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INVESTIGATION OF THE METHOD OF CHOOSING THE SHORTEST ROUTE
WHEN MOVING AN OBJECT IN THE ROOM

This paper is devoted to the research of problems of construction of routes of movement of
autonomous objects (robots) in premises. Methods of finding optimal routes on graphs are
considered, three algorithms are implemented and their results are compared. Algorithms for
finding the shortest paths are divided into two types: finding a path on a discrete workspace (maze),
finding a path on a graph. Both classes of algorithms have their advantages and disadvantages, as
well as their narrow scope.

With the development of robotics, the urgent task is to optimally move an autonomous
mobile robot indoors. We believe that the room consists of halls that connect the corridors. There
may be obstacles in the halls that need to be avoided. It should be noted that in each passage hall,
the shortest internal routes are constructed, connecting different entrances to the premises. This
problem can be solved by using a wave algorithm or other known algorithms, such as the visibility
graphs method or the cell decomposition method. The study was to compare Dijkstra, A * and
Contraction hierarchies algorithms for a small room. To compare the work of search algorithms,
search procedures have been run on different routes. Moreover, the routes in the sample were both
short and long, since the implemented algorithms showed themselves differently on routes of
different lengths. In the test trials, the Contraction hierarchies algorithm was the best, to a small
extent it was replaced by the algorithm A *, but considering the complexity of preliminary
construction of the space graph, we consider the best algorithm A *. The results obtained can be
used to develop a system of choice and visualization of the shortest route when moving an object in
the room, which will become the basis of the logic of mobile autonomous device - work, or game
object in a computer game. The purpose of this article is to publish the results of a comparative
analysis of the shortest path search algorithms (Dijkstra, A *, Contraction hierarchies) for a
relatively small room with many obstacles.
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PO3PAXYHOK TEXHIKO-EKOHOMIYHHUX ITAPAMETPIB BEPTUKAJILHOI
NIUJITHAPUYHOI EMHOCTI 3 EJHIITUYHUMHU JTHUIMAMMA

Pospaxynox  mexuiko-eKoHOMIYHUX —napamempie 8eluUKuUx emHocmeti OISl WUPOKOL
HOMEHKIAmypu NpOoOYKmMi6 € Hegi0 EMHOI0 YaCmMUHO 0)0b K020 IHICEHEPHO20 NPOeKmy MAaKux
KOHCMPYKYiU. Basxcaueum KOMNOHEHMOM PO3DPAXYHKY 86AHCAEMbC NOIHMEPBATbHEe KANIOPYBaHHs
BHYMPIUIHLO20 00 €MY NOCYOUHU, Pe3yIbMamoM AK0i € mabauys pieHs HANOBHEHHA 3 I0NOBIOHUM
oMy 06 €MOM HANOBHEHHSL.

Y pobomi poszensnymi meopemuyni i npaxmuuHi NUMAHHA WO OO0 PO3PAXYHKY MEXHIKO-
EeKOHOMIYHUX ~napamempie ma HNOIHMEPBAIbHO20 KANIOPYBAHHA 6EPMUKANbHOI EMHOCMI 3
eninmuyHumu onuwamu. Memoouxka kanibpy8aHHs 20puU30HMAIbHUX EMHOCMEL ICHYE | 3 YCRIXOM
BUKOPUCMOBYEMBCA Y BUPOOHUYMEI, HANPUKIAO, MPAHCNOPMHUX 3ac0o0i8. Pospobka ¢hopmyau ons
KanioOpy8anHs 6ePMUKAIbLHUX EMHOCIEN — OKpeMe NUMAHHSA, UDIUEHHS SIKO20 MOodce 0a3yeamucs
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HA BUKOPUCMAHHI [HMe2panvbHo20 yucienHs. Ompumana makum YUHOM Gopmyna NpUHYUNOBo
BIOPI3HAEMbCA 6i0 ICHYIOUOI OISl 20PUBOHMANLHUX EMHOCMEL, WO 00YMOBIEHO 0COOIUBOCMAMU
koncmpykyii. Kaniopysanvni mabauyi ckiadaromvcs 018 8USHAYEHHS KLIbKOCMI NPOOYKMY, WO
3Haxooumscs 6 pesepsyapax. /s ybo2co 00YUCTIOEMbCA MICMKICMb pe3ep8yapa Ha KOMCHOMY
canmumempi gucomu 11020 HanosHenHs. ONUpaO4YUCy HA 3HAHHA MEXHIYHUX NUMAHL 6 2any3i
NPOEKMYBAHHA ~ NPOMUCIOBUX ~ EMHOCMElN Ma  BUKOPUCAHHA — MAMEeMAmMUuyHux Memooie
inmezpy6anns 0yia po3pobiena MemoouKa 6UBeOeHHs 3a2dlbHOi QOpMynu Oaa KaniopyeaHHs.
BEPMUKALHUX EMHOCMEN 3 eNiNMUYHUMU OHUWAMU, OMPUMAHA cama opMyia ma CmeopeHutl
MUNOBULL PO3PAXYHOK MEXHIKO-eKOHOMIYHUX napamempie. Bukopucmanns mabauuno2o npoyecopa
00360151€ WBUOKO, 3PYUHO Ma eheKmMUBHO BUKOHY8AMU GeIUKUL NepeliK pO3PAaAXyHKOSUX 3a0ad,
ONepamuHO 1 CHYYKO 3MIHIO8AMU YMOBU PO3PAXYHKY, @ MAKONC HPOBOOUMU pedaly8aHHs
MeKCmogoi YacmuHu OOKYMEHMY, OmpUuMy8amu 0axicanuti 6ucisio KiHYe8o20 pe3yibmamy
npogederoi pobomu.

