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ANATOMY

KpaniomeTrpuuHe J0C/Ii:KeHHS MiITHEOiHHUX MOKA3HUKIB JIIOJMHHU 3PiJIOro Biky

0. M. Ca3onoBga, O. IO. Bosk, B. b. Ikpamos, JI. O. I'opaiituyk, 1. B. Yexanosa
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AHoTanisi. Ha cboroHINIHIA JIeHb, TPOBiTHE 3HAYCHHS Ma€ ICHYIOUHWH Jianma30H 1HIUBITyalbHOI aHATOMIYHOI MIHIIMBOCTI BEPXHBOT
LIesIeny Ta i1 CTPYKTYP, SKi IO TEHepillHbOTO 4acy BUBYCHI HEAOCTATHHO. JlaHHA CTATTs NPUCBSYCHA BCTAHOBIICHHIO BIIMiHHOCTEH
PO3MIpiB Pi3HUX YTBOPEHBb BEPXHBOI IIENENH y 3aJEKHOCTI BiJ CTaTi Ta KpailHiX TumiB OyaoBu uepemy. IIpoBoamnace merambHa
OCTEOMETpisl BEPXHBOI IIEeNEeNH JIOAUHN 3piJIoro Biky. BeTaHoBIEHO, 1110 ZOBKUHA Ta BUCOTA MiTHEOIHHS 3a3HA€ MaKCUMAaJIbHE 3Ha-
YeHHS Y JIIOAeH 3 JONIXOKpaHHUM THIIOM Yeperry, a MiHiMallbHe — 3 OpaxikpaHHUM, y TOH 4ac, sIK IIHUPUHA Hi1HEOIHHA 301IbIIYEThCS

y OpaxikpaHiB Ta 3MEHIIYEThCS Y TOTIXOKPaHiB.

Knrwwuosi cnosa: nuyvosuil uepen, iHOU8IOYaIbHA AHAMOMIYHA MIHIUGICMb, 3PIAULL 6IK, NIOHEOIHHSL.

Ha choromHimHiii [eHb iCHYE BeIHKa KUTbKICTh JaHUX 32
MOPQOJIOTIYHIUMHU TOKa3HUKAMH CTPYKTYpP JIMI[OBOTO
yeperna, 30KkpeMa BepxHboI mieenu [1-2]. Aje po3BUTOK
Cy4acHOI MeIUIMHU TOTpeOy€e BUCOKOTO PIBHS BUBYCHHS
IHAMBIMyaTbHOI aHATOMIYHOI MIHJIMBOCTI CTPYKTYyp IIe-
JIETTHO-JIMIIBOBOT UISHKY, IO TOB’S3aHO 3 BEJHKOIO Ki-
JBKICTIO PI3HUX ONEPATUBHMX 200 €CTETHYHUX BTPYdYaHb,
0c00IMBO y Jojel 3pinoro Biky [3-5].

VY 3B’A3Ky 3 IIUM, CTa€ MHTaHHS TPO BIKOBi, CTAaTEeBi
OCOONMBOCTI Ta IHAWBIAyanbHI BiIMIHHOCTI CIHiBBiIHO-
LIEHHS BEPXHBOI i HIDKHBOT LIEJIel, 3iCTaBICHHS 3 3aJIH-
IIKaMH 3y0iB 1 anbBEOJSPHUX AYT, a, BIIMOBIIHO, 1 Ha-
CTaHHIO Ta BUPA3HOCTI Pi3HUX BUIIB MpUKyCy [6-8].

[TincymMoByrOUYM Bce BUILE3a3HAYCHE, MOXKIIHBO 3pO0OH-
TH BHUCHOBOK, IO IPOBiMHC 3HAYCHHS MA€ iCHYHOUHUI
Jiara3oH 1HAWBIqyalbHOT aHATOMIYHOI MIHJIIMBOCTI BEpX-
HBOI IIETIeNH 1 11 CTPYKTYP.

Mera gocaimkeHHs. METOIO HAIIOTO TOCITIIKEHHS €
BCTaHOBJICHHS BIJMIHHOCTEH pO3MIpiB MigHEOIHHA Y
JIOAEH 3piJIOTO BIKY B 3aJICKHOCTI BiJl CTaTi Ta KpalHIX
THUIIB Yeperry.

Martepiaan Ta meTox aociaigxkenHs. Marepianom mo-
ciifpkeHHst cnyryBanu 100 KiCTKOBUX IpenapariB Iijic-
HHUX Ta (parMEeHTOBAHMX YeperiB, 0 YBIHIUIM 10 KOJie-
Kuii kadenpu aHaromii JiroanHU XapKiBCHKOTO HaIlioHa-
JILHOTO MEJMYHOTO YHIBEPCHTETY.

A :
Puc.1. 3aranpHuil BUTTISA BEPXHBOI HIETICIH 3 MPOBEICHUM
BUMIipIoBaHHAM J1BOX mosioBuH: OO1 — nosxwuHa; AB — mmpuHa;
AO1B — nepumerp. Dorto 3 koneknii geperiB Ne 30.

TIpoBommmacs getambHa OCTEOMETPisl BEPXHBOI Iene-
mu. Tak, BUMIpPIOBaHHA BEPXHBOI IIENIENH BKIIOYAIH:
JOBXKUHY MiAHEOIHHS (BiX 3agHBOTO Kparo MepeaHboi
Ppi3IEBOi albBEOJIH /IO 3aHHOTO Kparo MiAHEOiHHS); IIH-

PHHY IigHEOIHHS (MK BHYTPIIIHIMHU KpasiMU ajibBEOJI 2-X
MmossipiB (puc. 1).

Jlnist BCTaHOBJIGHHS! 1HIUBITyanbHOI aHATOMIYHOT MiH-
JIMBOCTI KICTKOBUX CTPYKTYp, BH3HAYaBCS 4YepErHHM
iH/IEKC 3a HACTYIMHOK (popMyIToro:

INGoaep. = [onepeunuit RO3M1p .(H.II/IpI/IHa) x 100
MO3JIOBXKHIH po3Mip (HoBXHHA) '

Jie TIOTIepeYHUI pO3MIp BU3HAYAETHCS KPaHIOLHUPKY-
JIeM MDK HalOUIbII BiJIalleHUMHU TOYKaMu (euryon) Tim'-
SIHUX TopOiB, a JIOBKMHA — MDK TOYKaMM HaJIepeHiccs
(glabella) 1o 30BHIMHBOTO MOTWIMYHOTO  Oyrpa
(opistocranion). IIpu moka3HWKax iHIEKCYy MeHIIe 75 —
KICTKOBI TIpenapaTH YeperiB BiTHOCWIH 0 Aomixoueda-
nmiB (momixokpaHiB); 75-79,9 — me3omedaniB (Me30Kkpa-
HiB); 80 1 OibIme — Opaxinedanis (OpaxikpaHiB).

ITpoBenena craructudHa 0OpOOKa OTPHMAHHUX KOM-
TUIEKCHUX BUMIPIOBaHb 3 OOYMCIICHHSM CepeiHboil apud-

MeTnuHOi (X ), cepeHbOKBaAPATUIHOIO BIAXHICHHS (O) 1
CepeaHbOI MOMMIIKH (Mm).

Bci po3paxyHKH NpPOBOIMIIMCS 3TiJHO KOMIT'FOTEPHOT
OporpaMu 3 BUKOPUCTAHHIM IU(POBUX TAOJIHUIh 1 CTaH-
JAPTHOT'O MTaKeTy BUXITHUX JaHUX.

PesyabTaTH Ta iX o0roBopennsi. ICHyIOTh NeBHI 3a-
KOHOMIPHOCTI MIiHJIMBOCTI ()OpMH, PO3MIpiB, MMOIOKECHHS
Ta B3a€EMOBITHOIIEHb PI3HUX YTBOPEHb BEPXHBOI LIEJETIN
y JII0JIe# 3pijoro Biky (Tadu.l).

BcraHoBieHO, 110 JOBKHMHA IiHEOIHHS Ma€ IMEBHUM
Jiarma3oH MiHJIMBOCTI Y JIFOAEH JaHOTO BIKY: Y YOJIOBIKIB y
Mexax 3,40-5,00 cm, y xinok 3,20-4,80 cMm. [Ipuuomy, y
NPEICTaBHUKIB 3 OpaxikpaHHOIO (GOpMOI uepena Leif
napaMeTp MiHIMalbHHH i Bapiroe y 4oioBikiB Big 3,40 1o
4,60 cM Ta xiHok - Bix 3,20 10 4,50 cm.

Y Me30KkpaHiB - JOBXHHA ITiHCOIHHS 3HAXOIUTHCS Y
mexax Big 3,50 10 4,70 cm (woi.) Ta Bix 3,40 mo 4,70 cm
(kiH.), 3aBXIM 3aliMa€e POMiIXKHY 30HY.

VY IpeacTaBHUKIB 3 JONIXOKpaHHOIO (hOPMOIO yepera
BU3HAYa€ThCs HE3HAUHE 301IbLICHHS JaHOTO NapaMeTpa y
40J10BiKiB 710 3,70-5,00 cM, y xkiHOK - 10 3,6-4,80 cM

Jus mupuHU TigHEOIHHS XapaKTepHHH TaKoX MOp-
(domerpuyHnii iHTepBan MinmBocTi Bix 3,50 1o 5,80 cm 3
BIIMIHHOCTSMH Y 0ci0 4osoBivoi crari Big 3,60 mo 5,80
CM, XiHOYOi cTaTi - Big 3,50 10 5,10 cm (nuB.Tabm.1).

©| O. M. Sazonova, O. Yu. Vovk, V. B. lkramov et al. 2018
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3 HaBeseHOI TabaMLi BUAHO, IO CepeaHs apupmMeTuy-
Ha JIOBXHMHA MiJHEOIHHS Yy Il BIKOBiM IpyI IOCTYNOBO
30inblIyeThest Bin Opaxikpauis (X = 3,950 cMm mpu ¢ =
1,521 i m = 1,420 y uonosiki; X = 3,880 cM mpu ¢ =
1,420 Tam = 0,811 y xiHOK) 10 Me30KpaHiB 000X crareit
(X =4,290 cM npu 6 = 1,125 i m = 0,908 ta X = 4,150
mpu ¢ = 1,348 i m = 0,728) Ta me Ginplne 10 AOMIXOKpa-
HiB (X = 4,860 cM mpu 6 = 2,010 i m = 0,855 y yosoBikiB
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Ta X = 4,730 cm npu 6 = 1,838 i m = 0,690 y xkinoK).
Januii napameTp migHEOIHHS 3HAXOIUTHCS Y BIAOBIIHO-
CTi 31 30UIBLICHHSM IIO3JIOBXKHIX PO3MIpIB JIMIBOBOTO
yeperna Ta BEpXHbOI IIENenH Bix Opaxi-, Me30- 1 JI0JIXOK-
pauiB. [Ipu npoMy, CIIiZi TOBOPUTH MO 3HAYHUH Jiana3oH
JOBXWHH TiMHEOIHHS y JIOAEHW pi3HOI CTaTi BIPOJOBXK
JOCIIKYBAaHOTO BiKOBOTO Tiepioy (Tabim.2).

Ta6auns 1. Jliama3oH BiIMiHHOCTEH pO3MIpiB BEPXHBOI IIENICIH Y JIFOJICH 3piIOro BiKy (cM)

Ne Jocripkysani JloBxuHa IMupuna Bucora
O3HaKHu| ' . . . . .

3/m Dopma uepena migHeOIHHs | miaHeOIHHs | miaHeOIHHs

1.| Bpaxikpamn youn. | 3,40-4,60 | 4,20-5,80 1,40-2,10
) xin. | 3,20-450 | 4,20-5,10 1,10-2,00

2. Mesoxparm goin. | 3,50-4,70 3,80-4,90 1,20-2,10
) xin. | 3,40-4,70 3,70-4,80 1,00-3,00

3. | Jomixokpanu you. | 3,70-5,00 3,60-4,50 1,50-2,30
' xiH. | 3,60-4,80 3,50-4,40 1,30-2,10

Ta6auus 2. BapianiiiHe-cTaTUCTUYHI TOKA3HUKH JOBKHUHU MiAHEO1HHS Y JIFOEH 3pijoro Biky (CM)

No HocnimxyBaHi B
5 /;[ O3HaKU X c m
®Popma uepena

1.| Bpaxiparn 4OJL. 3,950 1,521 0,542
' KiH. 3,880 1,420 0,811

2.| Mesoxpanu YOJI1. 4,290 1,125 0,908
' XKIH. 4,150 1,348 0,728

3. | Mosixokpanu 4OJL. 4,860 2,010 0,855
' XKIH. 4,730 1,838 0,690

3anexHo BiA naHux Gopm OyIOBH uepena IIUpUHA ITi-
JMHEOIHHS 3HAXOAUTHCS y OpaxiMophHHX (KpYTJIoroo-
BHX) moneit y mexax 4,20-5,80 cM (won.) 1 4,20-5,10 cm
(kin.); y me3oMopdHEX (cepemHporonoBux) - 3,80-4,90
cM Ta 3,70-4,80 cm; nomixoMop(dHUX (BY3BKOTOJIOBHX) -
3,60-4,50 cm Ta 3,50-4,40 cM (Tamn.1).

[IpoBeneHwit cTaTHCTUYHMI aHATi3 BCTAHOBHB iCHYIOU1
IHAMBITyaabHI BIAMIHHOCTI IIMPUHU TBEPOrO MiAHEOIH-
HS y JFOJIEH 1€l BikoBoI rpymu (Tabi.3).

OO064ncneHHs] CTATUCTUYHUX MMOKAa3HUKIB BKa3YIOTh, 110
HaWOUIBINY IIMPUHY TBepJe NinHeOiHHs Mae y Opaxikpa-

HiB (X = 5,110 eM ipu 6 = 1,590 i m = 0,915 y wonoeikis
Ta X = 4,980 cm mpu 6 = 1,340 i m = 0,895 y *kiHOK) 3
TIOJIaIBIIIOI0 TEHCHIIIEIO 10 3MEHIICHHS JAHOTO Mapame-
Tpa y Me30KpaHiB 4osoBidoi crari (X = 4,590 cM 1ipu 6 =
1,112 i m = 0,888), sxinouoi crari (X = 4,420 cM 1pu 6 =
0,998 i m = 0,801). MiHimManpHI 3HAYCHHS CEPEIHBOT
(dopMu BU3HAYAKOTHCA Y H0siXoKpaHiB (X = 4,380 cM mpu
6=1,180im=0,763 Ta X =4,310 cMm ipu 6 = 1,085 im
=0,705).

Ta6auus 3. BapiamiifHO-CTaTUCTHYHI MOKa3HUKY IIUPUHH IiAHEOIHHS Y JTFONEH 3pioro Biky (cM)

No JocnimpkyBaHi B
5 /;I O3HaKU X c m
dopma uepena

1.| Bpaxixpanu 4OJI. 5,110 1,590 0,915
' KiH. 4,980 1,340 0,895

2.| Mesoxparn YOJI1. 4,590 1,112 0,888
' KiH. 4,420 0,998 0,801

3.| Jlosixokpanu YOJIL. 4,380 1,180 0,763
' KiH. 4,310 1,085 0,705

Iopsin 3 TMM, BCTAaHOBJICHO Aialla30H MIiHJIUBOCTI BH-
COTH TBEPJOro MHifHEOIHHS, KUl y JIOJel 3piioro BiKy
Bapiroe Big 1,00 10 2,30 cMm (quB.Tabu.1).

3 ypaxyBaHHSIM CTaTE€BUX BiIMIHHOCTEH, cIlocTepira-
€ThCSl HEBENIMKA TepeBara JaHoro mapameTpa y ocid 4o-
noBivoi crati Big 1,20 mo 2,30 cm 1 xxi”ouoi craTi Big 1,10
110 2,10 cm. CTaTHCTHYHO MiATBEP/DKEHI i 0COOIMBOCTI Yy
3aJIeKHOCTI Bifl pi3HUX (opM OynoBu yepena (Tadi.4).

JlaHa TaONMIS CBiTYMTD, IO Jiara30H MIHJIMBOCTI BH-
COTH TBEP/IOTO MiTHEOIHHS HE Ma€ MUPOKUX 3HAYCHb SIK Y
YOJIOBIKIB, TaK 1 *IHOK 3pioro Biky. IIpu 3MeHIIeHHI
TIONIEpeYHHX MapaMeTpiB MO3KOBOT'O Ta JIMIILOBOTO Yepe-

ma BigOyBaeThCs 30UIBIICHHS JaHOTO Tapamerpa. Tak, y
OpaxikpaHiB BUCOTa TBEpPJOT0 MiIHEOIHHS HE MEPEBHIILYE
X = 1,54 cm npu 6 = 2,680 i m = 0,960 (9om.) Ta X =
1,530 cm npu 6 = 2420 i m = 0,830 (kiH.); y Me30KpaHiB
BiIOyBa€ThCS HEBENWKE 30UIBIICHHS 3HAYCHb CEPEIHBOT
apudmernanoi X = 1,580 cM npu o = 2,480 i m = 1,100
(gom.) Ta X = 1,590 cm ipu 6 = 2,110 i m = 0,99 (kin.).
VY nonixokpaHiB 000X CTaTeil BU3HAYAE€THCS TCHICHIIIS 110
301IbIIEHHS] BUCOTH IIIIHEOIHHS 31 3HAYEHHSIM CTaTHCTH-
4HHUX NOKasHUKiB: X = 1,730 cm npu ¢ = 1,530 i m =
0,280 (yos.) Ta X = 1,680 cM pu 6 = 1,510 i m = 0,560
(xin.).
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Ta6muus 4. BapiamiiHO-cTaTHCTHYHI TOKa3HUKU BUCOTH TBEPAOTO IiJHEOIHHS Y JIFOJIEH 3piIoro BiKy

No HocnimkyBani
. O3HaKH c m
§ PopmMa uepena
1.| Bpaxikpamn YOI 1,541 2,680 0,960
) XKIH. 1,530 2,120 0,830
2.| Mesoxpanu YOI 1,580 2,480 1,100
' XKIH. 1,590 2,110 0,990
3. | Tonixoxpanu YOI 1,730 1,530 0,280
) XKIH. 1,680 1,510 0,560

BucHoBku.

1. HaiiGinpry AOBXWHY IiTHEOIHHS MArOTh IJIIOOH 3
JIOTIXOKPaHHOIO (hOPMOIO Uepena a HaiiMeHIry — 3 Opaxi-
KPaHHOIO.

2. llupuHa migHEOIHHS JOCATAE MAKCHMAIBHUX PO3-
MipiB y OpaxikpaHiB IPU IIbOMY iCTOTHO 3MEHIIYIOUUCH Y
JIOJTIXOKPaHiB.

3. TenneHist 00 301IbIIEHHS BHUCOTH IIHEOIHHS BH-
3HAYAETHCSl Y MPEJCTABHHUKIB 3 JOMIXOKPAHHHM THIIOM
OymoBH dYepery a 3MEHIICHHS JaHOro MapameTpy — 3
OpaxikpaHHAM THIIOM Yeperry.
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0. M. Sazonova, O. Yu. Vovk, V. B. Ikramov, D. O. Gordiychuk, I. V. Chekanova
Abstract. To date, the important is the existing range of individual anatomical variability of the maxilla and its structures so far been
insufficiently studied. This article is devoted to differences in the size of various structures of the maxilla depending on gender and
terminal types of skull. The detailed craniometric study of the maxilla at middle-aged people was conducted. It was established that
the length and height of the palate takes the maximum value in people with dolichomorphic type of skull, and the minimum — with
brachimorphic, while the width of the palate increases at brachimorphic and decreases at dolichomorphic type.

Keywords: facial skull, individual anatomic variability, adult human, palate.
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Abstract. Im vorliegenden Artikel werden Gipsbauplatten aus der Sicht der modernen Warenkunde analysiert und eingeschétzt. Zuerst
wurde der Markt von Gipshauplatten in der Ukraine nach dem Volumen, dem Anteil von Export- und Importlieferungen sowie nach den
Hauptoperatoren untersucht. Danach wurden die Konsumeigenschaften von Gipsbauplatten erfasst und nach deren Gewichtung rangiert. In
verschiedenen Etappen des Lebenszyklus wies diese Rangierung erhebliche Unterschiede auf. Fiir die Produktion von Gipsbauplatten sind
z.B. geringe Masse und das duBere Aussehen der Ware am wichtigsten. Fiir die Etappe der Anwendung sind Biegsamkeit und leichte Verar-
beitungsart relevant und fiir die Nutzung — Funktionalitéit und Festigkeit. Solche Einschétzung nach dem Konsumentenwert der Ware ermog-
licht Aussagen beziiglich der Tendenzen der weiteren Entwicklung des Trockenbaumarktes.
Keywords: Trockenbau, Gipsbauplatten, Warenkunde, Konsumeigenschaften, Konsumentenwert, Lebenszyklus.

Einleitung. Gipsbauplatten (GBP) spielen im Trockenbau
heute eine entscheidende Rolle, deren Bedarf stindig wéchst.
Der Markt von GBP in der Ukraine betrug 2017 mehr als 50
Mio. m?[1]. Das schnelle und stéindige Wachstum des Mark-
tes ist mit den Vorteilen des Trockenbaus gegeniiber den
traditionellen Baumethoden verbunden, sowie mit einigen
anderen Faktoren. Wie die warenkundlichen Forschungen
zeigen, sind bei der Wahl der Platten mehrere Eigenschaften
in verschiedenen Etappen deren Lebenszyklus (Herstellung,
Verwendung und Nutzung) relevant. In der Produktion von
GBP spielen immer groflere Rolle die Faktoren, die mit
Tendenzen der nachhaltigen Entwicklung zusammenhéngen:
z.B. Einsparung der Ressourcen — geringere Masse. Ent-
scheidend bei der Verwendung der GBP sind solche Eigen-
schaften wie Biegsamkeit und relativ einfache und leichte
Verarbeitungsart. Bei der Nutzung der GBP wichtiger sind
dagegen besondere Eigenschaften der Produkte, die den
Platten durch die Zugabe verschiedener Additive eine gewis-
se Funktionalitét verleihen.

Kurzer Uberblick iiber Publikationen zu diesem
Thema. Trockenbau ist eine relativ junge Bauart. Industrie-
méBige Produktion von GBP begann in den USA erst vor
100 Jahren und in Europa — kurz vor dem 2. Weltkrieg. Die
meisten Publikationen zum Thema Trockenbau sind haupt-
sichlich den Konstruktionen gewidmet, die man alternativ zu
Massivbau ziemlich schnell und einfach erstellen kann [2].
Es gibt aulerdem Veroffentlichungen zu einem speziellen
Einsatzgebiet von GBP, namlich - dem Feuerschutz der
Baukonstruktionen [3]. Interessant sind Forschungen auf
dem Gebiet der Modifizierung der Eigenschaften von GBP
durch die Zugabe verschiedener Additive, um Produkte mit
besonderer Funktionalitdt zu bekommen [4]. Schlielich
existiert eine Reihe von Lernbiichern, die den Verarbeitern
von GBP helfen sollen, die Fehler in den Trockenbausyste-
men zu vermeiden [5]. Die Anforderungen an GBP sind in
EN 520 zusammengefasst [6]. Genormt sind nicht alle Ei-
genschaften von GBP — vor allem Abmessungen, Festigkeit,
Feuchte- und Feuerwiderstand. Es fehlt bis jetzt komplexe
warenkundliche Forschung der GBP, die die Gesamtheit
ihrer Eigenschaften aus der Sicht des Warenwertes erfassen.

Das Ziel dieses Artikels ist die warenkundliche Ein-
schitzung der Eigenschaften von GBP in verschiedenen
Etappen deren Lebenszyklus (Herstellung, Verwendung und
Nutzung).
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Materialien und Methoden: Analyse der Fachliteratur
mit dem Ziel, die Gesamtheit der Wareneigenschaften von
GBP zu erfassen, Befragung von Experten auf dem Gebiet
Trockenbau, Rangierung von Eigenschaften nach deren
Gewichtung, Schlussfolgerungen zu den Tendenzen der
Entwicklung des Trockenbaus.

Resultate und Diskussion. GBP werden hauptséchlich
im Ausbau der Hauser als Trockenputz oder zur Bekleidung
der Winde und Decken benutzt, sowie zur Errichtung der
Trennwénde, oder als feuerfeste Bekleidung der Baukon-
struktionen. Der Markt von GBP in der Ukraine betrug 2017
mehr als 50 Mio. m? (Diagramm 1). 2005 - 2008 wuchs der
Markt von GBP von 27,0 Mio. m? auf 91,5 Mio. m?[1]. Das
heift, dass die Verkaufszahlen in 5 Jahren 3,4 Mal gewach-
sen sind. 2009 sind die Verkaufszahlen fast um ein Drittel
gefallen. 2010 - 2011 beobachtet man wieder das Wachstum:
es wurde fast das Niveau von 2007 erreicht, aber 2012 gin-
gen die Zahlen wieder zuriick, und 2013 - 2014 blieb der
Markt auf dem Niveau des Jahres 2009. Wegen der makro-
wirtschaftlichen Faktoren (Krisenerscheinungen in der Wirt-
schaft) sowie im Resultat des Verlustes von Territorien im
Stiden und im Osten der Ukraine war das Marktvolumen
2015 wieder 15% niedriger als im Vorjahr. In den letzten
Jahren ist wiederum ein kleines Wachstum zu beobachten.
Wie unsere Marktforschungen zeigen, iiberstiegen 2004 -
2008 die Importe stets die Exporte, was dariiber zeugt, dass
die Nachfrage hoher als die heimische Produktion von GBP
war. 2007 gingen die Importe wesentlich zuriick und die
Exporte sind fast 6 Mal gewachsen. Hauptsichlich war das
durch die Inbetriebnahme der neuen Produktionskapazititen
der Firma Knauf bedingt. Obwohl die Importe von GBP
zuriickgingen, liberstiegen sie 2007 — 2014 stets die Exporte.
ADb 2015 verkiirzten sich deutlich die Importe wegen mak-
rowirtschaftlicher Faktoren und schwacher UAH und liegen
unter den Exportzahlen. Der Markt von GBP in der Ukraine
ist von zwei heimischen Produzenten (Knauf - 60% des
Marktvolumens, Siniat — 30%) und einigen Importeuren (vor
allem Rigips — 3%) vertreten. 2015 erschien auf dem GBP-
Markt ein neuer Importeur — Firma Wolma (Russland - 7%
des Marktvolumens), die in die Ukraine GBP unter der Mar-
ke "Belgips" von Minsker Gipsfabrik liefert.

Am Lehrstuhl fiir Warenkunde und kommerzielle Tatig-
keit im Bauwesen an der Kiewer Nationalen Universitét fiir
Bauwesen und Architektur werden in den letzten 10 Jahren
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neben Baustoffmarktanalysen Forschungen durchgefiihrt, die
mit der Verbesserung der Struktur sowie mit der Erh6hung
der physisch - technischen Eigenschaften der Erzeugnisse
aus Porenbeton und Schaumgips verbunden sind. Auflerdem
werden neue Komposita auf der Silikat- und Gipsbasis sowie
neue Produkte mit verbesserten Eigenschaften auf deren
Grundlage geschaffen. SchlieBlich erforscht man Baustoff-
mirkte und Konsumeigenschaften der Baustoffe auf der
Etappe deren Produktion, Verwendung und Nutzung [7; 8;
9].

Der Gegenstand der wissenschaftlichen Forschung in der
Warenkunde ist der Konsumentenwert einer Ware, der in der
Fachliteratur als Kundennutzen definiert wird, der sich wie-
derum in der Gesamtheit der Konsumeigenschaften dieser
Ware manifestiert. Bei der Vergleichsanalyse der Waren
nach ihren Konsumentenwert werden sowohl Labor- als
auch organoleptische Methoden verwendet. GBP weisen in
verschiedenen Etappen des Lebenszyklus (Herstellung,
Anwendung, Nutzung) bestimmte Eigenschaften auf, die
sich nach der Wichtigkeitsrangierung erheblich unterschei-
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den (Tabelle 1). Im Weiteren wird versucht, mit den in der
Warenkunde {iiblichen Methoden (Experteneinschétzung,
Rangierung von Eigenschaften und Bestimmung deren
Wichtigkeit) sowie mit Methoden der Qualimetrie die wa-
renkundliche Einschétzung der Eigenschaften von GBP mit
dem Ziel durchzufiihren, deren Konsumentenwert zu erfas-
sen und danach die Schlussfolgerungen zu den Trends in der
Entwicklung des Trockenbaus zu ziehen.

