follows.

At Biatorbagy railway station: in both cases the
values of condition parameters of fishplated rail
joints were slightly increased since they were built
into track, but this is not significant. This state
change of polymer-composite fishplated joint is
shown in Fig. 3.

90.0
ol [ ]
g 800 g
E 700
2 60.0
g R y=0.018x + 16.834
5 00 A R? = 0.9655
£ 400 y =-0.0626x + 80.28 e P
I R2=0.6753 e |
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0.0

0 200 400 600 800 1 000 1200 1400
Time after the first measurement [Day]
® Settlement average (ABS) ® Settlement average (ABS) — Insatllation date of P-C joint

Fig. 3. Are under the curve on 30 meter (at Biatorbagy, Polymer-composite fishplated experimental
insulated rail joint on left transitive main track).

At Tatabanya railway station: after the change,
the condition of polymer-composite fishplated rail
joint and the control fishplated rail joint were
slightly deteriorated, the values of condition pa-
rameters «move» in parallel in both cases, but

there were tamping work with Mechanised
Maintenance Train (MMT) in the track. The time
interval is too short before the MMT, and therefore
the deterioration of the track was not able to be de-
termined precisely.
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Fig. 4. Area-based evaluation at Control MTH-P steel fishplated insulated rail joint: 60 rail system,
left transitive main track (Lébény-Mosonszentmiklos)
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At Lébény-Mosonszentmiklos railway station:
there was not significant change in this track, the
track geometry values of the track are close to in-
variable, and the tangent of the trend line slightly
increases. It should not be forgotten that these
evaluations do not give an accurate assessment
about the condition of the track because the ballast
bed was glued (ballast bonding process holds bal-
last substrate together in many areas wherever this
is required), so there can be much smaller vertical
movements in these trial railway tracks.

For evaluation of railhead straightness tests the
measurement results have been investigated related
to the area below the curves (integer), and the areas
have been compared and depicted in graph depend-
ing on the rolling gross tons in case of the rough-
ness of the guiding edge and the running surface of
railhead. The evaluation of results was rated ac-
cording to the current condition of the investigated
sites.

At Biatorbagy railway station: the area under
the curve (integer) is increased as a function of
through-rolled gross tons in case of polymer-
composite fishplated joints in both rails, in case of
control fisplated rail joints there are not any signif-

icant changes. The tangent of the graph depicted in
case of polymer-composite fishplated rail joints
was increased, in case of the control fisplated rail
joints is constant.

At Tatabanya railway station: the area under
the curve (integer) is slightly increased as a func-
tion of through-rolled gross tons, resulting in high-
er deflection values, but in the case of control rail
joints, the tangent of the graph depicted is not sig-
nificant while very small deterioration is apprecia-
ble in case of the current condition of polymer-
composite fishplated glued insulated rail joints in
both rails. Fig. 5. shows the condition parameters
of polymer-composite and control steel fishplated
joints at Tatabanya. (It has to be mentioned that the
control rail joints at 702+80 section were replaced
to new ones at 07-07-2018 because of the run-
down state, which can be seen in Fig. 5 with signif-
icant low (i.e. approx. excellent) values related to
900 days.)

At Lébény-Mosonszentmiklos railway station:
the area under the curve (integer) is does not
change, the tangent of the graph depicted is nearly
constant.
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Fig. 5. Change of condition of PC and Control joints on running surface at Tatabanya

Originality and practical value

The role of the rail connections (rail joints) is to
ensure the continuity of rails without vertical and
horizontal ‘step’, as well as directional break [63].
Rail connections are the weak points of the track,
because their fish-plates can compensate only the
60% of the moment of inertia of the rail. Wheel,

during through-rolling (passing) the gap between
the rail ends, hits the following (forthcoming) rail
end, which is disadvantageous for the whole rail-
way super- and substructure as well as the railway
vehicle, too. Dynamic effects are much higher in
case of vertical and horizontal step connections
than in case of 0 ‘controlled’ one [27].
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Requirements to rail connections are the fol-
lowings [31]:

— to bear vertical and horizontal dynamic load-
ings at the discontinuity of rail, and avoid or limit
(maximize) the vertical and horizontal step be-
tween rail ends;

— to ensure longitudinal motion of rail ends due
to dilatation force without structural damages;

— it should consist of few particles, and its as-
sembly and its components’ (parts’) exchange
should be quick and easy;

— to fit to traffic control system, and fit the
railway safety rules.

Insulated joints are special types of fishplate
joints, where the rail ends are insulated from each
other, in this way metallic connection can arise
neither at the rail ends, nor via fishplates. It can be
applied in suspended and supported joints depend-
ing on their type in case of value of sleeper space
and wheel load prescribed by manufacturer. High
tensile strength bolts with great forces are used to
press fishplates and rail together. In this way high
friction force can be achieved, it causes that the
high tensile forces cannot open the rail connection.
Plastic profile lining (plate) is built between rail
ends. Insulated joints can be produced in plant as
prefabricated elements with given length rails, as
well as on the field, where they are assembled.

Conclusions

All of the experimental polymer-composite
bonded-insulated rail joints in more than 2 years
after their installation (the 4-5 mm gap opening in
the winter of 2016/2017 at the Lébény-
Mosonszentmiklds bindings and the related pre-
cautions, as well as the increased track supervision
and speed limitation, they were canceled in Febru-
ary 2017) they were carrying the rolled 20-25 mil-
lion gross tons without any problems, and it is still
possible to keep in track of these stages/sections.

Except for the special case of glued ballast site
at Lébény-Mosonszentmikldos railway station,
where the level of the tracks is almost «set» for
both the experimental and the control rail align-
ment, the deterioration trends in the other two loca-

tions in some of cases differed significantly the
glued-insulated joints from the steel fishplated
glued insulated rail joints. Cannot be released rela-
tionship or mathematically correlation about the
status parameter between the elapsed time from the
built-in date and the through-rolled gross tons. In
addition to deterioration trends, the measurement
data series also showed improvement trends. Dur-
ing the evaluation of the straightness data, it was
concluded that the area of the glued-insulated
joints in measuring the tread and the surface of the
guide surface, the area below the rail ends £0.5 m
(interpreted lengthwise) varies linearly as a func-
tion of the rolled gross tons. The authors tried to
find correlation between the measurement of the
straightness data on the running surface and the da-
ta of the measuring geometry recording car at
25 cm per settlement data witch evaluating on area
precept. Unfortunately, there was no correlation
between the two evaluation methods witch is re-
sulting from the short length of the joints.

The statement which based on the results of the
authors’s track geometry analysis between 2015-
2018, the authors found that — although there were
no structural and geometric problems, signal and
interlocking interruptions during the three-year ob-
servation period, or any other situation with glued-
insulated rail joints — the glued insulated rail joints
with Apatech branded, nevertheless, the polymer-
composite fishplates — on the basis of the laborato-
ry tests and railway track measurements — are not
a general solution for replacing the steel fishplated
glued insulated rail joints in the CWR railway
tracks.

The authors think that not only static but dy-
namic railway track measurements of glued insu-
lated rail joints as well as their assessment can be
a very interested research direction in the future.
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MOJILOBI BUITPOBYBAHHS KJIEMOBHUX 130JIbOBAHUX
PEMKOBUX CTHUKIB 3 BAKOPUCTAHHAM CKIONVIACTUKOBHUX
I CTAJIEBUX PEUKOBHUX HAKJIAJIOK

Meta. OCHOBHOIO METOIO CTATTi € MOPIBHIHHS MOBEIIHKHM KJICHOBUX i30JIbOBAaHUX PEHKOBUX CTHKIB 3 MOJIIMEp-
HO-KOMIO3UIIIHHUMHU ¥ KOHTPOJBHUMH CTaJeBUMH peHkoBuMH Hakinagkamu (tuny GTI 1 MTH-P).
Metoauka. [Ticns npoBeneHHs 1adopaTopHUX BUIIPOOYBaHb (Ha 3pyLICHHS KIEHOBHX MaTepiajiB, HA TPUTOYKOBUIMA
3THH, Ha OCHOBHH PO3TAr), a TaKOX IOJILOBUX IEPEBIPOK KIIEHOBI i30JbOBaHI PEHKOBI CTUKH 3 TECTOBAHUMHU
MOJIIMEPHO-KOMITO3UIIIHHAMH W KOHTPOJIBHHMHU CTaJICBUMH HaKJIaJAKaM{d Oyin BOyHOBaHI B 3aJi3HHYHI KOl
3 (Maike) OJHAKOBHMH TPAaHUYHHMH YMOBaMH (peiKoBi mpodili, mapaMeTpH IMONEPEUHOTO Tepepizy, cTaH KOJil
it T. 1.). [lizcymMoBaHO pe3yNbTaTH MOJFOBUX BHIIPOOYBaHb KICHOBUX 130JbOBAHIX PEHKOBUX CTHKIB 3 MOJIMEPHO-
KOMIIO3UIIITHAMH, a TaK0K KOHTPOIFHIMH CTAJICBUMH HakJaakaMu 3a nepion 3 2015 mo 2018 poky 3 ypaxyBaHHIM
BAMIPSHUX JaHUX KOJNi€BUMIipIOBada TreoMeTpii KoJii Ta BUMPoOyBaHb Ha MPSAMONiHiHiHICTE. Pe3yabTaTu. [IpoBene-
HO JTOCHIJDKCHHS H TIarHOCTHKY C€KCIEPUMEHTANBHIUX (13 HAKIaIKaMH 31 CKIIOINIACTUKY) W KOHTPOJIBbHHX (i3 HAKJIaI-
KaMH 31 cTaii) peHKOBUX CTHKIB (TECTH Ha MPSMOJIHIHHICTb, BUMIPIOBAHHS TeOMETpii Kousii 3a JOMOMOrolo
KosieBuMiptoBaua). HaykoBa HoBHM3Ha. 3acTOCyBaHHS HOBOTO THITy KJICHOBHX 130JIbOBAHUX PEWKOBHX CTHKIB 13
HaKJIQJIKaMH, BUTOTOBJICHUMH 3 IOJIMEPHO-KOMIIO3MIIIIIHOTO IUIACTHKY MiJl BUCOKHM THCKOM 13 DPEryJibOBaHOIO
TEMIIEPaTypOIO, I03BOJISIE YCYHYTH BUHUKHEHHS €IEKTPUYHOTO KOJIa Ha HAKJIAJKax 1 epelyacH!i yTOMHHIA BUTHH,
a TaK0oXX MOXE 130JII0BAaTH KiHI peiHoK i3 TOUKH 30py enekrponposigHocti. [IpakTuyna 3Hauynmicts. Kieiiosi i30-
JIbOBaHI PEHKOBI CTHKH 3 MOJIMEPHO-KOMIIO3UIIITHUMH i KOHTPOJBHUMH CTaJICBUMHU HaKJIaJKaMH Oyl BOYZOBaHi
B 3aii3HHUHy Marictpanb Ne 1 (Kenendenpa—Xen’emanom) B YTOpIIUHI Ha TPHOX PI3HUX 3aJI3HUYHUX CTAHIIISX.
Tounnii yac, KOJMM KJICHOBI i301bOBaHI PEUKOBI CTHUKH 3 MOJTIMEPHO-KOMITO3HIIHHUME HAKIAIKAMH IOCATAIOTh
KIiHII CBOTO TEPMiHY CIyOW, 3a pe3ylpTaTaMH IONEPEeNHIX JIOCTi[HKeHb BU3HAUYUTH HEMOXIUBO. Y il CTaTTi
OTIMCAHO JOCIIDKEHHS MPOLECY 3HOIICHHS KJICHOBHUX 130JIbOBAHMX PEHKOBHUX CTHKIB.

Kniouosi crosa: moniMep-KOMIIO3UT; HAKJIAAKK; PEHKOBUH CTHK; 3aJIi3HHUIIS; TIOJIbOBI BUIPOOYBaHHS
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IHOJIEBBIE UCIIBITAHUA KJIEEBBIX U30JIMPOBAHHBIX
PEJIBCOBbBIX CTBIKOB C UCITIOJIb3OBAHUEM
CTERJIOIVIACTUKOBBIX U CTAJIBHBIX PEJIBbCOBBIX HAKJIA/IOK

Heab. OCHOBHOM LIeNbI0 JaHHOM CTAaThU SIBJISIETCS CPABHEHME MOBEACHUS KIEEBbIX U30JIMPOBAaHHBIX PEIBCOBBIX
CTBIKOB C IOJIMMEPHO-KOMITO3MIIMOHHBIMA M KOHTPOJBHBIMH CTaIbHBIMH DENbCOBBIMU Hakyaakamu (tuna GTI
n MTH-P). Meroauka. [locne npoBeneHHs 1a0OpaTOPHBIX HCIIBITAaHWH (HA CABHI KJEEBBIX MaTepHalOB, Ha
TPEXTOUYEUHBIN M3rH0, HA OCEBOE PACTSDKEHHE), a TAKKe IMOJIEBBIX MPOBEPOK KIIEEBBIE M30JIMPOBAHHBIE PEIHCOBHIE
CTBIKH C TECTHPYEMBIMH MOJIMMEPHO-KOMITO3UIIMOHHBIMHA W KOHTPOJIBHBIMHU CTaJIBHBIMH HAKJIQJAKaMH OBIJIH BCTPOE-
HBI B )KEJIE3HOJOPOKHBIE MyTH C (TI0YTH) OJMHAKOBBIMH T'PAHUYHBIMH YCJIOBHSIMH (PEIBCOBBIE TIPO(HIIH, MapaMeT-
PBI TIOTIEPEYHOTO CEYCHNUSI, COCTOSHHUE ITyTH U T. A.). ABTOPBI CYMMHPOBAJIH PE3yIbTAaThl MOJEBBIX CIBITAHUN KiIee-
BBIX H30JIMPOBAHHBIX PEIBCOBBIX CTHIKOB C IOJMMEPHO-KOMIIO3UITHOHHBIMH, a TaKXKe KOHTPOJBHBIMH CTAJBHBIMHU
HakIagkamu 3a nepuox ¢ 2015 mo 2018 1. ¢ yueToM moydeHHBIX JaHHBIX ITyTeH3MEPHUTES TeOMETPHUN ITyTH U HC-
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IBITAaHUH Ha HpsMoiMHEeHHOCTh. PesysbTarsl. IlpoBeneHs! uccienoBaHUS M JUATHOCTHKA KCIEPHUMEHTAIbHBIX
(c HaKIaAKaMu U3 CTEKJIOIUIACTHKA) M KOHTPOJBHBIX (C HAKJIaJAKaMHU U3 CTallk) PEJbCOBBIX CTHIKOB (TECTHI Ha IMpPs-
MOJMHEHHOCTh, N3MEPEHNS TEOMETPUH ITyTH C TOMOIIbI0 myTensMeputers). Hayuynas HopusHa. [Ipumenenne Ho-
BOTO THINA KIIEEBBIX W3OJIMPOBAHHBIX PEIbCOBBIX CTHIKOB C HAKIAJKaMH, W3TOTOBICHHBIMH U3 TIOJIMMEPHO-
KOMITO3HIIMOHHOTO IIJTACTHKA IOl BBICOKMM MAABIEHHEM C PEryJIHUpPyeMOH TeMIepaTypoi, HO3BOJSIET yCTPaHHTh
BO3HMKHOBEHHE 3JIEKTPUYECKON LENH Ha HAKIAAKaX W MPEXICBPEMEHHBIH YCTATOCTHBIH M3rH0, a TAaKXKE MOXKET
M30JIMPOBaTh KOHIBI PEIBCOB C TOYKH 3pEHHs 3nekTpornpoBoguMoctd. IIpakTuyeckasi 3HaunMocThb. Kieessie
U30JIUPOBaHHBIE PEIbCOBBIE CTHIKM C MOJIMMEPHO-KOMIO3MIMOHHBIMU U KOHTPOJIBHBIMU CTaJIBHBIMU HaKJaJKaMU
OBbUTH BCTPOCHHI B Kele3HoopoxHyo Maructpanb Ne 1 (Kenenpensn—Xenpemanom) B Benrpun Ha Tpex pasnuy-
HBIX JKeJIe3HOJAOPOXKHBIX CTaHIMAX. TodyHOE BpeMs, KOTAa KiIeeBble U30JIUMPOBAHHBIE PEILCOBBIE CTHIKH C MOJIUMEp-
HO-KOMIO3UIIMOHHBIMH HAKJIaJKaMH JIOCTHTa0T KOHIIA CBOETO CPOKa CITY>KObI, 110 pe3yJibTaTaraM IpeIbIAyIIIX HC-
CIIeJOBaHUM, ONpeNenTh HEBO3MOXKHO. B naHHOI cTaThe OMHCaHO HCCIEAOBaHME MpolLiecca U3HOCA KIEEBbIX H30-
JIMPOBAHHBIX PEJIbCOBBIX CTHIKOB.
Kniouesvie cnosa: monmmMep-KOMITO3UT; HAKITAAKH; PEIbCOBBIN CTBIK; KEJIE3Has JOpOTa; MOJIeBbIEe HCIIBITAHUS
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INTELLIGENT ROUTING IN THE NETWORK OF INFORMATION AND
TELECOMMUNICATION SYSTEM OF RAILWAY TRANSPORT

Purpose. At the present stage, the strategy of informatization of railway transport of Ukraine envisages the tran-
sition to a three-level management structure with the creation of a single information space, therefore one of the key
tasks remains the organization of routing in the network of information and telecommunication system (ITS) of
railway transport. In this regard, the purpose of the article is to develop a method for determining the routes in the
network of information and telecommunication system of railway transport at the trunk level using neural network
technology. Methodology. In order to determine the routes in the network of the information and telecommunica-
tion system of railway transport, which at present is working based on the technologies of the Ethernet family, one
should create a neural model 21-1-45-21, to the input of which an array of delays on routers is supplied; as a result
vector — build tags of communication channels to the routes. Findings. The optimal variant is the neural network of
configuration 21-1-45-21 with a sigmoid activation function in a hidden layer and a linear activation function in the
resulting layer, which is trained according to the Levenberg-Marquardt algorithm. The most quickly the neural net-
work is being trained in the samples of different lengths, it is less susceptible to retraining, reaches the value of the
mean square error of 0.2, and in the control sample determines the optimal path with a probability of 0.9, while the
length of the training sample of 100 examples is sufficient. Originality. There were constructed the dependencies of
mean square error and training time (number of epochs) of the neural network on the number of hidden neurons ac-
cording to different learning algorithms: Levenberg-Marquardt; Bayesian Regularization; Scaled Conjugate Gradi-
ent on samples of different lengths. Practical value. The use of a multilayered neural model, to the entry of which
the delay values of routers are supplied, will make it possible to determine the corresponding routes of transmission
of control messages (minimum value graph) in the network of information and telecommunication system of railway
transport at the trunk level in the real time.

Keywords: information and telecommunication system; ITS; router delay; neural network; NN; sample; activa-
tion function; learning algorithm; epoch; error
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Introduction

Until recently, the work of the railway transport
of Ukraine was the interaction of six railways, on
each of which an appropriate information and tele-
communication system (ITS) was implemented.
The main focus of the development of ITS rail
networks is the use of Ethernet (Ethernet, Fast
Ethernet, Gigabit Ethernet) family technologies
that provide a 10/100/1000 Mbps hierarchy and the
use of the TCP/IP protocol stack [9]. The most im-
portant part of ITS of railway transport is the data
transmission network, which is a three-level hier-
archical structure and has the following levels:
trunk, road, linear. The node of the data transmis-
sion network belongs to the trunk level, if it in-
cludes, besides the connections to the nodes of the
data transmission network of a particular railway,
a connection to the nodes of the data transmission
network of other railways. Local enterprise net-
works belong to the linear level, all other nodes of
the data network — to the road level.

To build a unified data transmission network of
Ukrzaliznytsia, the network equipment of Cisco
[13], which is an integrated software and hardware
complex, was selected. One of the key tasks is the
organization of routing in the railway transport ITS
network. The current routing protocol (OSPF pro-
tocol) uses the search for the shortest path on the
graph, the real-time implementation of which
causes some difficulties, so it is advisable to find
solutions to the routing problem using the methods
of artificial intelligence [10, 13-20] and study them
[1-4, 7]. For example, for the search of the shortest
path on the route graph in the railway transport
ITS, we analyzed the possibility of using the Hop-
field network, ant colony and genetic methods [8],
for the integrated network of ITS of railway
transport, that in the prospect should work on dif-
ferent technologies, we defined the optimal route
by the means of the software model
«MLP34-2-410-34», the input of which is an array
of bandwidth network channels [17]. In addition to
the parameters studied (distance between routers,
channel bandwidth) it is appropriate to conduct
a study of other parameters, such as: service avail-
ability; line losses; router delays.

Purpose

To develop a routing methodology in the ITS
network of rail transport at the trunk level using
the neural network technology.

Methodology

Let us consider a fragment of a hypothetical
network of railway transport ITS presented in
Fig. 1.

c1g

Fig. 1. Graph of routers connections of hypothetical
network of information and telecommunication system
(ITS) of railway transport
Designations: C1 — Rivne; C2 — Lviv; C3 — Ternopil;
C4 — Khmelnytskyi; C5 — Kyiv; C6 — Nizhyn; C7 — Pol-
tava; C8 — Kharkiv; C9 — Sumy; C10 — Luhansk; C11 —
Donetsk; C12 — Krasnoarmiisk; C13 — Chaplyne; C14 —
Dnipro; C15 — Zaporizhzhia; C16 — Znamianka; C17 —
Odesa; C18 — Izmail

The ITS network of rail transport may be repre-
sented as a weighted graph G (V, W), where V is
the set of vertices of the graph whose number is
equal to B (B = 18), with each vertex modeling
a node (router) of the network; W is the set of edg-
es of the graph, each edge simulates the relation-
ship between the nodes, the number of graph edges
is equal to M (M = 21).

Each edge of the graph is assigned with a cer-
tain weight tjj. Since the channel transmission time
is much smaller, it is expedient to use the router
delay time when transmitting data from the i-th to
j-th router of the ITS network of railway transport,
as a weight, in ps.

It is necessary to determine the minimal span-
ning tree (MST) of the rail transport ITS network,

that is, to find such a graph G'(\/ ',W'), where
V' eVand W' eW , in addition
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> t; > min. (1)

(i, j)ew’

The construction of MST is useful for distrib-
uting messages addressed to all nodes of the ITS
network of rail transport at the trunk level, for ex-
ample, the control messages from the main node
(Kyiv), then the weight of the whole spanning tree
is the cost of sending a message to all its nodes. It
should also be noted that if all the weights of the
graph edges are different then there is only one
MST of the network.

Neural network as the main mathematical de-
vice for solving the problem. To determine the
MST in the ITS network of rail transport, we used
a two-layer neural network (NN), the input vector
of which is a plurality of delays on routers and
consists of 21 neurons, the resulting vector is build
tags of communication channels to the routes, and
also consists of 21 neurons. The corresponding NN
structure is shown in Fig. 2.

Input layer Hidden layer

Output layer

Fig. 2. Structure of the two-layer neural network (NN)

As an activation function of a hidden layer it is
appropriate to use the sigmoidal function, which is
presented in Fig. 3, a, in the resulting layer — a lin-
ear function shown in Fig. 3, b.
¥ ¥
N E—

_/ x x

0 ' ‘0

(a) (b)

Fig. 3. Activation function graphs:
a — sigmoid; b — linear

Determination of the number of neurons in NN
layers is performed using the following formula:

mN

N
—<L. <m(—+Dn+m+DH+m (2
I+ log, N L, (m X ) (2)

where L, — the number of synaptic weights; n —
input signal dimension; m — output signal
dimension; N — the number of sample elements.

In this case 210< L, <4020 . Having estimated

the required number of synaptic weights L, we

calculate the required number of neurons in the
hidden layer k according to the known formula:

k= v 3)

m+n

If you take L, =1900, then the number of

neurons in the hidden layer will be 45.

The training of a multi-layered NN involves the
use of the reverse error propagation algorithm. The
training samples are used for learning. The basis of
NM training is the minimization of some target
function, which depends on the parameters of the
neurons and infinity of training samples. As
a minimizing target error function of a multilayer
NN, the function of the following type is taken:

N H
E(w)=§22(@,-.(k)—v,-.<k»2, @)
k=1 j=1

where G; (k) — desired output of the j-th neuron of
the I-th output layer for k-th sample of the

5 (ir
reference set; }U{R} — actual output of the j-th
neuron of the I-th output layer when supplied to the
k-th sample network input from the reference set.
Preparation of the general sample (preparatory
stage). The formation of a general sample of NN
was carried out for a fragment of a hypothetical
network of railway ITS (see Fig. 1). Sample data
are obtained on the corresponding simulation mod-
el of the ITS network of rail transport, created with
assistance of the Master A. Piskun in modelling
system OpNet Modeler [6] using Gigabit Ethernet
technology under the following conditions: proto-
col — TCP; type of traffic — FTP; traffic intensity —
600 MB/s; package length — 700 bytes; operation
time of the network simulation model — 14 min.
Learning vectors are formed in the form of tables
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using the Excel package in two files. In the first
file «input.xml», the data submitted to the NN in-
put, are presented in the form of 21 vectors;
a fragment of contents of the file «input.xml» is
shown in Fig. 4.

A B C D E F G H I ] K L
11,2 1821]1852]1887] 1912|1944| 2010| 1979] 2001) 2109 2158|213
12,3 1769] 2492]1803] 1827|1858| 1921|1891 1912] 2015 2504 250
12,5 2117]2153]2194] 2224|2262|2338| 2302] 2327] 2452| 2510] 248
i34 2450]1799] 2539] 2539|2539 1679 2663] 2663| 2663| 2062| 204
4,5 1521]1547])1576] 1597|1624| 2705| 1653|1671 1761 1802|178
15,6 1487]1512]1541] 1562|2811 1615|1590] 1607] 1693| 1733|171
i5,8 2084]2119]2159] 2188| 2225|2300 2264] 2289| 2412| 24659] 244
15,11 2311)2350]2395] 2427 2468| 2551|2511 2538| 2674| 2737|271
15,14 2037)2072|2111] 2135|2175|2248| 2213|2237 2357 2412|238
15,17 2201)2238]2281] 2312|2351|2430|2392] 2418| 2548| 2608| 258
16,7 2631) 2676 2727] 2764|15859| 2906| 2861 2892| 1854| 3047|201
t7,.8 1601] 1628] 1659] 1681|1710|1768| 1740] 1759 3047| 1897|187

Fig. 4. Fragment of contents of the file «input.xml»

In the second file «target.xml», the data submit-
ted to the NN output are also represented as
21 vectors; a fragment of contents of the «tar-
get.xmly file is shown in Fig. 5.

A
11,2
12,3
12,5
3,4
14,5
15,6
15,8
15,11
15,14
15,17
15,7
17,8

(]
-

il
T
L

=
=
Rl

o L= Sl S S L G S =0 S L e
o =1 0 S e S e N A i
o L= ol S S L G S L= S L L
o =1 0 S e S e = R
[ L= L LS 1 L S L LR S =R L
o L= Sl S S L G S S G =R A
o =1 I I e e e e e =R
o =0 S e e L e e =0 A e e
[ L Ll L Sl L =0 L =0 S S L

Ll L= Ll Ll Ll L S el el Ll =0 L
[l Ll Ll Ll Ll Ll =0 G =0 S LS L
o =0 0 L L G S R =R R L

ol =0 L L L Ll L L =0 S LS L
= Ll Ul el Ll Ll Ll el = o el
Ll Ll Ll Ll Lol Ll = el el Sl =00 L
[ =0 S L L S S S = R L
Ll L= Ll Ll Ll L S el = Sl Ll L

Fig. 5. Fragment of contents of the file «target.xml»

Creating a neural network. Neural Network
Toolbox for the MatLab environment was chosen
as a neural package to solve the problem of routing
the rail transport ITS network. Using Import Data
on the Matlab toolbar, the data were imported from
the created Excel-table. Training, testing and anal-
ysis of NN work are carried out on appropriate
samples (Training, Testing and Validation), whose
percentage from the general sample is shown in
Fig. 6.

The «Network Architecture» window provides
the required number of hidden neurons (Figure 7).

Fig. 8 shows the structure of the created neural
network.

4\ Neural Fitting (nftool)

&

Select Percentages

-

Validation and Test Data

Set aside some samples for validation and testing.

