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ARTICLE INFO ABSTRACT

Received 05 November 2020 The paper proposes a methodology for transportation fleet structure formation

Accepted 14 January 2021 based on the determination of the standard size fleet by carrying capacity using

Published 30 January 2021 the criterion of the cost of transportation of 1 ton of cargo, which will be
expedient if the number of shipments per day exceeds three times the estimated

KEYWORDS number of the model range of cars. At a lower intensity of daily shipments, it is

necessary to form a standard size range of a vehicle fleet on the basis of a
vehicles, fleet structure, prime repetition of independent tests.
cost, carrying capacity, The paper proposes a method of forming the structure of the fleet of vehicles
transportation. based on determining the size of the fleet using the criterion of the cost of
transportation of 1 ton of cargo, which is appropriate if the number of
shipments per day exceeds three times the estimated number of cars. With a
lower intensity of daily shipments, it is necessary to form a standard size range
of the fleet on the basis of repeating independent tests.
It has been established that the value of the coefficient of static use of the vehicle's carrying capacity is influenced
by the number of intervals for dividing the series of carrying capacity, their length and uniformity, as well as the
distribution law of the random value of the item. Violation of the uniformity of the intervals of the series of the
carrying capacity of the car, the value of the coefficient can deviate from the average to 6.2%
An increase in the number of intervals in a number of carrying capacities of vehicles from 2 to 3 contributes to a rapid
increase in the coordination of the density of distribution of the batch volume and shipment to the structure of the
vehicle fleet in terms of carrying capacity and is characterized by an increase in the coefficient of compliance on
average from 0.65 to 0.75. An increase in the range of carrying capacity up to interval 5 increases the value of the
compliance coefficient to 0.8, a further increase in the intervals causes an inversely proportional increase in the
compliance coefficient. An increase in the number of car models from 1 to 3 causes a decrease in the cost of
transportation in the range of 8% - 11.3%, depending on the degree of use of the vehicle fleet. Further expansion of
the model range to 7 units practically does not affect the cost of transportation, and then its growth is observed due to
an increase in the duration of downtime while waiting for the proper consignment.
It was revealed that an increase in the average weight of a shipment by 2.3 times causes a decrease in the cost of
transportation 1.79 times, and with this decrease in the weight of a shipment, an increase in the intensity of growth
in the cost of transportation is observed.
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Transportation Fleet Structure Formation. Science Review. 1(36). doi: 10.31435/rsglobal_sr/30012021/7373
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Beryn. V Garatbox gociimkeHHsX [1-4] aBTOpH BiIMiYaroTh, IO CTPYKTYpa MapKy aBTOMOOLTIB,
NPy BCIX IHIIMX pIBHUX yMOBaX, BU3HA4Ya€ BapTICTh OCTaBKM BaHTaXiB. Tomy pimeHHS 3agadqi
(hopMyBaHHSI TAPKY TPAHCTIOPTHUX 3aCO0IB € aKTyalIbHUM 1 IOTpeOye HAyKOBOTO OOTPYHTYBaHHSL.

OCHOBHMM HayKOBO OOIPYHTOBaHMM BHCHOBKOM, BUKJIaJeHUM B [1], € Te mo ajis BU3HAYCHHS
WMOBIPHOCTI BUMOT Ha TICPEBE3CHHS aBTOMOOUIIMHI Pi3HOI BaHTAXKOITIIHOMHOCTI JOCTATHRO BCTAHOBUTH
XapakTep PO3MOJiTy pO3MipiB MapTiii BaHTaXIB Ta CEPEAHHOJOO0BHI BHPOOITOK IMX aBTOMOOLTIB. [lo
AHAJIOTTYHOTO Pe3yJbTaTy NPHUHIIOB aBTOP POOOTH [2], sSIKMI Ha OCHOBI 3aCTOCYBaHHS amapary Teopil
HEYITKMX MHOXXHWH BCTAQHOBUB JAOLUIBHICTH BHUKOPUCTaHHS TIPH TIEPEBE3CHHSIX 3aJaHUX MapTid
BillIpaBjeHh aBTOMOOLTIB HAMOMIDKUOi Oinbliol  BaHTaxomimioMHocti. B pobori [3] aBropom
3alPOIIOHOBAHO CTBOPHUTH HAUIMILIOK BAaHTQKHUX MOIYJIB, BPaxXOBYIOUH, IO BapTICTh iX eKCIUTyaTamii
3HAYHO HW)KYA 32 BapTICTh EKCIUIyaTalil pyXOMOro CKJIaay, THM CaMHM 3a0e3NeyMB iX ONTHMalbHE
CHIBBIHOIIIEHHST B CTPYKTYpi MapKy. B poGoTi [4] aBTopoM 3a3Ha4eHO, IO HAa IMTOTOYHHN MOMEHT Yacy
AITOPUTM BH3HAYEHHS ONTHMAIFHOTO TIAPKYy aBTOMOOLUTIB He po3pobieHuid. BiH mponoHye Mo KOXKXHOMY
IHTEpBaJy MacH BiJIPaBJICHHS, OTPUMAaHOMY 3a JOMOMOror (QYHKLII posnoaity BeiiOymna, minduparu
MapK aBTOMOOUIIB B 3aJIeKHOCTI Bil 00CATY MEepeBEe3eHHsI Ta TEXHIKO-CKCILTyaTaIllliHUX XapaKTEPUCTUK
POoOOTH aBTOTPAHCHIOPTHHX 3aCO0IB IUIIXOM TIEpe0opy iX MOXKITBHAX 3HAYCHB.

B >xomHill 3 po3rNIIHYTUX POOIT HE PO3MIIAAANOCH MUTAaHHS (POPMYBaHHS THUIIOPO3MipPHOTO
psly mapKy aBTOMOOIIB 32 BAHTaXOIMAHOMHICTIO.

TakuM 94uHOM, METOIO JaHOI POOOTH € po3poOKa METOANKH (POPMYBaHHS CTPYKTYPH MapKy
TPAHCTIOPTHUX 3aC00IB.

Bxiani nani Ta meroam.

OTxe, B IKOCTI OCHOBHHX NMPHUHIHNITIB (JOPMYBaHHS CTPYKTYpH MapKy TPAHCIIOPTHHUX 3acO0iB
JIOIUTFHO BUKOPHUCTATH HACTYIIHI:

— pO3MOLT IIIIBHOCTI MacH CEePeIHbOIO00BUX BiIIMPABIICHh MTOBHHEH BiJIIIOBIIATH PO3IIOJIII
napKy aBToMoOi1el 3a BAHTaKOMiJIHOMHICTIO;

— 00acTi BUKOPUCTaHHS aBTOMOOLTIB BU3HAYAETHCA COOIBAPTICTIO MEpeBe3eHB Ta MEPEBI3HOIO
3[IaTHICTIO;

— MiHIMaJIbHA KIJIBKICTh MOjIEJel TPaHCHOPTHUX 3aco0iB JIsl BUKIFOUEHHS MPOCTOIB i3-3a
BiJICYTHOCTI JIOLIJIbHOT MacH BiJIIIpaBIIeHHS aBTOMOOLIEM NIEBHOI BaHTaXKOITHOMHOCTI.

[Ipy BHKOHAaHHI BaHTAXHHMX IIEPEBE3€Hb HA PO3BI3HUX MapuIpyTax e(eKTUBHICTH
TPAHCHOPTHOTO TPOIECY BU3HAYAETHCS JIMIIE COOIBAPTICTIO TepeBe3eHHs | T BaHTaxy, SKy Y
3araJlbHOMy BUIaJIKy MOKHA IPEICTABUTH SIK:

b
qu =ad+—, (1)
Gi7;
e aib —koedimienTn.
Tak sK po3MEXyBaHHS CYMDKHHX 3a THUIOPO3MIpOM TPAaHCHOPTHUX 3ac00iB MOBHHHO
BKJIFOYATH OJTHAKOBI 3HAUEHHS COOIBApTOCTI NEPEBE3EHb CIIPABEJIMBIM € BiTHOILICHHS:

_ Y max
0 =0, , (2)
min
ne: Ymax 1 Ymin — BIJIMOBIJIHO, MaKCHMaJbHE 1 MiHIMaJIbHE 3HAYEHHS KOE(]IIIEHTYy CTATHYHOTO

BUKOPHUCTaHHS BaHTAKOIIAHOMHOCTI TPAaHCIIOPTHOTO 3ac00y Ha PO3BI3HOMY MapIIpyTi.

[lpu  1poMy  MiHIMabHE  3HAYEHHS  KOEQIIIEHTY  CTATUYHOIO  BUKOPHCTAHHS
BaHTaXKOIIIHOMHOCTI MOXJIMBO BU3HAYNTH Ha OCHOBI COOIBApTOCTI IIEPEBE3CHbD.

[lpunyctumMo, 1O ymin OpUiiMAae OJHAKOBE 3HAYEHHS JUIA BCIX MopeJel pi3HOi
BaHTaxoMiaioMHOCTi. Toxi 3 ypaxyBaHHsM (2) TUIIOPO3MIPHUHN sl TApKy aBTOMOO1JIB BU3HAYAETHCS
3aJIe)KHOCTSIMH:

qmin (3)
0; = i yﬂ 4

H
min
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Y
q, =g, , (5)
min
Y
qmax = qm—lﬂ . (6)
7/ min
3BigKH:
Y mex
Orex = Arin = (7
min
In Orex
m = qmin (8)
| n 7&
7/ min
e ] [ — omeparop IiIOYHUCETBHOTO PILlICHHS.

M — KUTBKICTh MOJeNiell aBTOMOOLITIB B aBTOMAapKy 33 BHKJIFOUEHHSIM MOJIENi 3 MiHIMAIIbHOIO
BaHTaKOMIAHOMHICTIO.

3arajgbHa KUIBKICTH HEOOXITHHUX MOJENCH TpaHCHOPTHHX 3ac0o0iB B aBTOMApKy 3a
BAHTAXKOII AHOMHICTIO CTAHOBUTHME:

n=m+1 9)

Amnami3 3ajexxHocTi (8) CBiMYMTH, L0 MiJBUIICHHS MIHIMAJIBHOTO 3HAYCHHS KOe(DillieHTY
BUKOPHCTaHHS BaHTAKOIIIHOMHOCTI BHUKIHMKAaE 30iNbIIEHHS KUTBKOCTI Mopenell aBTOMOOLIIB
aBTONMApKy. AHAJIOTIYHUN pe3yJibTaT CHOCTEPIraeTbcsi TPH PO3LMIMPEHHI Jiana3oHy 3MiHH
BaHTaKOMIAHOMHOCTI aBTOMOO1JIS.

3 ypaxyBaHHSM TOTO, IO BaHTAKOIMIJHOMHICT TPAHCIIOPTHOTO 3acO0y BHU3HAYAETHCS
OJTHO3HAYHO MAacOK MAaKCHUMAaJbHOTO JA00OBOTO 30ipHOTO BiJIPaBIIEHHS, TO PO3PaXyHOK HEOOXiTHO
[MOYMHATH 3 aBTOMOO1ISA BIAIOBIAHOI BAHTaXKOIII JIOMHOCTI.

3 JIUHAMIKK CKJIQJHUX CHCTEM BIJOMO, IO PEXHM CTIMKOI PIBHOBArd IOCSTAETHCS MICIS
TPEThOTO TOBTOPY IHKIIYHOTO Tporecy. ToMy BHKOPHCTaHHS 3alpOIIOHOBAHOTO CIIOCOOY
(hopMyBaHHS CTPYKTYpH MapKy IOIIIbHE, SIKIIO KiJTBKICTh BiIITPABIICHB 3a 00y MEpEBUIINYE Y TpUYi
KUTBKICTh MOZETIel aBTOmapKy. SKImo 1 yMoBa HE BHKOHYETHCS, TO (OpPMYyBAaTH CTPYKTYpY
aBTOIAPKY 3a BAaHTaXKOITIHOMHICTIO TPOTIOHY€ETHCSI HA OCHOBI ITOBTOPY HE3JIKHUX BUIPOOYBAHb.

Hexaii monenno notpedye nepeBe3eHHs 30ipHa MapTis BaHTaxy, SIKy MOIJIMBO BHKOHATU
aBTOMOOIIEM BaHTaXOIIAHOMHICTIO (i , 3 HE3MIHHOK WMOBIpHicTIO piBHOWO P (0<p<l). 3Bimcu
HMOBIPHICTh BIJICYTHOCTI JaHOT MapTii BaHTaXy IMOJHS Ha MPOTA3i BCHOIO IUIAHOBOTO mepiomy 7,
TakoX Oyzae He3MiHHOIO 1 piBHOW 1- p. Toxi HMOBIpHICTH TOro, IO B cepii i3 N HeE3aIEKHUX
BUINPOOYBAHb 1151 MapTisi BaHTaXy Oyze copmoBana piBHo K pa3iB BusHauae ¢popmysa bepuysri [5]:

n! k n-k
P =" . pc.(1-

WmoBipHicTh TOTO, IO B N MOBTOpaX BU3HAUEHY IMAPTil0 BAaHTAXY CIIOCTEPIraTUMYTh He
MmeH1re ki Ta He Oinbie ko pasis:

k2 .
P(ki<k<k2)=>"" P,(i) (1)
3HaHHA KUIBKOCTI JOOOBUX Bi,Z_IHpaBJIeHI) BaHTaXy — Ng J03BOJIsIE BCTAHOBUTH 3HAYCHHS N ©
n= nd T n (12)

3Ha4YHO CHPOILYy€e pilleHHS 3aAadi PO3paxyHOK HAMIMOBIPHIIIOrO YHCiIa TOSBH MO Mo,
TOOTO HAacTaHHA MOl B MOBTOpPax Mae HMOBIPHICTh, IO MEpEBUIIye ad0 HEe MEHIIEe HMOBIpHOCTI
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IHIIMX MOXIIMBUX pe3yJbTaTiB BUIIPoOyBanb. HalliMOBipHille YnCI0 MOSIBH MOAiH Mo BU3HAYAIOTH 13
mojBiitHOI HepiBHOCTI [6, 7]:

np—(1-p)<m,<np+p (13)

SIkmo uucno np-(1-p) apodoBe, To icHye 0HE 3HAYCHHS Mo; KO NP-(1-p) wine, To icHye nBa
3HaveHHss m0 Ta Mo+1; Akio Np 1ie, To Mo = Np.

Pe3yabTaTu A0CTiAXKEHD.

Posrnsnemo npuknazn. BusHaunMo CTpyKTypy aBTOMAapKy 3a BaHTaKOMIAHOMHICTIO 32 YMOBH,
axmo T, = 7 nib, ng = 1, TpuBamicts 060poTHOTO peiicy ckmamae 2 aodu. Toxmi n = 7, a HaiOiIbIA
KUTBKICTh peiciB aBToMOOis k = [712]=3 (peicu). Bxinni nani HaBeneHi B Ta0n. 1, a pe3yabraTu
pO3paxyHKy — B Ta0II. 2.

Tabmmma 1. Po3nomin Macu 30ipHHUX BiITpaBiIcHb

JUAnason MacH | 4 ¢ . 56 | 4048 |32+40 [28+32 [20-28 | 12520 |04+12
BlngaBHGHHSI, T
MmoBipHicTh 0,07 0,13 0,09 0,19 0,16 0,25 0,11
B1AIIPpaBJICHHA
Asmopckas pazpabomka
Tabnuna 2. Pe3yapTatu po3paxyHKy CTPYKTYPH aBTONAPKY 33 BAHTAIKOIIIHOMHICTIO
Hiamazon Koedirient
Macu CGPGHHH Maca BHKOpI/ICTaHHH
Bi/lIPABJIEHHS, anpaiﬂeHHH’ BAHTAXO- P np-(1-p) | NP+P | Mo | Prasicss)
T M AHOMHOCTI
BanTtaxomigiioMHicTs — 5,6 T
48+5,6 5,20 0,929 0,07 -0,44 0,56 0 0,3975
40+5,6 4,68 0,836 0,2 0,6 1,6 1 0,7569
3,2+5,6 4,34 0,775 0,29 1,32 2,32 2 0,7956
28+56 3,81 0,680 0,48 2,84 3,84 3 0,5333
BanTaxkomigiomMHicTs — 3,2 T
28+32 3,00 0,938 0,19 0,52 1,52 1 0,7433
20+32 2,82 0,881 0,35 1.8 2,8 2 0,7511
1,2+3,2 2,48 0,775 0,6 3,8 48 4 0,2882
BanTtaxomigiiomuicts — 2,0 T
1,2+20 1,60 0,8 0,25 1 2 2 0,7960
04+20 1,36 0,68 0,36 1,88 2,88 2 0,7394

Aemopckas paspabomxka

Omxke, nais BUKOHaHHS TIepeBe3eHb HEOOXiTHO B  aBTOMApKy MaTd aBTOMOOLII
BaHTaXxomigiomHicTio 5,6 T; 3,2 T i 2,0 T. [lepeBe3eHHI0O aBTOMOO1JIEM BaHTaXOMIAHOMHICTIO 5,6 T
HiANATaloTh BinpasieHHs Macoro 3,2 + 5,6 1. [logasibiie po3MIMpeHHs Aialia30Hy MacH BilpaBICHHS
BUKJIMKA€ CYTTEBE TAJIiHHSA EKCIUTyaTalliiHUX TIOKa3HUKiB. KputepieM po3aMexyBaHHS —PpsIy
BaHTaXXOMiAHOMHOCTI € maminHs 3HaueHHs Ph(kl <k < k2) B mpoueci po3mmpeHHs Aiana3oHy MacH
BiJIpaBJieHHsI, 200 3MEHIIIeHa HaliMOBIPHIIIOrO YHCIIA TOSBU MOiM Ha | Tak, SK WOr0 BH3HAYEHHS
nepeadayvae HasBHICTH OLIBLIOTO YKCIA MOAIN ajie 3 MEHILO0 HMOBIPHICTIO.

TeopeTnyHO [OBEJECHO, IO HAWOUIBIIY €(EKTUBHICTh BHUKOPHCTAHHA IApKy aBTOMOOLIIB
MOXKJIMBO JIOCSTTH, SIKIIIO PO3IMOJILT 0OCSTY BiANpaBieHb MapTid BAHTAXKIB BIIMOBIIAE POMOJLTY TAPKY
ABTOMOOLJTIB 32 BAaHTaKOMIAHOMHICTIO. TakuMm pe3ynbTaT € AOCSHKHHN MPU HASBHOCTI BEIHMKUX OOCATIB
nepeBe3eHb Ta 3HAYHOi KUIBKOCTI ABTOMOOLTIB HAa MIANPUEMCTBL. Y BHIAAKy MAaJOUYHCEIBHUX
ABTOITIINPHEMCTB BUHUKAE IMUTAHHS IPO ANPOKCHUMAIII0 PO3MOALTY OOCSTIB BiJNPABICHb, SK MPABHIO
Oe3nepepBHY BHIAJIKOBY BEIMYHMHY, JIEKUTHKOMa JUCKPETHUMH BETMYUHAMU. TOMY BOXKIJIMBO BCTAHOBUTU
BIUIMB KUIBKOCTI aBTOTPAHCIIOPTHHX 3ac001B Ha MOKA3HUKH iX BUKOpUCTaHHA. OIHUM 3 TAKHX [TOKA3HHUKIB
€ KOe(DII[IEHT CTATUYHOIO BHUKOPHCTAHHS BaHTAXKOIMIAMOMHOCTI aBTOMOOLIS, IO BH3HAYAIOTH SIK
BITHOIICHHS BaHTAXy JI0 MaKCHMAJIBHOTO PO3PaXyHKOBOTO 3aBaHTaKeHHs. JlaHiii BelMM4wHI BiaNOBigae
BiJIHOIIICHHSI TIIOIII, SIka OOMEXEHa KPUBOIO PO3IIOIUTY BUIIAIKOBOI BEJIMYMHY Ta IHTEPBAJIOM ii 3MiHH, 10
TUIOLLI, sIKa € TOOYTKOM HaiOUIBIIMX 3HAUYCHb IHTEPBATY Ta KPUBOI po3noairy (puc. 1).
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f2)
£y /\
=/ N\
Hay 4 | £Gze)
gl' ~ : - : - : |

a. T
Puc. 1. I'pagpiune 300pasicenns npunyuny anpoxcumayii Oe3nepepeHoi eaiutuHu OUCKPEMHOK
Pozpaxynkoa opmyia ass J1iBoi 4acTUHY rpadiky:

S, f(9)7(0,)9;

g (14)
2 o, % T(92)
Ie Sq1f(g1yf(ge)g2 — TUIOMIA (irypr 0OMEXKEHA BiIOBITHUMH BEPIIMHAMU;
lg1g2 — TOBXHHA IHTEPBATY PO3MOALTY MIXK 3HAUCHHAMH (1 i 2.
Jis mpaBoi wactuHY rpadiky po3paxyHKH BUKOHaHI 3a (HOPMYIIOF0:
Sy, (92) f(94)9
2 4)Y4
=2 (15)

Y
9 l9; 9, < f(95)

Pe3ysnbTaTv BUKOHAHOTO JOCIIKEHHS MiATBEPPKYIOTh BIIOMHE (aKT, M0 13 30LIBIICHHIM
KUTBKOCTI 1HTEpPBaIiB ampOKCUMAIli] TUIOIII OOMEXEHOI0 KPUBOIO 1 JIIHIEK a0CIUC MPSMOKYTHHUKAMHU
BIIXMJICHHS MIXK 1X TJIOIIAMHU 3MEHIITYEThCS

Po3paxyHku BHKOHaHI Uil MOXJIMBOI 3MIHH Psly BaHTaXXOIITHOMHOCTI aBTOMOOLTIB, IO
BHKOPHCTOBYIOTBCSI B MiCBKOMY Ta IpHMIiChbKOMY crionryuerHi. [lepmmii giana3on 3HaueHb Oyi10 IPHIAHATO
B Mexkax 1 + 11 113 cepenHiM M = 6 T, apyruii — B Mexxax 1 + 7 T i3 cepenHiM M = 4 T, TpeTiii — B Mekax
0,5 + 5,2 T i3 cepennim M = 2,6 T. B pe3ynbrari BUSABIEHO, IO HA BEIMYUHY KOC(IIIEHTY CTATUYHOTO
BUKOPHCTAaHHSI BaHTaKOITIIMOMHOCTI aBTOMOOLIS BIUIMBA€ KUTBKICTh IHTEPBATIB PO3OUTTS  PSIY
BaHTaXXOMIAHOMHOCTI (N), X JOBKUHA Ta PIBHOMIPHICTh, 8 TAKOXK 3aKOH PO3MOALTY BHUITAJKOBOI BETMUMHU
BianpaeieHHs: (puc.2). Y pa3i HepiBHOMIpHHMX IHTEpBAIIB psIy BaHTAXOMAMOMHOCTI aBTOMOOLISL
3HAUYCHHS KOSMILIEHTY MOXKE BIAXWISTUCH BiJI CEPEAHBOTO 110 6,2%.