Die Etappe der Produktion (E1) fassen wir breit zusam-
men — von der Herstellung der Ware in der Fabrik bis zur
Lagerung dieser Produkte wihrend des Verkaufs und,
schlieflich, bis zum Transport zu der Baustelle. Geringe
Masse ist fiir die Produktion wegen Kosteneinsparung rele-
vant, deshalb streben die Produzenten danach, das Gewicht
der GBP zu minimisieren. So betriigt die Masse von 1 m? der
gewohnlichen 12,5 mm Platte bei den fiihrenden Marktope-
ratoren ca. 8 kg (bei den Mitbewerbern — bis 10 kg). Diese
Minimisierung hat eine natiirliche Grenze — genormte Biege-
zugfestigkeit der GBP. Das Aussehen der Sichtseite von
GBP ist beim Verkauf wichtig.

90
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Diagramm 1. Der Markt von GBP in der Ukraine 2005 - 2017, (in Mio. m?)
Tabelle 1. Rangierung der Konsumeigenschaften von GBP

R E1 Produktion E2 Verwendung E3 Nutzung

1 |Geringe Masse Biegsamkeit Biegezugfestigkeit

2 |Aussehen (Sichtseite) Leichte Bearbeitungsart Funktionalitét

3 |Abmessungen Geringe Masse Wasseraufnahme

4 |Rechtwinkligkeit Abmessungen Feuerwiderstand

5 |Ausfithrung der Kanten Biegezugfestigkeit Freisetzung geregelter Stoffe
6 |Freisetzung geregelter Stoffe  |Rechtwinkligkeit Wasserdamfdurchléssigkeit
7 |Biegezugfestigkeit Aussehen (Sichtseite) Stofiwiderstand

8 |Biegsamkeit Ausfiihrung der Kanten Luftschallddmmung

9 |Funktionalitéit Funktionalitit Wirmeleitfahigkeit

10 |Wasseraufnahme Feuerwiderstand Ausfiihrung der Kanten

11 |Feuerwiderstand StoBwiderstand Rechtwinkligkeit

12 |StoBwiderstand Luftschallddmmung Abmessungen

13 |Luftschallddmmung Wairmeleitféhigkeit Biegsamkeit

14 |Wirmeleitfdhigkeit Wasserdamfdurchldssigkeit  |Geringe Masse

15 |Wasserdamfdurchléssigkeit  |Freisetzung geregelter Stoffe | Aussehen (Sichtseite)

16 |Leichte Bearbeitungsart Wasseraufnahme Leichte Bearbeitungsart

In der Etappe der Verwendung von GBP (E 2) sind nach
Experteneischétzung deren Biegsamkeit sowie leichte Ver-
arbeitungsart am wichtigsten. Das hingt damit zusammen,
dass sich immer mehr Leute in der Ukraine bei der Renovie-
rung oder beim Ausbau ihrer Hauser oder Wohnungen fiir
sogenannte ,,Eurorenovierung® entscheiden — ein Begriff fiir
die GUS-Lander. Innenarchitekten bieten eine breite Palette
der Losungen fiir die Gestaltung der Raumlichkeiten an, die
man relativ schnell und preisgiinstig nur mit Hilfe der Tro-
ckenbauweise verwirklichen kann. Besonders beliebt sind
Designdecken. Mit gut biegsamen GBP lassen sich ver-
schiedenste Formen herstellen — von einfachen wellenformi-
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gen bis zu Gewdlben (z.B. Tonnen-, Kloster-, Mulden-,
Spiegel-, Kreuz-, Kuppelgewdlben u. a. m.). Solche Arbeiten
bediirfen bestimmter Ausbildung und Kompetenz der Mon-
teure sowie der GBP, die leicht zu bearbeiten sind. Harte,
schlecht biegsame und schwere Platten passen zur Ausfiih-
rung solcher Arbeiten nicht.

In der Etappe der Nutzung der GBP (E 3) spielen die Fes-
tigkeit und die Funktionalitéit eine Rolle. Als die industrie-
maBige Gipsplattenproduktion nach dem 2. Weltkrieg in der
Ukraine begann, hat die Trockenbauweise wegen schlechter
Qualitdt der Baustoffe und nicht professionellen Ausfiih-
rungsarbeiten einen schlechten Ruf bekommen. Deshalb



haben sich unsere Experten dafiir entschieden, dass die Sys-
teme in erster Linie stabil sein miissen. An der zweiten Stelle
steht die Funktionalitdt — eine der wichtigsten Eigenschaften
jeder Ware. In der letzten Zeit erschienen auf dem ukraini-
schen Markt GBP mit verbesserten funktionalen Eigenschaf-
ten. Fihrend auf diesem Gebiet ist Firma Knauf, die ihre
Produkte mit besonderen Eigenschaften unter bestimmten
Marken vermarktet. Neben feuerfesten Platten, die wegen
Kartonummantelung zu der Baustoftklasse A2 (enthalt
brennbare Bestandteile) gehoren, werden z.B. Platten
Fireboard angeboten. Sie sind mit einem unbrennbaren Vlies
aus Glaswolle ummantelt und gehéren somit zu der Bau-
stoffklasse Al (enthdlt keine brennbaren Bestandteile). Ne-
ben wasserabweisenden Platten werden auch Platten Typ E
angeboten, die durch ihre erhdhte Funktionalitit auch zu
AuBlenbeplankung eigesetzt werden konnen. AuBlerdem gibt
es eine Reihe von Spezialplatten, die durch die Zugabe be-
stimmter Additive in den Gipskern sehr spezifische Eigen-
schaften aufweisen [4]. Dazu gehoéren unter anderen Hart-
gipsplatten Diamant, die sich durch einen besonders harten
Kern und einen widerstandsfahigen Karton auszeichnen und
in allen Bereichen des Innenausbaus als Beplankung mit
erhohtem Schallschutz-, Brandschutz- und Festigkeitsanfor-
derungen eingesetzt werden. Um mit Hilfe der Trockenbau-
weise moderne Kiihl- und Heizdeckenkonstruktionen zu
errichten, werden Platten Knauf Thermoboard angeboten,
die tiber erhohten Parameter der Warmeleitfahigkeit verfu-
gen. Zu den modernsten innovativen Baustoffen gehoren
bestimmt GBP Comfortboard, die eine klimaregulierende
Funktion durch die Zugabe von mikroverkapseltem Latent-
wiarmespeicher (Paraffinwachs) in den Plattenkern besitzen.
Durch die Verdnderung des Aggregatzustandes des Wachses
(starr — fliissig) wird die {iberfliissige Wirme entweder ge-
speichert (Abkiihlung) oder freigesetzt (Erwidrmung der
Réume). Als Alternative zu bleiblechkaschierten Platten zum
Strahlenschutz wurden GBP Safeboard entwickelt. Sie ent-
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halten in ihrem Gipskern das Salz Bariumsulfat (BaSO.) und
konnen deshalb in Bereichen mit Rontgenbelastung einge-
setzt werden. Um die Gerliche in Raumen zu bekdmpfen,
wurden Platten mit einem synthetischen hydrophoben Zeo-
lith im Gipskern geschaffen — Knauf Cleaneo. Gelochte
Cleaneo-Platten werden als Cleaneo Akustik Decken be-
kannt — ein erneutes Beispiel der breiten kombinierbaren
Funktionalitét.

Schlussfolgerungen. Trockenbau entwickelte sich in der
Ukraine ganz intensiv mit dem jéhrlichen Zuwachs von ca.
30% seit dem Anfang des Jahrhunderts. Man konnte inzwi-
schen folgende Tendenzen feststellen. Erstens verringerte
sich bei den fiihrenden Produzenten die Masse der GBP ca.
um 10 bis 15%. Als Resultat wuchsen zweitens die Bieg-
samkeit und die leichtere Verarbeitungsart der GBP, was
zum intensiveren Einsatz von diesem Baustoff bei der Schaf-
fung Designoberflichen im Ausbau der Gebdude beitrug.
GBP wurden zum Lieblingsmaterial von Innenarchitekten in
der Suche nach nichtwiederholbaren Formen. Drittens wuchs
bzw. blieb auf normativ hohem Niveau die Biegezugfestig-
keit der GBP als Hauptmerkmal hoher Qualitit der Trocken-
bausysteme bei deren Nutzung in den Augen der Endver-
braucher. Viertens vergroBerte sich das Sortiment der GBP.
Anfang des Jahrhunderts waren auf ukrainischen Markt
hauptséchlich vier bis fiinf Plattenarten vertreten: gewdhnli-
che 9,5 und 12,5 mm dick, wasserabweisende, feuerfeste
sowie wasserabweisende und feuerfeste in einem. Heute
erschienen auf dem Markt nicht nur neue Arten der GBP
nach den Abmessungen, sondern auch nach deren Funktio-
nalitét. Fiihrend in der Schaffung neuer Produkte mit beson-
derer Funktionalitét ist die deutsche Firma Knauf, die unter
anderem folgende Platten anbietet: Diamant, Fireboard,
Silentboard, Thermoboard, Comfortboard, Safeboard,
Cleaneo u.a., die nach ihrem Verhalten als intelligente Bau-
stoffe bezeichnet werden kénnen.
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Trends in drywall construction - from dry plaster to intelligent building material

P. V. Zakharchenko, O. M. Gavrysh, T. O. Kashchenko

Abstract. This article analyzes and assesses plasterboard from the point of view of modern consumer goods. First, the market of gypsum

plasterboard in Ukraine was examined by volume, the share of export and import deliveries and the main operators. Thereafter, the consumer

properties of gypsum plasterboard were recorded and ranked according to their weighting. At different stages of the lifecycle, this ranking

varied significantly. Most important for the production of plasterboard are low mass and the external appearance of the goods. For the stage

of application, flexibility and ease of processing are relevant and for use - functionality and strength. Such estimation according to the con-

sumer value of the commodity makes possible statements concerning the tendencies of the further development of the dry-goods market.
Keywords: Drywall, Plasterboard, Commodity, Consumer Properties, Consumer Value, Life Cycle.
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AnoTanisi. Ha pocivHE IOCTIHHO BIUIMBAIOTh MEXaHIYHI 30ypeHHs B IPUPOJHOMY CEpPEOBHILI, B PE3yNIBTATI YOTO U aKJliMaTH3a-
il pocTy, PO3MHOXEHHS 1 HaBiTh BIDKMBAHHS HEOOXiTHI CBO€YacHi peakiii-BianoBini. CyKymHICTh peakiii pocTy i po3BUTKY poc-
JIMH Ha MEXaHIYHy CTHMYJIALII0 OTpHMaja Ha3By THrMoMmopdoreHes. Beranosneno, mo Arabidopsis thaliana (L.) Heynh. Busisisie
TUrMoMop(oreHe3 y BiIIIOBIIb HA BITPOBE HaBaHTaXeHH:. [Ipy 1ipoMy 3a Jii 0HOCTIPSIMOBAHOTO BITPY (OPMYIOTHCS IIPATIOPOIIOi-
6ni 6iomopdu, a 3a Jii pi3HOCIIPSIMOBAHOTO — 3BUBHCTI. BusiBieHi 6ioMopdu 3anponoHoBaHO PO3IIBIIATH SIK POKCi-Mipy 34aTHOCTI
AQHTPONOTeHHO TPaHC(HOPMOBAHUX EKOTOIIB IO CAMOOYHIICHHS aTMOC(HEPH.

Knrouosi cnosa: muemomopghozenes, pisywixa Tans, 6iomopgu, eimep, Mexauiuna Cmumyaayis, CamoOUUWeHHs ammocdepu.

Beryn. Y npuponi pociMHM ONUHSAIOTHCS i BIUIMBOM
yparaHHUX BITPiB, MyCOHHUX JOILIB, HallaJ[iB TPABOIIHUX
Ta 0araThOX IHIIMX CYBOPHX MEXaHIYHUX 30ypeHb, SIKi
MOXYTb 3arpO’KyBaTH IX BH)KMBaHHIO. SIK HaCJiOK, IpO-
TATOM 0araTb0X POKIB EBOJIIOLII POCIMHU PO3POOHIH
Jy’K€ YyTIMBI MEXaHI3MH, 3a JOIOMOIOI0 SKUX BOHH
MOXYTb CIIpUIMATH 1 pearyBaTH HaBiTh Ha TOHKI MeXaHi-
YHI CTUMYJH. JIesKi pOCIMHM MOBEAIHKOBO pearyroTh Ha
CCHCOPHMH CTUMYJI HMPOTATOM JEKUIBKOX CEKyHI, a IHII
MOKa3yI0Th MOP(OTCHETHYHI 3MIHH MPOTATOM TPUBAINX
nepio/iiB 4acy, MOYUHAIOYH Bijl AHIB 10 THKHIB [1].

CroronHi BinOyBaeThCs BIATBOPEHHS iHTEpeCy IO Me-
XaHIYHUX MOJPA3HUKIB AK JY>K€ BXIMBHUX CHTHAIIB IS
KOHTPOJIIO POCTY Ta Mopdorenesy pociud [2].

CyKyIHICTh peakiiiii pocTy 1 pO3BUTKY POCIHH Ha Me-
XaHIYHY CTUMYJISLII0 OTpUMalia Ha3By THIMOMOp(oreHes3
[3]. TurmomopdoreHes — MHUPOKO PO3MOBCIOMKEHHUH Ta
ajanTuBHUK THI (eHoTHIIoBOT MactuyHocti. F. Bornke
ta T. Rocksch [4] 3a3snauarors, 110 3[ATHICTH POCIHMH
BiZIUYBaTH Ta pearyBaTH Ha MEXaHIYHI CTUMYIH CIyTyee
aJIalTHBHOIO PHCOI0, TIOB'SI3aHOIO 3 MIIBUIIEHHAM (i3nd-
HOI CTIMKOCTi B 6araTboX CepeloBHITHUX yMOBaxX. Mexa-
HiYHa CTUMYJISILISL B IPUPO/Ii BUHUKAE, HAITPUKIIAL, dYepe3
BiTep, JOMI, CYCilHI POCIMHU abo XMKalbKi TBApUHH Ta
IHYKY€E psii MOPGOTEHHHX peaKiiid, sKi miCyMOBaHi Imij
TepMiHOM TUrMoMopdorenes. Pi3Hi cUrHajIbHI MOJIEKYIH
Ta (QITOrOPMOHHM, BKIIOYAIOYM BHYTPIIIHbOKIIITHHHUN
KaJbliil, )KaCMOHATH, €THJICH, a0CIM30BY KHUCIOTY, ayK-
CHH, OpacHHOCTEpOINN, OKCUJ a30Ty Ta PEaKTHBHI BUIN
KHCHIO, O€pyTh y4yacTh B 3a0e3e4eHH] THTMOMOpQoreHe-
3y 3, 5].

Orasig myoaikaniii 3a Temoro. TurMmomopdorenes OyB
3apeecTPOBAHUI Ta JETAJIBHO JOCIIKEHUH Y TaKuX Tpa-
B'sHUX pociuH sk Zea mays (A.M. Goodman, A.R.
Ennos, 1998) [6], Helianthus annuus (V.C. Smith, A.R.
Ennos, 2003) [7], Solanum lycopersicum (C. Coutand et
al., 2000) [8], Nicotiana tabacum (N.P.R. Anten et al.,
2005) [9] Ta Phaseolus vulgaris (M.J. Jaffe et al., 1984)
[10]. Baromuii BHECOK Yy AOCHIPKEHHSI THTMOMOpP(OTeHE-
3y nepeBHUX pociuH 3poouB F.W. Telewski i3 cmiBas.
(1986, 1998) [11-13].

Psimom aBTOpiB MOKa3aHO, IO MICIEBHIA BITPOBUH pe-
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KUM (YacTOTa, BEJMYMHA, TPUBAIICTh, HANIPSMOK, CE30H-
HICTh) MOYKE BIUTUBATH Ha 3aKOHOMIPHOCTI POCTY POCIIHH
(N. P. R. Anten et al., 2010; F.-K. Holtmeier and G.Broll,
2010; B.Gardiner et al., 2016 ) [14-16]. Acumertpis nepes,
IO MiAAI0ThCS BILIMBY CHJIBHUX BITpPIB, MOXKE BUHUKATH
BHACJIIOK (Pi3MYHOTO MOMIKOKEHHS 200 aCUMETPUYHOTO
POCTY, SIKWil 3yMOBJICHHH 3MIHOIO OlOMEXaHIYHUX BJAC-
THBOCTEH NEPEBUHHU MiJ BIUIMBOM LIHOTO HABaHTAKCHHS
(F.Telewski, 2012, V. Bonnesoeur et al., 2016)[17,18].

PocnuHn mepeBakHO POCTYTh y HANPAMKY MaHIBHOI'O
BITpY 3 BiIMHpaHHSAM a00 ONMajaHHIM JIUCTS Ha HaBIiTPs-
Hiit ctopowni (S. W. Morgan et al., 2010 ) [19]. Oco6muBo
CWIbHHH BIUIMB BITPY Ha aJbIICHKI TpaB’sHI POCIWHH,
HATOMICTh JIGPEBHA POCIHMHHICTD, MO MiJIAETHCS CUJIb-
HUM BiTpaM, OOMeXeHa HIKYMMU BHCOTAMM Ha CXHJIAX
(J.Wagemann et al., 2015) [20]. 3mintoroun Mozeni poc-
Ty, POCIMHH aJIalITYIOTHCS 0 iX CepPeAOBHIIA, IO A03BO-
JIsie TM TIPOJIOBXKYBATH JKUTTS B yMOBaX BIUIMBY MeXaHid-
HuX ctumyniB [21]. 3 HaiipaHimux OCTIIKEHb LBOTO
SIBUIIA BiZIOMO, IO Pi3HI BHIU pearyioTh IO-Pi3HOMY Ha
Mexanigyae 30ypennst ( M.J. Jaffe et al., 1984,
N.L..Biddington, 1986) [22,23] i po3BuBarOTh pi3Hy Me-
xaniuny apxirektypy (T. Speck and N.P. Rowe, 1999)
[24].

Arabidopsis thaliana (L.) Heynh. nemorcTpye momiThy
peakiilo Ha MeXaHiYHy CTUMYJIALiIO, sika Oyia 3aJ0Ky-
MEHTOBaHa 3 IMOIIALY 3arajgbHOI MOp¢oJIorii: MmosBa Ky-
HIOBHX (PEHOTHUIIIB Ta BKOPOYEHI OCeil CYIBITh, YepEIIKiB
i mixksy3nis (J.Braam and R.W. Davis, 1990; J.Braam,
2005; E.W. Chehab et al., 2009) [25-27].

Peakuito-BiAmoBigp Ha O0MI, BiTep, JOTHK, TOPAHCHHS
abo tempsiBy B A. thaliana perymtoe monaiiMeniie 4oTu-
pu cercopuux (TCH) renu [28]. Bin mecsatu 10 Tpuanstu
XBWIMH Ticis ctumyinii piseab MPHK 36ubiryeTsest B
100 pasiB. Perymroroui BiacTHBOCTI 11i€i pOAWHM TE€HIB Y
A. thaliana, mos's3ani 3 kanmojyniHoM. BcraHoBIeHO,
10 10HM KaJbIiI0 Ta KaJbMOAYIIH OepyTh y4acTb y TpaH-
CAYKINi CUTHAJIB 13 HaBKOJUIIHBOTO CEPEIOBHUINA, IO
JI03BOJISIE POCIIMHAM OyTH YyTJIMBHMH Ta pearyBaTH Ha
3MiHHM HaBKONMIIHBOTO cepemoBuma. TCH 1 xonye kanb-
MOJYJIiH, SKUH BiAPI3HAETHCA OIHIEI0 aMiHOKHCIOTOIO
Bil KaJbMOAYJNiHYy 3 TimeHuMi. [locmiIoBHI IUISHKH
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TCH2 Ta TCH3 mictsate BiamoBigao 44% ta 70% amiHo-
KHCJIOT Ha KaJIMOYJIiH.

BcranoBneHO, 0 BEPTUKAIBHI Ta CAMOHECYYi OCi Cy-
uBite A. thaliana crnmparotscs Ha cMyry nirHidikoBaHOT
EKCTPaKCWIAPHOI MIXKITYYKOBOT TKaHWHH, SKa MOB's3aHa 3
TKaHWHAMH KCHITYpH (KCUJIeMH Ta BOJIOKHAMH), IO 3a0e3-
medye iM 3arajbHy Ta MeXaHigHy jkopcTkicTh [29 ]. He-
JTaBHI JOCIIKEHHS BHCBITIMIM MOJIMBY POJIb ayKCHHY
(C.A. Little et al., 2002) [30], a Takox reHiB, IHOB'I3aHUX
3 mudepeHITiamielo MiXITyIKOBAX BOJOKOH Y (hOpMyBaHHI
miei tkanman (R.Q. Zhong et al., 1997; R.Q. Zhong and
Z.H.Ye, 1999) [31,32]. L. Jones et al., mocmimkyoun
CHHTE3 [EeN0I03u Ta JirHiny y Arabidopsis (2001)[33],
TaKOX MiJITBEPAUB BAKIMUBICTh MIKITYYKOBHUX €KCTPAKCH-
JIIPHUX BOJIOKOH JIJIsI 3a0€3MeUeHHS MEXaHIYHOT CTIHKOCTI
oCel CYIBITb.

Merta. [locniautu TurMomMopdoreHeTHuHi peakimii A.
thaliana ma BIUTMB BiTPY K BaKJIMBOTO YHHHHKA HOTO
BiIKPHUTHX MICIIE3POCTaHb.

Martepiaan Ta MeToau A0CTiIKeHb. I MOCTiKEeH-
HS BHKOpHCTaHO repbapHuit Matepian HarioHaapHOTO
I'epbapiro [acturyty 6otanikm im. M.I'. Xonogroro HAH
VYxpainu (KW). ®ororpadii 3pobneni nudposum anapa-

¢ |

KuiBimnna, 3BeHUr0poa-
CBbKHH MOBIT, c. XKypas-
Ka, Ha poei nicy
02.05.1924; Ilinomiuka

\
» .
KuiBcbkuii micocrer,
MenBeMHCHKHHN P-H,
¢. Yarutnnka, [Tamiesi
Byprtu, yinuna,
1929 MartBieHKO

TIOBIT, cXuu Oins eepxie’s oan-
ku T'muboka JlonuHa, mooausy
xyTropa MuxaiiiaiBcbkoro
6.05.1923 Koznos

XapkiBchka ry0., OKOJI. M.
Kym’stHCbKa, 7-8 BepcT Ha MiBAEHHO-
MiBIEHHO-3aX1/1, COCHOBUIL Jlic
13.04.1914 C.H. IlickyHoB

XapkiBcbka r'y0., 3mieBcbkuil  KuiBniuHa, 3BeHUropo- OKoJHLI M.
JchKMii mosit, ¢. Ko3sa-
1bKe, Ha 3’0panomy

11.05.1924 ITigommiuka
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tom Nikon 35-105mm.

PesyabTaTn Ta ix o6roBopenHsi. B VYkpaini Brums
MICIICBHX MPUPOJHUX YMOB HA IIBUIKICTH BITPY BHUSBJISI-
€THCSl y MEHIIIH Mipi B 30HI MIIIAHKUX 1 INUPOKOIUCTSIHUX
JICIB, 3aBISKH 3aJiCHEHOCTi, Ta B OUNBIIIH — B CTEHOBIM
Ta JIICOCTETOBIH 30HAX.

Hamu 3adikcoBaHo nBa tarmm 6ioMopd, sKi € MPOsIBOM
turmomopdorenesy A. thaliana wa Brutus BiTpy — 3BUBH-
CTa Ta MparopomnoaioHa.

3BuBHCTa (POopMa XapaKTEPU3YEThCS 3BUBUCTHM CTEO-
JIOM Ta 3BUBHCTUMH OidHUMHU Titkamu (puc.l) . Bona
(YHKIIOHYE IO THUITy NPYXKHHH IIiJ BIUIMBOM BITpY, IO
HEMa€ YCTaJCHOTo HampsMKy. [TomiOHO 10 MpyXWHU 1S
OiomMopda 3maTHA MOTJIMHATH, HAKOTUYYBATH 1 BiIJaBaTH
MEXaHIYHY €HEeprii 3a paxyHOK CBO€I MpyxHOI nedopma-
uii [34]. Amxe mpyxuHa Mae HEOOXiTHE MOETHAHHSI Me-
XaHIYHOI JKOPCTKOCTI Ta MpyXHOCTL. MexaHiuHa
KOPCTKICTh — 3MATHICTh MPY/KHOTO Tija, KOHCTPYKII YH
1 eIEMEHTIB YHHUTH OTip JAePOPMYBaHHIO (3MIHIOBAHHIO
dbopmu) Bin mpukiIageHoro 3ycwnisa. OTke, MeXaHIYHA
JKOPCTKICTD € OJHUM 13 BaXJIMBHX (DaKTOPiB, 110 3abe3re-
gye 30epekeHHS LUTICHOCTI KOHCTPYKIi, a y JaHOMY
BUIAJKY ITICHOCTI POCIMHHOT'O OpTraHi3My.
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M. Bunnaung, cxun no
npasomy oepesi p. byz
12.05.1928
K.C.SlakoBchKuii

XapkiBchka ry0.,
Kuera, Ky’ sSHCHKHIT OBIT, OKOJHILI
9.05.1925 c¢.Cno6onaxka [IBopiuHa, noze,
M.Ki10koB, cnopaouuno 8.05.1912
J.ITickyHoB
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Puc. 1. 3BuBucti 6iomopdu A. thaliana sik mposiB TurmomophoreHes i BIUIMBOM Pi3HOCIPSIMOBAHOTO BITPY

3aB/siku 3BUBHCTII ()OpMI PyXH POCIUH HarajayrTh
MEPiONYHI KOJIMBAHHS, SKi MOYKHA OMUCATH HEJIIHIHHUMU
XBWIbOBMMH piBHssHHsAMH. Tak, O. Doaré 3i cmiBas. [35]
3aIPONIOHYBAIM MOJIENb PYXY 3 BUKOPHUCTAHHSAM PiBHSIHHS
PO3IIOBCIO/KEHHSI XBHJII B MeXaxX TOMOTEHI30BaHOTO
Oe3rnepepBHOTO CcepeioBHIa 3a IMiTalil TypOyJIeHTHHX
nopuBiB BiTpy. Ll Monenb MOXOAWTH BiA JUCKPETHOT
MoJiesli Habopy POCIMHHHX IIaroHiB, HPEICTABICHUX SK
THAWBIAYaTbHI OCHMIATOPH, BKIIOYAIOYH TPY>KHI KOHTAK-
TH MiXK TlaroHamu (Big naT. oscillo — rofigarocs). Cuctema
3MIACHIOE KOJMMBAHHS, TOOTO ii MOKa3HWKH MEPiOJUIHO
MTOBTOPIOIOTECS B Yaci. Taki KOHTaKTH aBTOPH OIHCAIH
HENIHIHHIMA XBWJIBOBHMH DIiBHSHHAMH. HoBuii excrme-
pPUMEHTANBHUKH METOJ BHUMIPIOBAaHHS JHHAMIUYHHX BJIAC-

THUBOCTEH cTebsia Ta BIACTUBOCTEH MPYKHOTO 3iITKHEHHS
HPOLTIOCTPOBAHUI aBTOpaMH Ha MPHKIIAAi cTeder Jirole-
puH. OTpuMaHi pe3yJabTaTH MOJENIOIOTh PYX POCIHH
IILOTO BHUJY IIiJ] BIUIMBOM HECHPSMOBAaHHMX BITPOBHUX IO-
TOKIB.

MexaHIYHOMY 3Ha4YeHHIO BUTHHIB CTOBOypa Ta Horo
MIKBUIOBI# MmirnmuBocTi mpucBsyena crartst C. Coutand
3i cmiBaB. [36]. [Toka3aHo, IO Pi3HOCTIPSIMOBAaHE BITPOBE
30ypeHHS BUKJIMKA€E YUCICHHI BUTHHU CTOBOYPIiB POCIIHH.

C.Paul-Victor, N.Rowe mociimunu sk MexaHidHe 30y-
peHHs BIUIMBAE Ha PO3BUTOK MEXaHIYHHUX BIIACTHBOCTEH
oceilt cyuBiTh A. thaliana. Born BcTaHOBHIIH, 110 30ypeHi
pocauan exotuny Columbia-0 A. thaliana He TinbKU
Habarato KOpOTIIi, ajie # PO3BUBAIOTh MEHII TBEPAi CTe-
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011a, 110 CKIIAJal0ThCsl 3 MEHII TBEpAOro matepiany [29].
Ha mpencraBieHMX HamMM —€K3EMIUIIpax 3BUBHCTHX
0ioMOp(} TakoX BUIHO, IO OIYHI TiJIKU POCIHMH TOCHTh
TOHKI.