'5 Randomly divide up the 72 samples:

W Training: 70% 50 samples
@ Validation: 15% = 11 samples
W Testing: 15% - 11 samples

Fig. 6. Data validation and testing window

Hidden Layer

Define a fitting neural network.  (fitnet)

Number of Hidden Neurons: 45

Fig. 7. Setting the hidden neurons

Hidden Layer Output Layer

Fig. 8. Structure of the created NN

Teaching and testing of neural network. In the
Train Network window, one of the three proposed
learning algorithms for the NN (Levenberg-
Marquardt, Bayesian Regularization, and Scaled
Conjugate Gradient) is selected. For example,
learning of the 21-1-45-21 configuration NN by
the Levenberg-Marquardt algorithm took place
during 11 epochs, the time spent was 26 s (Fig. 9).

Algorithms
Data Division: Random (dividerand)
Training: Levenberg-Marquardt (trainlm)

Performance: Mean Squared Error  (mse)
Calculations:  MEX

Progress

Epoch: 0 |[ 11 iterations 1000
Time: 0:00:26

Performance: 133 _[ 0.775 0.00
Gradient: 0.381 0,102 1.00e-07
Mu: 0.00100 10.0 1.00e+10
Validation Checks: 0| f | 6

Fig. 9. Characteristics of the NN training
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Mean Squared Error (MSE) is the mean square
deviation between output and target; the lower the
value, the better; zero means no error. The value of
regression R means the correlation between output
and target. If R = 1, this means close correlation,
zero is a random relationship. The MSE values of
training, validation and testing of the neural net-
work made 0.204, 0.186 and 0.183, respectively; R
has a value of 0.38, 0.43 and 0.44, respectively
(Fig. 10).

File Edit View Inset Tools Desktep Window Help

Training: R=0.38959 Validation: R=0.43971

15 O Dala
Fit
Y=T

o

©

b
8

05 . [

Qutput ~= 0.42*Target + 0.44
o
b

Qutput ~= 0.47*Target + 0.4
o
&

05 0 05 1 15 05 0 05 1 15
Target Target

Test: R=0.44095 All: R=0.4047
15 [ © Daa 2 15| [ © Daa
—Fit . ——Fit .
Y=T K ¥=T .
1 = . 1

Output ~= 0.46*Target +0.38
o
&

Qutput ~= 0.43*Target +0.42
)
o

o051 &
)

05 0 05 1 15 05 0 05 1 15
Target Target

Results

& Samples MSE R
] Training: 50 204886e-1 3895911
a Validation: 1 1.86199e-1 43971 2e-1
W Testing: 1 1833251 440948e-1

Fig. 10 Results of the NN 21-1-45-21

Regression diagrams and error histograms of
the 21-1-45-21 configuration NN by the Leven-
berg-Marquardt algorithm are presented in Fig. 11.

b

| | 4 Neural Network Training Error Histogram (ploterthist), Epoch 4, "Maximum MU r... | /= 5 S

File Edit View Insert Tools Desktop Window Help Ny

Error Histogram with 20 Bins

800 -Training
[ vaication
I Test

Zero Error

~
=]
=2

Instances
[~ e on =23
s 5 2 32
= =2 = 3

(=]
>
=2

=
= =3

1474
-1.299
1124

-0.9489
0774

-0.5991

0.4242

0.2493

15
1.675
1.85

-0

07436
0.1005
0.2754
0.4503
0.6252
0.8001

0.975
1.15
1.325

Errors = Targets - Qutputs

\ —
—

Fig. 11. Graphical presentation of results of NN 21-1-45-21:
a — regression diagrams; 6 — error histogram

Findings

Analysis of the neural network operation.
Based on the results obtained on the 21-1-45-21
configuration NN, the MST of the ITS network of
railway transport was built and presented in Fig. 12
(the bold line shows the route for sending control
messages from Kyiv).

According to the Kruskal algorithm [5] (with-
out using NN), the MST of the ITS network of
railway transport was built, as shown in Fig. 13.

As can be seen from Fig. 12-13, the results co-
incided, that is, the NN of configuration 21-1-45-
21 works correctly. Ten launches were conducted

on this NN, the data obtained are summarized in
Table 1.

From the table it is clear that the probability of
building the MST of the ITS network of rail
transport is 0.9 (experiments No. 1-2, 4-10), here-
with in experiment No. 7 another MST was ob-
tained (different edges had the same value of
weight), but the solution is correct (Fig. 14), but in
experiment No. 3, the solution provided by the NN
is, unfortunately, incorrect (gap in the route: sepa-
ration of C1-C2-C3 fragment from C5, which is
the source of sending control messages), Fig. 15.
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Fig. 12. MST of the ITS network based on NN

Fig. 13. MST the ITS network, built by the Kruskal algorithm
Designations: edge weights — delays on ITS network routers, us
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Table 1
Analysis of operation of 21-1-45-21configuration NN
Edge Organization of experiments on NN
weigh 1 2 3 4 5 6 7 8 9 10
t X y X X X X y X X X X X y
t1,2 1828 | 1| 1859 1895 2549 2549 | 1| 1686 2674 2674 2674 2070 | 1
t2,3 1776 | 1| 2502 1810 1603 1630 | 1| 2716 1 660 1678 1768 1809 |1
t2’5 2125 [ 1| 2162 2549 1568 2822 | 1] 1621 1596 1613 1700 1740 | 1
t3,4 2460 | 0| 1806 2598 2197 2234 | 0| 2309 2273 2298 2422 2479 | 0
t4’5 1527 | 1| 1553 1582 2437 2478 | 1| 2561 2521 2548 2 685 2748 | 1
t5,6 1493 | 1| 1518 1547 2148 2184 | 1| 2257 2222 2 246 2366 2422 |1
t5,8 2092 | 1| 2127 2168 2321 2360 | 1| 2440 2402 2428 2558 2618 | 1
t5,11 2320 | 1| 2359 2405 2775 1595 | 1| 2918 2872 2904 1861 3059 |1
t5,14 2045 | 1| 2080 2119 1 688 1717 | 1| 1775 1747 1766 3059 1905 | 1
t5,17 2210 | 1| 2247 2290 1793 1823 | 1| 1885 1 855 1875 1976 2022 |1
t6,7 2642 | 0| 2687 21738 2108 2145 [ 0| 2217 2183 2207 2325 2379 | 0
t7,8 1607 | 1| 1635 1 666 2029 2063 | 1| 2132 2099 2 856 2237 2289 | 1
t&g 1707 | 1| 1736 1769 1723 1752 | 1| 2870 2 825 2122 3010 3080 |1
tl(),ll 2007 | 1| 2041 2080 2731 2777 | 1| 1811 1783 1802 1 899 1943 | 1
t11,12 1932 | 1| 1965 2002 1 667 1695 | 1| 1752 2749 1744 1 837 1880 | 1
t12,13 2600 | 0| 2645 2695 2 656 2701 | 0| 2792 1725 2779 2929 2255 {0
t13’14 1640 | 1| 1668 1700 2000 2034 | 1] 2102 2069 2091 2204 2997 |1
tygs | 1586 | 1] 1613 1645 1910 1942 | 1| 2007 1976 1997 2104 2154 | 1
t15,16 2528 | 0| 2571 1974 2549 2549 | 0| 1686 2692 2564 2642 2070 | O
t16,17 1905 | 1| 1937 2620 1628 1647 | 1| 2756 1 658 1678 1771 1816 | 1
t17,18 1818 | 1| 1849 1885 1583 2872 | 1| 1692 1596 1627 1707 1756 | 1
MAS + + + + + + + +
Correct solution +
Incorrect solution +

Note: Delay values on routers in the ITS network of rail transport are given in us
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c1

Fig. 14. MST of the ITS network built on the basis of NN (experiment No. 7)
Designations: edge weights — delays on ITS network routers, ps

cis

Fig. 15. Incorrect solution obtained on NN (experiment No. 3)

Designations: edge weights — delays on ITS network routers, ps

activation function in the output layer at 10, 45 and

90 hidden neurons using the following algorithms:
Study of the error and time of NN training on  Levenberg-Marquardt; Bayesian Regularization;

the number of hidden neurons by different learning  Scaled Conjugate Gradient. The results obtained

algorithms. Experiments were performed on the are summarized in Table 2.

NN of 21-1-X-21 configuration with a sigmoidal

activation function in the hidden layer and a linear
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Table 2
Error and time of NN training on the number of hidden neurons
Number of hid- Levenberg-Marquardt Bayesian Regularization Scaled Conjugate Gradient
den neurons MSE Number of MSE Number of MSE Number of

epochs epochs epochs

10 0.775 2 0.392 4 0.00770 125

45 0.204 11 0.870 5 0.00015 154

90 0.991 29 1.270 6 0.00004 302

The dependence of error and time of NN train-
ing on the number of hidden neurons by different

10

0.1

0.01

MSE

0.001

number of epochs

0.0001

0.00001
10 45 90
number of hidden neurons

learning algorithms is presented in Fig. 16

1000

100

10

number of hidden neurons

Fig. 16. MSE and NN training time versus the number of hidden neurons
Designations:

s | 2vEn berg-Marguardt

Bayesian Regularization

Scaled Conjugate Gradient

From Fig.16 it can be seen that with the in-
creased number of neurons in the hidden layer, the
time of training for the 21-1-X-21 configuration
NN increases, with 45 neurons in the hidden layer
being optimal by the Levenberg-Marquardt algo-
rithm.

Study of the error and time of training NN on
the length of the training sample by the Levenberg-
Marquardt algorithm. Experiments were per-
formed on the 21-1-45-21 configuration NN with
a sigmoid activation function in the hidden layer
and a linear activation function in the output layer,
while the length of the training sample was 50, 100
and 152 examples. Dependence of the error and
time of training of the NN on the length of the

training sample is presented in Fig. 17. The Figure
shows that the increased length of the training
sample results in decrease in the root mean square
error, while the training time of NN increases rap-
idly, but the use of the sample with 100 examples
for the NN training is sufficient.

The use of a multilayered neural model, to the
entry of which the delay values of routers are sup-
plied, will make it possible to determine the corre-
sponding routes of transmission of control messag-
es from Kyiv (minimum value graph) in the ITS
network of railway transport at the trunk level in
the real time.
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50 100 152

length of training sample

number of epochs

50 100 152

length of training sample

Fig. 17. MSE and NN training time versus the training sample length

Conclusions

1. To determine routes for sending the control
messages in the ITS network (at the trunk level) of
railway transport using the Neural Network
Toolbox of the Matlab environment the neural
network of configuration 21-1-45-21 is created, to
the input of which an array of delays on the routers
is supplied; as a result vector — build tags of com-
munication channels to the routes.

2. The neural network of configuration
21-1-45-21 with a sigmoidal activation function in
the hidden layer and a linear function in the result-
ing layer under the learning algorithm of Leven-
berg-Marquardt for 11 epochs gives the MSE value
of 0.204, 0.186 and 0.183 in the training, valida-
tion and testing samples, respectively. The result
given by the neural network coincides with the
graph obtained by the Kruskal algorithm. In addi-
tion, 10 experiments on the neural network were

conducted: the correct result is achieved with a
probability of 0.9.

3. On the 21-1-X-21 neural network, a study
was made of the mean square error and time of
training on the number of hidden neurons (10, 45
and 90) under different learning algorithms: Le-
venberg-Marquardt, Bayesian Regularization, and
Scaled Conjugate Gradient. It is determined that
the optimal variant is the configuration 21-1-45-21
by the Levenberg-Marquardt algorithm.

4. On the 21-1-45-21configuration neural net-
work, there was conducted the study of the mean
square error and the time of training depending on
the length of the training sample: 50, 100 and 152
examples using the Levenberg-Marquardt algo-
rithm. It is determined that the increased length of
the training sample results in decrease in the root
mean square error, while the training time of the
neural network increases rapidly, but the use of the
sample with 100 examples for its training is suffi-
cient.
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THTEJEKTYAJBHUHI IIIXIJT 10 BASHAYEHHSI MAPIIPYTIB
Y MEPEXI IHOOPMAIIAHO-TEJEKOMYHIKAIIMHOI CHCTEMHA
SAVIIBHUYHOI'O TPAHCIIOPTY

Mera. Ha cygacHOMYy etami ctpareris iHpopMaTH3allii 3aJ1i3HHYHOTO TPAHCIOPTY YKpaiHU mmependadae mepexin
Ha TPUPIBHEBY CTPYKTYPY KEPYBaHHS 31 CTBOPEHHIM €IUHOTO iH(POPMAIHHOTO MPOCTOPY, TOMY OIHI€I0 13 KIIFOY0-
BHX 3a/1a¥ 3QJIMIIAETHCS OpTraHi3alis MapIIpyTH3alii B Mepexi iHhopMarliiiHo-TenekomyHikaniitHoi cuctemu (ITC).
VY 3B’Sa3Ky 3 IIM METOI0 CTaTTi € po3poOJCHHS METOTUKM BH3HAUCHHS MAapHIPYTiB Yy Mepexi iHdopmariitHo-
TeNEKOMYHIKaliifHOI CHCTEMH 3aJi3HHYHOTO TPAHCHOPTY Ha MaricTpajJbHOMY PiBHI 3 BUKOPUCTaHHAM Helpomepe-
xHOT TexHojorii. MeToauka. [l BU3HauUeHHS MaplIpyTiB y Mepexi iH(OopMaliiiHO-TeIeKOMYHIKaiiHOT CHCTEMU
3aJTI3HUYHOTO TPAHCIIOPTY, 10 Ha Cy4acHOMY eTalli IIpalltoe 3a TexHosorisiMu poruan Ethernet, cTBopeHo HeMpOHHY MOJIENb
21-1-45-21, Ha BXiJ SIKOT I10/Ial0Th MacuB 3aTPHUMOK Ha MapIpyTU3aTopax. 3a pe3yNbTyIOunii BEKTOP B3STi O3HAKU
BXOJ/DKEHHsI KaHaJIB 3B 53Ky 70 MapuipyTiB. PesyasraTH. OnTuManbHUM BapiaHTOM € HelipoHHa Mepexa (HM)
koH(irypamii 21-1-45-21 i3 curmoinanbHOIO (YHKIIE€I0 aKTUBALIl y TMPUXOBAHOMY IIapi W JIHIHHOW (yHKIIEO
aKTHBalil y pe3yJbTyI04OMY Ilapi, 0 HaBYAETHCS 3a anroputMoM Levenberg-Marquardt. Hefiponna mepexa Ha-
BYAETHCS HAHOLIBII IMIBUAKO Ha BUOIpKaX pi3HOI JOBXKHHH, MEHIIE 3a iHIN MiATA€THCS MEPECHABYAHHIO, TOCSATAE
3HAYCHHS CePeIHBbOKBAAPATHIHOI MOMIIKHU B 0,2 i Ha KOHTPOJBHIH BUOIpI BU3HAYAE ONTUMANIBHIUN IIUIAX 3 IMOBi-
pHicTio 0,9, Ipu ILOMY TOCTATHHO JOBXXKWHH HaBuaibHOI BHOipkH 31 100 mpukianis. HaykoBa HoBu3Ha. [1oOymo-
BaHi 3aJIS)KHOCTI CepeTHhOKBAIPATHIHOI TOXHOKN i Yacy HaBYaHHS HEHPOHHO! Mepexki (KUTBKOCTI emox) BiJ Kildb-
KOCTiI NMPHUXOBaHUX HEWPOHIB 3a anropuTMaMu HapuaHHs Levenberg-Marquardt, Bayesian Regularization, Scaled
Conjugate Gradient Ha BuOipkax pi3HOi qoBxHHH. I[IpakTHYHA 3HAYMMIicTh. BukopucranHs OararomapoBoi Hell-
POHHOT MOJIeNi, Ha BXiJ| SIKOT MMOJIAI0Th 3HAUYEHHsI 3aTPUMOK Ha MapHIpyTH3aTOPax, JO3BOJIMTH Y MacuITaldi peasb-
HOTO Yacy BHU3HA4YMTH BIAIMOBIHI MaplIpyTH INepeiadi KepiBHUX MOBioMIIeHb (rpad MiHIMalbHOT BapTOCTi) B Me-
pexi iHpopMaliiHO-TeIeKOMYHIKAI[IHHOT CHCTEMH 3aJi3HUYHOTO TPAHCIIOPTY Ha MaricTpajibHOMY PiBHI.

Knouosi cnoea: inpopmaiiiiHo-TenekomyHikaniiina cucrema; ITC; 3arpumka Ha MapuipyTH3aTopi; HEHpOHHA
Mmepexa; HM; Bubipka; ¢pyHKIIisI akTHBAIIiT, alTOPUTM HaBYaHHS; €110Xa; HOXHUOKa
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UHTEJUIEKTYAJIBHBIN IOJXO0/I K ONPEAEJEHUIO MAPHIPYTOB
B CETU HHOOPMALIMOHHO-TEJIEKOMMYHUKAIIMOHHOU
CUCTEMBI KEJIE3HOJOPOXKXHOI'O TPAHCITIOPTA

Leans. Ha coBpemenHoM atane crpaTerus HHQOPMaTHU3AIMK KEJIE3HOJOPOXKHOTO TPaHCIOpTa Y KpauHbl Mpeay-
CMaTpHBacT NEepPexo] Ha TPEXYPOBHEBYIO CTPYKTYPY YIPABJICHUS C CO3JIaHHEM €JUHOr0 MH(OPMALMOHHOTO IIPO-
CTPaAHCTBA, MOITOMY OJHOI U3 KJIFOYEBBIX 3a]a4 OCTAECTCSl OpTaHMU3alMsd MapLUIpyTH3alUHl B CETH WH(OPMAMOHHO-
TesniekoMMyHHKannoHHo# cuctemsl (MTC). B cBsi3u ¢ 9TUM HENbIO CTaThy SBISIETCS Pa3pabOTKa METOUKH OTpe/ie-
JICHUSI MapIIPyTOB B CETH MH(OPMAIIIOHHO-TEIEKOMMYHHKAIIHOHHONW CHCTEMBI KEJIE3HOIOPOXKHOTO TPAaHCIOPTa Ha
MarucTpajibHOM YPOBHE C UCIIOJIb30BAaHUEM HellpoceTeBOM TexHoioruu. Meroguka. Iy onpenesneHus MapipyToB
B CETH MH()OPMAIMOHHO-TEIIEKOMMYHUKAIMOHHON CHCTEMBI JKEIEe3HOJOPOKHOTO TPAHCIIOPTA, KOTOpask Ha JaHHOM
sTare paboTtaeT mo TexHoJormsIM ceMeiicTBa Ethernet, co3mano HefipoHHYI0 Momenb 21-1-45-21, Ha BXOJ KOTOPOIt
MOJIAI0T MAacCHB 3aJIePKEK Ha MapIIPyTH3aTOpax ceTH. B KauecTBe pe3yabTHPYIOMIEro BEKTOPa IPHUHSITHI IPU3HAKH
BKJIFOUCHHS KAHAJIOB CBS3M A0 MapumpyToB. Pe3yibrarsl. ONTHMAaNbHBIM BapHAHTOM SIBISCTCS HEHpPOHHAs CETh
(HC) xondurypanmn 21-1-45-21 ¢ curmounaisHO# QyHKIMEH aKTHBAIMK B CKPBITOM CJIO€ M JIMHEHHOW QyHKIHEH
aKTUBAIMK B PE3YyIBTUPYIOIIEM Clioe, o0ydyaeMas 1o airoputMmy Levenberg-Marquardt. Heliponnas ceTh 0Oy4aeTcs
HanOosee OBICTPO Ha BHIOOpKAx JOOOW JJIMHBI, MEHEE APYTHX IOJBEp)KEeHa NepeoOyUeHHIO, JOCTUTaeT 3HAYCHHUS
CpeaHeKBaApaTHYHOH omnoOky B 0,2 1 Ha KOHTPOJIBHOW BBEIOOPKE ONpeNeNsieT ONTUMAIBHBIN ITYTh C BEPOSTHOCTHIO
0,9, mpu 3TOM J10CTaTOYHO JIMHBI 00ydvaroiiell Beioopku co 100 npumepos. Hayunas noBu3Ha. IlocTpoeHs! 3aBu-
CHUMOCTH CpEIHEKBaIpaTHYHOI MOTPEUIHOCTH U BpeMeHH 00yueHHs1 HEHPOHHOI ceTn (KOJIMYeCTBa 3II0X) OT KOJIH-
YecTBa CKPHITHIX HEHPOHOB 10 anroputMaM obydeHus Levenberg-Marquardt, Bayesian Regularization, Scaled Con-
jugate Gradient Ha BBIOOpKax pa3nmyHOl uMHBL. [IpakTH4Yeckasi 3HAYMMOCTB. VIcronp30BaHNEe MHOTOCIOHHOMN
HEWpOHHOW MOAENH, HA BXOJ KOTOPOH IOJAIOT 3HAUCHMS 3a/IePXKEK Ha MapIIpyTH3aTOpax, MO3BOJIUT B MaciiTade
peasbHOTO BPEMEHH OMNpPEIEIUTh COOTBETCTBYIOIINE MApIIPYTHl NEpefadn yNpaBISIOMIMX cooOmeHuit (rpad mMu-
HUMAJIBHOH CTOMMOCTH) B CETH MH(OPMALMOHHO-TEICKOMMYHHUKAIIMOHHOW CHCTEMBI >KEJIC3HOAOPOKHOTO TpaHC-
MOpTa HAa MAarucTPaJIbHOM ypOBHE.

Kniouegvie cnosa: MHGOPMALMOHHO-TEICKOMMYHHUKAIMOHHas cucTeMa; MTC; 3agepxka Ha MapIIpyTH3aToOpE;
HeiiponHas ceTs; HC; BeIOOpKa; PyHKITHS aKTUBAIMH; JITOPUTM O0YUEHHS; 3110Xa; MOTPEITHOCTh
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MPOTHO3UPOBAHUE CBOMCTB MOHOKPUCTAJJIMYECKHUX
KAPOITPOYHBIX HUKEJIEBBIX CIIVIABOB

Leas. Pabora npexnonaraer mosrydeHne MPOTHO3HPYIOIINX PETPECCHOHHBIX MOJENEH, C MOMOIIBI0 KOTOPBIX
MOJHO aJIeKBaTHO PAaCCUUTBHIBATh MEXaHHYECKHUE CBOMCTBA MOHOKPHUCTAJUIMYECKHX JKApONPOYHBIX HHKEIEBBIX
crutaBoB (JKHC) 6e3 mpoBeneHns mpeaBapuTENbHEIX SKCIIEpUMEHTOB. MeToauka. /s mpoBeneHns HCCiIeJOBaHU
ObUTH BBIOpaHBI HPOMBIIIJICHHBIE CIUIABBI JII MOHOKPHCTAJUIMYECKOTO JIMThSI OTEUYECTBEHHOTO U 3apy0eKHOro
MPOM3BOJCTBA. 3HAa4eHUs O00pabOoTaHbl METOJAOM HAWMEHBIIMX KBAJPaTOB C IONYYCHUEM KOPPEISIHOHHBIX
3aBUCHMOCTEH W MaTeMaTHYeCKHX YPaBHEHHWIl perpecCHOHHBbIX Mojeineil. Pesyiabrarsl. BenencrBue o6paborku
9KCIIEPUMEHTAIBHBIX JaHHBIX MPEAJI0KEHO COOTHOUICHHE JIETUPYIOIINX JIEMEHTOB, KOTOPOE MOXKET OBITh MCIOJb-
30BaHO I OLEHKH MEXaHMYECKUX CBOMCTB M yYHTHIBAET KOMIUIEKCHOE BJIMSHHE OCHOBHBIX KOMIIOHEHTOB CILIABA.
ITockonbKy pa3MEpHOE HECOOTBETCTBHE MApaMETPOB pPEIIETKU CBSI3aHO CO CTENEHbIO KOHIEHTPALMOHHOTO
TBEPAOPACTBOPHOTO ympouHeHust ¢a3, 3PeKTHBHOCTHIO JUCHEPCHOHHOTO YIPOYHEHHUS CIUIaBa, CKOPOCTBHIO
MOJ3Yy4ECTH U APYTUMH CBOMCTBAMU MOHOKPHUCTAJUIOB, TO COOTHOLIEHHE JIETHPYIOUIUX 3JIEMEHTOB IO3BOJIET
CBA3aTh 3TU CBOWCTBA C MHOTOKOMIIOHEHTHBIMH cHUCTeMaMH. [IpHBENEHBI pPErpeCCHOHHBIE MOJENHU, C IOMOIIBIO
KOTOPBIX BO3MOXHO pAaccUMTaTh pasMEpPHOE HECOOTBETCTBHE, MPOYHOCTh, >KAPONPOYHOCTH, KOJIUYECTBO (a3l
U IUIOTHOCTh CIUIABOB C BBICOKOM TOYHOCTBIO. YCTAaHOBIEHBI 3aKOHOMEPHOCTH BIIMSHHUS COCTaBa Ha CBOMCTBA
MOHOKPHCTAJUIMYECKHX JKApONPOYHBIX HUKEIEBBIX CIUIAaBOB. I10Ka3aHO, 4TO A1 MHOTOKOMIOHEHTHBIX HUKEIEBBIX
CHUCTEM MOYKHO C BBICOKOH JIOCTOBEPHOCTBIO IPOTHO3UPOBATH MHUC(HUT, KOTOPBIH OKa3blBaeT CYLIECTBEHHOE
BIIMSIHAE HA MIPOYHOCTHBIE XapaKTEPHCTUKU CIUIAaBOB JAHHOTO KJjacca. [ MOHOKPHUCTAINIMYECKHUX JKapOIPOUHBIX
HUKEJIEBBIX CIUIABOB YBEJIMUYEHUE 3HAUCHUST MUC(HUTA CONPOBOKAACTCS CHIXKEHHEM TIpeJiesia UX KPaTKOBPEMEHHOMN
MIPOYHOCTH, TMOCKOJBKY MEXIY KPHUCTAUTMUECKUMH pereTkamMu (a3 o0pa3yroTcsl 3HAYUTEIbHbIE HANPSKEHUS, KO-
TOpBIE CIOCOOCTBYIOT NpOIECCaM CTPYKTYpHOW M (pa30BOil HECTAOMIBHOCTH M MPUBOIAT K NPEKICBPEMEHHOMY
pa3pylIEeHUIO MaTepraa. ¥ CTAHOBIIEHA KOPPEALUOHHAS CBS3b MEX/Y yAEIbHON MIOTHOCTBIO M CPENHEN aTOMHOM
MAaccoH CIIaBOB, a TaKXe MPENeIoM X KpaTKoBpeMeHHOH npouHoctd. Hayuynast HoBu3Ha. BriepBbie npennoxeHo
cooTHoeHne Ky, ¢ momMoIpo KOTOporo MOXKHO aJIeKBaTHO MIPOTHO3UPOBATh CBOMCTBa MOHOKPHUCTAUTMYECKUX Ka-
POIIPOYHBIX CIIJIABOB HAa HHUKEJIEBOW OCHOBE, a TaKXKE PErpEeCCHOHHBIE MOJENU A MPOTHO3UPOBAHMS OCHOBHBIX
XapaKTEPUCTUK JINTEHHBIX MOHOKPHUCTAIIMYECKHX CIUIaBoB. IIpakTnyeckast 3HaunmMocTh. [TokazaHo nepcrnekTus-
Hoe U 3 dexTHBHOE HaNpaBieHNE B PEIICHUN 337a4H MPOTHO3MPOBAHMSI OCHOBHBIX XapaKTEPUCTHK, BIMSIOMNX Ha
KOMIUIEKC CITy>KEOHBIX CBOMCTB CIUIABOB Kak IIPU pa3paboTKe HOBBIX MOHOKPHUCTAJUIMYECKUX YKapOIPOYHBIX HHUKE-
JIEBBIX CIUIABOB, TAaK U NP COBEPILIEHCTBOBAHMH COCTABOB U3BECTHBIX MPOMBIIIIEHHBIX MapOK JAHHOTO KJacca.

