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IMPROVEMENT OF THE WORK OF THE PASSENGER TECHNICAL STATION IN
THE SERVICE OF HIGH-SPEED TRAINS

PhD (Tech.) V. Zapara, PhD (Tech.) H. Baulina, masters M. Moskal, V. Zaitsev, V. Balagur

DOI: https://doi.org/10.18664/1994-7852.186.2019.186121

Y pobomi Oocniosxceno mpuseanicmv nNpoCmow cocmasié UWUOKICHUX NOoi30i6 Ha cmauyii
00iey. Bcmamnoeneno, wo yacmka npocmor cocmasié y 4aci o0icy 3 008ICUHOI OilbHUYi 00iey
300-500 km cxnaoae 6i0 50 0o 70 %. Buznaueno uepeogicmov 00poOKu cocmasis, wo nocmynaroms
Ha cmauyiio, 3aNeHCHO 8i0 3a0aH020 po3Kknady npubymms i 8i0npaeieHHs Nnoi30ie, mexHon02ii
00poOKU cocmasié i MexHiuHOI OCHAUWEHOCMI NACANCUPCbKOI mexHiyHoi cmanyii. Po3pobneno
MemoOuKU 8U3HAYEHHs wmamy opuead cmioapois.

Knwuoei cnoea: nacaxcupcoka mexuiyna cmaHyis, wWeUOKICHULL noi30, npocmill cocmasa,
Memoo 8NOPAOKYBAHHSL.

In the work investigated downtime of trains at the station. It is established that the fraction of
downtime of the composition with the time of circulation with a length of 300-500 km is 50 to 70 %.
To coordinate equally convenient times of arrival and departure of trains at initial and final
stations, a conditional classification of high-speed passenger trains by the time of their finding on
the route of departure is proposed.

The order of processing of the arriving to the station, depending on the set schedule of arrival
and departure of trains, the technology of processing of the structures and the technical equipment
of the passenger technical station is determined. The solution to this problem reduces the
unproductive downtime of the compositions pending processing. The criterion is the minimum of the
actual duration of the composition to be treated. When applying the method of ordering the
processing of high-speed passenger trains at technical stations according to each of the accepted
criteria (in the order of arrival, in the order of departure, in the duration of processing), the idle
time can be reduced to 2 hours.

With high concentration of early arrival and evening departure of trains, the application of
the method of ordering train service depending on the processing time does not lead to the desired
result. In this case, it is recommended to arrange the processing of trains in the order of departure
of trains, which will not reduce their total downtime at the passenger technical station, but will
provide timely preparation of the trains by the time of departure. It is possible to reduce the
concentration of early arrival and evening departure of trains by adjusting the timetable and
selecting options for linking high-speed passenger trains to general circulation, which will reduce
not only the time for processing trains, but also the total total downtime of trains.
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The method of determining the staff of the flight attendants was developed, depending on the
complexity of servicing the different types of cars and the distribution of the flight attendants by the
composition involved in the total turnover. The criterion is a minimum of teams of stewards,
provided that the time of continuous work of the team does not exceed the standard.

Keywords: passenger technical station, high-speed train, simple staff, ordering method.

Beryn. Jliig cyyacHoi YkpaiHu 3Ha4yeH-
HS TPAHCIOPTY AYXE BEJIHMKE, TOMY IO came
TPAHCHOPT 3’€IHY€E PI3HI PErioHd B €IUHY
kpainy. IlparHeHHs [0 SKHAWIIBHIIIOTO
MOJIOJIAHHS BiJICTaHEH — OJHA 3 TPUPOTHHUX
notped moauHu. ToMmy 1 BegeThcsi 60poThOa
3a MIBUAKICTH Ha BCiX BUJAX TPAHCIIOPTY.

[IBuakicTh TepecyBaHHS BaHTaXiB 1
MacaXHpiB — OJWH 13 KIFOYOBHX ITOKA3HHKIB
CTaHy 3ali3HUIb. OAHAK OYyIb-SKUHA MPOEKT
OyIIBHUIITBA BHUCOKOIIBHJIKICHOI 3aJi3HUII €
JOCHTh KAaIlITAJIOMICTKUM 3aXOJO0M. 3aJe)KHO
Bif MPUPOTHUX YMOB, MPOTSKHOCTI
MapuIpyTy, KUIBKOCTI CTaHIIi 1 BapTOCTI
TPYIOBUX PECYpPCiB yKIaJaHHA | KM Takoi
3ai3HALI Moxe nociaratu 15 mue goi. CHIA.
Bucoka BapricTh Takoi KOMil i TEXHOJIOTiUHI
0coONMMBOCTI ii ekcIulyaTamii BHMararoTh

MOJAUTY KOJII — OKpeMO [UIsl BaHTaXHUX 1
MAacaXUPChKUX  TOI3MIB, OCKUIBKH  MiCIs
BAHTAXOMNEPEBE3EHD 3ali3HUYHA KOJIist

HIBUAKO 3HOWyeTbes. HesBaxkarounm Ha Ig,
OUTBLIICTh KpaiH CBITY e Ha Il BUTpATH,
IIPOKJIAZIAr0YH BCE HOBI 1 HOBI
BHCOKOIIIBHJIKICHI MaricTpali.

[IBuaKicHI TEepEeBE3€HHS TO3BOJIAIOTH
MIJIBUIIATA KOM(MOPTHICTh TOI3IKH 1 TpaHC-
NOPTHY PYXJMBICTh HaceJeHHA. be3ymMoBHO,
PUHOK IIBUJKICHUX MAaCaXUPChKUX MepeBe-
3eHb B YKpaiHi Ma€e XOpOoIlli MepCreKTUBH, aje
HOMy 1€ HaJeXWUTh MNPONTH TNEBHI eTanu
pepopmyBanus. bararo mnutane y cdepi
3QII3HUYHUX  MIBUAKICHUX  TAcaXXuporepe-
BE3€Hb 1€ HEJIOCTATHHO BUBYEHO.

AHami3z  ocTaHHiX  J0CHiKeHb i
nyoJikaniii. Y cyuacHuX ymoBax B YKpaiHi
Ta IHIIUX KpaiHax CBITy HaOyJlIM pPO3BUTKY
MPAKTUYHI 1 TEOPETUYHI THUTAHHS 100

oprasizariii MIepPEeBE3CHHS MacaxupiB
MBUAKICHUMH Toi3gamu. Tak, pobora [1]
npucBsiueHa  (OpMyBaHHIO  MOI3AIB  Ha

BUCOKOIIBUAKICHIM 3aI3HAYHIA CcTaHmil JUIst

MOKpAIIEHHsT NPOMYCKHOI  3AaTHOCTI  Ta
edexkTuBHOCTI ii poOotu. I[Ipobmema mapii-
pyTH3aimii O3B IS BHCOKOIIBHAKICHOI
3QII3HUYHOI  CTaHIii copMyiboBaHA  SK
OararoIiiboBa MO/IEITb 3MIIIAaHOTO
LIJIOYUCIIOBOTO HENIHIMHOTO MporpaMmyBaHHS,
MeTa SKOi — MiHIMI3yBaTH BIJIXWICHHS B 4aci
BI/IIPABJICHHA TMOI3[iB 1 3arajdbHUi 4ac
3aMHSTTA BCIX MApHIPYTIB JUII MAaKCUMAJIbHO
30aJ1aHCOBAaHOTO BUKOPHUCTAHHS JIHINA
npuOyTTSA-BiANIPABICHHS.

v CTaTTi [2] 3aIPONIOHOBAHO
IHHOBAI[IITHY METOJIOJIOTII0 3 BHUKOPHUCTAHHSIM
€BPUCTUYHOTO aTOPUTMY Ha OCHOBI TeHepaiii
CTOBIIIB, 00 OJHOYACHO BpaxOBYBaTH
noTped B OOCIYroByBaHHI MacaxupiB 1
IUTAHYBaHHA pyXy moi3aiB. Takwil miaxix mae
MOTEHIIaI IS MOJIIIIIIIEHHS piBHS
00CITyrOBYBaHHS Ta MOTY>KHOCTI
BUCOKOIIBUAKICHUX JNHIA 0€3 JI0JaTKOBUX
KaliTaJoBKJIa/leHb Ha MOOYJ0BY HOBHX KOJIIH,
MoOcTiB a00 TyHeNiB Ha CTaHIIHHUX Ta
MaricTpaibHUX JIHIsSX.

Y po6orti [3] po3risHYyTO OCOOIMUBOCTI
PO3BUTKY IIBHIKICHOTO pyXy B VYKpaiHi Ta

BCTQHOBJICHO, III0 OJHUM 13  HampsMiB
3a0e3nedeHHs MIOJJAITBIIIOTO 3pOCTaHHS
KITBKOCTI ~ TIepeBe3eHb €  30inblIeHHS

MIBUJIKOCTEH pYyXy MacaKUPCHKUX IMOI3/iB.
CdopmoBaHo 1ITbOBY (YHKIIIIO €KCIUTyaTarii
IIBUJKICHUX ITOi3/(IB, KA JI03BOJISIE BU3HAUNTH
ONTUMAJIbHE 3HAYEHHS CEPEeIHbOI IIBUIKOCTI
pyxXy npu  O€3yNmMHHOMY  MPOMYCKaHHI
HIBUJIKICHOTO  Moi3ga 3 3a0e3NedyeHHsIM
MiIHIMaJIbHUX BUTPAT Ha TIEPEBE3CHHSI.
JlocipKeHHs, IPOBeJIcHHI B poOoTi [4],
MoKa3aJid, M0 €(QEeKTHBHICTh BHUKOPHCTAHHS

IBUAKICHUX  TEpPEeBE3€Hb  3aleKHUTh  BiJ
MONMUTY Ha IBUAKICHI MOi3au. Y CTarTi
MIPOTOHYETHCS BIIPOBAKCHHS IUX

IIEpEBE3€Hb HAa THX HAINpPSMKaX, JI€ € BEIMKa
TPAaHCIIOPTHAa  PYXJIUBICTH  HACEJECHHSA B
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MOEJHAHHI 3 TXHBOI IUIATOCIPOMOXKHICTIO 3
ypaxyBaHHIM MIHIMAIBHHUX EKCILTyaTalliiHuX
BHUTpAT 3aJII3HUII.

EdexTuBHICTD TIepeBE3eHHs MacakupiB
ITiJT 9ac CBAT MPEICTABIICHa aBTOPaMH B POOOTI
[5] y Burmsagi Momen — MpPOTrHO3YBaHHS
HEYITKOTO IOMUTY Ha TAacaXMPChKi IepeBe-
3€HHS, SIKa MOXe OyTH 3acTOCOBaHa JUIs
NPOTHO3YBaHHS IONMUTY Ha IEPEBE3CHHS
MacCaXUpPiB BHUCOKOUIBHJIKICHUMH Maricrpa-
asmu.  JIis  3aiydeHHsT OUTBIIOT  KUTBKOCTI
MAaCaXUPOIOTOKY  HAa  BHUCOKOIIBHJIKICHHX
JNIHISIX Yy JOCIDKEHHI [6] TNpOnOHYeThCs
MiABHUIYBaTH PIBEHb CEPBICHOTO OOCIYyroBYy-
BaHHS  KOPUCTYBadiB  3a  JIOIIOMOTOIO
MYJIbTUMEIHUX TTOCITYT.

Jlnst 3abe3neueHHs 1HTerpallii BHCOKO-
[MIBAJKICHUX JIHIN 13 3BUYAHHOIO 3aI13HUYHOO

Mepeker € morpeda B 3alTI3HMYHHUX
po3B's3kax. Y pobori [7] mpoBeneHO
JNOCHIUKEHHST 3 METOK  pO3pOOJICHHs

COPTYBaJIbHOI CTaHIii MalOyTHBOTO, sKa
3MOXKE€ TOJIETIUTH OOMIH MDK BHCOKOIIBUJ-
KICHOIO 3aJTII3HUIICIO Ta 3BUYAWHOI0. PO3poOKu
Ta MOXJIMBOCTI SAMOHCBKHX 1 (hpaHIly3bKUX
BHUCOKOIIBHJIKICHUX MaricTpajiei mpoaHai3o-
BaHO B po0oTi [8].

BusHaueHHsT MiCTKOCTEH TPaHCIIOPTHUX
paifoHIB MICT 3a BiANpaBIEHHAM 1 IPUOYTTIM
y po6oTi [9] 3anmponoHOBaHO BHUKOHYBAaTH Ha
OCHOBI JIaHUX MpO MACaXHUPOMOTOKH Ha
IIBUAKICHOMY 3aJliI3HUYHOMY TpPAHCIOPTI SIK
HaO1IbII 00’ €KTHBHI i CTa0UIbHI
XapaKTePUCTHK TPAHCIIOPTHOTO TIPOLIECY.

JochimxeHHs [10] MPUCBIYEHI
¢dopmanizanii nmoOynoBu rpadika  00Iry
IIBUJIKICHUX TOT3/1B 3 ypaxXyBaHHSAM 3py4HOTO
Ul TacaXXupiB po3Kiaay MNpuOyTTS Ta
BiJITPABJICHHS HA TOYaTKOBO-KIHIIEBI CTaHIIIi,
PUTMIYHOI Ta PIBHOMIPHOI pOOOTH TEXHIYHUX
craHuiil. Bukopucranus copmoBaHoi Mojeni,
SK  CTBEp/KYIOTh  aBTOPH,  JO3BOJHIIO
BUBUIBHUTU PYXOMHUH CKJIaJ 1 3MEHIIUTH
notpely B KOJNIHHOMY PO3BUTKY.

Jnist TiABUINEHHS! KOHKYPEHTOCITPOMOXK-
HOCTI ~ HIBHJKICHUX  moi3fiB  IHTepciti+
aBTopom y crarti [l1] 3ampornoHoBaHO
3HWKEHHS TepMiHYy NOJOPOXKi, ONTHUMI3allilo

rpadika pyxXy MIBUIKICHUX MOi3iB 1 BEIUYUHU
TapudiB 3 METOI 3aTYYCHHS 10 IIBHIKICHHX
nepeBe3eHb JOJJATKOBUX Macakupis,
PO3ILIUPEHHS MeEpexKi HIBUIKICHUX
Marictpajie 1o BCid Tepurtopii YKpaiHu,
BIIPOBA/KEHHSI BHCOKOIIBUIKICHOTO PyXy Ha
TepuTopii YKpainu.

[IpoBenenuit  aHamiz  JiTepaTypHUX
JoKepen 'y cdepl ekcruryartamii IIBUIKICHHX
MOI3[iB TIOKa3aB, IO BHKOHAHO 3HAYHY
KIJIBKICTB IOCIIIKEHD, aJle B HUX HETOCTaTHBO
PO3KpUTI TUTAHHS, IOB’S3aHI 3 YJIOCKOHA-
JEHHSM POOOTH TMACAKUPCHKOI TEXHIYHOI
CTaHIii pu 00poOIli MBUAKICHUX TOI3/IIB.

Bu3zHayeHHs1 MeTH Ta 3aBJAaHb J0CJi/-
’KeHHs1. MeTa JTOCIIHKeHHS — YI0CKOHAICHHS
poOOTH MacaKUPCHKOI TEXHIYHOI CTaHIli Ha
OCHOBI BHW3HAYCHHS YEProBOCTI 0OOpOOKHU
COCTAaBIB LNIBUAKICHUX ITOI3/IIB.

st mocsirHeHHsT ¢c(hOopMyIThbOBaHOT METH
MOTPiIOHO BUPIIIUTH TaKi 3aBAaHHS:

— JIOCIIIJUKCHHSI TPHBAJIOCTI IMPOCTOIO
COCTaBIB IIBUIKICHUX IIOI3AIB HA CTaHIl
o0iry;

— BM3HAYEHHS 4YEpProBOCTi  0OpOOKHU
COCTaBiB, IO TMOCTYyNalOThb Ha CTaHIIIIO,
3aJIe)KHO BiJl 3aJJaHOTO PO3KJIAAy MpHOYTTSH 1
BIIMPABIICHHS TMOi3/iB, TEXHOJOTii 00pOOKH
COCTaBIB 1 TEXHIYHOL OCHAIIIEHOCTI
MacaXUPChKOi TEXHIYHOI CTaHIIIT;

— PpO3pO0JIEHHS METOIWKH BHU3HAUEHHS
mTary Opuraj CTroapiB.

OcHoBHA 4YacTHHA AocaiTKeHb. Kinb-
KICTb ~ NACaXupiB,  sKI  CKOpUCTaJIUCH
mBuAKicHUME noizgamMu AT «Ykp3anizHULS
y 2018 p. MOpIBHSAHO 3 MOMNEPEIHIM POKOM
3pocna Ha 9 % 1 craHoBmia 5,66 MiH 0cCi0.
BoaHoyac 3amoBHIOBAaHICTH MOI3MIB CKJIAjIa
99-100 %. Haiibinpiry KidbKICTh MacakupiB
AT «Ykp3anizHuls» nepeBessia B HalpsSMKY

KuiB-Xapkie — 1,68 MiH. VY HampsMmky
[TokpoBcbka Ta 3amopixoks — 1,22 miH
nacaxupis, a B HanpsMKy JIbBoBa — 1,14 muH
MaCaXKUPIB.

3a Bech Mepiosi KypCyBaHHS IIBUIKICHUX
noi3aiB Iurepcitit Ta IHTEpciTi 3 TpaBHA
2012 p. mo TenepiniHiii yac MepeBe3eHO MOHA
22,5 muH nacaxkupis. Taki moi3au 3arpeOyBaHi
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cepell MAcaXUpiB 1 3 KOKHHUM POKOM IX
3aIOBHIOBAHICTH 3POCTAE.

B ymoBax 3pocTaHHS [ONHUTYy Ha
MIBMKICHI O34 Ta BOJHOYAC OOMEKEHOTO
pecypey MacaXMpChbKOTO0 PyXOMOTO CKIIaay

BuznaueHno, 1mo npocTiii cOCTaBiB MIBUAKICHUX
noi3giB  Ha craHmii  KuiB-Ilacaxkupcekuii
cknagae Big 2 g0 31 rox, mnaa OLIBIIOCTI
MOT3/1iB el Yac mepeBuIiye 7 roj (Tabauis).
TakoX BCTaHOBJICHO, IO YacTKa IPOCTOIO

JIOLUTBPHO BHUKOHATH  JIOCHIDKEHHS OO COCTaBIB y 4aci 00iry 3 JAOBXKHHOIO IITbHHMII
MPOCTOI0  COCTaBiB Ha  CTaHIi  0O0iry. 006iry 300-500 km cknamae Big 50 mo 70 %.
Tabmns 1
TpuBaiicTh TPOCTOIO COCTABIB MIBUAKICHUX MOi3/iB Ha cTaHIlli Kuis-ITacaxxupcekui
Howmep nof3ia HaHpHMOK py)iy Yac HpOC".["OIO cocrasa
HIBHIKICHOT'O 1101312 Ha CTaHIii 00iry, roja
705 Kuis-ITmemucab-Kuis 6,1
712 Kuis-Koctsatuniska-Kuis 7,1
715 Kuis-ITiemucis-Kuis 1,7
720/719 KuiB-Xapki-Kuis 2,0
722721 KuiB-Xapki-Kuis 7,3
724723 KuiB-Xapkis-Kuis 19,4
726/725 KuiB-XapkiB-Kuis 59
732 Kuis-3anopixoks-Kuip 8,2
734 Kuis-ITokpoBchk-KuiB 4.8
737/738 Kuis-3anopixokst-Kuis 18,3
7471748 (uepe3 neHb) Kui-Tepuomnins-Kuis 30,7
749 Kuis-IBano-®pankiBcbk-KuiB 20,8

VY oMy mpocTid MIBUAKICHUX TOI3/1B
Ha CTaHIisIX 00iry 1 (opMyBaHHS CKJIaJar0ThCs
3 Yacy Ha OdiKyBaHHS OOpPOOKH (tou.05),
HiIrOTOBKY cocTaBiB 0 peiicy (tmew) Ta
ouikyBaHHs BianpaBieHHA (toweion). YacTka
NEepuIoro # OCTaHHBOTO Yacy B 3arajJbHOMY
o0iry ckiagae Juisi IIBUAKICHUX TOi3/1B
o6muzpko 30 %. Taki mnpocroi wyacTime
MOB’sI3aH1 31 3pYYHUM Ui MACaXHUPIB 4acoM
npuOyTTS 1 BifmpasieHHs noi3niB. Lleit vac —
pe3epB JI01aTKOBOTO BUKOPUCTAHHST PyXOMOTO
cknany. Jis y3romkeHHs OJHAKOBO 3pYYHHX
yaciB mpuOyTTS 1 BiJNpaBJIEHHS MOi3AIB 3a
MOYaTKOBO-KIHIIEBUMHU CTAHIISIMH 3aIIPOIOHO-
BaHa yMOBHa KJjacudikaiis IIBHIKICHHX
MACAKUPCHKUX TMOT3/1B 32 YACOM 3HAXOJKEHHS
ix Ha  UDEXy — OpsAMyBaHHA.  SIKIIo
NpoaHalizyBaTH 3arajdbHUi dYac xoay (tx)
Moi3/1a BiJ CTaHIII BIANPaBIEHHS IO CTaHINi
NPU3HAYEHHS, TO MOXHA PO3OUTH LIBUJIKICHI
013111, 110 00EPTAOTHCSA HAa MEPEXKi, 3aJICIKHO

BiJl 4acy 3HaXOJ/DKECHHS Ha NIISAXY MPSMYBaHHS
Ha Bl 4aCOBI1 30HU:

- 1 30Ha: moi3ay, y sSkux tx = 4-6 rox;

- 2 30Ha: noi3aM, y skux ty = 6-9 ron.

HaBenena kiacugikariss IIBHIKICHUX
MACaKUPChKUX TMOI3JIB € OCHOBOIO JUIf
BUpIIIEHHS 3aBJaHHS YIOCKOHAJCHHS po0OTH
nacaxkupcbkoi  TexHiunoi cranmii  (ITTC).
3aBaHHs TOJSATa€ y BU3HAUYEHHI YEProOBOCTI
00poOKHM cOCTaBiB, IO IOCTYHalOTh Ha
CTaHIlII0, 3aJ&KHO BiJ 3aJaHOTO PO3KIIATY
npuOyTTS 1 BiANpPaBIEHHS MOI3/iB, TEXHOJIOTI]
00pOoOKHM COCTaBIB 1 TEXHIYHOI OCHAIIEHOCTI
[ITC. BupimeHHs IIbOr0 3aBJaHHS JO3BOJISIE
CKOpPOTHUTH HEMPOTYKTUBHUI MPOCTii
COCTaBiB B O4YiKyBaHHI 00pOOKH  (to.05).
Kputepiem € MiHIMyM (QakTHUHOT TPUBAIOCTI
3HAXOJKEHHS COCTaBa Iijl 00poOKOIO:

F =t t

mexui + 04.06i +t8i()n — min. (1)
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VY cBOIO Yepry MiHIMaJIbHO HEOOXITHUMN
gyac Ha 0OpoOKy OIHOTO cocraBa Oyne
CKJIaJlaTh

p

b
mexn T +t81’l’ (2)

1e O — KOeillieHT CyMIlIeHHsI BHYTPIIIHBOTO
npuOUpaHHs Ta PEMOHTY, BU3HAYAETHCS SIK
BIIHOIIIEHHSI MIiHIMaJbHO HEOOXIIHOTO Yacy
Ha MPOBEJCHHA OIepaliid A0 3arajJbHOTO 4acy
MOCJTIZIOBHOT'O BUKOHAHHS OTIEpaIliii;

Dip, Dy — HOpMa BHTpaT yacy Ha BHYTpilIHE
npuOMpaHHs Ta TOTOYHHH PEMOHT BAaroHIiB
BIAIIOBITHO, TOX;

Ny, Np — moTpeba B TMpaliBHUKAX 13
BHYTPIIIHROTO TPUOMPAHHS Ta MOTOYHOTO
PEMOHTY BaroHiB BiJIOBIIHO;

tesn — cymapHa TpuUBaNICTH oOmepamiid 3
MIPOITyCKaHHSI BaroHiB dYepe3 BarOHOMUWHUUN
KOMIUIEKC 1 TpuUAMaHHA CKIaay, Mo €
NOCTIHHIUMH ~ OTepamisiMi K 32 4YacoM
BUKOHAHHS, TaK 1 KUTBKICTIO MpPAIliBHUKIB, SKi
OepyTh y4acTh y iX BUKOHAHHI, TOJI.

IIpn 3acTocyBaHHI METONy BIOPSIIKY-
BaHHS  OOpOOKM  COCTaBIB  MIBHJKICHUX
MacakKUPChKUX TOI3/11B HA TEXHIUHUX CTAHIIIAX
[0 KOXHOMY 3 MPUMHATHX KpuUTepiiB (Y
MOPSATIKY HAJIXOKCHHS, y TOPAIKY
BIJIITPABJICHHS, 32 TPUBAIICTIO OOPOOKH TOLIO)
MPOCTii MOXHa CKOPOTHUTH A0 2 rof. Takuii
pe3yJIbTaT JOCATAETHCS, SKIIO ICHYE Tapa
COCTaBiB, 110 yB’sA3aHi B 3arajbHUil 00Ir, OJJUH
3 SKMX HE BCTUTae 00poOUTHCA B TEPMIiH,
OCKIIBKY paHillie 3 HUIM BUKOHYBAIUCS POOOTH
B HEONTHUMAJbHIA MMOCHIZIOBHOCTI B MI3HIIIHAMI
4ac NOPIBHAHO 3 BiANPABICHHSM.

JlociipkeHHsT TPUBAJIOCTI MPOCTOIO BiJ
KIJIBKOCT] IIBHUIOKICHUX MHOI3HIB, K1 HaJlEXaTh
JI0 PI3HUX YaCOBUX 30H, MMOKA3aJH, I110:

- IKIIO Ha CTaHIii OIJBLIICTE IOI3MIB,
o olOepTarThbes, Hajexarb g0 1-i yacoBoi
30HHU, TO BEJMKa KOHIEHTpAIlis BPaHIIIHbOTO
npuOyTTS 1 BEUIPHBOTO BiANPABICHHS, SKi
MPU3BOMAATh JO0 HEPUTMIYHOCTI ii poOOTH.
Yeproictb 00CITyroByBaHHS MOi3/liB 3aJ€KHO
BiJ Yacy oOpoOKHM He mpu3Bene 10 0aKaHOTO
pe3yJibTarty. v UbOMY BUMAJKY
PEKOMEHAYETHCSI  BIOPSAAKYBAaHHS  0OpOOKH
COCTaBIB y MOPSAKY BIANpaBICHHS MOi3/iB,
SIK€ HE 3MEHIIUTh CyMapHHM NpOCTiH iX Ha
IITC, ane 3abe3me4nTh CBOEYACHY MiATOTOBKY
COCTaBiB JI0 MOMEHTY BiJIIIPaBJICHHS;

- K0 OLIBIICTH TOi3/iB, IO 0OepTa-
IOTBCSL Ha CTaHLil, HajexaTb 10 2-1 4acoBOi
30HM, TO, TMO-TIEpPIIE, MOXXHA 3HHU3HUTH
KOHIEHTPALII0 BPaHIIIHBOTO MPUOYTTS 1
BEYipHBOTO BiJITIPaBJICHHS HUIXOM
KOPUTYBaHHSI PO3KIJIay, MO-IpPYyre, € TOCUTh
IIMPOKI MOXKJIMBOCTI JUIsi BHOOPY BapiaHTIiB
yB’SI3KH COCTaBIB IIBHUJIKICHUX MaCaXHUPChKUX
MOI3IB y 3araJilbHUi 00Ir, MO JO3BOJUTH
CKOPOTHTH HE JHIIe louos, alle 1 3araJbHUI
CyMapHHi MPOCTiii COCTAaBIB;

- SIKIIIO Ha CTaHIlli 00epTarThCs MOI3IU
1-i 1 2-1 yacoBUX rpymn, TO MpPHU 3aCTOCYBaHHI
BCIX nepesiyeHnx H1IXO/IB, OKpIM
CKOPOYEHHSI  HEMpPOJIYKTHMBHUX  IPOCTOIB,
MO>KHa CKOPOTUTH KIJIBKICTh COCTaBiB B OOITY
Ha KIHI[EBUX CTAHIIAX.

Hnst BHUPIIIEHHS 3aBIaHHA
YAOCKOHAJIEHHS pobotu MacaXupChKOi
TEXHIYHOT CTaHII] IOCTac 3aBIaHHA

BU3HAYECHHs INTaTy Opurajg CcToapliB, sKi
0o0CITyroByIOTh  IIBUJIKICHI moi3au. Tomy
3alpONOHOBAHO METOJUKY BU3HAYCHHS IITATY
Opuraj CTIOapiB 3aJI€KHO BiJ TPYAOMICTKOCTI
00CIIlyroByBaHHSI pI3HMX THUIIB BaroHiB i
posnoauty Opuraa CTIOapAiB IO COCTaBax,
yB’si3aHUX B 3araibHui 00ir. Kputepiem €
MIHIMyM Opuraja cTioapiiB 3a YMOBH, IO 4ac
6e3nepepBHOi pOOOTH OpUTaTN HE MEPEBUIYE
HOPMaTUBHHUH.

Z!'ZjE!'j-EZ!'ZjE:;_[;b’ (3)

Z:‘ T{Ep = Za’(tnpi + t-:,:.,i + Ha’ - tfbj = HEP (4)

HOpM '
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le . .
ne 2 j E-!- ; — mTar Opuraj cTroapiiB, sKi
00CITyTOBYIOTh yB’sI3aHi COCTaBH;

% . .

2 j B; j — mmar Opuraj CTHOApHIB SKi
00CITyTOBYIOTh COCTaBH JI0 yB’SI3KH;

| — KUIBKICTh CXEeM YB’SI3KH TIOI3]IiB
COCTaBaMUu;

] — KUIBKICTB TIOI3/IiB y CXeMi YB’SI3KH;

B .

T. - CyMapHHi 4Yac 3HAXO/PKEHHS
Opuraau CTIapiB y peici, rof;

fgpi — 4Yac Ha TpUAMaHHA COCTaBiB

OpuTaioro CTIAp/IiB, TO,

Lcqi — Jac Ha 371aBaHHSA COCTABiB OPHUTAIOI0
CTIOAP/IB, TOJ;

8; — wuwac o6iry cocraBa 3a uac
00CITyroByBaHHS MOT3/1iB, TOI;

IIpu  3acTocyBaHHI  3aIpPOMOHOBAHOL
METOAMKH OylIM OTpHUMAaHi TakKi pe3yJIbTaTH:
yB’s13Ka BOCHBMU Map MOI3/IB y 3arajJbHU 00ir
TpbOMa TpyHaMH CKJIAIiB Ja€ MOXJIMBICTh
36KOHOMUTH YOTHpPU COCTaBH 3 24, 110
obepTanucs 10 yB s3KH.

BucnoBku. JlociipkeHO 4ac MPOCTOXO
COCTaBIB IIBUJKICHUX MOI3JIB Ha CTaHII
ob0iry, mo ckiamae Bigx 2 po 31 rom.
BcranoBiieHO, 110 JIst OLIBIIOCTI MOI3/IB Iei
yac mnepeBuinye 7 rtoa. Yactka MpOCTOrO
COCTaBiB 3a YacoM OOIry 3 JOBXKHHOIO
ninpauii o0iry 300-500 kM ckmanae Big 70 1o
50 %. BwusHadeHO YeproBicTh  0OpPOOKHU
COCTaBiB TMOI3/MIB MO KOXHOMY 3 TPHHHATHX
KpPUTEPIiB 1 BCTAHOBJICHO, IO MPOCTiil MOXHA

CKOPOTHUTH JI0 2 TOJI.

3anpornoHOBaHO METOAMKY BU3HAYCHHS
mrary Opurag CTIOApIiB  3aJe€XHO  BiJ
TPYAOMICTKOCTI ~ OOCIyrOBYBaHHSI  pi3HHUX
TUIIB BAaroHiB 1 PoO3MOJUTy Opuraa cToapAiB
10 COCTaBaxX, B s3aHUX y 3aralibHUI 0Oir.

t; — mpocriii cocraBa Ha CcTaHIii

(GopMyBaHHs, TOXI;
op "
H wopw — HOPMATHBHMH 4ac 3HaXOKEHHs

OpuraJ CTIoapIiB y peici, ro.
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YK 656.2.072

®OPMYBAHHSA CUCTEMU OPIEHTYBAHHS ITACA’KUPIB HA IINIAT®OPMAX
3AJII3BHUYHUX BOK3AJIB YKPATHA

J-p Texn. Hayk A. B. IIpoxopuenko, marictrpant M. /I. JlomoTbKO, acnipant B. B. Bisiokyaps,
marictpantu B. B. Mensnuk, B. B. IloasikoBa

FORMATION OF THE PASSENGER ORIENTATION SYSTEM ON THE PLATFORM OF
THE RAILWAY STATIONS OF UKRAINE

D. Sc. (Tech.) A. Prokhorchenko, master M. Lomotko, postgraduate student V. Bilokudria,
master V. Medianyk, master V. Poliakova

DOI: https://doi.org/10.18664/1994-7852.186.2019.186142

Y pobomi zanpononosano KommiekcHuil nioxio 00 HopmySamHs cucmemu OpIEHMYEAHHSI
nacaxcupie Ha NAAM@OOPMAX 3ANIZHUYHUX B0K3ANi6 YKpainu: cexmopusayii; 000amKosa
iHhopmayisn 3MIHHO2O0 © NOCMINIHO20 MUNY; PO3POOAeHH PYHKYIU 01 MOOLILHO20 dodamKa. [s
MeopemuyHo20  OOIPYHMYBAHHA — 3ANPONOHOBAHOI  CUCmeMU  OpIEHMY6aHHs 6 pobomi 3
BUKOPUCMAHHAM THCmMpyMenmy imimayilinoco moodentoeanus AnyLogic nposedeno mooenio8aHus
PI3HUX cyeHapiie nocadku nacaxcupis y noizou na naamgpopmi Xapxis-Ilacasicupcokuii. Po3pobaeni
0ooamkosi  Gyukyii  onsi  mobinbHoco dodamka nacadxcupa. ILle 0o36orume  3meHwUmMU
0e30pIEHMAayin naca)cupis, NOKpawumuy sAKiCms cepeicy Ha 60K3anax i niosuwums HAOItHICMb
epaghika pyxy noizoie na nacaicupcoKux cmanyiax Ykpainu.

Knrouoei cnosa: cucmema opicHmysamHs, 3aNISHUYHUN — 60K3AJ,  NACANCUPONOMIK,
cexkmopu3zayis, MoOenosants, mobinorull dodamox, AnyLogic.

In The paper proposes integrated approach to the formation of a system of passenger
orientation on the platforms of Ukrainian railway stations: sectorization; additional information of
variable and constant type; development functions for the mobile app. For the theoretical
substantiation of the proposed orientation system in the work using the simulation tool AnyLogic,
simulations of different scenarios of boarding of passengers on trains platform Kharkov-Passenger.
Additional features for the passenger mobile application have been developed. This will reduce the
disorientation of passengers, improve the quality of service at the stations and increase the
reliability of the train schedule at the passenger stations of Ukraine. The practical experience
application of the above measure in the countries of Western Europe and the countries of Asia has
proved his effective. Many scientific works are devoted to the study of building efficient passenger
orientation systems at railway stations. These studies are based on research on the theory and
practice of navigation (Wayfinding). In the tasks of research it is important to solve the problems of
imperfection of information and information support of passengers at the railway stations of
Ukraine; improve the quality of passenger service; improve and propose an effective system of
functional-time-spatial organization of passenger flows; reduce the impact of inconvenience on
passengers on platforms that put them in a stressful state and, as a consequence, reduce the level of
danger on station platforms. The higher the level of service, the more passengers will use rail
services, but it should be remembered that there should be a balance between increasing the level
of service and the number of services and the cost of transporting passengers. Otherwise passenger
traffic will not be profitable. Thus, the improvement of the system of orientation of passengers at the
railway stations of Ukraine is urgent and requires a decision. Further investigation should
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investigate the application of the proposed passenger orientation systems to conventional long-

distance passenger trains.

Keywords: system of passenger orientation, train station, passenger traffic, sectorization,

modeling, mobile application, AnyLogic.

Beryn. B ymoBax  CTpyKTYypHOro
pedopmyBaHHS 3alli3HUYHOI ramy3i YKpaiHu
OJTHUM 13 KPOKIB JI0 MiJABHIIEHHS MPO30POCTI
ta edektuBHOCTI AT «VKp3ami3HHUI» €
BIIMOBa BiJl TEPEXPEeCcHOro CyOCHIyBaHHS
30UTKOBUX TACaKUPCHKUX TEpEeBE3CHb 3a
pPaxyHOK JOXOIB BiJl BAHTXHHX IEPEBE3CHb.
Y Takux yMmoOBax JISUIBHICT Yy Taiysi
MACaKUPCHKUX TIEPEBE3€Hb, 30KpemMa podoTa
MacaXKUPChKUX BOK3aJIbHUX KOMIUIEKCIB, Ma€e
OyTH BHIUIEHa B JOYIpHI IMMacaXKUPCHKi
KOMIIaH1i XOJIIMHTY, TOJIOBHOIO METOI0 SIKHX
Oyzie 3MEHIIIEHHS JIeP’KaBHOTO CyOCHTyBaHHS 1
30UJIBIICHHS JOXO/IB Bij BJIACHOI OIepaIiiHol
mispHocTi. OmauM 13 3axomiB  JUIA
301JIbIICHHS o0csriB MacaKUPChKHUX
mepeBe3eHb 1, SIK HACHIJOK, 301IbIICHHS
JOXOAIB € TIJABHUINCHHS SKOCTI CEPBICHUX
MOCITYT Ha BOK3aJax, 30KpeMa yJI0CKOHAJICHHS
CUCTEMH  OpI€HTYBaHHA  TAaCaXUPIB  Ha
mnaTdopMax 3aMi3HAUYHUX BOK3aIIB YKpaiHU.
[IpakTuHumii IOCBIJ 3aCTOCYBaHHA
3a3Ha4YEHOTr0 BHIIE 3aX0/y B KpaiHax 3axiIHol
€Bponu Ta A3ii 10BiB cBOIO epekTuBHICTh. Ha
Bok3asiax AT «Ykp3anizuuui» € npoOiema 3

OplEHTYBaHHAM HacaXXupiB SIK Ha
mwiarpopmax, Tak 1 caMHX  BOK3ajax.
BincyTHicTb CUCTEMH OpIEHTYBaHHS

MacakupiB MIJBUILYE Yac 3yNMUHKY TMOi3/11B Ha
CTaHIIsIX, OCOOJMBO Ha MPOMDKHUX. Yum
BHUIIE PIBEHb CEPBICY, TUM OUIbIIE MacaKupiB
OyIyTh KOPUCTYBATUCS MOCITyraMH 3aTi3HUIL,
ajge ciif mam’AaTaTd, 0 MK IABHILIEHHIM
PIBHA cepBICYy 1 KUIBKOCTI MOCIYT 1 LIHOKO Ha
NepeBe3eHHs MacakKupiB Mae OyTH piBHOBara.
B iHmomy pasi macaxupchki IepeBe3eHHs He
3MOXYTh CTaTH NPUOYTKOBUMH. TakuM YUHOM,
VIOCKOHAJICHHSI ~ CHCTEMH  OpI€HTYyBaHHS
MacaKUpiB Ha 3II3HUYHHUX BOK3ajax YKpaiHu
€ aKTyaJbHOI0 TNpobseMoro, sika MoTpedye
BUpileHHs. [l yIOCKOHAJIEHHS CUCTEMHU
OpPIEHTYBaHHsSI TACAXHUPIB Ha 3aTI3HUYHUX
BOK3aJax YKpaiHH B POOOTI 3amporoHOBAaHO

peanizyBaTH CHCTEMY OpPIEHTYBaHHS 32 TAaKUMH
eTarnamu: po3poOJICHHS CUCTEMHU CEKTOPH3allii,
HA/IaHHS JI0/1aTKOBOi iH(opMamii 3MiHHOTO i
MOCTIHHOTO THITY 1 PO3pPOOJIEHHS J0JIaTKOBHX
GbyHKIIN 1711 MOOITBHOTO JTOIaTKA.

AHAJI3 OCTaHHIX JocCaigKkeHL i
nyoaikaniii.  JlocmimkeHHSIM — TIO0YIOBU
e(eKTUBHHUX CHCTEM OPIEHTYBaHHS MacaKupiB
Ha 3aJII3HUYHUX BOK3aJlaX MPUCBIYCHO Oararto
HaykoBux mpamnb [1-8]. B ocHOBI maHHMxX
JOCITIJKEHB JIe)KaTh HAyKOBI pOoOOTH 3 Teopil i
npaktuku Hairanii (anrn. Wayfinding) [2, 3].
Hanpuknan, y npocmimkenni [1] Haeneni
nepuri KpoKd J0 BIPOBA/DKCHHS CHUCTEMHU
Opi€EHTYBaHHS  MacaxupiB B YKpaiHi,
MpHUAieHa yBara MOJAUTY IOl riaThopMu
Ha cexTopu. Y mociikeHHsx [4-6] HaBeneHi
BXKE JII0Yl CUCTEMH OpI€HTYBAHHS MacaKUpPiB
Ha craHuisax Jlonaona (Benukxa bputanis) 1
XapMisiHu (CayniBcbka Apagis) 3
ypaxyBaHHSM €proHOMIYHMX 1 KyJIbTYPHHX
acmeKkTiB IMX KpaiH. Y poboti [7] moBeneHa
e(eKTUBHICTh PI3HUX BapIaHTIB JOHECCHHS
iHdpopmanii g0  droAei, 30kpema  3a
JOTIOMOTOI0  ITU(GPOBUX  pecypciB, IO
JI03BOJISI€ OXOMUTHU OUTBIITY KUTBKICTH JIFOIEH.

BaxmBuM eranoM mnpu YIOCKOHAJICHHI
CHUCTEM  OpIEHTYBaHHSI  MacaXxupiB  Ha
mwiargopmMax — 3aJi3HUYHUX  BOK3aJIiB €
OOIPYHTYBaHHs 3allpOIIOHOBAaHMX 3aXOJiB Ha
OCHOBI 3aCTOCYBaHHS MaTeMaTHYHOTO
MOJICJIIOBAHHSL PYXy IOTOKIB MacaXupiB. Y
po6oti [8] mns mepeBipku iH(OpMaLiHHOT
CHCTEMH OTIOBIIICHHS MMacaKUPiB 3aCTOCOBAHO
MaTeMaTU4Hy MOJIelb Ha OCHOBI areHro-
opieHTOBaHOro migxoxy. Jis ymoB poboTu
3alli3HUYHUX BOK3alliB YKpaiHu pPO3po0IeHO
MaTeMaTHYHy MOJENb pPyXy MacaXupiB Ha
OCHOBI HEYITKOI JIOTIKM Ta MYJIbTHATCHTHUX
meroniB ontumiszaiii [9]. s matemaTHaHOTO
MOJIETIIOBaHHS PyXy Maca)XupiB MOXYTh OyTH
BHKOPHCTaHI JOCIHIKEHHS B ramysi
MmojentoBanHss HatoBmy [10]. 3 ormsmy Ha
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ICHyIOYl  JOCHI/DKCHHS, B
3alpOTMOHOBAHO  TPOBECTH  MaTeMaTHYHE
MOJICJIFOBAHHSI  TIOBEJIHKM  TACaKUpPIiB  Ha
w1at$opMi 3aII3HUYHOTO BOK3aIly Y KpaiHH.
Jlnst momyky e(QeKTHBHHX 3aXOAdiB 3
MIJBUIIICHHS PIBHS CEPBiCY HEOOXITHO aHai-
3yBaTH JIOCBIJ 3aJIi3HUIL 3axiIHOi €Bpornu Ta
Azii. Hanpuknan, y fmnonii, okpiM HaBiCHUX
iHQopMaIiiHUX CTEHMAIB, TMOUIUPECHUMH €
MIKTOrpaMu, HaHeceH1 Ha 1wiatdopmax [11]. ¥V
Himeuunni Ha miatdgopmax 3ali3HHYHHUX
BOK3QJIIB  3aCTOCOBYETBCS  CEKTOpH3AIlis
(po306uTTsa TwIONI TMIATGOPMH HA CEKTOPH 3a
angaBiTHUM TopsinkoMm). [IporpecuBHUM i
MEHIIl BUTPATHUM 3aXO0JIOM 3 JIOBEIICHHS BCi€i
HeoOXigHOi iH(opMmamii g0 macaxupiB €
BHUKOPHCTaHHSI MOOUIBHMX JOJaTKiB. Sk
MIPUKJIA] MOKHa HaBECTH MOOLUIbHI JOJATKU
Transit Planner Norikae Annai, DB Bahnhof

naHii  poOoTi

Live [12, 13].
Ommcani BHIIIC MIPaKTHKH
YIO0CKOHAJICHHSI CHCTECMH OpIEHTYBaHb

MacaXupiB IOKa3adl CBOK €(EeKTUBHICTH Y
OaraTboX KpaiHaXx CBITY 1 TOTPeOyIOTh
BHUBYEHHS Ta OOIPYHTYBaHHS 3aCTOCYBaHHS Ha
3aJI3HUYHUX BOK3aJax YKpaiHH.

BusHaueHHsi MeTH Ta 3aBJAaHHA
pocaizkeHHsi. Mertoto nmaHoi  pobOoTH €
JOCTIPKEHHS 3aX0/1B 3 MiABUILEHHS SIKOCTI Ta
0e3neKu MepeBe3eHb MacakUpiB 3aJI3HUYHUM
NaCaKUPCBKUM TPAHCHOPTOM YKpaiHM Ha
OCHOBI YIOCKOHAJICHHSI CUCTEMU
OpIEHTYBaHHSA MAacCaXuUpiB Ha 3aJI3HUYHHUX
BOK3aJlax B yMOBax MIBHJIKICHOTO  a0o
BHUCOKOIIIBHJIKICHOTO PYXY MOi3iB.

V mocTaBiaeHUX 3aBOAHHAX JOCHIIKEHD
BOXJIMBO BUPIMIUTH TpoOJIeMHU HETOCKOHa-
JOCT1  JTOBIAKOBO-iH(MOpMaIifHoro 3abesre-
YEeHHS MAcCaXUPIB Ha 3aJi3HUYHUX BOK3ajax
VYkpainu; MiJABULIUTH SKICTh OOCIyrOBYBaHHS
MAcaKUPiB; YJOCKOHAJIUTH 1 3alpONOHYyBaTH
epeKTUBHY cucteMy (YHKIIOHAJIbHO-YaCOBO-
MPOCTOPOBOI  OpTraHi3ailii MacaKUPOTOTOKIB;
3MEHIIUTH  BIUIUB  HE3pYYHOCTeH s
nacakxupiB Ha Iuiargopmax, 0 BBOJATH X y
CTPECOBUHM CTaH, 1, SIK HACIiJOK, 3MEHIIUTH
piBeHb HeOe3Mmekn Ha miaTopmMax BOK3aliB.