Ipanopononi6Hi 6iomopdu A. thaliana xapaxtepusy-
I0TbCS (DOPMOIO BHTATHYTOIO T BIUIMBOM IaHIBHHUX
BITpiB y mimBiTpsiHuii Oik (puc.2). OueBUIHO, TAKUM THII
THTMOMOPQOTeHe3y BUPOOISIETECS y BiIIOBiAb Ha BiTEp
CHJIBHOI TOTYXHOCTI. J[isl AepeBHUX pPOCIHMH IOKa3aHo,
10 KPOHHM JIepeB HAO0YBAIOTh «IIPAIOpONOIiOHO» GopMu
B OCOOJIMBO BITPSHUX MICIAX 3pOCTaHHS (MOPCHKi Oepe-
T'H, TIPCHKI YIIENUHM). YTBOPEHHS TaKUX (OPM BHUKIIHMKa-
HO BIIMHpaHHSIM OpPYHBOK 3 HaBITPSIHOTO OOKY. 3a TakHX
YMOB 3MIHIOETBCSI HaBiTH OynoBa CTOBOypa, 1 IepeBHHA
Ha 3pi3i mpuiiMae acumetpuuny 6ymoBy [37]. B. I1. Kpac-
HOB 31 CITiBaB. TAK0OX 3a3HAYAlOTh, IO OAHOOOKI (Iparo-
pornozibHi) KpoHU (OpMYIOTbCS 3a BIUIMBY BITpiB, IO
MOCTIMHO IMYTh B OJHOMY Hanpsamky [38].

XapkiBcbka r'y0., 3Mi€BCh-

KU MOBIT, 3adoneubKuit
oop, 6.05.1925 K. Bosnoxos

Aw

Oxomui M. Kuesa. [Tyma

03.05.1926 €.ITonoHchbKa

Bopuns, y cocnosomy nici
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[HII aBTOPW MIATBEPIDKYIOTH MOXKJIMBICTH (hOPMYBaH-
HS PI3HUX (PEHOTHUIIOBUX MOJYJIB HiJ BIUIMBOM BITPY Y
pocnun A. thaliana.. Tak, O. Bossdorf, M. Pigliucci moc-
JIAWIN TCHETUYHY Bapiallilo THrMOMOP(OreHe3y Bcepe-
JMHI Ta MDK TIPUPOAHUMH MOMYJSLISIMA MOJAEJIBHOI CHC-
temu A. thaliana [39]. IlotomctBO 3 17 €eBpoOmEHCHKIX
MIOMYJIAMIN  MigAaBajgocs TPHOM PIBHAM MEXaHIgHOTO
HaBaHTaXCHHS BiTpoM. Haiibinmpmm mikaBUM BHSBHIOCS
Te, MO0 (PEeHOTHUIIOBI pHCH Oy OpraHi3oBaHi BiAMIOBIIHO
JI0 TPHOX BHPA3HUX i 3HAYHOIO MipOIO0 CTATHCTUYHO HE3a-
JISKHUX KOBapialifHUX MOIYJIB, OB'A3aHAX 3 PO3MIpOM
pocnunH, peHomnoriero Ta popmoro pocty. i penoTnnosi
MOJyNi BiJpi3HsUIMCA 3a TXHBOI UYTJIMBICTIO 10 BITpY,
CTYIICHEM T'C€HETUYHOI MiHJIMBOCTI, Ta TIEH0 MIpOIO, B SIKil
IUIACTUYHICTh BIUIMHYJA Ha (eHoTHI. ABTOpH IiHIUIN
BHCHOBKY, III0 TUTMOMOpP(QOreHe3 LbOro BHIY PO3BHBaA-
€THCS KBa3i-CAMOCTIIHO B Pi3HUX ()EHOTHIIOBUX MOIYJISIX.

]
li ¢

XapkiBcbka ryo. Kym’ssaepkuit  YManmuna napk Coghi-

noBit, c.Bepxus JlyBaHka, €6Ka
cmen 04. 1897 KarurmipoBcb-
29.12.1925 M.KiokoB KUH

Puc.2. IIpanoponodioni iomopgu A. thaliana sx nposs muemomopozenesy nio eniugom 0OHOCHPAMOBAHO20 8iMpY.

[Ipuknagn TirMmomMopdorenesy, Mo CyMmpoOBOIKYIOTHCS
BUKPUBJICHHSAMHU Ta BUI'MHAMH HAJ3€MHOI YaCTHHU Oijib-
e onucani 1 AepesHux pocaud. H.H. JlamuHchkuit Ta
H.B. JlamuHCpKka ONMCYIOTH SBMILE CUWJIBHOIO BUKPUB-
JIeHHs cToBOYpiB Oepe3 y Gepe30BOMy KPUBOJIICC] MiBHIY-
Hoi JicotyHapu 3aximHoro Cubipy [40]. A.P. Cieslinski
nae xapaktepuctuky ‘“Kpusoro micy» B IMombcekiit Ilo-
MepaHii, NpeACTaBIeHOr0 BUTHYTUMH COCHOBHUMHM Jepe-
Bamu [41]. A. Baiitiap po3pi3Hsie AeKibKa THITIB BEPXHbOT
Mmexi Jicy (BMJI), cepen sikux — BitpoBy [42 ]. Ocranns
XapakTepHa AK Ui OYKOBHX, TaK i CMEPEKOBHX JICiB.
Bona ¢opmyeTbest Ha BITpOYAApHUX, HaBITPSIHUX CXHJIAX
i Mae ¢pparmentapHuii xapakrep. st miei Mexi ocodarBo
3ryOHUMHM € 3UMOBI BITpH, SIKI 3[[yBalOTh i3 rpeOeHIB CHi-
TOBUIA TOKPUB, 110 3aXHMINAE MiJAPICT, 1 NEPEHOCATh CHIr
Ha MpoTHEeXKHI cXWwid. OCHOBHUMHU O3HaKaMH BiTPOBOT
BMJI € HasiBHICTH «IIpamnopornofiOHUX» KPOH cMepek, a
TaKOX HasIBHICTh KPHUBOJIiccs OyKa, SIBOpa, TOPOOHHH.

Hedopmariist nepeB i yarapHuKiB y BITpSIHUX cCepeno-
BHUILlaX BUKOPHCTOBYETHCA SIK IHIMKATOP MEPEBaXKaroyoro
HanpsiMy Ta HIBHIKOCTI BITpY, IO 3a0e3leuye KOPHCHY
NIPOKCi-Mipy B paioHax, Jie BiICYTHI METEOPOJIOTIUHI 1aHi,
a0o0 Jie BITpU MOXKYTh 3MIHIOBATHCS Yepe3 CKIIaJIHy TOIOT-
padiro (Y.Noguchi, 1979; G.L.Wooldridge et al., 1996)
[43, 44]. Ha wamy mymKy, BUsiBI€HI THrMOoMOpdoOreHHi
6iomopdu A. thaliana rakoxx MoKyTh 6yTH peKOMEHIOBaHI
JUTS X IUTEH.

Ak Oyno 3a3Ha4yeHO

BHIlE, TUTMOMOpdoreHe3

15

TpaB’SIHMX POCIWH IIiJl BIUIMBOM BIiTpy OYB OINHCaHUH
OUTBINE ISl CLTbCHKOTOCHIOAAPCHKUX KYJIBTYpP, TOMY PO3-
TJISTHYTHH HaMU MPUKJIaJ], CIIOHYKA€e N0 MOLIYKY BITPOBO-
ro TturmMomMopdoreHesy y IHIIMX TpaB’sSHUX POCIUH B
HPUPOHUX EKOCHCTEMAX.

A. thaliana Hanexwuts 10 eBremepoGiB, TOOTO BHIB,
SIKI 3pOCTalOTh B TPAHC(HOPMOBAHUX €KOCHCTEMax 3 IMOC-
TIHHUM CHJIPHHM aHTPOIIOTEHHWM HaBaHTaKEHHSM. B. A.
Bapanoscekuit Ta [1.I. IlumeHko OCHOBHUM KpHUTEpieM
CaMOOYMIICHHSI aTMOC(epH B TaKMX EKOCHCTEMax BBa-
KAIOTh METCOPOJIOTIYHMK TMOTEHIlia)l CaMOOYNINEHHS
armoctepu (MIICOA) [45]. V dbopmyii aist BU3HAYCHHS
[[bOTO MOKa3HUKA BiTEp PO3MIISAAETHCS K IMIEPATUBHUN
YHHHHMK, 10 CIIPUSE CAMOOYHIEHHIO aTMocdepu Ta npo-
1ecaM po3CiroBaHHS, HATOMICTh BiZICYTHICTb BITPIB CIIpH-
f€ TIpollecaM HAKOMUYEHHS HIKiATHBUX pedoBUH. OTXKe,
BUSIBJICHHSI OIMCAaHUX HAaMU TUrMoMmopdoioriunux 6io-
mop® A. thaliana moxHa po3risaaTi SK MPOKCi-Mipy, II0
3aCBiIYy€ 3JaTHICTh aHTPOIIOTEHHO TPaHC(HOPMOBAHOTO
€KOTOITY JI0 CAMOOYHIIIEHHS aTMOC(epH.

BucnoBku. Omxe, Arabidopsis thaliana (L.) Heynh.
BUSIBJISIE TATMOMOpP(QoOreHe3 y BiANOBib» Ha BITpOBE HaBa-
HTXXEHHSI, THII SIKOTO 3aJIeXKHTh BiJ XapaKkTepy BiTpY.
OnHOCTIPSIMOBaHUH BiTEp CTUMYJIIOE YTBOPEHHS IIPaTio-
ponoaioaux 6ioMopd, a pi3HOCTIPSIMOBAHMIA — 3BUBUCTHUX.
3a3Haveni 6ioMophu MOXKYTh OyTH 3aCTOCOBaHI JJIsI iH-
JUKaIlii TOTeHIIiady CaMOOYHINEHHS aTPOTIOTeHHO TpaH-
c(hOpMOBaHUX EKOTOIIIB, y IKUX 3pOCTAE JaHUN BHI.
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Thigmomorphogenesis Arabidopsis thaliana (L.) Heynh. and it's importance of indication
S. S. Rudenko, T. V. Morozova
Abstract. Mechanical disturbances are constantly affecting by the plants in the natural environment. It's requires timely response-
acclimatization, reproduction and even survival. The aggregate of the reactions of growth and development of plants to mechanical
stimulation was called tigmomorphogenesis. Found that Arabidopsis thaliana (L.) Heynh. detects tigmomorphogenesis in response to
wind's load. At the same time, for the action of a unidirectional wind, flag-shaped biomorphs are formed, and in the a multidirection-
al - wriggling. The revealed biomorphs are proposed to be considered as a proxy measure of the ability of anthropogenically trans-
formed ecotopes to self-purify the atmosphere.

Keywords: tigmomorphogenesis, Arabidopsis thaliana, biomorphs, wind, mechanical stimulation, self-cleaning of the atmos-
phere.
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Anorauis. Cacuk — BOZOCXOBHIIIE, sike po3ramoBaHe y TaTapOyHapcekoMy paiioni Onecpkoi obmacti YkpaiHu; CTBOpeHe B yamii
3B’s3aHOTO 3 MOpeM JuMaHa. [Ticns BizokpemieHHs IuMaHa Bix Mops 1amM0010 Ta 3’€IHAaHHA KaHaJoM 3 JlyHaeM HOro Makpo3000eH-
TOC npuadaB, TOJTOBHUM YHHOM, IPICHOBOIHUN XapakTep. MeTa poOOTH — BUSHAUUTH MIPOAYKIiI0 MaKpo3000€HTOCa BOJOCXOBHIIA Y
cydacHuX ymoBax. ¥ 2013-2014 pp. 3i6paHo Ta 00po6iIeHO 3a CTaHAAPTHOIO METOAUKOI0 160 SKICHMX Ta KUTBKICHUX NMPOO Makpo-
3000eHTOCY. 3HaleHo 78 BUIIB, T. 4. KOMax — 38, pakonomiOoHux — 20, IO ciM BUJIIB YEPEBOHOTHUX 1 JBOCTYIKOBHX MOJIOCKIB, 1H-
KX Tigpo6iOHTIB MO AeKinbka BumiB. CepeHs MO BOJOCXOBMILY YHCEbHICTh MAKPO3006eHToCy ckaagana 7,29-11,40 Tuc.ex3./m?,
cepenus 6iomaca — Bix 20,25 no 41,57 r/m?. IIpomykiis Makpo3oobeHToCy KojiuBanachk Bix 2229,50 MJlx/ra (532,85 MKan/ra)
HaBecHi 2014 p. no 4914,15 M/Ix/ra (1174,48 MKan/ra) Britky 2013 p. ¥V 2014 p. Ha Bciit miomi BogoiiMu BoHa gocsirana 242258
'k (57900 I'Kaxn). Hait6inbumii BKiag y MpoayKIliro BHOCATH XipoHoMiau, mosocku Cardiidae ta omiroxeru. B minomy, Bogocxo-

BHUIIIE BiAMOBiae B-eBTpoGHOMY — rimepTpodHOMY TUILY.

Knruoei cnosa: Booocxosuwe Cacuk, Makpozoobenmoc, kopmosa basa.

Beryn. Cacuk — BOJOCXOBHILE, SIKe po3TaiioBaHe B Ta-
TapOyHapcbkoMy paifoHi Opecpkoi oOmacTi YkpaiHu,
cTBOpeHe 3a mpoekToM JlyHaii—/{HICTPOBCHKOI 3pomIyBa-
JBHOI CHCTEMHM B Hallli MOPCHKOTO JIMMaHy. bynu cropy-
JUKeHI 1amM0a, 1Mo BiJOKpeMHyIa JIUMaH Bill MOPS, 1 KaHaT
sikwid 3'eTHaB Horo 3 CooMoHOBUM pykaBoM Kinifickkoro
rupna [Jynar. yHalicky Bogy B CacHK MyCTHJIM CaMoOIl-
oM y 1980 p. 3apa3z Cacuk — BOJIOCXOBHIIE 3 MiHepa-
mizamiero Bomu 0,5-2,5 r/mM°. Exocucrema Bomodmu B
HAIIll JIHI 3HAXOJUTHCSI B IPUTHIYCHOMY CTaHi [2].

JloHHI yrpymnyBaHHSI BOJOWMHM 3a3HAIN CYTTEBUX 3MiH,
30KpeMa 3aruHyso Oararo Mopchbkux BuiiB. Hoa dayna
BOJIOCXOBHIIIA 32 CBOIM CKJIa[JOM PIi3KO BiIPI3HAETHCS BiJ
MHUHYJI0T MOpCbKOi. [IuTaHHs Npo cydyacHU CTaH NOHHOI
MakpodayHH, Makpo3000€HTOCY BOJOCXOBHWINA, CTaHY
KOpMOBOi 0a3u pub-OeHTO(ariB y mei 9ac 3aUIIaeThes
BIIKDUTHM 1 TIPEJCTaBiIsA€ 3HAYHUH TEOPETHYHHI Ta
MPAaKTUYHUN 1HTEpec I perioHambHOI TiIpobionorii i
€KOJIOTi1.

KopoTkuii orasn myoaikamiii 3a Temor. Bimomocrti
o070 3000eHTocy Cacuky 70 BiJOKPEMJICHHS WOTO Bi
Mopst Ta 3'eiHaHHs 3 JlyHaem HaBeseHHI B podoTtax M. C.
Bypnamona, B. C. YenypHoBa, A. I'. Munnpy [3], C. b.
I'pinbapra [4], iHmMx aBTOpiB. B 1eit wac y moHHi# i
MPUIOHHIN (ayHI ITMMaHy MOMIHYBaJll MOPCBHKI (QOpMH:
noiixern Nereis, momtocku Hydrobia, pakomoni6Hi
Balanus, ldotea, in. Baitky 1956 p. BusiieHo 25 BujiB
Makpo3000eHTOCYy. UHCeNnbHICTh, B CEPEeHROMY, CKIIaa-
na 6ins 20 Tuc.ex3./M?, 6iomaca — 143,0-248,0 r/m2. Jlo-
MIHYBaJM MOJIOCKH Ta TONIXeTH. bynu BuAiIeHI TOHHI
6ioreno3u — Abra, Brachiodontes, Cardium, sepenarisu-
ka 3 Mytilus, 3apocreii 3octepu Zostera marina, paecHuka
Potamogeton pectinatus. 3 ldotea; yci BoHM MOpCBHKOTO
TUILY.

Buitky 1980 p., B mepumriif pik onpicHEHHS, MaKp0O300-
6enroc Cacuky OyB npeacTaBieHui mie 18 takcoHamu,
a iioro Giomaca cranosuna 12,0-14,0 r/mM? npu nominy-
BanHi Chironomus plumosus Linnaeus [8]. ¥V 1982 p.

Bi3HaUYCHO 71 TAaKCOH MaKpO300OCHTOCY, Y TOMY YHCII
22 Buau i popmu xiporomin, 19 — pakonoaiouux [10]. ¥
1987 p. Bxe 3HaiimeHO 126 TakcoHiB, y ToMy ducii 32 —
JIMYUHOK XipoHoMin ta 12 — omiroxet [2]. Ane y 2008-
2009 pp. 3apeectpoBano nume 64 Bumu, 3 skux Chi-
rononidae — 20 Buxis, Oligochaeta — 11, Gammaridae — 9.
UncenpHICTF Makpo3000CHTOCY B Ieil 4ac Ckiajana —
6,4-19,4 Tuc.ex3./M?%, 6iomaca — 13,9-113.,9 r/m%. Bucoka
YHCENBHICTh OyJia 00YMOBJIEHa, TOJIOBHUM YHHOM, OJIIro-
xeTamu, 6iomMaca — JIBOCTYJIKOBUM MoJrOcKoM Dreissena
polymorpha (Pallas) Ta Bumamu kymoBux pakis Cumacea
[9].

B xapuoBux 3B'i3kax MacoBuX BHIIB pub Cacuky pi3-
KO JIoMiHye OeHTocHWI naHimtor. OCHOBHY poJib B HOro
JKUBIICHHI BifirpaBaiu aMQinou, MOJIoAb MOJIOCKIB D.
polymorpha, Hypanis laeviuscula fragilis (Milachevitch),
Rhithropanopeus harrisi tridentata (Maitland), muunaku
xiponomia Ch. plumosus [11].

Mera. BusHauuTH NpOAYKIiI0O MaKpo3000EHTOCY BO-
nocxoBuina Cacuk.

Marepianu Ta meroau. Cacuk BUTATHYTHI Yy MepuUi-
OHAJIBHOMY HampsAMKY Ha 29 KM, HOTo IIMpHHA CKIIaJae
Big 3 1o 12 kM. Ha niBHOYI B HHOI'0 BIAaAAal0Th MAJIOBOIHI
Minepanizosani (1o 1400 mr/mm®) piuku Korwibhuk i
Capara. Ix Bomu 3a0pymHeHi ¢dochaTamu, HiTpaTaMHu Ta
HITpUTAMH, MO OOYMOBIIIOE PO3BUTOK «TIMEPUBITIHHSI
Boau BoxpocxoBumia [5]. Ilnoma Cacuky pocsrae 207,5
kM2, obcsr — 530 muH. MS. Cepenas ruOMHA BOXOWMU
CTaHOBUTH — 1,9 M, HaiiOinbma — 3,5 M. ['TubuHu MeHIe
2,0 M cknanaroTs 90 % akBatopii Bogoiimu [12].

Marepian 3i6pano y 2013-2014 pp. Ha 21 GeHTOCHI
CTaHIii Ha JjiTopani Ta Ha 20 CTaHMIAX y BIAKPHTIHA yac-
TUHI Bogoimu. Ha mitopasni nmpobu Binbupanm Ha rIuOuHi
0,3-1,0 M, y BigkpuTiii gactusi — Ha rmbuHi 1,0-3,2 M 3
YOBHA. BUKOpPHCTOBYBaJ M HITAaHTOBUIl JHOYEpmak (IUTo-
ma po3kputTs — 0,02 M?), mKpeGOK 3 IIMPHHOIO 3aXBaTy
— 0,3 M, Ta TigpoOiosoriuHNi cayoK TPUKYTHOI hopmH 3
croponoto 30 cM. Y JiTHIA nepio]] 10JaTKOBO BUKOPHC-
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TOBYBaJM WiJBOJHI HIYHI CBITJIOBI mactkum mojenm X.
Xanrepgopna. Beboro 3i0pano ta 06poGieHo 3a craHna-
PTHOIO MeTOIMKOH 160 SKICHMX Ta KUIBKICHHX Mpo0
MaKpo3000€HTOCY.

Po3paxyHOK IPOIYKTHBHOCTI MaKpo3000EHTOCY BHKO-
HYyBaJH 3a MeToanukoio [6]. Bukopucrani P/B koegirmien-
TH: TIOJNXeTH, ojiroxetu — 3,7%; pakomoxmibui — 7,0;
JUYUHKA MAPHHX XipoHOMIN — 14,4; XIDKuUX XipoHOMIT —
24,5; momrocku Dreissenidae — 3,3; Cardiidae — 4,0 [2].
BukopucTrani eHepreTHdHi €KBiBaJICHTH OpPTaHi3MiB, SKi
BigoMi 3 mitepaTtypu [1].

PesysabTaTH Ta ix odrosopennsi. Hamu BusiBneHo 78
BUJIiB Makpo3oobeHTocy: komax Insecta — 38, pakononio-

Science and Education a New Dimension. Natural and Technical Sciences, VI(22), Issue: 186, 2018 Dec.  www.seanewdim.com

nux Crustacea — 20, mo cim BuniB uepeBoHorux Gastro-
poda ta mBocryixkoBux Bivalvia momrockis. Tigpoimu
Hydrozoa, nonixetn Polychaeta, n'sseku Hirudinea, moxy-
Batku Ectoprocta, mpencrasneni 1-2 Bumamu. 3HalaeHUX
OJIITOXET JI0 BUAY HE BU3Hauyanu. JJoMiHyBajau MpeacTaB-
HUKM TIPICHOBOJAHOI Ta ITOHTO-KACIIHCHKOI PETiKTOBOL
¢ayan — 73 Bumm. Takok 3apeecTpOBaHO 5 MOPCHKHX
BuAiB. UNCENbHICTE MaKpPO300OCHTOCY B CEPEIHBOMY IO
BOJIOCXOBHINY CKiajana Bixm 7,29 THC.ek3./M2 mo 11,40
THC.eK3./M?%; Oiomaca — Bim 20,25 /M2 mo 41,57 r/m?
(Tabmn.1).

1. Ce30HHa 1MHAMiKA cepeHIX MOKA3HUKIB YMCceJbHOCTI Ta OioMacu Makpo3oodeHTocy BogocxoBuia Cacuk 'y 2013-2014 pp.

2013 p. 2014 p.
IlokazHuku p
CepIICHb >KOBTEHb KBITE€Hb CepICHb >KOBTEHb
YucenpHicTb ek3./M2 | 9094 + 455 | 7285 +364 | 7929 +£396 [10119 + 506|11400 + 570
Biomaca r/m? 41,57 +£2,08]|30,71 +1,54(20,25 +1,01|38,00 +1,90|40,15 + 2,00

VY BIIKpHUTIA YaCTHHI BOAOMMH KUNBKICHI MOKa3HUKU
MaKpo3000€HTOCY Ha MOPSIOK BHIIE, HIX Ha JiiTopan. Y
BIJIKPHUTIN YaCTHHI 32 YHCENBHICTIO TOMIHYBaB OJIrOXET-
HO-XipoHOMIiTHHUI KomILIeke (88 %), 3a Giomacor — JBO-
crynkoi mosrocku H. laeviuscula fragilis (62 % 3arasb-
HOi Oiomacu). Ha mitopami BomoWMH 3a YHCETBHICTIO
nepeBakamy KymoBi paku Cumacea, XipOHOMiIH, OJIro-
XCTH Ta TOJIXETH; 32 010Macolo JOMiHyBaa ApeiiceHa.

3a mepion mocmimkeHb, y 2013 p. cymapHa IpoIyKIlis
Makpo3000eHToCcy ckiana Ommsbko 9484 MJDx/ra abo

2267 Mkan/ra; Ha Bciii momi Bomocxosuina — 199174
I'Tx abo 47603 T'’Kan. 3a Bererauiiinuii nepion 2014 p.
meii mokasHuUK crtaHoBMB 11536 MJx/ra abo 2757
Mkxan/ra; Ha BCii miomn BojocxoBuina — 242258 T'Jlx
a0 57900 I'kan. Haii0inpuinii BHECOK B 3aralibHy HpOJy-
KIIF0 HaJNCKUTh XipoHOMimaMm (66,0-70,0%), mMomrockam
pomurn Cardiidae (18,0-20,0 %) Ta omiroxeram (5,0-9,0
%). Bimpmiicts rpynm Makpo3000€HTOCY HABECHI MalOTh
HaiimeHmry Oiomacy. ToMmy crocTepiraeTbCsl BiOIOBIITHE
3HIDKCHHS IPOIYKIii (Ta0m.2).

2. [Ipoaykuisi Makpo3000eHTocy BogocxoBuia Cacuk y pi3Hi ce30HH

. 2013 p. 2014 p.
IIponyxuis -
CepIeHb JKOBTEHb KBITEHb CepIieHb KOBTEHb
M/Dx/ra 4914,15 4570,34 2229,50 4777,52 4529,10
MKan/ra 1174,48 1092,31 532,85 1141,83 1082,45

3rigao 3a «mkanow tpoduocti» C. Il. Kiraesa [7],
Bojocxopumie Cacwk 3a 0ioMacor Makpo3000eHTOCY
3aiiMae MPOMIXKHE TIOJOXCEHHS MK «BHCOKHM» 1 «IyKe
BUCOKHM» KJIacaMHd TIPOAYKTHBHOCTI. Lle 1o3BoJsie BinHe-
CTH BojIoiiMy 110 -eBTpo¢HOTO — rinmepTpodHOTro THITY.

BucHosknu.

1. Ilpotarom 2013-2014 pp. y BomocxoBume Cacux
BUSIBJICHO 78 BHIIB MakKpo3000CHTOCY; HAHOLIbII Pi3HO-
MaHITHI koMaxu — 38 BuiB Ta pakonoioHi — 20.

2. YucenpHICTE MaKpO3000€HTOCY B CEPEeIHbOMY IO
BOJIOCXOBHILY CKJajzae Bix 7,29 Tuc.ex3./M? BoceHH
2013 p. mo 11,40 Tuc.ex3./m? Bocenu 2014 p.; Giomaca —

Bix 20,25 r/m? HaBecni 2014 p. no 41,57 r/m? Baitky 2013
p- 3a KiTbKICHUMH MOKa3HUKaMH MaKpO3000EHTOCY Tepe-
BaXAIOTh OJIITOXETH, XIPOHOMIiMIH, MOJIXETH, KyMOBI pa-
Ki; 32 610Macor0 — ABOCTYIIKOBI MOJFOCKH.

3. Ilpoaykuis Makpo3000eHTOCY ckiamae Bim 2229.5
M/lx/ra abo 532,9 Mrxkamw/ra nHaBecHi 2014 p. mo
4914,2 M]Ix/ra ado 1174,5 MKan/ra suitky 2013 p. Ha
BCIf TUIONII BOJOCXOBHINA IPOAYKINsI MaKpO3000EHTOCY
cknana 'y 2013 p. 199174 T'/Ix a6o 47603 I'kan.; y 2014
p. — 242258 T'[I)x a6o 57900 I'kai. 3a KiTbKICHUMH TTOKa-
3HUKaMH MaKpO3000CHTOCY BOJOCXOBHINE MOXHA BiIHE-
CTH 110 B-eBTPO(GHOr0 — rinepTpopHOro THIY BOAOHMH.
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Production of macrozoobenthos of Sasyk reservoir (Ukraine) in modern conditions

A. A. Galkina, Yu. M. Dzhurtubayev, V. V. Zamorov

Abstract. Sasyk — reservoir located in the Tatarbunarsky district of the Odessa region; created in the bowl associated with the sea
estuary. After isolating the estuary from the sea with a dam and connecting the channel with the Danube, its macrozoobenthos ac-
quired mainly freshwater character. The purpose of the work is to determine the production of macrozoobenthos of the reservoir in
modern conditions. In 2013-2014 years, 160 qualitative and quantitative samples of macrozoobenthos were collected and processed
according to the standard procedure. Found 78 species: insects — 38, crustaceans — 20, seven species of gastropod and bivalve mol-
lusks and other species. The average number of macrozoobenthos in the reservoir was 7,29-11,40 thous./m?, the average biomass is
from 20,25 to 41,57 g/m2. The production of macrozoobenthos ranged from 2229,50 MJ/ha (532,85 Mcal/ha) in the spring of 2014
year to 4914,15 MJ/ha (1174,48 Mcal/ha) in the summer of 2013. In 2014, macrozoobenthos production on the entire area of the
reservoir reached 242258 GJ (57900 Gcal). Chironomids, Cardiidae and oligochaetes make the greatest contribution to the products.

In general, the reservoir corresponds to the B-eutrophic — hypertrophic type.

Keywords: Sasyk reservoir, macrozoobenthos, feed base.
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Abstract. Timely analysis and consideration of risks in project management of the implementation of an environmental management
system in municipalities increases the efficiency of project implementation. The risks of such projects are identified in the article. It
has been demonstrated that risk events complicate the project management process. A qualitative and quantitative analyzes of the
impact of risks on the implementation projects of the environmental management system in municipalities have been carried out. The
groups of risks that have the most negative impact on the implementationof projects are defined and methods of their reduction are

offered.