Kntouesvie cnosa: MOHOKPUCTAIIMYECKUE kaporpouHble Hukenesble ciuiasbl; JKHC; pasmepHoe HecooTBeT-
CTBHE; MUCOUT; TPOTHOCTH; )KaPOIIPOTHOCTH
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BBeaenue

Haubonee BakHBIMH JeTansMud ra3oTypOUH-
HeIX neuratenei (I'T/]) sBsrOTCS JOMAaTKH raszo-
BOM TypOMHBI, ONpENeNIOUINe MaKCHUMAJIbHYIO
Temreparypy pabodero rasa Ha BXoJe B TypOUHY
W, CIIEIOBATEIbHO, YIENbHYI0 MOIIHOCTh, SKOHO-
MUYHOCTh M pecypc asuratens. lloBeiienue pa-
Oouell Temmeparypel Taza mepeln TypOHHOU (1o
2 000...2 200 K B mepcrneKTUBHBIX JBHUTraTENsX)
MOJKET OBbITh TOCTUTHYTO 3a CUET IPUMEHEHUS JIO-
[aTOK C MOHOKPHUCTAJUIMYECKON CTPYKTypoH u3
JUTEHHBIX JKapPOTPOYHBIX HUKEIEBBIX CIUIABOB HO-
Boro nokosierust (CKHC) [1].

OCHOBHOE MPEUMYIIECTBO MOHOKpHUCTAJIHYE-
CKHUX JIOTIATOK, 110 CPAaBHEHUIO C OOBIYHBIMHU I1OJIU-
kpuctammmmaeckumu JKHC, 3axmrodaercs B Ooiee
BBICOKOM COIIPOTHBIICHUH BBICOKOTEMIIEPATYPHOM
MOJI3yYecTH, 00yCJI0BICHHOM OTCYTCTBHEM
B CIJIaBE TPAHMI 3€PEH, MOCKOJIbKY HX CTPYKTYypa
chopMHupOBaHa BETBSIMHU OJHOTO JEHIpPUTA, pas-
BUBIICTOCS. OT MOHOKDPUCTAJUTMYECKOW 3aTpaBKH
[5].

Ha MuxpockonuueckoM ypoBHE CTPYKTypa Mo-
HOKPHUCTAJUTMYECKUX O KapONPOUYHBIX HHUKEJIEBBIX
CIUIaBOB TMPEJCTABIICHa TOJNBKO JABYMs (a3aMu:
gacTuaMu y'-(hasbl, pacCessHHBIMH B MaTpHLE W3
CJIO’KHOJIETUPOBAHHOTO Y-TBEpAOr0 pacTBopa Ha
HUKeJIeBOW ocHoBe. ['aMMa 1 ramMMma mTpux ¢assl,
Kak ykazaHo BbllI€ [5, 9]. B cBoto ouepens yactu-
bl HWHTEPMETAIHIHON Y'-Qa3bl pa3iuyaroTCs
pasMepamMH U COCTOSIT M3 KyOOHMIHBIX MHKpOdYa-
CTHL, KOTOpBIE pa3leleHbl HaHONPOCIOHKAMH
v dhazbl.

VYrpounenue y'-¢ha3oii odecrieynBaeT JTUTEINb-
HOE COXpaHEHHE BBICOKOW TeMIIepaTypHOI padoTo-
CIOCOOHOCTH CIUIABOB JAHHOT'O KJlacca B IIMPOKOM
HHTEpBaJle TeMreparyp, Bmiots 10 1 150 °C [3, 7].
CrnenoBarensHO, BayKHEHINasi poib B COMPOTHBIIE-
HUH BBICOKOTEMITEPATYPHOH MON3y4YeCTH MOHOKpH-
craummueckux JKHC npuHaminexur TakuM CTpyK-
TypHO-()a30BBIM ~ XapaKTEPUCTHKAM, KaK IepUuo]
KPUCTAJUIMUECKUX  pemerok Y- W y'-(as,
WX  pa3MepHOEe  HECOOTBETCTBHE O  WIH
Y/¥'-MuCUT, KOTOPBIH pacCUUTHIBAIOT TI0 (hopmylie
d = 2-((ay- a,)l(ay*+ ay))-100 % , tie ay u ay — nepu-
O/IbI PEIIETOK Y- U Y'-(ha3 COOTBETCTBEHHO [4, 6].

OKCIEPUMEHTAILHO YCTAHOBIIEHO, YTO BIUS-
HUE JICTHPYIOLINX 3JIEMEHTOB Ha IEPHOJ KPUCTal-
JIMYeCKOH  pemietkd  y'-pasel  ciabee, uUeM

Y TBEPIIOTO PAacTBOpa B MHOTOKOMITOHEHTHBIX Ka-
POTPOYHBIX CIUIaBaX HAa OCHOBE HUKeNs. Muchur
y/y' ompenensercsl TIaBHBIM 00pa3oM TEMH JIETH-
PYIOIIMMH 3JIEMEHTaMH, KOTOpble HanOoJee CHTh-
HO YBCJIIMYMBAIOT TMEPHOJ] PEIICTKH Y-TBEPIOrO
pactBopa. Takumu sjieMeHTaMH, B TMOPSIKE BO3-
pacTaHWs ~ BIMSHHS HA  TEPHOJ  PEIIeTKH
v-ba3pl, seisitorcs Ru, Re, Mo, W, Nb u Ta
[2, 10, 11].

Heanb

OcHoBHas 1eNb JaHHOW paboThl — MOJIy4eHHE
IIPOTHO3UPYIOLUINX  PETrPECCHOHHBIX  MOAEIEH,
C TIOMOIIBI0 KOTOPBIX MOYKHO aJIeKBaTHO PacCcyiu-
THIBaTh MEXaHUUYECKHE CBOMCTBa MOHOKpPHUCTAILIH-
yeckux JKHC 0e3 mpoBeneHus1 mpeaBapUTEIbHBIX
9KCIEPUMEHTOB.

Metoauka

Jiis  3KCTIepUMEHTaIbHO-TEOPETUIECKUX — HC-
CIIEIOBAHUIA TEMIIEPATypHOU PabOTOCTIOCOOHOCTH
Obuta chopMupoBaHa paboyas BHIOOpPKA CIUIABOB,
COCTOSAIIAsI U3 M3BECTHBIX MpoMbinuieHHBIX KXHC
JUTST MOHOKPHCTAIUTUIECKOTO JIUThSI OT€YECTBEHHO-
ro u 3apy0eXHOTO0 MPOM3BOJACTBA, CIEAYIOIINX
mapok: CMSX2, CMSX3, CMSX4, CMSXI10,
AMI1, 203E, TUT92, PWAI1484, PWA1480,
SRR99, NASAIR100, SMP14, R162, TMS71,
TMS75, ReneN4, ReneN5, ReneN6, SC180, MC2,
KC36, KC30M, XKC40, )KC47. Bribopka cruraBoB
OCYIIECTBJICHA C MO3UIUN PAa3HOOOpa3Hsi XUMHUIe-
CKHX COCTaBOB (CHUCTEM JIETUPOBAHUS), KOTOPHIC
[0 COJIEP’KAaHUIO OCHOBHBIX 3JIEMEHTOB OXBAaThI-
BaOT MIMPOKHUI TUATIa30H JIETHPOBAHMUSL.

[lomyuennsle 3HaueHwst ObuM 00pabOTaHBI
B mporpaMMHOM Komiuiekce Microsoft Office
B nakere EXCEL MeTronoM HauMEHbBLIUX KBajapa-
TOB C TIOJIYYEHHUEM KOPPEISIUOHHBIX 3aBHCHMO-
CTEH THUIIA «IIapaMeTp — CBOMCTBO» U MaTeMaTHnye-
CKHX YpaBHEHMH pErpecCHOHHBIX Mojeneit (JIMHuM
TPEH/IOB), KOTOPBIE ONTUMAIBHO OIHCHIBAIOT 3TH
3aBHUCHMOCTH.

PesyabTarsl

C y4éToM TOTO0, 4TO B COIPOTUBIIEHUN BBICOKO-
TEMIEPAaTypHOH TIOI3YyYECTH MOHOKPHCTAIUINYE-
ckux JKHC ponb nprHaAIEKAT TAKOMY CTPYKTYp-
HOMY IIapaMeTpy, KaK pa3MepHOe HECOOTBETCTBUE
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O (y/y'-MuchUT), KOTOpPOE 3aBUCUT OT CHUCTEMBI
JIETUPOBAHMS, aKTyaJbHON SBISIETCS 3ajjada IMOITy-
YEeHHUS! ONTUMAIbHON PErpeCCHOHHOM MOAEIH JUIS
pacueTa JaHHOW XapaKTEPHCTUKH Ha OCHOBE XU-
MHYECKOTO COCTaBa CIUIAaBOB KJIacca MOHOKPH-
crammmmaecknx JKHC.

Bce kKoMIOHEHTHI, UCIIONIb3YEeMbIE MPHU JICTUPO-
Bannu JKHC, MOXXHO YCIIOBHO pa3feNuTh Ha TpU
TPYNIBL:  PacTBOPSIIOIIAECS OCHOBHBIM 00pa3oM
B y-tBepaoM pactBope (Co, Cr, Mo, W, Re), pac-
TBOPSIFOIIKECS TPEUMYIIECTBEHHO B Y'-daze (Al,
Ti, Ta, Hf) u xapOugooOpa3zyromue smements (T,
Ta, Hf, Nb, V, W, Mo, Cr). Tunuunas Mukpo-
cTpyktypa cmaBa 3MU-3V ¢ MoHOKpuCTaInye-
CKOH CTpYKTypoH mpencraBieHa Ha puc. 1. E€ oc-
HOBHBIMHU q)aSOBI)IMI/I COCTaBIAIOIIUMHU ABJIAIOTCA
Y-TBEpABIN pacTBOp M ympouHsrtomas y'-da3za. Ta-
KUM 00pa3oM, pa3zelicHue JICTUPYIOIUX 3JIeMEH-
TOB CBOJUTCS K JIBYM T'pyIIIIaM.

WD=10.8mm

Puc. 1. Tunuunas ctpykTypa
MoHoKpucTamuueckux JKHC

Fig. 1. Typical structure of single-crystal
heat-resistant nickel base alloys

C npyroii croponsl, B cocTtaB y'-haszer (NizAl)
BxoaaT Takue snementsl Kak: Ti, Nb, Cr, Co, Mo,
W, V u np. Ho ux conepxanue B y'-¢paze u Bius-
HUE Ha ee 00BEMHYIO JIOJIO B CTPYKTYpE pasiiuy-
HO. DTO BIMSHHUE CBSA3aHO CO CIIOCOOHOCTBIO 3TUX
3JIEMEHTOB 00pa30BbIBATH C HUKEJIEM CTaOHIIbHbBIE
naTepMeTauaable pa3pl Thna NisMe. Otcrona
clIeqlyeT, 9TO Ha MHCHUT U MeXaHHYECKHE CBOW-
CTBa CIJIAaBOB OKAa3bIBAIOT BIMSIHUE HE TOJIBKO dIie-
MEHTBI, KOTOpPBIE OTHOCATCS K Y'-00pa3ylommM, HO
U Te, KOTOpble  KJIACCH(PUUIUPYIOT  Kak
Y-TBEPAOPACTBOPHBIC YIPOUHHUTEIH.

B pesynprare ananm3a u o0pabOTKH IKCHEpHU-
MEHTAJIBHBIX JTAaHHBIX TPEJIOKEHO COOTHOIICHUC
JIETUPYIOIIUX DIIEMEHTOB:

ZT (A+Ti+Nb+Ta+Hf)
K = s
v O,ZZy(CHW+M0+Re+C0+Ru)

B KOTOPOM KaTHOPOBOUHBIH Kodddurmert 0,2 ObI1
OTIpEJIeNIEH 3MITUPUYECKUM IIyTeM. DTO COOTHOIIIE-
HHUE YYUTHIBAET KOMIUIEKCHOE BIUSIHUE OCHOBHBIX
KOMITOHEHTOB CIUIaBa B MACCOBBIX IPOLICHTax Ha
MexaHu4yeckue cBoicTBa. Ilockonpky pasMepHoe
HECOOTBETCTBUE MAapPAMETPOB PELIETKH CBA3AHO CO
CTENEHbI0 KOHLEHTPALMOHHOTO TBEPAOPACTBOPHO-
TO ynpoudHeHus y- u Y'-Pa3, 3pPpeKTuBHOCTHIO THC-
[IEPCUOHHOT0 YIIPOUHEHHUS CIUIaBa, CKOPOCTHIO TOJ-
3y4eCTH U APYTUMH CBOHCTBAMH MOHOKPHUCTAJLIOB,
TO cooTHouleHue K, mo3BoiseT cBs3aTh 3TH CBOM-
CTBa C MHOTOKOMITOHEHTHBIMH CHCTEMaMHU.
YcTaHOBIICHO, YTO pPa3MEPHOE HECOOTBETCTBHUE
0 uMeeT OKCHOHCHLUUAIBHYIO  3aBUCHUMOCTD
(puc.2,a) ¢ TpensTokKEHHBIM COOTHOIIECHUEM:
0= 0,0045 EXP (1,6775 K;); oTHOCcHUTEeNbHAS TIO-
rpemHocTh 13,32 %. YBenuueHHe COOTHOLICHUS
K, mpuBOIMT K TOBBIIIEHUIO O, 4YTO CBS3aHO
C yMCHBIIEHHMEM KOJHMYECTBA Y-PaCTBOPHBIX
YIPOYHUTENEH W yBEIMYEHHEM 7Y'-00pa3yIommx
3JIEMEHTOB, KOTOPbIE BIUSIOT HA HapaMmeTpbl Kpu-
cTaJuiIn4yeckux pemetok ¢a3. Ilokazano, 4ro s
MHOTOKOMITOHEHTHBIX HHUKENIEBBIX CHUCTEM (MOHO-
kpuctamueckux JKHC) MoxHO ¢ BBICOKOH m0-
CTOBEPHOCTBIO IPOTHO3UPOBATh MUCHUT, KOTOPBIH
OKa3bIBaeT CYIIECTBEHHOE BJIMSHUE Ha MPOYHOCT-
HbI€ XapaKTEepPUCTUKHU CIUIaBOB JIAaHHOTO KJlacca.
VYCTaHOBNIEHO, YTO 3aBHCUMOCTH Ipejesia Gg
KpPaTKOBPEMEHHOH IPOYHOCTH CIUIABOB OT BEJH-
yuHbl MucuTa (puc. 2, 6) ONTUMAIBHO OIMCHIBA-
eTcst JorapupMUIecKOm 3aBHCHMOCTBIO
s = —52,32In(d) + 1 179,9 ¢ OTHOCUTEIBHOH ITO-
rpemHocThi0 13,74 %. Jlnsd MOHOKpHCTauInde-
cknx JKHC yBenuueHwme aOCONIOTHOTO 3HAYCHUS
MHUC(HTA CONPOBOXKIACTCS CHMIKEHUEM Ipesena
WX KPaTKOBPEMEHHOH IPOYHOCTH, MOCKOJIBKY
MEXIy KpPUCTAJUITMYECKUMH pEIIeTKaMH Y- H Y'-
¢a3pl 00pa3yloTCsl 3HAYMTENbHBIE HAIPSHKEHUS,
KOTOpBIE CIIOCOOCTBYIOT MpPOIECCaM CTPYKTYPHOMH
u  ¢$a3oBod HecTaOMIBHOCTH, YTO MPUBOIUT
K TOPEeXIECBPEMEHHOMY pPa3pyLICHUIO MaTepuaa.
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Puc. 2. KoppensiiimonHas 3aBUCUMOCTb CBOMCTB MOHOKpuUcTautnueckux JKHC
0T BeIMYHHBI MUCchUTa 6 1 cooTHOImEeHNs Ky B ux cocTase:
a — 3aBUCUMOCTDH BCJIMYHNHBI MI/IC(i)I/ITa O OT BEJIMYMHEI COOTHOILIEHHUS Ky’; 6 — 3aBUCUMOCTD npeacina KpaTKOBpeMeHHOﬁ
npouHOCTH 68 OT Muc(uta & ipu 20 °C;
8, ¢ — 3aBucuMocTh npenenoB 100- u 1 000-gacoBoii aHTENBHOM MpoyHOCTH OT MEchuTa ipu 1 000 °C

Fig. 2. Correlation dependence of the properties of single-crystal heat-resistant nickel base alloys
on the misfit value § and the ratio Ky in their composition:
a — dependence of the misfit value d on the value of the Ky ratio; b — dependence of the short-term strength limit o on misfit  at
20 °C; ¢, d — dependence of the limits of 100 and 1 000 hours of long-term strength on misfit at 1 000 °C

[lokazaHo, 49TO TpPH TeMIepaType HCIBITAHUN
1000 °C 3aBucumocts npeaenos 100- n 1 000- ga-
COBOM JUTUTEIILHOW MPOYHOCTH OT BEIWYHHBI
mucouta (puc. 2, 8, &) ONTUMAIBHO ONUCHIBACTCS
TOJIyYEHHBIMH MOJIETISAMHE  Gio0' *° = 587,78° +
347,966 + 269,65 ¢ OTHOCHTEILHOW MOrPEIIHO-
cTei0 13,46 % (puc. 2, 6); Giooo' *° = 561,48 +
276,640 + 174,65 c OTHOCHUTEIEHOU IOTPEIIHO-
cThio £3,6 % (puc. 2, 2). DTH 3aBUCHMOCTH ITOKa-
3bIBalOT, 4To nipu Temneparype 1 000 °C 3nauenue
pasMepHOr0 HECOOTBETCTBHA OJU3KO K HYJIIO,
CIUIaBBl UMEIOT JIy4IIHE TMOKa3aTeNd TUTEIbHOM
MpOYHOCTH. M3 BHINEPACCMOTPEHHBIX 3aBUCHUMO-
CTe MOXXHO CHIelaTh BBIBOJ, YTO IPH pa3paboTke

HOBBIX COCTABOB CIUIABOB HIIM COBEPIICHCTBOBA-
HHH COCTAaBOB M3BCCTHBLIX NPOMBINIJICHHBIX MAapOK
JaHHOTO KJlacca, HY)KHO 3aKJIajbIBaTh BBICOKHE
a0COMIOTHBIE 3HAYEHUs] MHUC(HHUTA NIPU KOMHATHOU
Temreparype (puc. 2, 6). DT0 CBS3aHO C TEM, YTO
C MOBBIICHUEM TEMIICPATYPbI USMCHUTCA pasMEp-
HOE HECOOTBETCTBHE NapaMeTpOB DPEIHICTOK Y- V'-
(a3, a Ipu Temreparype dKCIUTyaTalliy JKeIaTellb-
HO UMETh BENMYMHY Muc(hUTA OJNM3KOH K HYIIO
(puc. 2, 6, 2), UTO CHU3UT KOTEPEHTHBIC HampsiKe-
HUSL W o0ecneuuT yiayyllleHHe CTPYKTYpHO-
(ha3oBol CTAaOMILHOCTH W, CIIEOBATEIIBHO, ITOBHI-
CHUT AJIUTEIbHYIO IPOYHOCTE.

YcTaHOBNIEHO, YTO MPEIJIOKEHHOE COOTHOIIE-
Hue K, MMeeT TecHyI0 KOppeNsLuIO C MpeesaMu
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KPaTKOBPEMEHHOM (G3) ¥ JUIUTEINBHOMN (G100, G1 000)
MPOYHOCTH, a TaKkKe ¢ 00BeMHOH moneit y'-dasbl,
KoTopast HaxoauTcs B npeaenax 60—70 % mac. s
KOMHATHOH TeMriepatypsl U oT 45 mo 65 % wmac.
mpu 1 000 °C B moHokpucrammdeckux XHC
(puc. 3). Bce 3Tu 3aBHCHMOCTH UMEIOT JTMHEHHBIH
XapakTep C MOJIOKUTETBHBIM YIIIOBBIM K03 duiu-
€HTOM U NOTpelmHocThio He Oomnee £3,8 %. Takoe
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K, yBemuumBaetcs 00ObeMHOE KOJIUYECTBO OCHOB-
HOH yIIpOYHSIOmIeH y'- ¢a3bl Mpr KOMHATHOW TeM-
nieparype (puc. 3, 6) ¥ OCTATOYHOH IIPH MTOBBIIICH-
HBIX TeMIepaTypax OJKCIulyaranuu (puc. 3,e),
CJICZICTBEHHO, TOBBINIAIOTCS TIPEIeibl KPaTKOBpe-
MeHHOH (puc. 3,d) W HOIUTEIHHOW TPOYHOCTH
(puc. 3, 8) y MOHOKPUCTAITIMYECKHIX CILIABOB.
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Puc. 3. 3aBucumocts ot cootHomeHus Ky B coctaBe MmoHokpuctammmueckux JKHC:
a — TpeJiena KpaTKOBPEMEHHOW MPOYHOCTH; 6 — 00beMHOT0 KonmdecTsa y'-(asbl mpu 20 °C;
6 — TIPEIENIOB JITUTENFHON MPOYHOCTH; & — OCTaTOYHOTO KonudecTBa y'-daspl mpu 1 000 °C

Fig. 3. Dependence on the K ratio in the single-crystal heat-resistant nickel base alloys:
a — of the limit of short-term strength; b — the volume amount of the y’-phase at 20°C;
¢ — the limits of long-term strength; d — the residual amount of the y'-phase at 1000°C

CBsi3b 00BbeMHOIM Jjosn y'-(has3bl Ipeaenamu
KPAaTKOBPEMEHHON M JUIMTEIBbHON NPOYHOCTH C
Npe/UIOKEHHBIM cooTHouleHneM K, s kiacca

MOHOKPHCTAJUTMYECKUX XKHC aJleKBaTHO
OTHCHIBAIOT  TOJYYCHHBIMH  PErPEeCCHOHHBIMH
MOJIEIISIMH:

o, = 57,414 K, + 1030,1;

V,* = 3,2607 K, + 62,481;

O = 14,303 K, + 201,11;

Vy' % = 3,6597 K, + 43,551.

Takum 00pazom, TOJTyYEHHBIE MOJAETH MOKHO
MIPUMEHATh JUISI PacdyeTOB MPH MPOTHO3UPOBAHUU
MEXaHMYECKUX CBOMCTB MHOTOKOMITOHEHTHBIX HH-
KeneBbIX cucteM (MoHokpucrammndeckux JKHC)
Ha OCHOBE MX XMMHYECKOT'O COCTaBa.
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Haumnas co BTOporo moxojeHHs, B MOHOKpPH-
cramunueckue JKHC BBenéH peHuil B KomudecTBe
ot 2 10 6 % (B oTHeNbHBIX cirydasx 10 9 %), uro
3HAYUTENFHO YBEIUYMIO IUIOTHOCTH CIUIABOB,
a cJenoBaTeNbHO, M Maccy TOTOBOTO W3JEINHS.
Haunnas ¢ yeTBepTOoro nokoyeHusi, peKOMEH10Ba-
HO YacTh PEHHS 3aMeHsTh pyTeHueMm (oT 2—6 %)
C IIEJIBI0 OTPaHUYEHUsS] IUIOTHOCTH MOHOKpHUCTAJI-
muueckux JKHC Ha ypoBHe, He MNpeBBILIAIOIIEM
9 r/cM®. 3BECTHO, YTO IUIOTHOCTH P TECHO KOppe-
JUpYyeT CO CpelHeld aTOMHOW Macco cruiaBa A,
MMO3TOMY aBTOPHI TPEUIOKIIN PETPECCHOHHYIO
MOJEJb, MOIYYEHHYIO JIsi MHOTOKOMIIOHEHTHBIX
CHUCTEM JICTUPOBAHUA MOHOKPUCTAININICCKUX
KHC: p= 0,0151-Ac + 5,9462 ¢ morpeurHocToio,
He mpeBsImatoneit 2,6 % (puc. 4, a).

a—a

p, rlev’
21

w

m
]

m
™
0
4
m
]
|
]

w

1
p. rien’

Puc. 4. 3aBUCHUMOCTB /I MOHOKPUCTAJUTMYECKUX
JKHC:
a— y[Ie.IIBHOﬁ IINIOTHOCTH OT cpeﬂHeﬁ aTOMHOM MaccChl;
6 — TIpeJiesia KpaTKOBPEMEHHOM MTPOYHOCTH
oT yIIeIILHOﬁ IINIOTHOCTH

Fig. 4. Dependence for single-crystal heat-resistant
nickel base alloys:
a — specific density on the average atomic mass;
b — the limit of short-term strength on specific density

Ha puc. 4, a nokasana 3aBHCHMOCTb yJIENbHOMN
IJIOTHOCTU OT CpeJHEHl aTOMHOM Macchl CIIJIaBOB,
KOTOpasi UMEET JIMHEHHBIM XapakTep, MOCKOIbKY
C YBEJIIMYCHUEM KOJIMIECTBA TYTOIUIABKHUX JJIEMEH-
TOB C BBICOKMM 3Hau€HHEM aTOMHOM MacChl HEW3-
0eXHO OyJeT MOBBINIATHCS TIOTHOCTH MOHOKPH-
CTAJUTMYECKUX CIUIABOB. Y CTAHOBJIEHO, YTO yBEIH-
YCHHE YACTbHOW TUIOTHOCTH TPUBOIUT K CHHXKE-
HUIO Tpefena KpaTKOBPEMEHHOM IMPOYHOCTH
cmaBa (puc. 4, 6), 9TO ONTHUMAJIBLHO OIHUCHIBACT
CIEAyIolas 3aBUCHUMOCTBH: Gy 521,06p* ~ 9
370,9p + 43 324 ¢ norpemrHocThio 3,46 %. Takas
TEHACHINS TPOSBISAETCA BCIEACTBHE TOTO, YTO
3JEMEHTBl C BBICOKOM aTOMHOM Maccoid HMEIT
BBICOKYIO TEMIIEpaTypy IUIABIECHUSA, OHU YIPOU-
HSIOT Y-TBEPJIbI pacTBOP M HE OKa3bIBAIOT 3aMeT-
HOIr'0 BJIMAHUA HAa UHTCPMCTAJUINIHOC YIIPOYHCHUEC
crutaBoB. llomydeHHbIE perpeccHOHHBIE MOJENH
JAIOT BO3MOXKHOCTH TIPOTHO3UPOBATH YJEIBHYIO
IUIOTHOCTh M TpefeNl KpaTKOBPEMEHHOW MpOYHO-
CTH TI0 yIEIhHOHN IJIOTHOCTH CIUIaBa KaK MPH pas3-
paboTke HOBBIX MOHOKpucTaummyeckux JKHC, Tak
U TIpU YCOBCPHICHCTBOBAHWU M3BCCTHBIX IIPO-
MBIIIJICHHBIX KOMHO3I/I].[I/II7[ B paMKax MapoO4YHOI'O
cocrasna.

Haquaﬂ HOBU3HA U MPAKTHYECCKas]
3HAYUMOCTDb

O06001IeHpl  3aKOHOMEPHOCTH  KOMILIEKCHOTO
BIIMSIHUS JIETUPYIOIIUX 3JIEMEHTOB, KOTOPBIE BXO-
IaT B coctaB MoHOKpuctamumueckux JKHC, Ha
CBOICTBa, KOTOpPBIE BIMAIOT Ha UX PabOTOCIOCO0-
HOCTb.

Briepsoie npemioskeHo cootHouenue Ky ¢ mo-
MOIIBIO KOTOPOTO MOYHO aJ€KBaTHO HMPOTHO3HUPO-
BaTh cBoMcTBa MoOHOKpuctammyeckux KHC,
a TaKKe PErpecCCHOHHBIE MOJEINN AJISl IPOTHO3UPO-
BaHUsI OCHOBHBIX XapaKTEPUCTHUK JINTCHHBIX MOHO-
kpuctaumueckux JKHC kak npu pa3paboTke HO-
BBIX COCTAaBOB, TaK W TIPU COBEPIICHCTBOBAHWUHU
W3BECTHBIX MPOMBIIUICHHBIX MapOK.