OcHoBHa 4yacTtuHA. /[ nmpakTUYHOTO
oOrpyHTYBaHHS  €(EKTHBHOCTI  CHUCTEMHU
OpI€EHTYBaHHsI B po0OoTi Oyno mpoBeneHO
MOJOBI  JOCHIKEHHS ~ MapuIpyTiB  pyXy
MacaKuporoTokiB Ha miardgopmi Ne 2 cranIii
XapkiB-Ilacaxxupcbkuii Mg 4Yac Mocagkud y
MBUIKICHUN macaxupcbkuii 1moi3zy «HRSC2
Hyundai Rotem». [lociimkeHo aBi curyariii
pyxy macaxupiB 1miardgopmoro  (puc. 1):
cutyamiss A — pyx M[acaxupa Y3I0BXK
w1arpopMu Bl MEPLIIOrO A0 OCTaHHBOI'O
BaroHa COCTaBa MACaXHUPCHKOTO  MOi3/1a;
cutyauis b — pyx macaxupiB Ha miaardopmi
IpH 3MiHI HalpsMKy pyXy Ha MPOTHJIEKHY B
IpoIec MOIIYKY BaroHa.

Ha puc. 1, a HaBeneHa TpaekTopis pyxy
nacakupa y3/10BX IUIaT(GOpMHU BiJ MEPLIOro
70 OCTaHHBOTO BaroHa COCTaBa MACAXKHUP-
cekoro moizma. Ha pwuc. 1,6 3o00paxena
TPAEKTOPis PyXy, A€ JBa IMacaXHpPU B3araii
NOMUJIMIIUCH 3 HANPSIMKOM PYyXy 1 3MIHWIN
TPAEKTOPII0 Ha TMPOTWIEKHY, 3aBIABIIA
HE3py4YHOCTI IHIIMM macaxupam. HaeneHi
BUNIE  JIOCH/DKEHHS ~ TPAEKTOPId  pyxy
MacaKupiB HiATBEPAXKYIOTh HasIBHICTb
npobieM y mnepecyBaHHI Iuiatdopmoro. Y
MacaKupiB  BiACYTHA iHopMalis  1I0J0
po3TalllyBaHHS BaroHiB y CXeMl M0i3/a, II0
OPU3BOJUTH 1O  TOMMJIKOBOIO  BHOOpY
HampsIMKy ~ pyXy,  CKYIYeHHS  JIIOJEH,
301IbIIEHHS Yacy Ha MOCaJaKy Ta JUCKOMdopT
nacaxupiB. [ BUpIMIEHHS TOCIIIKEHUX
BHUIIIE TPOOJIEM PYXy HacaXHupiB Ha miaatdopmi
B poOOTI 3ampoONOHOBAHO BIIPOBAJIUTH Ha
Bok3ani  XapkiB-lIlacaxupcekuii  cucremy
OpIEHTYBaHHSI MacaXUpiB Ha 6a31 ceKTopu3alii
w1aThopMu.

Hnst 3pYy4YHOCTI Macaxxupis
MIPONOHY€ETHCS PO3ILTUTH 3aJTI3HUYHY
mwiatopmy Ha cektopu A, B, C, D, E. Koxen
CeKTOp BM3HAYaTHME Miclleé 3yNHHKH BaroHiB
[1]. Le Oyme o0coOMMBO aKTyaJdbHO MJIA
HIBUAKICHUX MACaXUPChKUX TMOI3MIB  THILY
«Iutepciti» Ta «lHTepciTit». TexHomoris
nepeabdayvae HEOOXI1IHICTh reorpadigyHo1
NpUB’A3KH  KOXHOI cxeMu  (hopMyBaHHS
MaCaKUPCHKOTO T0i37a 10 Ha3B CEKTOpPIB
wiar¢popmu. [IpudHATHUM € BiANOBITHICTD
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JIOB)KMHM  CEKTOpa JBOM  IACaKUPChKUM IPUB’A3KOK A0  cXxeMH  (OpMyBaHHs
BaroHam — 50 metpiB. Cxema cekropu3arii nacaxxupcpkoro moizna «HRSC2  Hyundai
wiarpopMy  Ha 3AII3HUYHMX BOK3ajlax 3 Rotem» naBenena Ha puc. 2.

Puc. 1. Bizyanizaiis Tpaektopii pyXy nacaxxupis Ha matdopmi Ne 2 Xapkis-ITacaxkupcbkuii
BIJIMTOBIHO JI0 CUTYAITli: @ — CUTYyaIlisg A — pyX Macaxupa y370BxK IIaT(GOopMu BiJI TEPIIOTO JI0
OCTaHHBOT'O BaroHa COCTaBa MacaXKUPChKOIo M0i3/1a; 6 — cuTyalis b — pyx nacaxupis Ha
m1atdopmi IpH 3MiHI HAPSIMKY PYXy Ha IPOTHIICKHY B MTPOIIEC] MOIIYKY BaroHa
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Nel Ne2 Ne3 Noa

No5 Neb Ne7 Ne§ No9

Howmep
BaroHa
TR TR (R [T i LT Fﬁilﬁtﬂﬂ!wﬁkih‘“[:i:Elimmima:)
Fﬂawﬂw EEEEEREEERE LLLEEE KR ERERREI iEHE R QNIRRT Rl BRRS8A03 m:
Al2 €12 D12 EL2
L o A G et T T T g VAT Tl LT
RLLTRLREEL) R HEREE R IR LR ERRERE RN minpnen L RERI LUERERRARRENETS

r 50 m 'l

Puc. 2. Cxema cekropuzanii marGopMu Ha 3a1i3HHYHUX BOK3ajiaX 3 MPHUB’SI3KOI0 IO CXEMHU
dbopmyBanHs nacakupcbkoro moizna «HRSC2 Hyundai Rotemy

3aCTOCYB AHHA 3aHpOHOHOBaHOI CUCTCMU

cekropu3aimii  Ha  1ardpopmax  (puc. 2)
JO3BOJINTH CKOPOTUTH 4Yac Ha IMOCAJAKY
MacCaXUpPiB Yy  TACAKHUPCBKUN  TOi3M 1

3MEHIIUTH KUIBKICTh 3aTPUMOK Yy rpadiky
PYXy MOi3IiB. 3amporoHOBaHO JW3aliH 3HAKa,
AKMM OyJe TapMOHIHHO BIUCYBaTHCS B
iHTep’ep tiardopmu (puc. 3). Jnst nmigBuimeH-
Hi e(EeKTUBHOCTI CHUCTEMHM OpIEHTYBaHHS

BaXJIUBO O3HAHOMUTHU nacaxxupa 3
MPUB’A3KOI0 CXEMH COCTaBa 3 CEKTOPH3AIIEI0
3a3/ajeriib 0 BUXOAy Horo Ha miatdopmy.
Ile MOKITMBO 33 paXyHOK PO3MIIIICHHS CTCHIIB
31 cXxeMaMH Ha BOK3aji, a TaKoX Bizyaumizarlii
CXeMH Ha  MOHITOpax, [0  3HA4YHO
HNPULIBUALIMTE M1OCAJIKY ACAXKUPIB Y BaroH, a
OTXe€, 1 3SMEHIIUTh Yac MPOCTOIO IIBUKICHOTO
[ACaKUPCHKOTO 1013/1a HA CTAHIII.

Puc. 3. Bizyanizanis 3Haka Ha ratgopmi Ne 2 Bokszany XapkiB-Ilacaxxupcbkuii

JInst  TeopeTHYHOTO  OOTPYHTYBaHHS
3aIpOIIOHOBAHOI BHIIE CUCTEMHU OPIEHTYBaHHS
nst otatdopmu Ne 2 Xapkis-ITacakupceekuii y
POOOTI 3aCTOCOBAHO 1HCTPYMEHT iMITalliiHOTO
mosemoBants AnyLogic [14], y mexax skoro
NPOBEACHO IMITAllll0 pPyXy MacaXupiB Ha

mnatdopmi. Ha ocCHOBI oTpuMaHUX pe3ysib-
TaTiB OyJI0O MPOBEIEHO MOPIBHSUIBHUI aHali3,
SIKAWA JIOBIB aJICKBAaTHICTh PO3POOJICHHS MaTe-
MaTu4HOi mozeni. [IpuitHaTo Taki mapameTpu
JUIS  MOJIEJIOBAHHS: CepedHs MIBUIKICTh
nacaxkupa — 6 km/rox [15], iIHTEHCUBHICTH 3
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kokHoro Buxoay — 1000 mac/rom; cepemns
mioma macaxupa 3 Oaraxem — 0,4-0,5 M
MICTKICTh OJHOTO COCTaBa TaCaKHPCHKOTO
noizna «HRSC2 Hyundai Rotemy — 579 mnac.,
B 000X 10i31ax MICTKICTE — 1158 mac.

Ha puc.4 300paxeHo pe3ylbTaTu

MOJICJIIOBAHHSL IIUIBHOCTI  MMAacCakKUPOMOTOKY
i1 9ac Mmocaakyd B 1moi3n Ha rmiatdopmi Ne 2
3aJIi3HUYHOrO Bok3anry XapkiB-Ilacaxkupchkuii
0e3 cucTeMu OpiEHTYBaHHS.

1.67

1.33

0.67

0.33

'c:j‘m|]mhm&mlEﬂ:!EIHU'U'ﬂlr'ml'u‘u‘lx'uim'U'In'lmmmimwm,{‘{:}:m:!;{rjwﬂml‘ml’m1'(('1111'!1'5 RN f o HRRARRN ] AT i
B e S s g e T

I e Y

0

Puc. 4. MoaentoBaHHS MIUTBHOCTI TACAKUPOIIOTOKY ITi/T Yac MOCAAKHU B 101311 Ha TiaTdopmi Ne 2
3aJI3HUYHOTO BOK3ay XapkiB-Ilacaxkupcbkuii 6€3 cucTeMu Opi€HTYBaHHS

3a mepmMM  €KCIepUMEHTOM  IpHU
MOJICTTIOBAaHHI ITOCA/IKU TTACAKHUPIB y 10137 O6e3
CHUCTEMH  Opi€HTyBaHHS  Oynum  3ajaHi
MapuIpyTd pyxXy MacaXKupiB 3 MiJ36MHOTO
nepexoay [0 TMOi3AiB  BHIAAKOBO, TOOTO
MacaXup MIr 1T 3 OJHOTO KIHIIS IMiI36MHOTO
nepexoay /A0 1HIIOro KpallHBOro BXOJY B
moi3/1, TMPOXOASIYM BECh COCTaB IACAXKHUP-
cbKOro moizzna. 3a puc.4, aHaniz TpaekTopii
pyXy MacaxupiB MOKa3aB 3HAYHY XaOTUYHICTb,
HAsBHICTb  BENHMKOi  KIUTBKOCTI  3ITKHEHBb
MacaxupiB MiX €000, IO TPHU3BOIUTH 10
HeOe3neyHux cutyauiid. bynao orpumano Ttaki
pe3yJibTaTH: MaKCHMaJIbHa UITBHICTh
nacaxupip Ha Tmmatgopmi 1,33-2 mac/m? i
Ounplle, Ha KOXXHOMY CEKTOpl IIUIBHICTh
nacaKupiB 0e3 CUCTEeMM OpIEHTYBaHHS pi3Ha,
I0 cektopa «A» 1 3a cektopom «D»
MaKcUMajbHa HIIBHICTh HEBeJIMKa
(mpubmmsno 1 mac/m?), 3 cextopa «A» 0
cektopa «D» makcumanpHa — 1,33-2 nac/m?,
Bcs mocajka B moizj 3aiusma 870 ¢ (14,5 xB).

Ha puc.5 HaBeneHo  pesyinbratu
MOJICJIFOBaHHS IIUIBHOCTI  MACaKUPOTIOTOKY
MiJ Yac MOcajaKu B Mmoi3a Ha muiatdopmi Ne 2
Xapkis-Ilacaxxupcekuii 3 CUCTEMOIO
OpieHTYBaHHA. Y Jpyromy CIeHapii MOCaaKH 3

CHUCTEMOIO OpIEHTYBaHHS OYJIO 3a/JaHO BHUXIiJ
MacaXwpiB 3 MIJA3EMHOTO TIEPEXOIy JIO
BIIMOBIAHUX  CEKTOPiB, J&  MPUOIU3HO
3YIUHUTHCS MOTPIOHUI BaroH AJis Macakupa,
OCKINIbKYU BiH 3a37aJieri/ib Bke O3HAlOMIIEHUI
3 cucTeMoro  opieHTtyBaHHsA. [lacaxwupw,
KOPUCTYIOUUCh  CHUCTEMOIO  OpIE€HTYBaHHS,
IIBUIKO BHUKOHYIOTH IIOCQJIKy B TIOI31, HE
3IIITOBXYIOTECA MK CO0OI0, OTXKe, He
BUHUKAIOTh Pi3H1 Hebe3neuHi cutyanii. [licis
npuOyTTs TMOoi3a TacakUpU OPraHi30BaHO
CimaroTh y TOTPIOHWMH M BaroH 3TiIHO 3
MPOi3HUM  JOKYMEHTOM, HE  MPOXOASYd
Y3ZI0BK BCbOT'O COCTaBa Moi3Aa.

3a pesynbTaTaMd MOJEIIOBAaHHS BCTa-
HOBJIEHI 00JIacTI MaKCHMAalbHOI IIIIBHOCTI:
MakcUMajdbHa [IUIBHICTh  TAacaXUpPiB  Ha
miatdopmi — 1-2 mac/m?, MicusAME IIiNTBHICTH
JIOXOIMNA JI0 2 Tac/M%, a B3arajii Ha KOKHOMY
CEKTOp1 MaKCUMaJbHa IIUIBHICTh MACAXKUPIB 13
CHUCTEMOIO OpIEHTYBaHHS OLTBIII-MEHII
omaakosa (0,33-1,33 mac/m?), Bcs TocamKa B
noi3n 3aiHsma 685 ¢ (11,42 xB). Pesynbratu
MOJICITIOBAHHSL JIOBOJISITh, IO 3 CHCTEMOIO
OpiEHTYBaHHS MOCAJKa MACAKUPIB MPHUOIU3HO
Ha 27 % edekTuBHIMA, aHDK 0€3 CHCTEeMH
OpiEHTYBaHHS.
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Puc. 5. MopentoBaHHs IIIBHOCTI MACAKUPOIOTOKY i/l Yac MOCAAKH B 1Moi3a Ha matdopmi Ne 2
XapkiB-ITaca)kupchKuii 3 CHCTEMOIO OPi€HTYBaHHS

3a pe3yapTaTaMH MOJICITIOBAHHS, OKPIM
po3MimieHHs iH(OpMaIiiHUX CTEHIIB Ha
mwiarGopmMi Ta MNPUMIMICHHSIX 3aTI3HUYHOTO
BOK3aJly, CTa€ BAKJIMBUM IMUTAHHS I1HIUBIIY-
abHOTO 1H(OPMYBAHHSI KOKHOTO MAaCaKUpa.
HaiiGinpm 1i€eBUM 1 cydacHUM CIOCOOOM
O3HAWOMJICHHSI ~ TacaXupa 3  CHUCTEMOIO
OpIEHTYBaHHS Ha IMatgopmMax BOK3alLy €
PO3pOOJICHHST ~ CHEIIAIbHOTO  JIOJaTKa IS
MOOLTBEHUX TaJKeTiB. [HTepdeiic nomatka ams
nacakUpCchbKoi KomnaHii YKpaiHu Moxke OyTu
aQHAJIOTIYHUM TPUKIaJaM MOOUTBHUX JOJATKIB
3 Himeuunnn «DB Bahnhof Live» [12]
(puc. 6, @) 1 SAnonii «Transit Planner Norikae
Annai» [13] (puc. 6, 6).

Ha ocHoBi ananizy ¢yHKIINA HaBeIeHUX
BUIIE JOJATKIB 3alpOlOHOBAHO YJIOCKOHa-
JUTH  ICHYIOUMH  MOOUIBHMM  J0JaToK
nacaxxupcbkoi kommnaHii AT «Ykp3amizHuts»
Ta 10/1aTh Takl QyHKIIIT:

- BiIOOpakeHHS TO3WINI Tacaxxupa
BiTHOCHO COCTaBa TMAaCaXHUPCHKOTO Moi3/1a Ta
CEKTOPIB Ha TIATPOPMIi BOK3AIY;

- MOXJIUBICTh MOIITYKY Ta
BiJJOOpaKeHHs pe3ynbTary HaOLTbII
NPUAHSATHOTO MapHIpyTy Ui Tacaxupa 3
OyAb-KO1 JOKaIlii Ha BOK3aJIbHOMY KOMILIEKCI
70 TIaTGOopMu Ta BaroHa;

- iHpopMalis 1010 MACAKUPCHKOTO
noizna (maTta, 9ac BiAIpaBiIeHHS M013/1a, CXema
BaroHa Ta cOCTaBa TOUIO);

- (yHKUIA CHNOBILIEHHS MacaXXupa IMpo
CTaHIII0 BUCAJKM ab0 Tepecajkd B IHIIMN

moi3/1; MTOJATKOBI Ta OCHOBHI TOCIYTH, SKi
JOCTYyNHI B JAaHOMY 0134l (UiHH, MEHIO,
TEMIIepaTypa y BaroHi, HACEJIEHICTh BaroHa,
1oroja);

- MOXJIUBICTh 3a0pOHIOBATH TOTEILHUM
HOMEp y MyHKTI TPU3HAUYCHHSI.

Mailke KOXKEH NacaXkup IOTpaIviie B
CUTYyallil0, KOJIM Ha He3HalloMOMY BOK3aii
noTpiOHO JayXe IIBUAKO 30pi€HTyBaTUCS 1
MOTpanuTH Ha IwarGopMmy, TOMY i IBOTO
icHye (YHKISI «MOXJIMBICTh 3HAXOKEHHS
HaWOIIBII  MPUUHSTOTO  MapHIpyTy IS
nacakupa 3 OyIb-sKOI1 JOKallii Ha BOK3allb-
HOMY KOMILJIEKC] 0 TaThopMH Ta BaroHay.
3a nuM 104aTKOM OyJyTh BH3HA4Y€Hi reojaHi
racaxupa 1 mporpama J0ooMoxe Homy 3HaUTH
1 moTpanutu 10 nOTpiOHOro Micug 3a
HAaWKOPOTIIMM i 3py9IHUM MapIIPyTOM.

3a peskuil 4yac 10 BiAmpaBieHHs a0o
BXKe IIjJ Yac mocagkd, abo Bxke B IIOi31i
Hacaxupy Oyne KOpHCHA ¢byHKLI
«iHpopMaIlis MO0 TMACAKUPCHKOTO TOoi3aa
(mata, wdac BigmpaBiIeHHS TOi3da, cxeMma
BaroHa Tomo)». Ll ¢yHKIi® TOBHMHHA
HaraJyBaTH TacaXupy TMpo JeHb 1 dac
noizaku. [lig yac moi3aku It macakupis, K1
OyIoyTh TiepecaKyBaTHCS B IHIIMH MOT31,
Oyme moTpiOHa  GYHKIS — «CIIOBIIICHHS
nmacakupa TIpO  CTaHIl0 BUCAAKH  abo
nepecagku B iHmMHA moiza» (3a 30 xB g0
npuOyTTs Ha CTaHIilo npusHaueHHs). Lle
JI03BOJIUThH MACaKUPy BIANOYUTU B JIOPO3i, HE
XBUJIIOIOYKCh, IO BIH TPOMYCTUTh CBOIO
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3YIHUHKY, a TaKOX TUIAHYBaTH CBOIO ITOJIOPOK
Ha OumbIm Janeki BiAcTaHli 3  BEJIHKOIO
KUIBKICTIO mepecanok. JlocTymHICTh  Takoi
iHpopmanii B MOOITBHOMY JIONATKy, SIK
«1oJaTKoOBa 1 OCHOBHa iH(opMalis Ha
MOCIYTH, Kl JIOCTYNHI B MOi3ai (iHU, MEHIO,
TeMIeparypa B BaroHi, HAaceJICHICTh BaroHa,
MOT0/1a)», JIO3BOJHTH Ji3HATHCS TacCaKupy,

16:18 | GI. 22

ICE 528 Dortmund Hbf (A-D)

() Wagenreihungsplan Stand: 12.05.2018, 16:08 Uhr

@ Erinnerung vor Einfahrt des Zuges senden.

A B CD
22212 2]

ICE 528 Zugrichtung Dortmund Hbf

q -Hl 9 §

a

sKa moroaa Oyjae Ha CTaHIlli NMPU3HAYCHHS 1
i 9ac MpsSMyBaHHS IMO137a, sIKi IepeBark BiH
OyJle MaTu B MOi3i, 10 BiH 3MOKe MpUI0aTH

abo Ky TOCIyry 3MOXE  OTpUMATH
0€E3KOLITOBHO. [lomo MOYKJIMBOCTI
3a0pOHIOBaTH  TOTECILHUHA  HOMEp  uepe3

MOOUTHPHUHM JOMATOK, TO IO (PYHKIIiFO BUCOKO
OLIIHATH MACAKHUPH 3 1HIINX KpaiH.

lime | 3 hr 16 min Fast
14,450 yen
| Transfer | 2 imes

10:02  Shinjuku

Platform 14

Yamanote Line Toward Shibuya

LTI 21 min
B :.750 yen
The Car Me.6,10,11

Shinagawa
10:23
Platform 1

o

Puc. 6. Intepdetic MmobimpbHOTO nogaTka: a — noaarok « DB Bahnhof Livey», Himeuunna;
6 — monaTtok «Transit Planner Norikae Annai», Smonist

JInisi  OILIHIOBaHHS TPAKTUYHOT MOXKIIU-
BOCTI BIPOBA/DKEHHS CEeKTOpu3alii miaardopm
Ha 3a3HUYHUX Bok3anax AT «YKp3amizHUID
y poOOTI MpOBENEHO TEXHIKO-€KOHOMIUHE
oOTpyHTYBaHHs. BHKOHaHO MOPIBHUTBHHI
aHaimi3  icHyroo4oi  TexHojorii  poOotu

3ali3HUYHOTO BOK3aly XapkiB-Ilacaxxupchkuit
3 yIIOCKOHAJIEHOI0,  sika  mepeadadae
BIIPOBAKEHHS CHCTEMH OpiEHTYBaHHS
MacaKUpiB Ha JBOX IUIaTopMax BOK3aly Ha
OCHOBI MOJUTY ILIOMII MJIATHOPM Ha CEKTOPH 3
YB’A3KOI0 31 CIELiaIbHUMU JiarpaMaMu CXeMm
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(dhopMyBaHHS COCTaBiB IIBUIKICHHX IIOi3/iB,
AKI PO3MIIIYIOTECSI B PI3HUX 30HAX BOK3aly.
ExoHoMiunuii  edekT BiJg  BIPOBAIKCHHS
CHCTEMH  OpIEHTYBaHHA  MacaXupiB  Ha
miaTdopMax 3aJi3HHYHOTO BOK3aly XapKiB-
[Tacaxupchkuid  TOPIBHSHO 3  ICHYIOYHUM
BapiaHTOM (YHKIIIOHYBaHHS BOK3aly 0e3
JaHOT CUCTEMM OpIEHTYBaHHS IOCSTAETHCS 32
paxyHOK IMIJABHINEHHS CEPBICHUX IOCIYT
macaxupam, 10 JIO3BOJUTH  3aJy4YUTH
JIOJAaTKOBUX TACQXHUPIB 3 aBTOTPAHCHOPTY i
MIIBUIIATA JTOXOAU 3aJI3HUYHOTO BOK3ay.
[Tporuo3uuii eKOHOMIYHUN €PEKT 3 HapocTa-
IOYMM TiJICYMKOM B YMOBax OOCITyrOBYBaHHS
MacaXUPChKUX TM0i3aiB Kareropii IHTepciTi+
ckimagae 88 494 rpH y po3paxyHKy Ha 5 pOKiB
3a YMOBHM TPUBEACHHS BHUTpAT 1 pe3yJIbTaTiB
PI3HHUX POKIB JI0 OCTAHHBOTO POKY. OKYITHICTh
NPOCKTY HACTylna€e Ha 4YeTBEPTUU  PIK
BIIPOBQ/DKEHHS CUCTEMH OpIEHTYBaHHS Ha
mwiargopmMax 3ali3HUYHOTO BOK3aly XapKiB-
[Tacaxxupcpkuii.

BucnoBku. Ha  ocHOBi  aHamizy
3aKOPJOHHOTO JOCBITy pO3po0ieHa cucTreMa
CEeKTOpH3allii, Ha/JlaHa JOAAaTKOBa 1H(OpMAIIis
3MIHHOTO 1 TMOCTIHHOTO THITy, IO JTO3BOJHTH
3MEHIIIMTH  JIC30PIEHTALII0  TAcaXupiB 1
MiABUIIUTG HAAIHHICTh rpadika pyxy MOi3JiB
Ha TACAKUPCHKUX CTaHIAX. BrpoBalkeHHs

NOJATKOBUX  (YHKIIA a7 MOOUIBHOTO
nonatka  103BoiuTh AT «Ykp3ami3Huis»
pO3MWMpPUTH  iHPOpMaLiiHI  MOCIYTH IS

MacaKupiB. 3a pPaxyHOK 3alpOIOHOBAHHMX
3ax0/1iB 3 (hOpMYBaHHS CUCTEMH OPIEHTYBaHHS
MacaKUPIB  MOXJIMBHM € 33  HE3HAuHi
KamitanoBkiaaneHHs it AT «YKp3ali3HHAISD
(yHIaMEHTaIbHO 3MIHUTH SKICTh MEpPeBE3CHb
macaKupiB. Y  pe3ynbTaTi  MPOBEICHHS
MOJICJIFOBaHHSI 3 CHCTEMOIO OPIEHTYBaHHS Ta
0e3 CHUCTEMH OpIEHTYBAHHS JOBEIEHO, IO
cucTteMa opieHTyBaHHsA npubau3Ho Ha 27 %
3MCHIIYE 3arajbHy TPHUBAJICTh IOCAIKU
MACaKUPIB JI0 TACAKUPCHKUX MOT3IIB.
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30ilicheno  KpumuyHUll aHANi3 ICHYIOYUX MemoOi8 PO3PAXYHKY 3ANUUKOB020 pecypcy
3aNi300€eMOHHUX elleMeHmie | KOHCMPYKYIU 3a Cmpo2icmio NOCMAHOBKU 6UXIOHOI 3adadi ma
cnocobom i po3e’azanna. OKpecieHO HaU8aNCIUBIUI NONONCEHHS VHIBEPCANbHOI MemoOouKu
PO3DAXYHKY 3ANUUKOB020 €HEPLeMUUYHO20 pecypcy 3aNi300emMOHHUX eleMeHmi8 | KOHCMPYKYIl &
ymogax mpusanoi excniyamayii. B ii ocnogy nokiadeHo OeghopmayitiHo-cuniogy mooeib O0nopy
3ani300emony 3a2anom i 2inome3y He3MIHHOCMI 8 0OUHUYI 00’ €My I He3ANeHCHOCMI IO perHcUMy
3A6AHMANCEHHS NOMEHYIANbHOI eHepeii OedhopMysanHs 3ani300emoHH020 eleMeHma. 3a3HaueHy
einome3y pegopmosano 00 eHepeemuuHO20 KpUmepilo GUUEPNAHHSA Hecydoi 30amuocmi
3a1i300eMOHHUX eIeMeHmMI8 3a PISHUX PeHCUMIB HABAHMANCEHHS.

Knwuoei cnoea: 3anuwxosuii pecypc, 3ani300emonHi enemeHmu, 0eQopMayitino-cunosa
MoOeNb, enepeemudHUll Kpumepii.

An effective and scientifically grounded methodology for determining the energy recourse of
bearing-strength capacity of reinforced concrete elements and structures in the modernization and
reconstruction of construction sites is proposed. It allows you to take into account changes in
operational rigidity and formalize the process of assessing the technical condition of construction
sites by calculating the residual bearing strength capacity of reinforced concrete elements and
structures.

The developed methodology is based on the deformation and force model of reinforced
concrete resistance in general and the hypothesis of invariance in unit volume and independence
from the loading mode of potential energy of reinforced concrete element deformation in particular.
In this case, this hypothesis is reformed to the energy criterion of exhaustion of the bearing strength
capacity of reinforced concrete elements under different load modes.

The methodology for calculating the residual energy resource of buildings and structures has
been developed through in-depth analysis of existing similar techniques. It is based on the use of
survey parameters that allow direct or indirect evaluation of the elements rigidity. In addition to
real defects, damages and mechanical characteristics of materials, this parameter is the deflection
of an element or structure, the value of which is determined by survey geodetic, photogrammetric,
stereophotogrammetric or any other available methods. The use of the proposed energy criterion in
the calculations of the reinforced concrete elements residual life becomes possible even when the
initial parameters of field studies are the step and width of the normal cracks opening. In addition,
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the developed technique allows predicting the operational values of the cracks specified parameters
with their level formation, taking into account the adhesion of reinforcement with concrete.

The implementation of the proposed method for calculating the residual energy resource of
the bearing strength capacity of reinforced concrete elements and structures is possible also in a
temporary dimension. This can be done using the concrete creep parameters.

Keywords: residual resource, reinforced concrete elements, deformation-force model, energy

criterion.
Beryn. 3a3Buvail  MojepHizalis  Ta
PEKOHCTPYKITist OyIiBeTbHUX 00’€KTIiB

noTpedye HE TIMTbKA BCTAHOBJICHHS JIMCHOTO
TEXHIYHOTO CTaHy, aje 1 BH3HAYCHHS
3aJIUIIKOBOTO Pecypcy Hecydoi 3JaTHOCTI
OyniBenbHUX KoHCTpykuii. Lli 3aBmaHHs €
0COOIMBO BaKJIMBHMH, a JJIA 3113006 TOHHHUX
€JIEMEHTIB 1 KOHCTPYKIINH 1Ie ¥ BKpai
CKJIAJHMH, OCKUIBKH TIOB’SI3aHiI 3 CYyTTEBUMH
3MiHaMH 1XHBOI €KCIUTyaTaliiHOi KOPCTKOCTI.
OpHak OUTBIIICTP YWHHUX  HOPMATHUBHUX
NOKyMeHTiB [1-3] momiOHI 3MiHU TOBHICTIO
ITHOpYIOTh, @ TOMY TEXHIYHHHA  CTaH
3ali300€TOHHUX €JEMEHTIB 1 KOHCTPYKLIN
OLIHIOETHCS JIMIIE 32 CYKYMHICTIO BHSIBICHUX
nedeKTiB 1 TOMKO/KEHb 0€3 HaJICKHHUX
dopmanizoBaHux po3paxyHkiB. IIpuumnnoro

TaKoro MPUMITUBHOTO MiIXOAY 10
BCTAHOBJICHHS JIMCHOTO TEXHIYHOTO CTaHy
OyIiBelNbHUX  OO’€KTIB €  BIACYTHICTh
e(eKTUBHOT HayKOBO 00rpyHTOBaHOL

METOAMKH PO3PAaXyHKY 3IUIIKOBOTO PECypCy
HECYy4oi 3/1aTHOCT1 Oy/lIBETbHUX KOHCTPYKIIIH.
Came 3a JOITOMOTOI0 TaKoi METOJIMKHU 1 MOXKHA
Oyno 0 ¢opmanizyBatu mpoIec JOCTOBIPHOTO
OLIIHIOBAHHS TEXHIYHOTO CTaHy OyaiBeIbHHX
00’€KTIB 3a  pe3ylbTaTaMH  PO3PAXYHKY
3aJIMIIKOBOIO PEecypcy HEeCy4oi 37aTHOCTI
3aJ11300€TOHHUX €JIEMEHTIB 1 KOHCTPYKIIIH.

OueBHIHO, 1110 3arajbHy YyHiBEpcajb-
HICTh 1 HaleXHY e(EeKTHBHICTh 3a3HAYEHIN
METOIUII MOTIM O 3a0e3eUnTH:

* 00rpyHTOBaHa MOJeNnb AehopMyBaH-
HS 3a71300€TOHHHUX €JIEMEHTIB 1 KOHCTPYKIIIH
y peaJbHUX YMOBax TPUBAJIO] €KCILTyaTallii;

* BIIMOBIHI MPUTMYIICHHS, TIMOTE3U Ta
nMepeyMOBH, HEOOXimHI Ans  peamizarii
3a3Ha4YeHOT MOJIENI;

* 4YiTKI KpUTepii HACTAHHS TPAHUYHOTO
CTaHy 3aJ1300€TOHHHUX €JIEMEHTIB 1 KOHCTPYK-
I1i}f 32 YMOB TPUBaJIOi €KCIUTyaTallii.

AHaJi3z ocraHHiIX JocaimikeHL i
nyOJaikamii.  Po3paxyHOK  3aJMIIKOBOTO
pecypcy OyniBenb 1 CHOpYA BHUKOHYIOTH
pPI3HUMH METOJAaMH, IO PO3PI3HIIOTHCS MIiX
co0010, K MPaBWJIO, CTPOTICTIO IOCTAaHOBKH
BHXIJIHOI 33J1a4i Ta crtocoOoM ii po3B’si3aHHS.

3a CTpOTICTIO TIOCTAHOBKHM 3a/adi BCi
BIZIOMI HAa CHOTOAHI METOIMW OLIHIOBAaHHA 3a-
JHIIKOBOTO pecypcy OyAiBeTbHUX KOHCTPYK-
1ilf MO’KHA YMOBHO MOJUIATH Ha JIB1 TPYIH.

Jlo mepmoi Trpynm Chig  BiHECTH
JIeTepMiHOBaHI MeToau [4-8], 10 BHKOPHCTO-
BYIOThCSl 32 HEJOCTaTHbOI abo OOMEXKEHOI
iHhopManii Mpo KOHCTPYKIIO. 3a Takux
00CTaBUH 3aJIeKHOCTI 3 OIUCY
(GyHKIIOHAIBHUX SIKOCTEN KOHCTPYKIIii,
TEPEBAKHO Y BUIJISJI MHOTOWICHIB CEPEIIHIX
cryneHiB [9], noBMHHI OyTH J1OCTATHBO
oOrpynToBaHi. IIpu BoasoBOMYy BHOOpI 3aKOHY
MOBEAIHKU KOHCTPYKIIii, @K 10 11 TPaHUYHOTO
CTaHy, €KCTPAIOJIALIS 32 IEBHUM ITapaMeTpoOM
MOXK€ TIPHU3BECTH HE TUIBKH JI0 CYTTEBHX
MIOMUJIOK, aJie 1 10 BKpail BayKKMX HACJIIJIKIB.

Jpyry Tpymy CKJIaJaloTh 1MOBIpHICHI
MeTonu po3paxyHky [8, 10, 11], axi Bumara-
I0Th 3HAYHO OUIBIIOr0 OOCATY JeTaabHOI
iHpopmMalili He TUIBKM MpO  30BHILIHI
HAaBaHTA)XCHHSI Ta BIUIMBHU, aje ¥ BIACTUBOCTI
MarepiajgiB caMoi KOHCTpyKIii. besnepedno,
BHACHIIOK 301IBIIEHOTO 00ciIry HeoOXiaHOi
iH(popMalLii CyTTEBO 3pOCTA€ 1 JIOCTOBIPHICTH
CaMHX  pPO3paxyHKiB 1 BHCHOBKIB  IIpO
HaJIAHICTh 1 JOBTOBIYHICTH OyIiBeNnb 1
CHOpyA. 3a Takoro MiJXOJy 30BHIIIHI YMOBHU
eKCIUTyaTalii  KOHCTPYKIi  BBaXKarOThCS
BUIMAKOBUMHU MPOIECAMU, a PO3PaXYHOK
3aJIMIIKOBOTO  PECypCy  3MAIHCHIOETBCS 32
BU3HAUAJIbHUMH TapaMeTpaMyd TEXHIYHOTO
crany. Cepes OCTaHHIX OCOOJHMBY YyBary
3BEPTAOTh Ha 3MiHY MeXaHIYHHUX
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XapaKTEePUCTHK MaTepialiB, Ha Koe]illieHTH
3amaciB  MIIIHOCTI 1 HaBiTh Ha OKpeMi
TEXHOJIOT1YH1 TOKa3HUKH.

3a crocoOoM po3B’s3aHHS MOCTABIICHOI
3alayi  METOAM PO3PaxyHKY 3aJIHMIIKOBOTO
pecypcy OymiBeNbHUX KOHCTPYKIIH  Tex
MO>KHa YMOBHO MOJUIMTH Ha /1Bl TPYIIH.

[Mepmy rpyny GopMyroTh MeTOIU
PO3paxyHKy  3aJMIIKOBOTO  pecypcy  3a
KPHUTEPISIMU IpaHUYHUX CTaHiB [5, 12, 13, 14]
npu  3abe3nedyeHHi  Koe]illieHTIB  3amacy
KOHCTpYKUiii.  BoHum  rpyHTylOTBCS  Ha
BIICTE)KEHHI Ta EKCTPamloJIAIii IapameTpiB
TEXHIYHOTO CTaHy KOHCTPYKIIIH, ax [0
JOCATHEHHS IXHIX TpaHMYHUX 3HadyeHb. Cama
METOAMKA PO3PaxXyHKY MOTpedye AOCTOBIPHOI
iHpopmarii mpo TEXHIYHUH CTaH OKPEMHUX
€JIEMEHTIB KOHCTPYKLii Ta 00O0B’SI3KOBOTO
BUKOHAHHSl  TEPEBIPHUX  PO3PAXYyHKIB 3
ypaxyBaHHSIM BHSBICHHUX JI€(EKTiB, MOIIKOJ-
YKEHb 1 JIHCHUX BIACTHBOCTEH MaTepiaiB.

Jlo npyroi rpynu HeoOXiTHO BiJHECTH Ti
METOJIM, IO IPYHTYIOThCS Ha MOJIEITIOBaHHI
Hanpy>kKeHo-1e(opMOBaHOTO CTaHy 3anmi3o0e-
TOHHUX KOHCTPYKIIH YHCIOBHUMH METOJIaMU
[15, 16, 17] 3a momomMorow pi3HUX MPOTrpaM-
HUX KOMIUIEKCiB. JledhekTn 1 MOUIKOMKEHHS
BKJIFOYHO 3 TpIIIMHAMH, BCTAHOBJICHI 3a
pe3ylbTaTaMu HATYpPHHUX 00CTeXEHb,
MOJICTIIOIOTh TIISXOM 3MIiHU XapaKTePUCTHK
KOPCTKOCTI €JIEMEHTIB 32 JIOTIOMOTOI0 METOAY
CKIHUCHHHUX eJIeMEHTIB. IMOBipHiI 3ycWUIs B
«ETMEeMEHTaxX TMOCWJICHHS» BU3HAYalOTh 3
ypaxyBaHHIM 3MiHH XapaKTePUCTHK
KOPCTKOCTI UM BBEJEHHS 10 PO3PaXyHKOBOI
CXeMH TOJaTKOBUX €JICMCHTIB.
[TepcrieKTUBHICTH TaKUX METOIIB
MIATBEPIKYETHCA Pe3yIbTaTaMA CHUCTEMHHX
JIOCTIKeHb,  BUKOHAaHUX Y  TMPOBIIHHUX
HayKOBO-JOCTITHUX IHCTUTYTaxX 1 TEXHIYHHX
yHiBepcuTeTax Ykpainu [15].

TakuM 9YUHOM, B OCHOBY BCIX BKa3aHUX
METOMIB PO3PaxyHKY 3aJIMIIKOBOTO PECypcy
3a71300€TOHHUX €NIEMEHTIB 1 KOHCTPYKIIIH
3aKJIaJaloThCs  CHJIOBI  abo  aedopmariiiiHi
kputepii [3]. Ane B OCHOBY YHiBEpCaJIbHOI
METOAMKU TOAIOHUX PO3paxyHKiB ciig Oyio 0
TOKJIACTU JIEAKUN KOMIUIEKCHU I

nedopmariiHo-CHIOBHIA
KpUTEpiil.

MeTa Ta 3aBIaHHA JOCTiIXKeHb. [[aHi
JOCIIJKEHHSI CIIPSIMOBaHI Ha PO3pOOJICHHS
METOJMKH PO3PAaXyHKY 3IMIIKOBOTO PECypCy
3a1i300€TOHHUX €JIEMEHTIB 1 KOHCTPYKIIH 3a
SHEPreTUYHUM  KpuTepieM jaedopMyBaHHSI.
3a3HaueHa METOUKA Mae CTaTu
YHIBEPCAILHOIO 3aBJISIKU 3Ty4CHHIO J0 Hei:

* y3arajabHeHoi aedopmaiiiftHO-CHIIOBOT
MOJICNII OTOpPY 3alTi300€TOHHHX €JIEMEHTIB 1
KOHCTPYKIIii CHJI0BUM BILIuBaM [18];

* 3arajbHOBU3HAHOI CHCTEMH
CHIBBIIHOIICHbh MEXaHikH Je(opMOBaHOTO
tBepaoro Tima (MTT);

* BH3HAYAJIBHHUX TINOTE3 HEIIHIHHOCTI
KOPCTKOCTI Ta TPAHUYHOI PIBHOBArH;

(eHEpreTUYHMIN)

* 0c00JIMBOTO €HEepreTUYHOro
KpuTepito  nedopMyBaHHA — 3aTi300€TOHHHUX
€JIEMEHTIB 1 KOHCTPYKIIiH.

OcHOBHA YyacTHHA JOCTIJKeHb.
HaiiBaknmuBinn  cujioBi 1 aedopMariiiHi

napameTpu JedopMyBaHHS 3aTi300€TOHHUX
€JIEMEHTIB Ha BCIX eTamax MOB’SI3yIThCS Mixk
coboro dynkuiero xoperkocti D=M /(1/r).

ToMy nouinbHO, MO0 METOJIMKA PO3PaXyHKY
iXHBOTO 3AIMIIKOBOTO pecypcy OasyBanacs Ha
BUKOPHUCTAHHI CaMe TUX MapaMeTpiB HATYPHUX
nochimkeHb (00CTeXeHb), sKi J03BOISIA O
6e3mnocepeHbOo qu OII0CEPEIKOBAHO
OLIIHIOBATH JKOPCTKICTH ejeMeHTiB. Kpim
peanbHuX nedeKTiB, MOIIKOIKEHD 1
MEXaHIYHUX  XapaKTepUCTUK  MaTepiaiiB,
TaKUM T1apaMeTPOM MOXKE CIyTyBaTH IMPOTHH

ejleMeHTa 4Yd KOHCTpykuii f|, Benmuumny

SKOTO MOXHa BHU3HAYUTH TpU OOCTEKEHHI
T'€0/IC3HIHIM, (dboTorpaMMETPpUIHNM,
crepeoOoTOrpaMMETpUYHIM YW IHIIAM
croco0oM. 3a BEIMYMHOIO MPOTHHY MOXHA
JIOBOJII  JIETKO ~ BU3HAUUTH  OCEPEIHEHY
KPUBUHY 3TUHAIBHOTO eJIEMEeHTa B
eKCIUTyaTaliiHii cTafii (PUCYHOK):

U, =1, /(s1?), 0

ne S — KoediIlieHT, MO 3aJIeKUTh BiJ] CXeM
3aBaHTa)KEHHS Ta 3aKPITUICHHS €JIeMEHTa;

| — pospaxynxosa moBxuHa 3a7i306eTOH-
HOTO €JIEMEHTA.
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w.f

Puc. BusnaueHHs nmoTeHIiaIbHOT eHeprii 1eopMyBaHHS 3rMHAIBHOTO 3a11300€TOHHOTO €JIEMEHTa
3a i1 HaBaHTaKE€Hb P13HOI TPUBAJIOCTIL

IloyaTrkoBe  3HA4YEHHSA  OCEPEIHEHOI eKCIUTyaTalliiHii cTaaii MOXKHa BHU3HAYMTH,
KpPUBUHM B  pO3paxyHKOBOMY  Iepepisl BUXOJYM 3 Yy3arajibHEHOi JiarpaMud HOro
3TUHAIBHOTO 3alli300€TOHHOTO eleMeHTa B crany [18]

Dy -1/ r =M (1) /(L] 1, )Y
1+(Dy /M, =2/(1/1,))-(1/ 1)’

)

3a BUPA30M:

1 1/r M,.D M,.D

u | 0 2
e @ )02, = (@ D) T+ 2M ) A M, | @)
r. 2M M, r \ M, r
f u u u u u
ne 1/ [,— TpaHWYHE 3HAYEHHS KPUBUHHU M, - 3TUHAJbHUHN MOMEHT Big
3a11300€TOHHOTO €eJIEMEHTAa npu BI/I‘—IepHaHHi GKCHHyaTaHiﬁHOFO HABAaHTAXCHHS;
HHM HECYH1O01 31aTHOCTI, D, — 3HaueHHd TOBHOI  IOYaTKOBOI
M, - necyua 3natHicTb 1BOTO kK €leMeHTa YKOPCTKOCTI 3aJ1i300€TOHHOTO €JIEMEHTA.