Keywords: risk, risk management, environmental management system, project management, municipality.

Introduction. One of the most characteristic features of
the development of modern society is the rapid growth of
cities, the continuous rate of increase in the number of
their inhabitants and the transformation of rural areas into
urban ones. This process, in turn, leads to environmental
degradation on the territory of municipalities due to an
increase in production capacity of new industries and the
aggravation of their impact on nature; the increase in the
volume of hazardous waste generation and the number of
vehicles, which necessitates the implementation of the
environmental management system (EMS) in municipali-
ties.

The implementation of environmental management in
municipalities is being carried out through the develop-
ment and implementation of EMS projects. As a result of
the implementation of such projects, the level of pollution
by emissions and discharges of harmful substances is
being reduced; there is an economy of energy and natural
resources, and, accordingly, the funds of the organization;
the state of the environment is improving; the "green"
image of the organization is increasing; the relationships
between different groups of local residents are improving.
During the implementation of the EMS projects, there is a
reorganization of the current structure of the local gov-
ernment, the redistribution of responsibility between dif-
ferent departments, which, in turn, can cause the occur-
rence of risky events of various kinds.

Overview of related publications. Modern project
management methodology considers the risk in projects
from the point of view of different approaches and classi-
fications that are closely related to the peculiarities of the
projects themselves. So, in the works of Druzhynin E. A.
[4], a methodology for a risk-oriented approach to the
management of project resources and technology devel-
opment programs has been developed. Rach V.A. [10]
considered risk in the development processes in the mod-
ern economy as a component of the danger-risk-crisis
triad. Danchenko O.B. [2] studied the process of integrat-
ing well-known modern approaches to risk management
into one process that would take into account the peculiar-
ities of risk management in various methodologies.
Gogunskyi V.D. [5] analyzed the risk management pro-
cess in labor safety projects. McNeil A. J. studied the
issues of risk management analysis, noting that its goal is
to identify and estimate potential threats, and then choos-
ing the appropriate method to reduce or eliminate hazards
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[14]. In the works [1, 11], the authors substantiated the
need for continuous analysis and control of risks in order
to prevent and reduce their impact on the implementation
of scientific projects and portfolios of projects of science-
intensive enterprises. The study of issues of identification
and risk assessment of investment projects is devoted to
the works [6,7].

The analysis of the literature allows us to determine the
general approaches to the interpretation of the concept of
risk. Thus, according to the approach proposed by
Nepomniashchii E. G. [9], the risk is the possibility of a
certain danger, which negatively affects the results of the
organization activities. Golubev D. I. [6] characterizes the
risk as uncertainty related to the possibility of adverse
situations and consequences occurring during the project
implementation. Some authors interpret the risk as a com-
ponent of a certain type of activity, which depends on
factors of the external and internal environment, which
can result in non-receipt of planned results, as well as
their successful implementation.

EMS implementation projects in municipalities belong
to organizational type projects with elements of commu-
nication projects. Regarding the risks of implementing
organizational projects, Kostsyk R. S. [8] notes that they
represent the probability of occurrence of a certain event,
which can carry both negative and positive consequences,
and is characterized by uncertainty, ambivalence and
alternativeness of possible options when making organi-
zational changes. According to N. Drahomyretska [4], the
essence of the risk for communication projects is the
possibility of deviation from the intended goal; in the
absence of confidence in achieving the goal; expectation
of danger, failure as a result of choosing an alternative
and its implementation.

The purpose of the article is to identify risks specific
to the EMS implementation projects, their quantitative
and qualitative assessment, which will clearly determine
the place of each risk in the overall system of risk factors
and create prerequisites for the further effective applica-
tion of appropriate risk management methods and tech-
niques.

Materials and methods. For the first time, the project
of implementation for environmental management system
at the Mykolaiv City Executive Committee was imple-
mented in 2000 (as part of the TACIS program for the
implementation of environmental management stand-
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ards).During the project implementation, the EMS was
implemented in three divisions of the Mykolayiv City
Executive Committee.Over the next ten years, EMS was
gradually being introduced into the activities of other
units. In addition, in accordance with the requirements of
the environmental management standard, the process of
continuous improvement of the system is ensured by
annual internal audit. In the course of the study, the doc-
umentation of the implementation of the above-mentioned
projects, the specialized documentation of the EMS were
analyzed, and interviews were conducted with project
managers and employees of the units in which the EMS
operates. Data was also used on the results of the EMS
implementation in the activities of the city government,
namely, environmental indicators of the state of atmos-
pheric air and surface water, the consumption of certain
natural resources, data on the number of conflicts arising
in land allotments for construction in green areas.

Results and its discussion. The EMS implementation
project in the organization according to 14001:2015 [15]
includes the development of environmental policy; plan-
ning of activities in accordance with the adopted policy
and goals; implementing and functioning of the EMS;
conducting inspections and corrective actions; conducting
a management review to ensure continuous improvement
of the EMS.

Environmental policy is the development and approval
of environmental goals and objectives. When developing
an environmental policy they based on the interests of
stakeholders. They need to be clearly formulated and
prioritized, taking into account all interests. This process
is cyclical and it leads to the development of EMS. The
planning process includes the following elements: the
determination of environmental aspects; determination of
relevant legal regulations and requirements to be met;
determination of internal performance criteria; the estab-
lishment of target and planned environmental indicators,
as well as the implementation of programs for their
achievement. At the implementation and operation stage,
the organization and implementation of the planned activ-
ities involving all personnel are carried out. The next
stage should contribute to planning, controling, monitor-
ing, corrective actions, analysis and auditing in order to
ensure that the EMS is consistent with its ongoing policy
and support at the appropriate level. Conducting inspec-
tions and corrections allow the EMS to be able to change
under the influence of circumstances. At the management
review stage, the top management of the organization
should analyze the EMS at intervals set by it in order to
ensure the continuous improvement of the EMS, its ade-
quacy and effectiveness.

In the course of the project implementation, the search
is carried out for the correspondence between the key
elements of the organization, such as structure, personnel,
tasks, a system of solutions and incentives, culture and its
strategy in achieving success, therefore, according to the
nature and scope of work, such a project is of an organiza-
tional type. Such a project, especially for structurally
complex organizations, is being developed in two stages:
a draft design considers alternative reorganization options
and a working draft, which is being developed in three
stages. At the first stage, a new general structural scheme
of the organization is formed, at the second — a new com-
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position of the main units and relations between them is
developed, at the third stage, the organizational structure
is regulated.

Traditionally, risk management is aimed at managing
known and unknown risk scenarios [11]. To avoid project
failure, the risk management methodology involves the
use of the following processes [13]: identifying risks,
analyzing and assessing risks, responding to the occur-
rence of a risk event, applying risk reduction techniques,
documenting risk management processes for further ap-
plying this knowledge. Risk management related with the
implementation of the EMS implementation projects is a
rather complicated process, especially given the very high
degree of uncertainty. However, risk analysis of such
projects and their systematization can already provide
tools for risk management. There are two types of risk
analysis that mutually complement each other: qualitative
and quantitative ones. Qualitative risk analysis aims to
identify factors, areas and types of risk. Quantitative anal-
ysis makes it possible to numerically determine the size of
individual risks and the risk of the project as a whole. [2].

We will conduct a preliminary qualitative analysis of
the risks of influence on the process of managing an EMS
implementation project in a municipality. Based on the
specifics of implementing the EMS implementation pro-
jects and the specifics of their management, the following
risk groups can be distinguished: management risks, risks
related to external stakeholders, economic risks, personnel
risks, political, internal project and other risks.

Management risks are related to the project strategy
mismatch, mismatch of the project team, deviations in
information systems and internal control, management
errors, insufficiency of financial resources, innovation,
and problems with suppliers. Risks related to external
stakeholders include risks caused by social tensions, lack
of communication between stakeholders, the uncertainty
of their goals, interests and behavior, the disinterest of the
local community, the loss of local government reputation,
and the risks of the contractor and the supplier. Economic
risks are related to inflation, capital investment, the possi-
bility of yield curve risk, crediting, direct financial losses,
taxes and economic instability.

Personnel risks include the risk of conflict of interest,
the risk of incompetence, the risk of lack of experience,
the leadership risk, the risk of resistance to organizational
changes, and the risk of loss of management support.
Political risks are related to with the possibility of deterio-
ration of the political situation, unfavorable social and
political changes, unpredictable legislative changes, the
occurrence of local conflicts and changes in the manage-
ment of the local government. Internal project risks occur
in the event of choosing the wrong project implementa-
tion technology, budget mismatch, disrupting of work
plans, revealing of incompleteness or inaccuracy of pro-
ject documentation, errors in project documentation, in-
complete or inaccurate information about the financial
status of project participants, changes the priorities in the
enterprise development. Other risks include legal, envi-
ronmental, information and force majeure risks.

The identified the risks of the EMS implementation
project in municipalities are presented in the form of a
cause-effect Ishikawa diagram [12] (Fig. 1.)
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Fig.1. Ishikawa diagram "Risks of

During the life cycle of the project, there should be a
constant re-evaluation of risks [2,7,11]. During the quali-
tative risk assessment, the priorities of the identified risks
are determined based on the probability of their occur-
rence, their impact on the achievement of project objec-
tives in case of occurrence of these risks, and also taking
into account a number of other factors (for example, the
timeframe and risk tolerance that are contained in the
project limits on cost, schedule, content and quality)
[5,6,11]. In the presence of planned operations, the im-
plementation of which is very tied to the definition of
time intervals and exposed to risk, the degree of im-
portance of risk increases repeatedly.

The qualitative risk assessment is subject to clarifica-
tion at all stages of the project implementation and should
reflect all changes related to the risks of the EMS imple-
mentation projects. Risks that may arise in the process of
planning and implementing EMS implementation projects
have a different possibility of occurrence, therefore, they
can be ranked at low, medium and high levels, and the
probability of their occurrence depends on the stage of
project implementation. The summary of results for the
qualitative risk assessment will be presented in the form
of a risk identification matrix when implementing the
EMS implementation projects in accordance with the
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project implementation stage (Table 1).

As a result of qualitative project assessment, a quanti-

tative risk assessment can be carried out to determine the
range of possible consequences of the risks for EMS im-
plementation projects. It is mainly concerned with deter-
mining which risk events require reaction-responses [2,
10]. We will conduct a guantitative risk assessment using
a statistical method. Based on statistical data on the im-
plementation of the EMS implementation projects and the
conducting of relevant environmental audits in the Execu-
tive Committee of the Mykolaiv City Council from 2000—
2017, the information was obtained about the average
probability of occurrence of risks and their impact (aver-
age) on project implementation. The assessment of the
importance of risks, that is, the priority for processing is
carried out using the probability matrix, so for the identi-
fied risks presented in the table, we construct a probability
matrix (Table 2).
Thus, there is a high probability that the risk groups such
as management risks, risks related to external stakehold-
ers, personnel, political and informational risks that re-
quire further management arise in the implementation
process of the EMS implementation projects. In the sys-
tem of risk management techniques of the organization,
the main role belongs to the risk reduction methods.
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Table 1. — Matrix of risk identification in the implementation of EMS implementation projects in accordance with the project
implementation stage.

Stages of implementation of EMS implementation
projects in organizations
£3 55| 2e. |
Risk name Risk rating é ge| 2| ER| S22| 2=
ECcZ| = | g5 | £828| g8
£S2s| &8 | 55| 358| g8
s=°| o | g= | 28%| &°
gao £ ®) =
1 2 3 4 5 6 7
Management risks
1. Strategy mismatch High +
2. Project team mismatch High + + + +
3. Deviation in information systems and internal control High + + +
5. Management errors High + + + +
6. Insufficiency of financial resources Medium + +
7. Risks of innovation High + +
8. Investment losses High + +
Risks related to external stakeholders
9. Social tension High + + + +
10. Lack of communication between stakeholders High + + + +
11. Disinterest of the local community High + + + +
12. Uncertainty of goals, interests, and behavior of stake- High + + + +
holders
13. Loss of local government reputation High + + + +
14. Contractor Risks Medium + +
15.Supplier risks Medium + +
Economic risks
16. Inflation risk Medium + + +
17. Capital Risk Medium + + +
18. Yield curve risk Low + +
19. Credit risk Medium + +
20. Risk of direct financial losses Medium + +
21. Tax risk Low
22.Risk of an economic instability Medium + +
Personnel risks
23. Risk of conflicts of interest High + + + + +
24. Risk of incompetence High + + + + +
25. Risk of lack of experience High + + + + +
26. Leadership risk High + + + + +
27. Risk of resistance to organizational changes High + + + + +
28. Risk of loss of support from the management High + + + + +
Political risks
29. Possibility of deteriorating political situation Medium + + + + +
30. Unfavorable social and political changes High + + + + +
31. Risk of changes in management High + + + + +
32. Unpredictable legislative changes High + + + + +
33. Risk of local conflicts Medium + + + + +
Internal project risks
34. Risk of budget mismatch High + +
35. Risk of choosing the wrong project implementation High
+ + + + +
technology
36. Disrupting work plans High + + +
37. Incompleteness or inaccuracy of project documenta- High + + +
tion
38. Errors in the project documentation High + + +
39. Production and technical risk Low + + +
?noénlt?lsk of changing priorities in the enterprise develop-| Medium + + + + +
41.Incomplete or inaccurate information about the finan- High + + +
cial status of project participants
Other risks
42.Legal risk Medium + + + + +
43. Environmental risk Medium + + +
44. Information risk High + + + + +
45. Force majeure risk Medium +
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Table 2. — Matrix of probabilities of occurrence of risks for EMS implementation projects

Average probability Averaged impact on project implementation (0,0+1,0)
of occurrence
(0.0-1.0) 01 03 05 0.7 0.9
0,8+1,0
0.6-0.8 12, 21, 28, 36 | 1, 2, 30, 31, 34
0,4+0,6 13,14,33,39 | 25,35,40,42 | 9,23, 24,43 | 10, 11, 22, 26
0,2+0,4 6,7,15,18, 44 8, 20, 32 29, 31, 27, 37
0,0+0,2 17, 20, 38 5,16,19,41 3,4,29
Where:

For EMS implementation projects that are part of or-
ganizational projects, the most effective risk reduction
methods are risk distribution between project participants,
fund reservation or self-insurance, and improving man-
agement efficiency. The risk distribution is being carried
out in the course of preparation of the project plan and
contract documents. For the quantitative distribution of
risks in projects, a model based on the "decision tree™ can
be used. At the same time, each participant performs the
planned amount of work and bears the corresponding
share of risk in case of non-fulfillment of the project.

Conclusions. The results of the study showed that risk

— high risk zone
— moderate risk zone
— low risk zone

events complicate the project management process, and
therefore, risk management tools and their implications
are needed. The identified risks of EMS implementation
projects can be divided into six groups. The qualitative
and quantitative analyzes of the impact of risks on EMS
implementation projects have shown that such projects
are characterized by a high probability of occurrence of
such groups of risks as management risks; risks related to
external stakeholders; personnel risks; political and in-
formation risks. The proposed risk management measures
can significantly reduce the risks of EMS implementation
projects.
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Abstract. With the help of the method of bioindication, the ambiguous effect of granite dumps on the bioparameters of different species was
increased. With the help of experimental research on the soil biototoxicity using the "Growth Test" method a strong correlation between
plant bioparameters and distance to the granite dump, and hence the concentration of dust in the soil. It was investigated that the soil in the
territory where the population is intensively engaged in agriculture, has mutagenic properties and causes a violation of bioindicators that
affects the state of ecological safety and is a source of a threat to the health of the population and the ecosystem in general.

Keywords: bioindicators, Growth Test, bioindication, natural environment.

Introduction. Around the granite quarries formed zones of
negative impact on the environment. The activity of the
mining enterprise affects both the state of the environment of
the region as a whole, and the level of soil fertility, the con-
tent of harmful substances in agricultural crops grown on
them [1-2].

Observation and monitoring of soil condition are usually
carried out only with the help of physico-chemical analyzes,
which determine the content of individual pollutants. How-
ever, these analyzes do not allow to assess the impact of
pollutants on living organisms, including humans. Today,
biological methods, in particular bioindication, are alterna-
tive in studying the soil conditions of adjoining territories of
quarries. Bioindication allows to determine the joint biologi-
cal activity of the influence of physical and chemical factors
on the natural environment [3].

The basic principle of bioindication is the search for the
indicator of the relevant factor or system that induces. The
existence of certain relationships between events, the logic of
assertions and the reliability of the facts does not yet mean
the possibility and feasibility of using these data for indica-
tion. Each bioindicator has a critical level of information,
beyond which it not only does not work, but can significantly
confuse information and even distort it [4]. Therefore, for the
reliability of the results of the study, the stage is important
for choosing a test culture and for changing its livelihoods.
To date, there is no data on the substantiation of the choice of
plant test systems for phytotoxic evaluation of soils adjacent
to the quarries of rocky rocks.

An important characteristic of any bioindicator is its relia-
bility. There are many recommendations on the use of one or
another type of plant for soil bioindication, but the only
commonly used methods for assessing the reliability are not
developed.

Research results. When selecting test organisms, it is es-
sential to use biotest, most sensitive to the action of contami-
nating components. The second important requirement for a
test organism is that the action of the toxin on it must neces-
sarily cause an adverse reaction of the organism. In addition,
test organisms within a single study should be visually iden-
tical. This means that for bioindividual plants, compulsory
calibration of the seeds by weight and size is required. Bio-
indicators are not suitable for organisms damaged by diseas-
es, pests and parasites. [5-6].

In the scientific literature, examples of the use of various
plant test objects for phytotoxic assessment of soil condition
are given [7]. Taking into account the above mentioned
requirements for indicator plants and the analysis of data of
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literary sources, the most common types of soil indicator
plants in the territories of granite quarries in Ukraine (Zhy-
tomyr and Kyiv region) are identified, namely: radish seed-
lings (Raphanus sativus var. Radicula Pers.), Lettuce (Lepid-
ium sativum L.), onion (Allium cepa L.), wheat (Triticum
sativum) and peas (Pisum sativum).

The choice of test organisms for the study of the influence
of granite quarries on the soils of adjacent territories was
based on the presence of a sensitive test-response to the
change in the concentration of pollutants in the studied soils
(Cr, U, Th, Zn), structural and functional characteristics of
bioindicators (Table 1).

To accomplish the task, a hierarchy analysis method was
used which allowed selecting the most optimal test organism
[8-9]. Each test organism (P) has a parameter value (H). The
ball system evaluated the relative importance of each param-
eter for each of the test plants (Table 2).

Table 1 - Parameters of tested test organisms [10,11]

Test p|ant Parameter
Period of Biological |Sensitive test-reaction
ontogenesis, | productivity, |to a chemical element
days c/ha Cr |[UMTh | Zn
Radish %45 | uotos | - |t -
Watercress | 15-20 10F 12 ot *
Onions 12-16 136090 |t | 7 *
Wheat 20-24" | 306t 102 | * | - *
Peas 6585 |3583* 107 | * | - *

*— 1 and 2 periods of ontogenesis are taken, which is sufficient for
bioindication

The calculation of the relative importance of the parame-
ters of the test plants during the soil bioindication is per-
formed. In order to compare the parameters of the test plants
and determine the most appropriate test system for assessing
the soil state of the adjacent dumps, the corresponding matri-
ces of analysis were compiled [12].

The general importance of test organisms for studying the
influence of granite quarries on soils is calculated as fol-

lows.:
1

N.=MIxmMmlimZ2xmM2imM3 M3 iMAxMA M2 . M8
i i 0 i 0 i 0 i 0 i 0
and is: N;=0,1716; N,=0,203; N3=0,2117; N4=0,1875;
Ns=0,1846.

The results of calculating the importance of test organ-
isms using the hierarchy analysis method indicate that the
most optimal plant test system for studying the influence of
granite quarries on the ecological condition of the soils of
adjoining territories is onion bulb (Allium cepa L.).
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Table 2 - Matrix of logical comparison of parameters of test plants

[12]
Parameter
Period of | Biological | Sensitive test-reaction to a
Test pl ontogenesis, | productivi- chemical element
est plant days ty, c/ha Cr [Umh]| zn
(H1) (H2) (H3) (H4) (HS)
ay=2 | a =1 |aj=3|a=5|a =4
Radish 1 2 _ 3 _ 4_ 5 _
Watercress
) al=4 | a?2=1|al=4|a=5a}=3
Onions 2
?3) al=5 |aZ= al=5|a =4| a =5
Wheat (P4)| a; =3 aZz = al=3|a;j=1|la;=4
Peas(P5) | at =1 |aZ=4|ai=2|a'=2|ai=2

However, to get a more accurate and objective assess-
ment, it is worth using a few different test objects. Taking
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into account the calculated levels of importance of test or-
ganisms, it is suggested to use additionally the cream salad
(Lepidium sativum L.) and wheat (Triticum L.) [12].

An assessment of the biotoxicity of the soils of the territo-
ries adjacent to the granite dump was performed according to
the method of the "Growth Test" [13]. Sprouting of test
cultures was carried out in Petri dishes. For the study, sam-
ples of the soil of the territories adjoining the Rokitnyansky
granite quarry were selected at 4 points at different distances
to the granite dump [14]. Initially, the samples under test and
the soil sample were dried to air-dry state, sifted and ground.
In each of Petri's cups, they placed a sheet of filter paper,
which was filled and evenly distributed 1 g of the prepared
mass, added 5-7 ml of water and sown on 30 seeds of the
indicator plant. The experiment lasted 96 hours at a tempera-
ture of + 24-28° C. The results of germination of onion,
lettuce, and wheat are given in Fig. 1

Sample number 1 (800 m) |  Sample2 (500 m) |

Sampe 3 (200 m)

| Sample 4 (mountain mass) |  Sample 4 (control)

Onion (Allium cepa L.
L Ol e

Figure 1 - Germination of

After the experiment, the plants were carefully taken out
of Petri's cups, measured the length of the root and stem
systems. The results of measuring the growth indices of test
plants are presented in Fig. 2. From Fig. 2 it is evident that
the test-response of plants on the soil samples under investi-
gation is significantly different. Test reaction onion (Allium
cepa L.) and wheat (Triticum L.) tend to stimulate develop-
ment with a decrease in the distance to the granite dump. In
this case, for salmon (Lepidium sativum L.) is characterized
by growth inhibition when approaching the dump. The ob-
tained experimental data are processed by the method of
dispersion analysis [15].

According to the results of the research, it was found that
the length of the underground part of the crested-salad varies
from 44.3 mm to 23.07 mm. At the same time, there is an
increase in the inhibition of the growth of the root with a
decrease in the distance to the waste heap. Absolutely oppo-
site regularities were found for the bioparameters of onions
of poppy and wheat, where there was a tendency to stimulate
the growth of the root and stem in soil samples close to the
dump. At the same time, a different test-response of these
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onion, lettuce and wheat for 96 hours of experiment

bioindicators to the control sample of the soil should be
noted. Thus, the average length of the root of the onion in the
control sample was the highest value, while for the wheat,
the lowest root length was recorded in the control soil. This
can be explained by the fact that wheat belongs to a group of
plants sensitive to high acidity of soils [16]. The soil used for
control is characterized as weakly sour. In general, on the
samples of soils selected on the territories adjacent to the
granite dump (samples No.1 - No.4), the average length of
the wheat root varies from 27,334 mm to 63,004 mm and the
average length of the root of the onion is from 0,367 mm to
8,233 mm. Thus, the results of the study indicate an ambigu-
ous effect of granite dumps on the bioparameters of different
plant species [14].

The phytotoxic effect was calculated for the relative esti-
mation of phytotoxicity of the soil samples under investiga-
tion for plant test systems.:
Mg—M

Mo

Mo — the value of the bioparameter in the dishes with the

control ground;

PhE = X «1009%b0,
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My — the value of a similar bioparametric in dishes with
the soil breakdown surveyed.

Unresolved remains the definition of a component, the
change in concentration of which stimulates growth in some
plants and depresses in others. It is advisable to study the
dependence of the response of plant bioindicators on the
content of silicon (silicon) Si, since silicon in the form of
silicates is the base of rock - granite. It has been established
that silicon has a certain effect on plants and on soil fertility.
Presumably, silica is a substance that is necessary for the ener-
gy growth of most plants, however, itoften causes side effects.

Conclusions. It has been determined and grounded that in
order to obtain the most complete and objective information
about the ecological state of the soils adjacent to granite

dumps in the territories it is expedient to use a complex of
bioindicative plant test organisms, namely onions of poppy
seeds and cress salad. The recommended set of bioindicators
will allow determining the cytogenetic effect of granite
dumps on plant organisms that grow on adjacent soils. An
assessment of the biotoxicity of the soils of the territories
adjacent to the granite dump was performed according to the
method of the "Growth Test". Test reaction onion and wheat
tend to stimulate development with a decrease in the distance
to the granite dump. In this case, for cress-salad - on the
contrary. For the onion with the approach to the dump phyto-
toxic effect decreases, for salad — is rising, and for wheat it
is completely absent.
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MATHEMATICS

OuinoBaHHs mapamerpa XwpcrTa Ipod0BHX OPOYHIBCHKOI0
M0JIS1 32 CIOCTEPE:KEHHAMM 3 MOXUOKaAMU

*H. C. AwboBa, O. O. Kypuenko

KuiBcekuii HarlioHansHUH yHiBepcuTeT iMeHi Tapaca IlleBuenxa, KuiB, Ykpaina
*Corresponding author. E-mail: n.aiubova@gmail.com

Paper received 15.12.18; Accepted for publication 22.12.18.

https://doi.org/10.31174/SEND-NT2018-186V122-07

Anorauisg. OTpuMaHa KOHCHCTEHTHA OLIIHKA MapameTpa XIopcTa ApoOOBOrO OPOYHIBCHKOIO MOJIA 32 CIIOCTEPEKEHHAMH 3 aJUTHB-
HUMHU NTOXHOKaMH Ha TUCKPETHI MHOXHHI TOYOK. HaBeneHi JOCTaTHI yMOBH CHIIBHOT KOHCHCTEHTHOCTI i€l OLIHKM Ta MOOyI0BaH1

JIOBipYi iHTEPBAIH.

Knrwwuosi cnosa: Ilapamemp Xiopcma, opobosuil 6poyHigcokutl pyx, 0pobose 6poyHIeChKe noje, KOHCUCIEHMHA OYIHKA, 008Ipyl

inmepeanu.

1. Becryn. BumagkoBwii rayccoBHil Tpoliec 3 HYJIBOBUM
CepeHiM Ta KoBapialiiHOO (QYHKITIEIO

B (5) =3 +15™ ~ft-s™), tser

Ha3UBA€THCS BUIIAIKOBUM IIPOLIECOM IPOOOBOro Opoy-
HiBcbkoro pyxy (ABP) 3 mapamerpom Xropcra
H E(o,l)ﬂeﬁ BUIIAIKOBUI IIPOLIEC 3aCTOCOBYIOTh Yy CY-

YacCHUX MOJIEJISIX TiIpoiiorii, MeTeoposorii, piHaHCOBOT i
CTpaxoBOi MaTeMaTHKH Ta IHIIMX Taly3eid HayKH 1 TeXHi-
ku. OnHuM i3 y3aranbHeHb J[BP e rayccoBe Bumaakose
ToJIe 3 HyJbOBUM MaTeMaTUYHHM CIIOJIBaHHSIM 1 KOBapi-
ariitHoI0 (PYHKIIE0

(s, t) = %(Ilsllﬂf + el — s — tl1*),5,t € RY, @

e mapamerp Xiopera F Efﬂ:i),”'” — €BKJIiJIOBAa HOpMA y
R?, e BumaakoBe moyie Ha3BEMO APOOOBUM OpPOYHIBCH-
kuM 1rosieM (JIBIT).

VY cy4acHHX 3aCTOCYBaHHSAX TEOpii BHIIAJKOBHX IPO-
LIeciB Ta MOJIB BUHHUKAIOTh 33Jayl OILIIHIOBaHHS 3a CIO-
CTepEeXKEHHIMHU 3 noxubkamu. Tak, HaNpHKIaL, y MOHOT-
padii [1] po3rasigatoThes 3acTOCYBaHHSI MOJeNel perpecii
3 NOXMOKaMHU BUMIPIOBAHHS 10 OLIHIOBAHHS pajialliitHAX
PH3HKIB.