Tomy Onsa peanizayii ompumanoi memoouxku Oy10 00paHo came ye po3pPAXYHKO8e
cepeodosuuye.

Knrwouoei cnosa: noinmepsanvie KaniopysawHs; KauioOpysanvhi mabauyi, mMemoo
IHmezpy8aHHs, MEeXHIKO-eKOHOMIYHUI napamempu.

IMocTanoBka mnpodjemu: EKOHOMIYHO pPO3BHMHEHI KpaiHW 3 BHCOKMM piBHEM XIMI4YHOI,
€HEepPreTUYHOi, MEeTalTypriiHOi MPOMHUCIOBOCTI, CIABCHKOIO TOCIOAAPCTBA IIUPOKO EKCIUIYaTyIOTh
pI3HOMaHITHI €MHOCTI BeJWKHX 00’eMiB sl 30epiraHHs Ta TPAHCIOPTYBAaHHS BEJIHMKOI
HOMEHKJIATYpU HAJMBHUX MPOIYKTIB. TOMY pO3paxyHOK TE€XHIKO-€KOHOMIUHUX MapaMeTpiB TaKUX
€MHOCTEH 3 BU3HAYCHHSM MacH KOHCTPYKIIii, BAHTXXOI THOMHOCTI, KOSQIII€HTY TapH, ix 00’ emy 3
MOIHTEPBAJILHUM KaJlIOpPyBaHHSAM CIYT'YIOTh HE TUIBKH JOMOBHEHHSIM /10 OCHOBHOI'O IIPOEKTY, aje i
BOXJIUBUM JIOKYMEHTOM JJISi TEXHIYHOTO 1 €eKOHOMIYHOTO OOTPYHTYBaHHS MaiOyTHIX 1H)KEHEpHUX
pIIIEHB.

€MHOCTI MOXYTh OYTH SK TOPH30HTAJIFHOTO TaK 1 BEPTUKAIBHOTO THILY, MOXYThb OyTH
MOOUIBHI 1 CTAaLlIOHAPHI, @ TAKOXK Y BUIJISAI KOHTEHHEPIB — HUCTEPH PI3HOMAHITHUX KOHCTPYKIIii.

HAIIOHAIGHUM Ta MIKHApOJHUM HOPMAaTHBHHM JOKYMEHTaM, O TEPENiKy SKHX BXOJSIThH
«IIpaBuna OynoBu Ta Oe3Me4yHOl eKCIUTyaTallii MOCYAMH, IO TMPalOTh IMiJf THUCKOMY,
«Pexomenpanii OOH mo TpaHcnopTyBaHHIO Ta 30epiraHHIO HeOe3NMeYHUX BaHTaxiBy», «[IpaBuia
MopcbKoro pericTpa CyJHOIIIaBCTBA [yl BUTOTOBJIEHHS KOHTeHHepiB», «Hopmu as po3paxyHKy i
MIPOEKTYBaHHS 3a113HUYHUX BaroHiB» Ta 1HII1 MPOMUCIOBI HOPMHU 1 CTaHJapTH.