BriBoabI

1.B nmanHO#W paboTe TpejicTaBieHBl HCCIE0-
BaHMs, [IPOBEJCHHBIE MOJICIUPOBAHUEM TEPMOJU-
HAaMHYECKHX IMPOLECCOB BblAETICHUS (a3 U UX CBS-
3eH ¢ IIPOYHOCTHBIMU XapaKTECPUCTUKaAMU I MO-
HOKPUCTAJUIMYECKUX HUKEIEBBIX CIUIABOB C pPas-
HBIMU CUCTEMAMU JIESTUPOBAHMUS.
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2.Ha ocHOBe >MIMPHUYECKOr0 MOAXOAa HOIY-
9YEeHO HOBOE cooTHomeHue Ky, no BenuunHe KOTO-
POr0 MOXKHO aJeKBaTHO MPOTHO3UPOBATh pazMep-
HOe HecooTBeTcTBHE (Y/Y'-MUCOUT), TIpeaen Kpart-
KOBPEMEHHOM NMPOYHOCTH, 0OBEMHOE KOJIMYECTBO
v'-pa3el B crpykType, a Tarkke mnpeaensr 100-
n 1 000-gyacoBol IMTEITHHONH TIPOYHOCTH IS
MHOTOKOMITOHEHTHBIX KOMITO3UIIUHA MOHOKPHCTAII-
nmuaeckux JKHC.

3. IlpuBeneHs! perpecCHOHHBIE MOAEIH KOppe-
JSIMOHHBIX 3aBUCUMOCTEH OT pa3MEpHOTO HEeco-
oTBeTcTBUS (y/Y'-MUCOUT), KOTOpHIE NAIOT BO3-
MO’KHOCTh IPOTHO3HMPOBATh Npenesbl KpaTKoBpe-
MEHHOH U JUIUTEIBbHON NPOYHOCTH CIIaBoB. [Toka-
3aHO, YTO BEJMYMHA MHUC(PUTA TPU TEMIEpaType
9KCIUTyaTallud NOJDKHA CTPEMHUTCS K HyJI0. OTO
00eCneunT MOBHIIMIEHHE CTPYKTYPHOU CTaOMIIBHO-
CTH 32 CHET CBEJICHHS K MUHHUMYMY CTPYKTYPHBIX
HaTpSHDKEHUH U OKaXeT MOJOKHUTEILHOE BIHSIHUC
Ha MPOYHOCTHBIE U IUTACTHYECKHE XapPAKTEPUCTHKH

4. YcTaHOBNICHA KOPPEISILIMOHHAS CBA3b MEXIY
YACJIBHON IUIOTHOCTBK) U CPEJHEH aTOMHON Mac-
COH CIUIABOB, a TaKXKeE INPENEeIOM HX KpaTKOBpeE-
MeHHOU npouyHocTH. [loka3aHo, 4TO ¢ yBelIWYEeHU-
€M YAEIbHOW IUIOTHOCTH NpeAeN KpaTKOBpPEMEH-
HOM MPOYHOCTH CIIJIaBOB CHM)KAETCS, TOCKOJBKY
9JIEMEHTHI C BBICOKOM aTOMHOM MacCOM, IMOBBIIIA-
IOLME YIENbHYIO IUIOTHOCTh, MPEUMYILECTBEHHO
YIOPOYHSIIOT Y-TBEPABIIl PacTBOP M HE OKa3bIBAIOT
3aMETHOTO  BJIMSHMS HAa  MHTEPMETAJUIMJHOE
YIPOUHEHHE CIIJIaBOB.

5.1loka3ano mepcrieKTHBHOE W A(h(HEKTUBHOE
HaIpaBlieHUE B PEUIEHMH 33Jayd NPOTHO3MpOBaA-
HHUA OCHOBHBIX XapaKTCPUCTUK, BIIUAKOIIHUX Ha
KOMIUIEKC CIYyXeOHBIX CBOWCTB CIUIaBOB, 0e3
MIPEIBAPUTEIBHOTO IPOBEICHUS SKCIEPUMEHTAIIb-
HBIX MCCIICAOBAHHMN Kak NpU pa3pabOTKe HOBBIX
moHokpuctamunueckux KHC, Tak u npu cosep-
LICHCTBOBAHMM COCTABOB W3BECTHBIX MPOMBIIL-
JIEHHBIX MapOK JJaHHOTO Kjacca.

JKHC.
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MPOTHO3YBAHHSA BJIACTUBOCTENA MOHOKPUCTAJITYHUX
KAPOMIIHUX HIKEJIEBUX CIIIABIB

Mera. Pobora mependadae oTpuMaHHs MPOTHO3HUX PErPECifHUX MOJENeH, 3a JOIMOMOTOI0 KX MOXKHA aJIeK-
BAaTHO PO3PAaXOBYBAaTH MEXaHIYHI BJIACTHBOCTI MOHOKPHMCTAIIIYHUX >KapoMiuHuX HikeneBux ciuaeiB (JKHC) 0e3
NPOBEJICHHS TMOMNepenHiX ekcrepruMeHTiB. Meroauka. [y npoBeAeHHs AOCHKeHb Oynu oOpaHi NMPOMHCIOBI
CIUIaBH JJIsl MOHOKPUCTAJIIYHOTO JINTTS BITYM3HSHOTO i 3apyOiKHOTO BUPOOHHUIITBA. 3HAYECHHs 00pOOIEHO METOIOM
HAMMEHIIIMX KBaJpaTiB 3 OTPUMAHHAM KOPCJIIHHUX 3aJIC)KHOCTEH 1 MaTeMaTHYHHUX DPIBHSHB pPerpeciiiHux moe-
neit. PesyabTaTn. YHACHII0K 00pOOKH CKCIIEPUMEHTAIBHHX JaHUX 3alPOTIOHOBAHO CITiBBIIHOIICHHS JICTYBaIbHIX
€JIEMEHTIB, SIKe MOXKe OyTH BUKOPHCTaHE JUIS OLIHKU MEXaHIYHHX BJIACTHBOCTEH i BPaxOBY€ KOMILICKCHUI BILUIUB
OCHOBHHX KOMITOHEHTIB CIuTaBy. OCKITbKHM pO3MipHa HEBIAMOBIAHICT IapaMeTpPiB PEIIITKH MOB’s3aHa 31 CTYIEHEM
KOHIIEHTPAIIHHOTO TBEPIOPO3UYNHHOTO 3MIITHEHHS (ha3, ePEKTUBHICTIO TUCTIEPCIHHOTO 3MIIIHEHHS CIIaBY, MBUIKI-
CTIO TIOB3YYOCTIi ¥ iHIIMMU BIaCTUBOCTSIMH MOHOKPHUCTAJIIB, TO CIiBBITHOIICHHS JICTYBaJIbHUAX €JICMCHTIB TO3BOJIIE
TIOB’s13aTH IIi BIACTHBOCTI 3 0araTOKOMIIOHCHTHUMHE cucTeMaMu. HaBeseHo perpeciiiHi MoJieni, 3a TOTIOMOT OO SIKHX
MOXKHa PO3paxyBaTH PO3MIipHY HEBIIIOBIIHICTh, MIIHICTh, MapOMIIHICTh, KUTbKICTh (pa3u W TYCTHHY CIUIaBIB i3
BHCOKOIO TOYHICTIO. Y CTaHOBIIEHO 3aKOHOMIPHOCTI BIUTHUBY CKJIaJy HA BIACTUBOCTI MOHOKPHCTAIIYHHUX >KapoOMill-
HUX HikeneBHX ciutaBiB. [TokazaHo, mo s 6araTOKOMITOHEHTHIX HiKEJIEBUX CHCTEM MOYKHA 3 BHCOKOIO BIpOTiIHIC-
TIO NTPOTHO3YBATH MIiC(IT, KUl ICTOTHO BIUIMBAE Ha XapaKTEPUCTUKHU MIIHOCTI CIUIaBIB 1[bOTO Kiacy. /ljisi MOHOK-
PHCTAIIYHUX KAPOMIIIHUX HIKEIEBUX CIUIABIB 301IbLICHHS 3HAUSHHS MICQITY CYNpPOBOKYETHCS 3HMKEHHAM MEKi
X KOPOTKOYACHOT MIIIHOCTI, OCKUIBKM MK KPUCTaJIYHUMH pelriTkaMu (a3 yTBOPIOIOTHCS 3HAUHI HAIIPYKEHHSI, SIKi
COPUAIOTH TPOIEcaM CTPYKTYPHOT i (ha30BOi HECTAOTBHOCTI i MPHU3BOIATH O MEPEIIACHOTO PYHHYBAHHS MaTepi-
ay. YCTaHOBJICHO KOPEJSIIIHHUI 3B’ 130K MIXK MTUTOMOO IIUIBHICTIO i CepeIHhO0 aTOMHOIO Macol0 CIUIABIB, a Ta-
KOX MEXEI0 1X KOpoTkouyacHOi MinHocTi. HaykoBa HOBHU3HA. YIiepiie 3anpOoroHOBaHO criBBimHomenus Ky', 3a
JIOTIOMOT'OI0 SIKOTO MOYKHa aJIeKBaTHO IPOTHO3YBATH BJIACTUBOCTI MOHOKPHCTAJIIUYHKMX JKAPOMII[HUX CIUIABIB Ha Hi-
KeJIeBill OCHOBI, @ TAKOK perpeciiHi MOJei A1 MPOTHO3YBAaHHS OCHOBHUX XapaKTEPUCTHK JIMBAPHUX MOHOKPHCTA-
miyapX cruiaBiB. [IpakTuuna 3HaynmicTh. [loka3aHo mepcrieKTUBHUNA Ta €()EeKTUBHHUHA HANPSMOK y PO3B’s3aHHI
3a[adi MPOTHO3YBaHHS OCHOBHUX XapaKTEPHUCTHK, IO BIUITMBAIOTH HA KOMIUIEKC CITy)KOOBUX BIIACTHBOCTEH CILIAaBiB
SIK T 9ac po3poOKH HOBHMX MOHOKPHUCTATIYHUX JKApPOMIITHHX HIKEJIEBHX CIUIABIB, TaK 1 MiJ 9ac BIOCKOHAICHHS
CKJIa[ly BiTOMUX MTPOMHCIOBHX MapOK I[LOTO KJIacy.

Knrouosi crnosa: MoHOKpHCTaNivHI XKapoMminHi Hikenei cuiasy; JKHC; po3MipHa HEBIIIOBITHICTE; MicQiT; Mill-
HICTb; KapOMIIIHICTh
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PREDICTION OF THE PROPERTIES OF SINGLE-CRYSTAL HEAT-
RESISTANCE NICKEL ALLOYS

Purpose. This work aims to obtain predictive regression models, with which, one can adequately calculate the
mechanical properties of single-crystal heat-resistant nickel alloys, without conducting preliminary experiments.
Methodology. Industrial alloys for single-crystal casting of domestic and foreign production were selected for the
research. Values were processed by the method of least squares with obtaining correlation dependencies with obtain-
ing mathematical equations of regression models. Findings. As a result of processing the experimental data, a ratio
of alloying elements has been proposed, which can be used to evaluate mechanical properties, which considers the
complex effect of the main alloy components. Since the dimensional mismatch of the lattice parameters is related to
the degree of solid-solution concentration hardening of the phases, the efficiency of the dispersion hardening of the
alloy, the creep rate and other properties of single crystals, the ratio of alloying elements allows these properties to
be associated with multi-component systems. The regression models are given, with the help of which it is possible
to calculate the size mismatch, strength, heat resistance, amount of phase and density of alloys with high accuracy.
The regularities of the influence of the composition on the properties of single-crystal heat-resistant nickel alloys are
established. It is shown that for multicomponent nickel systems it is possible to predict with a high degree of confi-
dence a misfit, which has a significant impact on the strength characteristics of alloys of this class. For single-crystal
heat-resistant nickel alloys, an increase in the value of misfit is accompanied by a decrease in the limit of their short-
term strength, since considerable stresses form between the crystal lattices of the phases, which contribute to struc-
tural and phase instability processes leading to premature destruction of the material. A correlation was established
between the specific density and the average atomic mass of the alloys, as well as the limit of their short-term
strength. Originality. For the first time, we proposed the ratio Ky’ with the help of which it is possible to adequately
predict the properties of single-crystal heat-resistant nickel alloys, as well as regression models for predicting the
main characteristics of casting single-crystal alloys. Practical value. A promising and effective direction in solving
the problem of predicting the main characteristics affecting the complex service properties of alloys both in the de-
velopment of new single-crystal heat-resistant nickel alloys and in improving the compositions of well-known in-
dustrial grades of this class is shown.

Keywords: single crystal heat-resistant nickel alloys; HNA; dimensional discrepancy; misfit; strength; heat re-
sistance
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HNPOAOJIBHBIE HECTAIIMOHAPHBIE ABU/XEHUA
MATI'HUTOJIEBUTUPYIOLIEI'O IOE3JIA

ean. KagecTBo TpaHCHOPTHPOBaHMS MACCaKUPOB U TPY30B MarHUTOJICBUTHPYIOIUM roezaoM (MJIIT) ssert-
Cs1 KJIFOYEBBIM KPUTEPHEM OIIEHKH €r0 NOTPEOUTENbCKUX CBOHCTB. OTpeaessIonee BIUSHIE Ha 3TO Ka9eCTBO OKa3bl-
BacT JMHAMHUKa 3JIeKTpoMexaHndeckol moacucteMsl (OMII) moesma. Oco00 KpUTHUIHBI HECTAIIMOHAPHBIC PEKHUMBI
JIBIDKEHHS 3TON TTOCUCTEMBI, TaKHe KaKk Habop CKOPOCTH, CIy)KeOHOE M 3KCTPEHHOE TOPMOXKEHHE, a TAKXKE IIPOXO]]
TOHHeNs. JIBMKeHHe Noe31a B TAKUX PeXuMax JIMMHUTHPOBAHO JIOMyCTUMBIMU HopMamu Oe3omnacHocTH. Vcxons us
YKa3aHHOTO, 11€JIb HACTOSIIET0 HCCIEJOBAHUS COCTOUT B OLIEHKE JUHAMUYECKUX KaueCTB M HArPYKEHHOCTH I10e371a
B HECTaIlMOHApHBIX pexuMax. Meronuka. Ha coBpeMeHHOM »Tame OCHOBHBIM M Haubojee yHHUBEpCalIbHBIM HH-
CTPYMEHTOM aHaJIM3a M CUHTE3a IPOLIECCOB B CUCTEMAaX ABIIACTCA UX MaTeMaTHYECKOe U, B YACTHOCTH, KOMIIBIOTEP-
HOoe MozenupoBanue. Vicxozs u3 3Toro, paboTta BBIIOJHEHA IMyTEM NPOBEACHHS psiia SKCIEPHMEHTOB C KOMIIBIO-
TepHOH Mozenpro nmuHamuku DMIT MIIITI, momydeHHOH B pe3ynbTaTe peleBaHTHOTO IpeoOpa3oBaHUsS B HE€ COOT-
BETCTBYIOIIEH Mozienn MaTeMarnieckod. KoMnbrorepHast MOeb IPOrpaMMHO 3a(MKCHPOBaHA Ha BXOJHOM SI3BIKE
CHCTEMbI KOMIbIOTepHOU MaTtemaTnku Mathematica. Pesynbrarel. [lonydeHHbIe pe3yabTaThl MOACITHPOBAHUS TIPH-
BeZIeHBI B rpaduieckoil (hopme 1 OTpaxkaloT ABMIKEHHE 10€3/[a B PSKUMaX pasroHa, MPOXOXKACHHUS TOHHEI, a TaK-
Ke CIIy>keOHOTO M SKCTPEHHOTO TOPMOJKCHHUS. YTpaBJICHHE 3JIEKTPOMEXaHUYECKOH ITOJICHCTEMON I0e3/[a BO BCEX
paccMaTpHUBaeMBIX IEPEXOAHBIX PEKUMAX JIBIKEHHS, 33 NCKIIIOYEHHEM SKCTPEHHOTO TOPMOXEHHUS, OCYIECTBIISIOT
MyTéM M3MEHEHHS, COIVIACHO TOMY HJIM MHOMY 3aKOHY, HAIIPSDKEHHS, MUTAIOIIEr0 SKOPHYI0 OOMOTKY JMHEHHOTO
CHHXPOHHOTO JABHrartess. [1o3ToMy mpu MOAETHUPOBAaHUN ABIKEHHS 1O€3/1a B KAXKIOM M3 TaKHX PEXHMOB PACcCMOT-
PEHBI BApHAHTHI TOJIBKO YaCTOTHOTO, aMIIUTYAHO-4YaCTOTHOTO, a TakXKe (pa30-4acTOTHOTO YIIPaBICHUS U3MCHEHUEM
YIOMSHYTOTO SIKOPHOTO HANpsIKCHUS ABHTaTess. AHaIN3 pe3yiIbTaTOB MOJEIHPOBAHUS IO3BONMI OIEHUTH JAMHA-
Mudeckue kagectsa MJIII B pa3nuuHBIX HECTAIIMOHAPHBIX PEKUMAaX ABIDKEHHS M €T0 HarpyKeHHOCTh B X MpOIieC-
ce. Hayunas HoBM3HA. VccienoBaHue NMPHOPUTETHO MO KPUTEPHIO XOJINYECKOTO PACCMOTPEHHS! HECTAI[HOHAPHBIX
PEKMMOB JBIKEHUSI HJIEKTPOMEXaHUIECKON MOJICHCTEMBl MarHUTOJIEBUTHPYIOIIETo noe3aa. [IpakTuueckas 3Ha4H-
MocTb. OCHOBHBIM IPOSIBIICHHEM MPAKTHYECKOH 3HAYMMOCTH PaOOTHI SIBJISICTCS BO3MOXKHOCTb, B CIy4ae MCIIOIb30-
BaHMA € pPe3yJIbTaTOB, CYIIECTBEHHOTO MOBHINICHNUS 3P ()EeKTHUBHOCTH AMHAMUYECKUX MCCIIEJOBAaHUN HecTallMOHap-
HBIX PEXHMMOB MarHUTOJICBUTHPYIOIIETO MOe3/1a IPH OJHOBPEMEHHOM CHIDKEHHH UX PECYPCOEMKOCTH.

Kniouesvie cnosa: maranroneButupyronmii oesn; MJII; HectaloHapHBIE PEXUMBI JIBH)KEHHS;, TMHAMUYECKHE Ka-
YeCcTBa; JUHAMUYECKAs HArPY>KEHHOCTb; KOMIBIOTEPHBIN SKCIIEPUMEHT

Beenenue

HUE — TPAHCIOPTHUPOBAHNE MACCAKUPOB U TPY30B.
KauecTBO TpaHCOpTHPOBaHUS — KJIIOUYEBON KpH-
TEpHii OIIEHKH ITOTPEOUTENbCKH CBOMCTB MOE3a.

Maruaurtonesutupyromud  moezn (MJIIT) —
OoJblIass, CIOXKHAS CHUCTEMa, 3JEMEHTBl KOTOPOM
BECbMa pa3HOTUNHEI. E€ ocHOBHOE NpeHa3Haye-

Creative Commons Attribution 4.0 International
doi: 10.15802/stp2019/165891 © B. A. Tonsikos, H. M. Xauanypuze, 2019

101


http://creativecommons.org/licenses/by/4.0/

ISSN 2307-3489 (Print), ISSN 2307-6666 (Online)

Hayxka Ta nporpec Tpancnopty. BicHuk J{HiponeTpoBcbKoro

HaL[iOHAJIBHOTO YHIBEPCHUTETY 3aJli3HUYHOro TpaHcnopty, 2019, Ne 2 (80)

PYXOMMI1 CKJIAJL I TATA TIOI3/11B

Hean

Ha yka3zaHHOE Ka4ecTBO IETEepMHHHpPYIOIIEe
BIIMSHHUE OKAa3bIBAeT JAWHAMHKA HIICKTPOMEXaHUYe-
ckoii moacuctemsl (OMII). Ocobo KpUTHYHBI He-
CTallMOHAPHBIC PEXXUMBI e€ NBMKeHus. OHU SBIIS-
I0TCS JUMHUTHPYIOIIMMH M TOJJISKAT IepBOOYE-
penHoMy uccienoanuto. Ero mposenenue — oc-
HOBHA$ 11eJb PaOOTHI.

MeToauka

Pabota BbImonHeHa MyTEM MPOBENCHUS Psia DKC-
MEPUIMEHTOB C KOMITBFOTEPHOM MOZENBI0 JTUHAMUKA
OMII MJIII, nony4yeHHOH B pe3yibTare peleBaHT-
HOW TpaHc(hoOpMalMUd B HeE€ CO3MAHHOW MOZAEIH
MaTEeMaTHYECKOM.

PesyabTarsi

PaccmotpeHo ogHOMepHOE MOPOAOIBHOE [IBU-
s)kenne MIJIIL. B kauectBe pacy€THON CXEMBI €ro
Mexanudeckoil moacucreMsl (MII) mpunsto TBEP-
J0€ Teno Maccod M. JIBuKeHHE paccMaTpUBAETCS
OTHOCUTEIBHO WHEPLUHUAIBHOW HENOJABWKHOU Je-
kapToBoi cucteMsl oTcu€ta OXYZ . C ymomsHy-
TBIM TEJIOM CBsI3aH JieKapToB Tpudap CXxyz, ocu
KOTOPOIO SIBJISIIOTCA €r0 IJIABHBIMU LIEHTPAJIbHbBI-
mu. MI3MEHEeHHE TOJNOKEeHHsI Tejla BO BpeMeHH t
ompenenseTcs JeKapToBoi koopauHatoi X (t)
LeHTpa macc. Ha Teno He HanoXeHbl aHAIUTHYe-
ckue cBs3u. Kondurypamus MIT MIII moxer
OBITH OIMCAaHA C IMOMOIILK) OXHONW O0OOLIEHHOI
KOOPJHHATHI:

n'=x. 1)

JIBimKeHne paccMaTpUBaeM B COCTOSHUH 3JI€K-
TPOAMHAMHYECKOH JIEBUTALMH — TIOCIIE OTPBIBA OT
MyTEHaNpaBIsIOIINX KOHCTpyKUuil. B mpouecce
JIBI)KEHHUA CYUTAEM OTCYTCTBYIOIIMMH OTKJIOHE-
HUS LIEHTpa Macc Tela M OT CTallMOHApHOW Tpa-
€KTOPHH, NapaJJIEIbHOW KPUBOM OCH ITyTH M CHM-
METPUYHO PACTIOJIOKEHHOW OTHOCHUTEIBHO €ro
KOHCTpykuui. Ha Teno aeHCTBYIOT clieayroniue
cunsl [2]: Ry, — nponosibHasi COCTaBIISIOIAs TATO-
BOTO YCHJIUSI — CO CTOPOHBI JIWHEHHOTO CHHXPOH-
Horo apurarens (JICI); F,p, — npomonbHas co-
CTaBIIAIONIAS A3POAMHAMUYECKOTO YCWIHS — CO
CTOPOHBI OKpY>Karollel Bo3AylIHoi cpensl; Fep, —
MPOJIOJbHAS COCTABIAOLIAS DJIEKTPOAMHAMUYE-

CKOI'o yCuUJiusd — CO CTOPOHBI ITYTEBBIX KOHTYPOB
TIOABCIINBAHMA, FWX — HIpOoaOoJIbHasA COCTaBJIAIO-

as Beca moesza — BCIEACTBUE HAIU4US IPOJOIIb-
HOTO YKJIOHA ITyTH.

IIpononsHOE mocTynarenbHoe ABHKeHue MII
MUJIII onncyemo BTOpeIM 3ak0HOM HbroToHa:

M- X=Fry + Fape + Fepx + F 2)

rae X — npojoibpHoe yekopeHue Touku C .
3nauenns F, ompenemnmsl [3] cOOTHOMICHUSIMN:

Fr

X

=f, -e-e" et =et =]
fi, =hy, "B, VAe[LN]lxe[L2], (3)

rae f,, — cuna BzanmopeiicTBus nonei TOKOB 1e-

neft 7y -To MPSIMOJIMHEWHOTO 3JIEMEHTa A -TO KOH-
: i

Typa MHIyKTOpa ¢ sikopem; I, ,i",B, ~— niuHa

TAKOTO JJIEMEHTA, TOK B HEM, a TaKKe MHIYKIHs
(YCIOBHO OJHOPOJHOTO — B TIPEHENax DIEMEHTa)
MarHMTHOT'O OJIS, B KOTOPOM 3JIEMEHT HaXOJUTCH.

3HayeHus BENUYMH F,p, OLEHOYHO ONHUCYEMBI

[4, 7, 8] cooTHOMIEHUSIMU:
FADX:_CXqSI q:o,5px(2), (4)

rne C, — 0e3pa3MepHbI a3pOANHAMUYECKHNA KO-

X
¢unment B HanpaeieHnn CX; S — xapakrtepHas
TUTONIAIb CEYEHHS M0e3/1a B TOM )K€ HalpaBJICHUH;
p — IJIOTHOCTh OKPYXKAIOIIEro €ro Bo3ayxa.

3HaueHHs BENWYMH Fgp  anmpoxCcMMUpyeMbl

[5, 9, 11] nonuuoMOM Buja:

Feox =k, - X° €% e° =1V pe[ln], (5

B kotopom Kk Vpe[ln] — xoodpduumentsr pe-
IPECCHU  DKCHEPUMEHTAIBHBIX  3aBHCHMOCTEH
Fepy (t) co creneHblo anmpoKCHMAIMOHHOTO I1O-
JMHOMA N, .

HaKOHGLI, HN3MCHCHUC FW OIIMCBbIBACM BbIpa-

X
KCHUCM:

Fw=m-g-sin¢,, (6)

rae § — yCKOpeHue CBOOOIHOro majeHus; ¢, —

yroj ykjoHa Hpoduis K-TO ydacTka MyTH, IO
KOTOPOMY JIBHKETCSI TTOE3.
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Maremarndeckass Moaenb (2) ONMUCHIBAET IPO-
JnoJibHOE ojHOMepHoe nBwkeHue MIT MIIIT non
JIEHCTBUEM YUUTHIBAEMBIX BHEITHUX BO3MYIICHUH,
a Taxoke ympasieHust co cropons! ero JICJ[. Ymo-
MSHYyTas MOJENb ObLIa MPHUHSTA B KA4eCTBE aJro-
PUTMHUYECKON OCHOBBI MOCTPOCHUS KOMIIBIOTEP-
HOM MOJENM TOTO e Mpolecca IBUKEHUS. Die-
MEHTBI KOMITBPIOTEPHOW MOJENH IMOoApa3zelisieM Ha
pacuétHyr0 W Tpadudeckyro dyactu. [lepBas u3
ATUX YacTell pelraeT MpsaMyr 3aJady JTUHAMUKH
MTOJICHCTEMEBI, a BTOpasi — mpeodpa3yeT pe3ysIbTaThl
pacuéroB B rpaduueckyro hopmy. Hccrenopanme
OCYIIECTBJICHO MPOBEJICHUEM JKCIIEPUMEHTOB C
KOMITBIOTEPHOU MOJENbI0. VMIX pe3ynpTaToM sBU-
much Tpapuku (YHKIMOHAITBHBIX 3aBHCHMOCTEN
OT BPEMEHHU XapaKTEePU3YIOUIUX U TOPOKIAIOLTUX
9TO ABWKEHHE BeJMYMH. BBIJIO MCclieJoBaHO IBU-
JKEHHE B HECTAIMOHAPHBIX peXHMax Habopa Cko-
pOCTH, MPOX0JIa TOHHENS, CITY)KEOHOTO U 3KCTPCH-
HOTO TOpMOXKeHMsI. Hrke M37105KEeHbI U MpOoaHau-
3WPOBAHBI HEKOTOPBIE PE3YNIBTATHI ITOTO UCCIIEO0-
BaHUSI.