¥ 093

0.9 .

T -

0,23

3

0.2

0,73

2

0.7

063

0,6 . ; ; . ; ; . ; .

m=26

Puc. 2. Bionocna 3mina nokpummsi 2pagixy wiibHocmi po3nooiny 6iOnpasientst 8i0 KilbKocmi
2icmozpam 6aHmaiCconiouoOMHOCmi aemomo0i.
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3 puc.2 BHIHO, 10 HAWIIBUALIC 3POCTAHHS BIiAMOBITHOCTI PO3MOJTIB BIIMpPABICHL Ta
BaHTaXXOIIIMOMHOCTI CIIOCTEPIraeThCcsl Ha JUISHIN Bix 3 10 5 iHTepBaliB IMOAUTY, IO BiJMOBimae
CTPYKTYpi apKy aBTOMOOLIIB Bif 3 10 5 Moaenei.

[Ipu npoMy, unM BY>K4Hil iamia30H 3MiHU 0OCSTIB BiANpaBIeHh THM MEHIIIE 3HAYCHHS MaTHMe
BUKOPHCTAaHHS BAHTAKOIIAHOMHOCTI, IO 32 TCOPETHYHHMH BHKJIAJAKaMHA OOEpHEHO ITPOITOPINHHO
3011bLIYBaTHME COOIBapTICTh MepeBe3eHb. [ nmepeBipku bOro TBEPAKECHHS HAa OCHOBI MoJieni OyJo
BUKOHAHO PO3PaxyHKH 3 BH3HAYCHHs COO0IBapTOCTI poOOTH aBTOMOOUTBHOTO MapKy NpH Pi3HHX
KUTBKOCTI MapoK aBTOMOOLUTIB (puc. 3) Ta cepeJHhOMY 00CATY BianpaBiieHHS (puc. 4).

S b 17
18 -

17 —
16 - ~. -
s .

14 N -
13 .

4 \ ___'_’_‘___,.-"""
11

10 T T T . )
n 2 4 & 3 10

a= ] mm—— a= 0,75 == =035 n

Puc. 3. 3anesxcnicms cobisapmocmi nepesesens 8i0 Kinbkocmi Mooenetl agmomooinie (n) ma
Koe@iyicHmy UKOpUCMAHHA A8MONApPKY () npu cepednbomy obcasi gionpagienns § = 6 m.

AHamiz pe3ynbpTaTiB  PO3pPaxyHKIB CBIMYHTH, IO 30IMBIIEHHS KIJIBKOCTI MOZENel 3a
BaHTaXXOITIIMOMHICTIO Bijf 3 110 7 MPaKTUYHO HE BIUIMBAIOTH HA 3MiHY 3HaY€Hb COOIBApTOCTI IEpPeBE3eHb
(puc. 3). B Toi1 ke Yac KibKiCTh MoOjeneil MeHIne 3 Ta Oulblie 7 BHUKIMKAIOTh HE3HAYHE 3POCTAHHS
co0iBapTOCTI TepeBe3eHb. B Tol ke Yac 3MEHIIEHHs CepeHbOI000BOIO OOCATY TepeBE3eHb MpPHU
HE3MIHHIN cepeiHiit Maci BiipaBIeHHs BeJIe 0 3HAYHOTO POCTY COOIBAPTOCTI MepeBe3eHb. 30UIbIIICHHS
cepelHhOT MacH BiTIpaBJIeHHS B 2,3 pa3u BHUKIMKA€e 3MEHIIEHHsT coOiBapTOCTi mepeBeseHHs 1,79 pasu
(puc. 4). Ilpu 11poMy i3 3MEHIIIEHHSIM Maca BiJIpaBIEHHs CIOCTEPIraeThCs 30UIBIICHHS IHTEHCUBHOCTI
pocty coOiBapTocTi TiepeBe3eHHs. BaximBuMm (HakTOpoM BIUIMBY Ha COOIBapTICTh IIEPEBE3CHH €
BiJITIOBITHICTH BAHTAXKOITi THOMHOCTI aBTOMOO1JTIB Maci BiApaBIICHHS.

s, hir 30

25 —_—

20

15 . -

1o T T T T )

o 2 4 & 2 10
1

—glfT == =-g=fT

Puc. 4. 3anescnicms cobisapmocmi nepesesens 6i0 Kinbkocmi mooeneu asmomooinie (n) ma
cepeonbo2o obcsy sionpasnenns (Q) npu koeiyienmy euxopucmanns asmonapxy = 0,75.

Amaii3 niepeBe3eHb 30ipHMX BiANpaBieHb CBIIYUTH TPO 3MiHY Jialla30Hy Macu BIINPaBICHb Ta
e()eKTHBHOCTI JIOCTABKM BaHTaXKIB y 3aJ€KHOCTI BiJl PErioHy OOCIYroByBaHHS. 3 OIJBSIy HAa YMOBU
nepeBe3eHb IMIBUAKOINCYBHUX JAPIOHMX BiAlpaBieHb HEOOXIJHO BUIIUTMTH TPH OCHOBHI TPYIH: MICBKi
(micuieBi), MDKMICBKI Ta 3MilllaHi, O HependadaroTb (OpMyBaHHS MapIIPYTy 3 OUITHOK MICHKOTO Ta
MDKMICBKOTO CITONTydeHHs. [Ipu I-oMy iIHTEHCHBHICTD BiIIPaBICHh BU3HAYAE KiTbKICHIH CKJIA/T aBTOTIAPKY.

Opnepkani pe3yibTaTH CBiguaTh, IIO aBTOMApK, c(OPMOBaHWM Ha JiHIMOI 13 TPHOX
BaHTAXOMIAHMOMHOCTEH, 3abe3neuye HailepexkTuBHimE mepeBe3eHHs. lIpy LBOMY Mana KiTbKiCTh
MoOJiejIeH aBTOMOO1JIIB CIIPUATHUME ITiIBUIIICHHIO PIBHS TEXHIYHOI'O 3a0€3IICUCHHS IEPEBE3EHb.
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3 orisaay Ha Te, 10 30ipHE BiIANPaBICHHS € CYMOI) OKPEMHX BHITQJKOBHX BIAIPABIICHb, TO
3TiJIHO LIEHTPAJIbHOI TPAHUYHOI TEOPEMH JIJISl OJHAKOBO PO3MOJUICHUX JOJAHKIB 13 30UIBIICHHIM X
KUTBKOCTI pO3MOAIN CyMH HaOMMKAETHCS IO HOPMAIbHOTO. Y OYyIb-IKOMY BHMAAKYy IIJIbHICTH
po3noziny 30ipHOTO BiAMpPaBIEHHS OIMUCYETHCS BHUIYKIOK BBEPX MAUISHKOIO mapabomm abo B
TPaHUYHOMY CTaHi MPSAMOIO MapasiebHOI0 0ci abcuc (PIBHOMIPHUH pO3MOILT).

[Ipn HOpMansHOMY pO3MOALTI MacH IMUIBHOCTI 30ipHOTO BiATIPaBIICHHS Ha iHTEpBaj 3HAa4YCHb
BiJITHOCHO MaTeMaTHYHOT0 O4iKyBaHHS Jc Bill §c — 0 10 §c + o mpumnanae 68,3% Bci€l mwioli i1 KpUBOIO.
[py 3MeHIIeHHI KPUBH3HH [0 MpsiMOi vacTka rwronli nafgae a0 33,3%. Toxi dopManbHe BUKOPUCTAHHS
TpaBmiIa 60 JO3BOJISIE TPUBIABHO BU3HAYHITH BaHTAXKOMIJHOMHICTh aBTOMOOLTIB MapKy 3a AT OPUTMOM:

1. BusHaunth MaTreMaTHYHE OYIKYBaHHS CEpEeAHBbOI Mach 30ipHOTO BiATpaBICHHA (¢
(cTaTucTudHe, a00 cepeIHE 3HAUCHHS BiATPaBIeHHS depe3 3adiKCoBaHi HOro eKCTpeMalbHI 3HAUCHHS,
abo cepeaHE 3HAYCHHS BaHTAKOMITHOMHOCTI aBTOMOOLNIB, 110 BUKOPUCTOBYIOThH IS TEPEBE3CHb B
paiioHi 00CITyroByBaHHS):

i
gc — gmln gITBX (16)
2
e Qmin | Qmax — Maca BiAIPABJICHHS, BiMIOBITHO, MiHIMaJIbHA Ta MAKCHMaJIbHA.
2. Po3paxyBaTu cepeqHe KBaipaTHYHE BiIXICHHS:
o= Oirex ~ Ymin (17)
6
3. Po3paxyBaty BaHTaXOMIIHOMHICTh aBTOMOOLIIB MOJICIIBHOTO PAIY:
G = Oax (18)
g,=9,+0 (19)
q3 = gc — O (20)

4. Bubpatu cepiiiHi aBTOMOOLITI BAHTAXKOII THOMHICTIO HAaOJIM)KEHOO JI0 PO3PaXyHKOBUX 3HAYCHb.

[NopiBHsHHS pe3ynbTaTy 3amavi miapo3airy 3.4 i po3paxyHKY 3a HaBEJCHHM alrOPHUTMOM
CBIJTYMTB, 110 BIAXUICHHS BAHTAXKOIIJHOMHOCTI CIIOCTEPIratOThCS TUIbKK y 2-01 Mojei Ha 0,4 T.

BucnoBku. Po3poGiieny Meroauka GopMyBaHHS CTPYKTYpH HapKy TPAaHCIOPTHHX 3aco0iB Ha
OCHOBI BU3HAYEHHS TUIIOPO3MIPHOTO TMApKy 3a BaHTAXKOMITHOMHICTIO 3 BHKOPHCTaHHSIM KPHUTEPIiIO
co0iBapTiCTh MepeBe3eHHs | T BaHTaXy JONUTFHO BUKOPUCTOBYBATH, SIKIIO KUTBKICTH BiATPaBIEeHb 3a
J100y MEePEeBHILYE y TPHUI PO3PAXyHKOBY KiJIbKICTh MOZCILHOTO Psiy aBTOMOOLTIB.

BcraHoBneHo, 110 Ha BEJIWYMHY KOEQIMiEHTY CTATHYHOTO BUKOPUCTAHHS BAaHTaXKOIiTHOMHOCTI
aBTOMOOUIA BIUIMBA€ KUIBKICTh IHTEPBAIB PO3OHUTTA psly BAHTAXKOIMHOMHOCTI, iX JIOBXKHHA Ta
PIBHOMIpPHICTb, 8 TAKOX 3aKOH PO3IIOJILUTY BUIAJIKOBOI BETMYWHY Bi/IIIPABICHHS.

BusnaueHo, mo 30UIBIIEHHS KUIBKOCTI MOJEIEH aBTOMOOLIIB Bix 1 10 3 BHKIHKAE
3MEHIIEHHs co0iBapTocTi mnepeBe3eHHs B niamasoHi 8% -+ 11,3% B 3amexHOCTI BiJ CTYIEHIO
BUKOpPHUCTaHHS aBTOMapkKy. [loganbiie po3mupeHHsi MOACIBHOTO psity 10 7 OJUHUIL MPAKTHYHO HE
BIUIMBA€E Ha cOOIBapTICTh NEpPEBE3CHHS, a TOTIM CIOCTEpIracTbesi i 3pOCTaHHs 13-3a 301IBIICHHS
TPHUBAJIOCTI MPOCTOIB B OUIKYBaHHI HAJIEKHOT MAPTii BiANPaBICHHS.

Busiieno, mo 30UIbLIEHHS] cepeIHbOI MacH BiANpPAaBICHHS B 2,3 pa3u BUKIUKAE 3MEHIICHHS
cobiBaprocTi nepeBezeHHs 1,79 pasu, a mpu HFOMY 3MEHILIEHHI Maca BiANPaBICHHS CIIOCTEPIraeThCs
301IbLIIEHHS] IHTEHCHUBHOCTI POCTY CO0iBapTOCTI MEpPEeBE3EHHS.
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Beryn. B mmpokomy po3ymiHHI, TeOpis irop 3aiMaeTbcs TEOPi€l0 MAaTEMATUYHUX MOJEJeH
MPUIHATTS ONTHMAaJbHUX pillleHh B yMoBax KoH(]IikTy. ToOTO OCHOBHA MeTa 3acTOCYyBaHHS Teopil
irop Juist Oy/b-SIKOTO COIIaTbHO-EKOHOMIYHOTO SIBUINA MOJISITAE Y TOCIiPKEHH] MATaHb MMOBEIIHKH Ta
PO3pO0IIl ONTUMANTFHUX TPaBHJI (CTpaTeTiil) MOBEAIHKH Il KOXKHOTO 3 YYaCHUKIB TpH. Po3B’sa3aHHs
CYMEpPEYHOCTEeH 3a JOMOMOTOI0 TeOopil irop MOMIIMBE JIHINE ITCIs MPOBEICHHS MaTeMaTUYHOTO
MOJICTFOBAHHS CUTYaIlii y BUTJISIIIL TPH.

Onna 3 XapakTepHHX PHUC OyAb-SIKOTO IPOIECY IOSITae y MHOXKXHWHHOCTI, Pi3HOOIYHOCTI
IHTEpECiB, B HASBHOCTI CTOPiH, IO MAlOTh HE 3aBXKIW OJHAKOBI IHTEpeCH Ta Iy, abo xoda O y
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HasBHOCTI KiTBKOX Pi3HUX aKTUBHHX TOYOK 30pY CTOCOBHO SIBHILA Ta HOTO pe3ynbTaTy. ToMy MOKHA
CKa3aTH, Mo Oy/Ib-SKOMY COILliabHO-eKOHOMIYHOMY SIBUIILY BIIACTHBI PUCH KOHQITIKTY.

Orxe, angekBaTHa MaTeMaTHYHAa MOJENb COLIAJIBHO-€KOHOMIYHOTO SIBHIA IIOBHHHA
BiZJOOpakaTH BIACTHBI HOMY pUCH KOHQUIIKTY: BIIMiHHICTH 1HTEpECIB CTOPIH — YYaCHUKIB KOH(IIKTY,
a TakoX PI3HOMAHITHICTH BiIMOBIAHUX Mii, SKi I[i CTOPOHH MOXYTh 3IIMCHIOBATH IJIS JOCSTHEHHS
cBOIX mizeii [1, 2].

3amayi NPUHAHATTS PIIICHh B YMOBAaX HEBU3HAYCHOCTI OJHM3bKI 3a 1IeIMU Ta METOJAAMH [0
Teopii irop. OcHOBHa BiIMiHHICTH TONATa€ B TOMY, IO JUIA TaKUX 3afad BIICYTHI KOH(QIIKTHa
CUTYyallil Ta TPOTHIiS CYNPOTUBHUKIB, 1 NMPUTAMAaHHWN €JIIEMEHT HEBHU3HAYEHOCTi, TMOB’SI3aHMNA 13
HEJOCTaTHhOIO TOIH()OPMOBAHICTIO TPO YMOBH, B SKHX HEOOXigHO OyAe mNpuilMaTtd pimeHHs
BiJINIOBiIaJIbHIM 0c00i (0c00a, sika mpuiiMae pitenns — OIP). Taki ymoBu 11 OyAb-SIKOTO COLliaTbHO-
€KOHOMIYHOTO SIBWIIA 3ajJekaTh BiA MIMCHOCTI, SKy NPUHHATO Ha3WBaTH mpuponor (iHomi —
CepeIoBHILEM), IIOBEMIHKA SKOi HEBIIOMa i He MiCTUTH CBifmomoi potuii [3, 4].

[lix TepMiHOM «IIpHPOAa» PO3YMIIOTH BCIO CYKYIHICTh 30BHINIHIX 0OcTaBuH, B skux OIIP
HeoOXigHo Oyne mpuiiMaTi pimieHHs. B irpax 3 mpHpoor0 CTYIiHB HEBH3HAYEHOCTI 3pPOCTAE TPHU
npuitHATTI pimmenHs OIIP, Tak Sk y cTpaTerivyHUX irpax KOXHHH 13 ii yYaCHHKIB O4iKy€e TipIIOTO s
cebe pe3ynbTaTy BiJl Al CyNpOTHBHHKA, TO MPUPOJA HABIIAKK MOXE NMPUHAMATH TakKi BiIMOBLIHI [ii,
sIKi T8 30BCIM HEBUTIHI, ajie OyayTh BuriaHi s OITP.

IIpobaemaruka. 3a3puyait moaunaa (OIIP), 3aificHIOI0UN Oyab-SIKy COLIAFHO-EKOHOMIYHY JitO,
CTHKAETHCS 3 TIPOOJIEMOI0 TPUHMHSATTS PIllIEHHS] B YMOBaX MHOKUHH (DaKTOPIB, SIKi BIUTMBAIOTH HA CaMe
pimenns. B moniOHmMx Bumagkax eQeKTMBHO BHKOPHCTOBYBATH MAaTpHU4YHI irpH, SIKi JONOMAararTh
CIPOCTHUTH CHUTYAIIIIO, sIKa CKJIaJacs 1 TIOBHICTIO OIHWATH BaXKJIMBICTh KOXKHOTO 3 (hakTopiB. [IpmifHsTTs
pillieHHs] B yMOBaX HEBH3HAYEHOCTI — 1€ OJ[HA 13 3a/1a4 TeOpii ONTUMAaJbHUX pimeHb. s BupileHHs
MOAIOHKUX CHTYAIlI pO3POOJICHI CIieialIbHI MATEMAaTHYHI METOIH, SIKi PO3TIISAAIOTHCS Y TEOPii irop.

Mera. MeToro JnaHOi cTaTTi € PpillleHHA 3a7adi [0 BU3HAYCHHIO PEKOMEHMIAIlN Ta
MPIOPUTETHOTO TOPSIKY peawizamii Al MOoA0 3HIKEHHS PH3WKIB NMPH BUKOHAHHI MiKHAPOIHHUX
BaHTAXXHHX MEPEBE3CHb 3 BUKOPUCTAHHS TEOPil CTATUCTUYHUX PIillIeHb, a caMe MaTeMaTHIHOT MOJIENi
«'pa 3 npupozao». ONTUMANBHICTh Oy/e BU3HAYATHUCS 3a JOIOMOIOK KPUTEPIIB BiJHOCHO PU3MKIB
TaKOT0 COILIAIFHO-€KOHOMIYHOTO SIBHIIA SK MPOLEC TPAHCIIOPTYBAHHS BAaHTAXIB y MDKHApOIHOMY
CIONTy4eHHi 32 (PaKTOpOM BapTOCTi HOTO MPOILIECY.

Martepiaan i merogu. @opManibHO BUBUEHHS irop 3 MPHUPOJIOI0, TAK CaMO, SIK i CTpaTEeTIYHUX
irop, TMOBUHHO IMOYHMHATHCS 13 MOOYMOBW IUIATIKHOI MATpPHINl, IO SBISETHCS, MO CYTi, HAHOLIBII
TPYJOMICTKAM €TarioM ITiJITOTOBKH MPUHHATTS pimieHHs. [[oMWIKY y miuaTikHIA MaTpHUIll HE MOXYTh
OyTH KOMIICHCOBaHI HISIKHMH PO3PaxXyHKOBHMH METOJIAMH i MOXYTh TMPHUBECTH JI0 HEMPABUILHOTO
KIHIIEBOTO PE3yJIbTaTy.