HoMmeHnknatypa HpoayKTiB Al TaKMX €MHOCTeW Haa3BUYaiiHO BeiMka. Lle MoxyTh OyTH
CYMIIIl CKpPAaIJIeHOro Tra3y, MaJliBO Ta 1HII MPOAYKTH Ha(TOBOi MPOMMCIOBOCTI, PI3HOMAaHITHI
XIMIUHI PITUHM, PIJIKI MPOAOBOJBYI MPOJYKTH TaKi SIK MOJOKO, POCIMHHA OJIifl, COKM Ta HaIoi.
[oanst mpoaykuis XIMIYHMX, HaQTONEPepOOHMX, XapuOBUX MIJMPUEMCTB BHUIOTOBISETHCS 3a
JIOTIOMOTOI0 MOJIIOHUX €MHOCTEH, 30epiraeTbcs y HHMX 1 BiIBaHTaXyeTbcs crnoxubayeBi. [lpu
BUKOHAHHI YCIX [HX OMNepaliii HaI3BUYAlHO BaXXJIMBO MaTH TOYHUN 00°€M TPOAYKTY. SKIIO0
KUIBKICTh ~ BIJIBAHT@)XEHOI PEYOBMHHU JIETKO KOHTPOJIOBATH 32 JIOMOMOIOK  JIIYMJIBHUKIB,
CHelIaJIbHUX MPHUCTPOiB 00JiKYy, TO 00’€M 3amuIIKy (ikcyBaTH He 3aBkau mpocTto. OcobnuBoi
yBaru MOTpeOylOTh IMPOLECH 3 HE3aBEPLICHUM LHKIOM 3JIMBYy — HalUBY 1 Ti BUMNAJIKH, KOJIU
JeKiJbKa pa3iB aCHHXPOHHO BIIOYBA€ThCS SIK 3JIMB TaK 1 HaJIUB NPOAYKTY. Toai HaWmpocTimui
CrOCi0 3HATH 3AIMLIKKM — BUKOPUCTAHHS TAOJMIIl MOIHTEPBAIBHOIO KaniOpyBaHHS. 3Ba)Kalouu Ha
Te, MO MOAIOHI KOHCTPYKIIi YacTO CTBOPIOIOTHCA 3a I1HAMBIAYaTbHUMU MPOCKTAMHU, TaOJHUIISA
KaJiOpyBaHHS Ma€e XapakTep YHIKIbHOCTI.

KaniOGpyBanbHi TaOMuIl CKJIaJalOThCs 1HKEHEPHUMH YCTAaHOBAMM IMPU IPOEKTYBaHHI
eMHocTed. Hanpukiaz, Ko)kHa MOJIENb 3aJII3HUYHUX BaroHiB-LIMCTEPH MAe€ CBil THUI KaliOpyBaHHS
Ta BIANOBIAHY TaOJMIIO KaliOpyBaHHS, SKI BXOJAATH /0 IMEPeNiKy TEXHIYHOI JTOKyMeHTauli Ta A0
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CKJaay CIeliali30BaHuX OKpeMuX BUIaHb. ToOTO MeToaMKa KaliOpyBaHHS TOPU3OHTAIBHUX
eMHOCTel icHye. Po3poOka Qopmynu ans kamiOpyBaHHS BEPTHKAIBHUX €MHOCTEH — OKpeMe
MUTaHHS, BUPIIICHHSA SKOTO TaKoX 0a3yeTbcs Ha BUKOPUCTAHHI 1HTErPAJIbHOTO YHUCIEHHA. Ale
oTpuMaHa (hopMysa IPUHITUIIOBO BiJPI3HAETHCS BiJ] ICHYIOUOI JJIs1 TOPU30HTAIBHUX €MHOCTEH, 1110
00YMOBIIEHO OCOOJIMBOCTSIMH KOHCTPYKIIIi.

AHaJIi3 0OCTAHHIX JOCTIIKeHb i myOJaikanii.

OCHOBHUMHM JIOKYMEHTaMHU, 1110 pPEerIaMEeHTYIOTh rpaaytoBaHHs pe3epByapy, € [OCT 8.570-
2000 [1] 1 TOCT 8.346-2000 [2]. CmowaTKy TpaiylOBaHHS MPOBOASATH IICIS BUTOTOBIICHHS
MICTKOCTI 1 MOHTa)Xy Ha MICIll YCTaHOBKH, 33 pe3yJIbTaTaMHd BHUKOHAHHA IMX POOIT CKIANA€ThCs
rpajayloBaJibHa TaONHI pe3epByapy, 3 BKasziBKOW TepMiHy ii mii. JlaHi BUMIpiB BHECEHI B IIO
TaONUII0 KamiOpyBaHHS 30€piraloTh CBOIO aKTyallbHICTH B IUIMHI NeBHOTO yacy. [Tpupoauwuii 3H0C,
KOpO3is CTIHOK, JIOHHI BIIKJIaJICHHsI, BM'ITHHU 1 OMYKJIOCTi, PEMOHTHI pOOOTH BHKJIMKAIOTh 3MIHH
BHYTPIIIHBOTO 00'eMy pe3epByapy, 1 K HACIiJOK, MICTKICTh MajiuBa, 110 30epiraeTbes. Baacmimok
[[LOTO € HEOOX1AHICTh MOCTIMHOTO KOPUTYBAHHS JAHUX IPaTyOBAIbHOT TAOIUIL.