(MakcuMalibHE 3yCHIUIA B HhOMY TIPH HAaCTaHHI1
IPaHUYHOIO CTaHY);
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BusHauanpHi MmapaMeTpu TpaHUYHOTO 3aJ11300€TOHHUX E€JIEMEHTIB 1 KOHCTPYKIIHA Ta

crany M, Tta 1/, pospaxoyiots 3rigHo 3 ocHOBHUX mnonoxenb MJTT 3a cucremoro

nedopMaIiiHO-CUIIOBOI0O  MOJICJUTI0  OTIOPY P1BHAHB

e cratmunnx M = f(e.,64,8.), N="Ff(&,,64, &);
* F€OMETPUYHHUX 1/r=f (EC yEt ,85) ; 4)
« (isnunux (crany marepianis) o, = f(&.),04 = f(ey), 0, = f (&)

3 JIOTIOBHEHHSM ii aHAJTITHYHOIO 3AJICKHICTIO Toni MNOTEHIIIATIbHY SHEepTiio
JiarpaMu CTaHy 3alli300€TOHHOTO €JIEMEHTa rpaHUYHOrO  Je()OPMYBaHHS  3TUHAIBLHOTO
M-1/r Ta  QYHKIIEIO  TPaHUYIHUX 3aJ1i300€TOHHOTO €JIEMEHTa 32 KOPOTKOYACHOT
nedopmarii CTHCHYTOTO OeToHy Il TOBHOTO HAaBaHTaXEHHs (PUCYHOK) MOKHA
£y = T (&g, Py XMy, M, ) [18]. 00YMCIINTH 32 TAKUM BUPA3OM:
1/, 1/,
: ‘ M 1/r
W= [Md@/r)= | (DO-(llr)— u 2-(1/r)2J [1+(K—2)( )] d(l/r)=
0 0 (/) /)
My-@/r) M, -@/r)-(K-)% M, -@/r)-(K-1)?
—___u ( u)+ u ( u) (2 ) _ u ( u) (3 ) In(1+(K—2)):
2-(K-2) (K-2) (K-2)
M, /)| 1 (K-1¢ (K-1)’
= u ) - In(K -1) |
(k-2) | 2" (k-2 (k-2 o
ne K=D,-(1/r),/M, - xapakrepucruka AHAJIOTIYHO BHM3HAYMUMO IOTEHIIAIbHY
rpaHnyHOi  1e()OpPMATHBHOCTI  3aTi300€TOH- CHEprifo JehopMyBaHHs 3THHATBHOTO 3alli30-
HOT'O eJleMEeHTA. OETOHHOTO €JIeMEHTa 3a KOpPOTKOYacHOi il

eKCIUTyaTalliifHOr0 HABaHTAXXCHHs (PHCYHOK)

1/rg 1/rg
W, = [Md(t/r)= ] HDO'(UV)— (UMr”)z-(l/ r)zj /[1+(K—2) o ﬂdam:

0 u (1/ru)
_ M,/r) +|\/|u.(1/rf)-(K—1) _Mu.(1/ru).(|<—1)2In[l+(K_2)1/rf]:
2(/r,)-(K=2) (K-2)° (K -2) 1/,
oM, | @) @rr)(K-1)° K-1)> 1/,
_(KZ)lz-(l/ru)+ (K-2) - r”)(K—ZJ " [1+(K2)1/ru]]’ (6)

HaBaHTaXXCHHS (PUCYHOK)

W,=M,-@/r,-1/r). (7

Ta 3a TpuUBaJoOi Jii  eKCIulyaTaliifHOro ‘
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3  ypaxyBamusm  BupasziB  (5)-(7)
MOTEHIliaIbHA SHepris negopMyBaHHS
3TUHAIBHOTO 3aJ1i300€TOHHOTO €JIEeMEHTa, IO

Wy =W —W, ~W, =

M,-@/r)l 1 (K-1f

BIJIOBIJa€ HOro 3aJMIIKOBOMY pecypcy,
MOXe OyTH BU3HAUCHA 33 BUPA30M (PHUCYHOK)

In(K -1) |-

(K-2) | 2

oM, | @)t @) (K-1f
(K-2)| 2-@/r) (K-2)

(K-2)

-1/r)-

ne 1/r¢,, - rpaHudHe 3HAYCHHS KPUBHHH

eJIEeMEHTa TIIPU BHYEPIIAHHI HUM HeCydol
3IaTHOCTI 32 TPUBAJIOT /il HABAaHTAXKEHb.

Takum YAHOM, PO3paxyHOK
3aJIUIIKOBOrO pecypcy 3a711300€ TOHHUX
€JIEMEHTIB 1 KOHCTPYKIH 3a nedopmamniiHo-
CHJIOBOIO MOJIEJIITIO MPOMOHYETHCS
BUKOHYBaTH 3 3allydeHHsSM 1II¢  OJHI€l
BU3HAYAIIBHOI TINOTE3W — HE3MIHHOCTI B

OJIMHUIL 00’ €My Ta HE3aJEKHOCTI Bl PEXKUMY
3aBaHTAKEHHS MOTEHI1aIbHOT eHeprii
nedopMyBaHHSI 3ai300€TOHHOTO €JIEMEHTa,
BUTpa4eHoi Ha Horo pyiinysanns W = CONSt .

IIs rimore3a OAHOYACHO CIyrye me H
€HepreTUYHUM KpUTEpieEM PO3paxyHKY
3aJIMIIKOBOTO  pecypcy B  IPONOHOBaHIN

METOJUIIl Ta JO3BOJSIE peasi3yBaTH HOro B
4acOBOMY BHMIpi.

Po3paxyHOK  3aJMIIKOBOTO  pecypcy
3a71300€TOHHOTO ~ €JeMEHTa B  YacOBOMY
BUMIpl TOB'sI3aHUIl 31 3MiHOIO B  yacl

KOPCTKOCTI HOT0 Mepepi3y 3arajioM Ta CiYHOTO
MoayJist nedopmariiii 6eToHy, 30KpeMa

EcI = Ecc /(1+ (D(t,to)), 9)

1/r=(g,+e&y)ld

ne & [IOTOYHI 3HAYEHHSI BIIHOCHUX

nedopmariiii 0eToHy HalOLIBII CTUCHYTOI TPaHi;

abo

ST 14K -2)
K -2 1/r

u

(8)

ne E . — ciunmii Moxyns aedopmaniii 6eToHy
3a KOPOTKOYaCHOL it 30BHIITHEOTO
HaBaHTakeHHs [19];

o(t,t, ) — xoedimienT moB3ydocti GeToHy 3a

TPUBAIOL il 30BHIIIHBOTO HABAaHTAXKCHHS, I'pa-
HUYHE 3HAYECHHS SIKOTO PO3pPaxOBYyIOTh a00 MpHUii-
MArOTh 3TiJTHO 3 YNHHUMH HOopMam¥ [3, 20].

Bukopucranss IIPOTIOHOBAHOTO
S€HEPreTUYHOr0 KPUTEPIl0 B  pO3paxyHKax
3QJIMIIKOBOTO  pecypcy  3ali300€TOHHHUX

€JIEMEHTIB 1 KOHCTPYKLIH CTa€ MOXJIMBUM
HaBITh TOJMI, KOJIM BHXIJHUM TMapaMeTPOM
HaTYpHUX JIOCHI/KeHb OyJe CciayryBaTH He

nporun | , A KpOK S, 1 IIMpHUHA PO3KPUTTSI
| r)

W, HoOpManbHUX TpilmuH (pucyHok). Ilpm

LBOMY HeoOXiIHO 3ayBaKUTH, 110
3ammpornoHOBaHa METOANKA JI03BOJISIE
MPOTHO3YBAaTH  €KCIUTyaTalliiHi  3HAuYeHHS

BKa3aHUX MapaMeTpiB TPILIMH 3a iX PIBHEBOTO
yTBOpeHHs [21] 3 ypaxyBaHHAM 34YENJICHHS

apmatypu 3 OeroHoMm [22]. I crae ue
MOJIMBUM 3aBJISKM TOMY, IO TimoTe3a
TUTOCKUX Tepepi3iB J103BOJISIE B OCEPETHEHOMY
PO3paxyHKOBOMY nepepisi OB’ SI3aTH
nepopmarii  MartepiaiB 3 JKOPCTKICTIO
€JIEeMEHTa Yepe3 WOro KpUBUHY:

Eco MMOTOYHI 3HAYEHHS BIJHOCHHX

nedopmariiii HaliMeHIII CTUCHYTOI TpaHi OeTOHY
(3a BIICYTHOCTI pO3TATY);

30ipauk HaykoBux npanb YKpAY3T, 2019, Bun. 186

28



30ipHUK HAYKOBHX Npanb YKPaiHCHKOI0 Aep:KaBHOr0 YHIBEPCHUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

&g — NOTOYHI 3HAUEHHS BIAHOCHUX Ae(op- * nedopmaliiHO-CHIIOBY MOJENb
MaIliii HalOUTBIIT PO3TATHYTOI apMaTypPH; O1I0pY ?aﬂi306eT0HHHX CJICMCHTIB i
h i d — siznopizHo 3aranbHa Ta po6oua KOHCTPYKLIiH CUIOBUM BILTHBAM; '
BHCOTA TIepepi3y elleMeHTa. * TIOTE3y HE3MIHHOCTI B  OJMHHIL
00’eMy Ta HE3aJICKHOCTI B pEXKUMY

Ilpapjia, ciij 3ayBa)UTH, WO TOYHICTD 3aBaHTAKEHHS MOTEHIIATBHOT eHeprii

PO3paxXyHKy  3aJMIIKOBOrO  CHEPTCTHUIHOIO nedopMyBaHHs 3a1i300€TOHHOTO €JIEMEHTA;
pecypcy  3ami300CTOHHMX — CNCMEHTIB 33 « Gesnocepe/ine BHKOPHCTAHHS TAKHX

KPOKOM 1 ILHPHHOIO POKPUTTS HOPMaJIbHUX BUXiHAX NAapaMeTpiB HATyPHHUX JOCIIIKCHb
TPILKH € IO HUKYOKO, HiXK 32 IIPOTHHOM. (BUMIpIOBaHb), SIK MPOTHH €JIEMEHTa, KPOK i

BucHOBKH 3 J0CHiIKeHb Ta NepClHeK- HIMPUHA PO3KPHUTTS HOPMAJIBHUX TPILIMH;
THBH MOJAJLIION0 PO3BHTKY B [JaHOMY * MOJKJIMBICTH I peani3alii B 4aCOBOMY
HanpaMi. 3anponoHOBaHa METOAMKA pO3pa- BHUMIpi 32 JIONIOMOT'OI0 TTapaMeTpiB MOB3Y4OCT1
XYHKY 3aJIUIIKOBOTO Pecypcy 3ami300eTOHHIX OeToHy sIK B  IHJKEHEPHOMY, TaK |
€JIEMEHTIB 1 KOHCTPYKLINA BIAPIZHSAETHCS BiJ IPOrpaMHOMY BapiaHTi.
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VJIK 534.131

MOJIEJIOBAHHS JUHAMIYHOI NOBEJIHKHA BAILIITOBOI CIIOPYIA
3 IIPUEJHAHUM I'ACHUKOM Y PIBHOMIPHOMY BITPOBOMY IIOTOLI

J-p Texn. Hayk B. €. BoskoBa, crapui. BukJ. I. B. llanoBan

NUMERICAL SIMULATION OF DYNAMIC BEHAVIOUR OF A TOWER STRUCTURE
WITH AN ATTACHED DAMPER IN A UNIFORM WIND FLOW

D. Sc. (Tech.) V. Volkova, Senior lecturer 1. Shapoval

DOI: https://doi.org/10.18664/1994-7852.186.2019.186175

YV cmammi Oocniodceno ounamiumy nogeodiHKy 6auimogoi cnopyou AK 60e3 NpUuEcOHAHH:
2aCHUKA KOIUBAHbL, MAK I 3a 1020 HAAGHOCMI. Buseneno icmomuuil 6naus noyamrkosux ymo8 Ha
OuHamixy 0ocniodcysanoi cucmemu. YucenvHe MOO0eN08aHHA 00360IULO OMPUMAMU YACOBI
npoyecu, CneKmpanibhi Xapakmepucmuku ma nobyoysamu ¢hazosi nopmpemu Koauéanv OAuimu.
Tecmysanns moodeni, nepegipka cmiukocmi i niobip napamempie nposaounucs Ha 6asi peanizayii
mooeni zacobamu cucmemu MatLab. Bcmanoseneno, wo cucmemu 3 0860Ma CMYNEHAMU C80000U
npoAIAIOMb HOGI 000AMKO8i namepHu (hazo8ux mpackmopiti 3 OilbUL CKIAOHOI0 CIPYKMYPOIO.

Kniwwuosi cnosa: uucenvne Mmooento8aHus, OUHAMIYHA NOBEJIHKA, Oawmosa cnopyod,
ounamiunutl eacuux koausans (I'K), simposutl nomik, KoiusauHs, ¢azosi mpackmopii.

The dynamic behaviour of a tower structure in uniform wind flow both with and without
attached pendulum dampers studied in the article. The structural scheme of the tower structure is
considered as cantilever rod having a variable cross-section. The base of the rod is rigidly
clamped. Two pendulum dampers located in two mutually perpendicular planes are connected to
the upper end of the rod. The pendulum damper structure represented by mass connected to the rod
by means of elastic coupling and viscous friction damper. The mathematical model of the
investigated system was described by system of two non-linear differential equations. The Voigt's
hypothesis was adopted for internal inelastic impedance of the rod to simplify the analysis of the
dynamic system under study. Such assumption is quite valid due to the small value of the internal
resistance with respect to the values of aerodynamic force and viscous friction of the damper.

The problems of stability and accuracy in the application of numerical methods for solving
non-linear systems of differential equations are at the higher interest for numerical modelling
analyzing the peculiarities of the system. It does not make it possible to separate the equation of the
system by using the classical method of reducing the order of the system and as a consequence to
apply simpler calculation schemes. Model testing allowed us to establish an integration step that
provided the necessary system resolution requirements and determined the acceptable ranges of
system parameter values. The implementation of the model was carried out by means of the MatLab
system. It has extensive possibilities of software tuning and modification of methods of numerical
solution of differential equations systems of different types and visualization of results.

Numerical simulation made it possible to obtain time histories, spectral characteristics and
construct phase portraits of tower oscillations. The analysis of parameter selection in order to
prevent the resonance oscillations of the system in the first resonance was performed. The
significant influence of initial conditions on the dynamic behaviour of investigated system was
revealed. It is established that the phenomena inherent in a non-linear system with one degree of
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freedom are preserved and for a system with two degrees of freedom. But, more complicated
systems exhibit new additional patterns of phase trajectories with more complex structures.
Keywords: numerical simulation, dynamic behavior, tower, pendulum damper, wind flow

Beryn. SIBumia, 1o crocTepiraroTbes
Mpu  B3aeMOJIi crmopyx 1 IXHIX OKpeMHX
€IEMEHTIB 3 IIOTOKOM  TOBITps, JyXe
pi3HOMaHiTHI.  HaiOimpmm  BimoMuMH €
BITPOBUH pE30OHAHC, TaJOmiHT 1 OadTHHT.
Bonu MaroTh nyxe ckiagHUil Xxapaktep 1 He
BCl JI0O KIHIM JochipkeHi. TpaaumiitHO
MIPUITYCKAIOTh, IO i BITPY € KOMOIHAIlIE€I0

CepeIHbOCTANION0  THUCKY 1  BHIIAJKOBHX
mylbcallid, BHUKIMKAaHUX TYypOYyJIEHTHICTIO
BITPOBOTO MOTOKY. Taxka 1easisaris

MEXaHi3My B3a€EMOii CHOPYyAU 3 BITPOBUM
MIOTOKOM JIO3BOJISIE€ TIPOTHO3YBATH 1 JOCIITUTH
OCHOBHI aepoIMHaMiuHI €EKTH 1 HE BUKJIMKAE
JIOATKOBUX OOYHMCITIOBATBHUX TPYAHOILIB.

Jlana po0OoTa npuUCBsSYEHA JOCIIIKEHHIO
JUHAMIYHOT MOBEIIHKMA OamTOBOI CHOPYIU 3
IpU€EAHAHUM TracHUKOM. Po3paxyHkoBa cxema
0amToBOi CIIOPYIN PO3TIIAJAETHCS Y BHIIISAIL
KOHCOJIBHOTO CTPWXHSA, LI0 Ma€ 3MiHHUH
nonepeyHuit  nepepiz. OCHOBY  CTPHIKHA
KOPCTKO 3amiemieHo. Jlo BepXHbOro KiHIA
CTPWKHS TIPHETHAHI JBa TaCHUKU KOJMBAHb,
PO3TaIIOBaHUX y JIBOX B3a€MHO
NEPIEeHANKYIAPHUX  IUIONMHAX.  ['acHUK
KOJIUBaHb SIBJILE€ COOOI0 Macy, MPUEAHAHY 0
CTPUXKHS 32 JIOTIOMOTOIO IMPY>KHOTO 3B'S3KY 1
nemigepa B'S3Koro TeprTsa. MaTemaTruuHa
MoOJIeibp O00'€KTa MOCIHIHKEHh — II€ CHCTEMA
JBOX HENIHIMHUX Iu(epeHIialbHuX PIBHSIHb.
JUis  crpoleHHs aHami3dy JIOCIHIKYBaHOT
JMHAMIYHOT CUCTEMH BHYTPIIIHINA HENPYXHUN
OIp CTPWXKHS BPAaxOBYBAaBCS 3a TiMOTE3010
doiirra. Take IPUITYLLEHHS UIKOM
CTpaBe/IJIMBe,  3BKAOYM  HA  MAIICTh
BEJIMYMHHM BHYTPIIIHBOTO OMOPY BiJHOCHO
BEJIMYMH aepOAMHAMIYHOI CHJM 1 B'SI3KOTO
OIOpy TracHHUKA.

AHaJi3  oCTaHHiX  Jociail:KeHb i
nyoJikaniii. KoHerpykuii 1 Teopis JNiHIHHUX
TacHUKIB KOJMBaHb J100Ope BIOMI 1 LIMPOKO
NpeJCTaBJIeHl B JITEpaTypHUX kepenax [1].
Ha >xamp, Taki mpuCTpOi BHKOPUCTOBYIOTHCS
JUIS TaciHHS BUMYUICHUX KOJHMBAHb TUIBKH Y

BY3bKOMY 4aCTOTHOMY JiamasoHi.
EdexTuBHiCTh JAI'K 3AJIEKUTH BiJ
BigHOMmIEHHs Horo mack M g0 Benmmuuau M,
TaK 3BaHOI T'OJOBHOI MAacH, 1 IiJBHILLYETHCA.
HeniniiiHi racCHUKHM KOJNKMBaHb € €(PEeKTUBHUMU
B OiUIbIIOMY dYacTOTHOMY jiamasoni [2-5].
PoGora cuctemum 3 TakMM ~ TaCHHKOM
po3MIsIIaeTbest B poOoTi  [6], 1d€ TaKok
NpeACTaBlIeHl  iXHI  pi3HI  KOHCTPYKIIIi.
Bibpoynapuuii racHMK 3 OJHHM CTYIEHEM
cBOOOMM I TAaCiHHS BUMYIICHUX KOJHMBAaHb
3anpornoHoBanuii 'y po6oti [7]. ¥V crarti [8]
MMOKa3aHO, M0 HEJTIHIMHWA TaCHUK 3MEHIIyE
aMIUTITYAX KOJUBaHb y IIUPOKOMY Jiama3zoHi
4acTOTH BHMYIICHHX KOJWBaHb. [Iporecu
nepeKavyBaHHs eHeprii hi(6) ICTOTHO
HENIHIHHOTO TacHWKa JOCITIJUKYIOTBCS B
po6oti [9]. lunamika cucTeM 3 OOMEKEHUM
30ypeHHsSM y pe3oHaHci Oyna Bmepiie
anamitTnuHo onucana B. O. Kononenkom [11].
ITi3Hime KochipKeHHsT IUHAMIKA HelqeaIbHUX
cucreM  Oynu  BHKJIAJeHI B PI3HHX
nyOuikarisx, 30kpema B crartax [10, 12].
Bimomo, 1m0 BHUKOpUCTaHHS JUHAMIYHUX
TaCHUKIB  KOJMBaHb  JIO3BOJIIE  ICTOTHO
3MEHILIUTH aMILTITY AU PE30HAHCHUX
KOJINBaHb.

Buznayennsi Merm Ta 3aBIaHHS
JocJigkenns. MeTta mojsra€ B JOCHIIKEHHI
JUHAMIYHO1 MOBEIHKK OaIToBOI CIIOpYAM 3a
HasIBHOCTI AWHAMIYHMX TaCHUKIB KOJIMBaHb
MasTHUKOBOTO  Tumy. J[Is  HOCSATHEHHA
MOCTaBJICHOT METH BHUKOHAHO TaKi 3aBIaHHS:
po3po0JIEHO 4YHCENbHY MOJEeNb OamToBOi
CTIOPYAH, TPOBEJCHO TECTYBAaHHS CHUCTEMH Ta
nepeBipKy ii CTIHKOCTI, JOCTIIKYyBaBCs BILIUB

OKpeMHUX  TapaMeTpiB  Ha  JUHAMIYHYy
MOBEIIHKY OAIITOBOI CIIOPYAH.

OcHOBHa  4YacTHMHA  JOCJiIKEHHS.
KonuBanHs  cTpwkHS 3 NPUEIHAHUM

MasiTHUKOBUM TAaCHUKOM Yy PIBHOMIpHOMY
BITPOBOMY IIOTOILli OMUCYIOTbCS CHCTEMOIO
nudepeHLiaNbHuX PIBHSHb Y  YaCTUHHHUX
MMOX1THUX
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ot )| ox? " ox?
(Y +w
(étz ! +,u@+ fly=0
ne m,El ,y, — norouna maca, srunansna

KOPCTKICTh 1 KOE(]Iili€HT B'SA3KOTO OMOPY
CTPYOKHS;

m, u, fo — Maca, KOEQIlieHT B'SI3KOTO
ormopy 1 mapiiagbHa YacToTa KOJIWBaHb
MasiTHUKOBOTO FACHUKA;

W,®, — TepeMilleHHs
noBinmpHOMY Tiepepisi X i B meperuni X =1 ;

Y — BiTHOCHE MEpeMilIeHHS MasTHUKOBOTO

CTPHIKHA B

TacHHWKa, IO JIOPIBHIOE ITOJOBXKEHHIO HOTO
MPY>KHOTO 3B'SI3KY;

0, — aepoauHamMiyHa CHJa, IO Ji€ Ha
CTPHIKEHD;

&(x—1) — mempra Gynxuis Jipaka.

Bennunna aepoxmnamiyHoi cuimm

0 BXOAWTH JO cuUCTeMH piBHAHE (1),
HENIHIMHO 3aJ1€eKUTh B1Jl IIBUIKOCTI BITPOBOTO
MOTOKY

3
Q)]

0
= — —_— + —_
Ox A v, Ag v,

[Ipn ranomyBaHHI OalITOBUX CIOPYH
yacToTa 1 (hopMa KOJIUBaHb CIIOPY] OJIU3BKI 10
94acTOTH 1 GOPMHU KOJIMBaHb OCHOBHOT'O TOHY.
ToMy HaWOLIBII MIKABUMHU € JIOCIHIKESHHS

YMOB BUHUKHCHHS AaBTOKOJIMBAHb.
IIpunyctumo, mo
o=U,A(t), (5)

ne U, — mepua popma konnsans;

i(t) — HeBiJloMa (QYHKIIIS Yacy.

BR0)

2 2
(1+yoﬁj 9 g oo em =2

(y+w
—q, +5(x—|)m1—(y . ) =0
ot
1)
2
g, =0.5C,phV? ?)
Ie O — TyCTHHA HOBITpS;

h, — nonepeunwuii posmip cTpusKHs;

V, — BEIMYMHA IUBMAKOCTI BITPOBOTO

NOTOKY, 1IN0 3aleKHTh Bil KOOPAUHATH
HepeTHHY CTPHKHA X .
xoedimienta  C

Bennunna 3a

X i)
CKCIICPUMEHTAIbHUMH JaHUMH, 3aJIC)KHTh BiJ
dbopMH TIOTIEPEYHOTO TIepepi3y CTPYKHS 1
MO>Ke OyTH MoJlaHa Y BUTJIA/I TIOJIIHOMA

i
C.= Y (()"AlZ. @
j=13.. V

X

VY Bupa3si (3) BenuuuHa Aj XapakTepu-

3y€e (GopMy TMOMEPEUHOTO Tepepi3y CTPUKHSL.
OOMeXUBIIUCH TBOMA WieHAMH MoiHoma (3),
3 piBHSAHHA (2) oTpuMaeMo

3
Phx\/x2 =—AophV, +Ag \(;)_phx : (4)
X

Jnst 3pydHOCTI MOJANBIIUX OOYUCIEHB
BUKOHAa€EMO HOPMYBaHHS mepuioi  (opmu
KOJMBaHb TakK, I00 TMepeMillleHHs Ha
BEPXHbOMY KIHIII CTPIM)KHS JIOPIBHIOBAJIU
U; =1, a posmoxin IIBUIKOCTI BITPOBOTO
MOTOKY [0 BHUCOTI CTPUXKHS TOJaMO SIK
V, =Vv,, ne v =1, V — mBuzakicts notoxy

B iepepisi | .

3actocyBaBmu mpouenypy byOHoBa-
lanpopkina 10 cuctemMu AuQepeHiaTbHIX
piBasHp (1) 3 ypaxyBanHsMm Bupasy (5),
OTPUMAEMO CHUCTEMY 3BUYAHUX
IuQepeHIiaTbHIX PIBHAHB
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' 3

(1+ V)X + 7oA + 0§ + LY —0,5p XVAM—XVA@% -0, (6)

X+y+poy+f02y:0. ©)

Tyr ®g — uacrora OCHOBHOIO TOHY

KOJMBaHb CTPWXKHS, U— BIJHOCHA Maca
TacHHKA, KA JIOPIBHIOE

I
v=my/ [mUZdx. (8)
0

3navenHs xoedinienTis C; 1 C3 BH3Ha-
YA THCS 32 POPMYJIIOIO

| |
Cj :.[Uflv)%”hxdx ijdex. (9)
0 0

Jyis 6araThOX pEATbHUX CHUCTEM CHIU
TepTsl 3aJIeXaTh BiJ HIBUIKOCTI 1 HE 3aJeXaTh
Bl KOOpJAWHATH. XapakTep II€l 3aJIeKHOCTI
BHU3HAYAETHCS YMOBaMH, y SIKUX BiOYBa€ThCS
pyx. Y 3araJlbHOMY BHITQJKy CHIY TEpTS
MO’KHA OTHCATH BUPA30M BUTJISLY

H(4)=X &' i=135..., (10

ae & — KoeQimieHT TepTd npu | -My dieHi
pany.
3ayBa)KMMO, 110 BEJIWYMHA CHJIM TEPTH

obepractbcs B Hynmb npu A =0, To6TO 32
B1JICYyTHOCTI PYXiB. Oco0nuBicTIO
JOCII)KYBAHOI CUCTEMH € T€, 110 CUJIM TepTH
BUKOHYIOTh HETaTUBHY pOOOTYy Ha OTHHUX
NPOMDKKaxX pyxXy 1 MO3UTHBHY Ha I1HIIHX.
Takum  49uMHOM, cHCTeMa MOXE  MaTH
aBTOKOJIMBaJIbHI BIACTUBOCTI. [lyis 3pydyHOCTI
JOCHIPKEHb OyJ0 BHUKOHAHO HOPMYBaHHS
3Ha4eHb IapamMeTpiB, MLI0 € CKJIaJOBUMHU
BUXIJHOI CUCTEMH PiBHSHb.

Jlomanok LY B piBHsAHHI (6) BHOCHTBH

CYTTE€BI CKJIIQAHOCTI 10 BHOOpPY CXEeMHU

PO3PaxyHKIB 1 IEPEBIPKHM OCHOBHUX ITOJIOKCHD,
SK CTIHKICTh, TOYHICTh 1 CKIamHICTh. Kpim

Toro, Bupas (6) € HenmiHiiHEM 1O A.
Knacuynuii npuiloM 3HWKEHHS TOPSIKY
NOXiAHUX 1 meperBopeHHs cuctemu (6), (7) 3
JIBOX PIBHSHB Y CHCTEMY 3 UYOTHPHOX HE Ma€
edexTy, ToMy mo (QyHKIII B MPaBUX YacTHHAX
MalTh TIEPEXPECHI TMOCHJIAHHS Ha HEBIIOMI
3Ha4YeHHs 3MiHHUX. KpiM TOTO, 3acTOCyBaHHS
SIBHUX CXE€M PO3PaxyHKY CTaBUTh MUTAHHS PO
CTIMKICTh pIIIEHHS Ta YMOB, 3a SIKHX BOHA
Moxe 30epiratuch. CyTT€BUM € TMUTAHHS PO
BEJIMYUHY Ta HE3MIHHICTb KpPOKY
IHTErpyBaHHs Ha BChOMY 1HTepBaji abo Horo
JacTUHAX i METO]T IHTEeTpyBaHHS.
BukopucTtanHs HESIBHUX PO3PaXyHKOBHUX CXEM
€ OoOrpyHTOBaHMM 1 3a0e3meduye CTIHKICTh
pillIEHHS HE3aJIEKHO BiJl KPOKY 1HTErpyBaHHS.
CxmagHicTh  OOuMcIeHb 1  HEOOXIJIHICTh
HaKONMHWYEHHS  BEJIMKOI  KUIBKOCTI  JTaHMX
3HUKYETHCS 32 pPaxyHOK BHOOpY 3acoly
peamizamii Mojeni, y JaHOMY BHUMIAJAKY
cucrtemu MatLab.

YucenpHuil aHaili3 BUKOHAHUN I TaKUX
0e3pO3MIpHUX 3HAYEHb MapaMeTpiB CUCTEMH:

v=0,01;, wg=1;, 17v9=0,003 p=12;
¢=0,3¢c3=06; A=1 A;=1 p=0,0%L
fo2 =1. Jns  OTpUMaHHA  3aJ€XKHOCTI

aMIUTITyId KOJMBaHb CTPUKHS BiJl IIBUIAKOCTI
BITPOBOTO TOTOKY BHUKOHYETHCS YHCEIbHE
IHTErpyBaHHS ~ cUCTeMHU JudepeHIiaTbHUX
piBHAHb. OIIHIOBaHHS aMIUTITYJl KOJIUBAaHb
saificHroBasiocs Mg 8192 TOYOK KOJIWBaIb-
HOoro  mpomecy. JlopxkuHa  peami3aiiit
cranoBuia 200 UKIIIB KOJWBaHb. 3 OTJISAY Ha
MOXKJTUBICTh ICHYBAHHSI JEKITBKOX CTIHKHX
pPeXHMIB KOJMBaHb B 00JACTI OCHOBHOI'O
PE30HAHCY IHTErpyBaHHS MIPOBOAMUIOCS Y IBOX

HanpsiMKax: 301IbIIIEHHS MIBUIKOCTI
BITPOBOTO TOTOKYy — «IPSAMUN» TPOXiJ,
3MEHIICHHS  IBHJIKOCTI —  «3BOPOTHHI»
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npoxin.  IIBHAKICTE  BITPOBOTO  MOTOKY
sMinioBanacs B miamasoni 3V =0,1...10
kpokoMm AV =0,1. Pe3ynbratu po3paxyHKiB
nokazani Ha puc.l. Tinka 1 Biamosigae
30UIBIICHHIO MIBUIKOCTI BITPOBOTO MOTOKY, a
rijika 2 — 3HIKEHHIO.

AHaJI3yI04H MMOBEIIHKY T1UIKHA 2, MOYKHA
BiJI3HAYUTH, [0 BCTAHOBJICHHS PE30HAHCHHUX

CHUCTEMH € HAasBHICTb 30HHM 0araro3HavyHOCTI
aMILTITY]] KOJIMBaHb y Jiarna3oHi IIBHIKOCTEH
BiTpoBoro nmotoky V =4,6...7 .

BcraHOBICHHS pPE30HAHCHUX PEXHUMIB
KOJIUBaHb y JIaHOMY JIialla30Hi BH3HAYAETHCS
BHUKJIFOYHO TIOYATKOBUMH ymoBamu. llpum
30UIBIICHH] IIBUAKOCTI BITPOBOTO IOTOKY
aMIUTITYAX KOJIMBaHb 3POCTAIOTh 1 JOCATAIOTH
MaKCUMAaJIbHOTO 3HAYEHHS MPU KPUTUIHOMY
3HaYeHHI IMIBUJKOCTI  BITPOBOTO  MOTOKY

V =4,6 (puc. 2).

KOJIMBaHb  BINOYBA€ThCS  MPU  3HAYCHHI

IWIBMAKOCTI  BirpoBoro motoky V =7.

BiaminHOIO  OCOOJNHMBICTIO  JTOCHIKYBaHO1
A 6

f
0 2
= ruka 1

— rijuka 2

Puc. 1. 3anexxHicTh aMIUTITY1 KOJJMBaHb KOHCOJILHOTO CTPH>KHS B1Jl HIBUJIKOCTI BITPOBOTO IIOTOKY
3a BIJICYTHOCTI MassiTHUKOBHMX TACHHUKIB KOJUBaHb

AU T T T

20 - -

1120 0 S 10 15

20

166

£.01082

LAIAMARAA N
=
i G : | ; : . ] ; . .
| VA | | M‘ Q
' N Um \M ;\ !
t R HE R R R

0.01085

Puc. 2. Yacosi nporiecu, cieKTpajibHI XapaKTePUCTUKH 1 (Pa30B1 TPAaEKTOpPii KOIMBaHb OAIITH 3
MPUEIHAHUM TACHUKOM Y PIBHOMIPHOMY BiTPOBOMY MOTOII
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Ha wacoBux mporecax 1poro jianasoHy
CIIOCTEPITaEThCSA  «PO3TOMTYBAaHHSI) CHCTEMHU.
[Ipu mopanpmioMy 30LIBIICHHI IIBUIKOCTI
BITPOBOTO TOTOKY AaMIUTITYAH KOJUBAaHb
3MEHIIYIOTBCS, BIIOYBa€ThCA Mepexijg Ha
HEpe30HaHCHY TiuIKy. Ha mepeximHuX 4acoBHX
MpoIlecax CIIOCTEPIra€ThCsl «3PUBY» AMILTITY]T

KOJIMBaHb CHUCTEMH. AHANI3YIOUU OTpPHUMaHI
pe3yJIbTaTH, MOKHA 3pOOUTH BUCHOBOK TIPO T€,
[0 JIOIIJIBHUM € 3aCTOCYBAHHS MasTHHUKOBHX
nemrdepiB 3 4acTOTaMU BIACHUX KOJHMBAHb,
sIKI MEHIIIe ab0 JOPIBHIOIOTh YacTOTI BJIACHHUX

KOJIMBAaHb OaIlTH fo2 < (Dé (puc. 3, a, ).

AT T T 1T 11 4

Puc. 3. 3anexHicTh aMHJIiTy,HI/I KOJINBAHb KOHCOJIBHOT'O CTPHIKHS 3 IPUEIHAHUM MAATHUKOBUM

JeMiepoM BiJI MBUAKOCTI BITPOBOTO MOTOKY: a — fo2 =0,5;6— f02 ~1;8- f2=10

Haii6inpmuii eekT 3HMKEHHS aMIuli-

TyAU KOJHMBaHb JIOCSTAETHCS NpU f02:(,)§.
Tyt BinOyBaeTbcs IpolLec NepeKauyyBaHHS
eHeprii KoJMBaHb OaliTH 0 MasTHHUKOBOTO

nemrndepa. AMILTITY ! KOJINBaHb
MAasITHUKOBOTO nemrmdepa JOCATAK0Th
MaKCUMaJIbHUX  3HA4Ye€Hb, a  aAMIUNTYIA

KOJMBaHb OamTH 3HIKYIOThCA. OIHOYACHO 3
UM TIHPUHA 30HU PE30HAHCHHUX KOJIMBAaHb
3MEHIIY€EThCSA. 3aCTOCYyBaHHS JeMIQepiB, 110
MaroTh OUIBIII YacTOTH BJIACHUX KOJIMBAaHb,
HDK 4YacToTa BJIACHUX KOJIMBAHb OalllTH

f02>0)(2), HE TMpPU3BOJUTH JIO ICTOTHOTO
3HWKEHHST €Heprii KojJuBaHb OamiTu Yy

BITpOBOMY MOTOIII (pHC. 3, B).

BucHoBkwu. Jlost JTOCIIIKEHHS
JTUHAMIYHOT MOBEIHKU JMCUTIATUBHOT
cucTeMd 3 OOMEXKEeHUM 30ypeHHsIM, IO
MICTHUTh MasiITHUKOBI BIOpOTracHHKH,

BHKOPUCTAHO YHCEIIbHE MOjemoBanHs. Jlis
OUIBII JETAIbHOIO HOCHIUKEHHS IIOBENIHKHA
CHUCTEMH B PE30HAHCI BUKOPHCTaHA METOJMKA
MPUBEACHHS 1O TaK 3BaHOi CKOPOYEHOI
CHUCTEMH, SIKa TPEJICTaBIIeHa BIAHOCHO E€HEepTii
CUCTEMH, apKTaHT'€HCA BITHOIIECHHS aMILTITY/]
BlacHUX (opMm KomuBaHb 10 a3z dopm
KOJMBaHb. BusBieHo, 1o BigO0yBaeThCs
repexia eHeprii Bii HECTIWKUX KOJIHMBAHBb O
CTiHiKOi (pOopMHU KOJIMBaHB, JIOKAII30BaHUX Ha
OJIHIM 3 y3arajJbHEHUX KOOpAWHAT. Y TOW XKe
gac icHye ¢opMa MOB'S3aHUX KOJIMBaHb, SKa
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peanizyeThbes TUTBKH TUTS JIESTKOTO dbopma mepecrae iCHyBaTH, BIAIAISIOTHCS Bif
(bikcoBaHOTO 3HAYEHHS CEHEPrii BITPOBOTO Hel 1 HaOMMKaroThCs 10 CTIHKOT JIOKaIi30BaHO1
moToKy. Jleski TpaekTopii HaOIMKAIOTBCSA 10 (hopMH KOMBaHB.

miei mepexizHoi Qopmu, a MOTIM, KOJIM LS
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VIIK 624.196

METOAUKA HMOBIPHICHOT'O OI[IHIOBAHHSA MIITHOCTI MOHOJIITHUX
3AJIIBOBETOHHUX OBJIMIIIOBAHb HAIIIPHUX I'TIPOTEXHIYMHUX TYHEJIB I'EC
ITAEC B EKCINIYATAIHIMHHAMU ITEPIO/]

J-p Texn. Hayk O. 1. BaiinOepr

PROCEDURE OF PROBABILISTIC STRENGTH ASSESSMENT OF MONOLITHIC
REINFORCED CONCRETE LINIGS OF HIGH-PRESSURE HYDROTECHNICAL
TUNNELS OF HPP AND PSPP DURING THE OPERATIONAL PERIOD

D. Sc. (Tech) O. Vaynberg

DOI: https://doi.org/10.18664/1994-7852.186.2019.186343

Y cmammi 6 pamkax meopii HadiHOCMI CKAAOHUX MEXHIYHUX cUCmeM PO3POOIEHO MemOOUKY
LLMOGIDHICHO20 ~OYIHIOBAHHSA MIYHOCMI MOHONIMHUX 3ANI300eMOHHUX  O0OAUYIO8AHbL HANIPHUX
eiopomexuiunux myHenie I'EC i 'AEC 6 excniyamayitinutl nepioo. 3anponoHO8aHO alcopumm
PO38’A3aHHA  NOCMAGNEeHoi  UMOoGIipHicHOi  3adaui  memoodom Monme-Kapno. Ha ocHosi
3anpononosanozo anzopummy 6 IIpAT «Ykpeioponpoexm» po3pobieHo komn'tomepHy npozpamy.
Hagedeno pesynvmamu po3paxyHKy UMOGIPHOCMI PYUHYB8AHHA OOIUYIOBAHHS NIOBIOHO20 MYHENIO
Jlnicmposcovkoi 'AEC.

Knwuosi cnosa: nanipnuii 2iopomexuiunuil myHens, 3a1i300emonne 0OIUYO8AHH MYHeNO,
imosipnicms pytinyeants, memoo Monme-Kapio.

In the article, a methodology for the probabilistic assessment of the strength of monolithic
reinforced concrete lining of hydraulic pressure tunnels of HPPs and PSPs during the operational
period has been developed within the theory of complex technical systems reliability. Based on the
analysis of the available deterministic solution to the problem of stresses in the working annular
reinforcement for the considered lining, the coupling equation necessary for solving the
probabilistic problem is obtained. The dividing of the parameters included in the coupling equation
into random and nonrandom (deterministic) is justified. Recommendations for the selection of
distribution functions types, as well as the parameters of these functions for random variables
included in the obtained coupling equation are given. An algorithm for solving the posed
probabilistic problem by the Monte Carlo method is proposed. Recommendations on the selection
of the of statistical tests number that provide sufficient accuracy of the calculation results are given.
Based on the proposed algorithm, "Ukrhydroproject™ PJSC developed a software As a result of this
software operation, the calculated probability of the tunnel lining destruction at the end of the
estimated operating life, as well as the annual probability of the tunnel lining destruction, can be
obtained. The calculations of the probability of destruction of the reinforced concrete lining of the
supplying high-pressure tunnel of the Dniester PSP are carried out. The following results were
obtained the probability of destruction of the lining of the tunnel during the estimated service life
2.42°10-4 and the annual probability of destruction of the tunnel lining is 0.2410 1/year.

Keywords: pressure hydraulic tunnel, reinforced concrete lining of the tunnel, probability of
destruction, Monte Carlo method.

Beryn. 3rigHo 3 aitounMu Ha CHOTOHI B OyiBEeTbHUMH HOpMaMu [2, 3] JUIS
Vkpaini gepkaBHUM  ctaHmaprom [1] i OOIpyHTYBaHHS  HagiliHOCTI Ta  Oe3meku
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OyiBeIbHUX KOHCTPYKIIiH, OyaiBeNb 1 CIIOPY/T
JOJJATKOBO JIO HOPMATUBHUX MPOCKTHHX
PO3PaxyHKIB 3a METOAOM TpaHUYHHX CTaHIB
PEKOMEHAYETbCS BUKOHYBAaTH  HMOBIpHICHI
pO3paxyHKH  HQIIMHOCTI  YHIKQJIBHHX 1
0cO0JIMBO  BIAMOBIJAIBHUX  KOHCTPYKIIIM.
Takuit migxi y3roKyeTbCs 3 YMHHUMU B
€BpoCor03i HOpMaMu IPOEKTYBaHHS [4].

Jloci Hema yCTaJICHHMX METOIUK, SKI
MOKHa Oyyno O BUKOPHCTOBYBATH JUISI BUKO-
HaHHS 1IMOBIPHICHUX pO3paxyHKIiB HaJidHOCTI
Ta Oe3MeKH psay CKIAIHHUX 1 BiANOBIIaTbHUX
KOHCTPYKLIH 1 crnopya. Jlo Takux crmnopyn
HaJIeKATh HAIIPHI TiAPOTEXHIYHI TyHEN, SKi
IIMPOKO  3aCTOCOBYIOTbCSI K  CTaHIIHHI
sonosoau 'EC i 'AEC.

Y nam yac B VYkpaiHi 3a IpoeKTaMu
I[IpAT «YKPTiIpompoeKT» OyayroThCs
BHUCOKOHAMIPHI T1IPOTEXHIUHI TyHENl B CKIIal
HuictpoBeskoi TAEC Ta Tamummmekoi TAEC.

[Tepenbaueno MOHOJIITHI 3a11300€TOHH1
OOJIMIIOBaHHS LUX TYHENIiB. Y Jil0YdX B
VYkpaini HOpMax IIPOEKTYBaHHs

TIIPOTEXHIYHUX TYyHENB [5] 3a3HaueHo, IO
Hail0inbIa Hebe3neka pyHHyBaHHS TYHEIIB 3
TakKUMHU  OONMIIOBAHHAMH  IIOB'A3aHa 3
BTPATOIO MILHOCTI 0OJINIIOBAHb B
eKCIUTyaTaliiHUI nepioz.

BpaxoByroun BHCOKY BiJOBIJaJIbHICTb
tyHeniB  uumx ['AEC, cnig  BHKOHATu
HMOBIpHICHI pO3paxyHKH, 110 OOIPYHTOBYIOTh
HaJIMHICTh TakuX TyHENiB. [ BUKOHAHHS
[IUX  PpO3pPaxXyHKIB  HEOOXIHO  CTBOPUTH
METOJIUKY HWMOBIPHICHOTO OILIIHIOBAHHS
MIIIHOCTI MOHOJITHUX 3a11300€TOHHUX OOJIH-
[[}OBaHb HAIIPHUX T1IPOTEXHIYHUX TYHENIIB B
eKCIUTyaTalliiHuii mepion. Y JaHiil cTarTi
BUKJIQJICHO OCHOBHI TIOJOXEHHS METOIHKH,
po3po0bienoi B [IpAT «YKpriaponpoexT».

AHaJi3  oCTaHHIX  JocCiail:KeHb i
nyouaikaniii. Y Ham 4ac € BenWKa KiTbKICTh
poOiT, MIPUCBAYEHUX IMOBIpHICHOMY
OIL[IIHFOBAHHIO HaIIHHOCTI Ta Oe3nexu
riIpoTeXHIYHUX cropyd [6-9 Ta iH.]. ¥V 1mux
poborax y pamMKax Teopii HamIMHOCTI
CKIaJHUX TEXHIYHUX CHUCTEM  HaBEICHO
OOTpyHTYBaHHSI TIJAXOMIB, SKI JI03BOJISIOTH
BUKOHYBaTH HMOBIipHICHI PO3paxyHKH

MIITHOCTI 1 CTIMKOCTI TaKUX TiAPOTEXHIYHHX
CopyA, sk OeToHHI Tpebii, IPyHTOBI rpedi,
oynisini 'EC, cynHOIIIaBHI 103U, CTOSIHA Ta
1HII TiATIPHI CIOPY/IH.

OmHak [0 [BOTO Yacy MNPHUALISIIOCS
HE/JIOCTaTHBO YBaru MUTAHHSAM IMOBIPHICHUX
pO3paxyHKiB HaIIMHOCTI Ta Oe3merli TaKuX
BOXJIMBUX 1 IMIMPOKO TMOIIUPEHHUX CHOPYI, SIK
rigpoTexHiyHi TyHeni. IcHye MOpiBHAHO
HEBEJIMKA KUIBKICTh  pOOIT, MPUCBIYEHUX
posrisiny nanmx nutasb [10, 11 ta in.]. Tomy

pO3pOONEHHS ~ METOAMKH, IO  JIO3BOJISE
BUKOHYBaTH HMOBIpHICHI PO3paxyHKH
HaJIHHOCTI Ta O€3MeKH TIAPOTEXHIYHUX

TYHEJIB, € aKTYaJIbHUM 3aBJIaHHSIM.
[Ipu po3po06iieHHI METOIUKN HMOBIpHIC-
HUX PO3PaxyHKIB 3a1i300€TOHHUX OOJHUIIO-

BaHb HAMIPHUX TIAPOTEXHIYHUX TYHEIIB
BUKOPHCTOBYBAJIMCS ~ OCHOBHI  IPUHIUIH
Teopii HAAIMHOCTI  CKIQJHUX  TEXHIYHHX

cucTeM, sKI 3a3BUYail 3aCTOCOBYIOTBCA B
METOAMKAX PO3pPaxyHKiB IHIIMX TiAPOTEXHIY-
HUX crnopylA. BukopucToByBasucs Takox
miaxonu, BHUKIAAeHI B poOoti [11], y skii
pO3TIsanCs CTale3aniz00eTOHHI  00IuIIto-
BaHHA HaIlllPHUX T1IPOTEXHIYHUX TYyHEIB.