BinMinHa puca TpH 3 IPUPOIOIO BiTOOpPAKAETHCS y TOMY, IO B Hiil CBiIOMO JIi€ TUTBKU OIHMH
i3 yuacHukiB (OIIP), sikoro HasuBaioTh rpaBueM. Jpyromy ydacHUKY (IIpUpOAi) HE BaKIMBUI
pe3yJbTaT, BOHA JIMIIE BU3HAYAE 30BHINIHI ()aKTOPH, TIPH SIKUX Oy/1e BiIOyBaTUCS CUTYAIlisl, ISl SIKOT 1
HEOOXiZHO 3aMpPONOHYBaTH KiHLIEBI PilIEHHS.

[Tam’siTaeMo, 110 icCHYE J1Ba KIIACHYHUX Pi3HOBHIM 3a7a4 irop 3 NpUpoOJIOI0:

—3aJlavi MPUHHATTS PIilllEHh B yMOBaX PHU3HMKY, KOJM BiIoMI HMOBIPHOCTI 3 SIKUMH TPHPOJA
MOYKe MMPUAMATH KOYKHE 3 MOXKIIMBUX CTaHIB;

—3aJa4i OpUUHATTS pilleHHS B YMOBaxX HEBHU3HAYCHOCTi, KOJM HEMAa€E MOXKIMBOCTI OTPHUMATH
iH(pOpMaIIiIO 111010 HMOBIPHOCTEH MOSIBH CTaHIB IPUPOJIH.

OTxe, 3MOJICITIOEMO Y TepMiHaX IpH 3 MPUPOJIOI0 CUTYAIIII0 TAKOI'O COIIaIbHO-€KOHOMIUYHOTO
SBUIIA SIK MPOLEC TPAHCHOPTYBAHHS BaHTaXiB Y MDKHApOIHOMY CHOJydYeHHI 1 moOyayemo s Hel
TUIATLKHY MaTPULIO.

1. IlocTaHoBKA rpu.

Busnauaemo y4acHUKIB IpH:

I'paBens — 1€ aBTOMIANPHEMCTBO, SKE€ BHUKOHYE IIEPEBE3CHHS BAHTAXIB ABTOMOOUILHUM
TPAHCIIOPTOM y MIKHAPOJHOMY CIOJYYEHHI i IOBHICTIO BiJIIIOBIJIa€ 32 OPraHi3allil0 YChOr'0 MPOIIECY
JIOCTAaBKM BAaHTAXIB, BKIIOYAIOYM BCi IIATOTOBYO-3aKJIIOYHI  OIEpaiii, HaBaHTaXXyBaJbHO-
po3BaHTaXyBaJlbHI POOITH, OGOPMIICHHS TOBapO-CYMpPOBIAHUX JOKYMEHTIB Ta Oe3MmocepeaHboro
MTONITYK aBTOMOO1TIB Ta TPAHCTIOPTYBAHHS BaHTAXIB.
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[Ipupoxa — ue obcaru BaHTaXIB, sIKi HEOOXiTHO TPAHCIIOPTYBATH, BIAMOBIAHO A0 OTPUMAaHUX
3aMOBJICHb BiJl 3aMOBHHKIB TIOCTYTH (TIOTIHT Ha TIEPEBE3CHHS).

Crparerii TpaBiis — cepeqHiil 00CAT BaHTaXiB B YMOBHHX OJWHUIIIX BaHTaXKy ().0.8.), AKHI
MOKe OyTH JOCTaBJICHHH 3aMOBHHMKaM BIIACHUM a00 KOMOIHOBaHMM (BJIacCHUM + 3allO3UYCHUM)
pyxomum ckiagom (PC): X = (150, 140, 120, 105, 90, 75).

Crparerii npuponn — HeOOXimHHN OOCST BaHTaXy, SKHHA 3aJEKUTHh BiJ] MOTOYHHUX MOTPEO
3amMoBHHKIB niepeBeseHb Sj = (50, 100, 150, 200).

2. [loOynoBa MaTpuIli BUTpamIiB.

Enementu marpumi ajj — me pizHUIM MK TapudoM 3aMOBHHKIB, KA BOHH ITOBHHHI OyIyTh
OIJATUTH JJIs BUKOHAHHA IX 3aMOBIICHHS Ha TIIEPEBE3CHHs TICBHOTO O0CATY BaHTaXIB Ta
Oe3mocepeHIMH 3aTpaTaMy MiANPUEMCTBA HA OPraHi3amlilo MpOoLeCY TPaHCIOPTYBaHHA BaHTaXIB y
MDKHApOIHOMY CIOIYYeHHI, TOOTO Iie O4iKyBaHUN MPHUOYTOK ITi ITPHEMCTBA.

[Ipuitmaemo, mo ob6car BaHTaxy 100 y.0.6. MoxHa TpaHCHmOpTyBatH BiacHUM PC

MiIPUEMCTBA, BCE IO OLIbIIe — MOTPeOye 3aJlydeHHs 3all03UYCHUX aBTOMOOLTIB, a BIAMOBIIHO,
JIOIATKOBUX BHUTpPAT Ha TMOMIYK Ta OpPCHAY ILMX aBTOMOOUIIB, MO0 BiAOOpPa3sHUThCA Ha BapTOCTI
TIePEBE3CHHSI.

Jnisi BUKOHaHHS Mpoliecy TpaHCHopTyBaHHs BaacHuM PC mpuiiMaemo 3HadeHHs BapTocTi 1
YMOBHA TPOIIOBa OJUHULIA ().2.0.), IPHU 3aTy4CHHI 3alI03UYCHUX aBTOMOOLIIB, MPUIIMAaEMO J10JIaTKOBO
wtroc 0,5 y.e.0.

besnocepenHb0 Ha BHUKOHAHHS IEPEBE3CHHS BCTAHOBIIOEMO Tapud S y.c.o. Ha KOXHY
3aMOBJICHY ).0.6. SIKIII0 IOMUT MIepEBUIyBaTUME MIPOIO3UIIiI0, TO MiABUIIyeMO Tapud Ha 10%.

Ta6muus 1. [lnatikaa Matpuns (aij)

Bapricts noctaskn | o 5005 | 5. 100=500 5-150=750 5. 200=1000
JJIs1 3aMOBHHKa
CobiBapTicTh Sj 50 100 150 200
NOCTaBKH X;
L 250-100= | 500-100= | (5-1,1-100)-100=
100-1=100 100 150 =400 Z150 450
_ e 250-115= | 500-115= | (5-1,1-110)-115=
100-1+10-1,5=115 110 fp s ~ 490 490
_ e 250-130= | 500-130= | (5-1,1-120)-130=
100-1+20- 1,5=130 120 190 =370 Z530 530
. e 250-145= | 500-145= | (5-1,1-130)-145=
100-1+30- 1,5=145 130 105 e 570 570
_ e 250-160= | 500-160= | (5-1,1-140)-160=
100- 1+40- 1,5=160 140 ~50 “a0 Z510 610
_ e 250-175= | 500-175= 750-175= (5-1,1- 150)-175=
100-1+50- 1,5=175 150 s ot el 650
5 150 400 610 650

JJis 3HaXOJDKEHHS ONTHUMAIbHOT CTPATerii 3aCTOCYEMO Pi3HI KpUTEpii BUOOPY ONTHMAJIBLHOTO
pimeHns. BukopucroByemMo BupillanbHi MpaBuia, mo BimoOpaxaroTs noiHpopmosanicts OIIP mpo
MOYKJIMBI HACHIJIKU PillIeHb Ta IX TIepeBar.

3. Pexomenaauii moa0 BHOOpy KpuTepiis.

B nerepminoBaniii cutyarii po3ymierbes, mo OIIP TouHO 3Hae cTaH NpUPOAH, TOMY MOKIUBO
1 TOYHO pO3paxyBaTH pe3yabTaTH JUIA BCIX cTpaTeriid, i 3poOMTH OCTaTOYHMH BHUOIp BIJHOCHO
HECKJIQJIHO. JIocTaTHLO MOPIBHATH Pe3yJNIbTAaTH, SIKi 3a0e3MeuyoTh pi3Hi cTparerii i o0paTtu ToH, KU
Jla€ HaOLIbIIMIA BUTpAIl IPH LbOMY €JUHOMY CcTaHi. [l IbOro 3aCTOCOBYETHCS OIEpallis YHCIOBOTO
NOpiBHSHHS (OlbIIe, MEHIIIE, T0piBHIOE) [5].

VY curyarnii HEBU3HAUSHOCTI € JEKIIbKa MOXIUBUX CTaHIB 1 pi3HI cTparerii 3a0e3neuyoTh B
KOXKHOMY CTaHi pi3Huii Burpam. ToOTO, y Hac € JOeKiJibKa CTpaTeriif, KoXHa 3 SKUX MPEACTABIISIE
c000I0 CYKYINHICTh 3HAUYEHb BUTPAIIiB MPH BIAMOBIIHUX cTaHax mpupoad. Lli BUrpamr HeMOXXIHBO
IPOCTO MAaT€MaTH4YHO IIOPIBHITH, BUKOPHCTOBYIOUM IOHATTS «Oinblue-MeHme». | skmo cepen
CTpaTeriii Hemae JOMIHYHOUUX, 1€ 3HaYUTh, L0 IIPU PI3HUX CTaHaxX NPUPOAM HaMKpaluil pe3yiabrar
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MOYKHa OTpUMATH MpH pi3HUX crpareriax. [lopiBHATH iX Mik coOor0 Ta BHOpaTh ONTHUMAaIbHUN
MOJKJIMIBO 32 JOMTOMOTOIO TaK 3BaHUX KPUTEPIiB BUOOPY.

OcHoBHa inmes Oynb-SKOTO KPHUTEPIio: 3aMIHUTH IIly MHOXWHY 3Ha4€Hb BHUTPAIIiB OXHUM
YHCIOBUM IOKa3HUKOM, SKUH XapaKTepu3ye AaHi BUTpalli 3 MEBHOI TOYKH 30pY, & MOTIM, MPOCTO
TTOPIBHATH MK COOOIO YHCTIOBI 3HAYEHHS ITUX ITOKA3HUKIB.

VY skoi crpaterii medl YHCIOBUI IMOKAa3HUK BHUSBHTHCS «KpamuM» (OUTbIIE YW MEHIIE —
3aJIeKUTh BiJl BUJY KPUTEPIiIO Ta CUTYallii), Ta cTparerid i Oyne BBaKaTHCS ONTHMAIBHOIO 32 JaHUM
KpHUTEPieEM.

Ines mpocra, ane edextuBHa. OHAK ICTOTHUM HEMONIKOM Oyab-KOTO KPUTEPIIO € «BTpaTa
iH(hopMaIIii» yepe3 «CTHCHEHHS 11101 MHOXKIHH 3HaYeHb BUTPAIIIB Y €IMHE YHCIIO.

V zaranbHOMY BHIIAJKY MOPSAOK 3aCTOCYBaHHS KPUTEPIIO BUIVISIA€ HACTYITHUM YHHOM (puc.1):

1) na mepioMy etari BUOUPAETHCS KPUTEPIid, 3a sKuM Oyjie BigOyBaTHcs BHOIp;

2) [T KOXKHOT CTpaTerii po3paxoBYEThCs 3HAYCHHs 00paHoro kKputepiro. I1o cyTi, BiAMOBiIHO
JI0 KOXKHOI CTpaTerii CTAaBUThCS OJIHE YMCIIOBE 3HAYCHHS KpUTepito (11 KUIbKICHA OIliHKA);

3) cTparerii MOPIBHIOIOTHCS — IIISIXOM ~ 3BHYAMHOTO TOPIBHAHHS  YHCJIOBHX  3HAYECHDb
BiJIIOBITHUX iM 3HaYEHb KPUTEPIiB;

4) 3a pe3ynbTaraMH MOPIBHSHHS OINTHMAIBHOI BBAKAEThCS CTpATErisi, sKa Mae Kparie
3Ha4YCHHS KpuTepito. KpaiuMm BBaKaTUMEThCS MaKCUMI3yBaTH 3HAYCHHsS KpuTepiro. Lle 3anexuTs Bifg
TOTO, Ha III0 BKA3Y€E Pe3yNbTaT CTPATETIH, a Y HAIIOMY BUIAAKy IPUOYTOK OaxkaHO 301IBIINTH.

1. O6paru kpuTepii i, 3a HEOOX1THOCTI,
napaMeTpH JaHOTO KPUTEPito

v

2. Po3paxyBaTu 3HaYCHHS
JTAHOTO KPUTEPIO JIJIs1 KOXKHOI cTpaTerii

v

3. IlopiBHATH 3HAUCHHS KPUTEPIiB 1 00paTu
CTpATETito 13 HAKpaIIuM 3HAYCHHIM KPUTEPIr0

v

4. Crpareris 3 HalKpaluM 3HAYCHHAM KPUTEPIiIO
€ ONITHMAJIbHOIO

Puc. 1. [lopaoox 3acmocysanns kpumepiis

PosrissHeMo 4oTHpW HaWBINOMII KpUTepii MPUIHSTTS pillleHb, SIKi MOKHA BUKOPHUCTOBYBATH
TIpH MTOPIBHSAHHI CTPATETiN y CUTYyaIlii HEBU3HAYEHOCTI:

1. Kpurepiit Banbaa;

2. Kpurepiii Jlamaca;

3. Kpurepiii CeBimxa;

4. Kpurepiii I'ypaina.

Sxmo myxe OOSATHUCS TPOTrpaTH, BUKOPUCTOBYIOTH MaKCUMiHHUl kpumepiii Banvoa. BiH
BUPaXa€e MO3ULII0 «KPAaHHBOTO MECHMI3MYy» 1 OpIEHTY€EThCS Ha Tipiii yMoBH. ONTHMaNbHA CTpaTeris,
BuOpaHa 3a KpuTepiem Banbna, rapantye Burpam y Oyab-SKOMY BHUIAAKy HE MEHIIMH HIX «HHKHS
1[iHA» IPU 3 TPUPOJIOI0.

Munumarcnuii kxpumepiti Cegiodca TeX Kpal TECUMICTUYHUH, alle OPIEHTYEThCS HA PH3HK.
oro BHKOPHCTOBYIOTb, SKIIO PU3MK HPUMHATHMIH, i 3aMOBHMK BKJIAJa€ KOIITH, MO0 IHOTIM He
MOXKAIIKYBATH, 0 Majo BKJIaB. ONTHManbHA CTPATETIS Ta, MPH SKi BEIMYWHA PU3UKY B HAMTipIINX
yMOBax MiHIMaJbHa.

Komu nemae indopmanii npo oOCTaBUHH, B SKHX NPUMMAETHCS PILIEHHS, 3aCTOCOBYIOTH
HetimpaneHull Kpumepiu Jlanaaca. Bei cTaHn Npupoau BBRKAIOTh PiBHOMMOBIpHICHUMHU. ONTHMaNbHA
CTpaTeris Ta, 0 Ja€ MaKCUMaIBHUHA cepeaHiil BUTpalll.

Kpumepiii I'ypsiya nepenbadae Oinbll YpiBHOBXKEHHH BUOIp MK MO3MINEI0 KPaHBOTO
NECHMI3My Ta TO3MLIEI0 KpPaHBOrO ONTHMi3My. BuOuparoTp crpaterito, y psIOKy SIKOi CTOITbh
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HaiiOinpmmii enemeHT Marpuii ['ypeima. KoedimieHT noBipm o BHOMparOTb 3 CyO’€KTHBHHX
MIpKyBaHb: YUM HeOe3MeuHilra CUTyallis 1 9uM Oijbllle MM XO04eMO MiACTpaxyBaTHCSA, YAM MEHIIA
HaIlla CXWJIBHICTh 10 PHU3HWKY, THM ONrk4de o 10 Hyms. 3HaueHHd a = 0,5 mpuilMaroTh 3a JesKy
«CepeHIo» TOUKY 30pYy. [Ipy BEeBHEHOCTI B yAadi o NPUHMAIOTh OJM3bKUM /10 OJWHHIIL.

4. Bupimajabni mpaBuiia aJisi 00paHuX KpuTepiis.

VY 1abn. 2 HaBeneHO (OPMYIH BUPIMIATHHUX MPABUI KOKHOTO i3 KPUTEPiiB BHOOPY pillieHHS,
AK1 00paHo IS pO3B’ 3Ky MOCTABIICHOT 3a/1a4i.

5. 3naxoaKeHHs ONTUMAJIBHOI CTpaTerii.

s 3HaXOPKEHHS ONTHMAJBHOI cTpaTerii 3a KpuTepieM Banpaa BH3HAYaeMO HaWMEHITHIH
BUTpaN (4ac TPaHCHOPTYBaHHS) ISl KOXKHOI CTpaTerii, a MOTIM cepell X HAaHMEHIINX BHOUPAEMO
HaANOLIBIIIe 3HAYCHHS 1 BKA3YEMO BiJIMIOBIIHY CTpATETilo:

min ai;; = 150; min ay = 135; min ag = 120; min a4 = 105; min asj = 90; min as; = 75
W = max (min a;) = max (150, 135, 120, 105, 90, 75) = 150, mo6mo xopt = Xu.

Jia 3HaXOMKEHHS ONTHMANbHOI crparerii 3a kpurepieM CeBimka (MiHIMI3aIlis PU3HKIB)
HOTPiOHO MOOYAyBaTH MaTpPUItO pu3KKiB (Iij). EneMeHTaMu MaTpuili puU3HKIiB € BEIUYUHH PH3HKIB [ij,
M0 TIPEJCTABIISIOTH COOO0 PI3HHUITIO MiXK HAWOUTBIITNM BUTPAIIOM fj TIPY JaHOMY CTaHi MPUPOIN Sj Ta
BUTPAIIEM aijj, SIKMI TapaHTye BUOpaHa CTpaTeris TpaBIst X.

Po3paxyemo 3HaueHHS [jj Ta TOOYIyEMO MATPHIIEO pU3UKIB (Tab. 3).

Tabnuus 2. BupimaneHi npasuia Juis kpurepiiB Banpaa, Ceimka, Jlamtaca, ['ypsina

Hasga xpurepito ®opmyna [pumitka
Kputepiit Bansaa W= miax mJ naij HwxHs 11iHa rpu
Kpurepiii S = minmaxr;: =B _a. = g >
CeBimka [ 1) r|J ﬂJ a'l miax a'J a'J =0
Kpwurepiit 1<
L=max— ) a; — KiJIBKi i
Tartaca ax 12—1: ij Jie N — KUTBKICTh CTaHiB MPUPOIH
Kpwurepiit H— max[ o -maxa. + (1_ a)- min a_} Iie o — KoeilieHT ToBipH,
['ypsina i i i 0<a<1
Ta6uuis 3. Matpuiis pusukiB (rij)
oD 50 100 150 200 max
100 150-150=0 400-400=0 610-450=160 650-450=200 200
110 150-135=15 400-385=15 610-490=120 650-490=160 160
120 150-120=30 400-370=30 610-530=80 650-530=120 120
130 150-105=45 400-355=45 610-570=40 650-570=80 80
140 150-90=60 400-340=60 610-610=0 650-610=40 60
150 150-75=75 400-325=75 610-575=35 650-650=0 75
bi 150 400 610 650

VY KkpailHbOMy NpPaBOMY CTOBITYMKY MAaTpHULi PH3HMKIB MOKAKEMO MaKCUMAaJbHUH PU3UK INPH
3aCTOCYBaHHI KOXHOI cTpaTterii. OnTuManbHo0 Oyne Ta, 3a Kol pu3uk MiHiManbHui. Lle crpateris
Xopt =X5.

TakoX BHUKOHAaEMO PO3pPaxyHKH 3a BHpa3aMy Ul BHPIMIAIBHOTO IpaBUiIa 3a KPUTEPIEM
Jlamnaca. [y 3HaxXo[pKEHHS ONTHUMAJbHOI cTpaTerii MOTPIOHO BHU3HAUMTH CEpeAHId BUTpall MpH
3aCTOCYBaHHI KOXHOI CTpaTerii:
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(a1j)ep = (150 + 400 + 450 + 450)/4 = 362,5
(az)e, = (135 + 385 + 490 + 490)/4 = 375
(azj), = (120 + 370 + 530 + 530)/4 = 387,5
(a4j)p = (105 + 355 + 570 + 570)/4 = 400
(asj)ey = (90 + 340 + 610 + 610)/4 = 412,5
(asj)ey = (75 + 325 + 575 + 650)/4 = 396,25

a TIOTiM BUOMPAEMO Ty CTpATeTito, s SKOI I BeIMYrnHa MakcuManbHa. Lle crpateris Xopt = Xs.

Jlyis 3HaxXOJUKCHHS ONTHMAJBLHOI cTparterii 3a kpuTepieM ['ypBima moTpiOHO po3paxyBaTH
3HAUYCHHS eJ1eMeHTIB MaTpuli ['ypBina hj, [uis pisHuX BennuuH KoedinieHTa goBipH (Tadmn.4).

PesynpraTti po3paxyHKiB 3a BCiMa KpUTEPiIMA 3BOAMMO JI0 TIOPIBHUTEHOT TabmuI (Tad. 4).