Takox BH3HAYEHHS MICTKOCTI CTalieBHX BepTHKaibHuUX emHocTer (100 - 50 000 m3) i ix
rpaaytoBadHs noBuHHiI npoBoautucs 3rifHo 'OCT 8.380-80 (wactuna II, mpuin. 1, m. 1) [3].

Metoauka kamiOpyBaHHS n0Ope OINMMCaHa ISl TOPHU3OHTAIBHUX €MHOCTEH, 30Kpema s
BaroHiB — LUCTEPH, Y BUAaHHI «Tabnuii xamiOpyBaHHS 3aii3HUYHHX mucTepH» [4]. CkiagaHHs
KaJgiOpyBaJbHUX TaOJMIb HA €Tali MPOEKTYBAaHHS BEPTUKAIBHUX €MHOCTEH MOTpedye po3poOKu
OKPEeMO1 METOMKH.

IlocranoBka 3aB1aHHA.

['onoBHUM 3aBHaHHSAM poOOTH € po3poOKa METOAMKH Ta (QOopMyIH KaliOpyBaHHS
BEPTUKAJIBHUX €MHOCTEH 3a JOMOMOTOK MAaTeMAaTWYHOTO IHTETPYBaHHS Ta 3aCTOCYBAaHHS i€l
dbopMynu J7Is1 CTBOPEHHS KaliOpyBalIbHUX TAOJMIb HA €Talll MPOEKTYBAHHS 1 pO3PaxXyHKY TEXHIKO-
€KOHOMIYHHUX MapaMeTpiB KOHCTPYKIIii 3arajom.

OcHoBHMI MaTepiag podoTH.

KaniOpyBasibHI  TaOJHIl CKIAAIOTHCS JIJII BU3HAYCHHS KUIBKOCTI TMPOAYKTY, IO
3HAaXOAMThCSA B pe3epByapax. sl 1bOro OOYHUCIIOETHCS MICTKICTh pe3epByapa Ha KOXKHOMY
CAaHTUMETPI1 BUCOTH HOTO HAITOBHEHHSI.

Po3THHaI0UM €MHICTh TOPU30HTANBHOO TUIOIIMHOI0, MM OTPUMYEMO YaCTUHU 00’ €MIB JHMII]
1 UWIHAPUYHOT JUIIHKK. CaHTUMETpOBl IHTEpPBAIM MpU CKIAJaHHI TaOMUIl KaniOpyBaHHS
BiJIpaXOBYIOThCSI IOYMHAIOYH BiJl THA TOCYAHHH.

[[{o6 mpoBecTu kaniOpyBaHHS PO3PAXyHKOBUM HIJISTXOM MOJUIMMO BEPTUKAIBHY €MKICTh Ha
TPU AUISHKH: HWKHE ETMINTHYHE IHUIIE, HUIIHAPUYHA YaCTHHA Ta BEPXHE ENINTHYHE THUIIE
(Puc.1). Ins 3pyudHocti posramryemMo Bich X YIOAOBXK BHCOTH €MHOCTI. BuBememo okpemi
dbopMynu sl KOXKHOI TIJISTHKY, a MOTIM CKJIaJeMO iX pa3oM, BPaxOBYIOUYH IMOJIOKEHHS KOOPAUHATH
PO3paxyHKOBOTO PIBHS HATIOBHEHHSI.
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Pucynok 1 - BepTukanbHy €MKICTb, IOJIUIEHA HA TP IIISTHKH

Hnst 1 ginstHKM po3risiHEMO KaHOHIUHE pIBHSAHHA enmincy [S5]. Skmo many BICH emincy
po3sranryBaTH y310Bx Bici OX Bropy, a Benuky — OY BriBo (Puc.2), orpumyemo piBHsiHHA (1):

A
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Pucynox 2 — Po3ramyBanus manoi Bici enincy OX Bropy, a Benukoi  y3a0Bx OY BiiBO.

2 2
y
ta !

cr|><
N

: 1)

e
a — BEJIMKA ITiBBICH;
b — mana miBBiCh.

Skmo a = R — BuyrpimHsoMy pamiycy, b = h,; — BHCOTI OBalOigHOI YaCTHHHU AHHMIIA,
bopmyna mpuiiMae BUTIIAL;

Xy
h? R?
06 , (2)

3mictumo rpadik y3aox Bici OX Bropy Ha Benuuuny b = h,,.