BusHauennss MeTH i 3aBIaHL JOCJTiT-
’KeHb. MeToI0 J0CHiKeHb € pO3pOOJICHHS
IMOBIpPHICHOT MOJIeNi OI[IHIOBaHHS HaAiHMHOCTI
Ta Oe3meku 3aJai300€TOHHMX OOJUIIOBaHb
HamipHUX  TIAPOTEXHIYHUX  TyHENIIB B
eKCIUTyaTaliiHUH nepio.

Jlnist focsirHEHHST C(OPMYIJIbOBAHOI METH
HEOOX1/THO BUPIIIUTH TaKl 3aBAaHHS:

—aHali3 OCHOBHMX  (hakTopiB, IO
BIUIMBAIOTh  HA  MILHICTh  PO3MJIAHYTHX
3ami300€TOHHUX ~ OOJMIIOBaHb  HAMIpHUX
TYHEJIIB;

—aHami3  ICHYIOUMX MiIXOMiB, IO
BUKOPHUCTOBYIOTHCSI pu BHUKOHaHHI
HOPMAaTHUBHHUX JETEPMIHICTUUYHUX PO3PaXyHKIB
MIIIHOCTI  PO3TJISIHYTHUX 3113006 TOHHUX
OOJIMITIOBaHb HANIPHUX TYHEIB;

— GopMmynoBaHHA Ta OOIPYHTYBaHHS
OCHOBHUX TOJIO’KE€Hb METOJIUKH WMOBIPHICHUX
pO3paxyHKiB  HQMIMHOCTI  Ta  Oe3MeKku
PO3MIISIHYTHX  3a1i300€TOHHUX  OOJIMIFOBAHb
HaIIpHUX TYHEIIB;
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— pO3pO0JICHHST aNTrOPUTMY DPO3B'sI3aHHS
3ajaui BU3HAYEHHS HMOBIPHOCTI pyHHYBaHHS
3a11300€TOHHOTO  OOJIMIIFOBAHHS  HAIlIPHOTO
TYHEJIIO B eKCIUTyaTaliiHui nepio.

OcHosHi pakxmopu, sKI 6niuearmv Ha

MiyHicmb  3a71i300eMOHHUX — 0OIUYIOBAHD
HanipHux myHenig. Y TIONEPEYHOMY Tepepisi
HAIIpHOTO TiIPOTEXHIYHOTO TYHEIII0

311300€TOHHE OOJIUIIOBAHHS SBJIIE COOOXO
3ai300€TOHHE KUTbLle, SIKE€ CIUPAETHCA Ha
MacHUB TIPCHKHUX TOPIM, 0 BMIIIAIOTh TYHEIb.
Y Mexax OONUIIOBaHHA  PO3MILIYIOTHCS
poboua  kimblieBa apMatypa  (3a3BU4aid
IBOpSIHA) 1  pO3MOMITbHA  TIO30BXKHS
apMarypa.

OcHOBHUM HaBaHTAXCHHAM Ha
PO3TIISIHYTE OOJUIIOBAHHS HAIMIPHOTO TYHEIIO
B EKCIUTyaTalliiHIHA NIEepiojl € BHYTPILIHIA THCK
Boau. llim miero 1poro TUCKY B poOouUiit
KUTBIEBIM apMmaTypi OOJUIIOBAaHHS TYHEIO
BUHUKAIOTh HaAIPYKCHHS po3TATY.
MakcumanbHi  3HAYeHHS IMX HAIPYXKCHb
MalTh MiCIle B TMO3J0BXHIX paJlialbHUX
nepepizax OOJUIIOBAHHS, SIKi CITIBIIAJIAIOTh 3
TpiliMHaMU. 3TiAHO 3 [iI0OYUMU B YKpaiHi
HOpPMaMH MPOEKTYBaHHS [S] MIIHICTE poO0UOT
KUIBIIEBOI ~ apMaTypud 1, OTXKe, MIIHICTb
PO3MIISIHYTUX  3a1300€TOHHUX  OOJIMIIOBAHb
HaMipHUX TYHEIIB BBAXKAETHCS 3a0€3MEUEHOI0,
SKIIO MaKCHMaJbHI 3HAUYEHHS HaNpyXeHb Yy
i apMaTypi He TMEpEeBUIIYIOTh T'PAHUYHO
JOMyCTUMHX 3HAYECHb.

Ha MIIHICTb 3aJ11300€TOHHOT'O
OONIMIIOBaHHS ~ HAMPHOTO  TYHETIO B
eKCIUTyaTalliiHUI MepioJl BIUITMBAE Psii TaKUX
OCHOBHUX (PaKTOpiB:

— IHTEHCUBHICTh BHYTPIIIHBOTO THUCKY
BOAM — TpH 30UTBIIEHHI I[HOTO THUCKY
HanpykeHHsI B poOouill KiJIbIEBi apmarypi
MIJIBUIYIOTHCS, a MIIHICTh OOJHUITIOBaHHS
TYHEJIO 3HIKY€EThCS,

— laMeTp TYHEI — MpH 30UIbIIEHH]
JiaMeTpa TYHENI0 HalpyXeHHS B poOouiit
KUTBIEBIM  apmaTypi  HiABUIIYIOThCS, a
MIIHICTh OOJIHUITIOBAHHS TYHEIIO 3HUKYEThCS,

—NPYXXHUH  Omip MAacuBy TipCBKHX
MOPiJ1, 0 BMINLY€E TyHENb, — MPU 30LTBIICHH]
BOTO  ONOpY HAmNpyKeHHsS B  poOouii

KUTBIIEBIA apMaTypl 3HIKYIOTHCS, a MIIHICTh
OOJIMIIFOBAHHS TYHEIIO TiIBHUIIY€ThCS;

— TUIoma Tepepizy poOovoi KUTbIEBOT
apMaTypu — NpH 30UIbLICHH] MJIOUI Tepepizy
apMaTypu Hampy>KeHHS B Hil 3HUXKYIOTbCS, a
MIIHICTh 00JIMIFOBaHHS TYHEJI0
11 IBHIIY €ThCS;

— MILIHICTh PO0O0YO0i KiTBLEBOI apMaTypH
MPU PO3TATYBaHHI — TPH 30UIBIICHHI IHOTO
napameTpa MIIHICTh OOJUIIOBAaHHS TYHEIIO
IT1IBHIIYE€THCSI.

Hopmamueni demepminicmuuni nioxoou
00 OYIHIOBAHHS MIYHOCMI 3ANI300eMOHHUX
00IUYI08AHD HAnipHux 2I0pPOMexXHIYHUX
myHenig. Jlitoul B YKpaiHi HOPMH MPOEKTY-
BaHHA [5] perlaMeHTyIOTh BUKOPHUCTaHHS
JNETePMIHICTUYHUX MIAXOMIB TpHU OOIPYHTY-
BaHHI HaJIMHOCTI 1 Oe3MeKH TiAPOTEXHIYHUX
TyHEeNiB. 3TiHO 3 IIUMH HOPMaMH BBaXKA€ThCH,
10 MIIHICTH 3aJ1i300€TOHHOTO OOJHIFOBAHHS
HaMipHOTO TIAPOTEXHIYHOTO TYHEN0 Oyne
3a0e3neueHa, SKIIO0 PO3PaxXyHKOBI 3HAYCHHS
HampyXeHb y poOoyiil KiJbleBild apMaTypi Os
HE TEPEeBUILYIOTh IPAHMYHOTO 3HAYEHHS Osu.
I'pannuHe 3HAYEHHA Osuy NPUUMAETBCA 3a
HOpMaMH  TIPOCKTYBaHHS  3QJIEKHO  BiX
MIITHOCTI po0O0U0i KUIBLEBOI apMaTypH, Kiacy
BIJIMOBIAAIBHOCTI ~ TYHEJNIB,  PO3IJISHYTHX
PO3PaXyHKOBHUX CIONyYeHb HaBaHTaXKEHb [3,
5,12].

VY HOpMmax mpoekTyBaHHs [5] HaBeneHO
MOPIBHSHO HECKJIAJHUI BUpa3, IO J03BOJISIE
BU3HAUYaTH HEOOXIAHY TUIOIly  Mepepizy
pobGouoi  kuibueBoi  apmarypu As B
3a11300€TOHHOMY ~ OOJIMIIIOBaHHI ~ HaMipHOTO
TyHenmo. BigzHaummo, 1o 1€l BHpa3 He
BPaxoBY€E BIUIUB POOOTH PO3TATHYTOTO OETOHY
OONUIIOBAaHHS HAa NUISHKAX MK TpPIIIMHAMHA
Ha nedopmanii po6odoi KiIbLEBOI apMaTypH.
e mnpu3BOAMTH 110 JESIKOTO 3aBUIICHHS
Hecyuoi 3/1aTHOCTI 3aJ1i300€TOHHOTO
OOJTUIIFOBAHHS TYHEIIO.

Y pobGoti [13] HaBemeHo Bupa3 st
BH3HAYEHHs HEOOXIAHOI TUIOHIl mepepisy
poboyoi  KinbleBoi apMaTypu As,  SIKHi
OTPpEMaHO B paMKax  HOPMaTHBHOTO
JETePMiHICTUYHOTO MiAXOAY 3 YypaxXyBaHHSIM
BIUIUBY  POOOTH  PO3TATHYTOrO  OCTOHY
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OOJUITIOBAHHS Ha IUISHKAX MK TPIIIMHAMM.
IIpn BUKOHAHHI pPO3paxyHKiB 3
BUKOPHUCTAHHAM 1BOTO, MOPIBHSHO
TPOMI3JIKOTO, BHUpPa3y OTPUMYIOTH OUIBIII
3HAQYCHHS  HEOOXITHOT  IUIOHIl  Mepepisy
apMatypu As TIOPIBHSIHO 3 pO3paxyHKaMu 3a
HOpMaMH TpoekTyBaHHS [5]. BigzHaunmo
TakoX, 1o B po6oTi [13] HaBeneHo Bupa3 ais
BHU3HAUCHHS PO3paxyHKOBHX 3HaYeHb
Hanpy>keHb y poOouiil KiIbLIEeBil apMaTypi Os.

OcHOBHA YacTHHA JOCJHiI:KeHHH. Sk
yKe 3a3Hauyanaocs, MIIHICTh 3a1300€TOHHOTO
OOJIMIIOBaHHS HAMIPHOTO TiAPOTEXHIYHOTO
TYHEIII0 BU3HAYA€THCA OJHUM MapaMeTpoM —
MIIHICTIO POOOYOT KIJBIIEBOI apMaTypH, sKa
po3MilleHa B TakoMy OONuUIoBaHHI. Tomy
PO3paxyHKH MMOBIPHOCTI BTpPaTH MIITHOCTI
LBOTO 3113006 TOHHOT'O 0OJIMLIIOBAaHHSA
JOIUTBEHO BUKOHYBaTH B Mexax
napaMmeTpuydHoi Teopii HaaiiHoCTI. [Ipu pomy
pPO3TISIIAIOTECSL  Taki  CTaHAAPTHI  eTamu
pO3B’sI3aHHS IMOBIPHICHOT 3aJadi B paMKax
naHoi Teopii HamiHOCTI [6-8 Ta iH.].

1. CknaganHs piBHSHHS 3B'A3KYy MIX
BXIJHUMH  (XapaKTEpUCTHUKU HABaHTa)XEHb,
BJIACTUBOCTEH MartepialliB 1 IPyHTIB Ta iH.) 1

E

o, - s . qu
ES'A%.+KO'rs

Y naHoMy piBHSIHHI ( — BHYTpPILIHIN
THCK BOJM B TyHemi; As — mioma mepepisy
po0oU0i KIJIbLIEBOT apMaTypH; Ii — BHYTPIIIHIH
pazaiyc oOnuItoBaHHS; Fe — 30BHIIIHIA pajiyc

obnuiioBanHs; Is — paziyc oci pobodoi
KiTbIIeBOT apmatypu; Es — Moayns mpysxHOCTI
Matepiany  apMmatypu  (cram); Ko -

NpUBEJCHUN KOE]IIIEHT MUTOMOTO MPY>KHOTO
OIOpY MAaCUBY TIPCHKHX MOpiA, L0 BMIIIY€
TyHeNb; Rbt — MilHICTE 6€TOHY OOIHUIFOBAHHS
npu po3TsaryBaHHi; Rs — minHicTs apmarypu
P PO3TATYBaHHI.

BHyTpimHii THCK BOJY B TyHEIi ( MOXe
PO3TISIIATHCS SIK CyMa CTaTHYHOTO THUCKY (st,

BUXIIHUMHA
PO3paxyHKYy).

2. [linroroBka BUXIOHAX HAHUX JUIA
pPO3paxyHKy BIAMOBITHO JO MPHUHHATOTO
PIBHSHHS 3B'SI3KYy 1 PO3AUICHHS BUXIIHHX
nmapaMeTpiB Ha BHUMAJKOBI 1 HEBUIAIKOBI

napaMeTpamu (pe3ynbTatu

(meTepMiHICTHYHI).
3. Bu3HaueHHs Ha OCHOBI  HasBHOL
iHpopmariii  IMOBIpHICHMX  XapaKTEpUCTUK

BHITaIKOBUX BUXITHUX MapaMeTpiB.

4. Bu3HavueHHS HMOBIPHOCTI TOCATHEHHS
IPaHUYHOTO CTaHy 3aJ11300€TOHHOTO
OOJIMITIOBaHHS 32 YMOBH MIIIHOCTI poOouoi
KUTBIIEBOI apMaTypy Ha OCHOBI PO3B’S3aHHS
BIITOBIAHOI 3a/1a4l CTATUCTUYHOI TUHAMIKU.

Ilpu cxmaganHi  pIBHAHHS  3B'SI3KY,
HEOOXIAHOTO Ui PO3B’sI3aHHS TMOCTaBJICHOI
WMOBIpHICHOI ~ 3a7adi, BUKOPUCTOBYETHCS
HaBeleHU y pob6ori [13] Bupaz ans
BH3HAYCHHS PO3TATYBAIBLHUX HANPYKCHb B
apmatypi os. Lleii Bupaz oTpumaHo 3
ypaxyBaHHSIM OCHOBHHX  (akTopiB, IO
BIUTUBAIOTH HAa I[i HANIPYKCHHS, Y TOMY YHUCII 3
ypaxyBaHHSM BIUIUBY POOOTHU PO3TATHYTOTO
OCTOHY OOJMIIOBaHHA Ha JUISHKaX MK
TpimuHamMu. [IpuitHsaTe piBHSHHS 3B'A3KYy Mae
BHTJISI]T

K,-r, -R, -(r.—r)

S.

2
+ =

<R,. (1)

TUCKY TIAPaBIIYHOrO ynaapy Owp, THCKY
nmynabcanii MOTOKY BOAM B TyHem  (p,
CEMCMIYHOTO THUCKY BOOM B TyHeni (s, 11O
BUHUKAE TpU 3emiieTpycax. TakuMm YHHOM,
MOJKHA 3aIiCaTH

q:qst+qu+qp+q5' (2)

IIpu Bu3HaueHH1 Benu4uH Qst, Qup, Op, Js
3a3BUYail BUKOPHCTOBYIOTHCS Taki MIAXOIU
[11, 13 ta in.].

Cratnyanii THCK BOIU (st BU3HAYAETHCS
3a 3arajabHOBIJIOMOIO dopmyioro
T1IPOCTATUKHU:
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e =Py 9 (2, - 2,), 3)

ne Zw — BIAMITKAa PIBHA BOJAU Y BEPXHBOMY
0'edhi;

Zo — BiIMITKa OCI TYHENIO B PO3PaxyHKO-
BOMY TIepepi3i;

pw — TYCTHHA BOJIH,

g — IPUCKOPEHHS BIILHOTO M iHHSA.

Tuck rigpaBniyHoro yaapy Qwp 1 THCK
mynbcalii MOTOKY BOAM B TyHenm (p
NpUIMalOThCsl 32  JaHUMU  PO3PaxyHKIB
HECTAJOr0 pEeXHUMY pPyXy IOTOKY BOAH B
nigsigHomy Ttpakti [EC (abo T'AEC). Ilpu
BHU3HAUCHHI BeIWYUH Cwp 1 (p BPaxoOBYIOThCS
aHi 3aBOJly-BUpOOHHUKA TypOIHHOTO
o0JIaiHaHHsA, [0 BKJIIOYAIOTh YMOBH 3aKPHUTTS
(a0  BIAKPUTTA) HANPSIMHOTO  amapary
TypOiHU, HAsSBHICTH 3PIBHSJIBHOTO pe3epByapa
Ta iHII (HaKTOpH.

CelicMiuHMil THCK BOIM B TYyHEIl
BU3HAUAETHCS  HAa  OCHOBI  CHEIialbHHUX
JOCHTIUKeHb 3TiHO 3 JIIOYUMH HOpPMaMu
npoektyBanHs  [14].  Ilpu  BUKOHaHHI
MonepeaHixX PO3paxyHKiB 3HA4YEHHS
CEMCMIYHOTO THUCKY BOJIM B TyHem (s MOXe
OyTH 3HaiiZieHo 3a (HopMyJII010

a
qs: SpW'CO'T, (4)
T

1e ds — pO3paxyHKOBE 3HAYEHHS CEHCMIYHOTO
INPUCKOPEHHS, SIKEe NMPUMMAETbCS 3aJIEKHO BiJl
IHTEHCHUBHOCTI PO3PAaXyHKOBOTO 3EMIIETPYCY
HAa JUISHII ~ pO3TallyBaHHS  TYHENIIO 3
ypaxyBaHHIM TJIMOWHU 3aKJIa/ICHHS TyHEIO;

Co — WmBHAKICTH 3BYKY Yy BOII, SKa
npuiimaetbest Co = 1300 m/c;

To — mepeBaxkarounii mepioj] cefcMIYHUX
KOJIMBaHb IPYHTY, 110 TopiBHIOE To = 0.5 c.

VY 3aragpHOMY BHIMAJIKy BCi MapameTpH,
0 BXOJATh A0 piBHAHHA 3Bs3Ky (1), €
BUIAAKOBUMH BelnunHamu. OmHak AesKi
nmapamMeTpu Yepe3 IiXHI0 Majly MIHJIHUBICTh
MOXXYTh PpO3TIIAJATHCS SK J€TEPMiHICTUYHI
BEJIMYMHU.

Ha  ocHOBi  aHamizy  MIHJMBOCTI
napameTpiB, 0 BXOJATH IO PIBHSIHHS 3B'S3KY
(1), BcranoBneHo, 1o mapamerpu ri, I's, As, Es
JOITBPHO PO3MVBIIATH  SIK  JIETEPMIHICTHYHI
(HEeBHUITaKOB1) BETMYUHU, a TapameTpu (, le,
Ko, Rot, Rs — SIK BUITaqKOB1 BEJIMYUHU.

BunmankoBy BeMMYWHY BHYTPIIIHBOTO
TACKY BOJM B TyHem (] BIAMOBIIHO 10O
BUpaszy (2) cmig po3rasAaTd K - CyMy
BHIAQIKOBUX BEJIMYUH CTATUYHOTO THCKY BOJIHU
Ost, TUCKY TigpaBIIYHOTO YyJapy CQwp, THUCKY
myJibcalii MOTOKY BOAU (p, CeHCMIYHOTO
TUCKY Boau (s. Cii MaTu Ha yBasi, 110 3TiAHO
3 BuUpa3oMm (3) BuMaakoBa BeldWuYMHA (st €
(GYHKIIEI0 BUMAAKOBOI BEIMYMHU BIAMITKH
piBHS BOaM y BepxHboMy O'epi Zw, a
BIMOBIAHO 10  BUpady (4)  BHUMaIKoOBa
BemMunMHa (s € (QyHKIiEr0  BUMAIKOBOI
BEJIMYUHU CEHCMIYHOTO TPUCKOPEHHS  as.
[Tapamerpu Zo, pw, 9, Co, To, AKI BXOIATH 10
BupaziB (3), (4), IOOMUIBHO pO3MIISAIATH SIK
JNETEPMIHICTUYHI BETUYUHHU.

BumaakoBa  BenmMYMHA ~— 30BHIIIHBOTO
paniyca  OONMUIIOBaHHI Ie €  CyMOIO
JETePMIHICTUYHOI ~ BEJIMUYUHU  NPOEKTHOTO

30BHIIIHBOIO pajiyca OOJMUIIOBaHHA lep 1
BUMAJKOBOI  BEIMYMHU  repebopy  mIpHu
MPOXOJII TYHETIO Ale, TOOTO Fe = lep+ Afe.

[Ipn BuGOpi Buay 3akoHIB ((yHKIIH)
PO3MOALTY BUNAJKOBUX BEJIMYMH, 110 BXOASTH
no  piBHAHHA  3B's3Ky (1),  mominbHO
CKOPHUCTATUCS MiJXOAaMH, BHKJIAJCHUMH B
pobotax [6-8, 11 Ta in.]. [IpuitHATO Taki BUAM
3aKOHIB PO3MOJUTY PO3IISIHYTHX BHUIAIKOBHX
BEJIMYMH:

— qurg BunaakoBux BexuunH Ko, Rpt, Rs,
Are — HOpMaJILHUI 3aKOH PO3MOALTY;

— JUIsl BUIIQJAKOBHUX BEIMYUH Qup 1 Op —
OlIHOMIHATBFHUHN 3aKOH PO3IOALTY;

— JIJIs1 BUIAJIKOBOI BEIMYMHU 8s — 3aKOH
posnoniny BeiiOynna;

— JUTS BUTIAIKOBOT BEMYWHU Zy — 3aKOH
po3MoIiny, SKOMY BiJMOBiae KOMOIHOBaHA
(GyHKIIS pO3MOALTY 3T1THO 3 PEKOMEHIAIIIMU
poOit [7 Ta iH.].

[Ipn Bu3HaueHHI mapamMeTpiB QYHKIIN
PO3MOALTY PO3TISHYTHX BUIIQIKOBUX BEIUYHH
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BUKOPUCTOBYIOTHCSI IIJXOJM, BHKIJIAJCHI B
poborax [7, 11 ta in.].

HeoOximHO 3BepHYTHM yBary Ha TakKy
obcraBuny. DyHKII{ pO3MOITY BHUITaJKOBHX
BesmunH Ko, Rpt, Rs, Afe € 3amexnoctsmu
HMOBIpPHOCTEH BiJ apryMeHTIB IHMX (PYHKITIH.
VY To#i *e yac ¢yHKUIi po3MOALTy BHITaJKOBHX
BeIMYUH Zw, Qp, Qup, s € 3aIEKHOCTAMU
IIOPIYHUX IMOBIPHOCTEH BiJ] apryMEHTIB IMX
byHKIi. Taxkum YHHOM, OIMHMULIL
BUMIPIOBaHHA HMOBIPHOCTEH  BHITaJKOBHX
BEIMYMH, IO PO3MIIANAOThCs, pisHi. s
MOJIONIAHHS 11i€i pO30IKHOCTI MPU BUKOHAHHI
HMOBIpHICHUX PO3paxyHKiB MIITHOCTI
3a11300€TOHHOTO  OOJIMIIOBaHHS HAMipHOTO

TYHENII0  JIOUUJIbHO  CKOPUCTATHCS  TaKUM
MIPUHAOMOM.
OyHKIii po3MnoaiTy BUIAIKOBUX

BeIUYUH Zw, Op, Owp, @s 3BOIATBCA 1O
PO3paxyHKOBOTO TEPMIHY CIIykKOHW TyHEIO T.
OpauHaté  3BeieHUX (DYHKLIH  pO3MOALTY
MOXYTh OyTH OTpHMaHi IiJHECEHHSIM [0
cTeneHs | MIOpIYHUX IMOBIPHOCTEH, SKI €
OpAMHATaMU BUXITHUX QYHKIIH pO3MOALLY.
3HayeHHd | mpuiiMaeTbcs 3a HOpMaMu
MIPOEKTYBaHHS TIAPOTEXHIYHUX coopyn [3]
3aJIe’KHO BiJI KJIacy BIANOBIAAIBLHOCTI CIOPYAX
(mnsa copyn kiaciB BianosizamsHOCcTi CC3 1
CC2-1 — 100 pokiB, a ais cropyn KJaciB
BianosigansHOCcTi CC2-2 1 CC1 — 50 pokiB).

Jlasi, BUKOPUCTOBYIOUH 3BeJleH] (QyHKIIIT
pO3MOAiTy, BHKOHYIOTBCS pO3paxyHKH 3a
BU3HAYEHHSAM  IMOBIPHOCTI  pyHHYBaHHs
oOnuItoBaHHA  TyHemo Pt mpoTsrom
PO3paxyHKOBOI'O TePMiHY ciIyk0u criopyau T.
[Ticns BU3HAYECHHS 3HAYEHHS Pr
O0YHCITIOETHCS 3HAYEHHS IOPIYHOL
HMOBIPHOCTI ~ pyilHyBaHHA  OOJMIFOBAaHHS
TyHemo P 3a ¢popmyroro [7 Ta iH.]

P=1-@1-P, )", (5)

s BHU3HAYEHHS HMOBIpHOCTI
pYHHYBaHHSI OOJIUITFOBAHHS TYHEIIO TPOTSITOM
PO3paxyHKOBOI'O TEpMiHy ciIyxOu criopyau Pt
B JaHi# poOOTI BHUKOPUCTOBYETHCS METO]
CTaTUCTMYHUX BHUIIPOOyBaHb (MonTe-Kapio),

SKH  J103BOJISIE  €(DEKTHBHO  PO3B’S3aTH
MOCTaBIICHY 3a/1a4y CTAaTUCTHYHOI TUHAMIKH.

Bim3naunmo, 1mo @i 3a0e3ledeHHs
JOCTOBIPHOCTI ~ OAEP)KYBAaHOTO,  IOPIBHSHO
Majioro, 3HadeHHA Pt HeoOXigHAa HOCHTH
BEIMKa KIJTBKICTh CTATUCTUYHHUX BUIIPOOYBaHb
N, sxka wMoxe OyTH TpUiiHATA 32
pexomenpaiismu [7].

IlocnioosHicms po3paxyuKie 3 GU3HAUEH-
HS UMOGIpHOCMI DYUHY8AHHS 3ANI300€MOHHUX
001UYI0BAHD HanipHux 2I0pPOMexXHIUHUX
mynenie memooom Monme-Kapno. JloninbHO
NPUMHATH TaKy IMOCIIJOBHICTh (aJITOpPUTM)
PO3paxyHKiB iMOBipHOCTI pyHWHYBaHHs
3aJ11300€TOHHOTO  OOJIMIIFOBAHHS — HAITiPHOTO
T1IPOTEXHIYHOTO TYHEJIIO METOJIOM
CTaTUCTUYHUX BUTIpoOyBanb (Monte-Kapio).

1. ITpuitMaeThCst KITBKICTh CTATUCTUIHHX
BurnpoOyBab N.

2. lnst KOXHOTO CTaTHCTHYHOTO
BunpoOyBanus i (i = 1, 2, ..., N) BUKOHYIOThCSI
TaKl PO3PaxyHKH.

2.1. 3ajaroTbcs PIBHOMIPHO pO3MOIije-
HUMHU B iHTepBaii Big O 10 1 BHUIMagKOBUMHU
imoiprocTsamu Pkoi, Proti, Prs,i, Pre,i, Pqupii,

Papi = Pawp,i, Pas)i, Pzw,i, sixi Biamosigarots
BunaakoBuM BenundurHaMm Ko, Rp, Rs, Are, Qup,
p, Zw.

2.2.3a 3unauenHsmu Pko,i, Proti, Prsi,
Parei, Pawp,i, Papii, Pasi, Pzw,i, 3 BuKOpHCcTaH-
HAM  QYHKIIA  pO3NOAUTY  BU3HAYAIOThCS
KBaHTWJII — 3HAUEHHS BUIAJKOBUX BEJINYMH
Ko,i, Rb,i, Rs,i, Ale,i, Qwp,i, Op,i, As,iy Zw,i.

2.3. OOUHCITIOITHCS 3HAYEHHS BUITAAKO-
BUX BEJIMYWH:

— CTaTUYHOTO TUCKY BOAM (sti 3a
hopmysioro (3);

— CeHCMIYHOrO THUCKY BOoaM (si 3a
(opuymmo (4);

— TIOBHOT'O BHYTPIITHBOTO THUCKY BOJH (i
3a popmyomo (2);

— 30BHIIIHBOTO pajiiyca OOJIMIIOBAHHS
lei 32 GOPMYIIOIO e i = ep + Aflei;

— Halpy’)keHb y poOodill  KUIbLEBIH
apmMarypi os,i 3a popmysoro (1).

2.4. TlepeBipsieTbCsl BHUKOHAHHS YMOBH
0si < Rsi.
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3. [Micns BUKOHAHHS BCIX N
CTaTUCTHMYHUX BUIPOOYBaHb OOYHCITIOETHCS
3HAQYCHHS HMOBIPHOCTI BTpaTH  MIITHOCTI
3a1i300€TOHHOTO  OOJIMIIOBaHHS  TYHEJIO
MPOTSrOM PO3PaXyHKOBOTO TEPMiHY CIIyXOu
Pt sIK BiTHOIIEHHS KUIBKOCTI BUIIPOOYBaHb Ny,
npu  sIKuX  0si> Rsi, 10 kimpkocTi  Beix
Bumpodysanb N, To6To P1=n1/N.

4. BusHauaeTbcs MIOpiYHA WMOBIPHICTD
pyHHYBaHHS 3aJ11300€TOHHOTO OOJUITFOBAHHS
HamipHoro TyHento P 3a popmynoro (5).

Bukinagenuit anroput™ po3paxyHKiB OyB
peamizoBanuii 'y po3pobieniii 'y IIpAT
«YKpriiponpoeKT» KOMMI'IOTEpHii mporpami
«Po3paxyHOK  IMOBIpHOCTI  pyHHYBaHHS
3a11300€TOHHOTO  OOJIMIIFOBAHHS  HAIliPHOTO

TIAPOTEXHIYHOTO TYHENI0 B CKCILTyaTaridiHui

nepioay.

Ilpuxnao pospaxyuky. 3 BAKOPUCTAHHSIM
po3po0bieHoi KOMI'FOTEPHOI porpamu
BHKOHAHO PO3paxyHOK IMOBIPHOCTI

pYHHYBaHHSI 3a1i300€TOHHOTO OOJHUIFOBAaHHS
HaITipHOTO MIIBIHOTO TYHEIIO Ne 5
HuictpoBcekoi 'TAEC B mepepizi Ha IIK
2+0.805, sxuii moka3zaHo Ha pucyHKy. Kiac
BimnmoBigansHOCTI TyHemo — CC3. CraTuaHuii
Halp Ha OCl TYyHEII B IbOMY Iepepisi
CKJIaJae 164.9 m. Cymapuuii THUCK
TiAPaBIIYHOTO yAapy 1 myJbcallii HOTOKY BOJIU
B TyHEJl B TepioJl HOPMAJIbHOI eKCIuTyaTarii
craHoBuTh 0.178 Mlla, a mnpu mnoBHOMY
cknnanni HaBantaxenus [AEC — 0.344 MIla.

10270
Tum4acobe
KDINAEHHA \ |
=)
A
N
3
S
F —
Ly
=)
N—‘

400
[

200

JobHiwns poznodinsHa apmamypa 12 A-1
L kpoKx 250 MM

Brympiwns poznodineHa apmamypa 12 A-1

/ kpok 250 MM

Jobuiwns kinsueba apmamypa 28 A-llI
kpok 250 MM

Brympiwrs kineyeba apmamypa 28 A-Ilf
kpok 250 MM

~_[locmiuHe odruunbarys
~~__bemoH _nomky

Puc. [lonepeunuii nepepi3 HamipHOTo MiJIBITHOTO TyHEMO Ne 5
Huictposcrkoi 'TAEC na I1K 2+0.805

IIpy BHKOHaHHI pO3paxyHKy Oyna
NPUMHATA KIIBKICTh CTaTUCTUYHUX BUIIPOOY-
BaHb N =2000000. Otpumano TaKi
pE3yIbTaTH.

— IMOBIpHICTh pyHHYBaHHS OOJIMIIOBAH-
Hi TYHEIO TIPOTATOM  PO3PaxyHKOBOTO
TepMiHy ciryx6u Pr=2.42:10",

— IOBIpUMi  1HTEpBaJd  IMOBIPHOCTI
pYHHYBaHHSI OOJIUIIOBAHHS TYHENIO MPOTIrOM
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PO3PaxXyHKOBOIO  TEPMIHY  CIOyXOu  mpu
noBipuiit imMoBipHOCTI @ =0.95 (2.64'10* —
2.21°10%);

— mopiuHa HMOBIpPHICTE  pyHHYBaHHS
obmnuitoBanHs TyHenmo P = 0.24 10°°.

3a [il0YMMH HOPMaMH TPOEKTYBaHHS
rigporexHiyaux crnopya [3], momyctuma
HMOBIpHICTh BUHUKHEHHS aBapiil i1 CHOPY.
kiacy BiamosimambHOcTi CC3  CTaHOBUTH
Pn=510". Ockinsku P = 0.24'10°<P,= 5107,
TO MOYKHA BBa)KaTH, 110 MILHICTH
3aJ1i300€TOHHOTO  OOJUITIOBAHHS  ITi/IBIIHOTO
tyHemo Ne 5 JlnicrpoBcbkoi 'AEC B mepepisi
Ha [1K 2+0.805 3a6e3neueHa.

OLIIHIOBaHHS MILTHOCTI MOHOJIITHUX
3ami300€TOHHUX  OOJMIIOBaHb  HaMipHUX
rigporexHiyaunx TtyHeniB ['EC 1 T'AEC B
eKCILTyaTaIli iHIHA nepio. Po3pobneno
QITOPUTM PO3B’SI3aHHA I1i€l  HWMOBIPHICHOI
3amadi  MerogqoM  Monre-Kapno.  [lanuii
QITOPUTM  peali3oBaHO y  KOMI'IOTEpHii
nporpami «Po3paxyHok IMOBipHOCTI
pyHHYBaHHS 3aJ11300€TOHHOTO OOJIUITFOBAHHS
HAMIpHOTO  TIAPOTEXHIYHOTO  TYHETI B
eKCIUTyaTalliiHuiA Tepio», SKy CKIaJIeHO B
[IpAT «YKprigpompoeKT. Haseneno
MIPUKJIA]T PO3paxyHKy HMOBIPHOCTI
pYHHYBaHHSI 3a1i300€TOHHOTO OOJUIFOBAHHS

BucHoBkn. OOIpyHTOBaHO METOJMKY
PO3B'sA3aHHS 3ajaui HMOBIpHICHOTO

HamipHOro  miABiAHOTO TyHemoo Ne 5
HuictpoBerkoi 'AEC.
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BYJIIBEJBbHUX KOHCTPYKIII
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acn. H. ®. YpasmanoBa

ROLE OF ACTIVE STRUCTURAL ELEMENTS IN LIFE CYCLE OF BUILDING
CONSTRUCTIONS

D. Sc. (Tech.) V. Vyrovoy, D. Sc. (Tech.) O. Korobko, PhD (Tech.) Yu. Zakorchemny,
postgraduate student N. Urazmanova

DOI: https://doi.org/10.18664/1994-7852.186.2019.186355

Ilogedinka 6OydigenvHux 6upobdI8 | KOHCMPYKYIU NPOMASOM YCbO2O HCUMMEBO2O0 YUKTLY Md
be3nexa ix YYHKYIOHYBAHHA BUSHAYAIOMbCA CIMPYKMYPHUMU 3MIHAMU, WO 3A1eHCAMb 8i0 OUHAMIKU
83AEMOOII Ma Camopo36UMK)Y AKMUBHUX eNleMeHmMI8, 00 SAKUX BIOHOCAMb MPIWUHU, GHYMPIUHI
noeepxui po30iny ma 3aiumKosi Odegopmayii. AxmueHi enemenmu 30amui 3abe3neuysamu
cmabinizayiro eracmugocmell uepe3 CmMpYKmMypoymeopowuull 6niue Ha mamepian i 3anodicamu
npoyecam pyuHy8aHHs.

Kniouosi cnosa: xoncmpykyisa-cucmema, CmpyKmypoymeopiowoui mpilyuHy, mpiunu
DPVUHYBAHHSL, HCUMMEBUU YUK, CIPYKMYPHI 3SMIHU, AKMUBHI eJleMeHmU.

During the life cycle of building constructions, a complex of interconnected and
interdependent processes and stages of structural changes are implemented that ensure the safety of
their functioning. The structural elements that determines through their existence in the structure of
any composite, the conditions of the life history of the construction-system are cracks, inner

30ipauk HaykoBux npanb YKpAY3T, 2019, Bun. 186
46


mailto:vaynberg@uhp.kharkov.ua

30ipHUK HAYKOBHX Npanb YKPaiHCHKOI0 Aep:KaBHOr0 YHIBEPCHUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

surfaces of partition and residual deformations. The selected elements belong to the conditionally
"invisible" parts of the material structure. Cracks, internal interfaces and residual deformations
can be distinguished as active structural elements, as they are able to react to any influences in the
same tempo-rhythm, predeterminations the timely manifestation of structural adaptation (self-
organization). This ensures external and internal safety of constructions during operation.
However, cracks, inner surfaces of partition and deformities can shorten the life history of the
construction, taking it to the path of degradation and death. Thus, cracks, inner surfaces of
partition and deformations perform both a structural and destructive role in the life cycle of a
construction. Therefore, an important task should be considered an analysis of the role of active
elements in the life cycle of building constructions. The carried out analysis contributes to solving
the problems related to improvement of safety of structures and products functioning due to
directed "guidance" of active elements in the form of cracks and internal interfaces with mandatory
consideration of the influence of residual deformations. To quantify the change of total length of
cracks and inner surfaces of partition can be through the coefficients of damage Kd and Kd..
Increasing structural diversity of concrete and expanded clay concrete contributes to the
organization of structures in which the distribution of initial cracks prevents them from growing to
dimensions dangerous to the structure.

Keywords: construction-system, structure-forming cracks, cracks-destroyers, life cycle,
structural changes, active elements.

Beryn. Jlo KUTTEBOTO IUKITY OyZiBelb-
HUX KOHCTPYKIINA BIAHOCATH TMepioJ yacy
ICHyBaHHSI KOHCTPYKIII SIK TIEBHOI CHCTEMHOI
LUTICHOCTI 3 MOMEHTY BHUIOTOBJIEHHS Ta
BUKOHAaHHS HEI0 TPOEKTHUX (QYHKIIN 10
BUBEJCHHsS 3 pexumy ekcrutyatamii [1]. Lle
O3Hayae, M0 MPOTITOM YChOTO 3a3HAYEHOTO
nepiony peari3zyerbest CYKYIHICTb
B3a€EMOIIOB’SI3aHUX 1  B3a€EMOOOYMOBJIEHHMX
nporeciB 1 cTaail CTPYKTYpPHUX 3MiH, SKi
3a0e3neuyioTh  Oe3neky  (yHKIIOHYBaHHS
KOHCTPYKLIN. IcTopis <OKUTTS» KOHCTPYKLIi
(dbopmyeThes T BIUIMBOM OCOOMCTHUX 1CTOPIH
OKpeMHX €JIeMEHTIB CTPYKTYypH. [lo ereMeHTiB

CTPYKTYypH, SKI CaMHUM ICHYBaHHSIM Yy
CTPYKTYpi OyIb-SKOTO KOMITIO3UTa
BU3HAYalOTh  YMOBHM  JKUTTEBOi  icTOpIi

KOHCTPYKIIii-CHCTEMH, CIIPABEJIMBO BiTHECEH]
TPIIMHA 1 BHYTPIIIHI TOBEPXHI PO3JLTY
(BITP), a Takoxx mOKallbHI Ta IHTErpajbHI
saymmmkoBi nedopmarii. Jo BIIP namexats
HECYIIBHOCTI MaTepiany, siKi yTBOPIOIOTHCS
IPU PO3BHUTKY TPINIMH Y MOMEHT BHXOJy Ha
MOBEpXHIO OeperiB iHMMX TpIIMH abo
nmoBepxoHb po3ainy. BIIP BuaMKaOTH Ha BCIX
PiBHSIX HEOHOPITHOCTEH CTPYKTYpHU
kommo3uTiB [2]. Bugineni ememenTH, 3maTHI
pearyBaTé Ha 30BHIIIHI Ta BHYTPIIIHI BIJIUBH

B OJJHOMY 3 HMMHU TEMIIOPHTMI, 3yMOBIIOIOThH
CBOEYACHE TMPOTIKAHHS TMPOIECIB 1 SBHUIIL
camoopranizarii CTPYKTYpH. LM
3a0e3neuyeThCsl  30BHIIIHA Ta BHYTPIIIHSA
Oesrieka poOOTH KOHCTPYKIIA y TEpiof
excrutyaranii. [1i 6e3nekoro (GyHKIIOHYBaHHS
CIJT pO3YyMITH 3JaTHICTh Marepiainy IpHu
B3a€MOJIIT 31 CBOIM OTOUEHHSIM HE BUKJIHMKATH
3MIHU OCHOBHHX napameTpis, o
XapaKTepu3ylTh CTaH LbOTO OTOYEHHS, a
TaKOXX 3JaTHICTh BHpPOOYy 30epiratu CBOIO
IIJTICHICTh T4 OCHOBHI BIIACTUBOCTI B yMOBax
Ji1 30BHIIIHIX 1 BHYTpImHIX (akTtopis. [Ipore
TPILMHM, BHYTPIIIHI TOBEPXHI PpO3AUTy Ta
nepopmanii  MOXYTb CKOPOTUTH  ICTOPitO
(OKUTTS» KOHCTPYKIIi-CHCTEMH, BUBOASYU il
Ha NUIAX aerpanaiii ta rudemni. Takum duHOM,
tpimuuau, BIIP 1 npedopmarniiini  sBuIna
BUKOHYIOTh SIK CTPYKTYPOYTBOPIOIOUY, TakK i
pYHHIBHY pOJIb Yy  OKUTTEBOMY  IUKII
KOHCTPYKIIii, IO J03BOJIAE PO3MIISIAATH iX SK
aKTHBHI €JIEMEHTH CTPYKTYpH. Y 3B’S3KYy 3
UM TIOCTa€ MHUTAHHA 3 BU3HAUEHHS (QYHKIIN
KOXXHOTO BHJIy aKTUBHUX €JIEMEHTIB 1 aHAli3y

iX B3aEMOBIUIMBY Ha BUIMOBIAHI 3MIiHH
CTPYKTYpH Ta YMOBH pyiiHYBaHHs
KOHCTPYKIII].
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AHAJi3 OCTAHHIX JOCHIIKEHL Ta
nyoJikaniii. Ha ceoromni y cyyacHomy
Marepiajo3HaBCTBI ICHYIOTh 3araJlbHONPHUI-

HATI METOOM  KUIBKICHOTO  OLIHIOBAHHS
B’A3KOCTI ~ pyHHYBaHHS  Marepialy  3a
JI0TIOMOT 010 BHU3HAUEHHS Koe]ilieHTiB
KOHIIGHTpallii  Halpy»XeHb. Po3pobsieno

3aX0QM 3 TIABHUIICHHS TPIIIMHOCTIAKOCTI
KOMITO3MIIIHHUX MaTepialliB 1 BUKOPUCTAHHS
KPUTHYHUX  KOC(]IIi€HTIB  IHTEHCHBHOCTI
HaIpy’>XeHb IIPH OIlIHIOBAHHI JOBTOBIYHOCTI
MaTepiaiB 1 po3paxyHKax KOHCTPYKIIiH.
HageneHni mani cBig4ath Ipo Te, 110 TPIIIMHA €
OCHOBHMM  (haKTOpOM,  SIKHH  BH3HAYae
pylHyBaHHS MaTepiaiiB 1 KOHCTPYKIIiH 3 HUX.

[losiBy TpimuH CiliJ pO3TISLIATH  SIK
00’€KTUBHUU TMpOLEC, IO Ppeali3yeThCsl Ha
PI3HUX MacITaOHUX PiBHSAX MOJICTPYKTYPHHUX
marepianiB. [IpyyrHaMuW BUHUKHCHHS Ta
PO3BUTKY TPINIUH CICIIATICTH BBAXKAIOTh
BiIacHi o00’emHi nedopmarnii Marepiany B

oUIOMy Ta HOTO OKpEeMHX CKIIAJO0BHUX,
TPaJieHTH TEMIEPAaTypHUX 1 BOJIOTICHHUX
nedopmariii,  cTHCKampHI  nedopmariiiHi

edexTn, KOpo3iiiHi Ta OCMOTHYHI sBUIIA [3—7].
PasoM 3 TUM TpilMHM, BHYTPIIIHI MOBEPXHI
PO31LTy 1 MOJS 3aJIMIIKOBUX JledopMallii, sKi
MPUCYTHI B MaTepiaji 10 eKCIuTyaTarlii, MatoTh
CTaTyC YMOBHO HEBUAMMHUX €JIEMEHTIB, XOua
iX O0O’€KTHMBHE ICHYBAHHS MIJITBEPIKY€ETHCS

OPaKTUYHO  BCIMa  €KCIEPUMEHTAIbHUMHU
JMOCIIJDKEHHAMHA. AJie TpU TOSCHEHHI Ta
iHTepnpeTaii OTpUMaHUX pe3yJbTaTiB

MIPUCYTHICTh aKTUBHUX €JIEMEHTIB y CTPYKTYpI1
KOMIIO3UTIB, SIK IpPaBUJIO, ITHOPYETHCH.
CrifiKicTh OyAb-SIKUX CKJIaIHOOPTaHI30BAHUX
cucTeM, [0 SKHX Hajexarb Oy/iBesbHi
KOHCTPYKLII Ta BUpOOM, y Iepury 4epry
BU3HAYA€ThCSI  €NEMEHTAaMH  CTPYKTypu 3
Herepea0adyBaHOIO MTOBEIIHKOO npu
B3a€MOJii 31 CBOIM OTOYEHHsAM. MexaHi3Mu
3apOJIKEHHS Ta POCTY TPIIIMH Y T€TePOreHHUX
rpyooaucepcHUX MaTepiajax Maibke He
BUBYAIOTbCA. XoO4ya caMe TeTepOreHHICTh
MaTepiajgiB TUIy OETOHIB 1 I[EMEHTHOIO
KaMEHIO CTBOPIOE YMOBHU /ISl BUHHMKHEHHS
MOBEPXOHb  PO3JAUTY 3 NOJANBLIOK  iX
TpaHc(hopMalli€ro B TPILIMHHU HA PI3HUX PIBHAX

CTPYKTYypH. Bimomo, 110 cTiiikicTh MaTepiany B
yYMOBaX MOMEPEMIHHUX BIUIMBIB BU3HAYAETHCS
MIOCTYIOBUM HAKOMUYEHHSM MOIIKOIKEHb B
00’eMi CTPYKTypHUX HeogHOpigHOcTel. Tomy
CliJl BUSBUTU (AKTOpU, MO0 CHPUSIIOTH
JOoKamizamii pocTy TpIIMH B OKPEMHUX
MIJICTPYKTypax, 3amolirarodud iX 3JIuTTIO B
MaricTpajibHy TPIIUHY.