6. OOrpyHTYBaHHS NPUITHATOrO PillleHHS.

B ymoBax HeBH3HaueHOCTI MU TNpUIIMAaeMO pilIEHHS Ha OCHOBI MipKyBaHb 1 340POBOTO
TIIy3Qy, TOOTO HE CTPOTO ONTHUMAallbHI, a «IPUAHATHI», MPH OOTOBOPEHHI SKWX Pi3HI miaxomu i
KpHUTepii BUCTYIAIOTh y PO CIIPHUX CTOPIiH.

st 3amaH0i cuTyallii MOYKHA peKOMEHAYBaTH TaKii Mmiaxis.

Hyxe obepexxHUI MiAXia A0 crpaBu (3a kputepiem Baabaa) Bkaszye Ha cTpaterito Xi, ToOTO
HiIPUEMCTBY BapTO BHKOHYBATH JOCTAaBKY BAHTAXIB JIMIIEC BIACHUMH TPAHCHOPTHHMH 3aC00aMH,
o0csr TpaHcopToBaHOro BaHTaxy ckiane 100 y.B.o. [Ipudyrok Oyae minimanbauii (150 y.2.0.).

[pu 3BaxkeHomy pu3mKy (3a kputepieM CeBim:ka) MO)KHA BHUKOPUCTATH CTparerito Xs, TOOTO
3aJIy9uTH JI0 TiepeBe3eHHs 40 3aM03MYeHNX TPAHCIIOPTHHX 3ac00iB. MakcuMansaui prusuk ckiraze 60 y.e.o.

VY pasi HemoctaTHROI iH(poOpMaIlii Tpo MONMUT Ha repeBe3eHHs (3a kpuTepieM Jlanmaaca) MoxHa
TaK0X BUKOPUCTATH CTpaTerito Xs, pO3paxoByIOUU Ha cepeHil mpudyTok 362,5 y.2.0.

Kputepiti T'ypBima moka3aB OAHO3HAYHY pEKOMEHAAIi0 TIpH OyAb-IKOMY 3 TpPbhOX
3aMmpoTOHOBaHNX Koe(illieHTiB moBipm — crpaterito Xs , TOOTO BHKOHYBATH 3aMOBIICHHS i3
BUKOPUCTAHHIM MaKCUMaJbHOI KIJIBKOCTI aBTOMOOLTIB, a BiJMOBIIHO BHKOHYBaTH TEPEBE3CHHS
MaKCHUMaJIbHO MOXKIUBOTO 00CSATY BaHTaXiB. BUCHOBOK Takuii, 10 YMM OLJIbIIE TPAHCTIOPTYEMO, TUM
OinpmmM Oyte TpUOYTOK i IMTPHEMCTBA.

Ta6muis 4. Matpuipst 'ypgina (hiq)

X hia 0=03 0a=0,5 0=0,9
100 240 300 420
110 2415 3125 4545
120 243 325 489
130 244 5 337,5 523,5
140 246 350 558
150 2475 362,5 592,5
max 2475 6 592,5
Tabmuns 5. llopiBHsuIbHA TaOIHIIS
Crparerii rpaBiist min aj; | maxrj maxliaﬁ Nia N N
ini a=0,3 a=0,5 a=09
X1 =100 150 200 362,5 240 300 420
X>=110 140 160 3775 2415 3125 4545
X3=120 120 120 387,5 243 325 489
X,=130 105 80 400 2445 337,5 5235
X5 =140 90 60 4125 246 350 558
Xs =150 75 75 396,25 2475 362,5 592,5
Kpurepiii W=150 | S=60 | L=4125 | H=2475 | H=3625 | H=5925
OHTI/IMaJI?Ha X4 Xe Xe Xe X X
cTpareris
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BucnoBku. KoxkeH Kputepiii NpOMOHye HOBE pillleHHS, 1 HEBU3HAYCHICTh CTaHy
MIEPETBOPIOETHCSA Y BIJCYTHICTH SICHOCTI, SIKOTO came KpHUTepito noTpumyBaTucs. lle moscHIoeThCs
THM, IO Pi3HI KpUTEpii MOB’A3aHi 3 PI3HUMH 00CTaBHHAMH, B AKHUX MPHHMAIOTHCS PIIICHHS, TOMY AJIS
MOPIBHSUTBHOI OLIIHKM PEKOMEHAOBAHO OJep)KaTH IOJATKOBY iH(OpMaIiio mpo 0OCTaBUHH, B SKHUX
Oyne npuitmarucs pimenHs. [Ipu 3amydeHHi 10AaTKOBUX TPAHCIIOPTHUX 3ac00iB, HE BIIACHUX, BapTO
OpIEHTYBaTHCS Ha IMEPEBIPEHUX TIEPEBI3HHUKIB 13 ONTUMANbHUMHU Tapu(amH, MO0 MO3BOIHTH, Y
pe3ysbTaTi, 3MEHIINTH COOIBapTICTh BUKOHAHHS IEpPEBE3CHb B MIXKHAPOJHOMY CIONydYeHHI. Takoxk
NoTPiOHO 3BEpTaTH yBary Ha BUCTABJICHWH 3aMOBHUKY Tapu@, SKAH MOBHUHEH OYyTH HE TUIBKH
OOTPYHTOBaHMM 3 €KOHOMIYHOI TOYKH 30pY W MOKPUBATH BCi 3aTpaTH cOOIBapTOCTI MEpeBEe3eHHs, alie
# MaKCUMAaIIbHO 3aI0BOJIFHITH OYiKyBaHWH MPUOYTOK ITiAIIPUEMCTBA.
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Beryn. MynbTUMopainbHI TIepeBE3€HHS B YChOMY CBIiTI Habuparoth o0epTiB. Jlo mporo
NPU3BOANTH TII00ANI3allis PUHKIB Ta PICT CBITOBOI €KOHOMIKH 1, SIK HACHTIZIOK, OpraHi3allisi yrpaBiIiHHS
3HAYHUMH BaHTaxorotokamu. [locimyrn gyndinmeHTty aexani akTUBHIIIE BUKOPUCTOBYIOTHCS HA PUHKY
— BOHHU Ilepe10avaroTh, IO CIIOKMBady Oaiiyke sSIKUM YHHOM Oy7Ie TOCTaBJICHO HOTo TOBap, TOJIOBHE 13
JIOTPUMaHHS CTPOKIB Ta I[UIICHOCTI, Ta 3a 3a3Jajierilb BCTAHOBJCHY IiHY. KUIbKICTh JIOTICTHYHUX
omneparopiB piBus 4PL ta S5PL 3pocrae, ane y Toii yac 3poCcTarOTh BUMOIH JI0 HUX Ta cepa MisiIbHOCTI.
OCHOBHMUMHM TEHICHLISIMA € OpraHizamis 30ipHMX BaHTaXIB — LI0 3HAYHO 3MEHIIYyEe COOIBapTICTh
JIOCTaBKH OJIMHUIII TOBapy, Ta MyJIbTUMOIaJIbHI TIEPEBE3CHH, Ki 3a0€31eUyI0Th CXOPOHHICTh Ta OajlaHC
TepMiHU-IIHA. | SIKIO y MyJITHMOJIAJIBHUX TIEPEBE3EHHSX, 10 BAKOPUCTOBYIOTh MOPCHKHI TPAHCTIOPT,
Oe3nepeyHnM JIiiepoM 3aMIIAIOThCS KOHTEHHEPHI IMEpeBEe3CHHs, TO Y 3aJi3HUYHO-aBTOMOOUIEHOMY
CIIOJIly4eHHI HE BCE TaK OJHO3HAYHO. AJKe 1 KOHTEWHEpH, 1 KOHTpeWsepH, sIKi HaWOuIbLI MIMPOKO
BUKOPHCTOBYIOTHCS TIPH TAKOMY BHJTY CHIOJTyYEeHHI, MalOTh CBOI IIepeBar i HeJIOMIKH.

Marepiasim  Ta MetoaM. Y MyJIbTHMOJAIBHUX IIEPEBE3CHb 4YacTO BilOYBalOThCS
HEMOpO3yMiHHS 11010 TepMiHoiorii. ToO6To, He Mae 4YiTKOro (OpMyBaHHS BH3HAYEHb y Cy4acHii
BITUM3HSHIN JIiTEpaTypi, SKi 0 BHOCWJIM SICHICTh, YMM OJIMH TEPMIH BiJIPi3HAETHCA BiJ iHIIOTO. Y
JnokymeHTi «TepMiHoJOTisS KOMOIHOBaHMX TepeBe3eHb» [1], MiAroTOBIEHHM €BPOIEHCHKOIO
ekoHoMiuHOM KoMiciero OOH (€EEK OOH) uiTko HaBOASTHCS BU3HAUEHHS 13 MOMIIMBICTIO TIOAAIIBIIOL
Jetaiizamii. Y JOKYMEHTI MOAAHO MOHSATIHHO-KAaTeropiaJibHUH amapar, SKHd BHUKOPHUCTOBYETHCS B
TIpoIIeci peami3allii 3MIlIaHuX TepeBe3eHb, a caMme:

— MYJbTUMOAAJIbHI NEPEBE3CHHS — MEPEBE3EHHS BAHTAXKIB 13 BUKOPUCTAHHAM JBOX 1 Oijibie
BUJIIB TPAHCIIOPTY;
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— iHTepMOJANBbHE TIEPEBE3CHHS TMepeadavae OpraHi3allifo TOCTiJIOBHOTO MEPEBE3CHHS
BaHTaXIB /BOMa 1 OUIbIe BHIAMHU TPAHCIIOPTY B OAHINA 1 Ti camiii BaHTaXHIN OAWHHII B MeKax
TPAHCTIOPTHOTO JIAHITIOTA (B1X «JIBEpE 0 ABepeii») 03 BAaHTaXHO-PO3BaHTAXKYBAIBHHUX POOIT;

— KOMOIHOBaHI TmepeBe3eHHS — IHTEPMOAAJbHI TMEPEeBE3EHHsS, Yy SAKUX 3Ae01IBIIOro
BUKOPHUCTOBYETHCS 3aTI3HUYHUN, BHYTPINTHIN BOIHUN YM MOPCHKUE TPaHCIIOPT, @ HA MaKCHMAJIbHO
KOPOTKOMY BiJpi3Ky MapmipyTy Bil IMOYAaTKOBOTO ITyHKTY JO ITyHKTY KIHIIEBOTO IPHU3HAYEHHS
BUKOPUCTOBYETHCS aBTOMOOUTEHUIA TPaHCIIOPT;

— KOHTpeiWepHi TmepeBe3eHHS (aBTOMOOIIBHO-3aI3HUYHI MEpeBE3eHHS) — MOEAHAHHS
3aTI3HAYHOTO Ta aBTOMOOUTEHOTO TPAHCIIOPTY B 3/IHCHEHHI TIepEeBE3EHb.

To06To, BUXOASYM 13 IIHOrO MOXKHA TPEACTABUTH CTPYKTYPY MYJIBTUMOAIBHUAX NEPEBE3CHb
puc. 1.

MYJIIBTUMOJAJIbHE

1HTEepMOJIaIbHE

‘ KOMOIHOBaHE

|
]
Puc. 1. Cmpyxmypa mynomumooanvHux nepege3eHs

KOHTpEUJIEPHE

ToOTo, KOHTpeWnepHi IepeBe3eHHs, 3TiAHO €BPOIEHChKOI Kiacudikalii, € YacTKOBHM
BUITQJIKOM MYJIbTHMOIAIBHUX TIEPEBE3CHb.

3araioM KOHTpeHIepHi epeBE3CHHs MaIOTh HU3KY MepeBar, 30Kpema:

- 3MeHIIEHHS HaBaHTAKEHHs Ha aBTOMaricTpalii,

- 3MeHIIEeHHs MIK|UIMBOr0 BIUIMBY HA OTOYYIOYE CEPEIOBHUIIIE,

- He3anexHicTh Bijl MOTOJHUX YMOB,

- ExoHOMis 103BOJIIB HAa MI>KHAPO/THI TepeBe3CHHS,

- Exonomis wacy (BiAcyTHICTH 3aropiB, 3a00poH pyXy Yy BHXIJHI YU CBSTKOBI JIHI,
0oOMeXeHHS Ha pyX y HIYHUH 4yac, TOMIO),

- 3MeHIIeHHS BUTPAT Ha TepeBE3CHHS (BUTPAT MaJIMBa, IOPOXKHIX 300piB).

Henomnikamu Takux repeBe3eHb €:

- HeoOximHicTe noTpuMaHHs rpadiky pyxy 3a1i3HUYHOTO TPAHCIIOPTY,

- 3HWwKeHHs e()eKTUBHOCTI 3aTi3HUYHOTO TPAHCIIOPTY,

- HeoOxinHicTh criemiaabHO 00JIaJHAHUX TePMIHAIIIB,

- Hepmockonaie 3aK0HOIABCTBO y chepi MyTbTUMOJATEHUX NIEPEBE3EHb.

ITpu 1bOMY OKpeMO KOHTEHHepHe nepeBe3eHHs Yy JokyMmeHTi [1] He 3HaumThes. O0’€xkTOM
NepeBe3eHHS Y MYJIbTHMOJIAIGHOMY CHOJYY€HHI B3aralli MOXKYTh OyTH Oy/Ib-SIKI BaHTa)Ki — HaJIMBHI,
HaBaJOYHi, TapHO-IUTy4YHi. OgHaK HaWOUIBII IIMPOKE TMOIIMPEHHS MAlOTh MYJIbTUMOJAIBHI
HepeBe3eHHs, SIKi BUKOPUCTOBYIOTH Tak 3BaHi ITU (B anrmomoBHOMY Bapianti — Intermodal Transport
Units, ITU) — konreitnepu (containers), koHTpeiisiepu (controllers), 3iiomui Ky3oBa (swap-bodies).
BanTax 3naxoauthes B ITU Ha BchoMy IIISIXY ME€pecyBaHHs, a BCI TPAHCHOPTHI M BaHTaXKHI omepaiii
NPy LOMY BUKOHYIOTbCSA HE 3 PI3SHOPIZHMUMHU BaHTaKHUMHU MiclsiMmH, a 3i crangaptHuMu [TU (tak
3BaHa Oe3lepeBaHTAXYBAIbHA TPAHCIIOPTHA TEXHOJOTISA), M0 3HAYHO MPUCKOPIOE U 3JICHIEBIIIOE
TEXHOJIOTIYHI MTPOIIECH, MiJBUIILYE CXOPOHHICTh BAHTAXIB 1 Ia€ HU3KY iHIIKX niepesar [2].

ToOTo mpu opranizauii 3a1i3HUYHO-aBTOMOOIIBHIX NEPEBE3CHb MOXKYTh BUKOPUCTOBYBATHCh
pi3HI BaHTaXHI OJWHMWIN, y TOMY 4HWCIHi, KoHTeiHepu. Tak, Hampukman, y CHIA xoHTpeiiepHe
NIepEeBE3eHHS MOXKE BUKOPHCTOBYBaTH JO 14 pI3HOBUIIB BaHTAXHUX OJUHUIL. XO04Ya CaMUM
MOMYJISIPHUM 3aJIMIIA€ThCSI 3MOMHUI Ky30B — LIl croci0 mepeadaydae 3HATTS Ky30Ba AJISl MOAANBLIOT
JIOCTaBKH 3a113HULIEIO.

A momo peamiit Ykpainw, 3aranqoM IpH OpraHizarmii KOHTPEHWIEpPHHX TepeBE3e¢Hb MOXKEMO
oOupaTi KOHTEeWHep 4M aBTomnoi3A. He nouinbHO po3risgaTy HamiBIPHYIN OKPEMO — aJKe BapTiCTh
NIEpEeBE3CHHA 3aji3HULECI0 Ta TPAHCHOPTYBaHHS AaBTOMOOUIBHHUM TpaHCIOPTOM Mano Oyne
BIJIPI3HATHCS BiJ KOHTCHHEpA.
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PesyabTaTu gociigxkeHHsi. PO3risHEMO MOXIIMBI CIIOCOOM ONTHMI3allii MYyJIbTUMOAAIEHUX

nepese3eHs [3] Tabm. 1.

Tabmuns 1. Cnocobu ontumizaliii MyJTsTHMOJAIBHUX TIEPEBE3CHD Ta X HETOMIKH

Croci06 onTuMi3zaril Henomniku
3acTtocyBaHHS ~ IEHTpajii3oBaHOi  cucTeMu | He BpaxoByroTbcs reorpadiudHi  0coOIMBOCTI
3aBO3Yy 1 BHBO3Y BaHTaXiB aBTOTPAHCIIOPTOM; | MICIIEBOCTI Ta  CTPYKTypa  BaHTaXOIIOTOKY;

po3po0Ka ONTHUMAIEHOI MepeXki TPaHCTIOPTHO-
CKIIQJICBKNX 0a3; CTBOpEHHS 00’ €IHAHUX
i AIPUEMCTB Pi3HUX BHJIB TPAHCIIOPTY

HEeOoOXI1IHI 3HAYHI KalllTAJIOBKIAIEHHS

®opMyBaHHA MYJITUMOJATBFHUX KopuaopiB i | HeoOximHicTs 3HAYHHUX KalliTaJIOBKIIa/ICHb,
perioHanbHUX TPaHCIOPTHO-JIOTICTHYHHX | PeOpraHi3awis yciei TPaHCTIOPTHOL
CHCTEM;  MOJEpHi3alis  BaHTAXHOTO  Ta | IHPPaCTPYKTypH

CKIIQJICBKOTO  TOCIMONApCTBA;  OpraHi3aiiiHa

nepedymoBa TSUTBHOCTI TPaHCIIOPTHHUX

MiATNPUEMCTB

Busznauenns palioHaILHUX ctep | Jyxke yCKIaTHIOIOTHCS PO3PAXYHKH.

BUKOPHCTaHHS TPAHCIIOPTY YH PiBHOBUTIIHUAX
BiJICTaHE; PO3paxyHOK EKOHOMIYHOTO e(heKTy
BiJl 00paHOro BapiaHTy MEPEBE3CHHS

dopmanbHe BU3HAYCHHS MapLIPYTy IEPEBE3CHH

Sk BUAHO 13 TaOMHUIli, OCHOBHOIO MPOOIEMOI0 TIPH PO3PaxXyHKY PIBHOBUTIIHUX BiAcTaHEH (SIK
JUTSL BUAIB TPaHCHOPTY, TaK i JJS BaHTXKHUX OJUHHIB) € CKIATHICTh po3paxyHKiB. Came TOMy
aBTOpaMu OyJI0 po3poOIEeHO MOJENb BUOOPY BaHTaKHOI OAMHMII UL KOHTPEHIEPHOTO CHOIy4YEeHHS,
IO CTaHe 3pYYHHUM IHCTPYMEHTOM Ta 3HAYHO CHPOCTHUTH MPOILIEC BUOOPY BAaHTAKHOTO MOTYJISL.

[IpoBenemMo cmoyaTKy MOPIBHAHHS MiX

BHKOPDHCTAHHSIM Yy SKOCTI BaHTaXHOI OJUHUII

aBTOMOI3/1a 1 KOHTelHepa. Pe3ybTaTy MOpiBHSHHS HaBeeMO y TaOIuIIi 2.

Tabsuis 2. [TopiBHSIHHS BaHTQXKHUX OJMHHIIb

ABTOnoi3x

Konrelinep

MOoxJIMBICT PyXy NPAKTUYHO BiJl MOTSTa

MO>KIIMBICTB IITA0ETIOBAHHS

Heo0xigHa mpUCyTHICTH BOJIiS ABTOIOTSTA

Kpama cXopoHHICTh BAHTaXy

HeoOxigHo BpaxoByBaTH yac Ha | HeoOxigHicTh opraHizyBaTu MTOBEPHEHHS
HABaHTA)KEHH-PO3BaHTAXKCHHS BAHTAXKY KOHTeHHepa
HasiBHICTD 3BOpPOTHOIO 3aBaHTAXKEHHSI YHiBepcapHICTh

[pencraBumo rpadivHo 300pakeHHS MPOIIECY TOCTABKHM BAHTAXKIB 3a JIOTIOMOT0I0 KOMOIHOBaHOTO

crioy4eHHs (puc. 2).

Ls

Puc. 2. I'pagiune npedcmasnenns npoyecy 0ocmasxu

Ha pucynky Lai ta La, nomaTkoBi AUISIHKA TNEPEBE3CHHS, SKIi BHUKOHYIOTBHCS aBTOMOOLIBHUM

TPAHCIIOPTOM BiJIIOBITHO B YKpaiHi Ta 3aKOPIOHOM,

L, — BijicTaHb NepeBE3EHHSI ABTOIIOI3/IIB 3aTI3HUIICIO.

PosriissHeMo cxemu JI0CTaBKH 3a 000Ma BapiaHTaMH. Y BUNAAKY KOHTPEHIEPHOTO CIOIYUYCHHS
13 BUKOPUCTAHHSM aBTOIOI3/1y MaeMo Tapu(d Ha joctaBky 3a MapmipyToM BA T asr, 8 TAKOXK BHTPATH
Ha TIEPEBE3CHHS BIIACHUM aBTOMOOIJIEM-TATaueM, Jie COOIBApTICTh MEPEBE3CHHS MMO3HAYNMO S;.

Y BUmNaAKy BUKOPHCTAaHHS KOHTEWHepa, Tapu( IO 3aCTOCOBYETHCS 0 KOHTCHHEPIB Ts xou.