(x—h,) y?
h—z)W:l

Bupasumo kBagpar ¢pyHKii y = f{x), sika OnMcye 3MiHy BHYTPIIIHBOTO paaiycy R, 3amexHo
BIJ X.

y* _,_(x=h,)

R? h?

y? = R{l—MJ

h2
086 (3)
BukopucroByroun ¢opmyny o6'emMy Tinma oOepranHs [5], mepeiiaeMo 10 BH3HAYEHOTO
1HTEerpany
h;

Vv =n£f2(x)dx “
V= 7;} R{1—M}1x

2
0 hoe
SIkmo R = const i h,, = CONSt,
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h 3h h 3h ) h 3h ) h 3n,
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AR (, h ) ARh? 3h,—h AR

h 3h h 3h  3h%

06 06 o8 06

(3h, —h)

Takum ynHOM, (hopMyna JuIs KamiOpyBaHHS HA MEPUI JUISHIN, SKIIO PIBEHb HAIIOBHEHHS
0 <hj <h,,, Mae BUTIIAL
aR*h?
VI = 2I (3hos_hi)
3h
06 . (5)
[Tpu xani6pyBanHi Il IiISHKKM HE Mae CEHCY BUKOPHCTOBYBAaTH IHTErpyBaHHS. 3arajbHUil
00’em Oyze CKIaaaTvcs 3 MOBHOTO 00 €My eNINTUYHOI YaCTHHH JHHINA VIHI| Ta MOiHTepBAIILHO
3pOCTar4oro 00’eMy LMIIHAPUYHOI YACTUHU MOCYAMHU VII B 3aJI€KHOCTI BiJl PIBHS HallOBHEHHS

hi.

Vn =V0nl +Vu (6)

O06’eM eTINTUYHOT YaCTHHH JHUIIA TOPIBHIOE ITOJIOBHHI 00’ €MY eJIcoiza i po3paxoByeThCS
o gopmymi [7]
14 2
V, . === nabc =—7zabc
2 3 3

(1)
ae
a =C =R - Benuki mBoci;
b = h,, - mana niBBick.
Toni
2 o
VdHl = _ﬂR hos
3 (8)
O0’eM HUIIHAPUYHOI YACTHHH PO3PAXOBYETHCS 1O HOpMYIIi
— 2 _
Vu = 7R (hl hos) (9)
3 dpopmy (5), (7), (8) oTpumyeMo
VII = 2ﬂtho@ + ﬂRz(hi - hos) = ﬂRZ[E hos + hi - hosj = ﬂRz[hi _%J
3 3 3
TakuMm unHOM, popMmyra A KaaiOpyBaHHs Ha APYTiid JUISHII,
SIKIIO piBE€Hb HamoBHEHHs N, <hj <Ly, Mae BUTIISIT
Vi = ﬂRz(hi _%j
/. (10)
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Jns xamiopyBanus Il AiUISHKKM 3HOBY BHKOPHCTOBYEMO IHTETpall 1 KaHOHIYHE PIBHSIHHS

emircy. B pemTi oTpuMaemMo NOBHHI 00’€M MOCYAWHHU, MO CKIAJAETHCA 3 00’ €MIB ABOX THUII 1
IUAIHApUYHOT YacTuHH, popmyna (11). ['padiuna cxema 300pakeHa Ha puc. 3.

BIJ X.

Pucynok 3 — I'padiuna cxema.

V||| :Vma +Vq +V(>H2’

(11)
ne
Vou1— 00’ €M mepIoro JHUIIA, O0YUCITIOETHCS 0 hopmyii (8);
V, —00’eM IWIHAPUIHOI YACTHHHU.
P2
V, =mR°L, (12)

3a KaHOHIYHUM PIBHSHHSM €JIICy

2 2
XY
R
Bupaszumo kBagpat ¢yHKuii y = f(x), gka onucye 3MiHy BHYTPIIIHBOTO pajaiycy R, 3anexHo

Yo X

R® h?