BusHauyeHHsi MeTM Ta  3aBAaHb
aocJigxkenb. PyiiHyBaHHS 3pa3kiB, BUPOOIB i
KOHCTPYKLIM TOB’S3aHO 3  HE3BOPOTHUM
pOCTOM TpINIMHU, SIKA JUIATH OO0 €KT Ha
okpemi dactuHH. CHemialicTd BiIMIYalOTh
TIEBHI €TaId <OKUTTSD» TPIIIMHHA — BiJI MOMEHTY
i 3apOIKECHHS Ta 1IPOCTaHHS o
MEPETBOPEHHS B MAriCTpalbHy 3 BHXOJOM
(GpOoHTY TpPIIIMHU HAa TIOBEPXHIO BHPOOY YU
KOHCTpyKmii. i aHamizy ciifi po3TJIsIHyTH
MOBHUM  IMKJ  ICHYBaHHS  KOHCTPYKLIi,
BKJTIOYAIOUHN aKTHBHY a3y ii QyHKIIOHyBaHHS
SIK BIAKPUTOI CKJIQJHOI JTWHAMIYHOI CHCTEMH.
Buxonsun 3 mporo Oyna TOCTaBlieHa MeTa
poboTu — miABUIIUTH Oe3neky (yHKIiOHY-
BaHHA OyaiBeIIbHUX BHUPOOIB 3a PpPaxyHOK
MEBHOIO TMiA0OpY KIJABKICHOIO Ta SKICHOTO
CKJa/iB aKTUBHUX €JIEMEHTIB CTPYKTYpH
0eToHy, 10 sKuX BigHeceHl TpiuwHu 1 BIIP,
IUISIXOM HamNpaBJIeHOI 3MIHHM YMOB B3a€MOJIIi
TBEPIIIOYOr0 MaTpUYHOIO MaTepialy Ta
3aroBHIOBauiB. JJi1 JOCATHEHHSI METU POOOTH
Oynu BU3HAYEH]1 Takli 3aBIaHHA.
MpOaHaNII3yBaTH POJb AKTUBHHUX EJIEMEHTIB,
0COOJIMBO TPIIIMH, Yy OJKUTTEBOMY IIMKIJII
OyIiBeNbHUX KOHCTPYKI[iM; BUBYUTU YMOBU
nepexoay TPILIHH, 110 BUKOHYIOTh
CTPYKTYypOYTBOpPIOIOUl (PYHKIII, y TpIIIUHH,
AKl CIPUYMHSIOTH PYHHYBaHHS MarepiaiiB i
KOHCTPYKLIIH.

Marepiasin Ta MeTOAM IOCJIAAKEHb.
ExcniepumenTanbHl AOCTIKEHHS TTPOBOIAIN
Ha CTaHJapTHUX 3pa3Kax-Ky0ax, BUTOTOBIIE-
HUX 3 OETOHHUX CyMIllIe Ha TPaHITHOMY
mie0eHi Ta KepaM3MTOBOMY TpaBli, 110 Maju
pi3Huii cran noBepxHi. Pazom 3 TpaauuitHumMu
CKJIaJaMX Ba)XKOI'0 Ta JErKoro O€ETOHIB
BUKOPDUCTOBYBAJIM  CKJAgH, SKI  MICTHIN
MIPUPO/IHI 3allOBHIOBAaYl Ta 3allOBHIOBAYi, IO
Oynu amperoBani rinpogoobizaropom ['KP-11.
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Le JT03BOJIMIIO 3a0e3[eYnT TaKi
CITIBBIAHOILIEHHS aare3iiiHO-KOTe31MHUX CHII
3B’SI3Ky Ha TPaHUINl PO3AUTY MiX IIEMEHTHOO
CKJIQJIOBOI0 Ta TOBEPXHEI 3allOBHIOBAYIB:
Ra>Rk; Ra<Rk; Ra=Rk, ne Ra — Benmnumnna
aaresii MaTpUYHOTO Marepiaiay 0 IOBEpPXHi
3all0BHIOBa4Ya, Rk — BeJIHMYMHA KOTe31HHOL
MIIIHOCTI eMeHTHOoi maTpuii. [Tpu mocTiiHii
pyxymBocTi OeToHHOI cyMmimn Oynu ojep:kaHi
OCTOH 1 KepaM3UTOOETOH PI3HUX KJIACIB, IO

BIJIPI3HSIMCS 32 TMOKa3HUKaMU  (i3UKO-
TEXHIYHUX BJIACTUBOCTEH, 30KpeMa
rapaMeTpaMu MOYaTKOBOI MOMIKOKEHOCTI.

[TomkomKeHiCTh  3pa3KiB,  BHUPOOIB,

KOHCTPYKII TOBEPXHEBHUMH TPIIIMHAMH 1
BHYTPIIIHIMU MMOBEPXHSIMHU PO3ILILY OMOCEpe-
KOBAaHO BiJOOpaxxye XapakTep 00’€MHOTo
TpilmMHOyTBOpeHHs [2]. «PucyHok» Tpimuu
Ha TOBEPXHI 00’€KTa TOBTOPIOE «PUCYHOK)
TPIIMH BCEepeArHI O00’€KTa, M0 Ja€ 3MOTY
OLIHUTH TPOTSHKHICTE O€periB  TpiUH B
0o0’emi marepiany. [lomKoOmKEeHICTh IIEMEHT-
HOI CKJIaJ0BOI OIIIHIOBAIN 4Yepe3 KoedilieHT
nomkomkenocti Ko sk cHiBBIIHOIIEHHS
Kn=YLi/S, cm/em®, ne YLi — cymapHa
OPOTSDKHICTH ~ TEXHOJOTIYHMX — TPIUMH 1
BHYTPIILIHIX MOBEPXOHb PO3JUTY Ha BUAUIECHIN
MOBEpXHI 3pa3ka, cM; S — (¢ikcoBaHa IUIOIIA
IIOBEPXHI 3pa3ka, CM%;, 5K CITiBBiHOIIEHHS
Kmi=> Li/Li, me 2Li — cymMapHa MpOTSXKHICTH
OeperiB  OKpeMHX TPIIMH 1 BHYTPILIHIX
MOBEPXOHb po3Auly ((pakTHuHAa JOBXKMHA
TPIIIMHK  pyHHYBaHH:), CM,  B3JIOBXK
reone3nunoi il  Li, oM (Haiikoporma
BiJICTAaHb MIDXK TOYKAMH BHUXOIy (aKTUUHOT
TPIIMHA pPYHHYBaHHS Ha TOPLEBI MOBEPXHI
3paska).

OcHOBHA YacTHHA JOCTiIKeHb. 3MIHI
PIiBHS BIIACTHBOCTEH Oy/iBEIbHUX MaTepialiB i
KOHCTPYKLIA TMOB’S3aHi, K @pPaBWIO, 3
BIUIMBOM YMOBHO «HEBHJIUMHX» €JIEMEHTIB
CTPYKTYpPH, SIKUMH € TEXHOJIOT14H1 (ITI0YaTKOBI,
CMAJKOBi) TPILIIMHMA Ta BHYTPILIHI HOBEPXHi
pO3/iTy, a TaKOX TEXHOJOTIYHI (3aJUIIKOBI,
MOYaTKOBi, cmaakoBi) nedopmariii. Bupg
aKTHUBHHUX €JIEMEHTIB BH3HAYa€ IXHIO POJIb Y
MOBEIIHIII MartepialliB 1 BUPOOIB 1 Xapakrep
peaxIliii Ha BIUIMBH.

TexHonoriuyHI  TPIMHM, SKI  TICHA
MPUKJIQICHHS HABAaHTAXECHb MEPEXOMiITh Y
paHT eKCIUTyaTalliiHuX TPIIIKUH, peali3yloTh
NepMaHEeHTHI CTPYKTYpHI 3MiHU Ta
BU3HAYAIOTh TEMIH iX TposiBy. [1OBCIOHICTB
TPIIMH y  Marepiasi  mopymye  Horo
CYIUIBHICTh, IO YCKJQJHIOE, a B 0ararbox
BHITaKaX POOUTh HEMOXKIIMBHM OIIHIOBAHHS
BJIACTUBOCTEH 3a CEpeNHIMH 3HAYCHHSIMH.
TpimHN, SKi € HEBiI €MHUM E€IEeMEHTOM

nporecy caMooprasizamii CTPYKTYpH
(TPIIIMHU-CTPYKTYpOYTBOPIOBAUi),  LUIIXOM
3MIiHM  BJIACHHX  IapaMeTpiB  CHPUSIOTH

caM030€epeKEHHIO IIUTICHOCTI  KOHCTPYKIIIi,
IO peai3yeTbcsi [K MpOsB  ajanTaniiHol
camoopranizaiii. COHTaHHO PO3BUBAIOYNCH Y
JIOKAJIbHUX 30HAX Marepiajiy, TPILIMHU CTalOTh
JOMIHYIOUUMH eJIEMEHTaMU, SIK1,
PO3BHBAIOYUCh, BEAYTh /O pYyHHYBaHHA
BUPOOY, MEPEXOJTUN 3 PAHTY KHEBUAUMUX) Y
peasibHO  icHyroui ejemMeHTH. HasBHiCTh
TPIIMH BU3HAYA€ BHYTPIIIHI TMPOIECH TETIO-
Ta MAacOIIEPEHECeHHs, JIOKaJlbHI Ta 3arajibHi
nedopmarii  marepiaimy, BHYTPIIIHIO  Ta
30BHIIIHIO O€3MeKy KOHCTPYKLIH 1 T. .
BuyTpimHi MOBepXHI po3AlUly pa3oM 3
TPILIMHAMHU € «HEBUAUMUMI MPU MPUHHATHX
METOAax BU3HAYCHHS BJIACTUBOCTEH
MmatepiasniB 1 BUpoOiB. AxTtuBHicTh BIIP
MPOSABIIIETECS MPU MEPEPO3NOJALTl 3YCHIb 1
nedopmarii y  Marepianmi,  pernakcarii
nedopmartii, pO3CitoBaHHI YaCTUHU
Ha/TMILIKOBOI eHeprii, HalpaBJIeHuX Mpolecax
MacCOTNIEPEHECeHHsT Ta TMepefadi  TEeruIoBOi
eHeprii 3a paxyHOK IMpOsIBY ITOBEPXHEBHUX
edpekTiB. BHyTpilIHI NOBEpXHI pO3AUTY €
CBOEPITHUM Oap’epoM Ha HUIAXY PyXy
TPIILIKH. IIepmaneHTHa B3a€MHAa
Tpanchopmanis Tpimue y BIIP ta BIIP y
TPILIUHA JO03BOJISIE€ TIPUITYCTHTH TIEPMAHEHTHY
B3a€MOJIII0 DPI3HMX 32 BHJOM aKTUBHHUX
€JIEMEHTIB, HACIAKU peani3amii sIkoi 3HaYHOI0

MIpOI0O  BHM3HAYalOTh  MEpioJ  AKTUBHOIO
(GYHKIIOHYBaHHS KOHCTPYKLIH.
s IIPOTHO3YBaHHS CTIMKOCTI

OyIiBeIbHUX KOMIIO3UTIB OCOOJIHMBE 3HAYCHHS
MaTh 3aJIMIIKOBI  aedopmariii, sAKi 3a
AHAJIOTIEIO 3 IHIIUMU AKTUBHUMHU €JIE€MEHTAMU
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€ «HEBUAMMUMHU» IIpU ICHYIOUMX MeToJax
OLIIHIOBAHHS ~ BJACTUBOCTEH  OyAiBENbHHX
MarepianiB 1 BupoOiB. Cam (akT iCHyBaHHS
TEXHOJIOTIYHUX nedopmartii MOBHICTIO
3MIHIOE SIKICHY KapTHHY PO3PaxyHKOBHUX CXEM
OyniBenbHUX BHPOOIB, IO Beme 10 3MIiHU
KUIBKICHUX 3Ha4€Hb PO3MOALTY jaedopMaliiid y
BUpoOax mix  HampyxeHHsM. Crnankosi
nedopmariii, po3MOAT SKUX 3aICKUTH BiJ
TE€OMETPHUYHUX  MApaMeTpiB  KOHCTPYKIIIi,
BU3HAYalOTh TPAEKTOPIIO PO3BUTKY TPILIMH,
0 BIUIMBa€ Ha YMOBU (pparmeHTtamizamii
MaTepiany KOHCTPYKIIIH. 3aIMIIKOBI
nedopmarii BexyTh 10 (QUIYKTyarii TyCTHHH
Mmarepiajly, I10 HEMUHYYE€ BHKIHUKAE 3MIHY
Gi3MYHUX, MINHICHEX 1 JedopMamiiHuX
XapaKTepUCTUK MaTepialy OAHOTO W TOro
camMoro ckiagxy B KOHCTpykuisx. Cmifg
BIJ3HAYUTH OCOOJIUBY pOJIb TEXHOJIOTITYHHUX
nedopmaniii  mpu  GopMyBaHHI  TEIUIOBHX
MOTOKIB y MaTepialii KOHCTPYKLiNA 1 BUPOOIB.
JHedopmarii BU3HAYAIOTH XapakTep Iepenadi
TEIUIOBOi €Heprii Ta MPOBOKYIOTb TUM CaMHUM
PO3BUTOK JIOKaJi30BaHUX TEPMIYHHUX
nepopmariiii. OcTaHHI IHINIIOIOTH MPOSB
MICLEBUX JedopMaliiii 3cyBy Ta (popMyBaHHS
«CTPYMOYKOBOI'0» MEXaHi3My nepejadi Teria,
CTBOPIOIOYM yMOBH  30UIBIICHHS  CTYIICHS
CTPYKTYPHOTO PpI3HOMAHITTS KOHCTPYKLIN 1
BupoOiB. Ile yckiagHIOE  BUKOpHUCTaHHS
OPUAHATHX KOE(DILI€HTIB TEIUIONPOBIIHOCTI
IpU TPU3HAYEHHI palllOHAJbHUX CKJIAdIB
TeIUI03aXUCHUX MartepianiB. KpiMm Toro, mons
MIOYaTKOBUX JedopMalliil 37aTHI 3MIHIOBATUCS
B pe3yJIbTaTi PO3BUTKY TPILIMH, L0 y CBOIO
yepry Mo’ke NiABHUINYBaTH a00 3HU)KYyBaTu
Oesneky ¢QyHkuionyBanHa  BupoOiB. Lle
MOB’SI3aHO 3 TUM, L0 3aJMILIKOBI JedopMartii

(cTuCKy, pO3TATY, 3CyBY) 3aJIe)KHO  BiJ
XapakTepy po3MOAUTy Ta BHUAY 3AaTHI
NOCWIIOBaTH  ab0  3HIXKYBaTH  3JIaTHICTh

MaTepiagy KOHCTPYKIIi MprUCTOCOBYBATHCS 10
BIUIMBIB PI3HOTO BHITY.

bararorpannicte 1 moJiyHKIIOHATB-
HICTh aKTUBHUX €JIEMEHTIB, OCOOIMBO TPIILIUH-
CTPYKTYPOYTBOPIOBAaYiB,  3yMOBIIIO€  IXHIH
BU3HAYAJNbHUIA  BIUIMB ~ HAa  TIOBEAIHKY
OyZIiBeTbHUX KOMIIO3HTIB B €KCILTyaTalliiHUX

ymoBax. lle mae mizcraBy CTBEppKyBaTH, IO
BU3HAYCHHSI 0a30BUX EJEMEHTIB CTPYKTypHU
JI03BOJISIE NpU3HAYaTH parioHanbHi
peenTypPHO-TEXHOIOT19H1 criocoon
OTPUMAaHHS KOHCTPYKIIi 1 BUpOOiB 3 OakaHUM
Ha0OpPOM aKTUBHHX CJIEMEHTIB.

TpimmHEM  TpM  3aBEpIICHHI  CBOET
CTPYKTYPOYTBOPIOIOUOi pOJII TEPEeXOlusiTh Y
paHr  TpiumH  pydHHyBaHHA.  TpimuHH
pylHYyBaHHS (MaricTpajbHI TPIIIMHU) MOXHA
pO3IISIIATH  SIK  BIAKPUTI  CHCTEMH, IO
CaMOOPraHi3yloThCs. MeTa iCHYBaHHS TakKoi
CHCTEMH TIOJISITa€ B IPOXOJ/DKCHHI IOBHOTO
KHUTTEBOTO LHUKIY — BiJl MOMEHTY IEpETBO-

PEHHS  TPIUIMHHU-CTPYKTYpPOYTBOpIOBa4Ya B
TPILIHY-CUCTEMY qepe3 nepion
(GyHKIIIOHYBaHHS TPIIIMHU-CUCTEMHU bi (o)

3aBEpIIEHHS JKUTTEBOTO IMKIY TPH BUXOJI
(GpOHTY TpIIIMHU Ha MOBEpXHIO BUPoOy. [Ipu
yYTBOpEHHI TPILHA-CHCTEMH icTopis
(yHKIIOHYBaHHA KOHCTPYKIIi 3BOAMTHCA 10
icTopii pocty maricTpanbnoi TpimmHu. IlosiBa
TPIIIMHU-CUCTEMHU  Bele [0  3HIDKEHHS
CTPYKTYpPHOTO  PI3HOMAHITTS  KOHCTPYKIIi,
BHACJI/IOK TOTO, 110 MPOLIECH, SKi MPOTIKAIOTh
B IHIIMX T MiJACUCTEMAX, CTAIOTh HEICTOTHHMHU.
Jost TPIIIMHUA-CUCTEMH HaBKOJIMIITHIM
cepeZIoBHILEM € 0a30Ba KOHCTPYKIIisI-CUCTEMA.
Tomy TpimnHa pyiHYBaHHS 3aMUKae Ha ce0e
BC1 30BHIIIHI Ta BHYTPILIHI BIUIUBH, SK1 A1IOTh
Ha KOHCTPYKIiI0, TUM CaMHUM IEPEOPIEHTYIOUN
uiboBl (pyHKuii 6a3oBoi cuctemu Ha ceoe.
Taka cucrema icHye y BJIaCHOMY TEMIOPHUTMI,
Yepe3 CcaMOOpraHi3allil0 pPO3BUBAETHCA Ta
3aBepIlye CBIM )KUTTEBUM LMKJ, 10 BeAE 10
rudesni KOHCTPYKI[Ii-CUCTEMHU.

[IpoBenenuit aHaii3 J03BOJISAE
3aKJTIOYMTH, IO TOBEMIHKAa OyIIBEIbHUX
KOHCTPYKIIii 1 BUPOOIB B yMOBaX eKCIUTyaTarii
3HAYHOIO MipOIO BU3HAYAETHCS
Oe3nepepBHUMH CTPYKTYPHUMH 3MiHAMH, SKi
3ajiekaTh  Big  OMHAMIKM  B3aeMonii  Ta
CaMOpPO3BUTKY aKTUBHHUX EIIEMEHTIB, /IO SKHX
BIIHOCSITh TEXHOJOTIYHI Ta eKCIUTyaTalliiiHi
TPIIIMHU, BHYTPIIIHI TOBEpPXHI PO3IAUTY Ta
3aJIMILIKOBI nedopmariii. be3neune
(yHKIIIOHYBaHHS KOHCTPYKLIi-CHCTEMU
O6araTo B 4YOMYy 3aJ€KUTh BiJ 3amoOiraHHs
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Hepexoy TPIMH-CTPYKTYpOYTBOPIOBAYiB Yy
TpillMHY-CHCTeMy. BHBUEHHS YMOB TaKoro
nepexoqy €  BaOXIMBUM  NPAKTUYHUM
3aBIaHHSM, [0 3YMOBIIOE HEOOXIiJIHICTh
pO3risily  MOBHOTO — HMKIY  ICHYBaHHS
KOHCTpYKLii, oco0mauBo a3y ii aKTUBHOTO

(YHKIIIOHYBaHHS K BIAKPUTOI  CKJIQTHOT
IUHAMIYHOI CHCTEMH.

KoHCTpyKIist sIK cuUcTeMa MPOXOJIUTh
IEBHI OCHOBHI €Talld CBOIO <GKUTTS», Ha
KO)KHOMY 3 SIKUX peali3yloThCs crenudidi
MPOLIECH BHUHUKHEHHS Ta POCTYy TPIIIUH

(pUCYHOK).

W

T

Puc. Cxema 3HnkeHHs 6e31nekH (QyHKIIOHYBaHHS KOHCTPYKLIi-CUCTEMU:

a — TPaHUYHO JOIMYCTUMHIA PO3BUTOK CTPYKTYpH; O — KpUTHYHE HAKOMMYeHHs TpimuH i BIIP
B 00’eMi MaTepialy KOHCTPYKIiH; B — 3apOJKEHHS TPIIIMHU-CUCTEMU B PE3YJIbTATI 3JIUTTA
aKTUBHUX €JICMCHTIB; I' — TPINIMHA-CUCTEMa, IIO0 Ma€ BJIACHHHA PO3BUTOK, | — aKTHBHI
€JIEMEHTU CTPYKTYpH (TPIIIMHU 1 BHYTPILIHI MOBEPXHI PO3IiNy); 2 — CTPYKTypHI OJOKWU;
3 — TpIUNMHM pPYyHHYBaHHSA, IO YTBOPWJIMCS HUISAXOM 00’€MHOTO HAKOMHMYEHHS aKTHBHHX
€JIEMEHTIB; 4 — TPIIUHU PYHHYBaHHS, 1[0 YTBOPHUIIUCS 32 PaXyHOK 3IUTTS €KCILTyaTalliiHuX
TpimuH 1 BIIP; 5 — dpparmMeHT KOHCTPyYKIIIi 3 TPIIMHOKO pyHHYBaHHS, 110 PO3BUBAETHCS

3apo/UKEHHST Ta PO3BUTOK TEXHOJO-
FYHUX TPIIUMH Yy CTPYKTYpl MaTepiaiy
Bi0OyBaeThCS HA eTaml BUHUKHEHHS 1
CTaHOBJIEHHS cucTeMu. llpu 1pomMy pi3HI
MEXaHI3MU OpraHizauii CTPYKTYpH KOKHOTO
PIBHS HEOJTHOPITHOCTEH BEAYTh JO OJHOTO
pe3yabTaTy — MOSBU TEXHOJOTIYHHUX TPIIIUH.
KinbKicTb 1 OpieHTyBaHHS IOYaTKOBUX TPIILIUH
pi3HUX  migcucTeM 1 Bciel  cucTeMu
BU3HAYAIOTBCS ~ BUXITHUM  CKIQJOM  Ta
IHTEHCUBHICTIO MPOTIKaHHA (PI3MKO-XIMIYHHX 1
G13MKO-MEXaHIYHUX  SBUII 1  TIPOILECIB
opraizauii cTpykTypu MarepiamiB. [louaTox
(GYHKIIOHYBAaHHS CHUCTEMH CIIiJT BBa)KaTH
3aKiHUEHHSM  Tepiofy ii  CTAHOBIEHHS.
Konctpykiiist Bctynae B poOOYHil KUTTEBUH
IUKI 3 TIeBHUM HAa0OpOM TEXHOJIOTTYHUX
TPIIMH Ha BCIX PIBHAX  CTPYKTYpPHHUX
HEOJTHOPiTHOCTEH.

Y mepiog QyHKIIOHyBaHHS MaTepiai
KOHCTPYKILIi  cnpuiiMae Bechb  KOMIUIEKC
eKCIUTyaTalliliHUX HaBaHTAXKEHb, HAa SKUH Yy

Nepuly 4epry pearyroTb akTUBHI €IeMEeHTH. Y
el Tepioa MPOSIBISIOTHCS TakKl BIACTUBOCTI
TPILMH-CTPYKTYPOYTBOPIOBAUiB:  peiaKcaris
nepopMaliii 1 HampykeHb Yy Marepiani, 10
npUMUKae 10 OeperiB TpilUMH (TPIILIUHU-
penakcaTopu); YTBOPEHHS HOBUX  ILJIOMI
MOBEPXHI OeperiB, O CHpUs€ BKIOYEHHIO 10
po0OTH MeTacTaOUIbHUX €JIEMEHTIB (TPILHU-
TpUTrepH); TpaHCpopMmallis TPIIIKUH y BHYTpi-
IIHI TOBEPXHI PO3/AUTY Ta HaBMaKW, IO BeIE
10  30uUIblIeHHs ~ OJOYHOCTI  Marepiany
(TplIMHU-TIEPETBOPIOBAY1 CTPYKTYpH);
PO3CiIOBaHHS HAaJUIMIIKOBOI €HEeprii NUIIXOM
YTBOPEHHSI HOBUX TIIOBEPXOHb  (TPILIMHHU-
JUCUTIATOPH).

Cnig  BIO3HAUWTH, IO TIEpepaxoBaHi
BJIACTUBOCTI MalOThb HE OKpeMi TpIlMHH, a
KOXHa TpIIMHA 3aJeKHO BiJ KOHKPETHOI
CHUTYyallii POSABISE Ty YU 1HIIY BIACTUBICTb. Y
IBOMY TIPOSIBIIIETHCS CTPYKTYpPOYTBOPIOIOYA
poiab  TPIIMHM  HAa  KOXHOMY  DiBHI
CTPYKTYPHUX HEOJHOPIMHOCTEH 1 B yCiid
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CTPYKTYPI. BinOyBaetbcs MoCTiliHA
CTpYKTypHa  mepeOyaoBa, SKa  CHOpUSE
MIJIBUIIICHHIO  PI3HOMAHITTS  CTPYKTYpH B
rpaHunsx KoHCTpykmii. Ilpm npomy 3miHa
CTPYKTypHOTO  PI3HOMAHITTS 3  METOI0
30epeKeHHs noTpiOHUX napameTpiB
BJIACTHBOCTEH Ma€ CBOIO MEXKY.

Y cucremi, mo QYHKIIOHYE, MOXKE
BUHUKHYTH CHUTYyaIlis, TpH SKIH TPIIIAHU-
CTPYKTYPOYTBOPIOBAaYl  BHUPOKYIOTHCS B
TPIIIMHU PYHHYBaHHA, SIKI € IPOBICHUKOM
3HWKCHHST  [apaMeTpiB  BIAcCTUBOCTEH 1
MOYaTKy TMepiogy Trubeni KOHCTPYKLIl sK
cucreMH. Y Takiii cHTyamii OAWH 3 €JIeMEHTIB
CTpYKTypu Oepe Ha ce0e QYHKIIIO CUCTEMU, Y
AKIi BIH YTBOPHBCS, 3aMHKAIOYd METYy
CTBOpPEHHSI Ta ICHYBaHHS CHUCTEeMH Ha ce0e.
Takuii enemMeHT CTPyKTypH B IIepuly 4Yepry
crpuiiMae BeCh KOMIUIEKC EKCILTyaTaliiHuX
HaBaHTaXEHb, IO CIPHIE HOro BIACHOMY
pocty. IIpu po3mipi, mopiBHSIHOMY 3 po3Mipa-
MH OKPEMHX MiJICTPYKTYp, €IeMEHT-CUCTeMa
BXKE€ HE «BIOUyBae» iXHIX CTPYKTYpPHHX
0COOJIMBOCTEH. Lle 3HAYHO 3HUXKYE
CTPYKTypHE pi3HOMaHITTs cuctemu. I[Ipornecu,
AKI HEMHHYYe€ TMpOTIKAIOTh B  OKPEMHX
HiJCUCTEMAaX, CTPYKTYpHUX OJIOKax 1 T. M., IS
JIOMIHYIOUYOTO €JIEMEHTa CTPYKTYPH HEICTOTHI.
Takuii eneMeHT CTPYKTypH, Yy HalloMy
BUTIQJIKy — TpIIIMHA PYWHYBaHHSA, CaM CTa€
CHCTEMOIO, SIKy MOXHa pO3INIAfaTh  sK
BIJIKpUTY CKJIQJIHY JUHAMIUHY CUCTEMY.

Binkputicte mepenbavae, mo TpilluHA
CBOIMH €JEMEHTaMHM 3JlaTHa CIpHUIIMaTH,
nepeiaBaTy i mepepo3noAiiaTu aedopmariii ta
HaNpyXeHHS B HABKOJIMIIIHEOMY CEPEIOBHII —
BUXiAHIN cuctemi. CKIAgHICTE Yy JaHOMY
BUTAQJIKY TIOB’s3aHa HE TUIBKH 31 CKJIaTHOIO
CTPYKTYpOIO caMoi TpillMHH, ane U 3
JIOCTaTHBO CKJAJHOIO ii moBeniHKo. byayun
caMa HeCTaOUIbHOI0 CHCTEMOIO, TpilllMHA
pyHHYBaHHS, pearylouy Ha 30BHIIIHI BIUIUBH,
3MaTHA 3YMUHSATHCSA, BUKPHUBIATH OOpHCH
¢bpouTy, BOuUpaTH B cebOe IiHIII TPINIKMHH,
pearyBaT Ha TMEpepO3MOAUT JIOKAThbHUX Ta
IHTETpaIbHUX TIOJIiB 3QJIUIIKOBUX
nedopmariii. JIMHaMiuHICTH TPIIMHU K
CHCTEMH TIONISiTa€ B TOMY, IO KOXKHUH

HACTYyIHUH i CTaH BU3HAYAETHCS MOMEPETHIM.
HoBwuii cran mpu 1poMy MOXe BiIpPi3HATHCS
B1JI MOMEPEIHBOT0 3a OaraThMa MapameTrpamu
Ta Tmoka3Hukamu. lle mepenbayae HE3BOPOT-
HICTh PO3BUTKY JHHAMIYHOI TPIITUHU-CUCTEMU
B TPOIECi JOCSATHEHHS IUIBOBOT yCTaHOBKH.
[linboBa ycTaHOBKAa HOBOi CHUCTEMH, IO
yTBOpUIIacs 1 JUIsl sIKOi BHXiJHA CUCTEMa CTa€

MiACHCTEMOIO, TMOJArae B  3a0e3IleueHHI
MTOBHOTO JKUTTEBOTO LIUKITY.
TpimmHa sk cucTeMa  IPOXOIWTH

MOBHUU HUISAX CBOTO <GKUTTS» — 3apOIKEHHS,
aKTUBHE (YHKIIOHyBaHHS Ta rubens. ['ubens
TPIIIUHA SK CHUCTEMH HACTyNae TOMl, KOJH
3HMKAIOTh TOJIOBHI 1i aTpulyt — ycTs 1
¢bpoHT. BigMiHHICTE TPIIUH PyHHYBaHHS BiX
TPILMH-CTPYKTYPOYTBOPIOBAYIB IOJIArae, Ha
Hally AyMKy, y TOMY, IO THOENIb IMepuIux
NOB’s13aHAa 31 3HUKHEHHSIM (PpOHTYy mpu Horo
BHXOJIi Ha TIOBEPXHIO 3pa3ka, BHUPOOY,
KOHCTpyKuii 1 T.m [ubenp  TpimmH-
CTPYKTYPOYTBOPIOBAYIB  peaji3yeTbcsi NpU
BUXOJIl IXHBOTO (POHTY Ha Oeperu IHIIMX
TPIIIMH 1 TOBEPXOHb pPO3IUTY. Y HTaHOMY
BUIAJKy BiIOyBa€Tbcs HE CTUIBKU THOETh
TPIILUH-CTPYKTYpOYTBOPIOBaUIB, CKUIbKU 1X
CIOHTaHHa TpaHcopMallisi B SKICHO 1HIIMN
€IIEMEHT CTPYKTYpU — BHYTPIIIHIO TOBEPXHIO
po3aity.

Y mepiog  aKTUBHOTO  JKUTTA A
3a0e3neueHHs IPIOPUTETY BIACHOTO PO3BUTKY
TpilHa pyHHYBaHHS SIK cucreMa
BUKOPHUCTOBYE BCi MOTEHIIIHI MOXJIMBOCTI
06a3oBoi cucreMH Ta ii  CTPYKTYpHI
ocobiuBocTi. Jlo XapakTepHUX OCOOJIMBOCTEMH
TPIIUHU-CUCTEMH, IO BHHUKJIA, MOXHA
BigHECTH po3Mip (00’eM), SKUH BKIIOYAE JI0
cebe HeKUIbKa ImiacucTeM 0a30BOI CUCTEMH Ta
NEPeTBOPIOE ii TaKUM YHHOM Yy CaMOCTIHHY

BKpail  HecTaOlIbHY CHCTEMY; 3/IaTHICTh
«BTATYBAaTH» B ce0e Ha HUIAXY BIACHOTO POCTY
1HIII1 aKTUBHI €JIEMEHTH CTPYKTYpH
(MHOXHUHHICTb aTpaKkTopiB MTOPOJIKYE

BUHUKHEHHS OJIHOTO aTpakTopa); 3JaTHICTh
HarpaBJieHOT KOHIICHTpaIlli eHeprii B 30HU
CBOTO DPO3BUTKY, IO INPAKTHYHO BHKIIIOUAE
BIUIUB CTPYKTYpHOTO pI3HOMAHITTS 0a30Boi
CHUCTEMH Ha YMOBHU POCTY HOBOI CUCTEMH.
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[Ipu noCSrHEHHI NEBHOIO €Taly poCTy
HOBa CHCTEMa 37aTHA, BUKOPUCTOBYIOUU
BJIACHI pecypcd, HEOOOPOTHO PpO3BUBATUCH;
MOYMHAE ICHYBaTH Yy CBOEMY TEMIIOPUTMI,
IparHy4y 3aBepUIMTU CBii po3BuTOK. Lle Bene
no rtubeni oapasy JABOX CHUCTEM — HOBOI
CHCTEMH 32 PAXYHOK JOCSTHEHHS METH CBOI'O
icHyBaHHS Ta 0a30BOi CHUCTEMH 32 PaxXyHOK
TOrO, 110 HOBAa CUCTEMA IIIJISIXOM CBO€i rubeini
npu3Bena A0 BTpatu ii ocHOBHUX (yHKIii. Ha
LIbOMY 3aBEpILYEThCS JKUTTA KOHCTPYKLIT SK
BUXIJIHOI CHCTEMH B pe3yJbTaTi 3aBEpPLICHHS
POCTY TPILIMHU PYyHHYBaHHS.

KinpKicHO OLIHUTH 3MiHY CTPYKTYpH
MaTepiany miA Ji€l0 30BHIIIHIX (akTOpiB
MOKHa depe3 KOCQIIi€HTH MOIIKOKSHOCTI
K ra K.

Po3BuTOoK  MaricTpambHOI  TPIIIUHH
IPOXOAUTh IO TPAEKTOPil EeKCIUTyaTaliiHUX
TPIIIMH 1 BHYTPINIHIX TOBEPXOHB PO3ALTY, IO
HAaKOMUYYIOTbCA B MaTepiail miag i€l
CWIOBMX HaBaHTaxeHb. lle mepembavae, 1o
TeOMETPHUUHI MapaMeTpy TPILIMHU pyHHyBaH-
HS CHAJKOBO BHU3HAYAIOTHCS KUIBKICTIO 1
penbedoM OeperiB moyaTkoBux TpimuH i BIIP,
OpieHTOBaHMX 1o  ¢poHTy 1  pyXYy.
HaiimeHmMMy 3Ha4€HHSAMM MOLIKOKEHOCTI B
YMOBaX €KCTIIEPUMEHTY BiJ[3HAYAIHCS 3Pa3KH 3
O0eTOHy Ta KepaM3UTOOETOHY, IO MAalOTh
CTPYKTYpY, opraHizoBany npu Ra=Rk.

IIpoBesneHi NOCTIKEHHST MOKa3ajy, IO
MOKA3HUKH TTOMIKOPKEHOCTI BaXKKOTO OETOHY
30UTBIIYIOTBCS NIPU (POPMYBaHHI CTPYKTYpHU B
ymoBax Ra=Rk Ha 21 1 29 % mnopiBHAHO 31
CTPYKTypaMu, oprasizoBaHumu npu Ra < Rk
a6o Ra > Rk BimnmoBigHo. BubipkoBicTh aaresii
MaTpUYHOTO  MaTepiagy /0  IOBEpXHI
3a[lOBHIOBAUIB BeJle 1O YTBOPEHHS CTPYKTYpH,
mo  3abe3nmedye  3MEHIICHHS  3HA4YCHBb
MOIIKOJDKEHOCTI  KepaM3UTOOETOHY, SKi €
MEHIITNMH, HIX 3HAYCHHS K
KepaM3UTOOCTOHHUX 3pa3KiB  TPaAHIIHUX
ckianis Ha 19-39 %.

[Ticns 100 nwmkiaiB momepemiHHOT  Ail
TeMIIEpaTypHUX 1 BOJIOTICHUX  (haKTOpIB
MOIIKO/DKEHICTh  OETOHIB  30UIbLIMIAch Y
cepenabomy Ha 40 % (Baxkkuii 6eron) i 30 %
(kepam3utobeToH). Ilpm 1BOMY MOKa3HUK

koedimienta  momkomkeHocti  Kmy  OyB
MEHIIUM  Tpu  30LIbIICHHI  TOKa3HUKa
koedimienta nomkomkeHocTi K. ITopiBHAHO
3 BEJIMYMHOI  MOIIKOJKEHOCTI  OETOHIB
TPaAMIIIHHUX CKJIaaiB OCTOHU 3 BHOIPKOBOIO
anresiero (Ra=Rk) memeHTHOi MaTpuui a0
IIOBEPXHI 3a[I0BHIOBAYiB MaJIU CTPYKTYpY, IpH
kit 3uauenus Ko e Ourpmmmu zHa 11-15 %,
3HaueHHs Kmi menmmmu Ha 20-25%. ILle
CBIIYUTH TPO Te, 1O 30LIBIICHHS CTPYK-
TYpPHOTO PI3HOMAHITTS Bele 10 (OpMyBaHHS
CTPYKTYpH, TpH SKI MOYATKOBHU PO3MOALI
TpiIIKH 3ano0irae iX pocTy J0 pO3MipiB, IO €
HeOe3neYHUMHU I E IIEBHOTO piBHS
HEOJIHOPITHOCTEH 1 BChOTO MaTepiaiy.
BucnoBkun. BaxmuBum  dakTopom
0e3ne4yHoro (yHKIIOHyBaHHS OyAiBENbHUX
KOHCTPYKIIH $SK CHUCTEMH € MPOTHO3YBAaHHS
CTPYKTYPOYTBOpIOIOUOi Ta pYHHIBHOI poJi
aKTUBHHUX €JIEMEHTIB y PO3BHTKY CTPYKTYypH
Ha BCIX eTanax >KUTTEBOI'O LUKIY. AKTUBHICTb
TPILMH, BHYTPILIHIX TOBEPXOHb PO3MOALTY Ta
3aJMIIKOBUX JAedopMaliil mnoisrae B iX
3MATHOCTI pearyBaTH Ha BHYTpIIIHI Ta
30BHIIIHI ()aKTOpH, BU3HAUAIOUHU CTPYKTYpPHY
«1epe0yIoBy»  KOHCTPYKIIi-CHCTeMH, IO
MOXHa KUTBKICHO OLIIHIOBaTH yepes
KOe(ILIEHTH MOIIKOMKEHOCTI. TpilmuHu, sKi
3laTHI,  3MIHIOIOYM  CBOi  MapaMmeTpH,
BU3HAUYaTH pPIZHOMAHITHI 3MIHM CTPYKTypHU
BCI€T KOHCTPYKIIi Ta il OKpeMHUX HiJACHUCTEM,
BIJIHECEH1 IO CTPYKTYpPOYTBOPIOIOYHX TPIIIHH.
[licnsg moCSATHEHHs TPaHUYHUX CTPYKTYpPHHX
3MIH y CHCTEMI CaMO3apOJIKYIOTbCSI HOBI
aKTUBHI €JIEMEHTH — TPILIMHU pYyHHYBaHHS
(MaricTpanbpHl1 TPILIUHM), SIKI 3JaTHI 3aMUKaTH
METy ICHYBaHHS KOHCTPYKIii-CHCTEMH Ha
cebe. Tomy TpiliMHU pyHHYBaHHS MOXYTh
OyTH TpeAcCTaBlieHI SIK BIAKpHUTa JUHAMIYHA
cucTeMa, IiJTbOBa YCTAaHOBKA SIKOI TOJSTAE y
BJIacCHOMY po3BUTKY. llosiBa TpiumwH pyiiHy-
BaHHS CIIPOIIy€ CTPYKTypHE O(OpMIICHHS
KOHCTpyKLii sk ©0a30BOi cucreMu Ta
MIPU3BOJUTL [0 3aBEPLICHHSA il XUTTEBOTO
HUKITy. B yMOBax HecnpHSTIMBHUX 30BHIIIHIX
BIUIMBIB ~ aKTHBHI  €JI€MEHTH  CIpPUSAIOTH
30epexeHHIO0 IIJTICHOCTI Ta Oesmerti
(GYHKIIOHYBaHHS ~ KOHCTPYKLii-CHCTeMH. 3
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paHry «HEBHJIMMHUX» €JIEMEHTIB TPIIIUHH, PO3IIUPUTH  MOJMIJIMBOCTI  TPOCKTYBaHHS
BHYTpIIIHI TOBEPXHI PO3JUTY Ta 3aJIMIIKOBI MaTepiais, BUPOOIB i KOHCTPYKIIH
nedopmariii = MaroTh  NEPEUTH B paHr 3arajJpHOOY/IIBEIBHOTO  Ta  CHEIIaJbHOTO
00’€KTUBHO  ICHYIOYMX, IO  JO3BOJIUTH IIPU3HAYEHHS.
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YK 666.9

BAIHSHO-TIIICOBI B'SI)KYYI B TEXHOJIOT'TI TEILIOI3OJIALNIMHAX
MATEPIAJIIB CUCTEMM CaO - Al203 — SiO2

J-p Texn. Hayk C. M. JlorBinkoB, kana. Texu. Hayk O. M. Bopucenko,
KaHJ. CiJIbCK.-TOCI. HAyK A. A. IBamypa, kana. Texd. Hayk I'. C. [loneHnko

LIME-GYPSUM BINDERS IN THE TECHNOLOGY OF HEAT INSULATING
MATERIALS SYSTEMS CaO - Al20s - SiO2

D. Sc. (Tech.) S. Logvinkov, PhD (Tech.) O. Borysenko, PhD (Agr.) A. lvashura,
PhD (Tech.) G. Popenko

DOI: https://doi.org/10.18664/1994-7852.186.2019.186372

Y cmammi posensoaromvcs numanHa mexHoa02ii menioi3oNaAyiuHux mMamepiaiié Ha OCHOSI
nces00BOIACMOHIMY Ma AHOPMUMY HA NPUKIAOAX psady eKCNePpUMEHMANbHUX CKAAOI8 TUBAPHUX
Mac 3 6apilo6aHHAM KIIbKOCMI 8's1icyuoeo, cniggionowennss eanuo | 2inc, dodasanms enunozemy.
Ananizyromscsi mexHon02iuHi napamempu: 80a02iCmy TUBAPHUX MAC, 4aC 3AKIHYEHHS MYHCABLEHHS
i memnepamypa 8unany 3pasKie, a MaxKoxdc Qi3uKo-MexXamiuHi 61ACMUBOCmi Mamepianis. yieHd
WinbHicmb, Medca MIYHOCmI Npu CMUCHeHHI 1 3a2anvHa ycaoka. Hasoosmwvcs pesyromamu
penmeenopazo6020 aunanizy npob mamepiaunie i 0cooIusocmi GOpmMy6aHHs MIKPONOPUCMOCMI 34
pe3yremamamu nempozpagiunoco ananizy. Ilpononyromscsa eapianmu 6uO03MIiH MexHon02ii O
Ppo3uuUpents QYHKYIOHAIbHOT NPUOAMHOCMi mamepianie i NiOSUWeH s IXHIX DI3UKO-MeXAHIUHUX
eracmusocmell.

Knrwuoei cnoea: sanno, 2inc, nueapui macu, 601ACMOHIM, AHOPMUM, NICOK, 2IUHO3EM,
MIKpONOpUCMICMb.

In Ukraine, at present, insulating materials whose phase composition is represented by
pseudo-wollastonite (CaO-SiO2) and anorthite (CaO-Al203-25i0>) are not industrially produced. At
the same time, such materials are more effective in heat-insulating ability compared to chamotte
lightweight with comparable characteristics of porosity and apparent density. Moreover, these
materials do not wet and do not react with aluminum melts and its alloys with other non-ferrous
metals, which in recent years has led to the large-scale import of such products for lining
electrolytic cells, induction furnaces and the manufacture of injection equipment. An additional
motivation in the development of such materials is the modern and progressively growing tendency
to obtain, on the basis of synthetic wollastonite, anhydrous and specially granulated in the form of
microspheres powder mixtures of a new generation — slag-forming and heat-insulating steels for
casting steel and molds of continuous casting machines. The above circumstances stimulated the
development of such materials for reasons of availability of raw materials in Ukraine, the
possibility of using a simple method of forming products — casting self-hardening masses into
calcareous forms on lime-gypsum binders, as well as relatively low firing temperatures. The report
discusses the issues of technology of heat-insulating materials based on pseudo-wollastonite and
anorthite using examples of a number of experimental compositions of injection molding materials
with varying amounts of binder, lime / gypsum ratio, and the addition of alumina. The technological
parameters are analyzed: the moisture content of the casting mass, the setting end time and the
firing temperature of the samples, as well as the physical and mechanical properties achieved by
the samples of the materials: apparent density, compressive strength and general shrinkage. The
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results of x-ray phase analysis of samples of materials and the features of the formation of
microporosity according to the results of petrographic analysis of powder samples in immersion
preparations are presented. Variants of technology modification are proposed to expand the
functional applicability of research materials and increase their physical and mechanical

Keywords: lime, gypsum, foundry masses, wollastonite, anorthite, sand, alumina, micro

properties.
porosity.