2. Koporkwuii orss my6mikarii no temi. Y crarti [2]
3a JIOMOMOT Ok GaKCTEePiBCHbKHX CyM N0OYa0BaHA KOHCHC-
TEHTHa oOliHKa mapameTrpa Xropcra JBIl Ta 3Haiinmeni
nmoBipui iHTepBamu. OmiHIOBaHHS Tapamerpa XropcTa
JBP 3a ciocTepeskeHHAME 3 TOXUOKaMH JOCIIHKYBAIOCs
y crarrax [3, 4]. [lpu upomy y crarti [3] orpumana omiH-
ka napamerpa Xiopcra JIBP 3a crocrepexxeHHsIMH 3 MO-
XHOKaMU BHMIPIOBaHb Ha OOMEKEHOMY MPOMIKKY, a y
cratti [3] — 3a crocTepeKeHHIME 3 MOXHOKAMU BHMIpIO-
BaHb Ha HEOOMEXEHOMY IPOMDKKY, IO J03BOJHIO
OTPUMATH KOHCHUCTEHTHICTh TTOOYZOBaHOI OLIIHKH.

3. Mera po6orn. Hexaii X(t) =Xx(t),t € R _ B[] 3

napaMmeTpom XIOpCTa H, TOOTO rayCcCcoB€ BUIIAIKOBEC I1OJIC
3 HYJbOBUM MATEMATHYHUM CHOILiBaHHSIM Ta KOBapiaIIiﬁ-

Hoto dyuxuiero (1); & = (@ -.,a) € B pe nonarne umcno
1

a¥F—= d .
Va. Bunazkose none X(t).t € B crocrepiraetses y
Toukax K@IKENUOL 1o pexars  ma poMeHi

&)t =0 y R?, IIpu ubomy 3nauenHs JBII y nux

29

. g = .
TOYKaxX BUMIPHOETBCA 3 MoXuOKaMu O’“k =0. BI,I[HOCHO

MMOXUOOK 3p0OUMO TaKi IPUIYIICHHS:
1) (B = 0) _ IIOCJIITOBHICTh HE3AIEKHUX OIHAKOBO

PO3MOIICHUX TayCCOBUX BHIAJAKOBHX BEIUYUH 3 HYJIBO-

BUM MAaTEMAaTUYHHM CIIOiBAHHSAM Ta BIOMOIO JHCIEPCi-
al.

(3) ( T
. . Bl = .
2.) TocninoBHICTh BUMAIKOBUX BEIHYUH (8y:ke = 0) 1

d .
JIBIT X (). € B? gesanexui.
MeTa po6GOTH — 32 CIIOCTEPEKEHHAMH BUIMAJKOBHX Be-
p P

= =Xy (ka)+5,, k=0
Tk =TIk H H( ) k no0yyBaTH KOHCHCTE-

HTHY OLIiHKY mapamertpa Xopcra -

4. Mertoau pociiukeHHs. Y 11l poOOTI BUKOPHCTOBY-
I0ThCS METOIU Teopil HMOBIpHOCTEl Ta MaTreMaTHYHOI
CTaTHCTHKH, MaTeMaTHYHOTO aHali3y, TeOpii rayccoBHX
BHIIAIKOBUX (YHKIIA, a TaKoX METOIUKAa OI[iHFOBAHHS
mapameTpa Xropcta [IBP 3a crocrepexeHHAME 3 TTOXHO-
KaMH Ha HEOOMEXEHOMY POMIXKKY, PO3BUHYTA y CTAaTTIX
[3, 4].

5. Pe3ynpTaTi Ta iX 0OrOBOpPCHHSI.

JIMYHUH

Tokmazemo & = &l = Merrm — M k=0;
n—1
1 5
5n=s,,ﬂ=—z &2, n=1
=

OO0YuCIMMO MaTeMaTHYHE CIIOJIIBAaHHS BUIIAJKOBOI Be-
nuauHn 22, Maemo
Eéf=E(ar—me)? = E(X((k + 1)ﬂJ + a1 — X(ka) — ak}z =
= E(X((k, +1a) - X(:m))2 + E(8psq — )2 = (»’Ea}m +26%,k =0,
Takum gnHOM, Z50 = (Vi) +20%m=1 I[MokmaneMo
a(t) = (Vda)" + 202, H € (0,1).

1
ae (U, —_) . .
Ipu v/ pyHKuisa () cnagna 3 MHOKUHOIO 3Ha-

€ (i_J +oo)
2 — 3pocrTato-

ya 3 MHOKHHOM 3Hauens 1+ 26%,da® +20%) Jani posr-
1

== .
W/d. ObepHeHa (QyHKIiSA 10 QYHKII

2 2 2 a
genp (da’+26%,1+ 20 )’ a pu

JITHEMO BHIIAZOK ¢
() \ae Burmsan
_ llogly —25%)
T2 log(av/d)
3 MHOXHHOIO Bu3Hauenns (1 + 207%,da® +207)
[Toxnagemo
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0, y=1+2a%
5y — ) tlesl—257) 2 g2 27,
80) =1 ogera) (1+ 202,da? +257%); (3)
1, v = da?+ 202

Teopema 1. Jlns [OBiNLHOTO 3HAYEHHS MapaMeTpa
Xiopera H € (0.1) \ae micue 36ixnicts 5=~ @(H)
3a iiMmoBipHicTIO mpu ™ 7 =7,

JloBenerus. JloBeaeMo, o s Z0BitsHOro 7 € (0,1
E(S,—a(H))?->0,n— m. [€)]

10 03Hauae 30iKHicTH nocinoBHOCTI 57 10 *(H) y ce-

peIHBOMY KBaJpPAaTHYHOMY, a OTKE 1 32 HWMOBIPHICTIO.

OCKITbKH ESy = a(H), To
E(Sn — Q(H))‘ = E(.S'n - Esn)‘ =Vars,. ﬂaﬂi,
n—1
1 2.9 22
Vars, == ) (E(s%¢7) - B52EE}).
=0

BHacninok 3aranbHoi GpopMysH JJIsi MOMEHTIB BHIA/I-
KOBUX BEJHYHH, 0 MAOTh CyMiCHHI TrayCCOBHH PO3IIO-
I 3 HyIbOBHM CepenHiM 3HaueHHsSM [5], oTpumyemo
PpiBHICTB

E(s7¢7) - EePEE =2E(5¢,), O0=ij=n—1 ®)
3BIAKM BHUILIABAE, 110
n—1
VarSun =z ). (BGE))"
Li=0

BHacniiok Apyroro NpUMyLIEHHS, MATEMATHYHE CII0-
JIBaHHS

E(5:8) = B (X + Da) + 814y — Xz (1) — 8,) (X5 (( + D) + 821 — X5 (ja) —8;) ) =

=E ((XH((J, +1a) - Xy(m))()(ﬂ((; +1a) - XH(}Q]))+E ((oiﬂ_ — 8 )( a1 — }))

Iepumii Ta Ipyruii AOAAHKK y MPaBiil YaCTHUHI piBHOC-
Aij 1a B BiI[HOBiJlHO

(ﬂﬁd)

Ti (6) HO3HAYMMO

Ay = (1=j =1 + 11—+ 1% = 2]i - j1*),

. L .
OCKITBKH (Ok'k =0)_ IOCJIIIOBHICTh HE3AJIE)KHUX BU-
MaJIKOBUX BEJIMYUH 3 HYJIBOBUM CEPEIHIM Ta JHCIICPCIEI0

7% To

202,
Bjj =4—0o?, li—jl=1; 8)
0, [i—jl=2 0=ij=n—-1
Takum 4rHOM,
n—1 n—1 n—1

2 . 2 ., 4 5

Vars, = w2 Z (Agj+By)* = 2 Z(Aii +By)* + 2 Z (A + B>

Lj=0 i=0 =i

L=J;

BHacninok piBHOCTEIH (Z), (8),

Vars, = %((m*E) W4 9262) 4 %Z(‘n —D)(Agi+Bo))? = 3((:1\/&)25 +202)

+%(n—1)((2“* )(‘“"D‘H 2) Z(n—z)ao.

[Toxmagemo

L,= %((a\ﬁ)“"+ 2072)2 +%(‘n -1 ((221* - 2)@— af) m=1

=2

== (‘n—I)A nz3

TakK, 10
Vars, =1, + K,
OueBHIHO, AJIs JOBLILHOTO He(01)
La=0(3)m—e ©
Haui, .
Ugﬁnsi AL (10)

I3 piBrocTi (7) ciiaye, mo

Ao, =@(@1—1}w+ (n+1)% -

Bupas (@ =D +(n+ 1% =20 ¢ yynoctom apy-
= L 2H .
fl) == Ha  BIIpPi3Ky

3BIIKH
2nH —f”(@ J=2H(2H-1)@2?

2n*#)n =2

roro Nopsaky  (QyHKIIl
[n—1,n+1]
m—D¥ +(n+1)%¥ -

' e
0, € (n—1n+1). Ocgipprn 2H—2<0 1 Op = +oo
npu ™ 7 T 10 i Ag, = 0.

I3 ocTanHpOi piBHOCTI, BHacHigok Teopemu llITonbma,
n—1

AN
lim —Z AL =0 (11)

n—+oc Il
i=

30

0=ij=n—1 (6)

3a nomomororo popmyiu (1) 3HAXO0TUMO

0<ij=n-1 (7
I3 piBrocTi (11) Ta moxgiitHO1 HepiBHOCTI (10) BHILIH-
Bae, mo Kn 20 ppyn =+
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He(0,H] 1,
H € (0,H,]

H,€(01) j 3p06umo mpumymenHs, mo
HepiBHocTi (12) BuIuMBae, o Jyist 10BIJIbHOTO

4—4H, HE(03)
3—aH,’ - \'a)’

UYepes Kn(H.) nosmammmo [paBy YacCTHHY OCTaHHbOL
HepiBHOCTI. OTXeE,

P{S,—a(H)| = g,} = é(¥+ K,,(HQ) =p.

(M
- (m +K"(HJ.
[Mokaanemo A P Toxi
P{5,—alH)| =, =P{S,—ep=a(H) =5, +e,} =

=POS,—e ) =H=Z0S+5 ) 21-P Taxum  un-
HOM, 3 HMOBIPHICTIO HE MEHIIOI HIX 1-p napamerp
Xropcra H HAJIC)KHUTh iHTEepBaILY
(8(5, — £,)min(H,, 85, + £,))).

6. BucHoBku. 3a CHOCTEPE)KEHHSIMHM 3 aTUTHUBHUMHU
moxubkamu 3BykeHHs JIBI1 Ha HeoOMEKEHUI MPOMIKOK
mo0OyIoBaHa KOHCHCTCHTHA OIIHKa mMapamerpa XropcTa
LOTO TOJIsI. 3aCTOCOBAHUMN MiJXiJ O OIIHIOBAHHS Mapa-
MeTpa XIpCTa J03BOJUB MOOYIyBaTU JOBIPYi IHTEpBAIU
0e3 3aCTOCYBAaHHSI [PAHUYHUX TEOPEM.
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Estimation of the Hurst parameter of fractional Brownian fields by observations with errors

N. S. Aiubova, O. O. Kurchenko

Abstract. A consistent estimation of the Hurst parameter of a fractional Brownian field is obtained for observations with additive
errors on a discrete set of points. Sufficient conditions for strong consistency of this estimation are listed and confidence intervals are

constructed.

Keywords: Hurst parameter, fractional Brownian motion, fractional Brownian field, consistent estimation, confidence intervals.
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AHoTaNis. AKTYaJbHiCTh. InTemMidHa XBOpoOa cepIs BBKAETHCSI OCHOBHOIO IIPHYMNHOIO CMEPTHOCTI Ta 3aXBOPIOBAHOCTI y PO3BUHEHUX
KpaiHax. Bapro BifzHaumTH, MO paguMKaTbHUM METOJOM Ii JIIKYBaHHS BBaXKA€ThCS aOPTOKOPOHApHE IIyHTYBaHHS. He3Bakaroum Ha
BuauMi nepesaru, AKII xapakTepHu3ylOThCs TaK0XX IIEBHIM PiBHEM JIETAIBHOCTI Ta 3aXBoproBaHocTi. CIo/Ii MOKHA BiHecTH Bix 1% 10
6% pH3MK PO3BUTKY 1HCYJBTIB, iH}eKLii, kpoBoTeY, iHpapKTy MioKapaa Ta HaBiTh cMepTi. JlaHi yCKIa[HEHHS € BOXINBIUM MapKepoM
HeratuBHuX HachinkiB AKI, omHak X i30JbOBaHE 3aCTOCYBAaHHS VI OLUHKM HACTIIKIB JaHOTO ONEPAaTHBHOTO BTPYYAHHS HE Ja€
00’eKTHBHOT KapTHHU. Ha ChOTOIHIIIHINA JeHb, 3a70BOJICHHS MAlli€HTiB BCE YAaCTiIlle BUKOPHCTOBYETHCS SIK JOCTOBIPHHM IMOKa3HUK
sikocTi JtikyBaHHs IXC, 0cOONMBO KOJIM 1€ CTOCYETHCS MAILIEHTIB JITHHOTO Ta cTapedoro Biky. Mera. Busnauntn edexTuBHICTB poBe-
JICHHSI a0PTOKOPOHAPHOTO LIYHTYBAHHS MAIlieHTaM JIITHBOTO Ta CTApedoro BiKy Ha OCHOBI OLIHKH SIKOCTI )KUTTS 4epe3 PiK MiCIs POBe-
JICHHS1 XIpypriuHoro BTpy4anHs. MaTepiaam Ta MeToau. Y HalIoMy JOCIIDKEHI, JUIS OLIHKH SIKOCTi )KUTTSI AL[I€HTIB MiCJIs IPOBEICH-
ust AKI, mu BukoprcroByBaiu 36-item Short Form Health Survey (SF-36) pospo6uenuii J.E. Ware i C.D. Sherbourne. B poorepariii-
HU TepioJl BU3HAYCHHS SKOCTI KUTTS 33 JAaHUM ONUTYBaJIBHUKOM MPoBoAMIoCh y 120 mamienTis. [Ipogosxkut gocmimkeHHs yepes 12
micamiB micist AKIL Bramocs y 108 marienTiB. 3okpema, 9 oci® BiIMOBHIOCH BiX ydacTi Ta 3 0coOH OMEpIH B MiCISIONEpaitHOMY
nepiofi. CepenHiil Bik ManieHTiB BKIIOYEHUX Y JOCTIMKEHHS cKiagaB 68,4+2,8 pokis. 3i 108 xBopux, 67 (62,03%) manieHTiB 4osoBid01
crati 1a 41 (37,98%) — xiHouoi. PesyabTaTH. JIoCTOBIpHOI Pi3HUIN MiX MOKa3HHKAMU SIKOCTI XKUTTSI 3aJISXKHO Bij cTati depes3 12 mics-
uiB micins nposeaeHHs AKIL namu He BusiBisutiocs. Yepes 12 micsis micns nposenendss AKIII mamieHTH BiZi3HAYAIN TOCTOBIPHY JIHHA-
MIKy TaKuX IapameTpiB K (i3udHe (YHKIIOHYBaHHS, POJIboBe (PyHKIIOHYBaHH:, 00yMOBIICHE ()i3NYHNM CTAHOM, IHTEHCHBHICTH 00O,
JKUTTEBA aKTUBHICTb, COLliaIbHe (QYHKIIOHYBaHHS Ta POJIbOBE (DYHKI[IOHYBaHHS, 3yMOBJICHE EMOLIIHIM cTaHOM. [Ipo HasBHICTB CTEHO-
KapAUTHYHOTO 600 yepe3 12 micsmiB micis ONepaTHBHOIO BTpydYaHHs moBimomsin 24,1% mnarieHTis, 3 skux y 14,8% xBopux 6iib
BU3HAYABCS JIETKOTO CTYIeHS, ¥ 5,6% — moMipHOTO cTymeHs Ta y 3,7% XBOPHX — CHJIBHOTO CTYyIEHs. Bifb y AUISHII CTEpHOTOMIYHOT
panu nmpotsirom 12 micsimiB micist AKIL Bigmivanu 61,1% namienTis, 3 HUX y 25,9% O6ib BUsBIsBCA ciiabKkoi iHTeHCUBHOCTI, y 16,7% —
noMipHoi iHTeHcHBHOCTI, 14,8% — cuibHOI iHTEeHCHBHOCTI Ta 3,7% — myke cwibHOI iHTeHCHUBHOCTI. 40,7% marieHTiB mpotsarom 12
MicsuiB micas AKII Bigmidany Takosx 60JIbOBI BiIUYTTS Pi3HOT IHTEHCHBHOCTI B MicIli 3a00py BEHO3HHMX aHACTOMO3IB Ha HIDKHIX KiHIIi-
BKax. BucHOBKH. 3 oIy Ha pe3yibTaTh JIOCIIDKEHHS, JITHIN Ta cTapednil BiK MALli€HTIB He € Mepelikoaoo ;i onepanii. Hespaxka-
104M Ha Te, 10 JaHWil KOHTHHI'€HT € 0COOJIMBO CKJIAJJHUM JUTS Xipypril B3araii i Kapaioxipyprii 30kpema, 1o MOB'I3aHO0 3 0COOIUBOCTS-
MH 11epe0iry OCHOBHOTO 3aXBOPIOBaHHSI, TPUBAIICTIO Ta HAABHICTIO CYIYTHIX IATOJIOTiH, KapaioXipypriyHe BTpYYaHHS Y4acTo € METOJIOM
BUOOPY IUIS JTHIX MALi€HTIB.
Kntouogi cnosa: sxicmo srcumms, noxunuil i, kapoioxipypeiuHi onepayii.

AKTyaapHicTh. lmremMiuHa xBopoOa cepls BBaXA€TCS  BHPA3HOCTI CHMITOMIB caMuM marieHToM. OIHaK Belvka
OCHOBHOIO NPHUYMHOK CMEPTHOCTI Ta 3aXBOPIOBAHOCTI Y  KUIBKICTh PI3HOMAHITHMX METOIMK OLIHKH SIKOCTI J>KUTTS
PO3BHHEHHX KpaiHax. BapTo Bin3HAuuWTH, 10 OCHOBHHUM  ICTOTHO YCKJIAJHIOIOTH BHU3HAYEHHS JOCTOBIPHOCTI pe3yiib-
METOJIOM il JTiIKyBaHHS BB)KA€ThCS aOPTOKOPOHAPHE IIyH-  TaTiB JOCIIHKSHHS 3a OJHIE0 i Ti€ro %k mpobiemoro [5].

TyBaHHs. [Ipudomy, TpeTHHY BCIX ONEpaTHBHHUX BTPYYaHb, Meta. Busnauntu edexkTHBHICTh IPOBENEHHS a0PTOKO-

SIKi IPOBOAATHCS 3 puBoAy [XC, BUKOHYIOThCS MALIEHTAM ~ POHAPHOT'O LNIYHTYBAaHHSI MAlliEHTaM JITHBOTO Ta CTAPEUOr0o

crapiire 65 pokis [1]. BiKy Ha OCHOBI OIIIHKH SIKOCTI JKHTTS depe3 PiK Micis mpo-
HesBaxatoun Ha Bunumi nepesaru, AKI xapakrepu-  BeIeHHs XipypriuHOTO BTpY4YaHHSI.

3yIOThCSI TAKOX MEBHUM PiBHEM JIETAIBHOCTI Ta 3aXBOPIO- Marepiann Ta Meroau. Y HamoMy IOCTI/DKEHI, JUIs

Banocti. Croqu MokHa BigHectd Bin 1% g0 6% pH3MK  OLIHKHM SIKOCTI JKUTTS TalieHTiB micns nposeaeHHs AKIII,
PO3BHUTKY iHCYINBTIB, iH}EKIT, KpoBOTEY, iIHPAPKTY MiOKa- MM BHKOpHCTOBYBamu 36-item Short Form Health Survey
pra Ta HaBiTh cMmepTi [2]. Jani ycknanuenus € BaxmuBuM  (SF-36) pospoGnenwmit J.E. Ware i C.D. Sherbourne [6].
MapkepoM HeratuBHEX HacwinkiB AKIIL, ogHak iX i300p0-  3aranoMm JaHUH ONMUTYBAaJbHUK CKIANAETHCA 3 36 MYHKTIB,
BaHE 3aCTOCYBaHHS IS OLIHKM HACIIJKIB J@aHOro orepa-  sKi 3rpynoBaHi y 8 mkan: ¢izuune GpyHkuionyBanus (OdD),
TUBHOTO BTPYYaHHS HE JTa€ 00’ €KTHBHOI KapTHHU. POBOBE (PYHKIIIOHYBaHHS, 00YMOBIICHE (Di3HIHUM CTAaHOM
3o0kpema, B 0OaraTb0X MOCTIHKEHHAX Hacmiaku mpoe-  (PDdi3), inTencusHicts Oomo (IB), 3arampHuil cran 310-
nennst AKIL y BiganeHoMy nepiozi Ut namieHTiB Bu3Ha-  poB’s (3C3), sxurreBa aktuBHICTH (JKA), conianbae (yHK-
YaJy IJISIXOM OIIHKH SIKOCTI KUTTS. bibine Toro, 3a10Bo-  1ioHyBaHHs (C®D), poiboBe QYHKIIIOHYBaHHS, 3yMOBJICHE
JICHHS TIALlIEHTIB BCE YacTillle BUKOPUCTOBYETHCS sIK JIoc-  eMowiiHuM craHoM (Pdewm) ta ncuxiune 3gopos’s (I13).
TOBIPHMIA MOKA3HUK JIiKyBaHHs [3]. BigmoBine mamieHTa Ha KOXXKHE NMHUTAaHHS BH3HAYA€THCS B
B nanmit gac icHye BenuKa KUTBKICTh METONUK JUISI OIIH-  Oanax. B momameimoMy, OTprMaHi JaHi CyMyBaJIMCsS Ta
KM SIKOCTi XUTTs. Bci BOHM PO3IUISIOTHCS HA 3arajibHi, TOO-  aHATI3yBaJIUCs, IPUIOMY PE3YJIbTATH 32 KOKHOO ITKAJIOI0
TO 3aCTOCOBHI JUISl OLIHKH SIKOCTI JKUTTS TpH Oymb-sikux  Manm 3HaveHHs Big 0 no 100, xe 100 o3Hayae moBHE 3710-
3aXBOPIOBAHHAX, 1 XBOpoOOCTerm(iuHi, MpU3HAYEHI UII  POB’S.
MAIEHTIB 3 TIEBHUM 3aXBOpIoBaHHsAM [4]. BoHu BimoOpaxa- B noomnepamiiiauii epio BU3HAYCHHS SKOCTI KHUTTS 32
I0Th CyO'€KTHBHI TOKa3HMKH TPO CTaH 3/0POB' Ta OLIHKY  JaHUM ONHUTYBAJIBHUKOM IPOBOAMIOCH y 120 marlieHTiB.
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IMponowxuty nociimpxenHs yepe3 12 micsuis micast AKII
Baanocst y 108 mamienriB. 3okpema, 9 ocid BiIMOBHIOCH
Big ydacti Ta 3 ocobn TOMepir B MiCISONEpaIlifHOMY
nepioni. CepenHiil BiK TaIliEHTIB BKIIOUCHHX Y JOCIi-
JDKeHHs ckmamaB 68,4+2.8 pokiB. 3i 108 xBopmux, 67
(62,03%) mauientiB vomoivoi crati ta 41 (37,98%) —
KIHOYO.

Pe3yabTaTn fociaigkeHHs Ta iX 00roBopeHHs. 3a 1a-
HUMH JIOCTIDKEHHS PIi3HUIN B MOKAa3HUKAX SIKOCTI YKHUTTS
3a5exHO Bij crati uepe3 12 micsui micins AKII He Busis-
Js110Ch (Tadu. 1).

Taomuus 1. ['ennepHi BIIMIHHOCTI B pe3yJbTaTax OLIHKH SKOCTI
XuTTs gepe3 12 micsriB micast AKIT

SF-36 Yomnogiku (N=67) | Kinku (n=41) | 3HaueHH: p
D 78,1+8,7 76,071 0,23
PDoi3 58,9+6.,4 60,14+8,2 0,42
15 73.8+72 72,1458 0,12
3C3 71,849,1 74,2+6,7 0,08
KA 69,8+6,2 71,7£5,9 0,31
Co 81,4449 79,5+6,8 0,29
Pdem 68,5+6,7 74,4+6,1 0,06
3 76,2+5 4 75,2410 4 0,51

[IMogo muHAMIKK Pe3yNbTATIB OMIHKH SKOCTI XKHUTTS de-
pe3 12 wmicsmiB micns nposenenus AKIL, To mnamieHTd
Bi3HAYMJIM ICTOTHY PI3HUIIO 32 OIIIHKOK B 6 IIKaNax:
¢i3nuHe  (YHKIIOHYBaHHS, pOJbOBE (YHKIIOHYBaHHS,
oOyMoBNIeHe (DI3MYHAM CTaHOM, IHTEHCHBHICTH OOIIIO,
KHUTTEBA aKTHUBHICTh, cOLiaJibHE (YHKUIOHYBaHHA Ta PO-
Nb0BE (DYHKIIIOHYBAHHS, 3yMOBJICHE EMOLIHUM CTAaHOM
(Tabm. 2).

Taomuus 2. ['eHnepHi BIIMIHHOCTI B pe3yJbTaTax OIiHKHU SKOCTi
xuTTs yepe3 12 micsmis micas AKIII

SF-36 Jo AKIII | Yepes 12 micsiwiB | 3HadueHHS p
(n=120) (n=108)

OD 50,8445 76,5463 0,022
PDdi3 23,5432 60,6+7,5 0,042
16 46,4+5.4 72,2461 0,027
3C3 59,2472 72,9+6,9 0,07
KA 472438 69,8+4.8 0,048
Co 57,0£7,7 79,7+6.5 0,029
Pdem 39,6+4,1 72,3453 0,006
113 67,3+6,5 75,6481 0,061

Tax, micnst mpoeenenHs AKIII uepe3 12 micsiniB criocre-
pirajocs JOCTOBIpHE 3pOCTaHHS TIOKa3HUKA (DI3SHIHOTO
¢yskuionyBanus Ha 50,6% (p=0,022) nopiBHSHO 3 BUXiJ-
HUM 3Ha4Y€HHSM, 110 CBIIYMIIO NPO TOKPAIIEHHS 3/aTHOCTI
BUKOHYBATH (hi3M9IHI HABAHTAXKCHHSI, TaKi SIK X0/p0a, ITiIHi-
MaHHs 10 CXO/IaX Ta MEPEHECCHHS BAKKHX peuet (Tabu. 2).

Takok MarieHTy BiAMIYagd JOCTOBIPHE 3POCTAHHS PO-
JTHOBOTO (DYHKIIOHYBAaHHS, OOYMOBICHOTO (Pi3MYHUM CTa-
HOM Yy 2,5 (p=0,042) pa3u NOpiBHSHO 3 HOr0 3HAYEHHSM JI0
orepartii, Mo BU3HAYAJO BIUIMB (Pi3UYHOTO CTaHy Ha TIO-
BCSIKICHHY TisUTBHICTH (Tab1.2).

KpiM Toro, mo3uTHBHOIO criocTepiranacsi IMHaMiKa I1o-
JI0 IHTEHCHBHOCTI 00J110. 30KpeMa, BiMIY€HO JOCTOBIPHUIA
BIUIMB 3HIDKEHHS OOJII0 HAa MOXJIMBICTH BHKOHYBaTH II0-
BCSIKIIEHHY pO0OOTY, LIO XapakTepu3yBaJlOCh 3POCTaHHIM
JIaHOTO TTOKa3HHKa Ha 55,4% (p=0,027) uepe3 12 wmicauis
micst iposezerns AKI (ta6im.2).

om0 XHUTTEBOI aKTUBHOCTI, TO MU CIIOCTEpIirajii aHa-
JIOTIYHUK HampsMOK 3MiH. Tak, depe3 12 MicsAmiB micis
AKII mnamientn Ha 47,9% (p=0,048) wacrime BimMmivaiu
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BIYYTTS CIIOBHEHHSI CHJI Ta €HEprii MOPIBHSAHO 3 J0orepa-
LiHAM piBHEM (Tab1.2).

[ikaBo, mo uepe3 12 micsmiB micas AKI mamienTy Ta-
KOX BiZIMIYaiu JOCTOBiIpHE 3pocTaHHs Ha 39,9% (p=0,029)
Ta Ha 82,6% (p=0,006) moka3HMKIB cOmiainsHOro (hyHKIIiO-
HYBaHHS Ta POJILOBOI (YHKIiI, 0OYMOBJICHOI €MOLIHIM
craHoM (Tabi.2).

B Toi1 ke yac, 110,10 MOKa3HUKIB 3araJIbHOTO CTaHy 3]10-
POB’s Ta IICUXIYHOTO 30POB’sI, TO JOCTOBIPHUX 3MiH Uepe3
12 wmicsanie micns mnposereHHs AKII He BHABIAIOCH
(tabi.2).

3aragoMm 75,0% mnaIfi€HTiB MO3UTHBHO OI[IHUIM SKICThH
*uTTs depe3 12 micsmiB micmst AKILL: 18,5% — BigMiHHO,
31,5% — ny»xe nobpe ta 25,0% — mobpe (puc.l).