V= 7[} f2(x

SIkmo R = const i h,, = CONSt,
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V_ﬂthli X2 P2 "o 1 2 _
= Il—h—z X = 7R .([dx—h—z.[x dx |=

0 06 06 0

Skmio h% = h; - (L,+h,), TO
3
Vauz =R’ hi _(Lu + hog)— (hi _(LW + hoe)) J

3h?
o6 (13)
[TincraBumo y dopmyny (11) Bupasu (8), (12), (13)
h —(L, +h Jf
Vi :gﬂR2h06+ﬂR2Lu —I—JZR{hi —(Lu +h06)—( ' ( — 06)) J:
3 3hZ,
h—(L, +h )]
:ﬂRZ{Eh +L, +h —-L —h —(' (” 0‘*))}
3 o8 Y 1 y 06 3h2
06 (14)

TakuM 4uHOM, TICHS TEPEeTBOPEeHb (opMylna As KamiOpyBaHHS Ha TPETid AUIAHII, SIKIIO
piBeHb HanoBHeHHs1 Ly <hj <L, Mae BUIISII

h-L,-h,J
Vi =R* hi_lhoe_(l uz 06)
3 3h

08

(15)

Bupazamu  (5), (10) i (15) omucyerbcs moBHa (opmysa KaaiOpyBaHHS BEpPTHUKAIbHOI
€MHOCTI 32 HaBEJICHUX YMOB, 1110 JI0 hj. Ta Mae BUIIIS:

2152
V| =7ZR—:]i(3h0@_hi)
3n,, , saxuo 0 <hj <hg,;
o =n )
3 , aKkuo hyg <hj <Lp;
h-L —h J
V||| _ﬂRz hi _lhog_( : uz 08)
3 3h
o8 , akuo Ly <hj <L,

Po3paxyHoOK TeXHiIKO-eKOHOMIYHHX TapaMeTpiB.

Jlo mepeniky TEXHIKO-€KOHOMIYHMX MapaMeTpiB €MHOCTI BIJHOCSATBHCS Maca TapH,
BHYTpIIIHIN 00'€éM MOCYAMHH, Bara MpOJIyKTY (BaHTaXKOMiIHOMHICTb), 00'€M HAamOBHEHHS 1 00'eM
HEJOJIMBY MPOJYKTY, BHUCOTa 1 BIJCOTOK HEIOJIMBY, KOE(]IIIEHT Tapu, a TaKOX IOIHTepBaJbHE
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kanmOpyBaHHs. Bei i mapaMeTpu okKpiM Macu Tapu Ta KOe(IliEHTY Tapu MPUUMAIOTHCS 110 TaOJIUII
KaJiOpyBaHHS.

Po3paxyHOK MOBHICTIO BHKOHaHO y TabmuuHomy mporecopi Excel. Ilpuxman apkymry
«KanibpyBanus» HaBeeHUH Ha puc. 4.

NI TR TNy T B L e S N M B L B N B B S R S U R S RS R T e

I KATIEFYHANI KOTIA COUIIDCTI
Takwainll | | Npeswawes stzes 1
1 Memerpanssm sxnfpyRmen SITI8 ¢ VETOI GO BECEa T - | Y ~ -
| Hw| v M > | - | Yoo | Foem| v o Ml Voo L™ -
rpcerEracy s CENY. Forpemees comm rpee e e pescy ey 2 | —t + + 1 1 T + + | - —t—1T t— -

S mate Iran e e T pew e pAY e YT v teens |

3l H | 1] 2019 33 000 MTT PE | 2018 32 200 M7 PF

(and A popaspey | amsSpymasea  PamrataTi I

Pucynok 4 — INpuknan apkymry «KamiOpyBaHHs»

BUCHOBOK

Jns BuBoxy QopMynu KanmiOpyBaHHS BUKOPUCTaHMNM TaKWW YHCENIBHUN METOM, SK
iHTerpyBanHsa. [loBHa Qopmyna kanmiOpyBaHHS BEpTHKAJIbHOI €MHOCTI 33 YMOB, IO JO BHCOTH
HaroBHeHHs h; onucyetbest Bupasamu (5), (10) i (15). @opmyna Oyna peanizoBaHa y TaOIHYHOMY
IpoIecopi, Mo AajJ0 3MOTy CTBOPUTHU THUIIOBHUM PO3paxyHOK TEXHIKO-€KOHOMIYHMX IapaMeTpiB
eMHOCTI. Tabnuist Moxe OyTH BUKOPUCTaHA SK HA €Tall IPOeKTyBaHHs MOAIOHUX KOHCTPYKIIiH, Tak
1 IpH IX eKCIuTyaTalii Juisi KOHTPOJIIO 3aJIMIIKIB IPOAYKTY 1110 30epiraeTbes.
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Jlenukas T.A., I'uarep A.A., XoHoroeii A.B.

PACYET TEXHAKO-95KOHOMHYECKHUX ITAPAMETPOB BEPTUKAJILHON
OIUJIMHAPUYIECKOU EMKOCTH C 3JUVIMIITUYECKUMUA JTHUIITAMMN.