Beryn. [Tpobnema 3HMKEHHS
CHEepProBUTpaT Ha BCIX eTamax TEeXHOJOTii
OyaiBeTbHUX Mmarepiais, eKCILTyaTarii

BHPOOIB 1 KOHCTPYKIII 3 HUX € aKTyaJIbHOIO
HE TUIBKM i OyniBenbHOI, aje 1 Juis
CYMDKHMX Taly3edl HpOMMCIOBOCTI. Y Hall
yac HaWOLIbII IHTEHCHUBHA IMIUIEMEHTALIS
JOCSITHEHh MaTepialio3HaBIliB y BHUPIIICHH]
i€l HAYKOBO-TE€XHIYHOT npobiieMu
CIIOCTEPIraeThCs B po3po0ieHH1 1
3aCTOCYBAaHHI HOBHIX BHIIB TETUIOI30JISIIIHIX
MarepianiB. Ilpu 1pbOMYy BIJHOCHO JeIICBI
TEIUIOI30JIAIIHI MaTepiany 3 3aCTOCYBaHHIM
OpraHiYHUX KOMIIOHEHTIB (camaH, apOoiT,
MiHOIOJIICTHPONIBHI  BUPOOM Ta 1iHII) Bce
OlbIIe 3aMillyIOTbcd B OYAIBHHLTBI OLIbII
JIOPOTUMH, ajieé CTIMKUMHU 70 OloKOpo3ii Ta
MOXKEXK00€3MeYHUMU HEOPTraHIYHUMU
Marepiazamu (MHO- 1 Ta300€TOH, Kepam3HT,
BOJIOKHMCTI MiHEpaJbHI IUIMTH, HaNpUKIal
0a3anbpTOBl, Ta 1HII). Y TEXHOJIOTIl TaKUX
MaTepiajliB  HE TUIBKM  3aCTOCOBYIOTHCS
CHeliaJibHl TNPUPOAHI IHTpenieHTH (Kpenna,
ruHY, BanHsK, nipodimt (Al203:4S102-H20
a6o ASsH, ne Tyt 1 mami OyayTh 3acToCO-
ByBaTucs ckopoueHHs: A — Al2O03, C — CaO,
S - SiO2, H — H20) Ta inmmi), ane i mry4Hi i
TEXHOTeHHI1 (CmemialibHi BUAM  B'SKYUYHX
PEYOBYH, MOPUCTI HaMoBHIOBaY1 Ta
3allOBHIOBAYl  PIi3HOrO  (YHKIIOHAJIBEHOTO
ckimany  (CIyd4eHWH — TepIiT,  arjomopHT,
BiJIBaJIbHI Ta TPaHYJIbOBaHI IIJIAKU, BiIXOIU
depocrulaBHUX ~ BUPOOHMLTB Yy  BUIVIAIL
KBaploBUX Mikpochep 1 T.1m.)). HasBHicTb
TaKoi BEJIMKOI CUPOBMHHOI 0a3H, y T. 4. TaKoi,
IO BKJIIOYAE€ BIAXOMU PI3HUX BHPOOHHIITB,
CTBOPIOE HEOOXIAHI KOHKYPEHTHI YMOBU ILIHUX
TEXHOJIOT1I HaBITH 32 HASBHOCTI B HUX CTauiil
TepMOOOpOOKH  (aBTOKJIAaBYBaHHs, PO3/yB
PO3IIIaBiB, CIIIKAHHS PU BUITATIOBAHHI).

AHaJi3 OCTAHHIX JOCJHiIKeHb i my0JIi-
Kamid. Yumano eQeKTUBHUX TEIUIOI30J1s-
[MIHHUX MaTepiaiiB BiTHOCATH 1O CHUCTEMHU
CaO — Al;03 - SiOo, o MOSICHIOETHCS
MOJIMBICTIO ~ 3aCTOCOBYBaTM B  IXHIH
TEeXHOJIOT11 HenediuTHI B'sKydi (TirC, BaITHO,
TJIMHY Ta KAOJIiH, MOPTIAH- 1 TITMHO3EMHUCTHI
[IEMEHT, KPEMHE30JIb Ta 1HIII) 1 HaITOBHIOBaYi
(micok, MaMOT, TIMHO3EeM, MUIAKH, IIaMOT,
nepmiT Ta iHmi). Pa3om 3 TMM Taki Marepiaau
3aJIOBOJILHSIOTHh 32 TEXHIYHUMH XapaKTepHC-
THKaMU BHUMOTH HE TUIBKH JIO DPI3HUX THIIIB
TETUTO130JIA 1T OymiBeb i CHIOpy I
MIPOMHCIIOBOTO Ta IMBUIBHOTO OYIBHUIITBA, a
W 10 TEIUIoi30AIii TEIUIOBUX arperaris,
CHEIIaIbHOTO OCHAIICHHS M PO3JTHBaHHS
CIUIaBIB KOJILOPOBUX 1 OJaropoJgHUX METaiB,
BYy31iB 1 KOHCTPYKWIA HOBOT  TEXHIKH.
besymoBHO, 3a MacmitabamMu BUPOOHHUIITBA M
yHI1(IKOBaHOCTI (PYHKILIOHAIBHOIO 3aCTOCY-
BaHHS BUJIUISAIOTHCS TEILIOI30IAIIINHI BUPOOH
Ha OCHOBI IIAMOTy — IIAMOTHUH JIETKOBAar, a
TaKO)X BHPOOM Ta MaTepiaJd Ha OCHOBI
MiHepallbHUX BOJOKOH. OpHAaK creuianbH1
TEIUIOI30JIAINHI ~ MaTepiaJii  Ha  OCHOBI
MIHOCKJa,  KOPYHIOBHUX 1  KBapIOBHX
MIKpocdep, MyYJITOBOrO Ta KOPYHAOBOTO
BOJIOKHA  HEOOXilHI B  TNPOMHCIOBHX
MacmTabax Juisi O0'€KTIB HOBOI TEXHIKH.
Binbin Toro, B ocTaHHi /1Ba JECATHIIITTS Pi3KO
3pocia  motrpeba B TEIUIOI3OJSAIIMHUX
MaTtepiamax Ha OcCHOBiI BomactoHity (CS),
a"Hoptuty (CAS2) 1 rekcaaqioMiHaTy Kalbliio —
ooniTy (CAs). Taka TeHIeHIIis1 00yMOBIICHA HE
TITBKH BHCOKOK TEIJIOI30JIAIIINHOK  edek-
TUBHICTIO, aJie 1 PO3MIUPEHUM TeMIepaTypHUM
iHTEepBajgoM ekcruryaramii  (Big 1250 1o
1750 °C) B 0cOOAMBO arpecMBHUX TIa30BHUX
CEepPEeNOBUINAX, Yy TOMY UYHCIl 3 BHCOKHM
BMmictoM CO, y KOHTakTi 3 ByIJeuem i
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OararbMa  KOJIbOpOBUMH  MeTanmamu.  Lli
BIIACTHBOCTI MAalOTh BHpIIIATbHE 3HAYCHHS B
3aCTOCYBaHHI ~ TakMX  MaTepialiB It
BUTOTOBJICHHSI OCHACTKHU JIUTTS aJIFOMiHIEBHX
Ta I1HIIUX CIUIaBIB KOJIbOPOBUX METaliB 1

KOHCTPYKIIHHOTO  (yTepyBaHHS arperariB
OpraHIYHOTO CHHTE3y ¢  eJIeKTpOJIi3epiB,
crieriajgbHuX 3aXUCHUX eKpaHiB 1A

TEIUIOCHEPTETHYHUX YCTAHOBOK, & TaKOX JUIs
BUTOTOBJICHHS Ha X OCHOBI HOBOT'O TIOKOJIIHHS
[UIAKOYTBOPIOIOYMX 1 TEIUIOI30JIFOI0YNX
cymimerr (IIIYC i TIC) mist 3acTocyBaHHS B
KOBIIIAX KOHBEPTOPHOI BUIUIABKUA CTalli 1 B
KpUCTaJi3aTOpax  MamuH  Oe3nepepBHOrO
JIUTTS 3arOTOBOK. 3 LIUX MPUYUH PO3POOIICHHS
TaKUX TEIUIOI30JIALIMHAX MaTepialliB aKTyalb-
HE JUTSI PI3HUX Taly3eid IPOMHCIOBOCTI.
®Di3UKO-XIMIYHOIO OCHOBOIO OTPUMaHHS
marepianiB cuctemu CaO — AlOs — SiO; €
BIJIMOBIHA Jlarpama CTaHy, S5Ka JOCHTh
JeTaIbHO JOCIIPKEHA Y 3B'13KY 3 BOKJIMBICTIO
il [MICUCTEM VIS TEXHOJIOTIT
MOPTJIAH/ALEMEHTY, TIIMHO3EMHUCTOTO IIEMEHTY
i amoMocWIiKaTHUX BorHerpuBiB [1-5].
Ocob6nuBocTi (pa30yTBOPEHHST MaTepiajiiB L€l
CUCTEMU 3aJIE)KHO BIJl CUPOBUHHUX
KOMIIOHEHTIB, IX IHepeaicTopii, JUCTIEPCHOCTI,

MIKPOCTPYKTYPHOIO MOPUCTICTIO npu
OTpUMaHHI TaKuX TETUTO130JISIIIITHIX
MaTepiajiB J03BOJISI€ 3aCTOCYBaHHS BaIHIHO-
rincoBux BSDKYyYMX, KapOoOHATy Kajblliio,
MOAMGIKYyIOUMX J00aBOK, a TaKOX CTYITiHb
JIMCTIEPCHOCTI KO>KHOTO CHPOBHHHOTO
KOMITOHEHTa i 0COOJIMBOCTI TEPMOOOPOOKH.
BuzHayeHHsi MeTm Ta 3aBJaHHS
JOCJTiIKeHH . Buknaneni o0CTaBUHHU
BU3HAYHMIIM METY pOOOTH — JOCTITUTH (i3UKO-
MEXaHIYHI BJIACTMBOCTI 3pa3KiB TEILIOI30JIs-
MIHHUX ~ MaTepiamiB  BOJIACTOHITOBOTO U
aHaAJIOrOBOT0 (ha30BOr0 CKIALY, OJEPKYBaHUX
METOAOM  JUTTS B po30ipHi  Qopmu
CaMOTBEpAIIOYMX Mac 3  HaloOBHIOBaya
(KBapLOBHMI TMMCOK — Kpeiaa) 1 BaIHAHO-
riIcoBOro  B'sikydoro 0e3  3aCTOCyBaHHS
MiHOYTBOPIOBAYa Ta BUTOPAIOYUX JOOABOK.
OcCHOBHA 4YacTHHA JOCTiIKeHHHA. Sk
OCHOBHI CHPOBHHHI MaTepialii 3aCTOCOBYBAIIN
HeneIimUTHI Ha YKpaiHCBKOMY PHHKY 1
BIJHOCHO JleIeBl MaTepiaiu: rimc
AptemiBcbkuii Mapku [-10; kpeliny mapku
MMC-2; kBapuoBuii micok HoBocemiBChbKuit
MeJeHH Mapku A 3 MUTOMOIO TOBEPXHEIO
4500 cm?/T; BaITHO raiieHe 1 copty
BupoOHunTBa Il «Apka-cepBic»; TIMHO3EM

HasBHOCT1 JIOMIIIIOK 1 BBEACHHS CIEIIaIbHUX mapku [00.
no00aBoK BHBYaOThCs Aoci [6-9]. Ha nymky OxcunHui CKJIaJ CHUPOBHHHUX
aBTopiB poOiT [10-13], HaWOITBII TOYHO MaTepiajiB  BM3HAUY€HO 3a pe3yJibTaTaMu
YIPaBIATH IIPOLIECOM dbopmyBaHH: XIMIYHOTO aHaJli3y Ta HaBeJleHO B Tal. 1.
Tabmums 1
XiMIYHUH CKJIaJ] CHPOBUHHHX MaTtepiaiiB (Mac. %)
o Hepo3- | Brpatu npu
Hiﬁﬁiy Si0. | AlOs E;Z Ca0 MgO S0, | i HPPOWRIE'
3aJTMILOK BaHHI
[irc 0,61 0,77 | 011 37,58 1,51 50,4 - 9,02
Kpeiina 1,20 - 0,19 54,02 HE BU3H. | HE BU3H. 2,20 42,39
ITicox 99,59 - 0,13 | He BU3H. | He BU3H. | HE BU3H. - 0,28
Bamnao 1,23 0,51 | 0,41 65,32 0,40 HE BHU3H. 1,79 30,34
I'muuozem | 0,02 | 99,44 | 0,02 | He BU3H. | HE BU3H. | HE BU3H. - 0,52

Bci cupoBuHHI MaTepianyd BHCYIIEHI B
CyIIWIbHIM 1madi [0 MOCTIMHOI Baru mpHu
110°C. KgsapuoBuii miCOK 3aCTOCOBYBaBCS
TOBAPHOI'O CTYINEHS JUCIEPCHOCTI, INIMHO3EM

MOJIONM Yy BiOpoMiMHI 3 MOAH(DIKYIOUYOIO
T00aBKOIO /IO TIOBHOTO TIPOXOJKCHHS Yepes3
cuto Ne 0063. BanHo, rirnc i Kpeiay MOJIou B
KYJIbOBOMY MJTUHI (CTIiBBITHOIIIEHHS
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KyJs : Matepiasl ctaHoBuiio 4:1) 10 MOBHOTO
npoxo/ukeHHsT depe3 cuto Ne 0315. 3mimny-
BaHHS MaTepiajliB MPOBOJWIMA B JIBOBAJILHOMY
JIOTIATEBOMY Z-nioniOHOMY 3MilTyBadi
npotsaroM 20 XxB, MicAS YOro  JI0/1aBajiu
PO3PAaXyHKOBY KiTBKICTh BOJOMPOBITHOT BOAM
1 mepeMimryBajau mMacy 1e 5 xB. ['0ToBy macy
pPO3MUBAIIM B 3MAllEHI COJIZ0JIOM po30ipHi
MetaneBi ¢opmu (50x50x50 mMM), HAIITUIIOK
Macu 3HIMQIM METAJCBHM INIMATEIeM. 3
KOXHOT'O CKJaJy Mac rOoTyBaJld MO 8 3pa3KiB.
3amuTi ¢dopMu ToOMImATH B 1en0(aHOBI
MIIIKY 7151 3a100iraHHs BUIIAPOBYBAaHHS BOJIU
3 BIIKPUTOI MOBEPXHI 3pa3KiB, 1 «TEPMOCHE»
tBepAiHHs npu 60 °C npoBoawiu npotsrom 1
no6u. Ilicns posmamyOku 3pa3Ku BUCTABIISIIN
Ha MIAMOTHI IIACTAaBKA U OONAJIOBAIIM B
TYHEJbHIM  Ta3oBii meui mpu  pi3HUX
Temneparypax sunaiy — 1220, 1260 1 1280 °C.

PentrenodasoBuii aHai3 NpoBOIMINA Ha
mudpakromerpi  JAPOH-3M. Inenrtudikamis
(a3 3milicHIOBajIacs y BiIMOBIIHOCTI 3 JTAaHUMHU
KapTOTeKH  aMEPHKAaHCbKOTO  TOBApPHCTBA
ASTM. [Terporpadiuni JIOCITIJDKEHHS
MPOBOMIIA METOJIOM BHUBUEHHS MOPOIIKOBHX
npod Marepialy B IMEpPCIMHHMX IIpenaparax
(cranpapTHui HaOip imepciiinux pinun [DK-1)
1,1 TToJIsipy3aIinauM Mikpockormom MIH-8.

di3uKo-MexaHIYH1 BIIACTHBOCTI
oOmnajeHux 3pa3KiB BU3HAYalld CTaHAAPTHUMHU
JUI KepaMiKi METOAAaMH, sIKi TapMOHI30BaHi 3
€pponeiicbkumu EN 1 ISO 3a BumiproBaHHSIM
ysBHOI miutbHOCTI (j), ycamku (Al) 1 mexi
MII[HOCTI TIPH CTUCHEHHI (Ocr). CKIIaau MIUXTH,
BOJIOTICTH JINTTEBOI Macu (W), 4ac 3aKiHUCHHS
TyKaBJIeHHS (T), cepeqHi 3Ha4eHHs (i3uKo-
MEXaHIYHUX BJIACTUBOCTEH 1 MaKCHUMallbHa
temmneparypa sunany (T) nogani B Tab. 2.

Tabmuns 2
CkJtaam Ta BIACTHBOCTI 3pa3KiB
S{?f;;g Kpeiina | T'inc | Ilicok | Bamuo | ['muHO3eM \(%’ . /i ’Mg &cﬁ’a %/i’ XTB’ ;FC’
1 44,00 | 22,00 | 34,00 — — 50 | 1,12 | 3,0 [136| * | 1220
2 44,00 | 22,00 | 34,00 — - 45 | 105 | 25 | 55 | 10 | 1220
3 44,00 | 22,00 | 34,00 — — 40 | 1,00 | 1,7 | 51 5 11220
4 44,00 | 22,00 | 34,00 — - 381104 | 16 | 6,2 | 10 | 1220
5 43,60 | 15,26 | 34,60 6,54 — 45 | 108 | 19 | 9,3 * 11220
6 43,60 | 15,26 | 34,60 6,54 — 40 | 101 | 1,7 | 36 | 10 | 1220
7 43,60 | 15,26 | 34,60 6,54 - 351103 | 24 | 41| 10 | 1220
8 47,00 | 19,00 | 34,00 — — 50 | 1,02 | 1,2 | 56 | 25 | 1220
9 47,00 | 19,00 | 34,00 — - 50 109 | 1,8 | 1,3 | 20 | 1260
10 47,00 | 19,00 | 34,00 — — 50 | 0,87 | 23 | 29 | 20 | 1280
11 31,40 | 11,00 | 36,20 | 21,40 - 45 | 107 | 1,7 | 39 | 25 | 1220
12 31,40 | 11,00 | 36,20 | 21,40 - 45 |1 098 | 29 | 3,1 | 20 | 1260
13 31,40 | 11,00 | 36,20 | 21,40 - 45 | 106 | 7,2 | 57 | 20 | 1280
14 31,40 | 11,00 | 36,20 | 21,40 - 50 | 1,07 | 57 | 21 | 10 | 1260
15 31,40 | 11,00 | 36,20 | 21,40 - 50 | 1,04 | 6,0 | 2,7 | 10 | 1280
16 15,00 | 20,00 | 20,00 - 45,00 50 | 1,16 | 6,6 | 3,0 | 10 | 1260
17 15,00 | 20,00 | 20,00 — 45,00 50 | 1,09 | 46 | 2,7 | 10 | 1280
18 15,00 | 20,00 | 20,00 — 45,00 70 | 094 | 12 | 7,3 | 20 | 1220
19 15,00 | 20,00 | 20,00 - 45,00 70 | 1,04 | 55 [18,3| 20 | 1260
20 15,00 | 20,00 | 20,00 — 45,00 70 | 0,92 | 2,2 [11,7| 20 | 1280
21 15,00 | 20,00 | 20,00 - 45,00 65 | 1,10 | 2,2 | 2,7 | 10 | 1260

[Tpumitka. *3pasku micias po3naryOKu
HaTBISIMU.

HE 3aTyXaBiH, Ae)OpMYyIOTbCS NpPU HATUCKAHHI

30ipauk HaykoBux npanb YKpAY3T, 2019, Bun. 186

58




30ipHUK HAYKOBHX Npanb YKPaiHCHKOI0 Aep:KaBHOr0 YHIBEPCHUTETY 3aJi3HHYHOI0 TPAHCTIOPTY

Cxnagu muxta Ne 1-15 B mepepaxyHKy
HA OKcHau  Onu3bKi 110 crexiomerpii
BojacToHiTy, a Ne 16-21 — no crexiomerpii
aHOPTUTY. B OKpemHx rpymax CKJIaiiB 3acTo-
COBYBIM TIIBKH TircoBi B'skydi (Ne 1-4,
8-10, 16-21), a jus BCiX IHIIMX CKJIaaiB
3aCTOCOBYBaJIM KOMOIHOBaHE BAIHSHO-TIIICOBE
B'sbKkyde. HasBHiCTP y  CKIagax  [IMXT
cynbdaTy KambIlito (Tirnc), kapOoHaTy KaJblIiio
(kpeiima) 1 rigpary KanbIlito  (BamHO)
3a0e3medye MPOTIKAHHS y BHIaJI IPOIECIB
necynbdypartii, nekapOonizaiii i gaerigpararii
3 BHUJAJICHHSAM 13 3pa3KiB  BIANOBIAHHX
ra3onoMiOHUX  MPOJYKTIB, IO BHU3HAYAE
dbopmyBaHHs xapakTepHoi mopuctocTti. [li
nporecu IPOTIKAIOTh 3 pi3HOIO
IHTEHCHUBHICTIO, HE 30IrafoThCs 3 IHTEPBAJIOM
PO3BUTKY 1 BIIPI3HAIOTHCS 32 3HAYCHHSIMU
TeroBux edekrtiB. Kpim Toro, mpu Bumai
MPOTIKAIOTh HE TUIBKH JIECTPYKTHBHI MPOLECH,
ajle 1 CHHTE3 HOBOYTBOPEHb KpPUCTATIUHUX
¢a3, 3poCTaHHA 1 Opi€HTAlis LUX KPUCTAIIB,
YTBOPEHHS 3pOCTKIB, TJTaBJICHHS
MIKpPOJOMIIIOK, TOJXIMOp(HI TNEepeTBOPEHHS:
B-CS — a-CS (nceBmoBosactonit) npu 1125°C;
B-kBapi — MeTakpUCTOOANIT; TPUKIMHHUN —>
poMOiuHMit — rexcaroHanbHuil CAS2 Ta iHII.
BinemricTts 13 3a3Ha4YEHUX MPOIIECiB
3YMOBJIIOIOTh Pi3HI 32 3HAKOM 1 BEIHMYHUHOIO
o0'eMHI  3MIHM, IO MOXeE, 30Kpema,
MOpPYIIyBaTH CTEPUYHUN KOHTAKT 3€peH 1
MEPEITKOPKATH  CHHTE3Y CTEXIOMETPUIHHX
cnonyk. bararoBapiaHTHICTh 1 CKJIQJHICTh
MEXaHI3My LUX rerepoda3HuX IMPOIECIiB
HEOJIHO3HAYHO MPOSBISAIOTHCS Y BIACTHBOCTAX
3pa3KiB 3 PI3HUM CKJIAJOM 1 HE JO3BOJISIOTH 3
€IMHUX TEOPETHYHUX TO3MIl MPOrHO3yBaTH
B3a€EMO3B'SI30K  «CKJal — CTPYKTypa —
BIACTUBOCTI» (Tabin. 2). HaBiTh y 3akoHOMIp-
HOCTSIX 3MIHU (b13UKO-MEXaHIYHUX
BIIACTHBOCTEH 3pa3KiB y MexaX OJHIET rpymu
CKJIaly € aHOMaJIbHI BIIXMJICHHS.
TpakTyBaHHs TpUYUH TIPOSBY BIIXUIICHB
YCKJIQJHIOETBCS ~ 3a3HAYECHOI0  CKJIAIHICTIO
CTPYKTYpPOYTBOPEHHS MaTepiay MpH BUMAIL.

VY ckimanax, 6JM3BKHUX 32 CTEX1IOMETPIEI0
BOJIACTOHITY, 3a pe3yJdbTaTaMH pPEHTTEHO-
(dazoBoro anamizy ineHTU(DIKYIOTH 00MIB1

nomiMopHi  Momudikamii 3  TEHJCHIIEIO
3pOCTaHHs I1HTEHCHBHOCTEH JU(paKUiiHIX
MakcumyMiB  o-CS  (BHCOKOTeMIepaTypHa
MonudiKkallis, MCEBIOBOJACTOHIT) 1 3HMKEH-
HaAM iHTeHcHuBHOCTI [B-CS  (MDKIUTONTMHHI
Bigcrani (d) =0,769; 0,384; 0,350; 0,330;

0,296; 0,182 um). Cepen CYMyTHIX
KpUCTaTiuHUX (a3 BiA3HAYEHO HAasBHICTD
HerpopearoBanoro  amrigputy  (CaSOa),
kBapry (d=0,423; 0,226; 0,2183um) i

kpucrodamry (d = 0,402; 0,313; 0,249 um). B
AHOPTUTOBHX CKJIAJax IOMiHYIUOI0 (a3oro €
CASz (d = 0, 370; 0,319; 0,269 HM), a Bci
MepepaxoBaHi BUINE CIOIYKH TIPUCYTHI B
MIMOPSAKOBAHIA  KiIJIBKOCTI  (IHTEHCHBHICTh
TQpakUifHIX MaKCUMyMIiB aHTIIPUTY — Ha
piBHI (oHy). Pesympratn mnerporpadigHoro

aHaIizy Y3TOJUKYIOThCS 3 JTAaHUMU
peHTreHiBebkoi  audpakiii. Bci  maTtepianm
3pa3kiB  BHUCOKOIMOPHCTI, MICTATh 3HAYHY

KUTBKICTB TOP 3aKPUTOTO THUITY Ha MIKPOPO3-
MipHOMY piBHi. BMicT mceBIOBOIIACTOHITY B
ckimagax Ne 1-15 Big 83 mo 85 06. % y 3pas-
kax, obnanenux npu 1280 °C, Bmict B-CS —
Bix 3 10 4 00. %, ckiodaszu maino (10 2 06. %),
3yCTpIYalOThCS 3epHa (o 20 MKM)
HerepepokeHoro  kBapiy (2-4 06. %) B
arperarax (10 40 MKM) 3 METaKpUCTOOAIITOM
(5-7 06. %). V ckmamax Ne 16-21 crmocrepira-
€TbCSI 3HAYHA KUIBKICTh JPIOHUX OKPYIIUX
3epeH, sIKi TOTaHO KPUCTAalli30BaHi 1 BiIHECEH1
0 aHOPTUTY HaA TJI 3 BOJACTOHITOM, Kl
MaroTh OUTBII BUCOKHH MOKAa3HUK 3aJIOMJICHHS
(1,631-1,636). 3aranbHUl BMICT AHOPTUTY
opierToBHO 80 06. %

BucnoBku. Bci gocnimpkeHi  3pasku
MaTepiajliB  OTpUMaHO ©0e3 3acTOCyBaHHS
BUTOPSIIOYUX 1 CHOY4YylOUMX J00aBOK IpHU
MOPIBHSHO HU3BKOTEMIIEPATYpHUX pEKUMax
Bunairy 1220-1280 °C i crabinpHO 3a0e3me-
YyIOTh HU3bKY YSBHY WIUIbHICTH (He Oiiblie
1,1 r/cm®), mo 03BOJNAE TPOTHO3YBATH JUIS
HUX CEpeHE 3HAYeHHS KOoe(]iIlleHTa TeTuIo-
mpoBimHocTi  mpu  600°C  wa  piBHI
0,25 Bt/(Mm'K). XapakTepuCTHKH  MIITHOCTI
psay 1 BOJACTOHITOBOTO, 1 AHOPTUTOBOTO
ckianiB mepeBunryrots 5 MIla (Ne 13-16, 19
3a Taba. 2) 1 A03BOJIAIOTE PEKOMEHIyBaTH iX
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gk 0a3oBui  BapiaHT (3 MOJAJIBIINM HU3BKMUMHM  XapaKTepUCTUKAMU  MIIHOCTI
JOOTIPAIFOBAaHHAM TEXHOJIOTIT) TeTI0130 11 - MOXYTh OyTH penepHUMH TP OTPUMAaHHI
HUX KOHCTPYKIIIHHHUX BUPOOIB TUTSt CHEIIaIbHUX  IOPOIIKOBUX  CyMIIIeH  JIst
temneparyp ekcryatamii 1200 °C (Ne 13-15) [IUIAKOYTBOPEHHS Ta TEIUIOI30JIAIiT PO3ILIaBy
1 1400°C (Nel16, 19). Cxmamu 3 OuTbII CTaJll 1 3arOTOBOK, IO BIJJIMBAIOTHECS 3 HEI.
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THE USAGE OF BOARD COMPUTERS IN TRACTORS
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BUKOPUCTAHHA BOPTOBUX KOMIT'IOTEPIB Y TPAKTOPAX

Kanna. texn. nayk P. Kamincki, a-p nayk I'. Bicesra, a-p Texs. Hayk €. b. Yrueunko,
KaHJ. TexH. Hayk A. fcinckac, 1-p Hayk 1. Tercman, kana. Texd. Hayk O. M. Tumuenko
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The work objective was identification of present state and trends of board computer usage in
tractors available in Polish and European market. Automation of construction machines is widely
used in land management to improve the accuracy of the marking works during geodetic control.
Investigation have included: automatic control of unit monitoring — before and after starting up
engine, electronic system of automatic, damage engine switching off; fuel dosage control (engine
rotary speed), radar sensor, ventilation; gear box — gear change, gear programming, damage
diagnosis; lever — electronic steering system, damage diagnosis, steering keys outside cab. To basic
tractor units equipped with electronic steering belong: engine, gear box, lever, live axle, power take
off, radar, air-conditioner, planning.

Keywords: tractor, board computer, automatic control in tractors, optimization of
parameters.

YV cmammi posensdaemvbcs  UKOpUCmanHs OOpMoOGUX KOMN'IOmMepie Y mpaxkmopax.
Aemomamuzayis OyOiGeIbHUX MAWUH UWUPOKO BUKOPUCMOBYEMbC 8 3eMIE6NOPIOKYEAHHI, WO
niOBUWYE MOYHICMb BUKOHAHHA PO3IMIUYBANbHUX pOOIM npu 2e00e3udyHoMmy Kowmpoai. Mema
pobomu noasieana y GU3HAYEHHI CYYACHO20 CMAHY [ MEHOeHYil SUKOPUCMAHHL 60opmoo2o
Komn'tomepa 'y  mMpakmopax, OOCMYNHUX HA HNOAbCbKOMY Md  €BPONEUCbKOMY  PUHKAX.
IIpoananizosano mpaxmopu nomysicuicmio ogueyna 6i0 60 0o 194 kBm xomnaniu Case, Deutz,
Fahr, Fendt, New Holland, John Deere, Massey Ferguson, Lamborghini, Valmet, Renault.
Hocnioocenns sxnouanu agmomamuyne YnpaesiiHua MOHIMOPUHSOM azpe2amy — 00 i Nicjisl 3anycKy
08USYHA, €NIeKMPOHHY CUCEMY ABMOMAMUKU, NOWKOONCEHH BUMUKAHHA OBUSYHA, KOHMPOTb
003y8aHHs nanuea (yacmoma o0b6epmaHHs O08USYHA), pPAOiOIOKAYIUHUL OamMYuUK, SeHMUIAYIIO,
KOpoOKY nepeday — 3sMiHa nepeoad, npocpamy8anHs nepeoad, OlacHOCMUKA NOUKOONCEHb, 8aANCLIb
— @IeKMPOHHA CUCEMA PYIb08020 YNPAGIIHHA, 0IA2HOCIUKA NOWKOOINCEHD, PYIbOGI KIAGiuli no3a
Kabinow. /[0 0OCHOBHUX MPAKMOPHUX acpe2amis, OCHAUWEHUX eeKMPOHHUM PYIbO8UM YRPAGTIHHAM,
Hanexcams 08USYH (A8MoMamuyHe YRpasiinHl — nepesipka 6CMAHO61eH020 00NA0OHANHH, KOHMPOb
003y8aHHA Nanuea), Kopooka nepeday (3MiHA, NPOSPAMYBAHHSA, OIACHOCMUKA NOUWKOONCEHD),
8aXCiNL (YNPABNIHHA, OIACHOCMUKA NOUIKOOICEHDb), dHusa 6ich (010Ky8aHHsA OughepenyianbHo2o
MexaHizmy, npueoo 4x4 6MUKAHHA/GUMUKAHHS, CUCmeMd YNpaeninHa Ons ONOKY8aHHs ma
npueooa 4x4, enekmponHe YHPAGNIHHA RNIOBICKOIO NEPeOHbOi  OCI), BUMUKAHHA  HCUBTIEHHS
(6MUKAHHA/BUMUKAHHS, — pecYllo8anHs — 0bOopomy,  OIACHOCMUKA — NOWKOOJICEeHb),  padapu
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(6UMIpIOBAHHA PeanlbHOi WEUOKOCMI DPYXY), KOHOUYIOHep, NIAHYBAHHS (NPOcpamy8anHs GYHKYIl
On0Ka, pobouux napamempis, HAOAHHA KOHCYabmayit). Hwi cucmemu, wo 3Haxo0amovcs 6 cmaoii
PO3pOONeHHs T AKI, AK OUIKYEMbCA, 0Y0YyMb BNPOBAONCEH] HAUOIUNCUUM YACOM | MOANCYMb OYymu
yikasumu 0Jisl NOIbCbKUX KOPUCTNYBAYIE 3 MOUKU 30y Oe3neKu npayi. CUSHATbHUL NPUCMPILL PUSUKY
Oanancy8anHs mpaxmopa, AKull modice Oymu 000aHuil 00 He3ANeHCHO20 PO30iTy 00 BUMO2
Kopucmysaua 00 mpakmopa abo € yacmuuolo 00pmogoi Komn'romepHoi cucmemu ma
eeKMPOHHO20 OJIOKA, WO KOHMPOTIIOE ABMOMAMUYHE KPINaeHHs (Ni0BICKY) IHCMpPYMeHmis.
Kniwwuosi cnosa: mpaxkmop, 60pmosuii Komn'tomep, ABMOMAMUYHUL KOHMPOAb )

MpaKmopax, asmomamu3ayis napamempis.

Introduction. Since 1989 in Polish
market there have been offered modern
tractors, produced by Western companies,
equipped with electronic steering and control
systems [1,2]. These systems include
microprocessors for particular tractor unit
service or board computer (microprocessor,
microcomputer) for steering and control of
several tractor units. Today, with the wide use
of mechanization of works geodetic control is
combined with geodetic monitoring for work
of executive devices of earthmoving machines
at construction of formation. Geodetic monito-
ring is providing installation and moving
executive devices of the construction machine
in accordance with the specified design position.
In Polish agriculture only small percentage of
tractors is equipped with such systems.

According to the Institute of Technology
and Life Sciences, Mazovian Research Centre
in Ktudzienko forecast — in the coming years
the sale of such tractors in Polish market will
be growing, mainly because of the increase of
economic and ecological requirements and
work quality, comfort of driving and service
[3]. It is forcing the technical progress
improving tractor designs and adjusting them
to new requirements. More and more effective
control systems are introduced to improve
agricultural tractor usage. Transmission of
signals between them (communication)
enables realization of complex agro technical
operations with quality (precision, accuracy)
impossible to be reached by traditional
(mechanical) driving systems of tractors and
agricultural machinery.

Introduction of numerical techniques,
allowing transmission of large number of

information with significantly reduced number
of cables was especially important from the
point of view of application of electronics in
tractors.

Statistic in Figure 1 shows the share of
tractor registrations in Poland in 2015 by
brand, in percent. The american companies
New Holland and John Deere took the two
spots at the top of the table, while the Czech
brand Zetor was the third largest seller of
tractors, claiming 13.47 percent of the polish
market [4].

Statistic shows the share of the European
tractor market held by the largest tractor
brands in 2015. American brand John Deere
holds the greatest share of the market,
followed by New Holland, Fendt and Massey
Ferguson. These four brands combine for more
than half the total sales of tractors in Europe.
While John Deere was the single brand with
the largest share of sales in Europe, although
the Case New Holland group (which consists
of New Holland, Case IH and Steyr) was the
largest group in the market [5].

Computer control systems are going to
take over more and more functions, not only in
operating, but also in tractor diagnostics. The
computer shall not only detect the failure but it
shall inform the nearest authorized service to
prepare all necessary parts for repair including
term of repair the tractor. Further, it shall
forecast tractor’s failure and informs the
operator-owner on time. All these tasks will be
simplified by geographical positioning system
(GPS) system, which locates the position of
the tractor on-line. It is assumed that in the
near future, tractor shall be operated by remote
control from the control center [6].
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New Holland
John Deere
Zetor
Deutz-Fahr
Kubota

Case IH

Claas

Valtra

Massey Ferguson
- 1.85%

Steyr

McCormick 1.42%

16.68%

15.22%

7.65%

Expand statistic

Fig. 1. Market share for brands of tractors in Poland 2015 [4]

Research objective. The objective of
investigations was a trial of assessment of
board computer usage possibility in tractors.
The analysis was based on tractors produced
by Case, Deutz, Fahr, Fendt, New Holland,
John Deere, Massey Ferguson, Lamborghini,
Valmet, Renault companies, sold in the largest
quantities in the Polish market.

Analysis. In tractors the systems of
engine, gearbox, hydraulic ram, rear-wheel
steering etc. can be linked together by cables
transmitting digital data [7]. Steering and
control systems located in the machines
aggregated with tractor can co-operate with
board computer installed in tractor. Usage of
electronic system controlling interactions of
system including: driver, tractor, machine and
soil gives huge possibilities of improvement of
aggregate work results, among others by:
efficiency  increase, fuel  consumption
decrease. Electronic adjustment of machines
requires the compatibility of tractor computer,
machine processor, cables and couplings
necessary for connection of computer with
machine processor to be achieved. Those units
have been already standardized, and that is
why the tractor may be aggregated with

machines equipped with electronic systems
produced by different manufacturers. There
are growing possibilities of electronic steering
of farm tractor functions in two new technical
solutions: system of tractor positioning in the
field and system of mutual telecommunication
between tractor, machine and office [8].
Recently Companies have demonstrated new
tractors with hydrostatic drive and automating
steering system without cabs and drivers, but
in practice, those systems are not offered in
Polish market.

The companies existing in Polish market
equip their tractors with computer systems for
measurement, registration, monitoring and
automatic control of working parameters. In
Poland there have been already distributed
systems of indicators informing of a tractor
malfunction and what is the remedy, as well as
diagnostic systems applied in repair shops,
simple electronic control devices (e.g.
electronic limiter of rotation number, limiter of
TUZ-[three point suspension system] upper
position), microprocessor systems for several
parameters control in particular sets of tractor
(e.q. lift, gear box or engine), complex systems
for automatic control of tractor-agricultural
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machine aggregates with board computers
usage with modular structure (with possibility
of adding of modules and enlarging by that the
range of control) together with steering
elements (electric valves, sensors) installed in
tractor units and interconnected by a signal
transmission bus.

Electronic units in tractor. Electronic
units in tractor include: tractor’s units driving
system (engine, gear box, lift, chassis etc.);
information, regulation, control (process
control, information about switched units,
tractor drives, fixed working parameters, gear
change, switching in and out of front shaft
drive etc.); diagnostics allowing system self-
control, analysis and signaling of damages and
places of their appearance; management
(collection of work results e.g. work time,
cultivated area, harvested yield, consumed
materials, costs, undertaking of decisions
about changes of work regimes etc.);
aggregate tractor-machine function connected
among others with transmission of data from
machine sensors to board computer at tractor
and control of aggregate work parameters;
satellite system of fixing the machine position
on field (satellite navigation); telecommuni-
cation system between tractor board computer
and stationary computer at the office.

Analysis of existing solutions has
shown, that electronic steering systems should
have modular structure with mains joining
particular modules in one unit, forming
integrated (not fully) automatic system of
electronic aggregate steering with usage of
board computer, as it has been applied e.g. in
Lamborghini 165 Racing computer (see
Fig. 2). At present the steering is done by
comparison of values of different tractor
working parameters (e.g. real wheel slippage
value, adjustment driving force to optimal
value and other parameters and their
optimization), as the optimization criterion
there is often used the efficiency maximization
or fuel consumption minimization.

The main factor deciding of the working
quality of automatic systems applied in farm
machinery driving units is the quality of signal
provided by a head unit [9]. Taking into

account  disturbances  factors, maximal
accuracy of machinery positioning is situated
in the range from 3 to 5 meters. For improve-
ment of accuracy positioning, correction
signals are utilized. John Deere Company has
its own StarFire correction network and makes
accessible free of charge correction signal
SF1, which makes possible to evaluate certain
placement with accuracy of 30 centimeters.
For signal SF2 with 10 centimeters accuracy
of placement, customers have to pay for this
service. But by providing private reference
station RTK, it is possible to obtain 1 to 2
centimeters of accuracy. Receiver iTC makes
it possible to receive all tree signals SF1, SF2 |
RTK. Definition iTC means, that each
standard John Deere receiver is equipped in
“Terrain Compensation Module”, which
makes possible to work on slopes. There are
three different guidance systems for driving
agricultural machines in the field: Parallel
tracking, Universal AutoTrac and AutoTrac.
Paralel Tracking is the simplest system for
machinery guiding in the field. System
operation consists in determination of the first
passage and then introduction of machine
working width value. This system enables the
field works to be done without markers, when
visibility is poor and at night.

Universal AutoTrack is equipped with
fully automatic machine driving. It consists of
an antenna and a screen. Additional element
contains a special steering mechanism
installed in a steering column and a special
card which activates automatic guiding of the
machine. AutoTrac system is dedicated to the
new farm machinery developed by John Deere
and requires the installation of special modules
to the hydraulic steering unit to provide
parallel driving called AutoTrac Ready.

All systems described above are equipped
with the same type of screen GS4, the same
receiver StarFire iTC and they can recognize
all offered correction signals SF1, SF2, SF3
and RTK. They differ only by the elements
installed in a certain model of machinery and
certain types of activated options. A selection
of accuracy depending on different type of
field work is characterized in table 1.
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Fig. 2. Lamborghini 165 Racing tractor equipped with board computer (electronic control device):
a — control panel shoving e.g. witch units are working, gear change, in/of front axis drive,
differential mechanism locking, WOM (PTO), work parameters of engine gear box — oil
pressure in engine, box, oil temperature, cooling fluid etc. and faults; b — multifunction
steering lever — gear change, adjustment of engine rotary velocity, lifting link control;
c — engine rotary velocity programmer; d — steering console for front and back WOM (PTO),
in/of 4x4 drive, differential mechanism blocking, SBA system; e — lifting link steering panel —
up/down, locking, transport, control of up/down speed, adjustment of work parameters
(power, position, slippage), alarm, steering keys on wing; f — radar sensor of driving velocity;
g — data monitor — shows e.g. tractor velocity, engine and WOM (PTO) rotary velocity,
slippage, tool working depth, working width, cultivated area, work period, efficiency etc.;
h — camera with monitor for machine watching from tractor back. Source: own elaboration

Table 1
Accuracy selection depending on different types of field work [10]

AutoTrac option Optimal to: Correction signal Accuracy
AutoTracSF1 Tillage SF1 +/-33cm

Fertilization (free of charge) +/-16,5cm

Spraying +/-11cm
AutoTracSF2 Planting/sowing +/-10cm

Spraying/fertilization SF2 +/-5cm

Harvesting (subscription) +/-3,5cm
AutoTrac RTK Planting

Deep tillage RTK +/-2cm

Repeatable intertillage (single activation) Repeatable

TPl Company offers parallel navigation

system called TOPCO SYSTEM 110 which is
dedicated to provide all agriculture field

operations requiring parallel driving as it is
shown in Fig. 3,a. Color screen enables field
work to be done during a day and at night as
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well. Consol system 110 with a screen allows
selection of tree different ways of work:
straight AB, two types of curves or movement
along a circle. It is also possible to provide an
automatic reversing. On a screen of console,
we can find the following information: driving
speed, area of cultivated field, number of

passes, number of accessible satellites,
deflection from the driving pass. System is
equipped in 3 USB connectors type 12 pin
DTMO06-12S Deutsch and two types of GPS
antennas: AGE-1 and AGE-2 with frequency
measurement of 20 Hz.

Fig. 3. Positioning system made by TPl Company [11]:
a— TOPCON System 110; b — TOPCON System 150

Recent solution developed by this
company is a precision system of automatic
steering called TOPCON System 150 of
2 centimeters accuracy — it is shown in
Fig. 3,b. In this solution the newest technology
of precise positioning of Japanese corporation
TOPCON is applied.

At present the most popular systems
applied in tractors available in Polish market
are included in the first four groups mentioned
above. They will be especially analyzed
because of their widest usage. They directly
concern the tractor, but not the external
systems connected with electronic steering of
agricultural machines, satellite navigation, co-
operating computers installed in the office.
Electronic linking of tractor units (assemblies)
enables creation of work control system almost
in an optimal way. To achieve this goal, the
units should be arranged in the way enabling
measurement of characteristic parameters to be
done and they should be equipped with control
devices as well. The very essential elements of
electronic systems are indicators and
instruments for measurement of functional
parameters, being the input data for control
systems. Quality of control and steering

significantly depends on quality and reliability
(stability) of sensors and gauges. In a lot of
cases just only placement of sensors or gauges
has caused particular technical problems,
connected e.g. with space they are to be
located, structural Ilimitations of tractor’s
construction,  tractor  units,  measuring
instruments size and reliability (stability):
technical quality and measurement precision
(e.g. fuel consumption gauge, sensor on shafts
working in oil etc.).

Engine electronic systems. Engines are
equipped with electronic injection system to
control and steer the engine work by proper
fuel dosage that allows reduction of both — fuel
consumption and harmful chemical
compounds emission to the environment — to
be achieved. It is automatically done, without
any operator invention. Realization of such
steering standard requires installation of about
20 sensors in the engine to measure its work
(oil pressure in engine, gearbox, oil
temperature, cooling liquid, etc.). Modern
tractors are equipped with electronic
acceleration systems with manual control. An
operator adjusts the engine rotary speed by the
use of switches buttons, and through the
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control unit. Such an engine revolution
adjustment allows you to save and switch on
the minimal or maximal revolutions, temporal
keeping of preset revolutions and to return, by
pressing push-return button, to acceleration
control by means of the accelerator pedal.

Additionally, tractors are equipped with
electronic units with automatic adjustment of
gearbox ratios according to tractor speed and
wheel slip. Switching of gear is done by signal
transmission (by key push) to microprocessor,
which completes calculations and switches
adequate pair of gear-wheels with hydraulic
steering. Some tractors of SAME company are
equipped with  MULTISPEED gear boxes,
where engine output power is controlled by
electronic steering system, sending adequate
data to the central unit. Depending on engine
power the steering system sets up the proper
work mode — SOFT (economical) or HARD
(maximal possibilities). If steering system
discovers errors (damaged coil of electronic
control valve, locked key, lack of engine
power) it signals them by code. Usage of gear
box MULTISPEED (switches MULTISPEED)
enables constant power flux transferred from
engine to gear box and tractor wheels, allowing
for efficiency increase, operation time
shortening, and by the same — fuel and costs
reduction. Selection of adequate mode of gear
work, range, speed, drive direction is done by
keys without pushing the accelerator (under load).

In case of automatic gears, steered by
AUTOMATIC-POWER-SHIFT system e.g. in
DEUTZ-FAHR company tractors (Agrotron
160, 175, 200) it is not only possible to select
gear work mode ECO (economical) or
POWER (maximum of possibilities), range of
speeds (gear group), particular gear, drive
direction but also to programme gear box in
such way, that gear can be directly switched or
can be reduced — e.g. gear in upper range of
speeds above which system does not change
the gear.