Pisuuiiro B nux Tapudax moznauumo A. BiAmosigHo a0 1b0ro:

A= TsﬁaB‘r - T37KOH

1)
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[lpn BUKOpHCTaHHI KOHTEHHEpa OOLITHHUM € TIEPEeBE3CHHS HOTO Ha YMOBax ayTcopcy Y
KpaiHax BiIIpaBleHHS Ta Mpru3HadeHHs. ToMy Ha ainsHkax Li ta L, OyayTh IisTH BIAIOBIAHI pUHKOBI
tapudu Ha noctaBky T1 Ta T2 kpaiHu BianmpaBiaeHHS Ta MPU3HAYCHHS.

Came TOMy nJs1 BU3HAueHHS €(EKTUBHOCTI BUKOPHCTAaHHS aBTOMNOI3Ja YM KOHTEHHepa
HEoOXiTHO BU3HAYUTH Jie BUTPATH HA JOCTaBKY 3a 000oMma BapiaHTamu OyayTh OXHAKOBi. Sk Oaummo,
3MIHHIMH TTapaMeTpaMiy y JaHOMY BHIIAAKY BACTYIIaTUMYTh AOAATKOBI BifcTani Li Ta Lo.

OnHakoBY BapTiCTh IEPEBE3CHHS IS JBOX BapiaHTIB MOJKHA OTPUMATH 32 TAKUX YMOB:

Ll'T1+L2'T2:A+Sa'(L1+L2) (2)

[pencraBumo Louepes Li:

A+L1-(Sq—T1)
L2 =" ®)

Jns mpuKiiagy BUKOPHCTAEMO peasbHi NlaHi, 00 OIHUTH e(DeKTHBHICTH TOCTaBKH 3a JBOMA
BapianTamu. Po3risiHeMo MapmipyT y KoHTperepHoMy crionydenHi Kuie (Ykpaina) — Knaiiriena (JIutsa).

J11st HOTO XapaKkTepHi Taki JaHi:

A=45 eBpo

Sa=1 eBpo/xMm

T1=0.75 eBpo/kM

To=2.5 eBpo/xM

Towmy 3anexHicts 3.35 HaOyJie HACTYITHOTO BUTIISLY:

_ 45+L;1:0.25 _

1
L, s = ng + 30 4

I'padiuHO 1110 32TEKHICTH MOXKHA TIPEJCTABUTHU TaK (prc.3):

g LakMe
,
:
E 130
o
-
o B
2 &
2t
=]
a & 2
g8
& e " 30Ha e(eKTHEHOrO EMKOPHCTAHHA KOHTeliHepa
Q.5
=
L L] 100 200 300 40
BiACTAHB PyXy no VKpaiHi Li. kM

Puc. 3. Busnauenus 301U eghekmusHo20 6UKOPUCTMAHHS gapianmie 0ocmasku 3a mapuipymom Kuis
(Vkpaina) — Knaiineoa (Jlumea)

Sk Gaummo, i3 rpadiky Ha puc. 3, BUKOPUCTAHHsS KOHTeiHepa Oyne Oinbll e(eKTHBHUM 3a
YMOBHM HEBEJIMKOI BiJICTaHi JOCTaBKH IO KpaiHi mpu3HaueHHs. Lle 3yMOBiIeHE BEIMKOIO Pi3HULECIO B
tapudax y kpaiHax MpU3HAYEHHS Ta BiJlPaBICHHS.

Oo0roBopennsi pe3yabtartiB. Po3poOneHy Mozaens BHOOpY BaHTaXHOI OAWHUIN ISt
KOHTPEHUJIEPHOTO CHOJIYYEHHsSI MOXXHAa BHUKOPHCTOBYBATH Ha MPAKTULI JUIS NPUAHSATTS PIilIEHHS MPO
oprasizaifiro nepeBe3eHHs. Po3poliieHa MoJe/b J03BOJISE BU3HAYMTH JIOIIBHICTE BUKOPHCTAHHS
aBTOMOI3/la 4YM KOHTeWHepa. BcraHoBieHO, 1m0 e(QEKTHBHICTH BHKOPUCTAHHS KOHTEHHepa Oye
BUILIOIO, TPH HEBENIMKIH BiJCTaHI NEpeBEe3eHHs IO KpaiHi, 3 BUIIMMH Tapudamu. Y BUOAIKY
BUKOPHUCTaHHS aBTOMNOI3/a, JJIsl TIEPEBE3CHHS HE MOTPIOHO 3aiydaTH HaliMaHWW TPAaHCHOPT, TOMY
BapTICTh TIEPEBE3CHHS aBTOMOOITLHOIO YAaCTHHOIO Oyle MOPIBHIOBATH COOIBApTOCTI BUKOHAHHS
NIepEBE3EHHS BJIACHUM TPAHCHOPTOM. BaXIMBO TakoX 3BEpHYTH yBary Ha A — pIi3HULIO Y
3ai3HUYHOMY Tapu(i MpH MepeBe3eHH1 aBTOMNoi3Ia i KoHTeHHepa. 3HaueHHs TapuQiB, SK MPaBHIIO,
BH3HAYAIOTHCS TaPU(PHOIO CITKOIO 1 € ¥ BITLHOMY JOCTYIII.
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BucnoBku. TakuM yMHOM, OpraHizamis MYJIbTUMOAAJIBHUX IEPEBE3CHb € IEPCIEKTUBHUM
HampsMOM OITHMI3amii TepeBi3HOTO TPOIlecy 1 CTBOPEHHS KOHKYPEHTOCIPOMOXKHOTO PHUHKY
TPAHCIIOPTHO-JIOTICTHYHMX TTOCTYT. PO3BHTOK KOHTpEHIEpHUX IEPEeBE3eHb BAHTAXKIB € KOMIUICKCHUM
BUPILICHHSAM Ipo0IeMu MiABUIICHHS NpUBaOIMBOCTI YKpaiHU K TPAH3UTHOI JIEpKaBH Y TOMY YHUCII.
Po3pobneni iHCTpyMeHTH, a 30KpemMa, MOJIeIb BUOOPY BaHTaXHOI OIFHMII, TO3BOJIUTH ONTHMIi3yBaTH
MIPOIIEC TOCTABKH BAaHTAXIB Y MIXKHAPOJHOMY KOHTPEHUIEPHOMY CITOTYYEHHI.
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According to the researchers, logistics is the management and control of material resources
and / or the movement of goods related to them before, during and after production with proper
information. The passage of these resources and goods into the various technical operations of
production processes requires approximately 90% of all time costs. Therefore the use of a logistical
approach should be aimed at reducing them. This reduction is carried out primarily between the
purchase of raw materials and delivery of finished products to the consumer. Using a logistic
approach, a reduction in the cost of goods is achieved by improving the quality of supply and
increasing reliability. The movement of material flows takes place according to the following scheme -
“supply-production-distribution-consumption”, which allows the whole production cycle to be
considered in a single section and is called the logistics system. The logistics system includes the entry
or acquisition of various subsystems - material flows, a warehouse, where material supplies are
temporarily stored, which is then transformed into a material stream to transport, transport cargo,
information that provides connections between elements of the logistics system and facilitates the
efficient operation of logistics operations.

The logistics system is characterized by integration. which does not have a separate his
element. This ability ensures the delivery of the required goods at the required time to the required
quantity and quality on the spot, with minimal losses and adaptation to environmental conditions Thus,
logistics involves a comprehensive approach to identifying costs and reducing them in all areas - from
material supply to distribution [1].

The goal of industrial logistics is to manage the production process and logistics operations
with precise synchronization without excess supplies; Spending little time on major and transport-
warehousing operations; Production only of products or parts in demand; Inadmissibility of device
attempts; Definitely eliminate rot; Avoiding irrational inland shipments; Turn suppliers into
benevolent partners or improving compliance and enhancing suppliers corroborations.
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Logistics activities in Georgian oil and gas enterprises have specifics, which are accompanied
by some problems, namely oil losses from extraction from wells to oil companies -4%, oil
transportation and storage in oil depots -3%, oil refineries -3%. In addition, 50 to 80% of the oil
reserves remain untouched in the entrails. Losses are significant in the extraction of natural and
follower (petroleum) gas - both during processing and consumption.

Nearly 30% of material and technical resources in oil extraction are occupied by auxiliary
materials (well pumps, belts, ropes, demulsifiers, black and colored materials, raw materials, etc.)
Auxiliary materials for gas extraction and spare parts for inventory and fixed capital repairs, are -35%
in the gas sector.

Characteristic in the drilling of oil and gas wells is that almost 60% of working capital comes from
small and fast-moving items. This is due to the fact that a large number of expensive and non-long-term
tools are used for the construction of mining wells - drill pipes, extenders, saws, wrenches, saw ropes, etc.
In addition, drilling requires a larger amount of material supplies than other enterprises in the field.

The oil and gas industry does not require raw materials as a material resource for the
technological process. The raw material for it is in the ground or on the surface of the land within the
license block in the form of mineral resources or reserves. With the training of geologists, these
resources are then transferred to reserves Therefore, mineral reserves must be differentiated from the
material resources, that the enterprise receives from the supplier.

Mineral resources for the oil and gas industry are endowed by nature. In this sector we also do
not find semi-finished products and unfinished production in the form of costs. The latter can be
encountered in drilling wells.

Any enterprise, including oil and gas production, stores the material resources ordered and
received for normal activities in the form of various supplies in the warehouses. But when we are
talking about mineral reserves, these reserves are "stored"” in the earth's crust or on its surface and are
the subject of geological research.

Working capital may be present in the production process when, according to the
technological cycle, they have already changed their form, but no new products have been received
yet. The demand for material and financial resources that ensure the normal conduct of the entire
technological cycle from its inception to the receipt of the finished product is called “unfinished
production”. Unfinished production of geological exploration works - this is done. But unpaid works
as defined by the geological assignment (or its stage).

"Unfinished production™ in geological exploration works differs somewhat from its economic
importance in other fields. The term of the geological task can be extended for several years, so the
remuneration of the work according to the final result requires a large amount of funds to provide
work at the stage of "unfinished production”. In order to accelerate the financial movement, the works
of the geological assignment shall be reimbursed once a month in accordance with the performance of
the works. But even such intermediate reimbursement of works leads to the point that “the time of
unfinished production is 30-35 days. This means that the geological prospecting organization must
have sufficient cash during this time. In some industries this time is 1-2 days, while in electricity there
is no 'unfinished production’ at all.

In industries such as construction and mining, there is a need for significant material and
financial resources to provide only future production. For example, quarrying during ore processing,
environmental measures and so on

The logistics system of all blocks of oil supply creates a comparative advantage, which allows
to produce complex hydrocarbons at relatively low alternative costs, thus increasing the sector's export
and production capacity. The logistics of an oil and gas plant involves the management and design of
production resource flows when extracting hydrocarbons within the company's internal environment.

In the supply of goods to oil and gas companies in the sector, oil and gas go through
purchasing channels, export and domestic consumption. It eventually becomes a common element in
the user system. Due to the integrative nature of logistics functions, oil and gas enterprises can reduce
the costs of providing material and technical services up to 9% of the offered price, and when selling
products for export - by 20%. Thus, it is necessary to use a logistical approach to create a complex
system of production resource management and control over oil and gas facilities.

After the introduction of Georgian oil and gas regulatory legislation in the second half of the
1990s, favorable preconditions were created for the entry of new investors into the fields and the
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introduction of modern mineral extraction technologies in the existing fields, which was reflected in
the increase current oil extraction .However, as it turned out, the contractors, with a few exceptions,
focused on exploiting existing stockpiles and paid inadequate attention to exploration to find new
deposits, which led to a decline in oil production after 2004.[2]

It is planned to make relatively high investments in oil exploration and extraction works in the
coming years. The main focus of the activity is shifted to intensive seismic exploration in the country
and the discovery of new deposits in exploration drilling, and to increase oil extraction in existing
deposits. Experts estimate that oil production may increase in the near future, if the forecast resource
indicators of at least one of the prospective fields are confirmed.

Since the early 2000s, oil and gas exploration and production have been revived and increased
as a result of the activities of 12 foreign companies employed in the sector. The total volume of
seismic surveys conducted during this period is two-dimensional 2D-6100 km and three-dimensional
works 1745 km2. Up to 30 deep and up to 50 shallow exploration and exploration wells were drilled.
About 40 promising structures have been identified, including in the Georgian part of the Black Sea.
Drilling on four of these structures has already confirmed the presence of hydrocarbons in the Middle
Eocene and Upper Cretaceous sediments. Although their commercial importance can be determined by
further drilling. Although no new commercially interesting deposits have been discovered during this
period, recent work suggests that new commercially interesting deposits will inevitably be discovered.
Currently, a total of 16 industrial deposits have been discovered in the country. 5 new deposits have
been identified, on which the existence of supplies of industrial importance for various reasons has not
yet been finally confirmed.

Table 1. The oil and gas reserves and resources for January 1, 2020 are as follows:
(Figures taken from the Georgian State Oil and Gas Agency)

. Petroleum gas Natural
category Oil (min.t.) (min.m?) gas(min.m?)
1P 3,162 149,258 3742,560
reserves 2P 7,831 422,296 4874,830
3P 41,059 952,761 6153,880
1C 32,968 3207,470 7,8
contingent 2C 81,260 8203,160 13,4
resources
3C 203,570 22057,180 20,4
L 99,274 40001,500 86301,420
prospective
reSOLICEs M(B) 601,086 13742,0 208238,261
H 4000,457 32332,3 312095,130

The peak of natural gas production (free and flowing) was observed in 1983 (approximately
333 million cubic meters) coinciding with the intensive period of oil, but the subsequent decline in oil
production led to a significant decline in gas production by 2020.

In August 1974, the Samgori-Patardzeul-Ninotsminda field was opened in the Thilisi region,
as a result of which oil production increased dramatically from 22 thousand tons in 1973 to 1751
thousand tons in 1977. Accordingly, in order to optimize the costs for the initial oil production, it was
decided to build a main building for the collection and preparation of light in the field 4 million tn.
with an annual output that went into full force in 1978. According to the project, it envisages the
production of products from wells through underground pipelines, primarily through a two-stage
separation cycle. The gas obtained for the separation of the accompanying gas from the oil is supplied
to the customer through the compressor units through a 33 km long gas pipeline with a diameter of
530 mm. In 1980-83, the volume of gas supplied to the Gardabani thermal power plant was 1 million
cubic meters per day. [2]
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The commodity oil obtained as a result of the primary processing will be transferred to the
Georgian Main Qil Pipeline Company, which owned 2 commaodity oil reservoirs with a capacity of
10,000 m? and a pumping station. This station provided pumping of oil to the former oil refinery in
Batumi. The length of the Batumi-Samgori pipeline was 400 km, in diameter - 530 mm, plant’s annual
capacity-5million tons.

Gas separation from liquefied petroleum products and liquefied petroleum gas fractions are
measured on group measuring devices, from which the products of the oil-water compound - "fluid"” -
are supplied to the main building by tankers. The resulting fluid will be loaded into the receiving
reservoirs where free water is diverted. For further preparation of the product by means of a pump,
with the addition of a demulsifier, it is supplied to the heating furnace, and then stored in the
technological equipment for the preparation of commodity oil. Commodity oil is collected in one of
the 50,000 cubic meter reservoirs, from where pumps are supplied to one of the 1,000-cubic meter
reservoirs. From the latter, oil is delivered to an off-site delivery point, where it is loaded into tankers.

Currently, there are two small-capacity oil refineries in Georgia with a total production
capacity of 210 thousand tons. Relevant analysis confirms that the quality of their products is in full
compliance with the requirements of current standards in the country.

It should be noted that in the period from 1995 to 2020, about one billion US dollars were
invested in the oil and gas sector of Georgia.

According to experts, as a rule, the share of logistics system implementation costs is 38-40%
of the investments made. Therefore, in order to increase production efficiency, it is necessary to
increase hydrocarbon extraction at the expense of the detection and commissioning of new deposits
and to improve the operations of the logistics system.
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Introduction. Multi Criteria Decision making — (MCDM) is one of the actual problem in the
theory of decision making [1-2]. From a mathematical point of view, it belongs to the class of vector
optimization problems. The criteria can be divided into two groups: the criteria for which the
maximum value is optimal and the criteria for which the minimum value is optimal. MCDM problems
can be solved with an accuracy of many non- dominated alternatives or many trade-offs. Obtaining a
single solution can only be implemented on the basis of some compromise scheme that reflects the
preferences of the decision maker (DM). Methods for solving this problem can be divided into two
large groups: methods using the aggregation of all alternatives according to all criteria and the solution
of the resulting single-criterion problem, the second group is associated with the procedure of pairwise
comparisons and stepwise aggregation. The first group includes methods: weighted average sum,
weighted average product and their various modifications [3-4], the second group includes -Analytical
Hierarchy Process (AHP), Elimination and Choice Translating Reality (ELECTRE), The Technique
for Order of Preference by Similarity to Ideal Solution (TOPSIS), Preference Ranking Organization
Method (PROMETHEE) [5-13]. The work [3] provides information on the popularity of various
methods of multi-criteria decision-making. This paper discusses the TOPSIS method.

The TOPSIS method was developed by Hwang and Yoon in 1981. This method was very
popular for solving multi-criteria problem under certain conditions. In general the TOPSIS method is
based on the approach of ideal solution.

The fuzzy TOPSIS [4-13] method was developed by Chen in 2000 for problem with linguistic
uncertainty.

Description of the method.

We consider the problem where decision DM makes decisions in linguistic form.

Consider all stages of fuzzy TOPSIS method:

1. First we define linguistic variables for criterion weight importance and the decisions with
fuzzy trapezoidal numbers.
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Table 1. Linguistic variables for the importance of criterion weights

Linguistic Variables Trapezoidal Fuzzy Numbers
Very Low (VL) (0,0.1,0.2.0.3)
Low (L) (0.1,0.3,0.45,0.7)
Medium (ML) (0.4,0.5,0.7,0.8)
High (H) (0.5,0.6,0.75,0.85)
Very High (VH) (0.6,0.7,0.8,0.9)

Table 2. Linguistic variables for the decision

Linguistic Variables Trapezoidal Fuzzy Numbers
Very Poor (VP) (0,1,2,3)
Poor (P) (1,3,4.7)
Medium Poor (MP) (4,5,7,8)
Good (G) (7,8,9.9.25)
Very Good (VG) (9, 9.25, 9.5,10)

2. Present the linguistic decisions as the matrix of outcomes (alternatives - criteria)
n - number of criteria, m - number of alternatives

C: C Cs Cn
A1 X11 X12 X13 Xln
Ao )?21 )?22 )?23 Xon
As X31 st X33 X3n
Am Xml sz XmS an

Fig. 1. MCDM problem representation
Where X;; = (@, bij, ¢ij, d;; ) is fuzzy trapezoidal representation of linguistic terms.
3. Calculate normalized matrix R = (ry),i=12,.m;j=12,..n

The normalized fuzzy decision matrix is calculated with the formulas given below, where J
and J; represent the maximization criteria set, and minimization criteria set respectively.

T = aij@ﬁdij ]E]
1] d;,d;,d;’d;’

5 i Y Y %y
7= (L, 2 €
Y (dij "cij " bij 'aij)’J h

dj* = maxidl-j,j E]
a]’-k = min;a;;,j €
4. Calculate weighted decision matrix

V=), i=12.mj=12..n
Where

171']' = 171] ® W] , i = 1,2, m,] = 1,2, . n
5. Determine positive and negative ideal solutions

At =@, of,5F, .. 5D
A™ = (U1, D5 , U3, eewn. V)
Where

oF = (1,1,1,1)
7 = (0,0,0,0)
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6. Calculate distances between actual decisions and positive and negative ideal solutions
df =¥} ,d(75,7) j=1.2,.....m
di =37, d(P5,7) j=1,2,.....m

Where distance is calculated by formula

o~ 1
D(4,B) = |7[(ar=b1)*+ (az = bp)* + (a3 — b3)* + (a4 — ba)*
7. Calculate closeness coefficient for all alternatives

CCL' =

i .
—,i=12,...m
d7 +djf
8. Determine acceptance level of decisions.

Table 3. Acceptance Criteria

Closeness Coefficient (CCi) Evaluation
CC; €0,0.2) Not recommended
CC; €10.2,0.4) Recommended with high risk
CC; €0.4,0.6) Recommended with low risk
CC; € [0.6,0.8) Acceptable
CC; €]0.8,1.0) Accepted and preferred

9. Select decision with maximum of closeness coefficient.

Practical example.

As practice problem we consider equipment selection problem with following 4 criteria and 3
alternatives:

C1- price

C2- noise level

C3- usability

C4- dimension

As seen for C3 optimal decision is maximum for other three criteria is minimum.

Consider application of fuzzy TOPSIS method for this problem. All computations were
performed in Ms Excel.