Pacuem mexnuko-skoHomuueckux napamempog OOIbWUX eMKOCmel Ol  WUPOKOU
HOMEHKAAmMypbl NPOOYKMOG SAGIAeMCsl HeOMbEMAEMOU 4acmyvio 100020 UHICEHEPHO20 NPOeKma
NOOOOHBIX KOHCMPYKYULl. BajiCHbiM  KOMROHEHmMOM pacyema S6IsAemcs HOUHMEPSAIbHAs
Kanubposka eHympeHnHe2o obvema cocyod, pe3yibmamom KOmopo2o A6NAemcs mabauya ypoeHs
HANOIHEHUS. C COOMBEMCMBYIOUUM eMY 0ObEMOM HANOTIHEHUS.

B pabome paccmompenvl meopemuueckue u npaxmuieckue 60NPoOChl KacameibHo paciema
MEXHUKO-IKOHOMUYECKUX NAPAMEmPO8 U NOUHMEPBATbHOU KATUOPOBKU BEPMUKAILHOU EMKOCIU C
IURMUYECKUMU OHUWamu. Memoouka KarubposKu opu30HmMaAIbHbIX eMKOCIell Cyuecmsyem u ¢
VCHeXoMm UCHONb3Yemcs 8 NPou3soo0Ccmee, Hanpumep, mpaHcnopmHulx cpedcms. Bvieod opmynv
0151 KAnIuOpOBKU BEePMUKAILHLIX eMKOCmell - OMOENbHbIU BONPOC, peuleHue KOMopo2co MOMCEem
Oa3upo6amvcs HA UCNOIb308AHUU UHMESPATbHO20 ucuucienus. I[lonyuennas maxum obpazom
Gopmyna npuHYURUATLHO OMAUYAEmcs om cyujecmayioujell 0Jisl 20pU3OHMANbHBIX eMKOCMeEU, Ymo
00ycnosneno ocobennocmamu Kowcmpykyuu. Kanubposounvie mabauybl cocmagisaomcs 0us
onpeodenenHus Koauuecmea npooyKma, KOMOPbLU HAXooumcs 6 peszepsyapax. [ns smoeo me
BMECUMOCMb Pe3epsyapa Ha KadcOOM CaHmumempe 6blcomvl e20 Hanoixenus. Onupasico Ha
3HAHUEe MeXHUYeCKUx B0Npoco8 6 00AACmU NPOEKMUPOBAHUL NPOMBIULIEHHbIX EMKOCMeU U
UCNONL308AHUSL MAMEMAMUYECKUX Memo008 UHMeSpUposanus, Ovlia paspabomana Memoouxa
8616004 00OWell popmynvl 015l KATUOPOBKU BEPMUKAILHBIX EMKOCMEN C NLIURMUYeCKUMU OHUWAMU,
NOMYYeHa cama Qopmyna u co30aH MUNOBOU pPACYEm MEXHUKO-IKOHOMUYECKUX NaApamempos.
Hcnonvzosanue mabauynoco npoyeccopa nozeonsem 6bicmpo, YOOOHO U 3HeKmusHo 8bINOIHAMb
OONBLWON NepeyeHb PAcuemHbIX 3a0ay, ONEpamueHo U UOKO UBMEHAMb YCI06Us pacyemd, d
Makaice npoeooUms pedaKmuposanue meKCmosol 4yacmu OOKYMeHMd, NOAYYAMb JHceaamenbHbull
BUO KOHEUHO020 pe3yibmama npoeedenHou pabomoul. I[losmomy Onsi peanuzayuu NOIYYEHHOU
MemoOuKu Oviia u3OpPaHa UMEHHO IMa pacuyemudas cpeod.

Knwouesvie cnosa: nounmepeanvHas Kamubpoeka, KaiubpogouHvle mMabauyvl, Memoo
UHMEZPUPOBAHUSL, MEXHUKO-IKOHOMUYECKUE NAPAMEMPUL.

Levitskaya T.A., Ginter A.A., Khonogbey A.B.

CALCULATION OF TECHNO-ECONOMIC PARAMETERS OF VERTICAL
CYLINDRICAL VESSEL WITH ELLIPTICAL BOTTOMS.

Calculation of technical and economic parameters of big vessels for the wide nomenclature
of products is an integral part of any engineering project of similar designs. An important
component of calculation is interval calibration of internal volume of a vessel. The result is a filling
level table with its corresponding filling volume.