In Polish market a share of tractors with
four-wheel drive is growing. In typical
solution invariable position in front axle drive
is used, and difference of wheel peripheral

speed in relation to rear axle should range
from 1 to 5%. It causes tensions in driving
unit between front and rear axle, reducing the
transferred power. For reduction of power
looses in driving unit the special electronic
sensors are used allowing switching on or off
by clutch of front axle hydraulic drive in the
moment of tension appearance. In standard-
equipped tractors an operator must often
switch on and off gear drive and lock
differential mechanism manually by lever as
well as to lock differential mechanism. Usage
of front axle drive and differential mechanism
locking is necessary during work in bad
adherence conditions, during field works, with
high wheels turn, work on slopes, driving on
damaged ground or road surface. For that
reason, tractors are optionally equipped with
front drive and electro-hydraulic interlocking
of differential mechanism switched on by
pressing the keys. However, an operator has
still often had to connect and disconnect front
drive and locks. To avoid the above
inconvenience, the tractor may be equipped
with electronic steering system e.g. SBA
System Control in tractor of LAMBORGHINI
(e.g. 165, 190 Racing), where automatic
control of two  functions  appears
simultaneously. Four-wheel drive is typically
switched on during field works and
automatically switched off when tractor speed
equals 15 km/h. Differential mechanism is
usually locked, lock is released when
asymmetric braking up appears, speed exceeds
15 km/h, wheel turn exceeds 200 angle at
speed lower than 10 km/h or turning has angle
greater than 50 at speed exceeding 10 km/h.
Given ranges of speeds and angles are
connected with calculated hysteresis curve and
when the next locking condition of differential
mechanism occurs, locking appears when
tractor speed is lower then 2 km/h or turn
angle is smallest than 30. Thanks to that
tractor does not loose its controllability during
work on heavy soils. When necessity of
turning with angle exceeding 200 appears,
then automatic unlocking of differential
mechanism occurs and possibilities of tractor
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handling are increased. When SBA system key
is switched off, direct drive on four wheels and
differential locking is manually started by
electro-hydraulic lever and even the tractor is
equipped with steering unit SBA, it does not
meet any control function. When SBA is
switched on, the system launches power to
front axle and it locks differential mechanism
according to tractor speed and turn the angle of
front wheels irrespective of the position of the
lever for electro-hydraulic unit steering. When
SBA is switched off the locking and front
drive mechanisms are switched on according
to lever position, so one must be careful during
e.g. system switching off with high speed,
when lever is in position of front drive
switching on.

In modern tractors lift is adjusted by
electronic unit from steering panel. Electronic
steering unit is standard version or it is
included to the system together with electronic
steering of acceleration (engine revolutions)
and gear box. In this case the tractor is
equipped with multi-functional steering lever.
Lift switches are also included in the system
which, in dependence of work mode, controls
electro-hydraulic valves of lifting system on
basis of information transmitted from sensor.
System consist of: steering unit, steering panel,
electro hydraulic valves, hydraulic pump,
power and position indicators, radar or wheel
circular ~ speed indicators, keys for
lifting/lowering on wing for steering outside
cab. System allows for lift steering in aspect of
power, position and slippage. Steering unit is
working in different modes: locking, transport,
stopping, steering of smooth acceleration,
slowing down, lifting/lowering, alarm, testing
(used only in repair workshops). Each of three
functions (power, position, slippage) can be
chosen as main or auxiliary one, or not chosen
at all. Computer controls the work parameters
according to the above selection. The system
gives diagnosis of steering unit damages
(memory error, programming, electric),
sensors (damage, disconnection), cables (main
damage, disconnection), electric valves coils
(short-circuit, disconnection). It is easy to

locate damage and eventually try to
maintenance — when sensor is disconnected,
steering valve, cables are wrong connected,
there is a lack of power, cable is broken; in
other cases, one should ask service for help.

Besides the above mentioned units’
tractors are equipped with electronic steering
units: PTO in/off, indicating its starting up,
automatically disconnecting PTO when engine
stops, switching over of revolutions between
540, 750, 100, 1400 in normal or economical
mode (in dependence of what is available at
tractor), informing on digital screen about
PTO rotary speed calculated on electronic unit
on basis of engine revolutions and indicating
system damages. Companies also equip some
of their tractor models with automatic damage
engine switching off system. For example, in
CASE tractors (7200 type) digital control
system is checking oil pressure in engine, oil
temperature in gear box, oil pressure in gear
box as well as cooling fluid temperature. If
one of the mentioned parameters is not proper,
than digital control unit shuts electricity intake
to electromagnetic valve at injection pump and
fuel in flow to the engine is stopped. System
has locking unit switching off electronic
control as well as indicators and acoustic
signals connected with engine state in aspect
of mentioned parameters. Moreover, for
measurement of real driving speed radar
sensors are used, what allows on precision
determination of percentage value of wheel
slippage in any work conditions. Percentage
value of slippage is presented graphically on
digital display in form of bar chart. Keeping
up of recommended slippage allows for
improving work efficiency, precision of
dosage of e.g. chemical means, seed sowing
and by the same results in reduction of costs
and environment protection.

As regards other electronic systems there
are used systems for front axle spring stiffness
control, electronic adjustment of cab air-
conditioner or in lever — electronic control of
the tool during transport automatically
lifting/lowering mounted tool for tractor
stabilization within driving on a road. Other
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electronic control units automatically check
the tractor units (sets, drives) work. The state
of controlled units is illustrated by the control
lights and bar charts. System is checking and
displaying information about such parameters
as: switched gear, driving speed, wheel
slippage, engine rotary speed, PTO rotary
speed, moto-hours number, service period,
working width, efficiency per hour, cultivated
surface, work time and others.

Among electronic systems of automatic
steering used at present in tractors there are
also system advising driver in selection of the
best steering solution. Such systems are not
only measuring and monitoring parameters of
tractor work, but are also assessing parameter
values, for which the best technical and
economic indicators are reached according to
chosen criteria and with tractor loading
(engine, driving units). Next they are
indicating to driver, which operation should be
done for tractor changing over from present
parameters to optimal ones. For that reason,
electronic system is calculating criterion
indicator value for sequence of tested
parameters and calculates it optimal value
according to the program. After that system is
informing driver about calculation results in
form adequate for direct usage. Driver is
undertaking decision. Such decision aiding
systems are offered among others by such
Western companies as: Datatronic, Uni-
Control, Spartronic or Hessel.

Solutions under development. Other
systems being under development and
expected to be implemented in near future and
which can be interesting for Polish users in
aspect of work safety are: signaling device of
tractor balance risk (aggregate), which can be
independent section added on user requirement
to tractor or being a part of board computer
system and electronic unit controlling
automatic mounting (suspension) of tools.
Linking of tools and machines with tractor is

operation often done and quite dangerous.
Although automatic linking makes this
operation easier, but it requires precise tractor
access to the machine or tool. Such access in
case of limited area of tractor handling is
difficult and  time-consuming.  These
disadvantages are eliminated by electronic
device, enabling measurement of the distance
between tool and tractor and by calculation of
tractor turn angle by board computer,
necessary for proper access to the tool,
allowing for the automatic mounting.

Further possibility is idea of computer
design with step-less adjustment of drive of all
wheels in which mechanical system is
substituted by hydrostatic drive. Electronic
adjustment controls the hydraulic unit utilized
to drive moment division according to load on
both tractor axles. In that way step-less change
was reached between front and rear axles.

Next step will be implementation of
step-less tractor speed adjustment with usage
of hydrostatic driving (hydraulic), next by
elimination of cab and operator receiving of
fully automated tractor with remote starting up
and control. But at present and in near future
in Polish agriculture the most important will
be tractors equipped with electronic systems.

Conclusions. On basis of above analysis
units (sections) with electronic steering were
chosen as having a possibility of wider use in
tractors on Polish market at present and in near
future as follows: 1 — engine (automatic
control — installed equipment test, fuel dosage
control); 2 — gear box (change, programming,
damage diagnosis); 3 — lever (control, damage
diagnosis); 4 — live axle (differential
mechanism locking, in/off 4x4 drive, control
system for locking +4x4 drive, electronic
control of front axle suspension); 5 — power
take off (in/off, revolution adjustment, damage
diagnosis); 6 — radar (measurement of real
driving speed); 7 — planning (programming of
unit functions, working parameters, advising).
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TEIVIOTEXHIKA (144)

YK 697.92: 697.95

MOJAEJIIOBAHHA BOJIOI'ICHOT'O CTAHY TYHEJIIB KII
«KAIBCHKHUI METPOIIOJITEH» BIIPOJOBXK KAJTEHJIAPHOI'O POKY

J-p Texn. Hayk I I'. KpykoBcbkuii, ctapui. Hayk. cniBpo0. A. 1. Jleiinexo,
imxk. B. C. Ouaiiinuk, MoJ1. Hayk. cniBpo0. /1. I. Ckiaspenko

MODELING THE WET CONDITION OF TUNNELS KP «KIEV METRO»
IN THE CALENDAR YEAR

D. Sc. (Tech.) P. G. Krukowsky, Senior Research A. I. Deineko,
Senior Research V. S. Oliinyk, Junior Researcher D. I. Skliarenko

DOI: https://doi.org/10.18664/1994-7852.186.2019.186422

IIpogedeno ananisz ekcnepumeHmManbHUx 3Ha4eHb 8iOHOCHOI 801020CMI MYHEIbHO20 NOBIMP3L
cayacoosux 3’conysanvrux 2inox (C3I) KII «Kuiscokuii mempononimeny npu Oil04ux pedcumax
pobomu myHenrvHoi eeHmunAyii énpooosdc 2018 poxy. 3 memorw OompumanHs HOPMOBAHO20
3HAYEHHs  8071020CMI  MYHeabHo20 nogimps 75 %  nob6y008aHo  KoMn'lOmepHy  MOoOeib
MeNni080102020 CMAHY MYHENI8, W0 KIIYAE 00 cebe 2eoMempudty, Qizuuny ma MamemamuyHy
mooeni.  Bepughixayias  komn’romepHoi  moodeni  Oyna  npogedeHa 3 BUKOPUCMAHHAM
excnepumenmanvnux oanux 3a 2018 pix. Moodenosanunsa mennosonozcozo cmamny myuenie C3I7
8NPO00BIHC KANEHOAPHO20 POKY NOKA3AN0, WO 3ANPONOHOBAHA 3MIHA pexcumie pobomu
BEHMUNAYIUHUX YCMAHOBOK 8NPOO0BIHC IIMHBO20 Nepiody 3 8UOANIEHHS HA HASHIMAHHA 0ACb 3MO2)
3HU3UMU  BIOHOCHY 6ojocicmb nogimps Hudicue 75 %. Pezyiomamu mooentosanns  0yiu
niOmeepodiCeHi eKcnepumMeHmanvHumu eunpooysanusamu 6 Kuiecokomy mempononimeni ma
8NPOBAOICEHI OJis1 BUKOPUCTNAHHSL BNPOO0BIHC YCbO2O KAEHOAPHO20 POK).

Kniwowuosi cnosea: mempononimen, mymneni, cuyxcboeéa 3’€0HY8aNbHA 2INKA, B0]02ICMb,
BEHMUNIAYISL, MOOENIOBAHHSL.

The analysis of the experimental values of the relative humidity of the tunnel air of the service
interconnect lines (SIL) of the Kyiv Metro KP under the existing tunnel ventilation operating modes
during 2018. It has been established that during the summer period the value of the relative
humidity of the tunnel air exceeds the standard value of 75 % under the current operating modes of
tunnel ventilation, when the air is pumped in from the stations and removed from the tunnels into
the environment.

To solve the problem, a computer model of the heat and humidity state of the tunnels was
built, which includes geometric, physical and mathematical sub models. The geometric model on a
1: 1 scale reflects the length of the 2.5 km tunnels and their spatial orientation and consists of
1.5 million cells. The physical model is a set of physical processes that take place in SIL tunnels:
the processes of movement and mixing of external and wet tunnel air, heat transfer between the
tunnel air and the rim of the tunnel wall, the processes of evaporation and condensation of water.
These physical processes are described by differential equations of heat conduction, motion,
energy, heat transfer, which are used to calculate the temperature, velocity fields for three
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components along the directions of X, y, z coordinates, pressure and humidity. The
thermogasdynamic and humidity model was developed using the Ansys CFD software. Verification
of the computer model was carried out using experimental data for 2018. Unknown tunnel air flow
rates were determined by the computer model parameters identification. When modeling the heat
and humidity state of the tunnels, the thermal inertia of the soil layer around the tunnels was taken

into account.

Simulation of the heat and humidity state of the SIL tunnels during the calendar year showed
that a change in the operating modes of ventilation units during the summer period, when air from
the environment is pumped into the tunnel and removed from the tunnels by station fans, will reduce
the relative humidity below 75 %. The simulation results were confirmed by experimental tests in
the Kiev metro and introduced for use throughout the calendar year in the future.

Keywords: metro, tunnels, service branch line, humidity, ventilation, modeling.

Beryn. Cayx60Bi 3’€qHyBalibHI TIKH
(C3T) mpusHaueHi aist 3’ €THAHHS PI3HUX JHIN
METpPOIOJIITeHy MK coboro, iHomi mo C3I
BIJTHOCATH TIIKH B JEIO 1 JUIAHKY 3’ €¢JHAHHS 3
3amizauner0. Y KuiBcbkomy MeTpomnosiTeHi
C3I' 3’eqHYyIOTh TPU CTaHINi: «XPEIIaTuK,
«Maiinan Hesanexnocti» Ta «KioBceka»
(puc. 1). ns nacaxupcbkux nepesesenb C3I0
B KuiBchbKkOMYy METpOmnomiTeHi He BUKOPHCTO-
BYIOThCSA. Bill mouaTky BBEICHHS B CEKCIUTY-
atamiro C3I-1 3 70-x Ta C3I'-2 3 80-x pokiB
XX CTONTTS 3aCTOCOBYIOTHCS BHKIJIIOUHO B
CiIy’)k00BUX MIISAX: TEPETiH BaroHiB 3 OJHIET
poOouoi TUIKM Ha iHILYy, NPOI3J /A0 BaroHo-
PEMOHTHOTO 3aBOJy, IJIAHOBE MPOXOHKEHHS
KOJIIEBUMIPIOBAJLHOTO BaroHa Mo BCIX JIHISIX
tomo. Ilepenbauena cucrema TyHENIbHOI
BeHTwsmii C31° moBuHHA 3abe3neuyBaTu
BOJIOTICTh TYHEJNBHOTO TIOBITPS HE BHIIE
HopMoBaHoro 3HaueHHs 75% [1]. Tlpote
Maii)Ke IMOPOKY MPOTITOM BECHSHO-TITHHOTO
Ta YacTKOBO 3MMOBOIO NEPIOJIB BOJIOTICTh
noBiTpst C3I" cyTTeBO mepeBHIyBaia HOPMY.
Bosnora B TyHenbHE MOBITPS HAAXOAWTH BiJ
BUIMAPOBYBaHHS TMPOTIKaHHS BOJIU  4Yepe3
HEIIIJTFHOCTI ONPaBH CTIHOK TYHEIB, KaJTOXK
KOJIMHUX JIOTKIB, MPU MUTTI TYHEINIB, BOJAU
[Py BOJIOTOMY MNpPUOHMpaHHI CTaHIN, BIJ
MACaKUPIB.

PekoHCTpyKIisl  CHCTEeMH  TyHEIBHOT
BenTuamii C3I, mo monsraza B 3aMiHi
BEHTWIAIIIHNX ycTaHOBOK Ne 115 1 Ne 229 Ha
Cy4acHI BHCOKOTEXHOJIOT1uHI Zitron, ocTaHHil
pa3 Oyna mpoBeaena y 2004 porri, 1 Ha OCHOBI
peKoMeH ALl TPOEKTHOI opraHizauii Oyso

CKJIaJIcHO HOB1 Trpadikd pPOOOTH CHCTEMH
TYHEJIbHOI BEHTWIALII s KOXHOI 3 JiHIA

METpPONONITEHY, JOTPUMAaHHS  SKHX  He
BUPIIIWIO TpPOOJEMH BHCOKOI  BOJIOTOCTI
tyneniB C3I.

3 2007 poky mias 0OCIyroBYBAaHHS
3eNeHOi TITKM METPOIMOJITEHY JO0AATKOBO
Oys0 BBeAeHO B aif0 neno «OO0O0JOHBY, MICHI
4oro IHTEHCUBHICTH PyXy  €IEeKTPUYHHX
notsriB yepe3 C3I° 3HM3HMIACH BiJ KUTBKOX
pa3iB Ha JeHb JO0 JBOX pa3iB Ha MIiCHllb.
Bnacniok mporo B JITHIN TEpioJl BiJIHOCHA
BOJIOTICTh cTana 3poctatu 10 100 % (sBuie
TyMaHy) 3 KOHJCHCAII€l0 BOJIOTM Ha OTMpaBi
CTIHOK TYHEJIB Ta €JIeKTPUYHOMY 00JaIHaHHI,
pO3TaIIOBAaHOMY Ha ILiH TUISHILL.

Bracnigok BHCOKOI BOJOTOCTI TyHEIb-
HOTO TOBITPS 3HAYHO TMPUIIBUIIIYIOTHCS
IpolecH pyiiHyBaHHS ONPaBU CTIHOK TYHEIB 1
KOpo3ii  Jopororo oOOJaJHAHHS  CHUCTEMU
enektponocradanHs C3I, mo y cBoro uepry
MPU3BOANUTH JI0 3POCTAHHS TPOIIOBUX BHUTpPAT 3
OI0/KETy METPONOJITEeHy Ha PEMOHTH 1
3amMiny oOsagHaHHg. HaiOinpmmx 30UTKIB
4yepe3 BUCOKY BOJIOTICTh TYHENBHOTO TOBITPS
MOKe 3aBIaTH KOPOTKE 3aMHUKaHHS
enexktpoodnagHanna C3I0, mo y cBoo yepry
MOJKE€ CTaTH TPUYHHOIO 3YITHHKH PyXY MOTATIB
Ha HAUOMMKUMX MIISHKAX poOOYMX KOJIM.

Tomy B cydacaux ymoBax s KII
«KwuiBcpkuii METPOTIOJITEH» TOCTPOIO
po0sIeMor0 € 3a0e3NeUeHHs HeNepeBUILEHHS
HOPMOBAHOTI'O 3HA4YCHHS BOJIOTOCTI

TyHenbHOro nositps C3T.
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Maiinar HesanexHocTi
11976 -

11
Xpemaruk

- 1960 -

3onoTi BopoTa
- 1989 -

Tearpanbaa
- 1987 -

IInoma JIsea ToncToro
- 1981 - Tanan Cnopty

- 1989 -

01
Xpewatmk

-1960- MaigaH

HesanemHocri
19 -1976-

Knosceka

3,
- -1989 -

HKnosceka
-1989-

a)

6)

Puc. 1. Cxema C3I" meTpomnomitTeHy: a — cxemarnyae posranryBansast C3I° Mk cTaHmissMu
MeTponoiTeny: 1-4 — Homepu cTpiToK Kouiii; Xpematuk-1960 — Ha3Ba craHIii METPOIOIIITEHY Ta
pik o0y 0B BiAmoBigHO; 0 — po3mitka mikeTiB C3I': 01-19 — Homepu miketiB C3I-1,;

1-8 — nomepu nikeriB C3I'-2

3aramom Ha OyHiBEJBHUX 00’€KTax 3
METOIO 3HI)KEHHS BOJIOTOCTI TOBITPsI 3aCTOCO-
BYIOTh METOJM aJCOpOIii Ta KOHJAEHcamil 3
cucTeMaMu pekynepauii eeprii [2]. 3 ormsaay
Ha oOomexxeHe (inancyBanHs KII «KuiBcbkuit
METpOIIOJIITEH» BKa3aHI METoAM He OyIyTh
posrsiatucs. TakuM YHWHOM, HEOOX1JTHO
3MEHIIUTH BOJIOTICTh TYHEJIBHOIO MOBITPs
C3I' no HopmoBaHOro 3HaueHHa 75 % abo
HIDKYe Ha 0asi iCHYIOYOi CHCTEMH TYHEJIbHOI
BEHTWIAIII 0€3 JIOAaTKOBUX  3arpaT —
ONTUMI3yBaTh poOOTYy CHCTEMHU TYHEIbHOI
BenTuirsdi C3I.

MexaHiuHa cHcTeMa TYHEIbHOi BEHTH-
msii C31 ckimagaeThesi 3 JABOX NEPETIHHUX
BEHTWIAIINHNX ycTaHOBOK Ne 115 1 Ne 229 i
TphOX cTaHliitHUX (puc. 1,0). PoboTa cucremu
TYHEJIbHOI ~ BEHTWIALIl  perjiaMeHTOBaHa
BIJIMOBIAHUM TpadikoM, Y SKOMY 3aJI€XKHO BiJ
3HAa4eHb TEMIIepaTypu 1 BiJHOCHOI BOJIOTOCTI
HaBKOJMIIHBOTO  cepenoBumia s BII

peraamMeHToBaHo 8 pexuMiB pobotu. Pesep-
CHBHICTb MEXaHIYHOT CUCTEMH BEHTHIIALIT
METPOTIOJIITEHIB ~ TOJIATa€ B TOMY, IO
30BHIIIHE TOBITPS B TEIUIMM Mepioa poOKy
HarHiTaeThCs B TYHENl uepe3 CTaHIiNHI
BEHTHJIALIIIHI yCTaHOBKH Ta/a00 MOXWIII TyHe-
JIi €cKaJlaTopiB 1 BUJAIAETHCS Ha IMOBEPXHIO
yepe3 MeperiHHi BeHTHIALINHI yCTaHOBKH, a B
XOJIOAHHHN TIEpioJT pOKY HaBIIAKH.

3 anamizy orpumanux Big  KII
«KuiBchkuii METPOTIOITEH»
eKCIEepUMEHTAIbHUX JaHUX 3 aOCOJIOTHOI
Bosiorocti moBiTps B TyHemsx C3I 3a 2004-
2017 poku aBTOpaMH CTaTTi BHUCYHYTO
MPUITYIIEHHST TPO MOXKJIHUBICTh  3HWKCHHS
BOJIOTOCTI B TYHENSX BIPOJOBXK JIITHHOTO
nepiogy (3 KBITHS 1O KOBTEHB) ILIIXOM
HarHITaHHS  TOBITPA 3  HABKOJHIIHBOTO
Cepe/loBHIla 3  MEHILIOK  CEpeIHBOI0
abCOJIOTHOIO BOJIOTICTIO 7,2 T/KT y TyHeni
METPOTIOJIITEHY, 7€ TYyHEIbHE TOBITPS Mae
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OuTbIlIE  CepelHE 3HAYCHHs  a0COFOTHOT
Bosiorocti 10,3 r/kr (puc. 2), 10 MOBHHHO

— (o]
tn (=

[—
o

ADBCOIIOTHA BOJIOTICTE, I/KT

BOJIOT'OCTI

NOpU3BECTH IO
TYHEJIBHOTO MOBITPA.

SHHUXCHHA

6 7 8 9 10 11 12

Micsmi

Puc. 2. 3mina abCcoIOTHUX BOJIOTOCTEH Y HABKOJIHUITHHOMY (=) i TYHEIBHOMY ITOBITpPi BIIPOZOBXK
KaJIEHJapHOTO POKY: - - - — IIPH CTAPOMY PEXKUMI TPOBITPIOBAHHS;
——— — IIpY HOBOMY PEXHMIi MTPOBITPIOBAHHS

AHaJi3 OCTaHHIX JOCJHiIKeHb i myo-
Jikaniii. [lepeBipuTH KOHIEMIIIO 3apPOIIOHO-
BaHOTO HOBOTO PEXUMY pPOOOTH TYHEIbHOI
BeHTW AT C3[° MOXXHa e€KCrepuMEHTATbHUM
METO/AOM, KM OyB JIOCTYNHHUH, ajne Heode-
Bunauii s kepiBHunTBa KII «KwuiBcbkuit
METpOIOJIITEH», TOMY  aBTOpU  poOOTH
BUPIIIMIM MPOBECTU KOMII IOTEPHE MOJEIIO-
BaHHA, JI€BICTh SAKOTO MIATBEPIKYETHCS
HaBEJIEHUM HIKYE OTJISIOM JIITEpaTypH.

CBoro wacy sl pO3paxyHKy CHCTEM
BEHTHUJIAII] METPOIIOIITEHIB OyJia 3ampOnoHO-
BaHa CIPOILIEHa METOAUKa 1HXKEHEPHHUX
pPO3paxyHKIB CUCTEMHU MEXaHIYHOT BEHTHJIAIT
TYHETIB  METPOIIOJIITEHIB, BHKJIAJeHa B
monorpadii B. f. [onixosa [3]. L{s1 meToanka
HE JI03BOJISIE TPOBOJMTU OJHOYACHUM aHaii3
TEIUIOBUX, BOJIOTICHHUX 1 Ta30IMHAMIYHHUX
MPOIIECIB TYHEIHHOTO TOBITPS 1 HOTO TEIIo-
OOMiH 3 MaCMBOM 3€MJIi B PIYHOMY LIUKJII.

Binomo, 110 eKCIIepUMEHTAIbHO-
PO3paxXyHKOBHH METOJ| TIOEIHYE IEpeBaru
000X MeTOAIB JuId HaWOUIbII €PEeKTUBHOTO
pO3B’s3aHHS  3aJad  NPOTHO3YBaHHS  Ta
ontuMizamii mpoueciB 1 00’€KTiB, IO
JOCTIKYIOTECS. Ha OCHOBI  OOIPYHTOBaHOi
CXeMHU eKCIIEPUMEHTAIFHUX BHUMIPIOBaHb B
00’ €KTI, Mooy 10BH Mozenl 00’exTa,

a/ICKBaTHICTh AKOi 3a0e3MevyeThCsl MUIIXOM
MaKCHMAaJIbHOTO HAOJMKCHHS PO3PaXyHKOBHX
Ta EKCIEePUMEHTaJbHUX 3HAueHb XapakKTe-
PHCTHK MapamMeTpiB i crany 00’exra [4].

V cBiToBi# mpakTHIli Bigoma poborta [5],
y SKI aBTOpU pO3pOOMIM MaTeMaTU4HY
MOJIeTb 1 Ha ii OCHOBI JOCTIAMIN 3HMKEHHS
BOJIOTOCTI MOBITPSI MNPUMILIEHb IIIJIF030BOTO
obOnanHanHs TpeOni [HCIOBaH HUIIAXOM HOTO
3MIIIyBaHHS 3 30BHIIIHIM HOBITPAM. Y poOOTI
[6] Ha ocHOBi CFD mopemtoBaHHS 3 METOIO
3HUKEHHSI BOJIOTOCTI TMOBITPSHOTO TPOCTOPY
TUTIOBOTO JJIs MiBAeHHOTO KuTaro migzeMHOro
Mepexoly  3ampolOHOBAHO HOBUU  PEXKUM
BEHTHUJISAIIIT MOBITPS 3 YACTKOBOIO peai3alliero

METOY ACUMIIALI]. [Tposeneni
eKCIIePUMEHTAabHI JOCTIKEHHS Ha TPUKIIAI]
Z-noai0oHoOroO Mi3€EMHOTO MIIIOX14HOrO

nepexoay mno Bynumi Llyininy micta Yxasb
MIATBEPIUIN OTpUMaHi pe3yabpTaTi
MOJIENIIOBaHHSA. ABTOpH poboTH [7] 3 MeToro
JOCITIJDKEHHS TETUIOOOMIHY MIX TyHEIbHUM
MOBITPSAIM 1 TMOBEPXHEI TYHENI0 TIMOOKOIro
3aIraHHs 1 BpaXyBaHHSAM sSBHILA KOHAEHCAIT
Opu IbOMY PO3POOMIM YHCIOBY MOJENb.
OTpumaHi pe3ynbTaTH MOJICNIOBAHHS OyIn
NEepeBIpeHl EKCIEePUMEHTAIbHO, IICNIS YOro
BUKOHAHO IIPOTHO3YBAHHS BOJIOTICHOTO CTaHY
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TyHEI0 BIpoaoBxk 10 pokiB ekcruryaramii. Y
pe3yabTaTi BUKOHAHHS POOOTH pPO3pOOIIEHO
MPaKTUYHI PEKOMEHJAIli IoJ0 3aXOodiB 3
Oesmeku mpani. Takox BijoMa €KCIIEpHUMEH-
TalbHa pobota [8], y sKili BCTaHOBJICHO
ICTOTHHH BIUIMB BXIAHMX IIBHUIKOCTI Ta
TEMIIEpaTypu  30BHIIIHBOTO  MOBITPS  HA
TEIUIOOOMIH MiJl Yac MPOTIKaHHS MOBITPS MO
TyHEISAX TpeOii I PI3HUX TMEPioiB POKY.
PexomMeH10BaHO BUKOPUCTOBYBATH T'OJIOBHUM
MiJ3eMHUN TyHENIb SIK aHaJol «IPYHTOBOTO
TEIUIOOOMIHHHMKA» B CHUCTEMI KOHIUIIFOBAHHS
MOBITPS, JAJI YOTO 3alPOIIOHOBAHO BiMOBIIHI
pexxumu pobotu. Y poborti [9] Ha ocroBi CFD
MOJICTIIOBaHHS ~ MPOBEACHO  JOCIIIKEHHS
pI3HUX pEeXHUMIB pOOOTH CHUCTEMH TYHEIbHOI
BEHTWJISAIIT METPOMOITEHY 3 BIUTMBOM ITOMIIO-
Boro edekrty i 0e3 HbOro. 3a OTpUMaHUMHU
pe3ynbTataMu OyJio MPOBEACHO OMNTHMI3aIliio
po0OTH cHCTEMHU BEHTHJIAIIT 010 MiHIMIi3aIlii
KUIBKOCTI TPHUIUIMBHOTO TOBITPSI 3 METOIO
HiITpUMaHHsT HEOOX1THOT TeMIepaTypy TyHeIb-
HOTO TIOBITPS B Pi3HI P10 Ta CE30HH.
Omxe, 3acrocyBanHs cyuyacHux CFD
(Computation Fluid Dynamic) TexHomorii
MOJICJIFOBAHHS VISl Pi3HUX OO €KTIB JTO3BOJISIE
3MIIHCHIOBATH OJIHOYACHO PO3paxyHOK
(GIBUYHUX TIPOIIECIB, IO JIa€ MOKJIIUBICTh
MOIIYKY ONTHUMAIbHUX PEXHMIB  poOOTH
BEHTWISIIHAX YCTAaHOBOK JIJIsl 3a0e3MeueHHs

KPUTEPIIO ONTHUMI3allii — MOTPIOHOTO 3HAYCHHS
BOJIOTOCTI TIOBITPSL.

BusHaueHHsi MeTH Ta 3aBJaHHA
npocaigxenns. Ha ocnosi CFD monentoBanHs
BUKOHATH MPOTHO3YBaHHSI BOJIOTICHOT'O CTaHY
tyneniB C3I" KII «KuiBcbkuii MeTpomomiTeH
BIIPOJIOBK MOBHOTI'O KAJIEHIAPHOTO POKY IpHU
peaiizalii 3anpornoHOBaHOTO PEKUMY poOOTH
BEHTWJISIITHUX YCTAHOBOK TYHEJbHOI BEHTHU-
TSl B JITHIA MepioJ] Ta eKCIEePUMEHTaIbHO
MiITBEPIUTH OTPUMaHI pe3yIbTaTH.

OcHOBHA 4YaCTHHA JOCTIIKEHb

I'eomempuuna mooen» tynenis C3I'
moOyaoBaHa BIAMOBIIHO JO OTPUMAHOI BiJ
KII «KuiBchkuii METPOTIOJITEH»
apXiTeKTYpHO-0YIiBEIbHOT TOKYMEHTAIIi.

Tyneni C3I-1 MaThb HOPOTSKHICTD
omu3pko 1950 M, C3I-2 — Omm3bpko 850 M,
mepemnaj BHCOT KON MDK HaWBHIIOI Ta
HalHWK4or0 Toukamu TyHeniB C3I7 cknamae
73 M. I'mnbuna BeHTWIsANIMHOT maxtu (BII)
Ne 229 craHoButh 47 M; 3arajbHa IJIMOUHA
BII-115 — 95 m: 10 moBepXHi BEHTUIISIIIHHOTO
TyHemo 50 M 1 BUCOTa HaJ/l TOBEPXHEIO TPYHTY
45 M (puc. 3, a). 3a ouinkamu B. f. I{onikosa
[3], TemmoakymyrorOUMiA mIap 3eMili HABKOJIO
TYHEIiB TTUOOKOTO 3aJTaHHS HE MEepPEBUIIYE
10 M, TOMYy TOBIIMHY 3€MJIi HaBKOJIO TYHEJIO
npuiinaTo 10 m (puc. 3, 6). CFD monens C3I'
Mae 6sm3bKo 1,5 MITH KOMIpoK (puc. 4).

\‘\‘l‘bﬁ_

e —

6)

Puc. 3. 'eomerpuuna mozaens C3I7: a — Burnsa reomerpuanoi Mmoaeni C3I0 31 ¢T. M. «XpemaTuky;
0 — BUTJIS TIOTIEPEYHOTO MEepepizy MOJIEII TyHENIO 3 apoM 3eMJTi TOBITHHOIO 10 M HaBKOJIO HEOTO
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B)

Puc. 4. ®parment reomerpuyHoi Mojeni po3’i3ay C3I': a — poto po3’i3gy mixk C3I'-1 ta C3I'-2;
0 — Burssg po3’izay C3I° 6e3 ciTkH, y siIkoMy: 1 — HampsIMOK JI0 CT. M. « XPEIIaTHK»; 2 — HAIIPSIMOK
1o cT. M. «KinoBcekay; 3 — Hanpsamok 70 BII-115; B — Burnsag po3’izny C3I7 3 HakiIa1eHOO CITKOO
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@Di3uyna  modenv  SBISE  CcOOOIO
CYKYIHICTh (DI3MYHHMX TPOLECIB, AKI MalOTh
micue B TyHensx C3I: mpomecu pyxy 1
3MIITyBaHHS ~ 30BHIIIHBOIO Ta  BOJIOTOTO
TYHEJIBHOTO  TIOBITPS, TEIJIOOOMIH  MIX
TYHEJIbHUM TIOBITPSIM Ta OMNpPABOIO CTIHKU
TyHENII0,  TPOIeCH  BUIMAPOBYBaHHSA  Ta
KoHJIeHcamii Boau. Bkasani (i3udHi mporecu
MOXYTh OyTH omnmcaHl JaudepeHIiaTbHuMU
PIBHSHHIMHU TEIUIONPOBIAHOCTI, €HEprii, pyXy,
teroBigaadi [10, 11], 3a AKkuMU pO3paxoBy-
I0TbCS TIOJISI  TeMIlepaTyp, IIBHIKOCTEH 3a
TphOMa KOMIIOHEHTAaMHU B3JIOBXK HAIpPSIMKIB
KOOPJUHAT X, Y, Z, TACKY 1 BOJIOT'OCTI.

Mamemamuuna moodens. Tepmoraso-
JUHAMIYHA 1 BOJIOTICHA MOJAENh  Oyna
po3pobiieHa 3 BUKOPHUCTAHHSAM IMPOTPAMHOIO
naketa Ansys CFD.

Mopenb BIATBOPIOE TEOMETPIIO TUIOK
C3I' Xpemaruk-Po3’i3a-Maiinan-Kinoscbka 3
BeHTWALIHUMH 1maxTtamu BII-229 mHa rimm
Knoscbka-Po3’i3qy ta BUI-115 na Po3’i3mi.
Cami cTanmii Ta 3’1314 3 OCHOBHHUX TYHEJEH y
tyneni C3I° He BpaxoBYHOTbCS B MOjENI,
takuMm uuHOM, 3D wmogmens tyHenenr C3I
MTOYMHAETHCS 3@ KUIbKA JIECATKIB METPIB BiJ
CTaHIH. SIK rpaHMYHI YMOBU Ha KIHIISIX TLIOK
BUKOPUCTOBYBAJINCh MacoBa BHTpaTa abo
TUCK, SKi 3a0e3MevyloThCi CTAHLIMHUMU
BeHTWIsITOpamu. [lommnoBuii edekr Bix pyxy
noi3fiB He BpaxoByBaBcs. Tynem BII €

BiaranykeHusm Bix TyHeniB C3IT 1 MawTh
JOBXKMHY B KUIbKa JECATKIB METpPIB 3aJis
IOCATHEHHS BIIHOCHO CTA0OUII30BaHOI Tedil
noBiTps. ['pannyni ymoBu Ha kinmgx BIII —
MacoBa BHUTpaTa a00 CTaTUYHUI THUCK —
BIJIMOBIJAIOTE yYMOBaM, SIKi 3a0€3MeUyIOThCS
BeHTIIIATOpamMu  BIIl 1 camoTsroro dyepe3
BEHTHWALIHHY  TpyOy  Ha  IOBEPXHIO.
OmiHIOBaHHS BUTpPAaT Ha KOXXHOMY KIHII
tyneniB C3I" BigOyBanoch eKCriepuMEHTaIbHO
yepes 3aMipHu CepeAHbOi MIBUIKOCTI TOTOKY B
OKpeMHX TUTKax y Micusix 31 cTabisli3oBaHOIO
TEYi€I0 MOBITPSI.

3 ypaxyBaHHIM 0COOJIMBOCTEH
dbopMynIOBaHHS 3ajavi, a caMme pyXy Mac
MOBITPSI 3 TIOMIPHUMHU IIBUIKOCTSIMH JAJICKO
Bil criHkm, Oyna BHOpaHa CTaHTapTHA K-€
Mozenbs TypOyineHTtHocTi. Bubpano  Simple
QITOPUTM PO3B’SI3aHHS HA OCHOBI THCKY
(pressure-based  solver) 3  muCKpeTrH3arii
nepmoro  nopsinky  (first  order upwind
discretization) s iMIynbCy, THCKY, €HEprii,
TypOYJICHTHOCTI 1 JUCHIIALII, IO € JOCTAaTHIM
JUIs 3a/1a4 Takoro Macmrady [11].

Pisnusinns nepenecenns Species transport
07151 Opy2020 KOMNOHEeHma 8 nogimpi (6onoea)

Jlnsg  I-KOMIOHEHTa OCHOBHOI  (hasm
(Boyora B TOBITp1) PIBHSHHS HEPO3PUBHOCTI
MaTUMe€ Takui BUTAA 1 Oyle JOMOBHEHO

nudy3iHHIM TOTOKOM J KOMIIOHEHTA |

%(p}’!—] +V-(piY)=—-V-J. +5, (1)

J; = —(pDym + E)VY, = Dr, T @

ne S;— Oynp-sKi [pKepelna, M0 BU3HAYAIOTHCS
JOCITITHUKOM (OTIMCAHO HIDKYE);

¥, — noxanpna macoBa uyacTka KOKHOTO
KOMITOHEHTA;

D; .. — xoebiuienr mudysii macu s
YaCTUHOK | B CyMIIIIi;

D, - xoediuient tepmiunoi audysii (y
mozeni D, = 0);

Sc,— TypOymenrne umemo  Ilminra

(Bemmuunna mopisuioe 0,7).

T

[Ipumyckaerbes, MmO TYCTHHA TMOBITPSA
MoCTiiHA (HecTucIuBHit ras), TOMY
MPUPOJIHBOI0 KOHBEKIIIEID 3HEXTYBaHO, Si
po3paxoByeTbes 3 BUkopuctanusim UDF.

[HTEeHCHBHICTH BUITAPOBYBAHHS 3
MOBEpXHI BOAM TpU pycl TOBITpsA 31
mBUAKiCTIO V 1 Temmeparyporo T uepe3
EeMITIPUYHY 3aJIeKHICTB, KT/C [12],

g=0-A-(H; —H)/3600, (3)
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ne @ =25+ 19 -V — koediuient Bumaposy-
BaHHS,
V — MIBUIKICTh MOTOKY MOBITPS;

A — nnoma noBepxui 13epkana Boy;
H — norouna aGcomoTrHa BOMOTICT MOBITPS;

H — a6comorHa Bomoricts mpu ¢ = 100 %

(mpm maHiii Temmeparypi), sika CHpaBeAIuBa
s niana3o”y Ttemmepatyp Big 0 mo 40 °C,
/v [13],

H,=5,018+0,32321-T +8,1847-107%-T*+3,1243-107*- T3, (4

Bukopucranas ~ ¢opmymun  (3) i3
dhopmyoro (4) mependayae Taki NPUMTYIICHHS:

1) emnipuuHuii KOe]illi€EHT BUIIAPOBY-
BaHHA O, kUil OyB OTpUMaHUIl A BUIAAKY
BUTIAPOBYBAaHHS 3 IMOBEPXHI J3epKana BOJIM,
CIpaBeIJIMBUM 1 Il BUIAPOBYBaHHS 3
noBepxHi CTiHOK. [IpoTe B TyHeNAxX MeTpo
PO3MOALT BOJIU MO HEPUMETPY IONEPEUHOrO
nepepizy HepiBHOMIPHHI: 3HU3Y MOXKYTh OyTH
KaJII0K1, Kl HE MOIIMHAKOTHCS IPYHTOM, a 3
OOKiB 1 3Bepxy MpPOTIYKH 1 TPIMIMHH, SKi
IPOIYCKAIOTh BOJY, 3BOJIOXKYIOUH MOBEPXHIO.
TakuMm 4HHOM, JKEPEIO BOJIOTH 32 POPMYIIOI0
(1) ™MokHa  Ha3BaTH  CKBIBAJICHTHHUM.
[IpuBeneHHS 1HTEHCUBHOCTI BUIIAPOBYBaHHS B
METPO /10 IHTEHCHBHOCTI BHIIAPOBYBaHHS 3
IJIOMII TIOBEPXHI JI3€pKaja BOAM MOXKHA
3IIHCHUTH, miaiopaBIIN 1R (0)110%
BUIIAPOBYBaHHS A;

2) niama3oH TeMIepaTyp, Y SKOMY METO-
JMKa BBaxaeTbcsa podouoro, — Big 0 no 40 °C.
Jlist 1bOTO y CBOIO yepry Oysio mpUHHSATO, 110
MOBITPsl, SK€ BXOAUTh y TyHenb 13 BII
B3MMKY, BCTUTa€ MPOTPITHCH IO TEMIepaTypu
uiie 0 °C;

3) SIKIIO TOBITPSA Ha MUISHIN TYHEIIO
nacuuene Bosoroo (He < H), to mxepeno
srifHo . 3 Qopmynoro (1)  mae  Oytum
HEraTUBHUM. Y Mojeni 0yjio mpUHHSATO, IO B
TaKOMY BUMAJIKY JuKepeno nopisHioe 0.

4) mxepeno BOJOTH PO3PAXOBYETHCS SIK
o0'eMHe, a He TTOBepXHEeBe. T00TO BoJyoTa, sIKa
BUTIAPOBYETHCSI 3 MOBEPXHI, BHOCUTHCS HE B
KOMIpDKH, 10 OISl CTIHKHM, a PIBHOMIPHO B
o0'eM pingHku. Llum mpurmyckaerscs, 110
nudysis BoJoru B MOBITp1 (Ipyroi ¢azu)
nopiBHIOE 1 1 B JedkoMy HaONMKEHHI 1€ €

CIpaBEAJMBUM Ui TypOyJi30BaHMX TEYiid,
SIKUMH 1 € TIOTOKU B TYHEJISIX.

Haii dopmyny (3) ciig iMIUIEeMEHTYBaTH
0 BHUMApOBYBaHHS 3 IMOBEPXHI TYyHEIIB Y
MeTpo. 3HAIOYW IMIBUAKICTH MOTOKY Ta HOTO
TEeMIEparTypy, a0CONIOTHY BOJIOTICTb,
HEBIIOMUM  YJICHOM 3QJIMIIAETHCS  ILIOMIA
noBepxHi  BumapoByBaHHsS 4. Bona He
JIOPIBHIOE 3arajibHii IO MOBEPXHI TyHEIO,
OCKUTBKM CTIHKH 3BOJIOXKEHI HEpPiBHOMIPHO, i
TUI TOBEPXHI, ab0 IIOPCTKICTh, TaKOXK
BIUIMBA€ Ha IIBUKICTh BUIMAPOBYBaHHI. Tomy
oA MOBEpXHI BUMAPOBYBaHHS MigiOpaHa B
CFD wmogperi 3 ekcriepuMeHTaIbHUX JTaHUX, SKi
SBJISIIOTH COOOI0 IUIAHOBI 3aMipHU BOJIOTOCTI,
TEMIEpaTypy Ta IIBUJIKOCTI MOBITPS, a TAKOXK
TeMIIepaTypy CTIHOK TyHeNiB npotsrom 2013—
2014 ta 2017-2018 poxis.

Jlis mpuBEAECHHS OJUHMLL PO3MIPHOCTI
mwkepen Boau it Fluent morpiono g
MOAUTMTH Ha 00’€M JIUISTHKH TYHETI0 METpPO
Volume.

ITnoma A4, M, M AOUPaeThCS 3 BUPa3y, M2,

A= (Volume/Sy) - a,

ne Sy - mwioma MOTIEPEYHOr0  Mepepizy
TYHEIIO;

supas Volume/Sy — noexuHa JinsHKH
TYHEIIO;

@ — xoedimient, M¥/M (mIOmA TOBEpXHi
BUIIAPOBYBAaHHS HA OJHOMY METpi TYHEIO),
MigOMpaeThCsl AN BUIAPOBYBAHHA  Ta
KOHJICHCAIlll, BUKOPHCTOBYIOUH EKCIICPHMECH-
TaJbHI JaHi.

Ocrarouno mxepeno Boau s Fluent,
Kr/me-c,
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B (254 19-V) - (Volume/Sy) X
X a-((Hs/(p-1000)) — H)

)fVaIume ,

e I:p -1000) - MPUBEICHHS MaKCUMaJIbHO1 a0COJIFOTHOI BOJIOTOCTI 3 hopMy (2) 10 po3MipHOCTI

KUJIOTpaM BOJIOTH/KIJIOTpaM MOBITPS.

PiBastHHS iMITyTIBCIB (5):

%(p@)—k?-(pﬁﬁ):—?gﬂ—i—?-(T’]-"Pﬁ"‘ﬁ’ (5)

= —
1€ 2 — CTaTUYHMH TUCK, 1 — mBUKicTD, T —

TEH30p HaIpyKeHb (ONUCAHO HUXKYE); O ﬁ Ta
=

F — cuna rpasirtanii Ta cuna 30BHIIIHBOTO TijNa
BIAMOBIIHO  (BUHMKAaE, HANpPWKIaA, IpHU

»
B3aeMozii 3 aucrepcHoro (asor). F Takox

MICTHTh 1HIII JDKEpena, sSKI BHU3HAYAIOTHCS
JOCITITHUKOM (J10piBHIOOTH 0).