1. Presentation of decisions in linguistic decision matrix

C, C, Cs C,
A VG G VG MP
A, MP G G VG
As G VG MP G

The vector of criteria importance is presented as follows
w = (ML,H,VH,H)

2. Convert linguistic presentation in trapezoidal fuzzy numbers

G Ca Cs Cy
A, (9, 9.25, 9.5,10) (7,8,9.9.25) (9, 9.25, 9.5,10) (4,5,7,8)
A, (0.4,0.5,0.7,0.8) (7,8,9.9.25) (4,5,7,8) (9, 9.25, 9.5,10)
As (7,8,9.9.25) (9, 9.25, 9.5,10) (4,5,7,8) (7,8,9.9.25)
w= [(04,050.708) [(050.6,0.750.85 |(0.60.7,0.8,0.9 | (0.5,0.6,0.75,0.85) |
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3. Calculate normalized fuzzy decision matrix by corresponding formulas

C1 CZ C3 C4'

A, | (0.40,0.42,043,044) | (0.76,0.78,0.88,1) | (0.9,0.93,0951) | (0.50.57,0.8,1)

4, (0.5,0.57, 0.8, 1) (0.76,0.78,0.88,1) | (0.7,0.8,0.9,0.93) |(0.4,0.42,0.43,0.44)
A; | (0.43,0.4405057) | (0.7,0.74,0.76,0.78) | (0.4,0.50.7,0.8) |(0.43,0.44,0.5,0.57)

4. Calculate weighted normalized fuzzy decision matrix

C, c, Cs C,

4, | (0.16,0.21,0.3,0.36) | (0.38,0.47,0.66,0.8) | (0.54,0.65,0.76,0.9) | (0.25,0.34,0.60.0.85)
A, | (0.2,0.29,056,0.8) | (0.38,0.47,0.66,0.8) | (0.42,0.56,0.72,0.83) | (0.2,0.25,0.32,0.38)
As | (0.17,0.22,0.35,0.46) | (0.35,0.44,0.57,0.62) | (0.24.0.35,0.56,0.72) | (0.22,0.27,0.38,0.49)

5. Calculate distance between decisions and positive and negative ideal solutions

C C, Cs Ca
d(A,, A™) 13 0.73 0.49 0.87
d(4y, AY) 0.95 0.73 0.62 1.25
d(As, AY) 1.22 0.86 0.92 1.16
d(A;, A7) 0.52 1.15 1.37 11
d(Ay, A7) 1.02 1.15 1.25 0.57
d(As A7) 0.62 0.97 0.98 0.68

After calculating the distances between the alternatives and the fuzzy positive and fuzzy
negative ideal solutions, we calculate the closeness coefficients for the all alternatives. The results is
presented below

df d; CC; Ranking
Aq 3.40 4.14 0.55 1
A, 3.55 3.99 0.53 2
Az 4.16 3.25 0.44 3

According at the acceptance criteria of alternatives, all alternatives are determined as
"Recommended with low risk". Since the closeness coefficients are ranked from the biggest to the
smallest, as CC:>CC,>CCs, so alternative A is optimal.

Conclusions. The article is devoted to the problem of multi-criteria decision making for
software selection. The analysis of existing methods for solving this problem is given. The fuzzy
TOPSIS is used as a method for solving this problem. The issues of practical implementation of this
method are discussed in details.

As practical problem the equipment selection problem with 4 criteria and 3 alternatives is
considered. The results of the solution at all stages are presented.
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Introduction. In the 21st century, Parkinson's disease (PD) has become the second most
common neurodegenerative disease in the world after Alzheimer's disease. The results of experimental
and clinical studies indicate that in the pathogenesis of this disease, as well as a significant part of
other emerging pathological conditions, mitochondrial (MD) and / or endothelial dysfunction (ED)
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plays a significant role [1]. In particular, oxidative stress plays a leading role in the formation of MD
in PD. However, in general, the etiology of Parkinson's disease is still unclear. However, there is no
doubt that in its development one of the leading places, along with the influences that lead to damage
of dopamine neurons, depletion of dopamine reserves in them with their subsequent damage, is
occupied by a genetic component.

From the point of view of genetic polymorphism, PD is not one disease, but a heterogeneous
group of diseases with a wide range of clinical manifestations depending on the associated gene. The
study of the genetic nature of the disease began in the late twentieth century after the identification of
mutations in the gene encoding the protein a-synuclein (SNCA), identifying the role of this protein in
the formation of Lewy bodies and, consequently, its participation in the development of PD. Today,
new mutations associated with the development of this pathology are identified annually. Of the many
candidate genes studied, Parkin, PINK1, and DJ1 are often considered [2]. Parkin mutations are
considered the most common cause of autosomal recessive PD and especially in common diseases
with early onset. Parkin cooperates with PINKL1 in the so-called quality control, such as neurons, by
activating mitophagy in conditions of mitochondrial damage [3].

PINK1 mutations are the second most common cause of PD after Parkin. PINK1 functions
most markedly in activating mitophagia, accumulating on the outer mitochondrial membrane under
mitochondrial damage [4]. The specific mechanism of gene pathogenicity in PD is currently unclear
and requires further study. The DJ-1 gene encodes a molecular chaperone that induces oxidative stress.
In the presence of oxidative stress, the DJ-1 protein is transferred from the cytoplasm to the outer
mitochondrial membrane and can provide neuroprotection [5].

PD is accompanied in neurons by disruption of dynamic processes in the mitochondrial
apparatus, accompanied by changes in the energy supply of cells [6]. In Parkinson's disease there is a
suppression of mitochondrial division, ie. fission process. Mitochondrial dysfunction leads to the
accumulation of oxidized dopamine, which causes the accumulation of a-synuclein and lysosome
dysfunction. [7]. All structural and functional rearrangements in mitochondria are accompanied by
genetically determined processes [8]. The above ideas cover mainly studies involving nervous tissue,
although it has been proven that the causes of mortality in PD are mainly bronchopneumonia or
cardiovascular pathology [9]. There are far fewer such studies, which does not allow to form a
complete picture of the mechanisms of pathological changes, which is necessary to find effective ways
to treat PD in order to improve the quality of life of patients.

The study of CP is now quite well conducted in model studies, for example in the simulation of
experimental parkinsonism using rotenone, which reproduces quite well the main features of CP [10].

The aim of the study.

In this regard, the aim of this work was to study changes in the structural and functional state
of mitochondria and expression of PINK1 and DJ1 genes in brain tissue - medulla oblongata and
striatum and lung and heart tissue in experimental parkinsonism and its pathogenetic treatment.

Materials and methods.

The studies were performed on adult male Wistar rats weighing 250-300 g. All animals were
kept in the vivarium of the Bogomoletz Institute of Physiology NASU and had free access to food and
water. Rats were divided into groups: 1) control (n = 8), 2) animals to which rotenone was
administered subcutaneously, daily for 2 weeks at a dose of 0.3 mg / 100 g body weight (n = 12); 3)
for the correction of structural disorders during the introduction of Rotenone used the drug Kapikor
(Olayinfarm - Latvia, Olfa), which consists of meldonium dihydrate and gamma butyrobetaine
dihydrate. It is licensed in Ukraine as a broad-spectrum antioxidant. The drug was administered
subcutaneously daily for 2 weeks at a dose of 0.5 mg / 100 g body weight (n = 12).

All experimental studies were conducted in compliance with the provisions of the European
Convention for the Protection of Vertebrate Animals Used for Experimental and Other Scientific
Purposes (Strasbourg, 1986), general ethical principles of scientific research adopted by the First
National Congress of Ukraine on Bioethics (September 2001), of the Law of Ukraine Ne 3447-1V "On
the protection of animals against cruel treatment" (2006), the provisions of the Convention on
Bioethics of the Council of Europe (1997).

Preparation of samples for electron microscopic and morphometric studies was carried out
according to generally accepted methods. Rats were decapitated under weak ether anesthesia. Pieces of
medulla oblongata at 12 mm from Bregma and striatum, the apex of the heart and symmetrical areas of
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both lungs were taken from the animals. Fixation of the material was performed according to the
conventional method, immediately introducing tissue samples into a buffered 2.5% solution of
glutaraldehyde (0.1 M phosphate buffer, pH - 7.4). Dofixation of the material was carried out using a
reagent Caulfield (based on 2% solution of osmium tetroxide, pH-7.4) (reagents from Sigma, USA).
Subsequently, the material was dehydrated in alcohols of increasing concentration, absolute alcohols
and acetone, followed by pouring into epon-araldite (reagents from Fluka, Switzerland) [11].

Ultrathin sections 40-60 nm thick for viewing under an electron microscope were contrasted
with 1% uranyl acetate solution and lead citrate solution (Sigma reagents, USA) according to the
Reynolds method [12]. Examination of the samples were performed using an electron microscope
TEM - 125K (Ukraine).

Morphometric studies were performed based on Weibel's approaches [13,14], using a
computer program for morphometric calculations Image Tool (USA) in 130-150 fields for each study
group. In experimental studies, the total number of mitochondria and the number of structurally
damaged mitochondria were determined.

Isolation of RNA from samples (probes) (PO, n = 8.6-30 m, n = 4 per group) was achieved
using RNeasykit (Sigma-Aldrich) according to the protocols provided by the manufacturer, the results
were quantified using UV / visual spectral photometer (NanoDropND-1000, Peglab, Erlangen,
Germany). CDNA was synthesized from 1 mg of total RNA using a high-capacity cDNAR everse
Transcription Kit from Applied Biosystems (Darmstadt, Germany). Quantitative polymerase chain
reaction (PCR) primer pairs were developed for SYBR-Green based on quantitative reverse
transcription polymerase chain reaction (QRT-PCR). The following target primes for genotyping were
used in PCR analysis [15, 16]:

DJ-1: 5-TATTGGGCCTTTCTCTTGGA; 5'-TGGGAGTGACAGTCTCAGTGG,
5'-AGCTATGA GGCCCTTCCTGT

PINK 1: 5-CCTACACACAGCCCTCACCT, 5'-CCCTGGCTGACTATCC,
5'-CCACCACCCACTACCACTTACT

gRT-PCR was performed using the PCR kit SEN YBRGreen (AppliedBiosystems) according
to the protocols provided by the manufacturer. The relative expression of the protein as
2 - ACt specific gene j 9 ACt mean (housekeeping genes) \yas calculated using glyceraldehyde phosphate
dehydrogenase as the endogenous control gene for housekeeping genes. For relative quantification
(RQ), the comparative method Ct (A - ACt) was used; the results are presented for the expression
levelat PO. All coding regions and exon - intron boundaries of the PINK1 and DJ-1 genes were
analyzed by heteroduplex analysis followed by direct sequencing of the identified variants. These
variants were evaluated using web programs SIFT, PolyPhen, HSF and LOVD [17].

Statistical processing of the results was performed using the computer program
STATISICA 6. Numerical data were presented as "mean + standard error of the mean". This
representation is correct, because according to the Shapiro-Wilkie criterion (W), the results obtained
fit into the normal distribution law [18]. To assess the reliability of the results used one-way analysis
of variance One-Way ANOVA using a comparative Post Hoc test Student-Newman-Keuls. The results
were considered statistically significant at p <0.05.

Results and its discussion.

Studies have shown that changes in the level of mRNA expression of the DJ1 gene in
experimental parkinsonism (EP) was unidirectional in all studied tissues, namely its reduction: in the
medulla oblongata - by 11.4%; in the striatum - by 19.2%; in heart tissue - 11.7 times, and in lung
tissue - by 3 orders of magnitude, ie almost to zero (Fig. 1). Thus, despite the unidirectionality of the
changes, the decrease in mMRNA expression of the DJ1 gene in EP, not surprisingly, was mostly more
pronounced not in brain tissue, but in the tissues of the studied visceral organs.

Regarding the level of mMRNA expression of the PINK1 gene, the dynamics of changes was
also unidirectional in all tissues, but inverse to that established with respect to the DJ1 gene (Fig. 2).

The increase in PINK1 gene expression was in the medulla oblongata - 59.2%; in the striatum
- 71.8%; in heart tissue - 46.8%, and in lung tissue - more than an order of magnitude. Thus, in brain
tissues, changes in PINK1 gene expression were also significantly less pronounced than in the lungs
and myocardium.
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Fig.1. Changes in mRNA expression of the DJ1 gene in experimental parkinsonism and the use of the
drug Capicor. * - reliability relative to control p <0,05; ** - reliability relative to control p <0,01;
*** - reliability relative to control p <0,001.
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Fig.2. Changes in mRNA expression of the PINK1 gene in experimental parkinsonism and the use of
the drug Capicor. * - reliability relative to control p <0,05; ** - reliability relative to control p <0,01.
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Because DJ1 is thought to be directly involved in the development of mitochondrial
dysfunction, is a sensor of oxidative stress and is able to eliminate peroxides by self-oxidation, and
PINK1 acts as a sensor of mitochondrial damage and promotes this process with significant
accumulation [3, 5], we can state that we found quantitative changes in mitochondrial apparatus of the
studied tissues and structural damage to organelles in PD are largely genetically determined (Table 1).

Table 1. Changes in the mitochondrial apparatus in the studied tissues in experimental
parkinsonism

Experimental conditions Total number of Average number of
mitochondria, structurally damaged
units / 10 um? mitochondria, %

Medulla oblongata
Control 14,3+1,8 8.4+1,2
Experimental parkinsonism 9,4+1,6* 432+11,4%*
Experimental parkinsonism + Kapikor 13,624 22,148,3%4#
Striatum
Control 16,0+1,6 4,2+12
Experimental parkinsonism 14,0+3,1 29,6+9,3*
Experimental parkinsonism + Kapikor 15,6+£2,7 18,2+7,6*
Heart
(mean values for both subpopulations of mitochondria - subsarcolemmal and intramyofibrillar)
Control 14,3+1,5 5,1+1,3
Experimental parkinsonism 16,1+1,8 39,6+9,4**
Experimental parkinsonism + Kapikor 14,9+£2 .4 20,2+7,3*#
Lungs
Control 10,242,0 7,4+1,5
Experimental parkinsonism 9,5+1,3 25,1+£8,1*
Experimental parkinsonism + Kapikor 13,3+1,7 19,3+4,4*

Note: * - reliability relative to control p <0,05; ** - reliability relative to control p <0,01; # - reliability
relative to experimental parkinsonism without the use of Kapikor p <0,05.

It is likely that DJ1 and PINK1 may be involved in this process, which is due to the
established mechanism of their influence, largely due to depolarization of mitochondrial membranes,
disruption of protein imports and increased sensitivity to peroxides, ie oxidative stress, which is one of
the main pathogenetic mechanisms of PD development [7,9].

The drug Kapikor applied by us causes pronounced and rapid NO-dependent effects:
vasodilating, antiplatelet, anticoagulant, antioxidant; affects the regulation of apoptosis and
proliferation, maintenance of vascular homeostasis. The drug, as it turned out, can effectively reduce
not only the severity of mitochondrial dysfunction (see Table 1), but also affect the level of mRNA
expression of genes, in our case DJ1 and PINK1 (see Fig. 1, 2), thereby - apparently, influencing the
mechanisms contributing to the development of parkinsonism, which will probably improve the
quality of life of PD patients and prevent the frequent development of comorbidities.

It should be noted that, under the influence of the drug, the expression level of mMRNA DJ1
gene, which was reduced to varying degrees in all studied tissues, significantly increased significantly
exceeding the initial levels, especially in the striatum tissue (6.4 times) and lungs (more than 20
times). As for the expression of MRNA of the PINK1 gene, it also changed not only organ-specific,
but also in different directions: it sharply decreased (almost 2 orders of magnitude) below the initial
level in brain tissues and increased even more than with EP in heart tissues (8.3 times) and lungs (9.4
times). If we take into account that the use of Kapikor significantly decreased the number of
mitochondria structurally damaged during EP, and the expression of DJ1 gene mRNA shifts towards
the control values and even exceeds it, we can assume the existing role of this genetic mechanism in
the normalization of the mitochondrial apparatus of the cells of the studied tissues. Regarding the
expression of mMRNA of the PINK1 gene and its changes with the use of Kapikor, it seems that no
direct relationship with the mitochondria ultrastructure is observed. The clarity of this issue, as well as
the clarification of the meaning of organ-specificity of mRNA expression of candidate genes for the
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role of initiators of the neurodegenerative pathology development - DJ1 and PINK1 - can be made by
further research. Such studies are all the more relevant, since the possibility of changes in the level of
gene expression using a broad-spectrum antioxidant has been shown. It can facilitate the search for
effective ways of treating concomitant PD pathology.

Conclusions. The obtained results showed that under experimental parkinsonism, in addition to
damage to the ultrastructure of the mitochondrial apparatus in cells of body tissues, there are significant
changes in MRNA expression of DJ1 and PINK1 genes, which are associated with the formation of
mitochondrial dysfunction. They have a multidirectional character in the tissues of the brain - decrease,
and in the tissues of the heart and lungs - increase. The degree of such changes in expression is organ-
specific and more pronounced in the tissues of the visceral organs than in the tissues of the brain.

Studies have shown that the use of broad-spectrum antioxidant, which contains mildenium
dehydrate and gamma-butyrobetaine dihydrate, there are significant changes in the expression of
MRNA genes DJ1 and PINK1, which are also organ-specific - the expression of mRNA of all DJ1
genes increased in to a greater extent, the expression of PINK1 gene mRNA decreased sharply in brain
tissues, and also increased sharply in lung and heart tissues.
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Beryn. BarithHicTs cama 1o co0i € pakTopoM pU3HMKY PO3BHTKY OCTEOIIOPO3Y, 10 OB’ SI3aHO i3
3MIHOIO MeTa0OJi3My KaJbIlil0 IiJ] Yac BariTHOCTI, 3HIKEHHSIM Horo peabcopOuii B HHpKax Ta
MiIBUIIEHUMH TOTpedaMHy KaJlbL{if0, 0COOJIMBO B IpYTy MOJOBUHY BariTHOCTI Ta mij vac jakramii [1].

Eninemionoriyni 1aHi Ipo 4acTOTy PO3BUTKY OCTEOINOpO3a cepell KIHOK, SIKi OTPUMYBAIH il
Yac BariTHOCTI aHTHKOAryJSIHTU CYTTEBO BIJIPI3HSIOTHCS B PI3HHUX PETiOHAX CBITY, IO MOSCHIOETHCS
PI3HUM COILiaJIbHO-€KOHOMIYHUM CTAaTYCOM Ta AOCTYIIOM JO iHCTPYMEHTAIbHUX METOAIB AiarHOCTUKU
OCTEONaTHYHUX 3MiH. Tak 4acToTa PO3BUTKY BHSBJICHHS OCTEONATUYHUX 3MiH cepell KiHOK, SKi
OTPUMYBAJM T€MapUHOBI aHTHKOATYJISHTH I1iJ] 4ac BariTHOCTI B KpaiHax [TiBHIYHOT AMEpUKH J0csATaE
Maitke 22%, npu LbOMY PiBeHb KOMIIPECIHHUX MepeioMiB xpedTa mpoTsroM nepumx 10 pokiB micis
noJioriB He gocsirae 4%, Toli sk B KpaiHax JlaTnHCHKOI AMEpUKHM piBeHb KOMIPECIHHUX MeperaoMiB
xpeOTa, cepel aHaJori4HOI TPYMW JKIHOK Jocsirae wmaibke 9%, a TOKa3HHWK iarHOCTHUKU
OCTEONAaTHYHMX 3MiH i/l Yac BariTHOCTI CTaHOBUTH MeHIe 5% [2].
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[latoreHes po3BUTKY OCTEOMOPO3y NPH TPUBAIIOMY BHKOPHCTAHHI TeTIApHHIB € HEAOCTATHHO
BuBUeHHH. Cepe TOJIOBHIX MEXaHI3MIB PO3BUTKY OCTEOMOPO3Y BHIAUISIOTH Taki e(heKTH: IpsiMa aKTHBALLiS
OCTEOKJIACTIB, TIOTEHIIIFOBAHHS aKTMBHOCTI KOJIAr€HO3H Ta BIUIMB Ha MeTaborisM Bitamina D [3].

OcteonaTHyHi 3MiHM BUHHKAIOTh, 3a3BUYall, IPH TPUBAJIOMY BUKOPUCTaHHI remapuHiB (TIOHa
6 wmicsmiB). Po3BUTOK HaHOTO YCKJIaIHEHHS Mae MPSIMHUA KOPEISTHBHHUNA 3B'A30K 13 TPUBAIICTIO
BBEJIEHHS TelapuHy Ta Horo mo3or0 HaifgacTime ocTeonaTwdHi 3MiHH JiarHOCTYIOTh MIPH TPUBAJIOMY
BukopuctanHi monan 15 tuc. OJ] HedpakimionoBaHoro renapuny (H®I) um npuiiomi HU3BKO
MmonekyisipHoro renapuny (HMI') B cepennix npodinakTHYHUX Ta TepaneBTUYHUX A03ax [1,4].