The work considers theoretical and practical issues related to calculation of technical and
economic parameters and interval calibration of vertical reservoir with elliptical bottoms. The
technique of calibration of horizontal capacities exists and with success is used in production, for
example, of vehicles. Receiving a formula for calibration of vertical capacities is a single question
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which solution can be based on use of integral calculus. The formula received thus essentially
differs from existing for horizontal capacities that is caused by construction features. Calibration
tables are drawn up to determine the quantity of product that is in the tanks. For this purpose, the
capacity of the tank at each centimeter of its filling height is calculated. Based on knowledge of
technical issues in the field of designing industrial containers and the use of mathematical methods
of integration, the method of obtaining a general formula for calibration of vertical vessels with
elliptical bottoms was developed, the formula itself was developed too and the standard
calculations of technical and economic parameters were obtained. Use of the tabular processor
allows quickly, conveniently and effectively to carry out the big list of settlement tasks, quickly and
flexibly to change calculation conditions and also to post editing to a text part, to receive a
desirable type of the end result of the carried-out work. Therefore for realization of the received
technique this environment of calculating was chosen.

Keywords: interval calibration; calibration tables, method of integration, technical and
economic parameters.
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YK 004.42
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MOJAEJIIOBAHHA AJITOPUTMY YXWJIEHHS OB’€EKTA B 3ITKHEHHA 3
PYXOMOIO NIEPEHIKOAOIO

Buxonano ananiz memooie oomedcenns weuoxocmell 3aCHOBAHUX HA KOHYEeNYii u8UOKICHOT
nepewkoou. Pozensnymo memoou n0KaAIbHUX YXUleHb 6I0 OUHAMIUHUX NepeuKoo, Npu Ybomy
8PAX0BAHO HEOOXIOHICMb BIO3HAYEHHS, WO 00XI0 NnepewKo0 € OUHAMIYHUM 3A80AHHSAM, BOHO
8UMA2AE PO3PAXYHKY 8EKMOPA WBUOKOCHIT A2eHmi8 8 KOdceH MomMeHm dacy. Pozensinymo konyenyis
WBUOKICHOI nepeuwKoou, AKUl NO2aHO Npayloe HA 2Pyni PYXOMUX a2eHmis, 0e KOJCeH a2eHm
AKMUBHO 3MIHIOE CBIll 8eKMOP WBUOKOCHI, OISl M020, W00 YHUKHYMU KOMI3ii, MoMy Wo
nepeobavae, wjo iHwi azeHmu He 0YOYMb 3MIHIOBAMU C80I0 WEUOKICMb. []e cmeoproe Konusanus 6
pyci ecix azenmis. Pozenanymo ocobnusocmi 3acmocysants yux memo9is 0Jis Hagieayii azeHmis Ha
Kapmi, npeocmaenenoi HasieayitHoi nosepxHeio. Poszenanym memoo 63AEMHUX WBUOKICHUX
nepewKoo KUl 00360J5€ po3paxysamu HeoOXiOHI 3HAUEeHHS WEUOKOCmell 051 KOHMIIKMYIOUUX
azenmie, i 00360JI51€ BUKOHAMU YXUNEHHS, VHUKaouu 3imkHenHs. Posenanymo eupiwenns npobnemu
B3AEMHUX MAHYIE y MemoOi 2IOpuoOHOi 83AEMHOI WBUOKICHOI NepeuKOOUNOKIUKAH, ULISIXOM
KOMOIHYBAHHS Memody WBEUOKICHOI nepeuwkoou i mMemooy 63AEMHOI WBUOKICHOI nepeuKoou.
Bzaemmne nonepedoicenns 3imKHeHHA € POWUPEHHAM Memooi8 3ACHOBAHUX HA BEeKMOopax
weuoxocmi. OcHOBHA BIOMIHHICMb 80 GIOOMUX MemoOi8, NOAAAE 8 MOMY, WO B3AEMHE
nonepeoiceH s 3IMKHeHb pO32Ns0aE 360POMHY 83AEMHICIb MIdHC NAPAMU GIPMYANbHUX A2EHMIE.
Ilepeobauacmuvcs, wo Kodxcen ipmyanvHull azenm, HAMA2AEMbCS VHUKHYMU 3IMKHEHHS 3 THUUM
A2eHMOM, a He C PYXOMOI0 nepeukooow. Brniouenns ezacmmnocmi ¢ memooax, sKi 3aCHO8AHI HA
8eKMOpI WBUOKOCMI, K Npasulo, 3abe3neuyc Oilbul NIABHUN PYX Ol GIPMYATbHUX A2EHMIB, djle
MAKOIC MOdHCE NPUBECMU 00 GUHUKHEHHS PIZHUX NPOOIeM, MAKUX AK 3AKTUHIOBAHHS | ONOKY8AHHSL.
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