PiBHsHHS eHeprii

%(pE) +V- (ﬁ(pE + p)) =

=V (Ko VT = Z; 1], + (Fupp - 6) ) + S, (6)

ne k off — eeKTMBHA MPOBIAHICTH (k + k),

ne K — remonposinuicts rasy; Ky — TypGy-
JIEHTHA TETJIOMPOBIIHICTD, 110 BU3HAYAETHCS Y
BiJIMOBIAHOCTI 3 BUKOPHUCTOBYBAHOIO MOJEILITIO

—
TypOysenTHocTi); [ ; — AndysiiHui MOTIK
YJaCTUHOK.

[lepmi Tpu wieHW y mpaBii 4YacTHHI
PIBHSIHHS SBJIAIOTH COOOIO0 Iepenady eHeprii
yepe3 IMpOBIAHICTh, IU(PY3iI0 YACTUHOK Ta

B’ SI3KICTh JAWCHINAIII BiJITOBIIHO. Sh BKITIOYAE
1o cebe 00’eMHI1 JKepena TeIOTH, 1110 JOpiB-
HIOIOTh TEeIIOTI apOyTBOPEHHS
(KOHJIEHCYBaHHS).
Bennuuna E
bopmyroro

BU3HAYAETHCsA 3a

2
p
E=h-—“+—
p 2
e h — CHTaJbII, fAKa BHU3HAYAECTHCA IS
HECTUCIIUBUX Ta3iB K

d

% (pk) + ai” (pku;) = — [(,u + £

ax]

E p
h= Yh, +—
j_ L B

e 1‘; — MacCoBa 4YaCTKa KOMIIOHCHTa ; B

TOBITPI;

T
h; = J’ Cp,;AT,
T?ef

ne T,..¢ nopisrioe 298,15 K.
Hudysis  eHeprii  ogHOYacHO 3

mudy3iero  Ipyroi KOMIIOHEHTH MOBITPSIHOI
(ha3u (BOJIOTH) BPaXOBY€ETHCSI PIBHIHHSIM

v Z h.J,
i=1 i

Jlns CTaHIapTHOL K-€ Moenl
TypOYJIEHTHOCTI piBHSAHHS TypOyseHTHOCTI k-
eHeprii Taka:

ﬁ] 46, +G,— pe—Yy +S., (@
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ne O — TypOymeHtHe uncino IIpaHatis s
TypOysieHTHOI eneprii k;

(;, — TeHepauis KiHETHYHOI eHepril
TypOyJIEHTHOCTI 32  paxyHOK  CepeaHix
TPaJiEHTIB MIBHIKOCTI,

(r;, — reHepauis KiHETUYHOI eHeprii

TypOyJIEHTHOCTI 332 PaXyHOK ILIaBy4OCTi;

(pEJ+—(pEuJ——[ BE

— KOHCTAHTH,

Ae lel CE €1 CEE

0. — TypOynentHe uucno I[lpanntna s
eHeprii aucuranii £;

S. — nonmaTkoBi jKepena, AKi MOXYTh OyTH

J0JaTKOBO 3ajiaHi KOpUCTYBayeM
(mopiBHtotOTH 0).
MAOXiJx  J03BOJMB  OOINTH
pecypcHi OOMEKeHHS IIPOrpaMHOT0
3abe3neuenHss  Fluent  mpu  moBHOMY
BpaxyBaHHI IUX €(EeKTIB K TUHAMIYHOI 3MIHU
TEIUIOBOTO CTaHy o00'ekTa 3aJeXHO BIJ
TEMIEPaTypHOTO PEXUMY HABKOJIUIIHBOTO
Cepe/loBHILlAa Ta TMapaMeTpiB  TYHEJIBHOTO
MOBITPS HAa CTAHLISAX METPOMOIITEHY.

[puitnsri MIPUITYILIEHHSA npu
MOJETIOBAHHI:

1. IlpunyckaeTbcsi, MmO TeMIOMI3UYHI
BJIACTUBOCTI I'PYHTY HE3MiHHI IPOTSATOM POKY
[5-9]: ryctmHa 1500 kr/M3, TemmonpoBinHiCTH
1,75 Bt/(M°K), cepenns mnuroma i300apHa
MacoBa TeroeMHicTh 880 JIx/(kr-K).

2. AGcomoTHa BOJIOTICTH TMOBITPS HA
Bxoai B po3’izm 3 BII-115 nopiBHto€e
aOCOIOTHIN BOJIOrOCTI TOBITPS HA BYJHII
(mxepena Bosorm B TyHenmi BII-115 we
BpaxoBaHi).

3. [lpy  ™MopemoBaHHI  HArHITAaHHS
CBDKOTO  TOBITPS ~ NPHUIYCKAETbCA, IO
TeMIeparypa TOBITps, SIK€ BHXOAWUTH 13
BEHTWISIIHUX TYHENIB 1 HAIXOIUTh Yy TyHel
C3I', Bimpa3zy HaOyBae 3HAUECHHS TeMIIepaTypu
TYHEJIBHOTO MOBITPS BiJNOBITHO /0 3HAaYEHb
eKCTICpUMEHTAIBHUX JTAaHHX.

Taxwuit

B.r_,

Yy — BHecoxk Quykryamiii posumpents
CTHCKYBaHOTO ~ CEPCHOBHIA [0 3arajbHOl
LIBUAKOCTI JUCHIIALLIT;

hY  — JOJATKOBI JKepena, Kl MOXYyTb OyTH
J0JIATKOBO 3a/1aHi KopuctyBadeM (piBHi 0).

PiBHSHHS ¢-eHeprii AucHmanii

CIEE (Gk + CBEGE‘) - CZEJGE? + SE! (8)

Hdns GesmocepeAHBOTO  BUKOHAHHSA
YHUCIOBOTO PO3B’s3aHHA  JU(eEepeHIiaIbHUX
PIBHSHb — KOMIT IOTEPHOTO MOJETIOBAHHS —
HeoOXiZHe 3aJaBaHHS TPAHUYHUX YMOB, SIKI
XapaKTepu3ylOTh MPOTIKaHHS TPOLECIB Ha
IPaHUISIX KOMIT IOTEpHOI Mojeni. 3 HaJlaHoi
BuxigHoi iHpopMmartii Big KII «KuiBchkuit
METpOIOJIITEH» 1 MPOBEJEHUX JOAATKOBUX
eKCIIEpUMEHTAIBHAX  JIOCII/DKEHbh  MOJXKHA
copMyiIIOBaTH TpaHUYHI YMOBHM Ha MeXax
C3I' nns  Bcix pexumiB  pobotn BY:
3aJal0ThCsl  TeMIepaTypa,  BOJOTICTh 1
HIBUAKICTh TYHEJIBHOTO TOBITPS. Y pe3ynbTari
MO/IEJIIOBAHHS HEOOX1HO BU3HAUUTHU
HECTAaIl[lOHapH] MOJs TemrepaTyp 1 BiIHOCHOI
BOJIOTOCTI ~ TYHEJIBHOTO TMOBITPs, BHUTpaTH
MOBITPSIHUX TOTOKIB 32 pI3HUX PEXHUMIB
poOOTH TyHENbHOT BEHTHIIALLII.

AHnaniz  ekcnepumMeHmanbHux — OaHux,
OMPUMAHUX 8i0 K11 «Kuiscokuu
mempononimeny. Ilounnatoun 3 2004 poky i
710 CBOT'OJIHI CIIBPOOITHUKAMU BUMIPIOBAJIbHOT
nmaboparopii e’aeKTpoMexaHiyHoi ciyxou (y
2018 pomi cymicHO 3 aBTOpamMH CTaTTi)
MPOBOJMIIMCS ~ ©KCTIIEPUMEHTANIbHI  JIOCIi-
KEHHS TapaMeTpiB MIKpPOKIiMaTy TYyHeIiB
C3I" 3 ypaxyBaHHSIM «ITOMIIOBOTO» €(EKTY BiJ
pyXy TMOTSTIB BiIMOBIAHO A0 PEKOMEHAAII
B. 4. lHonixosa [3]. Ilix wac BuMiprOBaHb
TEMIepaTypd  TYHEJIBHOTO  TOBITpA  Ta
MOBEPXHI OINpaBU CTIHOK TYHENIB, BIAHOCHOI
BOJIOTOCTI Ta IIBUAKOCTI PYXY TYHEIBHOTO
MOBITPSI BUKOPUCTOBYBaJIW mipomeTp testo
835-T1 i repmoanemomertp testo 435-T1.
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3 mouatky 2018 poky i mo 15 cepmHs
3MiHa BIJIHOCHOi  BOJIOTOCTI TYHEIIBHOTO
MOBITPSL ISl pi3HUX TikeTiB 1o aoBxuHI C3I°
BiI0yBayiacsi B JOCUTh IIMPOKHX MEXaX — BiJl
60 mo 100%. Takuii xapakrep 3MIiHU
CepeIHbO1 BITHOCHOI BOJIOTOCTI MOSICHIOETHCS
HEPIBHOMIDHUMH PO3MOALUIAMH  TeMIEpaTyp
TYHEJIBHOT'O TOBITPA 1 CTIHOK OIPaBH TYHEIB i
BIIHOCHOI Ta aOCOJIFOTHOI BOJIOTOCTI IIO
nopxuHi TyHeniB C3I st BUOpaHuX MOMEH-
TiB Yacy, mo OOYMOBIIOBIUCS MOXKIJIHUBICTIO
NPOBEACHHS  EKCIEPUMEHTAIBHUX  POOIT.
OCHOBHOIO MPUYUHOIO Takoi  3MiHHU
JOCIHIUKYBaHUX ITapaMeTpiB € 3MiHA BUTPAT i
HanpsMKy TyHenbHoro moBiTps C3I°, Ha mo
JIOJAaTKOBO BIUIMBAE «IIOMIIOBHID» e(eKT i
poOoTa cHCTEeMH TYHENbHOI  BEHTHJIALI]
BIANOBITHO 10 Trpadika poOOTH TyHEIbHOL
BeHTHJIALIT (pHc. 2, 5).

[licns BBiMkHEHHs BY 115 B pexum
HArHITaHHA TOBITPS HaBKOJMIIHBOTO CEepeo-
Bumia B TyHeni C3I' 3 15 ceprast 2018 poky mo
13 mucromaga 2018 poky Oylno DOCATHYTO
pIBHOCTI TIO JOBXHHI TYyHENiB 3HAa4YCHb
TEMIIepaTyp TYHEIBHOTO TMOBITPS 1 OMNpaBH
CTIHOK TYHEINIB 1 BIAHOCHOI Ta aOCOMIOTHOI
BOJIOTOCTI, IO BPEIITI-peIIT TNPHU3BEIO [0
MEHIIOI 3MIHU IMapaMeTpiB MIKpPOKIIMATy I0
nopxkuni tyHemB C3I. Takox y mepiofn

HarHiTaHHd mnoBiTps BVY115  nHampuxinm
KOBTHS ~ BIJHOCHa  CEpelHs  BOJIOTICTh
TYHEJIbHOTO  MOBITPSI 3HOBY  IEPEBUILYE

HOpPMOBaHe 3Ha4eHHs 1 3pocTae 110 piBHA 80 %
(puc. 5, 6), 0 TOSCHIOETHCS HAIXOKEHHSIM
OUTBIII HArpITOTO BOJIOIOTO MOBITPS 31 CTaHLIN
MeTponoJiiTeHy B xonoaHin TyHeni C3I.

SIx BUIHO 3 puc. 5, 6, i 4ac OCIHHBOTO
nepioxy michs nepemukaHHs BY-115 3
pPeKUMY HarHITaHHS B PEXHUM BUAAJICHHA
MOBITPSI B KIHI[l BEpecHs Ta Ha IMOYaTKy
KOBTHSL ~ BIZIOYJIOCSI  3pPOCTaHHS  BOJIOTOCTI
TYHEJIPHOTO TIOBITPSL BHIE HOPMOBAHOTO
3Ha4YeHHs. J[aHe SIBUIIE MOXKHA TTOSICHATH THM,
10 3allPONOHOBAHUN ONTUMAIIBHUM peXUM
poOOTH TYHENIBbHOI BEHTWISLII, 3 TOYKU 30pY
3HWKEHHS BIJJHOCHOI BOJIOTOCTI TYHEJIBHOTO
MOBITPs, OyB peani3oBaHUi Y KOPOTKI TEPMIHU —
HE 3 TOYaTKy KBITHA IO KiHElb BepecHs

(cyuisnbHa JiHiA), a GakKTHIHO 3 15 ceprHs 1Mo

13 nucronana 2018 poxy (IITpUXOBA JiHIA).
Takum ywHOM, Mg dYac ampoodarrii

pexomenpauiii ITT® HAHY 3 15 cepnust mo

13 mucronanga 2018 poky 3a  paxyHOK
HarHiTaHHA TOBITPS 3  HABKOJHIIHBOTO
cepenoBuma B TyHem C3I°  Bmamocs
MM ABUIIUTH TeMIIEPaTypy TYHEIIEHOTO

MOBITPs, BIAMOBIIHO O IIHOTO IIiJBUIIUATH
TEMIEpaTypy ONpaBU CTIHOK TYHENIB 1
3MEHIIUTH a0COIIOTHY BOJIOTICTh TYHEJIBHOIO
MOBITpsl. BHACHiOK  Takoro  IMoeJHaHHS
BILTUBY 3MiHU HapamMeTpiB Mmikpokiaimary C3I°
3a BKa3aHWH mepioj 1 BimOynOCsS 3HMKCHHS
BIJTHOCHOI BOJIOI'OCTI.

Pesynomamu ~ CFD  modentosanns.
OCKiTbKH eKCIEpUMEHTANbHI 1aHl mapaMeTpiB
MIKpOKJIiMaTy OyJM BH3HAYEHI ITUCKPETHO IO
nosxkuHi TyHeniB C3I (Ha Jeskux mikerax) y
MEeBHI MOMEHTH 4acy, TO ISl KOMIT IOTEpPHOTO
MOJICITFOBAHHS cepenHi apupMeTHyH1
3HAUEHHS TapaMEeTpiB MIKPOKIIMaTy Oyiu
repepaxoBaHi Ha cepeaHi 00’€MHI 3HAYCHHS.
CFD wmomenp Oyna BepugikoBaHa Ha
HaKONMWYEHHUX EKCIIePUMEHTAIbHUX JaHUX 32
2018 pik. Sk BumHO 3 pHC. 5, 6, pe3ynmprarn
KOMIT'FOTEPHOT0 MO/JICJIFOBAHHS 3MIHU 3HAYEHb
napaMeTpiB  MIKpOKJIIMaTy IO  JAUISHKax
tyHeniB C3[' moOpe y3romkyroThes 3 cepen-
HIMH O00’€MHUMMH 3HAYE€HHSIMH BIAIOBIIHUX
BEJIMYUH, BU3HAUYEHUX EKCIIEPHUMEHTAIBHO.
Takum 9YWHOM, TICHISA MPOBEACHHS MPOLEAYPH
HaJlalTyBaHHA (BepHdikalii) KoM FOTepHOi
MOJIeNli 332 eKCIEPUMEHTAIbHUMH JaHUMHU
Oyna oTpuMaHa MoOJelb, Ha fAKIM MOXXHa
MIPOBOAUTH MPOTHO3YBAaHHS 3MIHU MapaMeTpiB
MikpokiimaTty TyHeniB C3I' i BOpoBaKeHHS
pekomennanii ITT® HAHY 3 opranizaiii
pobOTH  MEXaHIYHOI  CHCTEMH  TYHEIIbHOI
BEHTWIAIIiT BIIPOIOBXK IMOBHOTO KaJEHIAPHOTO
POKY.

Ha pwuc.5,6 HaBeneHi pe3ynbTaTH
KOMIT'IOTEPHOTO MOJEJIOBaHHS TpU PpOOOTI
cucreMd  TyHenmbHOI  BeHTwismii  C3I
BIIPOZIOBX IMOBHOTO  KAJIEHJAAPHOTO  POKY
BimoBiAHO 10 pekomenaariit [TT® HAHY. 3
LMX PUCYHKIB BUIHO, IO B pa3i JOTPUMaHHS
PEKOMEHJOBAaHMX HOBHX PEXHUMIB pPOOOTH
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TYHEIbHOT BEHTHJIALIT BIPOJIOBIK ‘ BoJioricTh TyHenbHOTO ToBITps C3IT He Oyne

KQJICHIAPHOTO  POKY  CepelHs  BiIHOCHA

BignocHa Bomorictsb, %

BiasocHa BomoricTs, %

nepesunryBatu 80 %.

100
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50

0 1 2 3 4 5 6 7 8 9 10 11 12
Homep micsmsa B porni

a)

100
95
90
85
80
75
70
65
60
55
50

0 1 2 3 4 5 6 7 8 9 10 11 12
Homep Micsns B pori

6)

Puc. 5. 3miHa cepeHiX 00’ €MHUX 3HaU€Hb BITHOCHOT BOJIOTOCTI TYHEJILHOTO MOBITPS
npoTsroM poky Ha ainsHii C3I-1:

a — Bijg cT. M. «Xpematuk» 10 Po3’i3my; 6 — Bix cT. M. «Maiinan Heszanexuocti» 1o Po3’izay;
- O - — eKCIIepUMEHTAIIbHI 3HAUEHHS; — — — PO3PaXyHKOBI 3HAYEHHS JIJIS1 CTAPOTO PEXKUMY

BEHTHJIALII]; == — PO3PAaXyHKOBI 3HAYEHHS JIJI1 HOBOTO PEKUMY BEHTHJIAIIIT
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Puc. 6. 3mina cepeqHix 00’ €MHUX 3HaU€HBb BITHOCHOT BOJIOTOCTI TYHEJILHOTO MOBITPS
npoTsirom poky Ha faiumsHii C3I7-2 Bix cT. M. «KioBcska» 1o Po3’i3ay:
- O - — eKCIIEPUMEHTAJIbHI 3HAYCHHS; — —— — PO3PaxXyHKOBI 3HAYCHHS JIJIsl CTAPOT0 PEIKUMY
BEHTHUJISAIII]; == — PO3paXyHKOBI 3HAUYCHHS JIJI1 HOBOTO PEIKUMY BEHTHIIAIIIT

Jns mepiofy KaJeHIApHOTO POKY, IO
Ma€e MeExXl BiJ TMOYaTKy pOKy JO COTOTO
nopsakoBoro mHs B poui (10 kBiTHA),
CIIOCTEPITA€ThCSI  TOCTYNOBE  3POCTAHHS
CepeIHbOr0 3HAUEHHS BIJHOCHOI BOJIOTOCTI
C3I" no piBus 80 %. Lle mosicHIOETbCS TUM, 1110
Ha KiHEeIb 3MMOBOTO MEpioJy OIpaBa CTIHOK
TYHEJIIB 1 IIap TPYHTY HaBKOJIO TYHEJIB MalOTh
HIDKYY TeMIlepaTypy, HDK TemIeparypa
HABKOJMIIHBOTO MOBITps. Jlo Toro » mifx
KiHEllb 3MMOBOI'O IEPiOAYy OJHOYACHO 3 LIUM
3pocTaTHME  BOJIOTICTH  HAaBKOJHIIHHOTO
MOBITPs,, TOMY TpU BEHTWJIALII TyHENiB Oyxe
BiIOyBaTUCA 3HIDKEHHS TEMIIEpaTypu IO
3HA4YEeHHSl TeMIIEpaTypu TYHEJIbHOTO MOBITPs
(Y BHIIQAKYy TEPEOXOJIOKCHHS Iapy IPYHTY
HAaBKOJIO TYHEJIB HMXYE CEepelHbOI Temrepa-
TypH MOXIJIMBE 3HIKCHHS TEMIIepaTypu [0
3HA4YeHHsl TeMIepaTypu TOUYKH POCH — SIBUILE
TyMaHy) 1, sSIK HacCJliJI0K, 3pOCTaHHS B1JHOCHOI
BOJIOTOCTI TYHEJIBHOTO MOBITPSI.

Y mepiox KaJeHAApPHOTO POKY, IO
MOYMHAEThCS Bif cotoro aHsa (10 kBiTHS) Mo
277 nenb (5 OKOBTHS), PEKOMEHJIOBAaHO

HarHiTaTM  MOBITPA 3  HABKOJHUIIHBOTO
cepenouma B TyHem C3I. Jns maHoro
nepiofgy  XapakTepHUM € 3pOCTaHHS
a0COJIIOTHOI BOJIOTOCTI 30BHIIIHBOTIO TOBITPS
0 MaKCUMyMy Ta 3MEHIIEHHS [0 piBHA
BECHSIHOTO, TOMY BIJIIIOBITHO Oyne
3MIHIOBATUCS B1IHOCHA BOJIOTICTh TYHEJILHOTO
nositps C3T" (puc. 2, 5, 6).

Jlo KiHIS KaJeHJapHOTO POKY B NEpiof
Bix 277 nmus (5 xoBtHA) g0 365 gus (31
IpYyJIHS) CIIOCTEPIraeThcs BIPOJOBK MEPIIOrO
MICSITIT  TIOCTYIIOBE 3pPOCTaHHS CEpPEeIHBOTO
3HAUEHHS BIAHOCHOI BOJIOTOCTI JI0 piBHA,
ONMU3BKOTO IO HOPMOBaHOTO 3HaveHHs. lle
MOSICHIOETBCSL ~ THM, IO TemIeparypa
30BHIIIHBOTO MOBITPSI TOCTYTIOBO 3HUXKYETHCS
Ta npu  BeHTwmuii  TyHemiB  C3I
OXOJIOJDKYBaTHME Imap IPYHTY  HAaBKOJO
TyHeniB. [Ipu HagXxomKeHH1 OB HATPITOTO 1
BOJIOT'IIIIOTO MOBITPA 31 CTaHIIII
Mmetpononiteny B C3I' Oyne BinOyBarucs
OXOJIO/DKEHHSI TaKOTO TOBITPs, IO TPHU3BEIE
10  WABMIIEHHS  CEpeJHbOi  BIJHOCHOI
BOJIOTOCTI (UB. puc. 2, 5, 6).
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BucHoBknu

1. Hakonuueni eKCTIePUMEHTAIIbH1
3HAQYCHHS  TapaMeTpiB  MIKpOKIiMaTy 3
YpaxyBaHHSIM «IIOMIOBOTO e(deKTy» Tpu
poOOTI  MEXaHIYHOi CHUCTEMH  TYHEJIBHOI
BeHTw il C3[° BIiANOBIAHO /O YHHHOTO
(craporo) rpadika  poOOTH  TyHEIBHOI

BEHTHWIALI, KOJM TMPOBITPIOBAaHHA TYHEIIB
C3I' 3ailCHIOETHCS TIOBITPSAM  BijJ  CTaHIIIH
METPOTIONIITEHY  BOPOJOBX  KaJCHIApHOTO
POKy, CBiI4aThb MPO 3pPOCTAaHHS BOJOIOCTI
TYHEJIBHOTO TOBITpsI B JiTHIM mepiog mo 80-
95 %, iroxai 100 %.

2. Brponmorx JTITHBOTO nepiony
3alpOMOHOBAHO 3MIHUTH PEXKUMU POOOTH
BEHTHJIALITHIX YCTaHOBOK TYHEJIBHOI
peuTwsinii C3I° TakuM 4YMHOM, MO0 OIIBII
Cyxe 1 Harpire TOBITPS HABKOJIHUIIHEOTO
Cepe/IOBHINA TEPEriHHUMU BEHTUJISALIHHUMU
ycraHoBKkamu HarHitanocss B TyHem C3I, a
BUJIAJISIIIOCS 3 TYHENIB CTaHLIHHUMU.

3. Po3pobneno CFD MOJIETTh
TEPMOra30IMHaMIYHOTO Ta BOJIOTOTO CTaHIB
tyHeniB C3I, mo sBisie COOOK CYKYIHICTh
reoMEeTPUYHOI MOJIeIi Ta MaTeMaTHYHUI omnuc
Gb13M4HuX MpOLIECIB TEIIOMacoOOMIHY
nBodazHoro cepenosuina. AnekBataicte CFD
Mozeni Oyrna 3abe3nedeHa BHUKOPUCTAHHSIM
eKCIIePUMEHTaIbHUX  JIaHUX  TapaMeTpiB
Mikpokiaimaty 3a 2018 pik. YTouHeHa Mozenb
nokasaja  OJM3BKICTH  PO3PaXyHKOBHUX 1
eKCTICpUMEHTAIBHAX ~ 3HAu€Hb  BIiJHOCHOI

BojiorocTi TyHenbHOro moBitps C3I° mpu
CTapOMy PEKUMi POOOTH BEHTYCTaHOBOK.

4, Ha ocHoBi BepudikoBanoi CFD
MoOJieNi  3IIMCHEHO TPOTHO3YBaHHS 3MiHHU
rapameTpiB MIKpOKJIiMaTy BIPOJOBK ITOBHOTO
KaJICHJApHOTO POKY 3a YMOBH peaji3arii
po3pobnenux pekomenpamii [TT® HAHY 3
oprasizanii HOBOTO peXHUMy POOOTH CHUCTEMHU
tyHenbHOI BeHTHsAIii C3I°. Ha ocHoBI aHamizy
pE3yNBTATIB  KOMII FOTEPHOTO MOJICTIOBAHHS
BCTaHOBJICHO, LIO JJI1 3MMOBOT'O Ta OCIHHBOTO
MepioJiB  cepemHss  BiJIHOCHA  BOJIOTICTh
tyHensHoro mnoBitps C3I° moxe nocsratu
HOpMOBaHOTO 3HaueHHa 75 abo 80 %,
BIIPOJIOBXK  JIITHBOTO  Mepiogy  BiJHOCHA
BOJIOTICTh Oyie Huk4e 75 %.

5. OTpumaHni pe3ysbTaTd MOJEIIOBaHHS
TEPMOTa30IMHAMIYHOTO i BOJIOTICHOTO
pEeXHUMIB TyHEIiB C3r BIIPOJIOBIK
KaJIEHAapHOTO POKY HiATBEPKEH]
EKCIIEPUMEHTaJIbHUM  BUIPOOYBAaHHSIM B
KuiBcbkOMy METpOIIOITITEHI.

6. Ha ocHOBI aHamizy eKclepuMeH-
TATPHAX Ta OTPHUMAHHX PO3PAXYHKOBHUX
pe3ynbTaTiB [IITXOM KOMIT IOTEPHOTO
MOJICTIIOBAHHSI MO>KHA 3pOOUTH BHCHOBOK TIPO
BIJICYTHICTb HEOOX1THOCTI 3HHKEHHSI
BIJIHOCHO1 BOJIOTOCT1 TyHeNIbHOTO MoBITpsi C3I°
OAaTKOBUM a00 1HIITUM 00JI1aTHAHHIM.

ABTOpPH CTaTTi BUCIIOBIIOIOTH TMOSKY
KIT «KuiBchkuit MeTponosiTen» 3a (hiHaHCOBY
HIATPUMKY Ii€l poOOTH.
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Ilocmynosuii nepexio eKOHOMIKU HA PUHKOBI BIOHOCUHU Nepeddadae npoBaONCeHHs.
JIO2ICMUYHUX NPUHYUNIE 6 YCi 2iiku 2ocnodapcmea. Heobrpynmoeawni posmipu 3anacié Ha
NIONPUEMCIMB] MOICYMb CHPUYUHAMU HEBUNPABOAHT 8UMPAMU HA 1020 YMPUMAHHA ab0 empamy
akocmi. Y cmammi ananizyemuvcs 36's130K MIdC pO3MIPOM 3AMOGIEeHHs OJisi NONOBHEHHS 3andcie
JIOKOMOMUBHO20 0€NO i Yacom HACMYNHO20 3AMOBIEHHA 3 MEMOIO BUSHAYUEHHS 11020 ONMUMATLHO20
00ca2y 1 4acy UKOHAHHS 3AMOBIEHHS.

Kniouosi cnosa: 3anac, po3mip 3amMo61eHHs, Yac GUKOHAHHSL 3AMOGIEHHSL.

Stocks play both a positive and a negative role in the activities of the logistics system. The
positive role is that they ensure the continuity of the processes of procurement, production and
marketing of products, being a kind of buffer that smooths out unforeseen fluctuations in demand,
violation of the timing of the supply of resources, increase the reliability of logistics management.
The negative side of stocks is that significant financial resources are immobilized in them, which
could be used by enterprises for other purposes, for example, investment in new technologies,
market research, improving the economic performance of an enterprise, etc. In addition, large
levels of stocks of finished goods impede the improvement of its quality, since the company is
primarily interested in the sale of products before investment to improve its quality. The presence of
significant reserves in the areas of procurement, production and marketing impedes the
introduction of logistics as a concept of enterprise management, since they isolate the links of the
logistics system, and, therefore, the individual stages of the logistics process from each other.
Based on this, the problem arises of ensuring the continuity of logistics and technological processes
at a minimum level of costs associated with the formation and management of various types of
stocks in the logistics system. Transport stocks are created on all types of transport involved in the
transportation of resources. In this regard, they are classified into reserves of railway, river, sea,
road and air transport. The time spent by resources in transportation stocks includes the movement
time of resources, which depends on the distance of transportation, type of transport, method of
transportation; time for various shunting operations; loading and unloading operations when
transferring cargo from one mode of transport to another. In market conditions, logistics systems
and their constituent parts have to constantly adapt to the changing needs of customers. Based on
this, the priorities of inventory management may change at one time or another. The inventory
management model with a fixed order size can be applied if regular (daily) control of the inventory
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level in the warehouse is carried out and it is possible to order and receive resources at any time,
and resource requirements can be established relatively accurately during the execution of the

order.
Keywords: stock, order size, lead time.

Beryn. Bing 4iTkoi poOOTH JTOKOMOTHB-
HOTO TOCHOJApCTBa 3alCKUTh e(PEeKTHBHA
pobora Bciei 1HOPACTPYKTYypu 3ai3HUIII.
OTtpumyroun mpuOYyTOK BiJ HaJaHHS IOCIYT
Ha TIEPEBE3CHHS, 3aJI3HUIL Ta ii MiAPO3auIn
MalOTh KOMIIEHCYBAaTH BTpPady€HI pecypcu Ha
MiITPUMKY 1 pO3BUTOK CBOTO rocroaapcrsa [1].

ToMy, KOIM  TOCHOJApPIOBAHHA €
BUTPATHUM, HOTO €()EeKTUBHICTb MOTIPIIYETHCS
3a paxyHOK HEOOIpYHTOBaHOi  KIJIBKOCTI
pecypciB,  30KpemMa  BEJIMYMHHM  3aIlaciB
CHPOBHHH 1 3aIIACHUX YaCTHH.

Knienris, 1 (0) KOPHUCTYIOThCS
TPAHCIIOPTOM, I[IKaBUTh I[iHA, IIBHJKICTb,
KOM(OPT IpH MEepEeBE3eHHI, 1 3aJeKHO BiJ iX
CHIBBITHOIIEHh BOHW BIJAIOTh IEpeBary
BiJIMOBITHOMY TPAHCHOPTY.

[IpaBuabHO OpraHizoBaHE JIOTICTHYHE
MOCTayaHHS JO3BOJSE HAIATH KOHKYPEHTO-
CIIPOMOYHOCTI BIJIIIOBITHAM BHIAM
TPAHCIOPTY JUIsl OpraHizamii InepeBe3eHb
BaHTaXIB 1 acaxupis [2].

AHaJi3 OCTaHHIX J0CJTiIKeHb i my0.JIi-
Kauii. Y psai 3aKOpJOHHUX JOCTIKEeHD [3-5]
PO3TIISIHYTO 3aBAaHHS, [0 BUHUKAIOTh MpPU
BHU3HAYECHHI1 €KOHOMIYHOTO po3Mipy
3aMOBJICHHS 1 BEIMYMHH CTPAXOBOTO 3aracy.

Y Hamiil kpaiHl TpaguIiiiHO TpHU
pO3paxyHKaxX BEJIMYMHHU 3allaciB BUIUISIIHCS
TEXHOJIOTIYHMM 1 CTpaxoBMM 3amacu. Auje
SKIIO TEXHOJOTIYHUN 3amac  OUIBII-MEHII
JIETKO OOYMCIIUTH TIPU BIIOMUX BHTpATax dacy
HAa PEMOHT 1 TOCTaBKy Ha 30UpaHHS MpU
cTaOlIpHIN MporpaMi PEMOHTY, TO CTPaxOBUI
3armac BH3Ha4yaBcid NPUOTU3HO B  po3Mipi
5-80% ¢ponty pemonty arperartiB [6].
MatematuuHi METOAM [UIsl TPAKTUKU HE
JI03BOJISIIOTH TIOBHICTIO OI[IHIOBAaTH PO3MipU
CTpaxOBHX 3allaciB yepe3 pi3HI OOCTaBUHH.
OcTtaTouHO po3Mip 3amaciB  BU3HAYABCS
TEXHIKO-€KOHOMIYHUMH po3paxyHkamu [7, 8].

BusnaueHHsi MeTH Ta 3aBIaHHA
AocaigKeHHs. MeTolo CTaTTi € Ppo3risij

OUATAHHS 3QJIE€KHOCTI MDK €KOHOMIYHUM
pO3MIpOM 3aMOBJICHHS 1 4YacOM MOBTOPHOTO
3aMOBJIEHHS Ha HWOro IIONOBHEHHS, IO, Ha

BiIMIHy BiJ I1HIIMX METOMIB, JO3BOJISE
BH3HAYUTH W  YOPaBIATH  ONTHMAIbHUAM
pO3MipoM 3aracis.

OcHOBHA YaCTHHA  JOCJiI:KeHHS.

3aBraHHs, SIKi BUHUKAIOTh NpPU BHU3HAYCHHI
€KOHOMIYHOTO  pO3MiIpy  3aMOBJEHHS 1
CTpaxoBOi  Haj0aBKW, OyJaM  JOCIIIKEHI
JeKiTbKOMa aBTOpaMH, NPUYOMY HasBHICTh
3B'SI3Ky MDXK IIMMH JIBOMa BEJTMUYMHAMH Maike
3aBKAM 3aldiiagach HemomideHowo [9-11].
PosrnsiHeMo  3B'SI30K MK~ €KOHOMIYHHUM
PO3MIpOM 3aMOBJIEHHS 1 TOYKOIO MOBTOPEHHS
3aMOBJICHHSI Ta TOKaXEMO, IO NpU 3aJaHUX
BUXIIHUX BEJIMUMHAX icHye (39105030507
€KOHOMIYHUI pO3Mip 3aMOBJICHHS 1 €IHHA
TOYKa MTOBTOPEHHS 3aMOBJICHHS.

1. TocTiiiHl BUTpaTH B PO3paxXyHKY Ha
OJTHE 3aMOBJICHHS MOXKHa pO3paxyBaTH,
PO3AUIMBILIM 3arajlbHy CyMy aJIMiHICTPaTHB-
HUX BUTpAT, NOB'A3aHUX 13 3aKyMHIBISMH, Ha
KUTBKICTh 3aMOBJIEHb. BiIMIHHOCT1 y BUTpaTax
Ha OJIHE 3aMOBJICHHS 3IJIQJKYIOTbCA 1 HE
MalOTh CYTTEBOTO 3HAYEHHS, SIKIIO Ii BUTPATH
ONHOpiAHI. [HIIA MOMXIHMBICTH OLIHIOBAHHS
CyMH TIOCTIHHMX BHTpPAaT Ha 3aMOBJICHHS
MOJISiTa€ B 3aCTOCYBaHHI  XPOHOMETPAXY.
3araibHa cyMa IOCTIMHMX BUTpaT Ha
3aMOBJICHHSI, IMOBIPHO, € HENiHIHHOIO (YHK-
II€0 BiJ] KTBKOCTI PO3MIIIIEHUX 3aMOBJICHb.

2. KinpKicTh 3aKymoOBYBaHUX OIMHHIIb
npu  KOXKHOMY TIOBTOPEHHI  3aMOBJICHHS
Bapilo€ HABKOJIO CBOEI CepeIHBOI BiAIOBITHO
no 3akony Ilyaccona. Y posrmsiHyTid 3amayi
BUKOpUCTaHHA posnoainy Ilyaccona o6ymos-
JeHO JBoMa mpwumymeHHsMH. [lo-mepie,
IMOBIpHICTb MONUTY Ha TOBapH, MaTepianu abo
B3arasii 3amnaceHi 00'exTn TAHOTO
HallMeHyBaHHS B KOXXEH MOMEHT 4acy He
MOBUHHA  BIJPI3HATUCSA BiA  IMOBIPHOCTI
MONMUTY 33 THUM CaMHM HalMEHYBaHHSAM Y
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Oynb-skuil 1HIMEA MomeHT dacy. I[lo-mpyre,
IMOBIpHICTh TIONMUTY JAHOTO HalMEHYBaHHS
IPOTSArOM PEIUTH JHA HE IOBHMHHA 3ajleXaTu
BiJl KUIBKOCTI OJWHHWIIb BXKE IPEI'SBICHOTO
IONHUTY 32 MUHYJIY YaCTHHY TOI'O CaMoOro JHs
a0 3a Horo rogunHy, abo 3a OyIab-SIKU 1HIIUH
JI€Hb YM FOJMHY.

3. Ilpy  BU3HAYEHHI  EKOHOMIYHOTO
pO3MIpy 3aMOBJIEHHS 1 CTpPaxoBOIO 3aracy
JIeTI0 HaMaraeTbCcs MIHIMI3yBaTH 3arajibHy
CyMY 3aJIS)KHUX BiJl HOrO pillIeHHs BUTpAT.

4. Burparamu, 10 3MIHIOIOTbCS B
3aJIe)KHOCTI BiJ] pO3Mipy 3aMOBJICHHS, €:

a) piluHa CyMa TOCTIMHHUX BHUTpAT Ha
3aMOBJICHHS;

0) MOTOYHI BUTPAaTH HA YTPUMAaHHSI
3amacis;

B) OYiKyBaHi
neQiuTy.

5. lo BurpaT, 3MIHHUX 3aJCXKHO BIJ
TOUYKH IIOBTOPEHHSI 3aMOBJICHHS, HaJIeKaTh:

a) MIOTOYHI BUTPAaTH HA YTPUMaHHA
3araciB, 110 CKJIAaJal0Th CTPAXOBUH 3amac;

0) ouikyBaHi BTpaTd B  pe3yJbTari
nedinuTy.

6. Brparu, 1m0 BUHHUKAIOTh Yy 3B'SI3KY 3
neinuToM, y pO3paxyHKy Ha AeiuuTHY
OJIMHUII0 3amacy nocTiiHi. lle nmpunymeHHs
MO’KHa 3MIHHUTH, ajleé Taki 3MiHU TPU3BOASATH
710 BEJINKOTO YCKJIaTHEHHS PO3PaxyHKiB.

3aCTOCOBYIOThCSI ~ TakKl  TO3HAYEHHS
BUXI1JTHUX JaHUX:

Y — piuHa cyMa NOCTIHHUX BUTpaT Ha
3arac;

| — moTOYHI BUTpPAaTH Ha YTPUMAaHHS
3armaciB y BIJICOTKaxX IXHbOI1 BapTOCTI;

C — BapTicTh OJUHMIII TOBapiB B YMOB-
HUX OJIMHUIISX;

IT — BTpatu Bix AediuUTy B po3paxyHKy
Ha JIepiUTHY OJMHUIIIO B YMOBHUX OJMHUIIX;

S — mocTilHI BUTpATH 1O 3aMOBIICHHIO B
YMOBHUX OJUHUIISIX.

Jlis HEeBIAOMHUX 3aJad BHUKOPHUCTOBY-
I0ThCS TaKi MO3HAYEHHS:

Q — eKOHOMIYHMI PO3Mip 3aMOBJICHHS B
YMOBHUX OJIMHUIISX;

BTpaTM B  pe3yJbTari

i (m_k)e;u!m _ i me

m=k+1 m=k+1 mI

u e'u e'u e'u™

m=k+1 m: m=k+1

K — Todka TMOBTOpEHHS 3aMOBJICHHS Yy
(GI3UYHUX OAMHUIIIX.

3aranpHa CyMa 3MIHHHUX BUTpaT 3a piK
CKJIQIa€ThCS 3  MOCTIMHMX  BUTpaT Ha
3aMOBJICHHS, TIOTOYHUX BUTPAT HA yTPUMAHHS
3amaciB 1 OYIKyBaHUX BTpaT y pe3yjbTaTi
nedimury. Hlopiuni mocTiiiHi yTpUMaHHS MO
3aMOBJICHHSX JOPIBHIOIOTh YTPHUMAaHHSM Ha
OJIHE 3aMOBJICHHSI, IOMHOXXEHUM Ha KUIbKICTh
3amoBiieHb Ha pik Y/Q. Ilopiyni moTouHi
BUTpaTH 3 YTPUMAaHHS 3amaciB MOKHA MOJATH
SIK JOOYTOK BiJICOTKIB MOTOYHUX OOYHCICHB |
Ha CEpeIHIO HasIBHICTh 3armacis

[Q/2+(k+u)C] B ymoBHMX omuHHMISX. Y

IbOMY BHpa3i U — cepeHs KiTbKICTh OJMHHUIIb,
Ha fAKi € TOMHT Ha TPOMDKKY BiJICTaBaHHS
MOCTaBKU BiJI MOMEHTY 3aMoOBIIeHHS. Takum
qrHOM, K—U sBJIsIE COOOI0 CEepPeIHIO KIIbKICTh
OJMHHUIb y cTpaxoBoMy 3amaci, a (k-U)C —
BapTicTh 1i€i KimbkocTi. OYiKyBaHi BTpaTtu B
pe3ynbrari Aedinuty JOpiBHIOIOTH JOOYTKY
TPHOX BEJIMYHH: a) BTPAT, 0 BUHUKAIOTh IPH
nepinuTi B PO3paxyHKy Ha AePIIUTHY
OIMHHUINO; 0) cepenHbOoi KUIBKOCTI Ae(IlUT-
HUX OJWHHUIIb 33 OJMH TEpioj TMOMOBHEHHS
3amaciB; B) KUJIBKOCTI TEPIOAiB TOMOBHEHHS
3amaciB  Ha pik. KinbkicTe  aedinuTHUX
OJIMHUIIb Y PO3paxXyHKy Ha OJUH Tepiof
TIOTIOBHEHHS BUPAXKAETHCS TAKOIO (hOPMYIIOHO:

0 euum
>, (m=k) o

m=Kk+1 m

ne M — ¢akTH4Ha KUIBKICTh OJIMHUIIb, HEO0O0-

XIIHUX TPOTATOM  TEpIioAy  BiJCTaBaHHS
ITOCTABKH BiJl MOMEHTY 3aMOBJICHHS;
U — cepeaHss  KUIbKICTh  OJIMHUIIb,

HEOOXIAHUX MPOTITrOM IMEepioy BiJICTaBaHHS
MOCTaBKHU BiJl MOMEHTY 3aMOBJICHHS;
K — To4uka MOBTOPEHHS 3aMOBJICHHSI.

HaBenene Buie piBHSHHA
CHPOCTHUTH ISl OOUMCIICHHS

MOXHa

u,,m 0 u, m-1 o0

m=Kk+1 m!
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[ToknmaBmu p=m -1,

-u, m

e u” = eu
Z (m— k) :UZ ——k > :
m=k+1 ! p=k p: m—k+ M2
OcCKiNbKH pi3HULSE MIXK M i P Mae opManbHe 3HAYEHHS, TO
e u” = e " uE “u e'u”
= UZ k> = +(u—k) Z
m=k+1 - m=k m' m=Kk+1 m' ' m=Kk+1
OcranHiii BHpa3 Beae /A0 TPOCTUX
e'u” 3 :
OOYMCIIEHb, OCKUIBKH 3HA4YCHHS Kl 1 Bupas nmst 3aranpHOi CyMH 3MIHHHX
eu ) BHUTpAT (TVC) MO>YKHA OTpHUMATH,
Zk: ml  MOXHA OTPHMATH 3 TAONHUIIb. MiCYMOBYIOUH TP JTOAAHKH:
m=Kk+1 .
Y Y | ue™u*
TVC=S—+1[9+(k—u)C}+ +(u— :
Q 2 Q m=k+1
[IpupiBHSABIIM YaCTMHHY HOXIAHY 1 HYJISl 1 pO3B’si3aBIIM OTpUMaHe piBHSAHHS 3 Q,
KIiHIIeBUI TPHUPICT BigmoBimHo mo Q i K o OTPHUMAEMO:
aTve  SY 1 Imy| e u”
—— =t + (u—Kk) Z
Q Q" 2 Q| kel
B Uy
2YS + ZHY
m=k+1
Q1 = ~
|
ATVC Y ue’”uk+1 e'u™  uetu’
—=IC+ 17 -k-1) Z —(u— =
Ak (k )I m=k+2 m=k+1

Lleit Bupa3 MmokHA CIIPOCTUTH:

Y 2 e tu
IC+1T—| - =0:
’ Q{ 2. } ’

m=Kk+1 m!

YIT & e 'u™
IC m=k+1 m!
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Ilicng miacTaHOBKMA BHUXIOHHUX JAaHUX
IpU JIeSIKUX 3HAYCHHAX K 00WaBa BHpasu Jis
Q HaOynyTh OAHUX 1 THX caMUX 3Ha4yeHb. [li
3Ha4YeHHs Uig O i k € po3B’s3KaMu CHUIBHUX
piBHsSHb. Ha mpakTtumi dacto HeIiIeHHS
OKpEMHX €K3eMIUISIPiB BUKIIOYA€ MOXIIUBICTh
TOYHOTO pO3B’s3aHHA. ToMy MpaBHIBHO

BCTAQHOBJICHA TOYKAa ITOBTOPEHHS 3aMOBJICHHS
MOBMHHA BIAMOBIIATH TaKoMy 3HaueHHIO K,
siKe 30JMKye 3HaleHi 3HadeHHs Q TicHilie,
HIXK OyIb-sIKe 1HIIIE 3HAYCHHSI.

Jlnst peanizamii po3B’si3aHHS 1i€i 3amadi
MOXHa BUKOPHCTATH QITOPUTM, CTPYKTypHa
cXeMa SKOTro HaBeJICHa Ha PUCYHKY.
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Coe >

Puc. CtpykrypHa cxema aaroputmy BuszHaueHHs Q i K

BucHoBku. Takum 4YuHOM, IIOKa3aHa
ToyHa (opma B3aeMOii MK EKOHOMIYHUM
PO3MiIpOM 3aMOBJICHHS 1 TOYKOI TMOBTOPEHHS
3aMoBiIeHHS. Ilel B3aeMO3B'I30K  Maiike
MOBHICTIO ITHOPYBABCS B JIITEPATypi 3 MUTAHb

pEeryIOBaHHS 3amaciB, sKa po3risgana Ii
BEIMYMHU SK B3acMOHe3alexkHi. [loMuikm
TAKOTO poAy Oynu HaifyacTile MTPUINHOIO
BIIXWUJICHHSI TEOPETUYHUX BHCHOBKIB  BIJ
pEaNbHOCTI.
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