YacToTy HanpspKEHHs, MUTAIOLIETO SKOPHYIO
oomotky JIC]I, Bcerjia aBTOMaTHYECKH MTOICPIKHU-
BaroOT [2] mpONMOpHHOHATBHON CKOPOCTH JBUKEHHS
MUJIII. TToMuMO 4YacTOTHOrO, yIpaBJEHHUE CHUCTE-
MOW MOKET MMETh JOMOJHUTEIbHBIA KOMIIOHEHT,
o0ecreunBaroniii MOBHIIIEHNE TUTABHOCTH DJICK-
TpoMarHuTHbIX npoueccoB B JICI u mexaHuue-
ckux — B MIIL. B kauecTtBe Takoro KOMIIOHEHTa
MO’KHO HCIIOJIB30BaTh aMIUIATYTHOE 100 (a3oBoe
ynpaeneHue. B mepBoM W3 3THUX Ciy4aeB, B TIpO-
necce pazrona MJIIL, nmiuaBHOCTH MOJAa4YU 3HEPrUU
Ha JICJl obecrieunBaeTCs 3a CUET MOBBILICHUS aM-
TUTATYABl HANpPSDKEHUS, MHUTAIOIIETO €ro SKOpb,
HaIrpuMmep, 1o 3aKOHY:

U, () =U; - th(t-ky), (7)

rae U, — npeznenbHOE 3HAYCHUE STOH aMIUIUTYIBI;
Kg — KodbdunueHt, onpenensonmii HHTEHCUB-

HOCTb HapacCTaHUsl aMIUIMTY/Ibl HAIIPSKEHHUS.
[Ipu ¢da3zoBoM perynupoBaHUM pasroHa moesna

HadanbHas (aza SKOPHOTO HAIPSDKEHHS MOXKET

M3MEHATHCS, HAIIPUMED, COTTIACHO 3aKOHY:

0,(t) =a, -[th(t-ke) -1, (8)

rae o, — ero Tekymas dasa; Ky — koapdunuent,

OHpeI[eJ'IﬂIOH_II/Iﬁ TEMII U3MCHCHMS HAYaJIbHOM (1)213]:1.

WnmoctpatuBHBIE TIpUMEpPHI PE3yJIbTATOB HC-
cinenoBanus nBmwkenns MJIIT B pexxume Habopa
CKOpPOCTH TpHBeJIeHbl Ha puc. 1-6. Puc. 1 u 2 co-
OTBETCTBYIOT yIMPABJICHUIO TOJBKO YaCTOTOH
HampspkeHus, puc. 3 W 4 — aMIUIUTYTHO-
4acTOTHOMY YIpaBjieHWio, puc. 5 u 6 —daso-
yacToTHOMY ynpasienuto. Ha puc. 1, 3 u 5 npuse-
TleHbI TpaUKu CKOPOCTH DKHIIAXKa, a Ha puc. 2, 4 u
6 — rpaduKu JEHCTBYIONICH HA HETO TATOBOW CHIIBI
JICA.

B 1

/ tima, &

20 afl EQ ap 1490 130 140

Puc. 1. I'paduk ckopocTH moesna mpyu yupaBiIeHUH Ya-
CTOTOM HaNpsHKCHUS

Fig. 1. The train's speed graph with voltage frequency
control
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Puc. 2. I'paduxk Tsirosoii cusiet MJIII npu ynpasiieHun
YaCTOTOW HaNpPSKEHHS

Fig. 2. The maglev train's traction force graph with volt-
age frequency control
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Puc. 3. I'paduk ckopocTu noe3ia npu aMIUTATYAHO-
YaCTOTHOM YTPaBICHUH HAMPSIKCHHEM

Fig. 3. The train's speed graph with amplitude-
frequency voltage control
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Puc. 4. I'paduk tsroBoit cutsl MJII npu ammuty gHO-
YaCTOTHOM YTPaBJICHUH HANPSKEHHEM

Fig. 4. The maglev train's traction force graph
with amplitude-frequency voltage control
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Puc. 5. I'paduk crkopocTu moesna mpu pa3o-9acTOTHOM
YIpaBICHUH HANIPSDKCHUEM

Fig. 5. The train's speed graph
with phase-frequency voltage control
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Puc. 6. I'padux tarosoii cret MIJII mipu ¢a3o-
YaCTOTHOM YIIPaBJICHUH HAPSDKCHHEM

Fig. 6. The maglev train's traction force graph with
phase-frequency voltage control

AHanu3 pe3yabTaToB MOJCIUPOBAHUS pa3roHa
Moe3/1a CBUJCTEILCTBYET O HENPUEMJIEMOCTH Kak
TOJILKO YACTOTHOTO YIPABJICHUS — U3-32 BBICOKOTO
YCKOpEHHUsl 1oe3/1a, Tak U (Pa30-4acTOTHOTO —
BeaeacTBUe ocumiuisaiuu ckopoctu MJII. HaubGo-
Jiee TIPUEMIIEMO aMILTUTYAHO-YaCTOTHOE YIIpaBJie-
HUE SIKOPHBIM HAIPSHKECHUEM.

Bxon moe3na B TOHHEIb M BBIXOJ] U3 HETO IPH-
BOJST K IEpernagaM a’dpoJMHAMHYECKOTO COIPO-
tuBnenust npumeprno Ha 30 % [1, 6, 8, 10], uTo
MOJKET HPUBOJNUTH K PE3KUM KOJICOaHUAM YCKOpPE-
HYMsL M CKODOCTH JBIKEHHSA. DTO HENONYCTHMO

U JenaeT Lenecoo0pa3Hoil aBTOMAaTU3ALMIO YIIPaB-
nerusa uM. Ilpu BXoJe M BBIXOAE M3 TOHHENS 3TO
JIOTIOJIHUTENIBHOE COINPOTUBIIEHNE W3MEHSAETCS MO-
YTH 0O JUHEHHOMY 3akoHy. IlosTomy mpu mopae-
JUPOBAHUH TAKOTO PEXHUMa JBHXKEHHUS CUUTAJIOCH,
YTO a’pOJAMHAMUYECKOE COMPOTUBICHUE EMY OIH-
CBIBAIOT COOTHOILIECHMUS:

I:/li = Faox [+ @/0,7-1)-x];

0
Vx<&s—0,5-1,vx>&s +0,5-1,;

(x+0,5-1, —&,)- 1P

VE,—051, <x<&,+0,5-1,;

K= ©)
1

VE+05- 1, <x<&;—05-1;
(&g —x+0,5-1,)-1{

V& —0,5-1, <x<& +0,5-1,

rae |, — mwmna noesnma; &,y — pacCTOSIHUSA OT

TOYKM Hayalla OTCYETa IyTH A0 Hayaja U KOHLA
TOHHEJI. 1lens ynpasiieHus Npy IBUKEHUH B TOH-
HeIe:

X (t) = X, = const, (10)

rae X, — yCKOPEHHUE N0e3/1a IIPH BXOJI€ B TOHHEIIb.
OTOro YCIOBHE JIOCTHIaeTCs YacTOTHBIM, aMILIH-
TYAHO-YaCTOTHBIM JIMOO (pa30-4acTOTHBIM ympasiie-
HueMm HanpsbkeHneM U,. TpeOyemble 3aKOHBI €ro

WM3MEHEHMs HalJIeHbI C CIOIb30BaHUEM MOJIENH (2)
(B xoTopoit F,,, 3aMeHeHo BermuumHONH F,p, , BbI-
YHUCIISIEMOM COTJIaCHO COOTHOMIEHMIM (9), a X 3ame-
HEHO BENWYMHOHN X , Beramcisgemon corsacHo (10)),

a Taxoke Mojenn quHamuku JICIT [4].
WnnrocTpaTuBHBIE TPUMEPHI PE3YIIHTATOB FIC-
cnenoBanus pwxeHus MJIIT B ToHHene npuBee-
Hbl Ha puc. 7-12. Puc. 7 m 8 COOTBETCTBYIOT
VOPABICHUIO YACTOTOM SIKOPHOTO HAIpPSIKEHUS,
puc. 9 u 10 — aMImIUTYy THO-4aCTOTHOMY yTIpaBIIe-
HUIO 3TUM HampsbkeHueMm, a puc. 11 u 12 — daszo-
4acTOTHOMY ynpaieHuro. [Ipu 3tom Ha puc. 7, 9
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u 11 npuBeneHs! rpa KA CKOPOCTH DKUTIAKA, a Ha
puc. 8, 10 u 12 — rpaduku neicTByromeil Ha HETO
TsiroBoi cuitbl JIC/T.
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Puc. 7. I'paduk cxkopocTu moesna
BO BpeMs1 IBHIKCHHS B TOHHEIIE TIPH YIIPABICHUH
YaCTOTON HANPSDKECHUSA

Fig. 7. The train's speed graph at motion
in the tunnel while frequency voltage controlling
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Puc. 8. I'paduxk Tsarooit crner MIJIIT
BO BpeMs1 IBHKCHHS B TOHHEJIE
IpH YIPaBICHUH YaCTOTOH HAPSOKSHUS

Fig. 8. The maglev train's traction force graph
at motion in the tunnel while frequency
voltage controlling
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Puc. 9. I'paduk cKOPOCTH MOE3/1a BO BPEMSI JABHIKCHHUS
B TOHHEJIE MTPH aMIUIUTYIHO-4aCTOTHOM
yIpaBJIeHNH HAMPSHKEHNEM

Fig. 9. The train's speed graph at motion
in the tunnel with amplitude-frequency
voltage control
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Puc. 10. I'paduk Tsrosoit crmer MJIIT Bo Bpems
JBI)KCHHUS B TOHHEJIE IIPH aMIUTUTYIHO-9aCTOTHOM
YIpaBJIEHUH HANPSHKEHUEM

Fig. 10. The maglev train's traction force graph at
motion in the tunnel with amplitude-frequency
voltage control
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Puc. 11. I'padpuk ckopoctu moe3aa Bo BpeMs
JBIDKCHUS B TOHHENE TpH (ha30-4aCTOTHOM
YIIpaBICHUH HANIPSHKCHUEM

Fig. 11. The train's speed graph at motion
in a tunnel with phase-frequency voltage control
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Puc. 12. I'paduk TsiroBoit cusr MIJIIT Bo Bpemst TBHKe-
HUSI B TOHHEJIE TIPH (pa30-4acTOTHOM YIIPaBICHUHN
HarpspKeHHeM

Fig. 12. The maglev train's traction force graph
at motion in a tunnel with phase-frequency
voltage control

AHanu3 pe3yiIbTaToOB MOJIEIUPOBAHUS YKa3aH-
HBIX TPEX BapUAHTOB YNPABJICHHUSA IMPOXOAOM IIO-
€3/1a CKBO3b TOHHENb MPUBOAUT K CIEAYIOIIUM
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BEIBOJIaM. B ciydae TONBKO 4acTOTHOTO yIpaBiie-
HUs niepenaj 3HadeHust ckopoctu MIJIIT cocrais-
et okono 10 %, 4to, OE3yCIIOBHO, HEIOMYCTHMO.
Nupie naBa cmocob6a aBTOMaTHYECKOTO PEryIHpO-
BaHUS HAIPSDKEHUS MPUMEPHO AKBHUBAJICHTHEI, TaK
KaK B 00OMX 3THX CIy4asiX OTCYTCTBYIOT CKOJIBKO-
HUOYIb CYIIECTBEHHBIE KOJNEOaHMS CKOPOCTH H
yckopenust MJIII npu npoxone ToHHens. B to xe
BpeMs (Pa30-4acTOTHBI CHOCOO PEryIMPOBAHUS
npoine (TOCKOJBbKY OTMajgaeT HeoOXOIUMOCTh pe-
TYJIMPOBAHUS BBICOKOBOIBTHBIX  HANPKEHUI).
OpHako TpW aMIUIATYIHO-9YaCTOTHOM PETYIHNPO-
BaHWUU THMKOBBIC 3HAYCHUS (H)a30BHIX TOKOB IPH-
MEpHO B IIOJITOpa pa3a HWXKE, YTO CHUKAET TOKO-
BYIO HAarpy3Ky Ha 3JIEKTpPOOOOPYIOBaHUE JIBUTATE-
TSl

B npouecce neuxenus MJIII npoucxoaut B3a-
MMHOE TepeMelleHre SKOPHOH W WHAYKTOPHBIX
oomotok JIC/I. B 3Tux 0OMOTKax WHAYHUPYIOTCS
DJIEKTPOABWKYIIUE CUIBI B3aUMOUHIYKIIUU, Be-
Oylie K BO3HUKHOBEHHIO MEXaHWYECKHX CHIL,
MPOTHUBOJICHCTBYIOINX B3aUMHOMY CMEIIEHHUIO
obMmoTok. Hampspkenue, nuraroiiee sSKOpHYO 00-
MOTKY JIBUTATENsl, 0OBIYHO KOMIICHCHUPYET YKa3aH-
HbIe dnekTpoaBmxymniie cuibl, u JICI pabotaer B
TAroBoM pexume. Ho ecnu Tekyiiee 3HadeHHe
SIKOpHOTO HampsbkeHust U, Vv e[A, B, C] camxa-

eTcs, [BUTaTellb AaBTOMATHYECKH IIEPEXOANUT B
Topmo3Hoit pexuM. Kak n pasron MIJIII, ero snek-
TPOAMHAMHYECKOE TOPMOXKEHUE JOIDKHO OBITh
wiaBHeIM. [loaToMy nBymst Hamboisiee mpuemiie-
MBIMHU IIYTSAMH OCYIIECTBIECHHUS CIy>XKeOHOro TOp-
MOXKEHHSI ~ Toe3/la  SIBIAIOTCS  aMIUIUTYJIHO-
9acTOTHOE M  (Da30-4aCTOTHOE pPErylupoBaHHe
skopHoro Hanpsbkenuss JICH. s peannzanmn
YKa3aHHBIX PEXHMOB IUIAaBHOTO pPETYJINPOBAHUS
aMIUTUTyJla ¥ HadanbHas Qa3a HampsHKCHUS Ha
SKOpPE MOTYT HM3MEHATHCS, HalpHMep, COIJIACHO
3aKOHaM:

U, (t)=U, -[L-th(t-k,)]; (11)

eu (t) =0y -th (t : I(fm) , (12)

rae K, Kg — KoddduumeHts, onpenelnsioniye

TEMIT U3MEHEHHUS] aMIUIUTYJbl U HadalbHOU (asbl
SIKOPHOTO HAamNpsDKEHHA. OTH 3aKOHBI MOYHO HC-
MOJIL30BATH AJISl CITYKEOHOTO TOPMOXKEHHS TT0e3/1a.
JUIa 3KCTPEHHOTO K€ TOPMOXKEHHUS] MPUMEHHMO
MTHOBEHHO€ CHSTHE MHWTAIONIET0 HAaNpsHKEHUS

C SIKOPHOI 0OMOTKH JBUraTesl, HO C COXpaHEHUEM
3aMKHYTOCTH €€ KOHTYpOB — MyTEM ABYOOPTHOTO
TPEX(Pa3HOr0 KOPOTKOTO 3aMbIKaHHs 3TOH 0OMOT-
KH.

WimrocTpaThBHBIE TIPUMEPBI PE3YIBTATOB HCCIIE-
noBanus AwkeHuss MJIIL B pa3nuyHbIX TOPMO3HBIX
pexumax npuBeneHbl Ha puc. 13-18. Puc. 13 u 14
COOTBETCTBYIOT peaju3allli CIIy>KeOHOro TOpPMO-
KEHUs MPU aMIUTUTYJHO-4aCTOTHOM PeryiupoBa-
HUM HampsbkeHust, a puc. 15 u 16 — npu ¢azo-
gacrotHoM. Haxoner, puc. 17 u 18 cooTBeTCTBYIOT
9KCTPEHHOMY TOPMOXKEHHUIO — IIyTEM JIByOOPTHOTO
TpEX(Pa3HOr0 KOPOTKOTO 3aMBIKaHUS SKOPHOU 00-
motku JIC/. Ilpu stom Ha puc. 13, 15 u 17 npuse-
JeHbl rpaiKy CKOPOCTH TI0e3/1a, a Ha puc. 14, 16 n
18 — rpaduku AeWicTBYIOIICH Ha HErO TSATOBOW CH-
ne1 JIC/I.
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Puc. 13. I'paduk ckopoctu moe3ga
BO BpeMs CIIyKEOHOTO TOPMOXKEHUS
MIPU aMIUTUTYAHO-4aCTOTHOM
PETYIUPOBAHUN HANIPSKEHHS

Fig. 13. The train's speed graph at service braking
with amplitude-frequency
voltage control
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Puc. 14. I'padux tsiroBoit cuiisl MJITT
BO BpEMsl CIIy)K€OHOT'O TOPMOXKEHHSI
MPY aMIUTUTYTHO-4aCTOTHOM
PEryJIMpOBaHNH HAIPSKEHUS

Fig. 14. The maglev train's traction force graph
at service braking with amplitude-frequency
voltage regulation
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Puc. 15. I'padux ckopocTr noe3na

BO BpeMsI CIIy’)K€OHOTO TOPMOXKEHHS
npu pazo-4acTOTHOM

PETYIUPOBAaHUM HAIPSKEHUS

Fig. 15. The train's speed graph
at service braking with phase-frequency
voltage regulation
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Puc. 16. I'padux TsiroBoit cuiisr MJITT
BO BpeMsI CIIy’)K€OHOTO TOPMOXKEHHST
pu ($a30-4acTOTHOM
PEryIMpOBaHUN HANPSKCHHS

Fig. 16. The maglev train's traction force graph
at service braking with phase-frequency
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Puc. 17. I'padux ckopocTr moes3aa Bo Bpemst
OKCTPEHHOI'O0 TOPMOKCHUA
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Fig. 17. The train's speed graph
at emergency braking
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Puc. 18. I'pauk Tsrosoit crmer MJII Bo Bpems
IKCTPEHHOTO TOPMOXKCHUS

Fig. 18. The maglev train's traction force graph
at emergency braking

AHanu3 pe3ylnbTaTOB MOJAEIHPOBAHMS yKazaH-
HBIX TOPMO3HBIX PEXKUMOB JBrxkeHuss MIIII nos-
BOJISIET CHENaTh CIEAyIoUe BBIBOABL. PaccMoT-
PCHHBIE PEKUMBI CIYKeOHOI0 TOPMOXKEHHs (Ipu
aAMIUTUTYIHO-9aCTOTHOM U ()a30-4aCTOTHOM pery-
JUPOBAHUH SIKOPHOTO HAMNPSIKCHUS ABUTATEINS) 11O
peann3yeMbIM  TOPMO3HBIM  XapaKTEpPHCTHKaM
MpUMEpPHO paBHOUEHHB. O0a OHM 00ECIeUnBAIOT
JIOCTAaTOYHYI0 IUIABHOCTb U3MEHEHHsI YCKOPECHUS
1 CKOpocTH noe3na. [IMKoBble 3HaYeHUS yCKOpe-
HUS Tpu dToM He mnpeBbmarotr 0,15-g, uro

BIIOJIHE TpHemsieMo. Peanmusanust 3KCTpPEHHOrO
TOPMOJKCHUSI TPUBOAUT K 3HAYUTEIBHBIM IHKO-
BbIM YycKopeHHsM — okono 0,22.9, ycTpaHUTb

KOTOPBIC HE NPCACTABIACTCA BO3SMOXKHBIM. OI[HaKO
TAaKOC KPATKOBPEMCHHOC IIOBLIIICHUC YCKOPCHUS
B DKCTPEMAJIbHBIX CUTYyAllUAX SABJIACTCS OIpaBAaH-
HBIM.

Hay4yHnasi HOBU3HA U NPaKTHYecKasi
3HAYMMOCTh

Hayunast HOBU3HA UCCIENOBAaHHUS COCTOUT
B MPUOPUTETHOCTH XOJIUYECKOrO0 MCCIEAOBAHUS
HECTALMOHAPHBIX PEXKUMOB JABWXKEHUs OMII
MUJIII. OCHOBHBIM K€ TPOSIBICHUEM MPAKTUYECKON
3HAYUMOCTH SIBJIIETCS BO3MOJKHOCTb, B Cly4ae
WCTIONTE30BAHUS PE3YJIBTATOB Pa0OThI, CYIIECTBEH-
HOTO TIOBBIIEHUS 3PPEKTUBHOCTH JUHAMUYIECKIX
uccnengopannii MJIII npu OIHOBPEMEHHOM CHHU-
JKEHUH X PECYPCOEMKOCTH.

BrIBOABI

IIyTéM KOMIBIOTEPHOTO MOAEIUPOBAHUS U3Y-
YeHa JIMHaMHKa MAarHUTOJIEBUTHPYIOLIETO IOE3/1a,
MIOABEPKEHHOIO  €CTECTBEHHBIM  BO3MYILICHUAM
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" YIIpaBJIIE€MOI0 JIMHEHHBIM CUHXPOHHBIM JBHUTIa- HUTb TUHAMHYCCKHE KAadC€CTBa IO€3Ja B PacCMOT-
TEJIEM B pPCEXKHUMAaxX pasroHa, IMpoxoga TOHHEIA, PEHHBIX HECTAIIMOHAPHBIX PEXHUMax IBHKCHUA,
a TaKKe cny>1<e6H0r0 1 3KCTPCHHOI'O TOPMOKCHUA. a TaKiK€ €ro Harpy>K€HHOCTb B UX ITPOLCCCE. OTuM
Amnanms TMOJIYYEHHBIX PE3YJITATOB IO3BOJIUII OLE- peuicHa 3aaga4ya HACTOSIIEH YaCTH NCCIICIOBaHUS.
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MO310BXKHI HECTAIIIOHAPHI PYXU MATHITOJIEBITYIOUOI'O
o3 1A

Mera. SIKicTb TpaHCIIOPTYBaHHS MAcaKUPiB 1 BaHTAXIB MarHitojieBiTyrounM mnoizgom (MJII) e ximodoBuM Kpu-
TepieM OLIHKM HOTO CIOXHMBYMX BIACTUBOCTEH. Bu3HavanpHMIl BIUIMB Ha IO SIKICTh Mae JIMHAMIKa EIEKTPOMEXaHid-
Hoi migcucremu (EMII) noizga. OcobanBo KpUTHYHI HECTAIlIOHAPHI PESKUMH PYyXy i€l MICHCTEMH, Taki K Hadip
LIBUJIKOCTI, CITY’)k00BE i €KCTpeHe rajbMyBaHHs, a TAKOXK MPOXOKEHHS TYHEN0. ToMy pyX I0i31a B TAKUX PeKUMax
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JMITOBaHO JOIYCTUMHUMH HOPMaMH Oe3rekd. 3BaXKaroul Ha 3a3HaueHe, MeTa IIbOT0 JOCHTIIKCHHS IIOJISATAE B OIiHII
TUHAMIYHHX SKOCTEH 1 HABaHTa)KEHOCTI MMoi3/1a B HeCTaIlloHapHUX pexkumax. Meroauka. Ha cygacHOMy erari OCHOB-
HUM | HalOLIBII yHIBEpCAIFHUM IHCTPYMEHTOM aHANI3y W CHHTE3Y IPOIIECiB Y CHCTEMaXx € X MaTeMaTHJHE i, 30KpeMa,
KOMIT IOTepPHE MOJEIOBAaHHA. ToMy poOoTa BIKOHAaHA IUITXOM MPOBEICHHS PSITy SKCIIEPUMEHTIB 13 KOMIT IOTEPHOIO
Mmozemno nuHamikn €MIT MIJIII, otpumanoi B pe3ynbTaTi peleBaHTHOTO BIPOBAKEHHs B Hei BIATIOBIAHOT Mozeri
MaremaTn4HOI. KoM 1oTepHa Mozens porpamMHo 3adikcoBaHa BXiHOIO MOBOIO CHCTEMH KOMIT IOTEpHOT MaTeMaTHKU
Mathematica. Pe3yabrarn. OTpuMaHi pe3ynbTaTd MOJCIIOBAaHHS HaBeeH B rpadiuniil Gpopmi i BimoOpaxarwTh pyx
Noi3/1a B peKUMaX PO3rOHY, NMPOXOKEHHS TYHENIO, a TaKOX CIIyKOOBOTO il eKCTpeHoro rajapMyBaHHs. KepyBaHHs
€JIEKTPOMEXaHIYHOIO MiJICUCTEMOIO T0i3/1a B YCIX PO3MIISIHYTHX MEPEXiTHAX PEXUMAX PYXy, 32 BUHITKOM €KCTPEHOTO
raJlbMyBaHHsI, 3JIHCHIOIOTh IIUISIXOM 3MiHH, 3TiHO 3 TUM YH IHIIUM 3aKOHOM, HAIPYTH, 1110 JKUBUTH SKipHY OOMOTKY
JHIKHOTO CHHXPOHHOTO OBHUTYHA. TOMY Ii/I 9ac MOJETIOBAHHS PyXy HOI31a B KOXKHOMY 3 TaKUX PEKHIMIB PO3TILIHYTI
BapiaHTH TUTBKH YaCTOTHOTO, AMILTITYAHO-YaCTOTHOTO, a TAKOXK ()a30-4aCTOTHOTO KepyBaHHS 3MIHOIO SKipHOI HAIpy-
TH JBUTYHA. AHaJi3 pe3ybTaTiB MOJEIIOBAaHHS JO3BOJIHB OIIHUTH ArHaMiuHi skocti MJIIT B pi3HIX HecTaiOHaApHIX
peXuUMax pyxy i HOTo HaBaHTa)KeHICTH y ix mporeci. HaykoBa HoBu3HAa. [lOCITiIKeHHS MPOIIOHY€E YCTAaHOBUTH IIPio-
PHUTETHICTh XOJIYHOTO PO3TIIIAY HECTALIOHAPHHX PEXKUMIB PYyXy €IeKTPOMEXaHIYHOI MiJICHCTEMH MarHITOJIEBITYIOUO-
ro noizna. [IpakTnyHa 3HaYMMicTb. OCHOBHUM IIPOSIBOM MPAKTUYHOT 3HAYMMOCTI POOOTH € MOXKIIMBICTD, Y pasi BU-
KOPHCTaHHs 1l pe3yJIbTaTiB, ICTOTHOTO MiJIBHUIIEHHS e()eKTUBHOCTI AMHAMIUYHHX JOCITI/PKEHb HECTALlIOHAPHUX PEKUMIB
MarHiTOJIEBITYIO4OTO M0i3/Ia 32 OJJHOYACHOTO 3HWKEHHS iX pECypCOMICTKOCTI.

Knrouosi crosa: marsitonesitytounii moiza; MJII; HectanioHapHi peXHMH pyxXy; AWHAMIYHI SKOCTI; AWHAMIYHA
HaBaHTA)KECHICTh; KOMIT IOTEpPHHI €KCIIEPUMEHT
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LONGITUDINAL NON-STATIONARY MOTIONS OF MAGLEV TRAIN

Purpose. The quality of passenger’s and good’s transportation by a magnetically levitated train (MLT) is a key
criterion for evaluating its consumer properties. The dynamics of a train’s electromechanical subsystem (EMS) has
a decisive influence on this quality. Non-stationary modes of this subsystem’s motion, such as a speed increase, ser-
vice and emergency braking, as well as the passage of the tunnel are especially critical. Therefore, the train’s motion
in such modes is limited by acceptable safety standards. Based on this, the purpose of this study is to assess the dy-
namic qualities and load of the train in the above-mentioned non-stationary modes. Methodology. At the present
stage, the main and most universal tool for analyzing and synthesizing processes in systems is their mathematical
and, in particular, computer modelling. On this basis, the work was done by conducting a series of experiments with
computer model of EMS MLT dynamics. This computer model was obtained as a result of the relevant transfor-
mation of the corresponding mathematical model into it. The mentioned computer model was programmatically
recorded in the input language of the Mathematica computer mathematics system. Findings. The obtained results of
modelling are presented in graphical form and reflect the train's motion in the modes of acceleration, the passage
through a tunnel, as well as service and emergency braking. The control by the train's electromechanical subsystem
in all considered transient modes of motion, with the exception of emergency braking, is carried out by changing the
voltage feeding of the linear synchronous motor’s armature’s winding according to one or another law. Therefore,
during modelling the train’s motion in each of these modes, frequency, amplitude-frequency, and phase-frequency
control options for the motor’s armature’s voltage changing were considered. Analysis of the simulation results
made it possible to estimate the MLT’s dynamic qualities in various non-stationary modes of motion and its load in
their process. Originality. The research suggests setting the priority of the holistic consideration of non-stationary
modes of MLT's EMS's motion. Practical value. The main manifestation of the practical value of the work is the
possibility, in the case of using its results, of significant increasing in the efficiency of dynamic studies of MLT
while reducing their resource intensity.