MexaHi3M pO3BHTKY OCTEONATHYHHX 3MiH TIPH BUKOPWUCTaHHI B SIKOCTI aHTHKOATYISHTA
aHTaronicrtiB Bitaminy K (BaphapuHy) € mmpoko BUBYEHHM, OCOOIMBO TEPATOTEHHUN OCTEOTATHIHUI
BIUTMB. BcTaHOBJIEHO, 110 TepaToreHHNH eeKT BaphapuHy BHHHKAE B MEPLIIOMY TPHUMECTPi 3 pi3HOIO
yacTtoTor0. Ha IMOBIpHICTh PO3BHUTKY BIUTMBAE [103a MIPETIApaTy: PU3HK MPOMOPIIIHHO 301IITY€ETHCS MTPH
BUKOPHUCTaHHI TIOHAJl SMT Ha J00Y; Ta TEPMiH 3aCTOCYBaHHS: HAHOIIBIINI PU3UK PO3BUTKY BPOKEHUX
Baj PO3BUTKY B mepiog 3 6 mo 12 TwkaeHe rectaumii [5]. HalOimbin onmmucaHMM TepaTOTSHHUM
CUHJIpOMOKOMILIeKCcOM Bapdapunotepamnii € Chondrodisplasia punctate, B OCHOBI PO3BHTKY SKOT'O
JISKUTHh aHAMAJIbHUN OCTEOTeHE3 Ta aHOMAIBHUM PO3BUTOK XPAIIOBOI TKaHUHH [6]. MexaHi3M pOo3BUTKY
JIaHOT TATOJIOTII IOJISATa€ B TPUTHIYCHHI Y-KapOOKCHIIIOBaHHS OCTCOKAJbIIMHA — OCHOBHOTO Oilika
KICTKOBOI TKaHWHHU, SKUH CHHTE3YEThCSI OCTCOKIacTaMH. BHCOKI PiBHI OCTEOKAJbIIMHA B €MOpiOHA Ta
eKCTpaeMOPiOHATTFHUX CTPYKTYpax CBIAYUTH MPO HAMPYKEHICTh KiICTKOBOTO METa00IIi3My, Ta came UM
00yMOBJICHHI BUpaKeHWI HETaTUBHUM BILTHB BaphapuHa Ha i [7].

[Ipu tpuBanomy (monan 3 wmicsi) npuiiomi BapdapuHa B 1031 5 Mr i Oinbine Ha m00Y,
aHAJIOTIYHUN MeTabomuHui eeKT moao KiCTKOBOI TKaHMHHM BHHWKae 1 y matepi. lle mae Benmke
3HAYCHHS B KIIIHIYHINA TPaKTHUIll, ke BUKOPHCTAHHS Bap(apHHy B 1031 SMI € YacTOI0 MPaKTHUKOIO,
OCKUTPKM Taka J03a € TOTPaHWYHOI0 MIOAO0 TEPAaTOreHHOTO BIUIMBY Ta JO3BOJICHA J>KiHKaM, SKi
KOPMJISITH TpynbMH [5, 7].

MeTa naHoTO IOCTiHKEHHS] BUBYUTH OCOOIMBOCTI 0OMIHHY KiCTKOBOI TKAHWHH Y TIAIIIEHTOK 13
3aXBOPIOBaHHAMHU ceplrieBo-cyauHHOiI cucteMu (3CCC) Ha Tii aHTHKOAryJIstHTHOT TpodiTakTHKU
BEHO3HOTO TpomMOoeMOOoIi3My 1 Ha OCHOBI  OTPUMaHHMX JaHUX po3poOHTH AudepeHIiiioBaHi
JAarHOCTUYHI Ta JIKyBAIGHO-TIPOGUIAKTHYHI 3aXOJH, CIPSIMOBaHI Ha CBO€YAaCHE BHSBICHHS Ta
KOPEKIIiI0 YCKIIaJHEHb BAaTiTHOCTI, TOJIOTIB H MICHISIIOJIOTOBOTO TEPiofy Ta MOOIYHUX e(eKTiB Bif
MPOBEACHOT aHTUKOATYJISIIII.

Marepianu Tta Meroau. BimoBigHO 10 MOCTaBIeHMX METH 1 3aBIaHb HaMH IPOBEAEHO
obcrexennst 140 Barithux i3 3CCC, ski OTpUMyBajiM aHTUKOAryissHTHY mpodinaktuky (AKIT): 72
BariTHuX xiHkH 13 3CCC (ocHOBHa rpymna) — 3aCTOCOBYBaJIM 3allPONIOHOBAHY HaMHu MOJAU(DIKOBaHY
AKII Ta KOMIUIEKCHY Teparilo 3 Mepuioi MOJOBHHH BariTHOCTI; JO TPYIW MOPIBHSIHHS yBIiHHUIO 68
xiHoK 13 3CCC, 3 NOMIpHUM Ta BUCOKHM CTYNEHSIMH PU3UKY PO3BUTKY BEHO3HOTO TPOMOOeMOOi3My
(BTE), sixi 6ynu ckepoBaHi Ha 1000CTEXEHHSI, JTIKyBaHHS Ta MiAroToBKY 10 mosoriB B Y «IITAT im.
akang. O.M. Jlyk’snoBoi HAMH VYkpaiam» B Tepmini 34-38 THXKHIB BariTHOCTI, 1 BiJIMOBITHO
OTpUMYBaliK, 10 rocmitanmizanii, tume crangaptHy AKIL I'pyny koHtpomro ckiamu 50 310poBHX
BariTHUX >KiHOK 3 HU3bKUM pU3UKOM po3BUTKY BTE.

OcHoBHa Tpymna >KIHOK oTpuMyBaia okpiMm cranmaptHoi AKII 3ampornoHoBaHy Hamu
MOIU(IKOBaHy Tepariio, sika BKIIOYAla: Jie3arperaHTHUI Ipenapar — aleTUICATIIUIOBY KUCIOTY B
no3i 150mr 1 pa3 Ha 100y mepopaibHO, micis mpuiiomy ki, 3 12 mo 36 TwxkIeHb BariTHOCTI;
KOMOIHOBaHUIA ITperapar, SIKUi peryioe oOMiH KalbIliio Ta pochopy B opraHizmi — kanblii-D3, skuit
MICTUTh B OJHIM TaOmerii Kajibliro kapOonar — 1250 mr, mo ekBiBajieHTHO 500 MI KasblIlito,
xosnexanbiugeposn (Bitamin D3) — 10 mxr (400 MO) y BUrIAal KOHLEHTpATy XosieKanbuudepony 4
Mr, 1o 1 >xyBasbHINA TabieTHi mig 4yac Beuepi, 3 16 THXKHSA BariTHOCTI JI0 IOJIOTIB; KOMOIHOBaHWI
npenapar, sSIKUid TOKpallye CTaH EHIOTENiI0, Ma€ MpOTHU3analbHUi Ta (QIOPUHOMITHYHUN ePeKTH —
Oeraprin, sxuil mictuth B ogHomy came aprinii — 1000 mr ta 1000 mr Oerainy, mo 1 came
posurHeHoMY B ckiistHLI (100 MiT) MUTHOT BOJM KIMHATHOI TeMIepaTypH [Bivi Ha 100y micis Txki.

I'pyna mopiBasHHES XiHOK 3 3CCC oTpuMmyBajia BHKIOYHO CTaHIAAPTHY AHTHUKOATYJSTHTHY
Tepartito.

Jnsi OUiHKM CTPYKTYpHO-(YHKLIOHANBHOTO CTaHy KICTKOBOI TKaHUHHM BHUKOPHCTOBYBAJH
METOJ YJbTPa3BYKOBOi JIEHCUTOMETPii 3a JOIMOMOTOI0 KiTBKICHOTO KICTKOBOTO YJIBTPAacOHOMETpA
Sahara (Hologiclnc., model 04874, 2008) Ha 11’ ATKOBIi KiCTIIi.
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Jo mepeBar mMeToja MOXHa BiJHECTH IIMPOKY AOCTYIHICTb, HU3bKY BapTiCTh, BIACYTHICTBH
10HI3yIOUOTO BUNPOMIHIOBAaHHS s marieHTa. OCTaHHI KIiHIYHI JOCTIDKEHHS BKa3yIOTh, IO
crerudivHicTh Ta  1HQOPMATHUBHICTH  YIBTPA3BYKOBOI  NEHCHUTOMETpPiIi HE  IOCTYMA€THCS
pentrenonoriuHuM Metoaam BusHadeHHss MILKT, i Moke peKOMeHTyBaTUCh, SIK CKPUHIHTOBHI METO.T
JUIS BUSIBJICHHSI OCTEOIIEHIYHMX 3MiH ITiJ 4ac BariTHOCTI.

3a momomororw coHorpadidHOi AEHCHTOMETpPii BH3HAYAIHM HACTYITHI MOKAa3HHUKH: HIBHUAKICTDH
MOLIMPEHHS yIbTpa3ByKy depe3 KicTky (LLITY, m/c), sika 3anexuts Bif i1 MILTBHOCTI Ta €1aCTUYHOCTI;
HIMPOKOCMYTOBE ocnabieHHs yibpTpa3BykoBoro curHany (ILIOY, nb/MI'n), sike BigoOpaskae He TUTBKU
IIUTBHICTH KICTKOBOI TKaHWHH, a M KUTBKICTh, PO3MIPH Ta MPOCTOPOBY OPIEHTAIIII0 TpaOeKy; iHIEKC
MiHOCTI KicTKOBOI TKaHWHA (IM, %), SKHli BHPaXxOBYETHCS KOMIT IOTEPOM Ha MiJICTaBi MOKa3HUKIB
IOITY Ta IHOY # BimoOpakae craH ry04yacToi KICTKOBOI TKaHWHH MAIliEHTa BITHOCHO Karteropii
nmopocnux nmonedt Bikom 20 pokiB; T-mokasHuk, skuii BimoOpakae, Ha Ky YacTKy CEpeIHBOTO
KBaJAPaTUIHOTO BiIXHMJICHHS BiIPI3HIETHCS 1HACKC MIITHOCTI KICTKOBOI TKAHWHU TAIli€HTa TTOPIBHIHO 3
YMOBHO 3[IOPOBUMH JIOPOCIUMH JIOABMHU BikoM 20 pOKiB; Z-TIOKa3HUK, SKUH BigoOpakae, Ha SIKY
YaCcTKy CEpPEIHBOT0 KBAaJPAaTUYHOTO BIIXWICHHS BIiAPI3HAETHCS IHIACKC MIIIHOCTI KiCTKOBOI TKaHUHHU
MaIi€HTa TOPIBHSIHO 3 BIKOBOX HOpMOK. OCTeornopo3 MiarHocTyBanmu 3a T-KpuTepieM Mmpu 3HIKEHHI
IIJIBHOCTI KICTKOBOT TKAaHMHU O1JIbIIE, HiX HA -2,5 CTaHAapTHOTO BiIXHJICHHS BiJl TOKa3HUKIB YMOBHO
310poBUX 20-piUHUX MOJIOAMX AOPOCIHX JIFOJIEH, a OCTEOICHII0 — MPH 3HIKEHHI IIUTLHOCTI KICTKOBOT
TKaHWHU Ha -1,1-2,4 cTaHmapTHOTO BiIXHUICHHS.

JochimkeHHs: KoHIeHTparii Metabomity Bitaminy D [25 (OH) D], piBHIB ocTeoKanbpInHY Ta
C-kiHueBoro tenornentuay konareny I tuna (B-cross-laps, b-CTx) mpoBoaunock iMyHO(GEpMEHTHUM
METOJIOM 3a JOIMOMOTOI0 aHajlizaropa xeMmimominicentHoro Architect 2000 SR, BupoOHuK «Abbott
Laboratories».

CratuctiuHy 0OpOOKY JaHMX TPOBOIIJIM 3a JOMOMOror makera nporpamu Microsoft Excel,
SPSS- 14.0 for Windows. /s BUSIBJIEHHSI CTATHCTUYHOI 3HAYYMIOCTI BiIMIHHOCTEW BHKOPHCTOBYBAIN
Herapametpuunuii  U-kputepii ManHa-YiTHI A7 He3alneXHMX 3MIHHMX 1 Kpurepiii CTbIOfeHTa.
BigMiHHOCTI MiXk aHaTI30BAHUMH TIOKa3HUKAaMK BBXKAJIU JJOCTOBIPHUMHU TIPH PiBHI 3HaYnMocTi p < 0,05.

Pe3ysabTaTu 10CTiIKEHD.

[IpuitoM aHTHKOAryJSHTIB cepel OOCTEeKEHHMX TAIliEHTOK CHpUSAB (HOPMYBaHHIO OLUIBII
BUPQ)KEHOT'O IPOLIECY PEMOJIECIIOBAaHHS B KICTKAaX, IO MPHU3BEIO JO TOCTOBIPHOTO 3HIKEHHS YCiX
MOKa3HUKIB MIIHOCTi KICTOK 32 JJaHUMH YJITPA3BYKOBOI JEHCUTOMETPIi MOPIBHSHO 3 KOHTPOJIHHOIO
rpynor. [Ipu mpoMy cepenHi 3HadeHHsT T-KpUTEpPito BIAMOBINAIN OCTEOIEHIl, a Z-KpUTEPi0 — HOPMi
(3 TermeHMier0 110 i1 HMOKHBOT Mexxi). OTpuUMaHi JaHi HaBeJeHo B Ta0mwmii 1.

Tabmuns 1. Pesynpratu qociimpkendss MIIKT y o0cTexeHunx NaieHToK

[Noka3uuku geHCUTOMETPIi OcHoBHa rpymna I'pyna nopiBusiHas | KoHTpoisibHa rpyma

(n=72) (n=68) (n=50)

HIITY, m/c 1527, 31+15,97 * 15436,24+15,68 * 1597,42+16,37

IOV, nb/MI'n 91,7543,79 * 92,18+3,85 * 98,75+3,83

IM, % 84,89+4,95 * 83,56+4,37 * 100,9+4,86

YacToTa BUABICHHS 28 (38,9) * 26 (38,2) * 2 (4,0)

ocTeorreHii, adc. (%)

YacroTa BUSBICHHS 5(6,9) * 4(59)* 0

octeonoposy, abe. (%)

T-kputepiit - 0,84+0,05 * - 0,87+0,06 * -0,21+0,05

Z-kputepiit -0,25+0,07 * - 0,24+0,08 * 0,34+0,05

* — TOCTOBIpHA Pi3HUI 3 MOKa3HUKaMU KOHTPOJIBHOI rpynH, p<0,05

3BepTaroTh Ha ce0e yBary, JOCTOBIpHI BIIMIHHOCTI MK MOKa3HUKAMH IIBUKICTh MOLIMPEHHS
ynbpTpa3Byky uepe3 kictky (LHIITY) Ta mmpokocMyroBUM OCHaOICHHSIM YIBTPa3BYKOBOTO CHUTHATY
(HIOY) cepen marmientok 13 3CCC Ta 3mopoBumu xinkamu. Tak pisui IIITY mocToBipHO HIDKYI B
ocHOBHIH rpymi (1527,31+15,97) ta rpyni nopisasHEs (15436,24415,68) 3a aHaIOTiYHUI MMOKAa3HUK B
KOHTpOJIBHIH rpymi (1597,424+16,37). Pisens LLIOY cepen BaritHux KI' B cepenapomy Ha 7-10% Buimmii
HiK y xkiHOK 3 OI" Ta I'TI. Onucani Buile pe3yabTaTd OOCTSIKEHHS € HEIPIMHUMHU O3HAKH, IO CBIIYUTH
npo OB IHTEHCHUBHI MTpoLecH pe3opOLii B rpynax BariTHUX, SKi OTPUMYIOTh aHTHKOAryJISIHTH.
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Ha migcraBi HasBHOCTI CTaTUCTMYHO 3HAYYMIMX BiAMIHHOCTEH B YacTOTi (OpPMYyBaHHSA
OCTEOTeHii Ta OCTeOonmopo3y 1 CepeAHiX 3HaUYeHb MOKa3HHWKIB KICTKOBOi MIITHOCTI Yy BariTHHX, fIKi
OTPUMYIOTh AHTHUKOATYISHTHY MPOQITaKTHKY IOPIBHSAHO 3 KIHKAMH KOHTPOJBHOI TPYIH, MOKHA
JTIUTH BUCHOBKY NPO JOUUIBHICTH BHKOPHUCTAHHS CKPUHIHTOBOTO JOCTIMKCHHS I1’SITKOBOI KiCTKH
METOJIOM YJIbTPa3BYKOBOI IEHCUTOMETPIi /Ut BusiBNeHHs 3HmKeHHs MILIKT.

[Ipn mnpoBemeHHI OIIHKKA BIUIMBY Tepamii Ha piBeHb IOKA3HUKIB YILTPa3BYKOBOI
JeHCUTOMETpii He Oyino BHSIBICHO JOCTOBIPHOI Pi3HMLI MK OTPUMAaHUMH PE3YJIbTaTH, HPO IIO
CBIJTYaTh JIaHi, IPEJCTaBIICHI B TA0HII 2.

Tabnuns 2. [Toka3HUKHM JEHCUTOMETPIT Y 00CTe)KEHHX MAIIEHTOK MiCIIs POBEJCHOT Teparii

[Toka3HUKH ICHCUTOMETPIT OcHoBHa rpyma ['pymna nopiBHIHHS

(n=72) (n=68)

HIITY, M/c 1532,44+16,05 1538,47+15,94

IOV, nb/MI'n 92,05+3,84 92,08+3,81

IM, % 83,76+4,88 83,29+4,52

YacToTa BUSBJICHHS OCTEOIICHIl, 28 (38,9) 26 (38,2)

aoc. (%)

YacToTa BUSBJICHHS OCTEOMOPO3Y, 5(6,9) 4 (5,9)

abce. (%)

T-kpurepiii - 0,82+0,04 - 0,85+0,05

Z-KkpuTepiit -0,26+0,07 -0,25+0,08

* — MOCTOBIpHA PI3HUIIA 3 TOKa3HUKAMH KOHTPOJIBHOI rpymnH, p<0,05

BincyTHiCTh JOCTOBIpHOI Pi3HMIII MiXK OTPUMaHHUMH PE3yJbTaTaMH CBITYUTH MPO HHU3BKY
MPOTHOCTUYHY MIHHICTh COHOTrpadivyHOi ACHCUTOMETPil MpH OIHII e(pEeKTHBHOCTI MpOBEIEHHS
MEINKAMEHTO3HO1 KOPEKIlil MeTa0oi3My KiCTKOBOI TKAaHHHH.

3 MeTOI JOCHIKEHHSI BHPaXKEHOCTI OCTeoNeHiyHoro cuHiapomy y BaritHux i3 3CCC, siki
otpumyBanu AKII Oymo mocmimkeHo piBeHb KABIUTOHIHY.

[Ipu nmocmimkeHHI piBHSA KaJNbIIUTOHIHY cepell OOCTEKEHHWX 3JKIHOK OYyJI0 BCTaHOBIIEHO
JIOCTOBIpHO HWK4Yi mokaszHuku cepea namieHToK 13 3CCC, B MOpIiBHSAHHI 13 JKIHKAMH 3 TPYIH
koHTpoto. Tak, AediuuT KaabIUTOHIHY OYyJ10 BcTaHOBIIEHO Y 6 (8,3%) BariTHUX OCHOBHOI I'PYIH Ta Y
6 (8,8%) xinok rpymnu mopiBHsHHA. CyOonTumanpHuil piBeHb BusiBieHO y 28 (38,9%) i 25 (36,8%)
NAIiEHTOK OCHOBHOI TPYIH Ta TPYIH NOPIBHSAHHS BiANOBIIHO, Ta y 6 (12,0%) BariTHUX KOHTPOJIBHOT
rpynu. OTpuMaHi pe3ysbTaTy HaBeJeHo B Tabiwuili 3.

Tabmuns 3. KoHneHTpallist KaJbIIUTOHIHY Y 00CTEXKEHUX MaIieHToK (Hr/Mi), abde. (%)

PiBeHb KaNbIUTOHIHY or I'TI KT’
Hedinumt (< 20 HI/MIT) 6(8,3)* 6(8,8) * 0
CybontumansHuii piBeHb 28 (38,9) * 25 (36,8) * 6 (12,0)
(21-30 ur/mm)

OnrumanbHuii piens (31- 38(52,3) * 37 (54,4)* 44 (88,0)
50 Hr/mn)

* — MOCTOBIpHA PI3HUL 3 MOKa3HUKaMH KOHTPOJIbHOT TpynH, p<0,05

Hamu Oyno BUsBIEHO MpsIMUN KOPENSIIHHUN 3B'S30K MiXK OTPUMAaHHUMH pe3ylbTaTaMH IO
PIBHIO KAJBIUTOHIHY 1 MOKAa3HUKaMHU YJbTPa3BYKOBOi JieHcuToMeTpii. Tak nedinuT KalbIMTOHIHY
(<20 ur/mi) Oyno BUSIBICHO Cepel JKIHOK y SKUX IIOKa3HUKU JEHCUTOMETPIl CBIAYMIM TIPO
ocreornopo3. Y maiieHTok 3 octeoneHidHMHU Tnoka3sHnkamu MILKT piBeHs kanbpnuTOHIHY OYB B
CcyOONITUMAaTHFHUX MEXKax.