B KinpkicTh namieHTiB (%)
31,50%

25,00%

I 17,60%

18,50%

L

7,40%

I

Binminao [yxe nobpe  doGpe Ilorano /lyxe nmoraHo
Pucynoxk 1. 3arayipHa OIliHKa SKOCTI XKUTTA yepe3 12 micsAIiB
micas AKII

B TOli jke yac HEraTHMBHO OLIHHIO SKICTh KUTTA 25%
TMAIl€HTIB, 3 skux 17,6% — moraHo Ta 7,4% — myxe moraHo
(puc.1).

Tako)X HaMHU OI[IHIOBAJIaCh IHTCHCHUBHICTh Ta YacTOTa
BUHUKHCHHA MPOTATOM 12 MICSIIB Ticas TpPOBEICHHS
AKII 60150BHX BIAYYTTIB, SIK BIAaCHE CTCHOKAPICTHYHHUX,
Tak 1 B MICIIX IICIsSONepanifHuX paH — Ha TPYAHHI Ta Ha
HIDKHIX KIHIIBKaxX. 30kpeMa, 75,9% malieHTiB noBinoMIIs-
JIU TIPO BiICYTHICTH OyIb-IKOTO CTEHOKAPIOTUIHOTO OO0
yepe3 12 MICSILIB ICNIsl TIPOBEJCHHS ONEPATUBHOIO BTPY-
yaHHs (puc. 2).

80,00% 75,90%

60,00%

40,00%

20.00% 14,80%
add 5,60% 0
3,70% 0,00%

0,00%

Bincyrniii Hesnaunnii Tlomipruii CunbHuii

Tyxe
CHIIBHUH

B KinbKicTs narienTis (%)

Pucynok 2 Yactota BUHUKHEHHSI CTEHOKap/Iii Ta ii IHTeHCHBHICTh
npotsiroM 12 wmicsiis micist AKIIT

B Toit e yac, nIpo HasBHICTh CTEHOKAPJUTHYHOIO 0O-
Mo depe3 12 MicCAMmiB TICIS ONEPATHBHOTO BTPYYaHHS
noBinomisin 24,1% maiienTis, 3 skux y 14,8% xBopux
0i7b BHM3HAYaBCS JIETKOTO CTyIeHs, y 5,6% — momipHOro
crymens ta y 3,7% XBOPHUX — CHIIBHOTO CTyITeHsI (puc. 2).
Bapro Big3HaunTH, IO BHNAJKH JyXKE CHIBHOTO OO0
gepe3 12 micsis micist AKI He BusiBsincs (puc. 2).

bine y pinsHII cTepHOTOMIYHOI paHu mpotsrom 12 wmi-
cariB micns AKII Bigmivamm 61,1% martienTis, 3 HUX Y
25,9% Oute BUABISIBCS ClIaOKOT IHTEHCHBHOCTI, y 16,7% —
MOMipHOi iHTEeHCUBHOCTI, 14,8% — CUIIbHOI IHTEHCUBHOCTI
Ta 3,7% — myxe cuibHOI iHTeHCHBHOCTI (puc. 8.4). Jlumre
38,9% mamieHTiB He CKap KWINCS Ha MOSIBY OO0 B JJISHII
KapAioTOMiuHOI paHu (puc. 3).



50,00%
38,90%

40,00%
30,00% 25,90%
20,00% 16.70% 14 80%
10,00% 3,70%

0,00%

Bincyrniit Heznaunuit [Tomipuuit CrutbHuit Hyxe
= Kinpkicte namnienTis (%) CHIIbHUIH

Pucynok 3. YactoTa BUHUKHEHHS Ta IHTEHCHUBHICTH OO0 B
IinsHLI ctepHOTOMIT ipoTsiroM 12 micamis micast AKIL

80,00%
59,30%
60,00%
40,00%
23,10%
20,00% 10,20%
4,60%
0,00%
Bincyrniii Heznaunuii ITlomipuuit  CuibHuMi Jyxe
® KinbkicTh nauieHtis (%) CHITbHHH

Pucynok 4. YactoTa BUHUKHEHHS Ta IHTEHCHBHICTB 0OJIIO B
JIUISHLI XIpYPrivHOl paHU Ha HIDKHIX KiHIIBKaX MpOTAroM 12
micsauiB micisg AKII
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0ci0, MOMIpHOi IHTCHCUBHOCTI — y 4,6%, CHJIBHOI IHTCHCH-
BHOCTI — y 10,2% Ta myxe cwibHOi iHTeHCUBHOCTI — 2,8%
(puc.4).

Xo4a Hall NamieHTH BiAMIYaiu iCTOTHE 3HIDKCHHS iH-
TeHCUBHOCTI Ooumro micis npoBeaeHas AKI; ograk 35,2%
MALi€HTIB CKap)KWIIMCS Ha HasBHICTh CHJIBHOTO Ta JIyXe
CHJIBHOTO OO0 TpOTATOM 12 MicsIiB Ticis oreparii,
npudomy y 61,1% — 306epiraBcsi IeBHHUH CTYIiHb OO0 B
MOMEHT 3aIIOBHCHHS aHKETH.

BucHoBkn:

- HocTOBipHOT Pi3HMII MK MOKA3HUKAMU SKOCTI JKUTTS
3aJIeKHO BiA cTaTi yepe3 12 MicCsmiB Micis NMpOBEACHHS
AKIII Hamu He BUSIBIISIIOCH.

- Yepes 12 wmicsaniB micns nposeaeHus AKII marientn
BiI3HAaYaJach JOCTOBIpHA MUHAMIKa TaKUX MApaMETpPiB sSIK
¢i3uuHe (YHKIIOHYBaHHS, pOJbOBE (YHKLIOHYBAaHHS,
oOyMmoBieHe (i3UIHUM CTAaHOM, IHTEHCHBHICTH OO0,
KHUTTEBA aKTHUBHICTh, COLiajibHE (YHKLIOHYBaHHA Ta PO-
ThOBE (PYHKIIOHYBAaHHS, 3yMOBJICHE €MOLIIITHIM CTaHOM.

- [Ipo HasiBHICTH CTEHOKapAUTHYHOro Oomo yepe3 12
MICSIIB TICTS ONEPATUBHOTO BTPYYAHHS ITOBIIOMIISITH
24,1% mariienTiB, 3 skux y 14,8% xBopux 0iJb BU3HAYABCS
JIETKOTO CTyINeHs, y 5,6% — moMipHoro crymnens 1a 'y 3,7%
XBOPHX — CHJIIBHOTO CTYIICHSI.

- Binp y AUISHII CTEpHOTOMIYHOI paHH MPOTSToM 12 Mi-

camiB micast AKI Bigmivamu 61,1% mnaigieHTiB, 3 HUX Y
25,9% O BUABISIBCA cilabKoi iHTEHCHBHOCTI, y 16,7% —
MOMipHOT iHTeHCUBHOCTI, 14,8% — CHJIBHOI IHTEHCHBHOCTI
1a 3,7% — DyXe CHIbHOI IHTEHCUBHOCTI.

B Toii xe yac, 40,7% mnaiieHTiB mpoTaroM 12 micsiin
micng AKII BigMiganm TakoX OONBOBI BITUYTTS Pi3HOL
IHTEHCUBHOCTI B Micli 3a00py BEHO3HHMX aHACTOMO3IB Ha
HIDKHIX KiHIiBKaX. [[praoMy cepe X Marie€HTiB 00IbO0Bi
BIZIUYTTS JIETKOI IHTCHCHBHOCTI BH3Hauamucs — y 23,1%
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The quality of life in aged and geriatric patients in the long term after cardiac surgery

O. M. Druzhyna, O. A. Loskutov, S. R. Maruniak

Abstract. Introduction. Coronary heart disease is considered the main cause of mortality and morbidity in developed countries. It
should be noted that the radical method of treatment is coronary artery bypass grafting. Despite the apparent benefits, CABG also has a
certain level of mortality and morbidity. This can be attributed from 1% to 6% the risk of stroke, infection, bleeding, myocardial infarc-
tion and even death. These complications are an important marker for the negative effects of CABG, but their isolated use to evaluate the
consequences of this surgical intervention does not give an objective picture. To date, patient satisfaction is increasingly being used as a
reliable indicator of the quality of CHD treatment, especially when it comes in aged and geriatric patients. Goal. Determine the effec-
tiveness of coronary artery bypass grafting in aged and geriatric patients on the basis assessment quality of life one year after surgical
intervention. Materials and methods. In our study, we used a 36-item Short Form Health Survey (SF-36) designed by J.E. Ware and
C.D. Sherbourne to evaluate the quality of life of patients after CABG. The assessment of quality of life in the questionnaire was con-
ducted in 120 patients in the preoperative period. Continue the study 12 months after the CABG was successful in 108 patients. In par-
ticular, 9 people refused to participate and 3 died in the postoperative period. The average age of patients included in the study was 68.4
+ 2.8 years. Of the 108 patients, 67 (62.03%) of male patients and 41 (37.98%) were female. Results. There was no significant differ-
ence between quality of life depending on the gender 12 months after the CABG. 12 months after the CABG, patients noted the reliable
dynamics of such parameters as physical functioning, role-based functioning, caused by physical condition, pain intensity, vital activity,
social functioning and role-playing, caused by emotional state. 24.8% of patients reported having angina 12 months after surgery, of
which 14.8% had a mild degree of pain, 5.6% had a moderate degree, and 3.7% had a severe degree of pain. The pain in the area of
sernotomic wound within 12 months after ACS was noted by 61.1% of the patients, of which 25.9% had weak intensity, 16.7% had
moderate intensity, 14.8% had severe intensity and 3.7% — very strong intensity. 40.7% of patients within 12 months after CABG also
noticed a different sensation of pain at the site of venous anastomosis in the legs. Conclusions. Given the results of the study, aged and
geriatric patients are not an obstacle to the cardiac operation. Despite the fact that this contingent is especially difficult for surgery in
general and cardiosurgery in particular, due to the peculiarities of the course of the underlying disease, the duration and the presence of
concomitant pathologies, cardiac surgery is often the method of choice for elderly patients.

Keywords: quality of life, and patients, cardiac surgery.
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AmnoTanist. Po6oTa nprcBsueHa BUBUSHHIO PiBHS ()i3MYHOTO 3710pOB’s ToHAKIB 17-21 poKy, sIKi IPOXKUBAIOTH Y HU3UHHMX paifoHax 3akap-
narTs. BeraHoBIeHO, 0 piBeHb aepOOHOI MPOIYKTUBHOCTI, SIKUI BioOpakae (isuyHEe 340pOB’S, 3aJIXKUTH BiJl KOMIIOHEHTHOTO CKJIAIy
Tina. HaiiBuimmii piBeHb aepoOHOI MPOIYKTUBHOCTI 32 BITHOCHOIO BEJIMYMHOI MAaKCHMAJIbHOTO CHOKMBAaHHS KHCHIO BUSIBJICHO Y IOHAKIB,
SIKI MAlOTh HOPMAJIBHY Macy TiJla 3 Ty)K€ BUCOKHM BiJTHOCHUM BMICTOM CKEJIETHHX M’SI3iB Ta HOPMAIBHIM BiTHOCHUM BMICTOM JKHpY, IIPH
HOpPMaJIEHOMY PiBHI BiCIIepaJIbHOTO KHUPY, i, SIK HACIIIOK, PiBeHb (Di3HYHOTr0 310pOB’s MEpEeBHUIIye “KpUTHIHMH piBeHs” 3a I'.JI. AanaceH-

KOM 1 BifITIOBiIae “niocepenHpoMy” 3a kpurepismu S1.I1. [Tsprara.

Knrouosi cnosa: ¢hizuune 300po8 s, aepobra npoOyKmusHicmy, aHaepoOHAa NPoOYKMUGHICb.

Beryn. @opmyBaHHS (Bi3HIHOTO 310POB’S BiZOYBa€ThCS i
BIUIUBOM CHJIOTCHHHX Ta €K30TCHHMX YMHHHKIB [2]. IIpu-
YOMY TPUBAIMI BILUTMB €K30T€HHHX YNHHHKIB MOXKE BHUKJIU-
KaTH B OPTaHi3Mi 3MiHH T€HETHYHOTO Xapaktepy. ToMmy Ha-
IIOHABHI Ta MOMYJSMiAHI BigMiHHOCTI MopdodyHKIioHa-
JIBHUX TIOKA3HHKIB CTHMYJIIOIOTh HAyKOBI[B JIO MOIIYKY
BIJIHOCHUX CTaHJApPTIB ISl JKUTEIIB OKPEMHX PErioHIB [2,
6]. 3okpema B YkpaiHi iCHYIOTh TEPUTOPII 3 €KOJIOTIYHUMHU
0COOJIMBOCTSMH, SIKIi BH3HAYAlOTh TOPMOHAJIBHHN CTaTyC
MCIIKAHIB IMX PETiOHIB, COMATOMETPUYHI IapaMeTpH,
OKpeMi KOMIIOHEHTH COMATOTHITy, KOMIIOHEHTHHH CKJIaj
MacH Tina, GyHKIioHANBHWH cTaH [1, 2, 6]. OqHAM 3 TaKuX
perioHiB € 3akapnarts [1].

BinmosigHo 10 iCHYIOYHMX KOHIEMIIH Tpo (izudHe 370-
POB’S HOTO iHTErpAIBHIMHU MOKa3HUKAaMH BHCTYIIA€ acpoOHa
NPOAYKTHBHICTH opraHidmy [3, 4, 5, 8]. Tomy comaruuHe
3JI0pOB’sl KOHKPETHOI 0COOU CJIijT OIiHIOBATH 32 (Pi3i0JI0Tiyu-
HUMH TIOKa3HUKaMH, SKi BiIOOpaXaloTh MaKCUMaJbHO MO-
JKITUBUI MeTaOOMIYHUIA PIBEHb acPOOHUX MPOIIECIB EHEPro-
3abe3neueHHs. [y OIliHKY aepOOHHUX MPOIIECiB eHEPro3ades-
MIEYEHHS! )KUTTENISIEHOCT] OpraHi3My peKOMEH/IYIOTh BUKO-
PHCTOBYBAaTH TaKi IIOKA3HHKH K MAKCHUMAJIbHE CIIOYKHBAHHSI
KHCHIO abo ropir anaepobuoro oominy (ITAHO) [6, 7, 8].

CyrTeBy poib y hopMyBaHHI (Pi3HIHOTO 3TOPOB’S Bifir-
paroTh He JMIe aepoOHi, ae i aHaepoOHi MPOLIeCH SHePro-
3a0e3neveHHs )KUTTEAUIEHOCTI opraHiamMy [5, 7, 8]. Pe3yis-
TaTH JOCIIDKEHb CBIYaTh MPO ICHYBAaHHS TICHOTO KOpEJIsi-
IIHOrO B33a€EMO3B’SI3KY MK aepOoOHOK Ta aHAePOOHOO
MPO/IYKTHBHICTIO OpraHiamy, Jie ()aKTOPHHM IOKa3HHUKOM
BHUCTYIa€ aHaepoOHa (JJaKTaTHa) MPOYKTUBHICT OPraHi3My
[6,7,8].

Tomy, st 31iHCHEHHSI 00’ €KTUBHOTO aHallizy craHy ¢i-
3WYHOTO 37I0pOB’S OCi0 Pi3HOTO BIKY 1 CTAaTi HEOOXITHO YITKO
BU3HAYUTH, SIKi 3HAUCHHS W MEXi (i3i0JIOTIYHUX KOJIMBAHB
MOKA3HUKIB aepOOHOI Ta aHaepoOHOT POAYKTUBHOCTI Opra-
HI3MY 3aJIeKHO BiJl KOMIIOHEHTHOTO CKJIaJy Tija, MpUTa-
MaHHI 3J0pOBOMY HaceJIeHHIO 3aKkapnaTchbKoi 001acTi.

3 ormsioy Ha BHIIEBUKIIAJICHE MeTA JaHOI podoTH M-
raja y BH3HAUCHHI aepoOHMX Ta aHAepOOHMX MOYKIIMBOCTEH

IOHAKIB HU3MHHHX PaloHIB 3aKkapraTchkoi 001acTi 3aesKHO
BiJl KOMIIOHEHTHOTO CKJIaIy TiJa.

Marepiaau i MmeToau. [IpoBeneHo NOpIBHIGHAI aHAITI3
PpiBH (Di3MYHOTO 37I0POB’S FOHAKIB MOCTITYOEPTATHOTO Mepi-
ofly oHTOreHe3y BikoM Bif 17 1o 21 poky. KinbkicTb toHaKiB
3 HU3WHHHX paiioHiB 3akaprnaTchkoi o0acTi craHoBmiIa 112
ocio (47,5%). PiBeHb (hi3MYHOTO 370POB’SI OINIHIOBAIM 32
MOKa3HMKaMHU aepOOHOT MPOAYKTHBHOCTI, a caMe BHUMIpIOBa-
mm iznuny npauesnaticts (PWCiz0), MakcuMalibHe CIIo-
»uBaHHSA KUCHIO (VO3 max), BAKOPHUCTOBYIOYH METOJI BEJIOe-
prometpii. s omiHKM piBHA aepOOHOI TMPOXYKTHBHOCTI
BUKOpUCTOBYBay oriHouyHy mkary S1.I1. [Taprata. Tlokaz-
HUKJ aHaepoOHOI NMpPOIYKTHBHOCTI OpraHi3My BHBYAIH 32
BU3HAYCHHAM IOTYXXHOCTI aHaepOOHMX AJTAKTAaTHHUX IPOIIe-
CIB eHepro3ade3neycHHs] OpraHi3My 3a MaKCHMAIbHOIO Ki-
JIbKICTIO po0oTH, BukoHaHOT 32 10 ¢ (BAHT 10), a Takox 3a
PIBHEM HOTY)KHOCTI aHaepOOHMX JIaKTaTHHX IPOLECIB eHep-
ro3a0e3reucHHs] OpraHi3sMy 3a MaKCHMAaJIbHOI KUIBKICTIO
poGot, BukoHaHOi 3a 30 ¢ (BAHT30) BUKOPHCTOBYIOUH Me-
Tox Binrarcekoro anaepoOHoro tecry, omucaxoro HO.M.
dypmanom 3i cmiBaBropamu [4, 6]. Jmst omiHkk €MHOCTI
aHaepOOHUX JIAKTATHUX IPOLECIB €Hepro3ade3neueHHs op-
raHi3My, TOOTO MaKCHMAaJBHOI KUJTBKOCTI 30BHIIIHBOI Po0O-
ti 3a 1 x8 (MK3P), BukopricroByBanu meroauky Shogy A.,
Cherebetin G [8]. KommoHeHTHHIA CKJIa[ MacH Tijla BU3Ha-
YaJli 3aCTOCOBYIOYHM iMrenancuuii meron Body Composi-
tion Monitor “Omron BF511”, 3a 10moMOroro sIKoro OIiHo-
BABCsI BIJICOTKOBMI BMICT KHUpPOBOI Macu (IiIIKIpHUH Ta
BiCLEpaJIbHUI YKHP) T BIJICOTKOBHUI BMICT M 513€BOT MacH.

Pe3ysbTaTn gociizkeHHs1 Ta iX o0roBopeHHs. Y Joc-
JIJDKYBaHMX FOHAKIB IMIEJAQHCHUM METOIOM BH3HAYMIIU
ingexc Macu Tia (IMT) 1 KOMIIOHEHTHHUH CKITaz Tija, 1 yMo-
BHO PO3MOUTMIIM 1X Ha TPH TPYITH: 3 HU3bKUM, HOPMAJIbHUM
1 BHCOKMM BiTHOCHHM BMICTOM Xupy. HaiOimbIry KiTbKiCTh
82 ocib (73,2%) ckmand 10HaKW 3 HOPMAJIGHUM BiTHOCHHM
BMicToM xupy (8,0-19,9%), a HalimeHIIy KiIbKiCTh 1O 15
(13,4%) oci6 ckianu roHaku 5K 3 Hu3bkuM (< 8,0%), Tak i 3
BHCOKHM BiZIHOCHUM BMicTOM upy (19,9 — 24,9%).

Taéamus 1. Po3nosin roHakiB HU3MHHKX PaiioHiB 3aKapraTTs 3a BiJHOCHUM BMIiCTOM Xupy, N=112

Bwicr xupy (%)
<8,0 8,0-19,9 19,9-24,9 >24,9
(-) Hu3BKUI (0) HopmasTbHMIA (+) BUCOKMIA (++) my»xe BUCOKHIT
K-cthoci6 | % |k-cthocib| % |k-cthocib| % K-CTh 0Ci0 %
15 134 82 73,2 15 134 - -
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IOHakiB 3 my)ke BHCOKMM BiJJHOCHHM BMICTOM JKHPY
(>24,9%) cepen mOCTIKEHUX HE BUSBUIOCH, TA0M. 1.

Takox 1oHaKiB OyJI0 PO3NOAUIEHO HA TPH IPYITH 3aJIEKHO
BiJI BITHOCHOTO BMICTy CKEJIETHHUX M’s3iB, i B MpOIIECi J0C-
JIIDKEHHST OYyJIO BCTAHOBJICHO: 3 HOPMAIBLHHM BiJJHOCHHM
BMicTOM ckeneTHux M’si3iB (33,3 — 39,3%) Oymo Bchoro 15
oci6 (13,4%), 3 Bucokum (39,4 — 44,0%) BimHOCHHM BMic-
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TOM CKeNeTHUX M’si3iB 45 ocib (40,2%).

AJle HaWOLIBIIA KUTBKICTh CEpel TOCIIHKCHUX FOHAKIB
BUSIBIJIACH 3 Iy)Xe BUCOKMM (> 44,0%) BiTHOCHHM BMICTOM
ckeneTHUX M’s3iB 52 ocobu (46,4%). FOHakiB 3 HH3bKHM
BiIHOCHMM BMicToM ckejeTHHX M’si3iB (< 33,3%) cepen
JIOCITIDKCHUX HE BUSIBHJIOCH, Ta0J.2.

Ta6suus 2. Po3nozin roHakiB HU3UHHHX paiioHiB 3aKapnarTs 3a BiTHOCHHM BMiCTOM CKEJIETHUX M’s13iB, N=112

Bwmicr ckeneraux M’si3iB (%)
<333 33,3-39,3 39,4-44,0 >44,0
(-) HI3BKHI (0) HOpMaTBHMIA (+) BHCOKMIA (++) y>Ke BUCOKHI
K-CTb 0Ci0 % K-CTb 0Ci0 % K-CTb 0Ci0 % K-CTb 0Ci0 %
- - 15 134 45 40,2 52 46,4

3HaveHHs abcomoTHOro nokasuuka PWCi7o y npencras-
HUKIB 3 BHCOKHM BiJJHOCHHNM BMICTOM JXHpPY CTaHOBHTH
3512,7473,2 MurxB™ i € BUIIMM 3a 3HAYEHHS IPEICTABHHUKIB
3  HopMambHuM  3361,4%463,2 wmrxB! Ta  HU3BKEM
3363,6+74,8 muxs? BigHocHMM BMmicToM skupy (p>0,05).
Ane nipu nipomy cepennst BenmmunHa PWCi7g wig, TipencTaB-
HHUKIB 3 BHCOKUM BIJHOCHHM BMiCTOM wupy B 1,16 pasu
JIOCTOBIPHO HIDKYE CEPEJHBOTO 3HAYCHHSI MPEICTABHUKIB 3
HU3bKMM T4 HOPMAIbHHAM BIiJJHOCHUM BMICTOM KHPY
(p<0,05), i He mocsrae “OE3MEYHOrO PIBHS 3TOPOB’S”’, SIKE
OI[IHIOIOTh 3a BITHOCHUM MOKA3HUKOM VO3 max.pim. 1 CTAHO-

Buth 37,8+0,86 Mmxslkrl. Jlng yomnosikie «Oe3medHmit
piBEHb 3710pOB’s» 3HAXOAUTHCA Ha Mexi 42,0 mr-xsl-xr.
CepenHe 3Ha4YCHHS BiJHOCHOTO TOKa3HHKA MaKCUMAJTbHOTO
CIIOKUBAHHS KHMCHIO y IOHAKIB HU3MHHUX paioHiB VO2 max
s, JIAIIE 3 HU3BKUM BIJIHOCHUM BMICTOM JKHPY MEPEBUIILYE
«0be3neyHuit piBeHb 3M0pOB’s» 1 cTaHOBUTH 43,8114 MiXB
Lxrl, Toni K y roHaKiB 3 HOPMAJBHAM BiTHOCHAM BMiCTOM
xupy cepeane 3HaueHHS VO2 max s TAKOXK HE [OCSATAE
“Oe3meqHoro piBHA 310poB’s’” i cTaHOBHUTH 39,9+0,94 Mi-xB
Lxrl, muB. Tabm. 3.

Ta6auus 3. Cepenni 3Ha4eHHs TOKa3HUKIB aepoOHOI Ta aHaepoOHOT MPOYKTHBHOCTI opraizMy (M+m) roHakiB HI3WHHUX paloHiB 3aKa-
pHaTTs B 3aJIKHOCTI BiJ] BITHOCHOTO BMICTY JXHpY, N=112

BinuocHuit BMicT xupy (%)
TTokasuuku <8,0 8,0-19,9 19,9-249
(-) Husbkmit | (0) HOpMaIBHKH | (+) BUCOKHMIA
(n=15) (n=82) (n=15)

VO, Mxs? 3363,6+74,8| 3361,4+63,2 3512,7473,2
VO3, ma-xptxrt 43,8414 39,940,94 37,8+0,86 **
BAHNT 10, krm-xB! 4392,1+61,7 | 4278,6481,1 4278,6184,2
BAHT 10, krmxhxr? | 578438 58,143,6 46,5+3,1"
BAHT 30, krMxB™ 3801,4481,3| 3733,2+78,2 3824,7452,1
BAHT g0, krwxelxkr? | 50,0436 452433 41,643,4
MK3P, krm-xB?t 2304,1+46,7 | 2202,4452,4 2312,1456,3
MK3P, krm-xslkr! 29,840,96 26,8+1,2 24,9423 *
Maca Tija, Kr 76 84 92

IMpumiTKa: BiporiiHICTh BiAMIHHOCTI cepeHixX 3Ha4eHsb (p<0,05):
* - BITHOCHO OCi0 3 HU3bKMM BiTHOCHIM BMiCTOM XKUY}
® - BiTHOCHO 0Ci0 HOpMAJILHIM BiTHOCHIM BMiCTOM JKHPY;
4 - BITHOCHO 0Ci0 3 BUCOKUM BiTHOCHUM BMiCTOM >KHPY.

Pesynbratit OCHiIKEHb MOTYXKHOCTI aHAGPOOHHX ajaK-
TaTHUX TMPOLECIB eHepro3ade3neveHH s OpraHiaMy 3a BiJHO-
CHOIO BeTMInHOIO BAHT 10 simu. Y FOHAKIB HU3UHHUX PAliOHIB
BUSIBIWJIM JIOCTOBIPHY CYTTEBY IIepeBary I[bOro MOKa3HHKa y
HpEICTABHMKIB 3 HopManbHuM 58,143,6 krvxB™-kr Ta HU-
3pKEM 57,843,8 KrM-xBLKr! BiIHOCHMM BMIiCTOM IKHpPY
TIOPIBHSHO 3 0COOAMH, SIKi MAIOTh BICOKHUH BiJTHOCHHUI BMiCT
JKHpY, 3HAYEHHS SAKOro cTaHoBHTh 46,5+3,1 xrm-xpl-xr!
(p<0,05). OcobnuBOCTI MPOSIBY aHAEPOOHOI MPOYKTUBHOCTI
y TNpeJICTABHUKIB HU3MHHHUX PaliOHIB 3 Pi3HUM KOMIIOHEHT-
HHUM CKJIQJIOM MacH Tijla BUSIBJICHO TaKOX MPU BHU3HAYCHHI
BIZTHOCHOI BENMYMHHU MOTY>KHOCTI aHAEPOOHMX JIAKTATHHX
TIPOIIECiB eHepro3ade3nedeH s opraHi3mMy. 3BepTae Ha cede
yBary Te, 110 HalHWKY1 cepenHi 3HaueHHs B AHT 30 sim, CTIOC-
TepiraroThCA y TMPEACTABHHUKIB HU3MHHUX PalOHIB 3 BHUCO-
kuM 41,6434 xrmxB - krl Ta HOPMAaJBHUM BiTHOCHUM BMiC-
Tom kupy 45,2+3,3 krmxplkrl, a Haiipuuy 3HaueHHs
BAHT?30 sz CHIOCTEPITAIOTHCS Y IOHAKIB 3 HU3BKHM BIJJHOC-
HUM BMicTOM *upy i craHoButh 50,0+3,6 krm-xBLlxr? ¥V
IOHAKIB 3 HHU3bKAM Ta BHCOKHMM BIJJHOCHUM BMICTOM XHUPY
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CepeIHi BeIMYMHU aOCOMFOTHOTO MOKA3HUKA €EMHOCTI aHae-
POOHUX JIAKTaTHHUX MPOLECIB €HePro3ade3neYeHHsT OpraHi3-
My MK3P ¢ maiiBmmuvu 2304,1446,7 krmxsl  Ta
2312,1456,3 krvM-XB™! HOPIBHSHO 3 MPEICTABHUKAMH HU3HH-
HUX paloHiB, AKi MaroTh HopManbHuil 2202,4+52 4 xrm-xst
BijiHOCHHH BMicT xupy (p>0,05). ¥V roHaKiB HU3MHHUX paiio-
HIB 3 BUCOKHM BiITHOCHUM BMICTOM JKHPY CIOCTEPIraeThCst
JOCTOBIPHO HHU3BKUH BiHOCHWI MOKa3HUK €EMHOCTI aHaepo-
OHUX JIAKTaTHUX IPOLIECIB €Hepro3ade3leueHHs OpraHi3My
MK3P iz 24,942,3 krvxBkr? y HOpIBHAHHI 3 IOKa3HU-
KOM y IoHaKiB 3 Hu3bkuM 29,8+0,96 krv-xsl-kr? (p<0, 05)
Ta HOPMAJTBHUAM BiTHOCHHM BMICTOM upy 26,8+1,2 kxrm-xB®
Lxr? (p>0, 05).