Keywords: magnetically levitated train; MLT; nonstationary modes of motion; dynamic qualities; dynamic load-
ing; computer experiment
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AOCIIKEHHSI OCOBJMBOCTEM JYAJIBHOI'O 3HOCY KOJIOJAOK
Y I'AJIBMOBIN CUCTEMI BAHTA’KHUX BAI'OHIB

Merta. Lle nocnimKkeHHs cpsiMOBaHe Ha BUSIBICHHSI OCOOJIMBOCTEH yalbHOTO 3HOCY KOJIO/IOK Y raJIbMOBIH cuc-
TeMi BaHTa)XHUX BaroHiB. Meroanka. [IpoBeieHO KOMIIJIEKC TEOPETUYHUX Ta EKCIUTyaTalliiHUX JOCHIIIKEHb TPH-
YHH 1 HACIIJKIB yaJbHOTO 3HOCY KOJIOJIOK SIK HaHOLIbII PO3IIOBCIOXKEHOTO Yy BAHTAXKHUX BaroHax. 3a JOMOMOIOI0
Teopii IUTaHyBaHHS €KCIIEPUMEHTY i Ha IMiACTaBi 310paHOTO CTAaTHCTHYHOTO MaTepialy BHKOHAHO a/lallTOBAHE MaTe-
MaTH4HE MOJAEIIOBAHHS MPOIIECY TyalbHOTO 3HOCY Ta BU3HAYCHO HeraTuBHI (akropu. st 10CiKEHHS BUKOPHC-
TaHO mporpamHe 3ade3neueHHss Mathcad i komm’totepry nporpamy «STATISTIKA». PesyasTaTu. [lopiBHAIBHUN
aHaJi3 PI3HOMAHITHUX NPHUCTPOIB A PIBHOMIPHOTO 3HOCY TalbMOBHX KOJIOIOK MOKa3aB HEMOCTAaTHIO iX eEeKTHB-
HICTh. YCTaHOBJICHO, II0 THUIIOBI MPHUCTPOi PIBHOMIPHOTO 3HOCY TajbMOBHX KOJOAOK (70 95 %) 3a mi€o 3HAYHHUX
JTMHAMIYHUX HaBaHTA)XEHb I1epeOyBarOTh y IMOIIKOKEHOMY CTaHi. ToMy KOJOAKM HaXWICHi, NPUTHCHYTI BEPXHIMU
KpallkaMH JI0 IOBEpXOHb KOYEHHs KOJIIC 1 Mil 4ac pyXy B Ioi3nax 0e3 rajibMyBaHHS 31HCHIOIOTH LIKIJJIUBE TEPTS
3 YTBOPEHHSM MOJBIHHOTO (PUKIIHHOTO 3HOCY poOouoro Tina. TeopeTHYHO MOBEACHO, IO B IIAPHIPHOMY
3’€THAHHI BEPTUKAIBLHOTO BaXKeJsl 3 PO3MIPKOIO TpPiaHrelsi YTBOPIOETHCS MIKIUIMBO JIIOYMN KPYTHHH MOMEHT Bif
rpaBITAllIfHUX CHJI, KU CTAa€ OCHOBHOIO NPHUYMHOKO NYaJILHOTO 3HOCY TallbMOBHX KOJOAOK. KiHeTocraTW4HMiA
aHaJIi3 3 ypaxyBaHHSM JMHAMIYHUX CHJI y HEMiJPeCcOpeHii YacTHHI Bi3Ka JJO3BOJIMB BCTAHOBUTH IPHUYHHY yalbHO-
T'0 3HOCY Ta BU3HAYHTH MO>KIJIMBICTh JIKBiZamii BKa3aHOTO MOMEHTY CHJI Y HasBHIH raJlbMOBil cuCTeMi. 3a BUKOHA-
Horo HIKP i po3mopsmkeHHAM Bix YKp3ali3HUII MMPOBEICHO eKCIDIyaTalliifHi BUlpoOoByBaHHS Ha 10 HamiBBaro-
Hax BHpoOHunTBa KprokoBcekoro BB3, ski migTBepAwiaM pe3yapTaTH BHKOHAHUX TEOPETUYHHMX JOCIIKCHB.
HaykoBa HOBH3HA. Yriepie BUSBICHO SBHIIE, SKOMY JaHO BU3HAYCHHS — IyalbHHH 3HOC TaJbMOBHX KOJOIOK.
3amo4yaTkoBaHO WOTo IoCHiKeHHSA. Po3poOieHo MaTeMaTndHy perpeciiiHy MoAenb JIsi BCTAHOBJIECHHS OCHOBHOI
MIPUYHHHA TyaJbHOTO 3HOCY KOJOIOK y THITOBIH MEXaHIUHIN raJlbMOBIl CHCTEMI TPHOXEIIEMEHTHUX Bi3KiB. AanTo-
BaHO MaTeMaTHYHHUI MiJXiJ O IJIaHYBaHHS €KCIIEPUMEHTIB 13 M0oOYI0BOIO BIAMOBIAHUX CXeM-MOJEJIEH, 3a SIKUMHU
BUSIBJICHO IIIKI[UIUBO MIFOYHI MOMEHT CHJI, 1[0 HAXWJISIE TPiaHreslb HA MaSTHUKOBHX II/IBICKaX JI0 BIIMPAHHS BEPXHi-
MU KpaiiKkaM¥u TajJbMOBHMX KOJIOJOK Y MOBEpPXHI KoueHHs KoiicHoi mapu. IIpakTuuna 3HaumMmicTs. PesynbraTtn
MPOBEJICHUX JIOCIIDKEHb MOYKHa BUKOPHCTOBYBATH MiJl 4ac MPOEKTYBaHHs, MOJIepHi3auii i ekcruryaTauii raibMo-
BUX CHCTEM SIK €KCIUTyaTaliiHoOro napKy, Tak i TpbOXeJIEMEHTHHX Bi3KiB HOBOTO TIOKOJIIHHSI.

Knouosi crosa: gyanbHHi 3HOC; TallbMOBA KOJIOJKA; TAJIbMOBA BaXKi/IbHA Nlepeada; TpiaHTellb; MOJIENb; CTaTUC-
TUYHUHN aHANi3; KIHETOCTATUYHUH aHaJli3; MOMEHT CHJIM;, JMHAMIYHI CHIIN; eKCIUTyaTalliifHi BUIPOOYBaHHS

HaXWIEHUX Ta IPUTHCHYTUX JI0 TIOBEPXHI KOYEHHS
KOJIiC BEPXHIX OKpaioK raJbMOBUX KOJOAOK. Take
TEpTS 3aBJa€ 3HAYHMX 30UTKIB JUIsI BaHTAXKHHUX
MepeBe3eHb.

301bLIYETHCS OIip PYXOBi, Ha IEPeOOPIOBAHHS
SIKOTO 3aliBO BUTPAYarOThCS €HEPrOHOCII Ha TATY
noizaiB. Komoaku 3HOUIYyIOTECS TyanbHO, TOOTO Ha
iX poOOYMX MOBEPXHSAX YTBOPIOIOTHCS IBi IJIOLIM-
HU 3HOCY: BEPXHS IIKIJJIUBA — BiJI TACHBHOTO Tep-
TS TI0 KOJIecax y pa3i MOMyIIEHUX TajibM, 1 HIDKHS

Beryn

SIkHafiBaXXITUBINIE 3HAYEHHS JUIS 3aJi3HHYHOL
1HQPACTPYKTypH Ma€ 3MEHIICHHS CO0iBapTOCTi
nepeBe3eHb. TeXHIYHUI CTaH 1 HaJilHICTh pyXo-
MOTO CKJIQJy B IbOMY BiJirpa€c OCHOBHY pOIIb.
Horo ransMoBe 06JafHAHHSA iCTOTHO BILTHBAa€ AK
Ha Oe3MeKy pyxy, Tak 1 Ha eHeproolapKeHHs. AJe
HUHI CIIOCTEpIraeThbCcsi KPUTHYHA CHUTYyalis 3 He-
HOPMATUBHUM 30MTKOBHM 3HOCOM TaJIbMOBHX

KOJIOJIOK Y BAHT@)KHUX BaroHax.
VY BaHTa)XHHX TIOI3]IaX MiJ| 4ac pyxy 0e3 raib-
MYyBaHHS MacOBO BiJIOyBa€ThCS IIKIJJIMBE TEPTS

poboya — mij Yac 3AiHCHEHHSI aKTUBHOTO TaJlbMy-
BaHHsi. [Ipy LpOMYy aKTHBHA MOBEPXHS KOJIOJIOK
3MEHIIIYEThCSI HAa BEJIMYHHY BEPXHBOI CTEPTOCTI.
Tomy ii edeKkTUBHICTh TaJbMyBaHb MPOIOPIIIIHO
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MIOTIPIIIYETHCS, IO CTBOPIOE 3arpo3y Oe3meri pyxy
[2]. Ilix gac rambMyBaHb KOHTaKTHI CHJIM HAaTHC-
HEHHA Ha [JyalbHO 3HOIIEHI KOJOAKH PO3IMOJIi-
JSIFOTHCST eKCIEHTPUYHO B3/I0BK 3MEHIIEHOi poOo-
40{ TUTOII TEePTs, Yepe3 M0 Ha BEpXHiX i1 yacTHHAX
30CEPE/DKYIOThCS 3HAYHO OUIBIII CHIIM TEpTSA Ta
KOHIIGHTPY€ThCS iHTCHCUBHE (PUKLIHHE TETIOBU-
ninenns. Lle crae mpuYMHOIO YTBOPEHHS Y BEJHKIH
KUTBKOCTI Ha MOBEPXHI KOUYEHHS KOJIIC BUCOKOTEM-
MepaTypHUX TMOIIKOMIXKEHb (MIKpPOTPIIWH, BHUILEP-
OuH Ta iH.). HuHI Maibke BCi KOJIICHI TTapy BaHTa-
JKHUX BaroHiB IPAMIOIOTH i3 TaKUMH IedeKTamu,
Yepe3 1Ie AWHaMiKa MepeKouyBaHHs KOJic MO pei-
Kax Ma€ TOJaTKOBO 30UTBIICHWH Omip pyXoBi Ta
MiJBUIICHI CHEePTOBUTPATH HA TATY BAHTAXKHHUX
MOI3/1B.

HanpanroBanHst Ha pecypc raJbMOBUX KOJIOJIOK
3a IyaJgbHOTO 3Hocy He gmocsirae 50 %. Tomy ix
MacoBO 3aMiHIOIOTh Ha HOBi 3 BEJIMKAMH 3aJIHIL-
KaMH po00YOro Tijia 4epes 3arpo3y Oesmerli pyxy.

CrocrepiratotbCcsl BUIAAKH, KOJIHM Yy BaroHax,
MIOMHO BUIYIICHUX 13 BATOHOPEMOHTHUX YU Baro-
HOOYIIBHUX MiANPHEMCTB, TaTbMOBI KOJIOJIKU Ha-
XWIEHI i TPYTh BEPXHIMH OKpaiKaMy IO KOJIeCax.
Tob6To mpucTpoi PIBHOMIPHOTO BiABEIACHHS KOJIO-
JIOK YK€ HE TIPaIIOI0Th.

HaBeneni B cTarTi pe3yiabTaTv JOCTIIKEHBb
CTOCYIOTHCSI BUSIBIICHHSI OCHOBHUX HNPUYUH Jyallb-
HOTO 3HOCY TaJbMOBUX KOJOJOK i3 BpaxyBaHHIM
MIPOCTOPOBOI PO3TATYKEHOCT] YaCTHH 1 JieTalie, i3
SKAX CKIIAJIA€ThCS BAXKIUJIBHO-IIAPHIPHA TaJIbMOBA
CUCTeMa Bi3Ka, i3 BUKOPHUCTaHHSIM KiHETOCTaTH4-
HOTO aHallizy MexaHi3My. BpaxoBaHo mepeMiliieH-
HS ¥ BIUIMB CHJIOBUX (DaKTOPIB, IMIO0 BHHUKAIOThH
1 IiIOTh y MIApHIPHUX 3’€THAHHAX, SK IIiJ[ 4ac ra-
JTBMYBaHb, TaK 1 B pa3i MOMYCKY TallbM.

Bupimenss npobiemMu AyalbHOTO 3HOCY Tallb-
MOBHUX KOJIOJIOK HasiBHOi, SIK Ha CHOTOJIHI, IOCUTBH
edekTHBHOI TambMOBOI BaxinbpHOI mepenayi (I'BIT)
Bi3ka MOTpeOye HOBITHIX KOHCTPYKTOPCHKUX pi-
IICHb.

[IpoGiieMa HEPIBHOMIPHOTO 3HOCY TalbMOBUX
KOJIOJIOK BHHHUKJIA HA TIOYaTKy 3aCTOCYBaHHS JIU-
THUX KOHCTPYKIIH TphOXelIeMeHTHHUX Bi3kiB MT-50
i IHII-X3, Bona Oysia moB’si3aHa 31 3MEHIICHHIM
pecypcy ralbMOBUX KOJIOJIOK Yepe3 KJIMHOMOJI0-
HUI 3HOC. BUBUEHHIO MPUYMH 1 HACTIJKIB TaKOTO
SBUIIA TPHUCBIYEHO BEJIMKY KUIBKICTH IMpalb
[4, 12]. IloTpibHO Bim3HauuTu podoty [5], y sKii

JIOBEJICHO, 110 KIJIbKICTh 3aMBUX 3B’A3KIB, SKI II€-
PEIIKO/KAI0Th  CAMOYCTAaHOBJICHHIO TaIbMOBHUX
KOJIOJIOK Y Bi3Ky BIJIHOCHO TIOBEPXHi KOYCHHSI KO-
JIC TICIS TOMYCKYy TallbM, OCSTAE BEITUKUX 3HA-
yenb — 12. [{ns iX 3MeHIIeHHs Oyno peKOMeH[0-
BaHO KOHCTPYKTOPCBHKI 3MIHM 3aTATYBaHb BEPTH-
KajdbHUX BaxemiB. OgHak 3a MIBCTONITTA Taka
MIPOTIO3UIIIS HE TOoBeIeHa 10 PoO0Y0i JOCKOHAIOC-
Ti i He HaOyJia IPaKTUYHOTO BTIICHHA. XO0Ya TaKe
PIlICHHS MOTJIO O CIIPHUSITH HE TLTBKU CAMOYCTaHO-
BJICHHIO KOJIOJOK BIJHOCHO IIOBEPXHI KOUYEHHS
KOJIICHUX Tap, a # TMIOBUINEHHIO e()EeKTUBHOCTI
raJpMyBaHb IiJ] Yac MPOXOJKCHHSI KPUBUX Iilsi-
HOK peWKOBOI KOJIil.

BuBueHHST HAyKOBO-TEXHIYHHUX 1 PEKIAMHUX
Jokepen iH(opmamii npo mnpanesnatHicts ['BIT
Cy4YaCHHMX BaHTa)XHUX BaroHIiB JOBOJMTH, IO Hi
OJTHA 3 HOBITHIX KOHCTPYKiii Bi3kiB i3 I'BII [8, 12,
14] He Bupinrye pobsieMu Yepes3 Te, o X po3po-
OHUMKM TIPOTIOHYBAaJM CTBOPIOBAaTH pi3HOMAaHITHI
JOTIOMDKHI TIPUCTPOI TPOTUAII CHiIaM, SKi Haxu-
JISFOTH KOJIOAKH IO BOHPAHHS B KoJlleca Yy Bi3Kax
TIJIBKA Ha IIJACTaBl KIHETOCTATHYHOTO aHalli3y
Mexanizmy ['BII [7].

VY crarti [13] BU3HadYeHO, MmO KOH(Iryparis
I'BIl, sky HHHI BHKOPHCTOBYIOTH Yy JBOBICHHX
Bi3Kax BAaHT&)KHUX BAroHiB, Y pa3i yCTaHOBIICHHS
TaIbMOBUX KOJIOZIOK MaKCHUMAalbHOI TOBIIMHU HE
3a0e3nedye iX 3HOC 10 MIiHIMAIIBHO IOMYCTHUMOI
BEJIMYMHU B €KCIUTyaTamnii 0e3 J0JaTKOBOTO pyd-
HOTO perymoBaHHa. OIHAK aBTOPH CTaTTi HE BH-
CBITJIFOIOTh TTUTAHHS KIMHOIOMIOHOTO i yambHO-
ro 3HOCY TaJIbMOBHX KOJIOAOK. Y mpaii [3] po3po-
OlieHa METO/AWKa OIiHKM HATHCHEHb TallbMOBUX
KOJIOJIOK, IO MIiCTUTh CTPYKTYpHHUH aHai3 Mexa-
Hismy ['BII, BH3Ha4YCHHS MOJOXKEHb JIAHOK Ha OC-
HOBi KOOPJIMHATHOT'O METOJy ¥ CHIIOBOTO aHamli3y,
skuil 0azyerbes Ha posrisimi I'BIT sk mmockoro
MeXaHi3My, 1o rnepedyBae B craTumi. JlocmimkeH-
Hsl BAKOHAHO 32 HOMIHAJIbHUX PO3MipiB TaIbMOBHX
KOJIOJIOK 1 PI3HHX J[iaMeTpiB KOJIIIC, OJHAK PO3TIISAT
MUTaHb, TIOB’S3aHUX 13 AyaJlbHUM (QPUKIIHHAM
3HOCOM 1 MOT0 BILUTMBOM Ha TaJbMOBY CHJIY HaTHC-
HEHHS, 3aJUIIMBCA T03a yBarow. Y poboti [11]
HaBe/IEHO OOTPYHTYBaHHSI KOOPIMHALIT PO3MIpHHUX
nanmoris I'BIT BaHTaXHOrO BaroHa 3 METOK BU-
3HAYEHHS XapakTepy W BEIWYHHU 3HOCY TrallbMO-
BUX KOJIOZIOK. 3amporoOHOBaHO METOAMKY po3pa-
XyHKY po3mipHux naHiioris I'BII, sika mo3Bomsie
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BU3HAYUTH T'PaHWYHI BIAXWICHHA CKJIAJOBUX Jia-
HOK Il TaJbMOBUX KOJIOAOK, $IKi 3HOLIYIOTBCS
PiBHOMIpHO.

KonextuB aBTopiB y mpami [1] HaBOOuTH pe-
3yNbTaTH TOPIBHSUIBHUX BHIIPOOYBaHb PI3HUX
TUTIB TAJIbBMOBHX KOJIOOK YKPaiHCBKOTO i 3aKOp-
JOHHOTO BUPOOHHIITBA Y Bi3KaX BaHTAKHUX Baro-
HiB. BunpoOyBaHHS KOJOIOK 31 BCTaBKaMU BITYH-
3HSHOTO BUPOOHUKA i Koonok BupoOHUUTB CIIIA
MiATBEPIUIN X 3IaTHICTH 3MEHIIYBAaTH KUTBKICTbH
nedeKTiB Ha MOBEepXHI KOYeHHs Komic. OmHak He-
OOXiHO 3a3HAYWTH, M0 HasBHA KOHCTPYKILS
i pobora I'BII Bi3ka BaHTa)XHOrO BaroHa Oyze
CHPUSTH YTBOPEHHIO yaJbHOTO 3HOCY OYyIb-SKHX
TUIIB TaJIbBMOBHX KOJIOJIOK.

3BaKarouM Ha TOCTPY aKTyaJlbHICTh Ii€i mpo-
6nemu, (haxiBii i HAYKOBII Pi3HUX KpaiH MPOBEIH
3HaYHy KUTBKICTh JOCIHIKeHb, Ha MIJICTaBl SKHUX
PO3po0JICHO PI3HOMAHITHI MPUCTPOI W MEXaHI3MH
I'BII myist ycyHeHHs 4H CIIOBUTBHEHHS IHTEHCHBHO-
T0 3HOCY KOJOAOK, HaNpWKJIaA, KIUHOMOMIOHOTO.
VY mpami [9] 3ampornoHoBaHO MPUCTPiH s BinBe-
JICHHsSI KOJIOZOK y BI3KaX BaHTAKHUX BaroHiB
3 aBTOMATHYHUM KOPETYBaHHSIM iX B3a€EMHOTO
MOJIOXKEHHS BIIHOCHO IMOBEPXOHb KOUYEHHS KOJIIC.
Aune takuii npuctpiit ycknaguioe I'BIT it motpedye
B YMOBax EKCIUTyaTalii MepioauvHUX TPYIOMiCT-
KHUX DETyJIIOBaHb, 4Yepe3 Lieé HMOro 3acTOCYBAHHS
CTaJI0 HEJOLIbHUM.

VY mpaui [15] npoananizoBaHo AWHaMiuHiI 3y-
CHJUIA, IO JIIOTh Ha HECY4y KOHCTPYKIIIO Ky30BiB
BaHTA)KHUX BaroHiB 1 TIOB’sI3aHi 3 TapaHTyBaHHIM
0e3nexu pyxy IIiJ 4ac eKCIuTyaTaiii B MiXKHApOJ-
HOMY CIIONIY4€HHi, ajie MpH LOMY JIUHAMIKY Ta-
JTBMOBOI CHCTEMH TPHOXEJIEMEHTHUX Bi3KiB He
PO3TIISHYTO.

3 iadopmanii mpo KOHCTPYKLIiIO Bi3Ka KUTaM-
cpkoro BupoOHunTea (Mon. ZK1) [12] moxHa 3a-
3HAYHTH, 10 ICTOTHA 3MiHA KPIIUIEHHS TpiaHTeNs
CHHUpaHHSM Ha CIEMiabHO BIIJIUTI B OOKOBHX
pamax Bi3Ka HamnpsMHI KPOHIITEHHH Ma€ CyTTEBI
HemoNliki. BoHM MOB’si3aHi 3 iCTOTHHM BTpY4YaH-
HSIM y KOHCTPYKIIIFO HAMOLIBIII BAYKIIMBUX HECYUHX
YacTUH Bi3Ka — JUTHUX OokoBuX pam. Jlo Toro
K HQIIWHICTh YKa3aHWUX TPHIUTHX KPOHIITEHHIB
3a yMOB JMHAaMiKH HaBaHTaXEHb y HeMiapecope-
HUX YaCTHUHAX Bi3Ka, IO JIOTh Bij raJbMoBOi cuc-
TeMH, OyJlle 3HIKCHOIO IMOPIBHSIHO i3 3arajbHOI0
HQIIMHICTIO OOKOBUX paM. Y MicIsiX KOHTaKTy

[IUMa TpiaHTeNs 3 OOKOBOIO paMOI0 MOXKYTh BHHH-
KaTH BTOMHI TPIIIUHH, IO TAKOXK CTBOPIOE 3arpo3y
oesnerni pyxy. Kpim Toro, y nporieci ekcruryarariii
MOJKHA MPOTHO3YBATH ITiIBUINECHUNA 3HOC TYMOBHX
BTYJIOK 1 3MEHIICHHS iX pecypcy. Take KpiruieHHS
I'BII y Bi3Ky 3arpoxye BiIpHBOM 1 HaXiHHIM
TpiaHTeJiB Ha KOJIiIO0.

Y npoaHadizoBaHUX 3aKOPIOHHUX POOOTax Ha-
JlaHa TiepeBara eKCIepUMEHTAIBHUM MiAX01aM, SKi
0a3yr0ThCs Ha JTOCIIDKEHHIX 3HOCOBHX 1 TeMIiepa-
TypHUX TIOKa3HHUKIB TIPae3aTHOCTI EJIEeMEHTIB
TaIbBMOBUX CHUCTEMH pyxomoro ckiamy [16, 18],
a Jlesiki 30cepe/’KeHi Ha BUKOPHCTAaHHI CIeliallb-
HUX YaBYHHUX TalbMOBHUX Kouoaok [17]. BomHo-
Yac HE BHABIEHO JDKEpeN i3 MOCIHiKEHHSIM He-
HOPMATHUBHOT'O 3HOCY raJIbMOBHX KOJIOAOK, SIKOMY
MpUTaMaHHE JIBOIUIOIIMHHE TX CTUpaHHS, 110 HHUHI
MacoBO BiJJOYBA€TbCA B TaIbMOBUX CHCTEMAax BaH-
TaXHHUX BaroHIB 1 3aBJa€ iCTOTHUX 30UTKIB rayy3i
3aJTI3HUYHOTO TPAHCIOPTY.

Meta

Le mocmimkeHHs CIIpsSMOBaHE Ha aKTyai3allifo
npobjieMH  MalOBHBUEHOTO  HEHOPMATHBHOTO
1 30MTKOBOTO JUIsl 3aJIi3HUYHOI Tajly3i sBUINA —
OyaJIbHOTO 3HOCY TajlbMOBHX KOJIOAOK y Bi3Kax
BaHTa)XHHUX BaroHiB.

st mocsirHeHHs 3a3HAa4YeHOl MEeTH HEOOXiTHO
BHPIIIATH TaKi 3aBIaHHS:

— BHUABUTH ¥ JOCHITUTH HEJOMIKH B KOHCTPYK-
1ii raqbMOBOT CHCTEMH TPHOXEIEMEHTHUX Bi3KiB
BaHTaKHUX BaroHiB, 110 CTalOTb NPUYMHOIO Tya-
JILHOTO 3HOCY KOJIOJOK;

— BHKOHATH MOJICIIOBaHHS TIPOIIECiB  YTBO-
PEHHSI Ha TaIbMOBUX KOJIOJKaX BEPXHBOI CTEPTOC-
Ti, (OpMyBaHHA ¥ 3pOCTaHHA IyaJbHOTO 3HOCY
y B3aeMOJii 3 KojecaMd BaroHa JUIs BU3HAYCHHSI
HETaTUBHUX (DaKTOpiB 3MEHIICHHS pecypcy ralb-
MOBUX KOJIOJIOK i KOJIiC, MOTipimeHHs e)eKTHBHOC-
Ti TabMYyBaHb 1 30UTBIIEHHS ONIOPY PYXOBIi B MOi3-
J1ax;

— BUPOOWUTH METOAWKY IOCIIIKEHBb 1 HAIPSIM-
KM KOHCTPYKTOPCBHKO-TEXHOJIOTIYHUX PillleHb JUIS
JOCSTHEHHSI MOXJIMBOCTI e(peKTUBHOI MoJiepHi3a-
1ii AK HAsSBHOI r'aJIbMOBOI CHCTEMH Y Bi3Kax €KcC-
IUTyaTalifHOTO MapKy BaHTaXHUX BAaroHIiB, Tak
1 IHHOBAIMHUX BI3KiB.
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MeToauka CIIpaBe/INBE JIUIIE 32 YMOBU JTOCTOBIPHOCTI Tiep-
BHHHOTO Matepiany, Ha 6a3i SKoro OyAyloTb 10C-
JIIKEHHS.

SIkmo BpaxoBYBaTH, MO CXEMa-MOJETh pHC.
1,a — mmocka mpoekmiss 1/2 xonctpykmii ['BIT
3 PO3MIPKOI TpiaHTedas 3, TOMi 3pO3yMisio, IO
HeOakaHi CWIOBI (PaKTOPH, TOB’s3aHi 3 JOJATKO-
BUM IMHAMIYHUM HABAHTAXCHHSAM BiJl CyMapHOI
MacH JeTajei, MPUEIHAHUX JI0 PO3IMIPKU TpiaHTe-
JISl 3 YHCJIOM CTYTEHIB BiIbHOCTI MexaHizmy W=2
1 omHie0 3aiiBOI0 pyxoMicTio MexaHizmy ['BIL,
YTBOPIOIOTh PYWHIBHI Nii Ha THIIOBHH MTPUCTPIN
PIBHOMIpPHOTO 3HOCY KOJIOJIOK.