Cepenniii piBeHb KOHLEHTpalii KaJbLITOHMHY B IUIa3Mi KpOBi, y OOCTEXEHHX BariTHHUX
CTaHOBHB: B OCHOBHHUH rpymi — 28,7 Hr/mi1, B Tpyni nopiBHsSHHEA — 27,9 Hr/mn Ta 39,4 Hr/mn B Tpymi
KOHPOJIIO (pHCYHOK 1).
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50 287 279 33,4 KanbuuToHix (Hr/mn)
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OcHoBHa [pyna [pyna
rpyna NOpPiBHAHHA KOHTPOJIHO

Puc. 1. Cepeowniti pisenv KanbyumoHiny 8 2pynax 0OCmMedNceHUux HCiHoK

[pwm anami3i KIiHIYHOTO MIepediry BariTHOCTEH, OyJI0 BCTAHOBIIEHO MPSIMUI KOPEISAIIHHII 3B'I30K
MDK KIIHIYHAMH TIPOSIBAMH OCTEOTIEHIYHOTO CHHAPOMY Ta PiBHEM KaJIbLIMTOHIHY. B Tabmuii 4 HaBeneHO
KJTiHIYHI CUMITTOMH OCTEOTICHIYHOTO CHHIIPOMY, SIKi OYJIO BUSIBIICHO Y OOCTEKEHHUX MaIliEHTOK.

Tabmuus 4. CUMIITOMH OCTEONEHIYHOT0 CHHAPOMY cepell 00CTe:KEHHUX MAL€HTOK, aoc. (%)

CuMnTom or I'TI KT’
Miaunris 19 (27,1) *» 17 (25,0) 3(6,0)
CumdiziomaTis 9(12)5) * 9(13,2) -
Cumdizur 2(2,8) 229" 1(2,0)
Cakpoineonaris 1(1,4) 1(1,5) -
Koxknuroauis 1(1,4) 1(1,5) -
JIromanris 1(1,4) 1(1,5) -
JIrombGatinmiairis 1(1,4) 1(1,5) -
[ToeaHaHHsI JEKIIBKOX CHMOTOMIB 6(83)* 5(7,4 -

[MpumiTka: * — mocToBipHA Pi3HMIIS BiIHOCHO MOKA3HUKIB TPYIH MOpiBHAHHS, p<0,05
N — MOCTOBiIpHA PiI3HUIIS BIIHOCHO OKAa3HHKIB KOHTPOJIBHOI rpymH, p<0,05

Haii0inpm 9acTUMH KIIHIYHUMH TIPOSIBAMH OCTEOIIEHIYHOTO CHHAPOMY OyIu Mianris Ta
cumdizionaris. YactoTa po3BUTKY Mianrii 6yma HactymHoo: 19 (27,1%) — B ocHOBHiM Tpyti, 17 (25,0)
— B rpymi nopiBHsHHA Ta 3 (6,0%) cepen xiHOk Tpynu KoHTpomto. Cumdisionario Oyio
niaraocroBaHo y 9 (12,5%) marientox ocHoBHOl rpymu Ta 9 (13,2%) —rpynu nopiBHsAHHSA. Baprto
3ayBaKMTH, IO CEpe] MAIIEHTOK, Y SKuX Oyyio BusiBiaeHo 3HkeHHs MIIKT, ske cBigumio mpo
OCTEOTOpPO3, Ta y TMAIIEHTOK i3 NMeilUTOM KaJbIIUTOHIHY OYJIO BCTAaHOBJICHO ITOE€IHAHHS MiaiTii 3
IHIIMMH CUMIITOMaMH OCTEONAaTUYHOrO CUHApPOMY. Januii akT nae MOXKIUBICTD 3p0OUTH BUCHOBOK,
10 HAsSBHICTh MiaJITii y BariTHUX MOHa PO3TJISLIATH, SIK PAHHIO 03HAKY PO3BUTKY OCTEOMNATI1.

[Ipu owiHmi BIUIMBY TpOBENEHOT KOpPEKIlii Teparii Ha piBEeHb KAJIBIUTOHIHY B IUIa3Mi KpOBi
xiHok i3 3CCC, sxi orpumyBamu AKII, My crnocrepiranu AOCTOBipHE 3pOCTaHHsS PiBHS JaHOT'O
MOKa3HMWKA, MPO [0 CBiIYaTh JaHi HaBeJEeHI Ha PUCYHKY 2. HeoOXimHicTh MpOBENEHHS KOPEKIIil
Tepanii mATBEPKYETHCS IIE i TAHUMHU OTPUMAHHMMH B TPYIIl TIOPIBHSHHS, SK1 LTIOCTPYIOTh MOJAIIbINE
3MEHIICHHS PiBHS KaJbIUTOHIHY.

a 1KV
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.
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OcHoBHa I'pyna nopiBHAHHA

Puc. 2. Konyenmpayisn kanoyumoniny (He/Min) 00 ma nicis 1iKy8auHs.
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OTtpumaHHi AaHi BKa3yl0Th Ha MO3UTUBHUM e(heKT MpoBeeHO1 KOPEKIii Tepamii Ha MOKa3HUKU
MeTaboImi3My B KiCTKOBIH TKaHHMHI, 30KpeMa CepeHii piBeHb KaJbIIUTOHIHY Y *KIHOK B OCHOBHIN TpyTIi
Bupic Ha 9,4% (3 28,7 ur/mi go 31,4 ar/mn).

3amponoHoBaHAa HaMM KOpEKLii Tepamii Maja TMO3WTHBHUN BIUIMB Ha KIHIYHMNA mepeoir
OCTEOTICHITHOTO CHHAPOMY Cepel )KIHOK OCHOBHOI Tpynd. Tak "acToTa pO3BHTKY Mianrii 3HU3HUIIACH
Ha 36,8% (3 19 mo 12 BumankiB), a mposBu cuM@izionaTii KymiiioBaHO y 5 MAaIlieHTOK, IO Jaio
MOJKJIUBICTh 3HU3UTH YaCTOTY JaHOTO cUMnToMy Ha 44,4% — 3 9 10 4 Bunaakis (puc. 3).

J1o miKyBaHHSA |2

o i YB 9
15

BITicas HiKyBaHHﬂ

Mianrist Cumdiziomaris

Puc. 3. Yacmoma po36umxy cumnmomie 0CmeoneHiuHo20 CUHOpoMy 00 ma nicis
nposederoi Kopekyii mepanii.

VY IbTpa3ByKOBI METOM BU3HAYEHHS SKOCTI KICTKOBOI TKAHHHU MalOTh BOKJIMBE 3HAUCHHS JIs
KJIIHIYHOT OIIIHKM IaIli€HTIB 3 OCTEOICHIEI, aje, Oyaydd CTAaTHYHHUMH IapamMeTpaMH, HE Iar0Th
o0'extnBHOI iH(MOpMAaIi moOa0 akTUBHOCTI ii Merabomizmy. Ha BiamiHy Bim maHux coHorpadii,
0ioXiMiYHI TTOKa3HUKHU € THHAMIYHUMHM B OIIHIN CTaHy CKeJleTa, JO3BOJISIOYH BH3HAYUTH OalaHC MiX
YTBOPEHHSM KICTKOBOI TKaHWHHU 1 mporecamMu pe3opOuii. OKpiM TOTO, HE 3BaKalO4W Ha BUCOKY
JIOCTOBIPHICTh, JEHCUTOMETPHYHA OIliHKAa e(peKTHBHOCTI Teparii MOXJIMBa Juie yepe3 9-12 micaiis
BiJI TTOYATKy Tepallii, B TOW Yac K OlOXIMi4HI MapKepH ITO3BOJISIOTH IPOBECTH JAaHY OIIHKY 4epe3
2-3 Micsani. BpaxoByrouu JOBeCHHUI BIUIMB aHTHUKOATYJISHTIB Ha MPOIECH MeTabo0Ji3My B KiCTKOBIi
TKaHWHI, a TaKOXX BCTAHOBJICHI, y 0araThOX JOCHIDKCHHSX, KOPEJAIiMHI 3B'I3KH OlOMapkepiB 3
MIHEPAbHOI IIUJIBHICTIO KICTKOBOI TKAaHWHH, BIJKPUBAIOTHCS IIMPOKI TEPCIIEKTUBU  IIOJIO
BITPOBAKEHHS 1X JTOCII/DKEHHS B KIIIHIYHY TPaKTHKY.

OnHuMH 3 HAHOUTBIT YyTIMBHX OKAa3HUKIB OOMiHY KICTKOBOI TKaHWHH € OCTeoKalbIiH (OK)
— MapKep octeocuHTe3y, Ta C-KiHleBuit Tenonentun konareny I tuma (B-cross-laps, b-CTx) — mapkep
aKTHBHOCTI OCTE€OKJIACTIB.

[pu ananizi koHnenTpanii Ok B 1u1a3Mi BeHo3HOT KpoBi y BariTHuX i3 3CCC, ki oTpuMyBanu
AKITI, 3HmWKeHHS Horo piBHs BHsABIsuocS y 26 (36,1%) i 25 (36,7%) mamieHTOK OCHOBHOI TPYITH Ta
rpyNHy MOPiBHSIHHS BIINOBIAHO. Y BariTHUX KOHTPOJIBHOI IPyNH 3HWKEHHS piBHSI OK BUSBIICHO JIUILE
B 2 Bunajakax (4 %), npu 1bOMy BOHO HOCHJIO HE3Ha4HUi Xxapakrtep. [Ipu m0CHiDKEHHI CepeTHbOTO
piBHs Ok B rpymax BHSBJICHO, IO BiH CTATHCTUYHO MaB OibIi BEIMYMHHM Y BariTHHUX, SKi Maid
3CCC, y nopiBHsHHI 3 KOHTponbHOWO (p <0,05), ogHak, mpu LBOMY, JaHE 3POCTAHHS HE JOCATAI0
KPUTUYHUX 3HA4YCHb, 1 B LiJIOMy HE Oyino OinbiinM mo3Haukd B 29,5 Hr/mi. Cepenniit piBeHs Ok y
KIHOK OCHOBHOi Tpynu ckiaB 28,3+0,61 ur/mn, B Tpymi mnopiBHsHHS — 28,5+0,56 Hr/miu, 1o
JOCTOBIpHO OyJIM BUIMMH 32 TIOKa3HUKHU Y BariTHUX >KiHOK rpyny KOHTpoumo (22,5+0,62 ur/mn). Taka
TEHJICHIIIS IIOB’S3aHa 13 OUIBII IHTEHCUBHUMH IPOIIECAMU PEMapaTUBHOTO OCTEOCHUHTE3Y Cepe
NaIieHToK, ski orpumyBaim AKIL. Jlani npencrasieHi Ha pUCyHKY 4.

30 28,3 28,5
OcteokanbumH (Hr/mn)
25 225
20
15
10
OcHoBHa lpyna lpyna

rpyna  MOpPIiBHSAAHHA KOHTPOJIO

Puc. 4. Konyenmpayis ocmeokanvyuty 6 epynax 00Caio#ceHus
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VY Baritaux xiHok i3 3CCC, sxi otpumyBanmu AKIL, Oyno BHSBICHO JOCTOBIPHO OiNbII
BHUCOKHUI BMicT C-KiHIIEBOTO TEJNOMENTHAY KojlareHy I-ro Twiry, B Tuia3mi KpoBi, B TOPIBHSHHI 3
TPYIIOI0 KOHTPOJTIO, T1¢ TiIBUIIECHHS B IIJIOMY HOCHJIO BHpakeHUH Xapakrep (puc. 5). Tak B OCHOBHIM
rpyni Bmict b-CTx Oy mimBumenuit B 31 (43,0 %) Bumajgkax, i CTAaHOBHB B CEpEIHbOMY —
1,42+0,17 ur/ma. Y rpymi nopiBasuus y Baritaux 3 3CCC, ski otpumyBamu AKII, konientparis b-
CTx Oyna minmeumena y 30 (44,1 %) mamieHTox, i cTaHOBWJa B CEpeOHBOMY TIO TpyIIi
1,57+0,18 ur/mn. BogHowac y rpymi KOHTpoiito naHi mokasHuku ckmanu  0,52+0,13 vr/mo, i
HiBUILCHHS Biq3Havanocs e y 2 (4 %) Barithux (p<0,05).

| B B-cross-laps (ur/») |

2 - 1.42 1,57
1.5
1
0.5 -
0
OcHoBHa I'pyma KonTpoas
MOPIBHAHHA

Puc. 5. Konyenmpayisn b-CTx 6 epynax docnioscenns

[pyHTYIOUHMCH HA OTPMMAHHUX JAHUX MOYKHA IPUITYCTUTH, 10 BUKOPHCTAHHS aHTHKOATyJIAHTIB
MiJ] 9ac BariTHOCTI MPU3BOJIUTH JIO PO3BUTKY AUCOAIAHCY MK MpoliecaMu pe30pOIlil Ta OCTEOCUHTE3Y,
10 CTa€ MPUYMHOIO 3HMKEHHS MiHepai3allii KicTKOBOI TKAHWHU Y BariTHUX.

AHani3 wMapkepiB MeTa0oNi3My KICTKOBOI TKaHWHU BUSBUB IIiJIBHIEHHS aKTHBHOCTI
Pe30pOTUBHUX TIPOIECiB HAa (POHI IHTCHCUBHOTO OCTEOCHHTE3y. JlaHi 3MIHM HOCWIM KJIIHIYHO
3HAUYYIUN XapakTep, 1 mraBainucs Kopekmii. 1le y3romkyeTbes 3 JaHUMU iHIIUX JOCTITHUKIB TIPO
HpsIMY 3aJISKHICTh CTYIEHs ocTeoneHil Bia piBHiB Ok i b-CTx.

Hamu npoBesieHo oriHKy MapkepiB Metaboiizmy octeonutiB Ok ta b-CTX B 1m1a3mi BEHO3HOT
KpoBi y BaritHuX i3 3CCC 000X J0CHIPKyBaHUX TPYII MIiCIIsl TPOBEASHOTO JiKyBaHHs. CepeqHii BMiCT
b-CTx 3uususcs B 1,6 pasis i ckias 0,87 + 0,12 Ha/mMi1 B OCHOBHI#M Tpymi Ta smie B 0,9 pasiB y rpyii
nopiBHsHHA 1 ckiaB 1,41 & 0,14 win/mn BianosigHo. JlaHi npeacTaBieHi Ha PUCYHKY 6.

27 B o mKyBaHHA OTlicna mKyBaHHA
1.42
1.5
0.87
1 -
0.5 -
G -
OcHogHa rpyna I'pyna mopiBHAHHS

Puc. 6. Konyenmpayis b-CTx (ne/mn) 6 epynax docuiodxcenss 00 ma nicist AiKy8aHHs.

[Ipu mpoBeneHHi OLIHKY BIUIMBY Teparii Ha piBeHb OK B m1a3mi KpoBi y xiHok 13 3CCC, siki
orpumyBanu AKII, Mu cmocrepirany IOCTOBIpHE 3pPOCTaHHS PiBHA IAHOTO IMOKa3HHWKA, MPO IO
CBIYATh JaHi, IPEJCTaBICHI Ha PUCYHKY 7.
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| O JTo mikysagus  BITicada JikyBaHHA |

34.8

28.3 28,5

OcHoBHa I'pymna mopiBHIHEA

Puc. 7. Konyenmpayisa Ok (n2/mn) 6 epynax 00cuioxcenHs 00 ma nicjist NiKky8aHHs

Sx BUIHO i3 MIpenCTaBIeHUX MaHUX, cepenHii piBeHb Ok y xiHOK 3 3CCC, sKi OTpUMyBaIH
AKII, micns mpoBeneHol 3amponoHOBaHOI HAMH KOMITIEKCHOI Teparii Bupic Ha 23,1% mopiBHSAHO 3
BUXIJIHUMHU JaHuMu 1 ckiaB 34,8+0,43 ur/mi. BmicT ocTeokanbliMHy B IUIa3Mi KpPOBI JKiHOK, IO
OTPUMYBAJM TPaIWIliiiHE JTIKyBaHHS, HE MaB BHPAXXEHOI TEHEHIIIT 10 3pOCTaHHs, MIPOTE WOTO PiBEHBb
3aMMIUBCs GakTHIHO 0e3 3MiH -28,1+0,42 Hr/MIL.

Takum 4rHOM, MU BUSIBIIIM y BariTHUX kiHOK 13 3CCC, ski orpumyamu AKII, craTrucTuaHo
JIOCTOBIPHO HIDKYI MOKA3HUKK OCTEOCHHTE3Y, Ha ()OHI BUIMX MOKa3HHUKIB octeope3opouii (b-CTx), B
MOPIBHSAHHI 3 TPYMO KOHTPOJO. 3HmkeHHs piBas b-CTx B 1,6 pasiB Ta 36impmenns Ok B 1Uia3mi
kpoBi Ha 23,1% CBIiTYNTH TPO TO3UTHUBHUI CTaOUMI3YyIOUMI BIUIMB 3alpOIOHOBAHOI HaMH
KOMITJIEKCHOI Teparii Ha MeTaboJIiYHI POIIECH B KiCTKOBiH TKAaHHHI.

Oo6roBopenns pe3yiabTaTiB. OTpUMaHHI pE3yNbTATH OOCTEKEHHS CBIAYUTH TPO OUIBMI
IHTEHCHBHI MPOIIECH Pe30pOIIil Y BariTHUX, SKi OTPUMYIOTh aHTHKOATYJISTHTH.

Buznauennss MILIKT metonoM ynbpTpa3ByKOBOi JIEHCHTOMETPIi € epeKTUBHIUM CKPUHIHTOBHM
METOJIOM, I1iJT YacC BariTHOCTI, /IS BUSBJICHHS OCTEONEHIYHUX 3MiH. OJIHAK JaHWUN METOJ Ma€ HU3bKY
MPOTHOCTUYHY I[IHHICTh MO0 OIIHKA €()EeKTHBHOCTI TPOBEACHHS MEIUKaMEHTO3HOI KOPEeKIIil
MeTa0o0IIi3My KiCTKOBOI TKaHHUHHU.

Hamu Oyno BusiBIEHO MpsIMUAN KOPENSIIHHUN 3B'I30K MK OTPUMAaHUMH pe3yJbTaTaMH IO
PiBHIO KaJbIIUTOHIHY 1 TMOKa3HMKaMU YJIbTPA3BYKOBOi JEHCHTOMETPii Ta KIIHIYHUMH IPOSBAMU
OCTEOIIEHIYHOT'O CHHAPOMY.

Hait0inpm yacTuM KITHIYHUM MPOSIBOM OCTEONICHIYHOTO CHHAPOMY cepell 00CTEeKEHUX JKiHOK
Oyna mianris Ta cumdizionaris. Mianrist € paHHIM KIIHIYHAM MIPOSIBOM OCTEONIATUYHOTO CHHAPOMY, a
HOro KyITyBaHHS HaNPSMY BigoOpaxano eeKTHBHICTh MeINKaMEHTO3HOI KOPEKIIii.

3HIKECHHSI YacTOTH PO3BUTKY Mianirii Ha 36,8% Tta cumdiziomarii Ha 44,4% neMoHCTpye
e(heKTHUBHICTh 3aIIPOIIOHOBAHOT HAMH KOMIUICKCHOI Teparrii.

[Ipu anami3zi piBHIB OioMapkepiB MeTa0o0di3My KiCTKOBOI TKAHWHU BUSBWIIEHO CTATHCTHYHO
JIOCTOBIPHO HIDKYI IMOKa3HUKH OCTEOCHHTE3Y, Ha (DOHI BHIIMX MOKA3HUKIB OCTEOPe30pOIIii. SHIKEHHS
piBas b-CTx B 1,6 pasiB ta 36imbmenns Ok B miasmi kpoBi Ha 23,1% CBiI4uTh NMPO MO3UTHBHUIA
CTa0lmi3ylounii BIUIMB 3allpONOHOBAaHOI HaMM KOMIUIEKCHOi Tepamii Ha MeTa0oniyHi mpouecu B
KiCTKOBIH TKaHHHI.

BucHorknu.

1. IlpoBeneHHss TpuBajOi AHTUKOAryJASHTHOI NPO(QITAKTHKM MiJ dYac BAariTHOCTI Mae
HETaTHUBHUH e(peKT Ha MpouecH MeTadoi3My B KICTKOBil TKaHUH.

2. Jlencutometpis € eheKTUBHAM CKPHHIHTOBHM METOJIOM BUSIBIICHHSI OCTEOTICHIYHUX 3MiH Y
BariTHHUX, OJHAK JaHUM METOJ| HE MiXOAMUTh JJIs KOHTPOJIIO 3a €PEKTUBHICTIO MPOBEACHHS KOPEKIIii.

3. 3HMWKEHHS KIiHIYHUX TPOSBIB OCTEONEHIYHOIO CHHIPOMY Ta IOKPAIEHHS MOKA3HHUKIB
OiomapkepiB MeTa0OIi3My KICTKOBOI TKaHMHU CBIIYHTH MPO TMO3UTHBHUI €(eKT 3amporoHOBaHOI
HaMH Tepartii.

4. BpaxoBylOo4UHM BHCOKY YacTOTy PO3BUTKY OCTECONCHIYHOTO CHHAPOMY Cepel BariTHHUX i3
3aXBOPIOBaHHSAMH CEPLEBO-CYAMHHOI CHCTEMH, SKi TPUBAJIO OTPUMYIOTh aHTHUKOATYJSHTH, 3 METOIO
PO3po0OKH MPODIIAKTUYHUX 3aX0/11B, BUHUKAE HEOOXIIHICTh MOJAJIBIION0 BUBYCHHS JaHOI IPOOIEMHU.

ABTOpH CTATTi NOBIIOMJISIIOTH NMPO BiACYTHICTh MOTEeHLiiiHOTr0 KOH(IIKTY iHTepeciB.
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