3HaveHHs: abcomrotHoro mnokasHuka PWCizo y toHakiB
HU3MHHHX PAfOHIB 3 Pi3HUM BiZTHOCHUM BMiCTOM CKEJICTHHX
M’s13iB MIXK COOOIO JIOCTOBIpHO HE BiIpi3HsAIOThCA. CepenHe
3Ha4€HHS VO3 max pigs. BITHOCHOTO IMOKa3HMKA MAaKCHMAaJILHO-
TO CHOXKMBaHHS KHCHIO Y IOHAKIB HM3MHHUX palOHIB 3 HOP-
MaJlbHAM Ta BUCOKHM BIJJHOCHUM BMICTOM CKEJICTHHX

M’SI31B € JIOCTOBIPHO HIJKYE “OE€3MEYHOTO PiBHS 310pOB’s”,



IO BITIOBIJAa€ PIBHIO aepOOHOI HPOIYKTUBHOCTI «HIKYE
nocepeHLOro» i craHosuth 37,840,81 mmxplrr! i
39,2+0,68 mmrxslkr?, pimmosigHo (p<0,05), x04a Mix co-
0010 TMOKA3HWKK OCTOBIpHO He Biapisusrothes (p>0,05).
Topi sIK y IOHAKIB 3 Ay»e BUCOKMM BiJIHOCHMM BMICTOM CKe-
JIETHUX M’SI31B MIOKAQ3HUK MAaKCUMAJILHOTO CIIOYKMBAaHHS KHC-
HIO VO3 max sim. € TOCTOBIPHO BHIIE “‘0€3MEYHOTO PiBHSI 3]10-
POB’s”, MO BIANOBINAE «IOCEPESIHHROMY» PIBHIO acpoOHOT
IPOyKTMBHOCTI i cTaHoBUTH 42,9+1,02 Mir-xB1-kr. Pesyiin-

K[~
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TaTH JOCHIKCHb TOTYXXHOCTI aHACPOOHMX AJIAKTATHUX
TIPOIIECiB eHepro3ade3neueHHs OpraHi3My 3a aOCOJIIOTHOIO
BenmunHOI0 BAHT o a6c. Y FOHAKIB HU3MHHUX PaHOHIB BU-
SIBUJIM JIOCTOBIPHO CYTTEBY IEpPEBary IOr0 TOKa3HUKA Y
MIPE/ICTABHUKIB 3 Ty’KE€ BUCOKHMM BiJJHOCHHM BMIiCTOM CKeJie-
THEX M’s3iB 4587,9+63,8 xrmxp? nopiBHAHO 3 ocobamu,
SIKi MalOTh HOPMAJIbHUII Ta BUCOKHH BiTHOCHHH BMICT CKe-
JIETHUX M’S3iB, IO CTaHOBUTH 4264,8490,6 wxrmxs?! i
4299,9+78,6 xrm-xB ™ BimmoBinHO, Ta61. 4.

Taoaunus 4. CepeHi 3Ha4CHHS MOKa3HHUKIB apOOHOT Ta aHaepOOHOI MPOAYKTUBHOCTI opraHizMy (M*M) roHaKiB HU3UHHUX paiioHiB 3aka-
PIIATTA B 3QJIEXKHOCTI Bifl BITHOCHOTO BMICTY CKEJIETHHX M s13iB, =112

Bwicr ckenernux m’si3iB (%)
33,3-39,3 39,4-44,0 >44,0
Toxazankm (0) HopmanbHuii | (+) BUCOKHIE |(++) myske BUCOKHIA
(n=15) (n=45) (n=52)

VO2, mrxs* 3250,4484,2 3279,1+69,4 3296,4483,1
VO2, mirxsL-krt 37,8+0,81* 39,240,68 42,9+1,02
BAHNT 10, krm-xB! 4264,8+90,6 ¢ | 4299,9+78,6 ¢ 4587,9+63,8
BAHNT 10, krm-xB LK1t 50,8+2,01* 54,4+1,87 61,2+1,36
BAHT 30, krM'xB™! 3720,3491,1 3989,6+87,3 4981,3+72,8
BAHT 30, krmxg Lkrt 45,2423 50,3+1,8 56,242,2
MK3P, krm-xB? 2128,0+56,1 2233,4446,7 2179,8460,2
MK3P, xrm-xBLkrt 25,3+3,1 27,9+1,9 28,612,3
Maca Tina, kr 84,1 79,8 76,2

IMpumiTKa: BipOriHICTh BiAMIHHOCTI cepenHixX 3Ha4eHs (p<0,05):
* - BITHOCHO 0Ci0 3 HOPMAIFHUM BiJHOCHUM BMIiCTOM CKEJICTHHUX M’SI3iB;
® - BITHOCHO OCi0 3 BUCOKHMM BiJJHOCHAM BMICTOM CKEJIETHHX M’SI3iB,;
4 - BITHOCHO 0Ci0 3 Iy’kKe BUCOKHM BiTHOCHIM BMiCTOM CKEJIETHUX M SI3iB.

PesymnbTaTi MOCHiKEHb TOTYXHOCTI aHACPOOHMX ayak-
TaTHUX MPOLECIB eHepro3ade3neyeHH st OpraHi3My 3a BiJHO-
cHO0 BenM4MHOI BAHT ¢ iz, y IOHAKIB HU3MHHUX paliOHIB
BUSIBWIH JJOCTOBIPHO CYTTEBY IlepeBary LpOro MOKa3HHKA B
1,2 pa3u y NpeJICTaBHUKIB 3 Jy’Ke BUCOKUM BiJTHOCHUM BMi-
CTOM CKeJIeTHMX M’s3iB 61,2+1,36 krm-xp k1, Hix y npeji-
CTaBHUKIB 3 HOPMAJIbHHM BIJHOCHUM BMICTOM CKEJIETHHUX
M’s3iB 50,8+2,01, (p<0,05). OcobamBoCTI MPOsIBY aHAEpOO-
HOT NIPOAYKTUBHOCTI Y NPEACTABHUKIB HU3UHHUX PalOHIB 3
PI3HAM KOMIIOHEHTHHMM CKJIJI0M MacH TiJla BUSBJICHO TAKOX
TIPY BI3HAYCHHI BITHOCHOT BEJIMYHMHH MTOTY>KHOCTI aHAEPOO-
HHX JIAKTaTHHUX IPOLIECIB €Hepro3abe3neueHHs] OpraHizmy.

3Beprae Ha cebe yBary Te, 0 HANHIDKYI CepeIHi 3HAUCHHS
BAHT30 sins. IOCTOBIPHO CIIOCTEPIratOThCS Y MPEICTABHUKIB
HU3WHHHX PaiioHIB 3 HOPMaJIbHUM BiJHOCHHM BMICTOM CKe-
neTHUX M 3B 45,2423 krm-xe k1! nopiBHAHO 3 npesicTaB-
HUKaMH 3 Jy’)K€ BHUCOKHM BiTHOCHHM BMICTOM CKEJICTHHX
M’S3iB, y SKHX cepeqHe 3HaueHHI BAHT30 pim € BHIMM Y
1,24 pasu i cranoBuTH 56,242,2 krm-xB Lk, (p<0,05). Ilpu
LIbOMY Y IOHAaKiB HU3MHHHX DPaiOHIB 3 PI3HUM BiJHOCHUM
BMICTOM CKEJIETHHX M’SI3iB IIOKa3HUKH €EMHOCTI aHACPOOHIX
JIAKTATHUX ~ MPOIECIB  €HEepro3abe3leueHHs OpraHismy
(MK3P) 3a abCONIOTHOIO Ta BiJHOCHOIO BEJIMYMHAMH MiX
co00¥0 BipOTiTHO HE BiAPI3HAIOTECS (p>0,05).

BiamiHHuin

No6pwnit

MocepepHii Huxuye nocepeaHboro

|IIMT OXup BM'asn OBicuepansbHuit Xup |

Puc. 1. PiBeHb aepoOHOT IPOIYKTHBHOCTI OpraHi3My I0HAKiB HU3MHHUX PaloHIB 3akapIaTTs B 3aIeKHOCTI BifI iHIEKCY Ta KOMIIOHEHT-
HOTO CKJIaay MacH Tina (n=112)

TakuM 4nMHOM, 3a pe3yJibTaTaMH JOCITIKEHb aepoOHMX
Ta aHaepOOHUX MPOIIECiB eHePro3ade3rneyeHHs Y MEIIKAHIIIB
HU3WHHHX PaliOHIB MU NPHHIIUIN 10 BUCHOBKY, IO IOHAKH,
sIKi MalOTh Oy)Ke BHUCOKHH BiJHOCHHH BMICT CKEJICTHHUX
M’s3iB (> 44,0%) Ta HOpMANbHHII BiIHOCHHH BMICT JKHDY
(8,0 — 19,9%) npu HopMaibHil Maci Tina (18,5 < IMT < 25
KI/M?) MaloTh «BiIMiHHMIT» Ta «TI0CEpe/IHiil» piBeHb aepod-
HOI TPOAYKTUBHOCTI, TOOTO VO2 max sim. 42,0 — 58,0 mirxp
Lxrl, TOnaku, sKi MaroTh HOPMANbHUI BiIHOCHM BMiCT
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xupy (8,0 — 19,9%) Ta BHCOKMII BITHOCHHH BMICT CKeleT-
Hux M’s3iB (39,4 — 44,0%) mpu HOpMasBHIN Maci Tia Ma-
10T piBEHb aepOOHOT IPOLYKTUBHOCTI «HIKYE OCEPEIHBO-
ro», T06T0 VO2 max sim. Bl 34,0 10 42,0 mrxstkr?, puc.1.
[pu 1poMy, Bei 0OCTeKeHi I0HAKM MAOTh HOPMAIBHUH pi-
BCHb BICLIEPAJILHOTO KUY, L€ MOKa3HUK 3HAXOIWUTHCS B
nianasodi Bifg 1 1o 9%.

BucHoBku. PesynsraTi 10CTiKeHb CBIAYATh PO Te, 110
¢i3rgHe 3710pOB’S I0HAKIB HU3MHHUX palOHIB 3akaprarTs



3QJIEKHTD BiJl KOMIIOHEHTHOTO CKJIay Tijla, a came: BiIMiH-
HHUH piBeHb aepoOHOI NMPOJYKTUBHOCTI CIIOCTEPIraeThesl y
IOHAKIB, SIKI MalOTh HOPMaJIbHY Macy Tijia 3 J{y>K€ BUCOKUM
BIJIHOCHMM BMICTOM CKEJIETHUX M’SI31B Ta HOPMaJbHHUM BiJ-
HOCHHM BMICTOM KUY, NP HOPMaJIbHOMY PiBHI Bicuepa-
JBHOTO JKUPY 1, K HACTIJOK, PiBeHb (Di3MIHOTO 310POB’S
nepeBuIye “KputHdHHi piBeHs” 3a [JI. AmanaceHKoM i
BITIOBiIa€ “BiAMIHHOMY’ Ta «IIOCEPEIHBROMY» 33 KPHTEpis-
mu SLIL IlspHara. PiBeHp aepoOHOT IPOTYKTUBHOCTI «HIDK-
Ye IOCEPEeIHBOTO» MAIOTh IOHAKH HU3MHHHUX DPaloOHIB, Y
SIKHX 3MEHIIYETHCS BITHOCHUHA BMICT CKEJIETHHX M S3iB,
30UIBIIYETHCS BITHOCHUH BMICT XKHPY, 3POCTA€ PiBEHb BiC-
LEPAIBHOTO KUPY 3 TEHJCHLIEIO /10 MiJABUIIECHHS IHICKCY
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Macu Tima. Tak sk BUKOHaHHS (DI3UYHMX HABAHTAXKCHb B
aepoOHOMY Ta aHaepoOHOMY peXHMI NOTpedye eHeprii, 1o
HaKOITMYEHa B M 533X, HAasBHICTh XMPOBOI'O KOMIIOHEHTY Y
MPE/ICTABHUKIB YOJIOBIYOI CTaTi € MEBHUM OanactoMm, i, siK
HACTIZIOK, Y IOHAKiB 3i 3MCHIICHHSM BIIHOCHOTO BMICTY
CKEJIETHUX M’S3iB Ta 31 30UIBIICHHSAM BiJHOCHOTO BMICTY
KHUPY HE TUIBKH 3HIKYETHCS KUTBKICTh MaKCHMAaJbHOTO
CIIO>KMBAHHS KUCHIO, a i 3HIDKYETBCS BEYNHA TIOTY>KHOCTI
aHaepOOHNX aJaKaTHUX 1 JIAKTAT HHUX MPOIECiB €Heprosa-
Oe3MnedyeHHs OpraHi3My, a TaKOX KUTbKICTh BUKOHAHOI Mak-
CHMAaJIbHOI 30BHIIMIHBOI MeXaHIgHOi poboTh 3a 1 XB, siKa €
MOKa3HMKOM €MHOCTI aHAaepOOHHMX JIAKTaTHUX MPOIIECiB
eHepro3ade3neueHHs! OpraHi3my.
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Study the level of physical health of men which live in lowland Transcarpathian areas by the metabolic level of aerobic and anaero-

bic providing of energy according to the body components consist.

O. A. Dulo

Abstract. The work is devoted to the study of the level of men’s physical health in the age of 17-21 years which live in the lowland areas of
Transcarpathia. It’s proved that the level of anaerobic productivity, which shows the physical health, depends on body components consist.
The boys with normal body weight, but with normal relative consist of fat, very high relative consist of muscles and normal level of visceral
fat have the highest level of aerobic productivity by the relative value of maximum oxygen consumption. Cause of this, level of physical
health exceeds the “safe health level” by G.L. Apanasenko and matches to the “average” by Y.P. Pyarnata.

Keywords: physical health, aerobic productivity, anaerobic productivity.
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AHoTanisi. AHani3 Qpakuiif JimIiB y cHOpTCMEeHIB BUCOKOI IpodeciiiHol MalicTepHOCTI B Mepios MAaKCUMabHUX (hi3NYHUX HaBaH-
TaXCHb 1 Y XBOPHUX Ha XpoHiuHHH renatuT C MokKa3as, IO PiBeHb 3arabHOTO XOJIECTEPOITy i Koe(illieHT aTeporeHHOCTI B 000X J10c-
JJDKYBaHHUX TPYIaX CTATUCTHYHO JOCTOBIPHO 3HIDKYBABCS, a JIIIONPOTEINIB BHCOKOI MIIbHOCTI 30ibryBaBcs [Ipuifom agxemeTioHi-
HY TIPOTSTOM MICSIIS Ma€ TIO3UTUBHUN BIUIMB Ha JIMIHI (pakiii, IK y CIIOPTCMEHIB B IIepioJl BiTHOBICHHS, TaK 1 Y XBOPUX Ha XPOHi-
yHuii rematut C. BignaneHi pe3yapTaTH 0OXHO3HAYHO Kpalli B TPYIi CIOPTCMEHIB.

Knrwowuoei cnosa: ¢izuuni nasanmagicenns, ninioocpama, cnopmemenu, cenamum C.

OO6car ¢i3n4HOI aKTHBHOCTI Ha CHOTOAHI Yy OUIBIIOCTI
monieit € abo HemocTaTHiM, abo B3aram BiacyTHiM [3].
®i3nyHa aKTHBHICTH ¥ moTpeda opraHi3My B Hilf iHAWBI-
IyaJbHi 1 3aiexaTh Bif OaraThox (hi3i0NOTIYHHX, coIlia-
JIbHO-€KOHOMIYHUX 1 KyJNBbTYPHUX YMHHHKIB: BIKY, CTaTi,
KOHCTHTYLi, piBHS (i3MYHOT MiArOTOBKH, CIIOCOOY JKHT-
Ts, YMOB Mpali Ta nooyTy, reorpadiuHux i KIIMaTHYHUX
YMOB TOLIO. JI7Is1 KOXKHOI JIFOAMHU XapaKTepHUU I€HETHY-
HO OOYMOBJICHHH [Tialta3oH I[bOTO PiBHS, HEOOXIMHUHN 15
HOPMaJIbHOTO (DYHKIIOHYBaHHs Ta 30€peKeHHS 3710pOB’sI
[1].

PiBeHB (i3WYHOT aKTHBHOCTI MOKe OyTH MiHIMaIHHHUM,
MaKCUMallbHAM 1 ONTUMalbHUM. MiHIManbHUNA pPiBEHB
O3BOJISIE TIATPHIMYBATH HOPMAIBHUHN (DYHKITIOHAIBEHUI
CTaH OpraHi3My; IPH ONTHMAaJbHOMY JOCATAETHCS Hah-
BHIIMN piBeHb ()YHKIIOHATBHIX MOXJIMBOCTEH 1 KHUTTE-
JUSUTBHOCTI OpraHi3My; MaKCHMallbHi MeXi BH3HA4YaroTh
HaIMIpHI HaBaHTaXXEHHs, SIKIi MOXXYTh HPHU3BECTH JO Iie-
PEBTOMH, TIEpETPEHYBaHHs, PI3KOTr0 3HIKEHHS Mparie3/ia-
THOCTI [2].

Mera pocaimxennsi. [IpoBecTy NOPIBHSUIbHUIA aHAaTi3
¢dpakmiid JHigiB Y CHOPTCMEHIB BHCOKOI mpodeciiiHoi
MaHCTEepHOCTI B Mepio]] MaKCHUMaIIbHUX (PI3UIHUX HABaH-
TaXEHb 1 y XBOpUX Ha XpoHiYHHWH rematut C i BIUIHB
TeraTonpOTEKTOPa aJeMETIOHIHY Ha IMOKa3HUKH JIiITioT-
pamu B 000X rpymax.

Marepiaau i meroau. 3 JOTPMMAHHAM NPUHUHUIIB
OioeTHKH Ta geoHTOJOTIi Oyn0 oOcTex)eHo 38 mpakTHy-
HO 3710pOBUX 0Ci0, 34 CHOPTCMEHU-01aTIOHICTH BHCOKOL
npodeciiftHol MaiCTepHOCTI HAa BHCOTI MaKCHUMaJIbHUX
(bi3UUHUX HaBaHTa)XKeHb (B IEPLIMH JACHb Micis 3aKiHYEH-
Hs1 3Marasb)i 40 xBopux Ha XpoHiuHu#i renatut C B nepi-
0]l O4iKyBaHHI IPOTUBIPYCHOI Teparrii.

OmiHroBaMCs MOKAa3HUKY JMTHUX (pakiiii: xomec-
TEpPOJI, TPUTIILEPHUIH, JIIIONPOTETHH BHCOKOI IIIIBHOCTI,
JIIMOTPOTETHN HU3BKOI MIUIBHOCTI, JIIONPOTEIHU IyXe
HU3BKOI IUIBHOCTI, KOE(ili€HT aTepOTreHHOCTI.

Meton JIOCIIIDKEHHS depMeHTaTUBHO-
KoJlopuMeTpuyHHH. AHamizatop i Tect-cucrema Cobas
6000; Roche Diagnostics (ILIBeiinapis).

Pe3yabTaTH gociigkeHHs i ix o0ropopeHHs. 3TigHO
OTPUMAHUX HAMH JIaHUX, KUTBKICTh 3arajJbHOTO XOJecTe-
POJIy CTATUCTUYHO JOCTOBIPHO 3HHMIXKYETHCS Y CIIOPTCME-
HIB Ha BHCOTI MaKCHUMAaJbHHX (I3WIHHX HaABaHTAXXECHb
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(Tabm..1), a TakoX HOTO KiJBKICTh CTATHCTUIHO JOCTOBI-
PHO 3MEHIIYETHCS y XBOPHX XPOHIUYHMM rematutom C,
TIOPIBHSAHO 3 KOHTPOJBHOIO IPYMOI0 (BiAmoBixHO HA 9,2 %
i 12,7 % ). CTaTHCTUYHO TOCTOBIpHA Pi3HUIA MK KUIBKi-
CTIO 3arajlbHOr0 XOJECTEpPOy Yy CIOPTCMEHIB BHCOKOI
npodeciitHol MaHCTepHOCTI B TEpioJ] MaKCHUMaJbHUX
(hi3UYHNX HaBaHTa)XEHb Ta B XBOPHX Ha XPOHIYHUIA rema-
tut C BiICYTHS.

[TopiBHIOIOYM KIJIBKICTh TPUIMILEPUAIB Y XBOPUX Ha
xpoHiunuii renatut C 1 y CHOPTCMEHIB BHUCOKOI MpO-
(eciitHOT MaficTepHOCTI B MEpioJ MAKCHMAIBHUX (i3ud-
HUX HaBaHTAXCHb 3 KOHTPOJIFHOIO TPYIOI0, MOXKHA CKa-
3aTH, 10 BOHA B HUX CTATHCTHYHO JIOCTOBIPHO HE 3MiHIO-
€TbCs. AJle MK MOKa3HUKaMU KOHLEHTpALil TPUTITinepu-
IiB y CIIOPTCMEHIB BHUIIOI PO eCiitHOT MaiCTEepHOCTI i
Yac MaKCUMaJbHUX (DI3MYHMX HABAaHTa)XEHb 1 y XBOPHUX
Ha XpoHiuHMi renatut C iCHY€ CTATUCTUYHO JIOCTOBIpHA
pi3HHLS (KOHIEHTpallis TPUTIILEPHUIIB Y XBOPHX Ha XpPO-
Hiunuil rematut C Oinbina Ha 25,8 %).

KinpkicTh JMNONPOTEiNiB BUCOKOI LIUIBHOCTI CTaTHC-
THYHO JOCTOBIPHO 30iJbIIyBanach sIK y CHOPTCMEHIB
BHCOKOi MaHCTEpHOCTI B Tepio] MakCHUMalbHHUX (i3Hd-
HHUX HaBaHTAXEHb, TAaK 1 B XBOPUX HA XPOHIUYHHUH renaTHT
C, nopiBHSHO 3 KOHTPOJILHOIO rpymoto (Ha 17,4 %1 8,1 %
BIMOBiTHO). MiXK MOKa3HUKaAMHU KOHIICHTpALil JIMOIpPO-
TEI/TiB BUCOKOI IITEHOCTI B CIOPTCMEHIB BUCOKOT TIpode-
CiifHOT MaliCTepHOCTI 1 y XBOpUX Ha XpoHi4HUH rematut C
ICHy€ CTaTHCTHYHO JIOCTOBIpHA Pi3HHUIS (Y CIIOPTCMEHIB
BUCOKOI KBauti(ikauii BoHa Oinbina Ha 7,9 %).

KinbkicTh JINOMPOTEIMiB HU3BKOI MIIIBHOCTI SK Y
CIIOPTCMEHIB BUCOKOi MalCTEPHOCTI Mi/i 4aC MaKCHMallb-
HUX (I3MYHUX HABaHTAXKEHb, TaK i B XBOPHX Ha XPOHIU-
Huit renatut C CTATUCTHYHO JOCTOBIPHO HE 3MIHIOETHCH,
TIOPiBHSHO 3 KOHTPOJIBHOIO TPYIOIO.

KoHnenTpariist minonpoTeinis 1yxe HU3BKOI ILTBHOCTI
1 y cropTcMeHiB BHUCOKOI KBasidikamii B mepios MakcH-
MaJIbHUX (Di3UYHUX HaBaHTAXKEHb, 1 B XBOPUX HA XPOHIU-
Hui renatut C CTaTUCTHYHO JIOCTOBIPHO HE 3MIHIOETHCS,
TIOPIBHSHO 3 KOHTPOJLHOIO IPYMOI0. AJle MOTpiOHO 3Bep-
HYTH yBary, M0 MK MOKa3HUKaMH KOHIICHTpALil JHIMOT-
pOTeiniB Iy’ke HU3bKOI IIiITBHOCTI B CIOPTCMEHIB BUCOKOL
mpodeciifHol MaWCTepHOCTI 1 y XBOPHUX HA XPOHIYHHH
rematut C iCHye CTAaTHCTHYHO AOCTOBipHA pi3HHIA (Y
XBOpHX Ha XpoHiunuii rematut C BoHa Ginmbira Ha 29,5 %).
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Taomauus 1. [TopiBHsUTEHA XapakTeprcTHKa (GpaKIiif JiMiIiB y CIIOPTCMEHIB BUCOKOI IpodeciiiHoi MaiicTepHOCTI B Iepio] MaKcH-
MaJIbHUX (DI3MYHMX HABAHTAKEHb 1 Y XBOpUX Ha XpoHiunuii rematut C (M £ m)

KontponbsHa| XBopi Ha Xp. | CIOpTcMEHH Ha BUCOTI MaKCUMaIbHUX
ITokaznuku .

rpymna rematut C (hi3MYHUX HABAHTAKCHb

n=38 n=40 n=34
Xoectepon 4,57+0,13 | 3,99+0,09 4,1540,12 > 0,05
Tpurnitnepuan 1,02+0,08 | 1,17+0,06 0,93+0,08 <0,05
lmompotetiit 1y 551004 | 1,86+0,02 2,020,05 <0,05
BHCOKOI IIJIBHOCTI
Mimompoteiit 1 5 57,011 | 2,26+0,08 2,25:0,11 >0,05
HU3BKOT MIUTBHOCTI
HIHOHp"OTe.IHI/I Ily)lfe 0,49+0,04 | 0,57+0,02 0,44+0,04 < 0,05
HU3bKOI IIITBHOCTI
Koeditient atepo-| ¢4 01 | 1 5620,06 1,3620,07 <0,05
TeHHOCTI

KoedoirieHT aTeporeHHOCTI CTATHCTHYHO JOCTOBIPHO
3MEHIIYETHCS K y CHOPTCMEHIB Ha BHCOTI MaKCHUMalb-
HUX (I3MYHMX HAaBaHTaKEHb, TaK 1 y XBOPUX Ha XPOHIU-
Hui renatut C, HOPIBHSHO 3 KOHTPOJIBHOIO TPYIOIO (Bij-
noBigHO Ha 26,1 % 1 15,2 %). [ToTpiOHO 3BepHYTH yBary,
IO MDK ITOKa3HUKaMH KOE(illieHTIB aTeporeHHOCTI y
CIIOPTCMEHIB BHCOKOI KBali(iKaIli i y XBOpUX Ha XpOHi-
yHUi renatuT C iCHy€ CTaTUCTHYHO AOCTOBIpHA Pi3HHIIA
(y xBopux Ha xpoHiuHui# renatut C BiH Oinbimmit Ha 14,7
%).

Takum 9mHOM, aHaNi3 (Qpakmifl JMOB y XBOPHX Ha
xpoHigyHni rematut C 1 y CIIOPTCMEHIB BHCOKOI Tpode-

CciifHOT MaifcTepHOCTI B IepioJ MaKCHUMaIbHUX (Di3MIHIX
HaBaHTa)KEHb I0Ka3aB, IO PiBEHb 3arajbHOr0 XOJecTe-
poiy i KoediIlieHT aTePOTCHHOCTI B 000X JOCIIIKYBaHUX
rpynax CTaTUCTUYHO JIOCTOBIPHO 3HM)KYBAaBCS, IIPU YOMY
e BinOyBanocs Ha (OHI CTaTUCTUYHO JIOCTOBIPHOTO
30UIBIIEHHS KUIBKOCTI JIIONPOTEINIB BUCOKOT IIIIBHOCTI.
BinmiarOCTI Oynu nmuimre y 3MiHI KOHIICHTpamii JImompo-
TEiiB Iy’Ke HU3BKOI IIITHFHOCTI — Y XBOPUX HA XPOHIYHUH
renatut C 1X KOHLEHTPALisl CTATUCTHYHO JOCTOBIPHO
TTi IBHIITYBaJIach.