Bizomo, 1110 HaiO1IBII CKIAAHOIO 3aJadveio Ki-
HETOCTaTUYHOI'O CTPYKTYPHOTO aHali3y MexaHi3-
My € BH3HAUCHHS KOPEKTHHX MOJENeH 4M CXeM
cunosBoro ananizy ['BII. Ile obymoBneHo mepr 3a
BCEC TUM, IO IOKU HE ICHYE HAJiHUX METOIIB
eKCIICpUMEHTABHOI ~ MEPEeBIpKM  TEOPETUHYHOTO
BHPIIIEHHS TaKoOi 3a7adi. Y 3B’S3Ky 3 UM IIiJl 9ac
aHaJi3y BPaxOBYIOTb BEIMKY KUIBKICTH (haKTOPiB,
SKi BIUIMBAIOTh Ha MPOLECH, IO JOCHIKYIOTh 3a
KiHEMaTHUKOI0 abo MuHaMikoro. be3cymHIBHO, M0
guM OisIbIe X BKIKOYEHO B IIOCTAHOBHIM 4YacTHHI
3aja4i, THM TOYHILII Pe3yNbTaTH CIiji OYiKYBaTH
mig gac ii po3s’s3anaga. OmHaK Take TBEpPKEHHS
a—a 6-b

Z 5
7
7 7
J
4’ 4
4 4
Ll | 6

Puc. 1. Cxema aii cuit Ha TpiaHresb JUls BU3HAYEHHS MICLsl pO3TallyBaHHs OTBOPY 3 METOIO JIIKBifaLlil
KPYTHOTO MOMEHTY, 1110 3yMOBJIIO€ JyaJIbHUI 3HOC KOJIO0K:

a — BIATBOPEHHS TIOYaTKOBOT'O OCEPEIKY CTUPAHHS BEPXHBOTO Kpalo KOJIOAKH ITifl 4ac pyxy Oe3 rajJbMyBaHb; O — eKCIUTyaTallii-
HUI BUTJISIT IyaJbHOTO 3HOCY TaJIbMOBOI KOJOAKH; 1 — MAasTHUKOBA MiJIBiCKa; 2 — TaJIbMOBA KOJIOJIKA; 3 — PO3ITipKa TpiaHTeIs;
4 — miapHip 3’€THAHHS BEPTUKAJIBHOTO BaXKEINS 3 PO3MIPKOIO TpiaHress; 4’ — MIapHip 3’€IHaHHA BEPTUKAIBHOTO BaXKes 3 pPO3-
MipKOIO TpiaHrens, B pa3i HOro nepeHeceHHs Ha BiacTans L; 5 — monmHa mkiammBoi ctepTocTi Koaoaku; 6 — miorma pooodoi
TaIbMOBOI CTEPTOCTI; 7 — JiHisl pO3MEXXyBaHHS IDIOMIKWH BEPXHBOI i HIDKHBOT CTEPTOCTEH AyaTbHOTO 3HOCY TaJIbMOBOT KOJOAKH

Fig. 1. Scheme of forces™ action on the brake beam to determine the aperture location
for liquidation of torque, which causes the dual wear of pads:
a — reproduction of the initial center of the attrition of the upper edge of pad when moving without braking;

b — operational view of the dual wear of the brake pad; 1 — pendulum suspension; 2 — brake pad; 3 — brake beam king post;
4 — articulation pivot of the vertical lever with the brake beam king post; 4' — articulation pivot of the vertical lever with the
brake beam king post, in case of its transfer to a distance L; 5 — the plane of harmful attrition of the pad; 6 — the area of opera-
tional brake attrition; 7 — the delimitation line of the planes of the upper and lower attritions of the dual wear of a brake pad

Ha puc. 1, a nHaBegeno cxemy naii rpasitanitno  Ilig miero wiel cunm Ha miede L BuHMKae KpyTHUH
YTBOPEHUX CHWJI BiJI BarWl MPUEJHAHUX JIO PO3MIPKA  MOMEHT M,p, KW MOBEpTa€ TpiaHTelh HABKOJIO
TpiaHrens 3 neraneld, 3 YTBOPEHHSAM KPYTHOTO  HIKHIX IIAPHIPIB MasTHUKOBUX MiABICOK A0 BIU-
MoMeHTy. Ha TpiaHrens nifoTh cTaTMuHa W AMHA-  paHHSA BEPXHBOIO YaCTHHOIO 000X KOJOMAOK, XKOpC-
mivHa e G mz, K YTBOPIOIOTBCS Bijl BarM ~ TKO NPHEIHAHUX JIO TPiaHTeNs, Y MOBEPXHIO KO-

. . . YeHHs KOJIICHOT TIapH 1 BPIBHOBAXKYETHCS PEAKITIEr0
neraneit I'BIl, npueananux no roro posmipku 3. p P 4 peartt
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(N1)/2)tgy, mo mounHae MiATH B 30HI 3ITKHEHHS
Kologok 3 komecamu. Jerami I'BII, mMacor skux
CTBOPIOETHCS JIMHAMIYHA CHJIa G1 + m 'Z'l 1 MOMEHT

My, 3’€qHaHi MK COOOK IIApHIpaMHU 3 JOCHUTH
BenmukuMu 3a3opamu (1-10 Mm) i po3TamoBaHi B
HemigpecopeHiit gacTuHi Bizka. ToMy mig gac pyxy
BaroHa CTBOPIOIOTHCS BUMYIIICHI Jy>K€ 1HTEHCHBHI
YAApHOTO XapaKTepy KOJMBaHHA IMX AeTanei, o
CHPUYMHSE PYHHYBaHHS TUIIOBOTO IPUCTPOIO PiB-
HOMIPHOTO 3HOCY TallbMOBHX KOJOJOK. Y 3B’SI3KY
3 THM, IO B YCiX BUHAHIEHUX KOHCTPYKLIAX MpH-
CTpoiB, MPU3HAYCHUX AJISI YCYHEHHs KIMHOMOMi0-
HOTO 3HOCY TalbMOBHX KOJIOJOK, CTBOPIOETHCS
OPOTHIIS BKa3aHOMY KpPYTHOMY MOMEHTY CHII,
B eKCIUTyaTallii BOHM WIBUAKO PyWHYIOThCS U Ma-
I0Th Iy>Ke He3HauHuil pecypc [4].

Ha puc. 2, a HaBeneHo XapakTepHE IOIIKO-
JOKEeHHS 3aMKa 1 Ta cTepTicTh po3mipku 2 TpiaHre-
751 B KOHTAaKTi 3 METICI0 3 TUIOBOTO HPHUCTPOIO
PIBHOMIPHOTO 3HOCY KOJIOZIOK, IO CTa€ MPUYMHOIO
HaxXWISHHS TaabMOBOI Komoaku 1 (puc. 2, 6) 1o

a-a

BIIUPAHHA ¥ YTBOPEHHsS CTEPTOCTi i BEpXiBKH S
B KOJIECO B pasi MOMYIICHHS TabM.

s BupilIeHHS TPOOJEMH IyalbHOTO 3HOCY
TaJIbMOBUX KOJIOJIOK Yy TpiaHrenbHi cuctemi I'BIT
[IOCTaBJICHA 3aJada JOCAITHU JIIKBiIamii Takoi mKi-
JUTMBOT Ji1 MOMEHTY CHIl M.

3i cxemu (puc. 1, a) BUAHO, U0 AJIsl BUPILICHHS
mpo0yieMy 3a3HAYEHUM CIIOCOOOM HEOOXITHO ITiK-
BigyBaTH 1uieue L. J{ns mporo mapHip 3’€aHaHHS
BEPTUKAIBHOT0 Baxkess (T. Ci pO3MipKH TpiaHres)
Tpeba repeHecT Ha Binctasb L 1o Bici O1—0), sika
YMOBHO 00’€fHy€e 00MIBa MIAPHIPH MasITHUKOBUX
MiJBICOK TpiaHTeNs 3 KoJioakamu. J[Jist 1iboro it
3MEHIIUTH 10 MiHIMyMy B TOPH30HTaJIbHOMY PO3-
Mipi TakWil JAHIIOKOK mapameTpiB: L (depBoHuUi
mecturpaniuk 4) — min (OnakutHe Kojio 47)
(puc. 1, 6). To6TO He TiNBPKK HAONM3HTH Ha BiJcC-
taub AC, BIANOBIIHUM OTBip PO3MIpKU A0 cymap-
HOTO IICHTpa TSOKIHHSA, a e H MiHIMi3yBaTH napa-
meTp (L-AC,), sKmo 1me MOXXHa BHKOHATH KOHC-
TPYKTHBHO.

6-b

Puc. 2. XapakTepHuii BUTIIS B yMOBaxX €KCILTyaTaIlii:
a — TIOUIKO/PKEHOTO THIIOBOTO IIPHCTPOIO PIBHOMIPHOTO 3HOCY KOJIOAOK; 6 — HAXMUIIEHOI Ta IIPUTUCHYTOI BEPXiBKH
raJIbMOBOT KOJIOJIKM JI0 TIOBEPXHI KOUEHHS KoJieca; 1 — 3pyiHOBaHMI 3aMOK; 2 — CTEpPTICTh PO3IIPKH TpiaHTes;
3 — memist; 4 — raibMOBa KOJIOJIKA; 5 — CTEPTICTh BEPXIBKH KOJIOJIKHU; 6 — KOJIeco

Fig. 2. Typical view in operation conditions:
a — damaged standard device of uniform wear of pads; b — bent and pressed top of the brake pad to the wheel thread;
1 — destroyed lock; 2 — attrition of the brake beam king post; 3 — loop; 4 — brake pad;
5 — attrition of the pad top; 6 — wheel

IcHye cmoci® 3MeHIIeHHs KPYTHOTO MOMEHTY
My, KWA, BOUEBU]Ib, [TOB’SI3aHMIA 31 3MEHIIICHHSIM
cymapHoi macu My aeranei ['BIT Biska. Aste Takuii
X1l HE Ma€ MPAKTUYHOI'O BTUICHHS.

Ha Biaminy Bix 3oBHimmHiX cui To(t), siki gecra-
OLTi3yI0Th PiBHOBAry AOCIILKYyBaHOI cucTeMH (Ki-
HETOCTATUYHO YM JAMHAMIYHO), BHYTPILIHI CHIIH
07, =0T Ha pIBHOBAry CHCTEMH HE BILIUBAIOTb.
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BusHauenns 000X pI3HOBHIIB ITOB’S3aHE 31 CXe-
MOIO-MOJICIITIO, sIKa HaBemeHa Ha puc. 3. HeoOximHo
3BEpHYTH yBary i Ha Te, 1110 Ha Yac poOOTH BeILy4O-
ro cuioBoro Baxens ¥ iHmmx geraneit ['BII iioro
pymriitHa ramemoBa Tsra To(f) crmpaerbes omHUM
KiHIIeM Ha BepTUKanbHuN Baxkine ['BII, sxuii map-
HIpHO MiJBIMIEHWH 1O HEHigpecopeHHX OOKOBHUH
Bi3Ka, a JPYTMM KIHIIEM — Ha OOpecopeHy pamy
BaHTaXHOro BaroHa. [lpm wpOMy Bci MmapHipHi
3’equands peraneil I'BI1 3MiHIOIOTE Bij KOJWBaHb
CBO€ BiJIHOCHE JIiHIHE i KyTOBE pO3TAITyBaHHS ITiJ]
Yac pyxy ¥ ralbMyBaHHS, & TAaKOX 32 PI3HUX PEXKH-
MiB 3aBaHTaKCHHS BaroHiB [5].

Tyt mopedyHo 3a3HaYWTH, IO JiHIAHI W KyTOBI
3MiHH KOOPAWHAT MIAPHIPHUX 3’ €JIHAHb JeTaleH,
TEXHOJIOT1YHI HETOYHOCTI BHUIOTOBJCHHS JIAHOK
kiHematuuHoro janmora ['BI1 mopymyroTs yMOBU

piBHOBaru Iip0ro MexaHi3My, IO ICTOTHO BIUIHBA€E
Ha HEHOPMATHBHUH 3HOC TaJIbMOBHX KOJIOZOK.

Takum umHOM, O€3MOCEpPEHBO KOHCTPYKIIiS
TPHOXEJIEMEHTHOTO Bi3Ka BaHTQXHOIO BaroHa
3 I'BII sBnsie coboro cucteMy, sika ifeansHo 3a0e3-
nevye PpiBHOMIPHMH PpO3MOALT CHJI HATHCKaHHS
KOJIOJIOK Ha KoJieca, TOMY CJiJ OUYiKyBaTH PiBHO-
MIpHUHA iX 3HOC. AJle eKCIUTyaTaIlisi BaHTaXHHX
BaroHiB MMOKa3ye, 1110 II¢ HE TaK.

Crig 3a3HauuTH, Mo cxeMu-moxaeni (puc. 11 3)
HaBaHTaXeHHs aeraineit ['BII, sxi moB’s3aHi 3 Bep-
THKAJbHOIO JHHAMIKOIO PyXy BaHTa)KHOTO BaroHa
MO0 HEPIBHOCTSX PEHKOBOI KOJii, JO3BOJAIOTH 3a
JIOTIOMOTOI0 ~ CTPYKTYpHOTO ~ aHANi3y BUPOOHUTH
peKoMeHaIii CTOCOBHO 3armo0iraHds BHHUKHEHHS
IOYaJIbHOTO 3HOCY TaJlbMOBHX KOJOAOK Y HasiBHUX
koHcTpykuisix ['BII Bi3kiB.

Puc. 3. CxemaTtn4He YsBICHHS PO3MOILUTY CHIIOBUX (DaKTOPIB 10 MPOBEACHHS KIHETOCTATUIHOTO
CHIIOBOTO aHaNi3y podotu ['BII:
1, 2 — BepTHKAJIBbHUI BaXiJb; 3 — TpiaHTeNb; 4 — TaJEMOBHH OalIMak 3 KOJIOJKOI0; 5 — MasTHHKOBA ITi/IBICKa TPiaHTeJIs;
6 — 3aTsKKa BEepTUKAJIBHUX BAXEIiB; 7 — po3MipKa TpiaHrens; 8, 8§ — BIANOBIAHO OTBIp y PO3MipLi TpiaHres
HasIBHOI KOHCTPYKIIIT Ta HepeHeceHn it U1t JTiKBifamii MoMeHTy cuity; 872 = 871 — BHYTpIIIHS pO3IipHA CHUIa;

To(t) — 30BHIIIHS raTbMOBA CHIIA; Gl t ml 2'1 — rpaBiTamiiHa AUHAMiTHA cuta; Myp — KDYTHHH MOMEHT;

01—-01 — yMOBHa BiCbh HaXWISIHHS TpiaHTels, 10 BifcTae Bix Horo eHtpa (T. C1) Ha BincTans L

Fig. 3. Schematic representation of the distribution of force factors before kinetostatic force analysis
of the operation of brake lever transmission:
1, 2 — vertical lever; 3 — brake beam; 4 — brake shoe with a pad; 5 — pendulum suspension of the brake beam;
6 — tie rod of vertical levers; 7 — brake beam king post; 8, 8' — respectively, aperture in the brake beam king post of the existing
design and the transferred one for the force moment elimination; 672 = 671 — internal spreading force;

To(t) — external braking force; Gl T ml Zl — gravitational dynamic force; My — torque;

01-01 — conditional declination axis of the brake beam lagging behind its center (C1) at a distance L
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Busnauenns payionanenoco micys pozmauiy-
BAHHA YEHMPa OMEOpY pPO3NIpKU mpiauzens O
WAapHIPHO20 3 €EOHAHHA 3 6EPMUKANLHUM 6adiCeseM
I'BII 3a paxyHok ii moOepHizayii.

3anUIuarydnch y paMKax po3risHyTOi METOAU-
KM JIIKBiamii TyaJbHOTO 3HOCY KOJIOJOK, Ha Iep-
IOMY KpoLi MoJepHi3auii OTBip PO3MipKH THIIO-
BHX TpiaHTeNiB, A¢ BOHH 3 €QHAHI 3 BEPTUKAILHU-
mu Baxensmu ['BII, Oyno nHabnmkeHo 10 yMOBHOI
ninii O1—01, Wo nomapHo 00’ €HY€ IMAPHIPH Mia-
BiCKM TpiaHTeniB 3 Komoakamu (puc. 1,a). Tyt
y pa3i 3MiHH KOHCTPYKTHBHHUX TapaMeTpiB y PO3-
mipui TpiaHrens i ii 3’€gHaHHS 3 BEPTHKAILHUM
BakeJieM OyAyTh 3MIHIOBAaTHCS BIATIOBIAHI TMapa-
metpu ['BII Bi3ka i 3HOC HOTO TalbMOBUX KOJIOJIOK
3aJIe)KHO BiJ mpoOiry. Y Hamii 3ajadi KiIbKiCTh
BXIIHUX TapaMeTpiB n =2, MPHYOMY HATHUCKAHHS
raJsMOBHX KOJIOJOK Ha Koleca Bizka Q = 68,67 kH
€ CTaJIOI0 BeNMMUYMHOIO [2]; X| — BIACTaHb 10 OTBO-
Py po3mipku Bij Oanmku Tpianrens, L, mm; Xo — KyT

TepucTdk M =2, Y; — B3HOC BBEpXYy KOJOJIKH;
Y2 — 3HOC BHU3Y KOJIOJIKH.
MareMaThuHa MOJENIh MEXAHIYHOI TajlbMOBOL

cuctemu (3i ckmamosumi: X = (X, X,,... X)) —

BXI1THUH BEKTOP 3MIHHUX apamMeTiB;

Y = (Y;,Y,,...,Y,) — BEeKTOp BUXIJHHUX XapaKTepuC-
TUK) OyZe BIAMOBiAaTH CHpOIICHIH 2-0 mapamer-
pUYHINM MOJIENI IUIaHyBaHHA ekcriepuMeHTty. Cyky-
MTHICTH MPOIEAYP MEPETBOPEHD, IO MICTITh (PyHK-
LIOHAJBHI oTeparii, SKi BUKOHY€ TEXHIYHa CHCTe-
Ma, Ma€ BUTIISL;

T:X >Y. (1)

[oni6Hi 3amadi MOIIYKy ONTUMAalbHUX (pario-
HaJBbHHX) PilIeHb (POPMAaIi3yIOTh BiIOMUMH METO-
JaMH Teopii INIaHyBaHHS €KCIIEPUMEHTIB.

[Tig yac mpoBeaeHHS eKCIIEPUMEHTAIBHUX J10C-
JipKeHb OyJI0 OTPpMMAaHO CTaTHUCTWYHI JaHI TPO

. pldH ! 3HOC TaJbMOBHX KOJOJOK B  €KCIUTyaTarii
Haxuiny TpiaHreis, o°. KUlbKicTh BUXITHUX Xapak- (tabm. 1).
Tabmums 1
Hocaiani crarucTuyHi AaHi 1J151 BU3SHAYEHHS PalliOHAJIbHUX NapaMeTpiB
nepeHeceHHs 0TBOPY B po3mipui TpiaHreias Ha Bincrans L 3 MeToro JikBigamii
KPYTHOr0 MOMEHTY CHJI Ha TpiaHrei
Table 1

The experimental statistical data for determining the rational parameters
of the aperture transfer in the brake beam king post at a distance L, for elimination
of the torque moment of forces at the brake beam

PisHuig Mi>k HOMiHA- Pi3unig Mi>k HOMiHa-
IIpoGir Barowis, ToBmuHa 3Bepxy JILHOIO i BUMIPSTHOIO ToBmuHa 3HU3Y JIBHOIO ¥ BUMIpSHOIO
N, THC. KM KOJIOJJKH, MM TOBIIMHOIO KOJIOAKH KOJIOAKH, MM TOBILMHOIO KOJOJKH
3BEpXy 3HU3Y
Tunoa kouctpykuist (L =224 mm, a = 9°)
0 65 0 65 0
3 62,9 2,1 63,5 1,5
7 60,8 4,2 62,5 2,5
9 58,6 6,4 61,1 3,9
17 55,7 9,3 59,5 5,5
24 52,2 12,8 57,5 7,5
30 48,8 16,2 53,5 11,5
40 44,7 20,3 49,3 15,7
60 40,1 24,9 46,4 18,6
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[ponopxenHs tabnumi 1

Continuation of Table 1

PizHung mMix HOMiHa- PizHumg Mix HOMiHa-
IIpoGir Barowis, ToBmuHa 3Bepxy JIBHOIO ¥ BUMIPSTHOIO ToBmuHa 3HU3Y JIBHOIO i BUMIPSHOIO
N, Tuc. kM KOJIOZIKH, MM TOBILMHOIO KOJIOIKH KOJIOIKH, MM TOBLIUHOIO KOJOAKH
3BEpPXY 3HU3Y
Tunosa xonctpykuis (L = 224 mm, a = 9°)
85 32,7 323 41,2 23,8
110 22,6 42,4 38,3 26,7
135 16,9 48,1 34,6 30,4
160 11,8 53,2 30,4 34,6
3anpononoBana koHcTpykuis (L =112 MM, o = 8°)
0 65 0 65 0
3 63,5 1,5 63,7 1,3
7 62,5 2,5 62,8 2,2
9 60,9 4,1 614 3,6
17 58,8 6,2 59,6 5,4
24 56,7 83 57,7 7,3
30 53,7 11,3 55,3 9,7
40 48,6 16,4 52,2 12,8
60 42,7 223 47,1 17,9
85 38,8 26,2 42,6 224
110 34,8 30,2 38,3 26,7
135 29.9 35,1 314 33,6
160 20,7 44,3 25,3 39,7

Jist 3HAXOIKEHHS PalliOHAIBHOI MOJIENI Tepe-
HECEHHSI OTBOPY B PO3IIpIi TpiaHTeds 3 METO0
JKBimalii KPyTHOTO MOMEHTY chil M.y, 3a JOII0-
MOTOI0 TeOopii ITaHyBaHHS €KCIIEPUMEHTY pO3po0-
JIEHO TMOJIIHOMIANBHY KBaJpaTUUHy MOjeb (Ky-
O0iuHa mapaboia), sSKka BpPaxOBYE peaibHI 3MiHU
HaWOUTBII BaXIMBUX (akTopiB Xi, i=1, 2, mo
BIUTMBAIOTh Ha KiHIICBHI pe3yJIbTar.

Perpeciitna MaremMaTuuHa MOJENb 3HOCY Talb-
MOBHUX KOJIOJIOK 3aJIeHO BiJ TpoOiry BaroHiB
B 000X BHIIQJKaX Ma€ BHUIJISLI HACTYIHOI (YHKIIIO-

HAJILHOI 3aJI€XKHOCTI:
X X : X ’
=b +b ——+b | —— | +b| — |, 2
Y=" 2[1000) 3(1000) @

1000

1e x — npoOir Barosis; by, b, b,, b, — mykani koe-
(hinienTn perpecii.

Jns 1X 3HaXOIKEHHS OyJo 3adisiHO METOJ
Haiimenmmx kBajapatie (MHK). Pesynbratn o6un-
CIICHb HaBEJICHO B TaOJ. 2, a BiAMOBiMHI rpadiyuHi
3aJIe)KHOCTI 3HOCIB TAIbMOBHX KOJIOJIOK 300pake-
HO Ha puc. 4.

BukopucTaHHs IPOBEACHUX PO3PAXYHKIB Y Ce-
penoBumii mporpamHoro 3abesmedenHss Mathcad
JIO3BOJIMIIO OIIHUTH 3HAYMMOCTI BCiX KOe(]iIieHTiB
perpecii 3a kpurepiem CTbIOJIEHTa 3a PiBHS 3Ha-
guMocTi o0 = 0,005 1 KIIBKOCTI CTENEHIB CBOOOIM
No = 10. Hadimmpmuii HagidHUHA iHTEpBajl CKIIaB
Bix 2,0 MM 10 1,5 MM, a OIliHKa CEPEIHBOTO BiIXH-
nerHas — 0,99 mm.
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Tabnums 2
Be3po3mipHi koedinienTu perpecii 3a MHK
Table 2
Non-dimensional regression coefficients according to the least squares method
Micre BUMipIOBaHHS by b b b
KOJIOJIKH 1 2 3
Tunoa xoHcTpykuist (L= 224 mm, a = 9°)
3BEpXy 8,208585-10°! 5,383442-107! -2,192588:10° 5,606141-107
3HH3Y -3,572003-10! 4,571698-10! -2,747773-1073 7,816891-107
3ampornonosana KOHCTPYKIis (L = 112 mm, a = 8°)
3BEpPXY -7,604903-10! 5,309275-10"! -3,681336:1073 1,31264-10°¢
3HU3Y -1,070960-10°! 3,819281-107! -1,992730-10° 7,280919-107

OtpumaHi MoJIeNi TIepeBipeHo Ha aJIeKBATHICTD
3a kpurepiem Pimepa (F-kputepiii) 3a piBHA 3Ha-
gumocTi o = 0,005. 3navenns F-kpurepiro cxiaio
Big 1477 no 5852 ans 3 1 10 creneniB cBoboaN.
IMOBipHiCTh OTpUMATH Taki 3HAYCHHS 32 BiJICYTHO-

INY

|
0 o
|

40
1

L=112xmm, a=8°

30
1
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1

L=224 um, a=9°

TOBIIHHA BBEPXY KOMOIKH, MM

T T T T T T T T T
80 100 120 140 160
TIpo®ir sarowis, N, THC. KM

CTi 3B’513Ky MK TpoOiroM BaroHiB i 3HOCOM KOJIO-
nxku myxe mana (F=1,091e-14). Kpim Toro, 3Ha-
yeHHss F-kputepito cyrreBo Oimpme F= 8,08
(a=10,005, x1=3, ko= 10), ToMmy moOyI0BaHi MO-
JISJTi € aJICKBaTHUMHU 3 rapaHTieto 99,5 %.

6-b

50
|

L=224 mm,
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|
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20
|

10
1

ToBIMMHA BHU3Y KONOJIKH, MM
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IIpo6ir parowis, N, THC. KM

Puc. 4. Perpeciitni MaTeMaTH4HI 3aJIe)KHOCTI 3HOCY TAJIEMOBHX KOJIOJIOK BiJl IPOOITy
BaroHiB TUIOBOT i 3aIIpOIIOHOBAHOT KOHCTPYKLIT (TOYKaMH IMO3HAYEHO JIaHl EeKCIIEPUMEHTY):
a — BEepX KOJOMOK; 6 — HA3 KOJIOJOK

Fig. 4. Regression mathematical dependences of brake pads wear on the cars’ run of the typical
and proposed design (the experiment data are indicated with the dots):
a —pads' top; b — pads’ bottom

Ha puc. 5 y dopmari 3D HaBeneHo o0’emHaHi
MOBEPXHI 3aJIGKHOCTI 3HOCY TaJbMOBUX KOJIOJIOK
BiJl MpOOIry BaroHiB, SIKi CBiAYaTh, 10 B HAIIUX
BUMNAJKAaX BHUIYKIl EKCTPEMyMH JIOCIIIKEHUX
¢dyHKIIA BiACYyTHI, a Halkpamie (palioHaNbHE)
pilleHHs BiANOBiZa€ KOHCTPYKIIi pO3MipKH TpiaH-
rens I'BII 3 napamerpamu po3MillieHHS IIyKaHOTO

oTBOpY B po3mipiizaL =112 mmia = §°.

Ha puc. 6 moka3aHo JaHi 3HOCY «BEPX — HU3»
raJIbMOBHUX KOJIOJIOK 32 O3HaKaMu MpOOIry BaroHiB
3 TUMOBOKW (puc. 6, a, 6) ¥ 3aMPONOHOBAHOIO
(puc. 6, 6, 2) kouctpykmiero ['BII Bi3kiB, ski obna-
JTHaHI TpiaHTeIs MU 3 TUIIOBHMH W 3alpOIIOHOBA-
HUMU PO3ITipKaMH.
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Puc. 5. CymapHi 3a11eXHOCTI 3HOCY TAIEMOBHX KOJIOZOK BiJl IIPOOITy BaroHiB AJIs TeOMETpii pO3MipoK:
a — THIIOBO{ KOHCTPYKIIT; 6 — 3aIIPONOHOBAHOI KOHCTPYKIIT

Fig. 5. Total dependencies of brake pads wear on the cars’ run for the king posts (strut) geometry:
a — a typical design; b — proposed design

a 0
3minHa 1, Poanopin:HopmanbHuii 3minHa.: 2, Poanopin:HopmansHuii
KpuTepiit Xi-ksaapat = 4,75688, cc = 7 (ckop.) , p = 0,68960 KpuTepiit Xi-ksagpat = 8,67944, cc = 6 (ckop.), p = 0,19242
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Puc. 6. T'icrorpamu, moOynoBaHi 3a CTATUCTHYHUMH JaHUMHE 3HOCY «BEPX — HH3» TaIbMOBUX KOJIOJIOK
y pasi npoOiry BaroHiB 60 THC. KM:
a 1 6 — BepXHsI YaCTHHA KOJIOAKH; 6 1 2 — HHXKHS YaCTHHA KOJOJKA

Fig. 6. Histograms are based on statistical wear data «top-bottom» of brake pads at cars’ run of 60 ths. km:
a and ¢ — the upper part of the pad; b and d — the lower part of the pad
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Puc. 7. Burnan piBHOMiIpHOTO 3HOCY TaJIbMOBHX KOJIOOK 1 HEOOXiTHOTO HOPMAaTHBHOTO 3a30py
BiTHOCHO TIOBEPXHi KOYEHHS KOJIeca y Bi3Ky JOCIHITHOTO HalliBBaroHa Iicis mpobiry 84 tuc. KM:
1 — ranpMoOBa KOJOAKA; 2 — 3a30p MK KOJIOIKOIO i KOJIECOM

Fig. 7. The view of brake pads’ uniform wear and the required standard gap relative to the wheel thread
in the bogie of the experimental gondola car after the run of 84 ths. km:
1 — brake pad; 2 — gap between the pad and the wheel

I3 HaBeaeHMX MAHUX BHIHO, 10 31 30LIBIIEH-
HSIM MpoOiry BarosiB Big 27 mo 60 THC. KM iHTEH-
CHBHICTh 3HOCY KOJIOJIOK IS TUTIOBHX 1 3aIporio-
noBanux ['BII Bi3kiB 3MeHmIyeTscs (puc. 6), xoda
TEHJICHIIIS 10 IX PIBHOMIPHOT'O 3HOCY 3a JIOBXKH-
HOIO CIIOCTEPITaeThes OUIBIIOI0 MipOIO B KOJIOJIKAX
3amporoHoBaHOi KOHCTpYKmii TpianrensHUX ['BII
Bi3KiB (pHc. 0, 2).

JlocipkeHHS. BUKOHAHO HAa 3aMOBJICHHS YKp-
3aJTi3HUIN, 33 IX pe3ylbTaTaMH PO3POOJIEHO KOHC-
TPYKTOPCHKO-TEXHOJIOTIYHY JOKyMeHTamio. Bin-
noBigHO 10 Hel Ha KprokoBckkomy BB3 Buroros-
neHo mojepHizoBaHi gerani ['BII ta BcraHOBIEHO
Ha 10 mocnmigHWX HaIiBBaroHax. 3a MiJCyMKaMu
MPOBEJICHUX KOMICIHHUX OOCTEXEeHb OTPUMaHO
MO3UTUBHI pe3ynbTaTd. Ha puc. 7 HaBeaeHO
BUTJISIA PIBHOMIPHOT'O 3HOCY T'ajlbMOBHX KOJIOJIOK
micis mpo6iry 84 tuc. kM.

[lix vac BunpoOyBaHb y TaJbMOBIH Tepenadi
Bi3KiB, SIKi TMPAIIOIOTh Yy JOCIITHUX BaroHax
B yMOBaXx €KCIUTyaTallii, BUBYEHO BIUIMB IIE€pEHE-
CEHOTO0 OTBOPY B PO3MipKax TpiaHTENiB Ha Xapak-
Tep 3HOCY KOJOAOK Yy BEPXHIii 1 HIDKHIM YacTHHAX,
3MIHEHO PO3TallyBaHHS BEPTUKAJIbHUX BaXKelliB,
MPUETHAHUX JIO TMIEPEHECCHUX OTBOPIB MasTHHUKO-
BHX IIIJIBICOK TAJILMOBHX OaIIMaKiB.

[lizcymkn BUNpOOYBaHb MiATBEPAXKYIOTH TEO-
pPETHYHI JOBOAM MPO TE€, IO 3 TEPEHECEHHSIM
OTBOpPY B PO3MIpII TpiaHTeNsl HA OJHY NpSAMY i3
LIApHIPHUM 3’€IHAHHSIM MAasTHUKOBUX IIiJIBICOK
rajJjbMOBHX OallIMaKiB 3HUKA€ IIKIIJIABO IIFOYUH
KpYTHUII MOMEHT cwil. Take NmpocTte NepeHEeCEeHHs
OTBOpY B PO3MIpIli TpiaHTrelssi O3UTHBHO BILTUBAE

Ha BiJBEIEHHs TAJIbMOBHUX KOJOJOK MiJ 4ac Io-
IIyCKy TaJIbM Ta Ha iX pO3TallyBaHHS d yTpPUMaHHs
BIIHOCHO TIOBEPXHI KOYEHHS KOJIC IIiJ] 9ac pyxy
BaroHa 0e3 rajJbMyBaHHS. A ILi¢ € TOJIOBHUM Y 3a-
Oe3revyeHHi PIBHOMIPHOCTI 3HOCY TalbMOBHX KO-
JIOJIOK.

Pe3yabTaTtu

BukoHaHu#l TOpIBHSJIBHUN aHami3 THUIIOBHX
MPUCTPOIB 1 BUHAWICHNUX 32 OCTAHHI POKH BITUHU3-
HSHUMH H 1HO3eMHUMH (haXiBISIMH Pi3HOMaHITHHX
NPUCTPOIB PIBHOMIPHOTO 3HOCY T'aJbMOBUX KOJIO-
JIOK TIOKa3aB HEJOCTaTHIO I1X e(EeKTHUBHICTh 3a
(YHKIIOHYBaHHSM 1 KOHCTPYKII€I0. Y CTAHOBIIEHO,
0 B TaJbMOBHUX CHCTEMax TPHOXEIEMEHTHHX
Bi3KiB €KCIUTyaTamiiHOTO MapKy BaHTaXKHUX Baro-
HiB TUTIOBI MPHUCTPOI PiIBHOMIPHOTO 3HOCY T'aJbMO-
BHUX KOIIOJIOK y BENHWKii KiIbKOCTi (o 95 %), 3a
JI€I0 HA HUX 3HAYHHUX JWHAMIYHUX HAaBaHTa)XEHb,
nepeOyBaroTh y MOIIKOKEHOMY cTaHi. Tomy ra-
JIEMOBI KOJIO/IKM B HUX HaxwWIIeHi, IPUTUCHYTI Bep-
XiBKaMH JI0 TTOBEPXOHb KOYEHHS KOJIC 1 MiJ 4Jac
pyXy B moi3gax 0e3 TajbMyBaHHS 31MCHIOIOTH
WIKITMBE TEPTST 3 YTBOPEHHSM CIOTBOPEHOTO
MO/IBIHHOTO (PUKINIHOTO 3HOCY poOOYOro Tina.
Takiit creprocTi Bepile JaHO Ha3By — AyaJIbHUMA
3HOC T'aJIbMOBOI KOJIOJKH, 1 PO3II0YaTO HOro JA0CIi-
JoKeHHsI. TeopeTHuHO JOBEAEHO, 10 B IIAPHIPHO-
My 3’€IHaHHI BEPTHKAJIBLHOTO BayKeJIs 3 PO3MIPKOIO
TpiaHTeNsl YTBOPIOETHCS NIKITTMBO JIIOYMHA KPYT-
HUH MOMEHT BiJI TPaBiTAIliiHUX CHJI, SIKHU HAXUIISIE
TpiaHrenb 10 BIHPAaHHS BEPXHIMH OKpalKamu
KOJIOJIOK y TOBepXHi KodeHHs koiic. Lle crae oc-
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HOBHOIO TPUYHMHOIO TyalbHOTO 3HOCY TalbMOBHX
kosnonok. KiHeroctaTnyHuii aHami3 raabMOBOL
BaXXIJIPHOI Tepefadi, BUKOHAHUI 3 ypaxyBaHHIM
TUHAMIYHOI CKJIa/IOBOi Y HEMiApecopeHill dyacThuHi
Bi3Ka, T03BOJINB:

a) BCTAHOBUTH, LII0 MEXaHi4Hi MPUCTPOI Pi3HUX
KOHCTPYKLiH MOKa3yITh HU3bKY HAIiHHICTh Tib-
KH TOMY, IO i/ Ai€}0 MOMEHTY CHJI BOHH PYHHY-
I0ThCS;

0) BU3HAYUTHU MPOCTHH TEXHIYHHUU CIIOCIO MOB-
HOI JIiKBiamii BKa3aHOTO MOMEHTY CHJI Y HasBHIN
ranpbMoBiii cuctemi. 3a BukoHanoro HJIKP i pos-
MOPSIKEHHSAM Bil YKp3ai3HHULI MPOBEIEHO eKC-
ToTyaTamiiai BunpoOyBaHHs Ha 10 HamiBBaroHax
BupoOHHUNTBa Kprokoscekoro BB3, sxi miarBepan-
JIU Pe3yJIbTaTH TEOPETHUYHUX IOCITIJKCHbB: JIIKBi-
Jatis KpyTHOTO MOMEHTY CHJI 3armodirae 1yaibHO-
MY 3HOCY T'aJIbMOBHX KOJIOZOK.

HaykoBa HOBU3HA Ta NPAKTHYHA
3HAYUMICTh

VYrepiie BUSBICHO SIBHIIE, IKOMY JaHO BH3HA-
YeHHS — JIyaJbHHUI 3HOC raJbMOBHX KOJIOJIOK. 3a-
MOYaTKOBAHO HOT0 JIOCIHi/PKeHHS. Po3pobiieHo
MaTeMaTH4YHy perpeciiiiy Mojenb il BCTaHOB-
JICHHSI OCHOBHOT IPHYMHHU IyaJbHOIO 3HOCY KOJIO-
JIOK y THUIOBIM MexaHIuHId TaJbMOBIH cHcTeMi
TPHOXEIIEMEHTHHUX Bi3KiB. AJanTOBaHO MaTeMaTH-
YHUA MIiAXiJ [0 TJIaHyBaHHS EKCHepUMEHTIB 13
MO0y I0OBOKO BIATOBITHUX CXEM-MO/JICNICH, 33 IKUMHU
BUSIBJICHO IIKIJJHUBO [JIIOUYMA MOMEHT CHII, IIO
HaxXWiIsie TpiaHTeIh Ha MasTHUKOBHUX MiABICKaX J0
BIUPaHHs BEPXHIMU OKpaKaMH I'aJIbMOBHX KOJIO-
JIOK y TIOBEPXHi KOUEHHS KOJIICHOI Mapu. AHaIITH-
YHO JOBEJEHO, IO JIKBIIyBaTH TaKUi MOMEHT
CHJIM B HasABHIM TaJIbMOBIM CHCTeMi MOXKHa IIepe-
HECEHHSIM OTBOPY B PO3IIPIIi TPiaHTes.

Pesynbratu mpoBeNeHUX OCIIPKEHb MOYKHA
BUKOPUCTOBYBATH TiJl 4ac MPOCKTYBaHHS, MOJEP-
Hizamii # eKcruryararii TaTbMOBHUX CHUCTEM SK €KC-
IUIyaTallifHOTO MapKy, TaK 1 TPbOXEIEMEHTHHUX
BI3K1B HOBOI'O IIOKOIIHHS.

BucHoBku

Ha mizcraBi BHKOHAHHUX [OCIIDKEHbH MOXKHA
3pOOUTH TaKi BUCHOBKH:

1. Hakonmn4eHo CTaTUCTUYHMI MaTepian 3a BU-
MIpIOBaHHSM BENMYUH 3HOCY 860 raJibMOBHUX KO-
JIOJIOK, BUKOHAHO BIPTyallbHE MOJICIIOBAHHS IPO-

1ecy (QpUKIIHHOTO CHpaIrbOBYBaHHSI pPOOOYOTO
Tija KOJO/AOK i3 BUKOPUCTAHHSAM TEOpii TUIaHyBaH-
HSl EKCIIepUMEHTY Oe3MocepeiHb0, B pealbHUX
YMOBaxX TEXHIYHOTO OOCIYTrOBYBaHHS W PEMOHTY
BaHTAKHUX BaroHiB, 3a pe3yjbTaTaMU SKOI'O BUSB-
JICHO 0COOJIMBUI HECHOPMATHBHHIA JBOILIONTMHHUN
3HOC KOJIOJIOK, SIKOMY BIIEpIIe JaHO BH3HAYCHHS —
IOyaJIbHUH 3HOC raJIbMOBUX KOJIOJIOK.

2. BiamoBigHo A0 3i0paHUX CTATUCTUYHHX JIa-
HUX, 332 XapaKTepoM 3HOCY TaJbMOBHX KOJIOJIOK
MaeMo: AyalbHO 3HOMIEHHX — 95,6 %; KIMHOIO-
IOHO MOHICTUYHO 3HOMIEHUX — 3,2 %; pIBHOMIPHO
3HomeHux — 1,2 %.

3. JoBeneHo, 10 AyanbHUl 3HOC TaJIbMOBHX
KOJIOJJOK MAa€ CYTTEBI HETraTWBHI HACTIAKH IS
3aiI3HUYHOI Taly3i: pecypc TraJbMOBHX KOJIOIOK
3MeHIIeHni Maike Ha 50 %); epeKTUBHICTH raib-
MyBaHb, BUXOSIYN 31 3MEHIIEHHS Po0O0YOi TUTOMIi
TEepTS KOJOJOK, MOke moripmyBatucs a0 30 %;
TEPTS HAXWJICHUX KOJIOJIOK 1 BIEPTHUX y TOBEPXHi
KOYEeHHS KOJIC 30iIbIye omip pyxy, Ha mepebo-
PIOBaHHS SIKOTO 3arajbHi €HEPrOBUTPATH Ha TATY
BaHTa)XHUX TOI3/1B 3p0CTaroTh 110 3 %; Maibke BCi
MOBEPXHI KOYEHHS KOJICHUX Tap, IO TalbMYIOTh-
Csl IyalbHO 3HOIUIYBAaHUMH KOJIOAKAMH, MAalOTh
BUCOKOTEMIIEpATypHi TOIIKOLKEHHS, IO A0AaT-
KOBO 301JIbIIIy€ SHEPTOBUTPATH Ha IWHAMIKY Tiepe-
KOYyBaHHSI KOJIiC O peiKkax i 3MeHIIye pecypc
KOJICHHX TIap.

4. TeopeTH4HO JOBE/IEHO, 10 OCHOBHOKO MpH-
YHHOIO yalbHOT'O 3HOCY KOJOAOK CTa€ HEBPIBHO-
BaKEHICTh KOHCTPYKIIii TpiaHrens 3 NpUeIHAHUM
BEPTUKAIBHUM Ba)KeJIeM BiTHOCHO MasiTHUKOBOTO
MiABIITYBaHHS, Yepe3 MO MiJ] Yac IMOIMYyCKy TrajbM
BiI0OyBa€ThCS HAXWIISTHHS TpiaHTENs O BIUPAHHS
W TepTs BepXiBKaMHU TaJbMOBHX KOJOAOK MO TO-
BEpXHI KOYEHHSI KOJiCHOI TapH.

5. AHaNITAYHO BHW3HAYEHO palliOHAIbHE MiCIle
pO3TalIyBaHHS OTBOPY NPHEAHAHHS BEPTUKAIBHOTO
BaXKEJIS JI0 PO3MIPKHU TPIaHTeIsl, Ie MOXKHA JIOCATTH
BPIBHOB)XEHOCTI Mac Jeranell BiIIHOCHO MasTHH-
KOBOIO MiJBIIIYBaHHS H 3HEIIKOIUTH KPYTHUIl
MOMEHT CHJI Ha TpiaHTesi, 10 BUKOPUCTAHO JUIS
MOJICpHI3allil raIbMOBOT BaX1JIbHOI HIepeiayi Bi3Ka.

6. Hocniani BUnpoOyBaHHs po3podiaeHoi Mose-
pHi3allii raJlbMOBOI BaXKIJIBHOI Mepeaadi B yMOBax
eKCIUTyaTallii Ha BaHTXHUX BaroHaxX IOKa3aju
MO3UTUBHI pe3ysibTaTh. JlyanbHHHA 3HOC KOJIOJIOK
HE CIIOCTEPIraeThCA.
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NCCIEAOBAHUE OCOEEﬁHOCTEﬁ AYAJIBHOI'O U3HOCA
KOJIOAOK B TOPMO3HOU CUCTEME I'PY30BbIX BAI'OHOB

ean. /lanHOE HCClIeI0BaHUE HANPABICHO HA BBIIBICHHE OCOOCHHOCTEH TyalbHOTO H3HOCA KOJIOJOK B TOPMO3-
HOW cUCTeMe Ipy30BbIX BaroHOB. MeTtoauka. IIpoBeieH KOMIUIEKC TEOPETUYECKHUX M IKCIITYaTaALIMOHHBIX UCCIIEN0-
BaHWH MPUYHH U MOCJIEACTBUN TyaIbHOTO H3HOCA KOJOMOK KaK HanOoJee pacpoCcTPaHEHHOTO B TPY30BbIX BaroHax.
C moMomIpI0 TEOPHH IUIAHUPOBAHMS SKCIEPHUMEHTA U Ha OCHOBAaHMU COOPAHHOTO CTATUCTUYECKOTO Marepuaja BbI-
MIOJTHEHO aIallTHPOBAHHOE MaTeMaTUYecKoe MOJIEIMPOBaHKE Mpoliecca TyalbHOI0 U3HOCA U ONpeeIeHbl HeraTHB-
Hble QakTopsl. [[ns MccienoBaHust UCMOIB30BaHbI IporpaMmHoe obecrniedenue Mathcad u koMmbroTepHas mpo-
rpammy «STATISTIKA». PesyabTaTsl. CpaBHUTEIBHBIN aHAIN3 Pa3IMUHBIX YCTPOMCTB AJIs1 pABHOMEPHOTO U3HOCA
TOPMO3HBIX KOJIOJIOK MOKa3aJl HEOCTATOYHYIO MX 3()(EKTHBHOCTb. Y CTAHOBJIEHO, YTO THIIOBBIE YCTPOWMCTBA paB-
HOMEPHOTO M3HOCAa TOPMO3HBIX KOJIOJOK (10 95 %) mpu AeHCTBUM 3HAUMTENBHBIX TUHAMHUYECKUX Harpy3ok Haxo-
JATCS. B IOBPEIKIACHHOM COCTOSHUM. [109TOMY KOJIOJKM HAKIIOHEHHBIE, IPHKATHI BEPXHUMH OKpalKaMHu K MOBEpX-
HOCTSIM KadeHHsI KOJEC U MY ABIKEHHUH B TT0e3/1ax 0e3 TOPMOXKEHHSI OCYIIECTBIISIIOT BPEJHOE TPEHHE ¢ 00pa3oBa-
HHEM JIBOWHOTO (PPHKIMOHHOTO M3HOCa pabodero Tena. TeopeTHYecKn J0Ka3aHO, YTO B IMIAPHUPHOM COCIHHCHHU
BEPTHKAJIBHOTO phIUara ¢ pacnopKoil TpuaHresnsi o0pa3yeTcst BpeIHO ACHCTBYIONIMN KPYTAIINH MOMEHT OT IpaBHUTa-
LHUOHHBIX CHJI, KOTOPBI CTAHOBUTCS OCHOBHOM INPUYHHON JyallbHOrO H3HOCA TOPMO3HBIX KONOIOK. KuHeTocTaTnu-
HBIA aHAJIU3 C y4eTOM AMHAMHUYECKUX CHJI B HEIOJIPECCOPCHHOM YacTH TEIEKKU IMO3BOJMI yCTAaHOBUTH MPUUUHY
JIyaJbHOTO M3HOCA U OMPEIETIUTh BO3MOXKHOCTh JIMKBUAALMN YKa3aHHOTO MOMEHTA CHUJI B CYILIECTBYIOIIEH TOPMO3-
Hoi cucteme. [lo BeimomHeHHOM HWOKP u pacnopspkeHHIo oT YKp3aJU3HBIIM MPOBEICHBI 3KCIUTyaTallMOHHbIE
ucneiTanus Ha 10 momyBaronax npousBozactBa KprokoBckoro BC3, koTopble TOATBEPININ Pe3yIbTaThl BHITIOTHEH-
HBIX TeOpeTH4ecKux uccienoBanuil. Hayynass HoBu3Ha. BriepBblie BBIABICHO ABJICHHE, KOTOPOMY JaHO OIpeserie-
HHE — JTyaJbHbII H3HOC TOPMO3HBIX KOJOA0oK. Hauatsl ero nccnenoBanus. Paspaborana MaTeMaTnieckasi perpeccu-
OHHAsl MOJENb ANl yCTAHOBIECHUSI OCHOBHOW NMPHYUHBI JyalbHOIO U3HOCA KOJIOAOK B TUIIOBOM MEXaHMYECKOH TOp-
MO3HOH CHCTEME TPEXINEMEHTHBIX TENEXKeK. ATaNTHPOBaH MAaTEMAaTUYECKUI MOAXOJ K IIIAHUPOBAHUIO HKCIEPHU-
MEHTOB C MOCTPOEHUEM COOTBETCTBYIOIUX CXEM-MOJIENIEH, 10 KOTOPHIM BBISBIEH BPEAHO IEHCTBYIOIIMNA MOMEHT
CWJI, HAKJIOHSIOIINWN TPUaHTelb HA MasTHUKOBBIX MOJBECKAX O yHNOpa BEPXHUMH OKpalKaMK TOPMO3HBIX KOJIOIOK
B TMOBEPXHOCTH KaTaHUs KonecHoU mapsl. IIpakTnyeckasi 3HA4YMMOCTb. Pe3ynbTaTel IPOBEJCHHBIX HCCIIENOBAHUIM
MOJKHO HCIIOJIB30BaTh NPHU NPOEKTUPOBAHUU, MOJEPHU3ALNH U 3KCIITyaTallud TOPMO3HBIX CHUCTEM KaK JKCILTyaTa-
LHOHHOTO TIApKa, TaK ¥ TPEXAIEMEHTHBIX TEJIeXKEK HOBOTO MOKOICHUS.

Kniouesvie cnosa: nyanbHBIN N3HOC; TOPMO3HAsS KOJIOJKA; TOPMO3HAs PHIYaXKHAs Nepeaada; TPHAHTelb; MOJIEINb;
CTaTUCTHYECKUM aHaNn3; KMHETOCTATHYECKHH aHaJN3; MOMEHT CHJIBI; JUHAMHYECKHE CHJIIBI; IKCIUTyaTal[HOHHBIE
UCTIBITAHUSA
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INVESTIGATION OF FEATURES OF DUAL WEAR OF PADS IN BRAKE
SYSTEM OF FREIGHT CARS

Purpose. This research is aimed at revealing features of dual wear of pads in the brake system of freight cars.
Methodology. The complex of theoretical and operational research concerning the causes and consequences of dual
wear of pads, as the most widespread one in the freight cars, was conducted. Using the theory of planning the exper-
iment based on the collected statistical material an adapted mathematical modeling of the dual wear process was
performed and negative factors were determined. The Mathcad software and STATISTIKA software application
were used. Findings. A comparative analysis of various devices for the uniform wear of brake pads showed insuffi-
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cient efficiency. It has been established that typical devices of uniform wear of brake shoes (up to 95%) are in dam-
aged condition due to the effect of significant dynamic loads. Therefore, the shoes are bent, pressed with their upper
edges to the wheel threads and when driving in trains without braking do harmful friction with the formation of
double frictional wear of the working body of the shoes. It has been theoretically proved that in a hinged connection
of a vertical lever with a brake beam king post a harmfully acting torque from the gravitational forces is formed,
which becomes the main cause of the dual wear of the brake shoes. Kinetostatic analysis, taking into account the
dynamic forces in the unsprung parts of the bogie, has allowed establishing the cause of dual wear and determining
the possibility of eliminating the specified torque in the existing brake system. According to the R & D and the Ukr-
zaliznytsia's order the operational tests on 10 gondola cars constructed by Kriukiv Railway Car Building Works
were performed. They confirmed the results of the theoretical studies. Originality. For the first time, it was discov-
ered, the research was initiated and the definition — the dual deterioration of brake pads was proposed. A mathemati-
cal regression model was developed for determining the main cause of dual wear of pads in a typical mechanical
braking system of three-element bogies. It was adapted the mathematical approach to the planning of experiments
with the construction of the corresponding schemes-models, which revealed the malignant moment of forces, bend-
ing the break beam on the pendulum suspensions until the upper edges of the brake pads will be pressed to the wheel
thread. Practical value. The results of the research can be used in the design, modernization and operation of brake
systems for both the operational fleet, as well as a new generation of three-clement bogies.

Keywords: dual wear; brake pad; brake lever transmission; brake beam; model; statistical analysis; kinetic static
analysis; force moment; dynamic forces; operational tests
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STUDY OF DYNAMIC INDICATORS OF FLAT WAGON WITH LOAD
CENTRE SHIFT

Purpose. The article deals with the determining the influence of the longitudinal and lateral shift of gravity cen-
tre of the heavy load on the flat wagons, taking into account the travel speed based on the main dynamic indicators —
the maximum coefficients of the dynamic supplement of spring-suspended and unsprung parts, the maximum ratio
of frame force to static axle load, the wheel derailment safety factor. Methodology. The study was carried out using
the method of mathematical and computer simulation of the dynamic loading of flat wagons based on the model of
spatial oscillations of five coupled wagons and the software complex developed in the branch research laboratory of
the rolling stock dynamics and strength (BRL RSDS). Theoretical studies were carried out during the movement of
the model 13-401 flat wagon on typical 18-100 bogies with speeds in the range from 50 to 90 km/h in curves with
radii of 350 and 600 m, with 130 and 120 mm canting, respectively. Findings. The paper presents the analysis of
theoretical studies of the rolling stock dynamics on the example of flat wagons. The calculations were carried out
using an application software package. In the course of performing theoretical studies and after simulation, taking
into account the processes of oscillation of the flat wagon and load in the presence of longitudinal and lateral shift of
its gravity centre, the dependences of the main dynamic indicators were obtained with regard to the magnitude of the
travel speed. Originality. Using the mathematical model of the five coupled wagons, the effect of shift in two direc-
tions from the central symmetry axis of the heavy load centre was studied with regard to the travel speed along the
curved track of small and medium radius in order to determine the dynamic loading of the flat wagon.
Practical value. As a result of the above theoretical studies, the recommendations on the maximum possible values
of the centre shift of heavy loads during their transportation on flat wagons are substantiated and proposed.

Keywords: load; flat wagon; dynamic indicators; curved track; longitudinal and lateral load; centre shift; travel
speed

Introduction

The process of integrating the railway industry
of Ukraine into the European transport system is
one of the urgent problems of today. Its solution is
connected with the formation of a network of in-
ternational transport corridors on the territory of
Ukraine, the reconstruction of the main railway
lines connecting the Europe and Ukraine, the or-
ganization of high-speed train traffic [10].

In addition, one of the key issues of transport
policy, which is associated with perspectives of
sustainable development of the transport industry
in Ukraine, is the promotion of combined
transport. This technology should be in line with
international standards, the main criteria of which
are: route speed, schedule accuracy and cargo safe-
ty. Increased speed and frequency of transportation

would accelerate the introduction of a combined
cargo transportation system, including by interna-
tional transport corridors. Thus, improvement of
speed characteristics of rolling stock becomes al-
most the most important task for increasing the
competitiveness of rail transport in mixed traffic
systems.

One of the main obstacles to a significant in-
crease in the velocity of combined transport is the
dynamic properties of the rolling stock. At the
same time, the main characteristics of the rolling
stock are being constantly improved by the produc-
ing factories, with the changing of the range of
goods. Among the heavy loads transported on flat
wagons, the more common is becoming the
equipment with asymmetrical centre of gravity,
which requires train speed limitation. This causes
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a reduction in the throughput and transportation
capacity of railways, lengthening of the equipment
delivery time to the consumer [3, 10, 18].

Purpose

Of particular importance is the further im-
provement of the transportation conditions and, in
particular, the development of new scientifically
based admissible values of longitudinal and lateral
load centre shifts from the flat wagon symmetry
axes. When elaborating them, particular attention
should be paid to the safety of movement, as there
may be intense fluctuations of rolling stock and
large dynamic forces. Therefore, of great interest is
the study of spatial oscillations of a flat wagon
with asymmetric load, which in turn leads to the
need for the development of regional, local (LTC)
and unspecified (UTC) technical conditions, the
effect of which would be extended to enterprises
serviced by one railway [1, 3,7, 9, 11, 12].

The purpose of this research is to determine the
influence of the longitudinal and lateral shift of
gravity centre of the heavy load on the flat wagon,
taking into account the travel speed based on the
main dynamic indicators — the maximum coeffi-
cients of the dynamic supplement of spring-
suspended and unsprung parts, the maximum ratio
of frame force to static axle load, the wheel de-
railment safety factor.

Methodology

The above problems can be solved experimen-
tally or theoretically. The first method, 