Taoauus 2. [TopiBHsUIbHA XapaKTEePHCTHKA Pe3yJIbTAaTiB BUKOPUCTAHHS a/IeMETIOHIHY 1 HOro BigjgaaeHuX eekTiB Ha OKa3HUKH

(paxuii JimigiB y CHOpTCMEHIB BHCOKOI IpodeciiiHOl MalCTepHOCTI 1 y XBopux Ha XpoHiyHui renatut C (M £ m
T'enatut C CropTcMeHH
UYepes Micsup .LIepefs 10 uis Yepes Micsiupb .‘Iepe3 10 Auis
KonrpossHa . TiCIIST IPATMTHHEHHST . TICIIST PATTHHEHHST
Toka3HUKH npuiomy . npuiiomy - .
rpyma o npuioMy ageme- .7 | npuiioMy agemeri-
a/IeMeTiOHIHY S aneMeTioHiHy .
Tio-HiHy OHiHY
1 2 3 4 5

n=38 n=18 n=10 n=18 10 p4-5|p2-3|p3-5
Xoumectepod 4,57+0,13 | 4,0740,12 4,5+0,28 4,140,15 3,88+0,24 >0,05|>0,05|>0,05
Tpurninepumm 1,02+0,08 1,37+0,09 1,51+0,11 1,01+0,1* 0,87+0,19 >0,05|>0,05|<0,05
Minonpoteliin |y 27,004 | 1,7120,02 1,6:0,09 1,89::0,04* 2,03:0,04  [>0,05>0,05|<0,05
BHCOKOI IIIJTHHOCTI
Jhnompoteiuit | 5 57,011 | 1,94+0,09 2,94+0,22 2,12+0,1 2,09+0,15  [>0,05/<0,05|<0,05
HH3bKOT HILTBHOCTI
Jlinonporeian
Iy’Ke HU3BKOT 0,49+0,04 | 0,63+0,04 0,75+0,03 0,47+0,05* 0,48+0,07 >0,05|>0,05|< 0,05
HIUTBHOCTI
Koedinienr atepo-| | ¢4r0 1 | | 5120,06 2,34+0,15 1,39+0,08 1,28+0,09 >0,05|< 0,05|< 0,05
T€HHOCTI

B mepiox BigHOBJIEGHHS CIIOPTCMEHIB BUCOKOT KBai(i-
Kallii, KOTpi IpUiMaTy aIeMeTiOHIH 3MIHIOBAIIUCS TakKi
MMOKAa3HUKKM (PpaKLifl JIMigiB: KUIBKICTh TPHUTIILEPHUIIB
CTaTUCTUYHO JIOCTOBIpHO MeHIIa Ha 35,6 %, KOHIEHTpa-
Iisl JTIITOTPOTEINiB BUCOKOT IIITBHOCTI CTATUCTUYHO JIOC-
TOBipHO BHIIA Ha 9,5 % 1 KOHIIEHTpalis JINONpoTeiniB
Jy’)K€ HU3BKOI IUJIBHOCTI CTATUCTHUYHO JOCTOBIPHO HIIK-
4a Ha 34 %, MOPIBHAHO 3 MOKAa3HUKAMHU (paKLil JMigiB y
XBOpHX Ha XpoHIUHMH rematut C, sKi OYiKyIOYH HA TPO-
TUBIPYCHY TepaIrio, IpuitMaiu aJeMeTiOHiH.

Bimnaneni pe3ynbraTH MOKa3HUKIB (pakmiid JHiAiB y
cropTcMeHiB BuIoi npodeciiiHoi MalCTEepHOCTI CTaTHC-
THUYHO JIOCTOBIPHO HE 3MIHIOBAINCS, TOPIBHSIHO 3 IOKa3-
HUKaMHu (QpaKIiif JimigiB y CHOPTCMEHIB IiciIs MICSYHOTO
NIepioy BiTHOBJICHHS 3 IPUHOMOM a/IEeMETIOHIHY.

Bimnaneni pe3ynpTaTé TaKUX MMOKa3HUKIB (paKimiid i-
MiZiB y XBOpUX Ha XpoHi4HUH rematutr C, depe3 necsTh
JTHIB TICIIS 3aBEpIICHHS MICIYHOTO PUHOMY aJIeMETiOHi-
HY, CTAaTUCTUYHO JIOCTOBIPHO 3MIHIOBAJIMCS, & caMe KiJlb-
KICTh JIIOTPOTEINiB HU3BKOI IMUIBHOCTI CTAaTHCTHIHO
JOCTOBiIpHO mifgBuinyBanacst Ha 51,5 %, a xoedimieHT
aTePOTeHHOCTI CTATUCTUYHO JOCTOBIPHO 30iNBITyBaBCS
Ha 54,9 %, MOpiBHAHO 3 MOKa3HUKaMM (pakmiil JTimigiB B
Iepiol OYiKyBaHHS NPOTUBIPYCHOI Teparmii XBOpUMH Ha
xpoHiyHHHA TemaTuT C, KOTpi mpuiiManyu aJeMeTiOHiH.
[omo pemrTy MOKAa3HMUKIB (ppaxiii JTimiAiB, TO BOHHU CTa-
THCTUYHO JIOCTOBIPHO HE 3MIHIOBAIUCS, IOPIBHSHO 3
TIOKa3HUKaMU (pakxiii JIMiiB y XBOPUX Ha XpOHIYHHH
reratut C Mmiciisl MiCSIYHOTO Nepioy BiAHOBICHHS 3 NPH-
HOMOM aJIeMEeTiOHIHY.
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[opiBHsIJIBHA XapaKTEPUCTHUKA PE3YJIbTATIB BHKOPHC-
TaHHs aJICMETIOHIHY 1 HOTO BiJaicHNX e(EeKTIB Ha IMOKa-
3HUKHM (ppakuiil JHiIiB y CIOPTCMEHIB BUCOKOI Ipode-
ciifHOT MalCTEpHOCTI Ta B XBOPUX HA XPOHIYHHUI I'enaTHT
C, mokasye, mo B TPyl CIOPTCMEHIB BHUCOKOTO KIACy
MIPAKTUYHO BCi MOKA3HHUKH (DPAKINiH JIMiIiB CTATUCTHIHO
JIOCTOBIPHO BiZPi3HSJIMCA BiJl aHAJOTIYHMX MOKAa3HUKIB Y
JOCTIKYBaHUX XBOPHUX (32 BUKIIOYCHHSAM DiBHS 3arajib-
HOTO XOJIECTEPOIy, SKHH CTaTHCTHYHO IOCTOBIPHO HE
3MiHIOBaBCS). 30KpeMa, KOHIICHTpALis TPUTIINEPHIIB y
JIOCHIIKYBaHUX CIIOPTCMEHIB Oyna MeHmow Ha 15,9 %,
KUTBKICTh JIIMOMPOTEINiB BHCOKOI INITBHOCTI Oyia Oifb-
moro Ha 21,2 %, piBeHb JMONPOTEINiB HU3BKOI 1 ayKe
HU3BKOT IUTBHOCTI OYB BiAMOBIAHO HkIuM Ha 40,7 % Ta
56,25 %, 1 Koe]ilieHT aTepOreHHOCTI TaKoX OyB MEH-
M Ha 82,8 %, MOPIBHAHO 3 aHAJOTIYHUMH MOKa3HHUKA-
MU (hpaKLiil JMiAIB y JOCTIKYBaHUX XBOPHX.

TakuMm 4WHOM, 3TiTHO HAINWX NAHWUX, IPUHOM ajeMe-
TIOHIHY TPOTSITOM MiCSIs Ma€ TO3UTHBHHH BIUIMB Ha
minigHi (pakii, K y CIIOPTCMEHIB B TEPio]] BiTHOBIICH-
HS, TaK 1 XBOpHUX Ha XpoHiuHmWi rematut C. Ane 3a Je-
SIKAMH TIOKa3HUKaMH, TaKAUMH SK TPUTITINEPUAHN, JIHOM-
pOTETHH BUCOKOT LIIILHOCTI 1 JIIMONPOTETHU J1y’Ke HU3BKOT
LIIJIBHOCTI B TPYIi CHOPTCMEHIB CIIOCTEPIraeThesl CTaTHC-
THYHO JOCTOBIPHE IMOKPAIICHHS, MOPIBHSIHO 3 TPYIIOO
xBopux Ha xpoHiunuii renatut C. Illo cTocyerses Binaa-
JICHHX PE3YJIbTATiB (Yepe3 AeCATh IHIB MICIIs 3aBEPIICHHS
MICSIYHOTO MPUHOMY aJIeMETIOHIHY), TO BOHU OJJHO3HAYHO
Kpallli B TPyIi CIIOPTCMEHIB: TPUTITIIEPHIH, JIMOIPOTEi-
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HU HU3BKOI IIIJIBHOCTI, JIMOMPOTETHH IyXKe HHU3BKOL
LIIJIBHOCTI 1 KOeilieHT aTeporeHHocTi Oyau cTaTucTuy-
HO JIOCTOBIPHO HM)KYMMH, @ JIIMONPOTETHH BHCOKOT LIiJIb-
HOCT] - CTaTUCTHUYHO JIOCTOBIPHO BHIIMMH, HIXK Y TIpyII
XBOpUX Ha XpoHiuyHMH rematut C.

BucHoBku. AHami3 ¢pakmiii TiMigiB y XBOPUX Ha XPo-
Hiyan# rematut C i y CIOPTCMEHIB BHCOKOI mpodeciiiHoi
MaHCTEepHOCTI B Mepio] MaKCUMaIbHUX (i3UIHUX HaBaH-
TaXCHb II0Ka3aB, IO PIBEHb 3araJlbHOTO XOJECTEPOIy i
KOeQiIliEHT aTeporeHHOCTi B 000X IOCIIIKYBaHUX TPY-
MIax CTATHCTHYHO JOCTOBIPHO 3HMKYBABCS, IPH YOMY L€
BifOyBanocs Ha (OHI CTATUCTHYHO JOCTOBIPHOTO 301Jb-
LIEHHS KIUJIBKOCTI JHMONPOTEiNiB BHCOKOI IIUIBHOCTI.
BigminHOCTI Oynu juine y 3MiHI KOHIEHTpaLil JIinonpo-
TEINiB y’e HU3bKOT MUILHOCTI — Y XBOPUX Ha XPOHIYHHUN
rematut C 1X KOHIEHTpalis CTaTHCTHYHO JOCTOBIPHO
i IBUIIYBAaJIach.

[puiiom ageMeTiOHIHY IPOTATOM MICSISI Ma€ MO3UTH-
BHUH BIUIMB Ha JimimHi ¢pakumii, K y CIOPTCMEHIB B
TIepio/T BiTHOBJICHHS, TaK i XBOPUX HAa XPOHIYHHUN TE€MIATHT
C. Ane 3a geIKMMH NTOKa3HUKaMHM, TAKUMH SK TPUTJIiLe-
pUAd, JNMOMPOTETHH BHUCOKOI IIUTBHOCTI 1 JHIMOTPOTEIHU
Jy’K€ HU3bKOI MIIIBHOCTI B TPYHi CIOPTCMEHIB CHOCTEPi-
raeThCsl CTATUCTUYHO JOCTOBIpHE MOKpAIIEHHS, TOPIBHA-
HO 3 IpyIo XBopux Ha xpoHiunuii renarur C. Lo cro-
CYeTbCS BIJAJICHUX pE3yNbTaTiB (Uepe3 AeCATh THIB
ISl 3aBEpUICHHS MICSYHOTO TPHHOMY alleMEeTIOHIHY),
TO BOHH OJTHO3HAYHO Kpallli B IPYIli CIIOPTCMEHIB
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Results of the use of ademetionin and its long-term effects on lipidogram indices in athletes of high professional skills and in

patients with chronic hepatitis C
V. V. Hrushko

Abstract. The analysis of fractions of lipids in athletes of high professional skills during the period of maximum physical activity
and in patients with chronic hepatitis C showed that the level of total cholesterol and the ratio of atherogenicity in both studied
groups statistically significantly decreased, and high density lipoprotein increased Ademetionin intake during the month has a
positive effect on lipid fractions, both at athletes in the recovery period, and in patients with chronic hepatitis C. Long-term results

are definitely the best in a group of athletes .
Keywords: physical activity, lipidogram, athletes, hepatitis C.
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AHaJIi3 CIEKTPIiB MOTYKHOCTI BapiadeJIbHOCTI CepueBOro puTMy y CliOpTCMEHIB
MiJ 4ac MOYATKOBOI aJianTailii 10 yMOB TipcbKoOI rinokcii
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AHoTanisi. B ocHOBY Kiacuikamii clieKTpiB MOTYXKHOCTI BapiaOeIbHOCTI cepIieBOr0 PUTMY HOKIAJeHa cucTeMa (hOpMyIBHOTO 3a-
IIICY, [0 MICTHTh CHMBOJIH, SIKi XapaKTepU3YIOTh CTPYKTYPY CHEKTpa, YaCTOTHI Ta aMIUTITYHI XapaKTepHUCTHKNA OCHOBHHUX CIICKTPa-
JTBHUX MakcuMyMiB. [Ipu aHamizi kapaiopuTMorpaM y CiOpTCMEHIB B MOYATKOBHUI Hepiof afanTariii 40 ripcbKuX YMOB, 3apeeCTpo-
BaHMX Y CIIOKOI 1 IiJl 4ac HaBaHTA)XKE€Hb, BUSIBIECHO 12 3 16 MOXKIMBUX TUIIB CHEKTPIB MOTYKHOCTI BapiaOeIbHOCTI CEPIIEBOTO PUTMY,
SIKI BIIIOBIIAIOTh «CTIHKAMY 1 «HECTIHKMM» (YHKIIOHAILHAM CTaHaM OpraHi3My crnopTcMeHiB. «CTiliki» cTaHH OpraHi3My Xapak-
TEpHI JUI YMOB CIIOKOIO 1 He3HAYHUX (YHKI[IOHAJBHUX HaBaHTaKeHb. «HecTiliki» JacTime 3ycTpidaroThesl PH HATPYKEHHSAX Pery-
JITOPHUX CHUCTEM OpTaHi3My, 10 BUHUKAIOTH IiJl Yac 3HAYHUX HABaHTAXXEHb a00 MiJ yac BIUIMBIB €KCTpeMalbHUX (PaKTOPiB 30BHI-
LIHBOTO cepenoBuiia. [loka3zaHo IO B MOYATKOBHUI MEpiof afanTamii A0 TipChKUX YMOB y YaCTHHHU CIIOPTCMEHIB CHOCTEPIraroThes
"HeCTiIHKi» CTaHH, 10 XapaKTEePU3YIOTHCSI BUCOKMM (DYHKI[IOHATEHUM HANpPYKSHHSIM PETyIATOPHUX MEXaHI3MiB 1 MiABUIICHUM pH-
3MKOM CIOHTaHHOTO IEPEXOay Yy CTaHH IepeHanpyXeHHs 1 BUCHa)XeHHs. HaBeneHi MaTeMaTHKO-CTaTHCTHYHI NTOKAa3HHUKH, IO OIH-
CYIOTB PO3IIOJLN KapJiOiHTEPBAiB B Ipymax 3 pi3HUMHU THUIIAMHU CIIEKTPIB.
Knrouosi cnosa: sapiabenvricms cepyegozo pummy, Cnekmpanbha Gopmyid, QyHKYIOHATbHUL CMAH, 2INOKCIs, a0anmayis.

Beenennsi. Opranism nmroguHu Mae yHikanbHy Bracti- (KPI) cranouna 5 xsummn (300 c). Ilpu mpoBeneHHi
BiCTh IPUCTOCOBYBATHCS O 3MiH 30BHIMIHBOTO i BHYTpi- AOIl mpoBomuBCcs aHami3 sSK HECTAI[lOHAPHOI TUISHKH
LIHBOTO CEPEAOBHIIA, Y TOMY 4ucii i 10 ¢izuunux HaBa- KPI, skuil xapakrepusye nepeximHuid mpolec Iicis
HTaxeHb. OZHUM 3 MEXaHI3MiB MpoLeCy ajanramii A0  NPUHHATTS IMOJOXKEHHA CTOSYM TPHBATICTIO | XBWIMHA,
(GI3UYHMX HABaHTAXXCHb € MIHJIMBICTh (YHKIIOHYBaHHS  TaK 1 HACTYNHOI 3a HEo cralioHapHoi AiIsHKU. Po3paxo-
(i310JIOTIYHAX CHUCTEM, 30KpeMa, BapiaOelbHICTh ceplie-  BYyBalWCA CTATHCTHYHI XapaKTEPUCTHKH TUHAMIYHOTO
BOTO puTMY crioptcmena [ 1, 2]. psny KapIioiHTepBaJiB: KUIBKICTh KapaioiHTepBaiiB (N);

Xoua OCTaHHIM YacOM € BeJIMKa KUTBKICTh JOCTIKeHb,  MaTeMaTH4YHe chofiBaHHA AmHamigHoro psamy (RRNN);
110 BUKOPHCTOBYIOTh METOIM CIIEKTPAJIBLHOIO aHali3y  CTaHAapTHE BIIXWICHHS HOpMalbHUX BenuuuH RR iHTe-
BapiaOeNFHOCTI CEepUeBOr0 PUTMY, AKi H03BOIAOTH BH-  pBaiiB (SDNN), koedimient Bapiarmii (CV); gacTka moc-
SIBUTH OCOOJIMBOCTI YacTOTHOI CTPYKTYypH cepueBoro  JijioBHuX RR iHTepBasiB, pi3HHILS MK SKUMH IEpEBU-
PUTMY TIpH Zii HA OpraHi3M Pi3HMX YMHHHKIB, npote pu  1rye 50 mc (pNN50 ,%). UncnoBumMu XapaKkTepuCTHKaMH
LOMY HEJIOCTaTHIN aKIEHT CTaBUThCSA Ha 3MiHM (OpMHM  BapialiiiHoi myiabcorpamu €: "Mopa" (Mo), "Ammityna
CHEKTPY i 3aKOHOMIpHOCTeH ioro neperBopenHs [3-4]. Monmu" (AMo), "lanekc nampyxenocti"(IH), "lanekc Be-

VY naHiii poOOTi MPONOHYETHCS BAOCKOHANCHUI miaxin  reraruBHOi perymsinii” (IBP), "BereraTuBHUII moka3HUK
IO OLIHKK ()YHKIIIOHAIFHOTO CTaHy oprafismy jroauHu, putmy" (BIIP), "Tloka3HHK afeKBaTHOCTI MPOIECIB pery-
SIKMI BKITFOYa€e B ceOe sk copMmoBaHi ysBiaeHHs npo pe-  Jjsiii" (ITAIIP).

TYJISTOPHI CHCTEMH OpTaHi3My, TaK i MOJOXEHHS IIPO Te, Jis omiHKM (QYHKIIOHANEHOTO CTaHy OpraHi3my OyB
[I0 OPraHi3M JIOJMHU € yIbTPACTaGlIPHOK CHCTEMOI  3aCTOCOBAHWH CTPYKTYPHO-TIHTBICTHYHHEI MeTO [7].
[5]. Pe3yabTraTi Ta ix ofroBopennsi. B ocHoBy knacudi-

Mertoro poOOTH € aHali3 CIEKTPIB MOTYKHOCTI Bapia-  Kailii CIIEKTPIB MMOTY>KHOCTI CEPLIEBOTO PUTMY Y Iiif po0o-
OETBHOCTI CEepIeBOT0 PUTMY OPTaHi3My JIOAWHU IIiJ Yac  Ti MOKJIAJCHA CUCTeMa (POPMYIIBHOTO 3aIHUCy, IO MICTUTh
TEPMIHOBOI aanTaIlii 10 YMOB TipChKOI TIMOKCIT Ha IPU-  CHMBOJIH, SIKi XapaKTePU3YIOTh CTPYKTYPY CIEKTpa, dac-
KJIaJli BUCOKOKBaJTi(hiKOBAaHUX CIOPTCMEHIB, SIKi CHeMiai-  TOTHI Ta aMIUTITYIHI XapaKTEPUCTHKH OCHOBHHX CIICKT-
3YIOTHCSI B HIBUAKICHO -CHUJIOBHX BUJIaX JIETKOT aTJIETHKH. paipHEX MakcumyMiB [8, 9].

Marepiaau i Meroau gocaimxkenns. B ymoBax cepe- [pu ananizi KPT' ciopTcMmeHiB, 3apeecTpoBaHUX B TO-
JHborip's Ha Bucoti 2100 M Ha 6a3i EnpOpycbkoi Menu- — watkoBy (a3y ajanTaiii JO YMOB CepeHBOTIP'S B CIIOKOT
KO-0iosoriuHoi ctaHuii MiXKHapoJHOTO LEHTPY aCTPOHO- 1 Mij yac (YHKIIOHAJbHUX HaBaHTAXXEHb, BU3HAUeHi 12 i3
MIYHUX 1 MEIUKO-eKOoJIOoTiuHuX aocuimxedb HAH Ykpai- 16 MOXIMBUX THMIB CHEKTPIB TOTYKHOCTI CEpIEBOTO
HU Ha 2-3 100y mepeOyBaHHS B ropax oOctexeHo 12 purmy, a came So, Sb, Sm, SmSb, SmSf, SbSm, SbSf,
croprcMeHiB kBamigikarii Maiicrep crmopty i Maiicrep  SmSbSf, SmSfSh, ShSmSf, ShSfSm, SfSmSh.

CHOPTY MIKHApOAHOTO Kiacy, IO CIEMiaii3yloThcs B Ha pucynky 1 HaBeneHa rictorpaMa po3Iojily THIIB
6iry Ha 400 i 800 m. Bci cmoprcmenn Opamm y9acTe B CHEKTPIB MOTY)KHOCTI CEPIIEBOTO PUTMY.

KapaiopuTMorpadivHoMy 0OCTEXEHHI B CTaHI BiTHOCHOTO Haii6inbim yacto 3ycTpivanucs criekTpu Tairy SmSbSf
CITOKOIO JIeKa4H 1 MiJl Jyac MpoBeAeHHs akTHBHOI opToc-  (16,7%) 1 Sm (13,9%). 3BepTae Ha cebe yBary HasBHiCTh
tatrgHOi podu (AOIT). CIIEKTPiB 3 BHPaKEHUM HaaBHCOKoYacTOTHUM (Sf) Kom-

BigmosigHo 1o «MixHapogHoro craHmapty» [6] B mo-  moHentoMm (SmSfSb. SbSfSm, SfSmSb). Bonu cranoB-
CIIJUKEHHSX TPHUBAJICTh 3alUCy KapaiopuTMorpamum  Jath 14% Big yciX 3apeecTpOBaHMX CHEKTpiB, IO CBiA-
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YUTHh TPO HASBHICTh B IMOYATKOBWH TEpioa amamTallii 1o
TiPCHKUX YMOB Y YaCTHHI CIIOPTCMEHIB BEIHMKOI KUTBKOCTI
" HeCTIHKMX CTaHiB, 10 XapaKTePU3YIOTbCsl BUCOKUM (Y-
HKIIOHAJHHAM HANPYKEHHSIM DPEryIATOPHHX MEXaHI3MiB
1 HIBUIICHUM PU3MKOM CIIOHTAHHOTO NEPEXOAY Yy CTaHH
TepeHanpy)eHHs i BUCHakeHHs [5].
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Kapnioputmorpamu 3i ciektpamu So, Sm, SmSf, SbSf,
SbSmSf, SbSfSm, SfSmSb 3ycrpivanucs vacTimie mix 4ac
(yHKIIOHATIFHIX HaBaHTaKEHb, HIK Y CTaHi CIIOKOIO.

18,0
16,0
140
120

VY 3B'SI3Ky 3 TUM, 110 KapAiOpUTMOTPaM 3 Pi3HUMH CIIie-
KTpaMH MOTYKHOCTI Malll JAyXe ONM3bKi MaTeMaTHKO-
CTaTHCTHYHI TNOKa3HWKH, BOHM Oyiau 00'eHaHI B I'STh
rpym: 1 - SmSh, SmSbSf; 2-SbSm, SbSmSf, 3 - So, 4 -
Sm, SmSf, SmSfSb, SfSmSb, 5 - Sb; ShSf, SbSfSm (ta6-
s 1).

3a JI0MOMOroI0 TOKa3HWKa aKTUBHOCTI PEryJSTOPHHX
cucreM (ITAPC) Oyna mpoBeneHa OLiHKa CTYTICHS HAIpy-
TH PErylIsITOPHUX CHCTEM B 3aJIEKHOCTI BiJ Kiacy Kap-
JIOPUTMOTPAaMHU 1 THITy CHEKTPY IOTY)KHOCTI CEpIIeBOTO
pUTMYy.

139

(=1

SmSh
ShSm
SmSf
SfSm
SESh
SmSbSf
St SfSh
ShSfSm
SfSmSh
SEShSm

Puc. 1. YacroTa 3ycTpidaeMoCTi pi3HUX THIIB CEPLIEBOTO PUTMY
Y CIOPTCMEHIB, SIKi 3apeeCTPOBaHi B IIOYATKOBY (ha3y amanTarii
IO YMOB CepeIHBOTIP's B CIIOKOT 1 mif 9ac (HyHKIIOHAIBHUX
HAaBaHTAXKCHb

Ta6auns 1. MaTeMaTHKO-CTaTUCTHYHI OKAa3HUKH, IO XapaKTEPU3YIOTh PO3MOILT KapAiOiHTEpBaliB B KapAIOPUTMOTpaMax 3 piz-
HUMH CIEKTPAaMH ITOTYXXHOCTI CEpPIIEBOIO PUTMY

Hokasmi Sm, SmSf, SmSh, | Sh, SbSf, So SbSm,
SmSfSh, SfSmSh| SmShSf | SbhSfSm ShSmSf
Mo, mC 657 702 718 734 780
RRNN, mc 681 754 765 735 826
SDNN, mc 25,5 19,8 18,5 12,0 41,9
AMOo, % 48 62 69 87 35
AR-R, MC 395 312 247 207 479
CV, % 3,7 2,7 2,5 1,7 51
pNN50, % 14,9 12,8 6,5 6,2 17,9
IBP 122 199 280 420 73
TIATIP 71 88 95 123 44
BIIP 3,9 47 54 6,8 2,6
IH 91 143 191 294 47
TTIAPC 5 4 6 8 3
% Bin BUOOPKH 29,7 24 29,7 8,5 8,1

ITokazaHo, 110 TPU KapAiopuTMOrpaMax 3i CIIEKTpaMu
SbSm, ShSmSf, SmSh, SmSbSf 3nauenns [TAPC He ne-
pesuinytorh 4 OaniB. 3a mkanowo, po3pobieHor ba-
eBckuM Ta iH [10], us cyma GaniB BiAMOBimaEe CTaHy OI-
TUMAJBHOTO HAINpy)XEHHSI PErYJSTOPHUX CHCTEM OpraHi-
smy. IIpu cnekrpax Sm, SmSf, SmSfSb i SfSmSb 3Ha-
yennst [IAPC nocsirae 5 6anis. Ile cBiguuth npo QyHKIi-
OHaJllbHE HANPYXKEHHS PEryJIATOPHHX CHCTEM OpraHiMy.
Ipu cnekrpi So ITAPC konuBaetbes Big 7 mo 10 Gamis i
e BKa3y€e Ha IepeHaNpyKeHHs a00 BUCHAXKCHHS PeryJis-
TopHUX cucTteM. CTaHU (DYHKLIOHAIBHOTO HAIPYXEHH:,
HepeHanpyKeHHs a00 BUCHAXKCHHS PEryJIATOPHUX Mexa-
HI3MIB, SIK 1 BIINOBIAHI M CIIEKTPH CEpLIEBOTO PUTMY,
YacTille 3yCTPivaroThes MM Yac (QyHKIIOHATHHUX HaBaH-
TakeHb, IPU BUHUKHEHHI Nepej- 1 MaToJOTriYHUX CTaHIB
a0o TpH Iii eKcTpeMaTbHUX (PaKTOpiB.

BucnoBku:

1. B ocHOBY kiacudikanii CrieKTpiB MOTY>KHOCTI Bapi-
abeIbHOCTI CepIieBOr0 pUTMY MOXKe OYTH TOKJIafieHa CH-

cTremMa (OPMYIIBHOTO 3amUCy, IO MICTHTh CHMBOJIH, SIKI
XapaKTepU3yIOTh CTPYKTYPY CHEKTPa, YACTOTHI Ta aMILIi-
TYJHI XapaKTePUCTHUKH OCHOBHHX CIIEKTPaIbHHX MaKCH-
MYMiB.

2. IIpu ananizi KapIiOpUTMOIpaM y CIIOPTCMEHIB B MO-
YaTKOBMH Tepiof ajganramii 10 TipChKMX YMOB, 3apeecT-
POBaHMX y CIIOKOi 1 mif 4ac (QyHKIIOHAIbHMX HaBaHTa-
JKCHb, BUABICHO 12 3 16 MOXIMBUX THUMIB CHEKTPIB IO-
TY)KHOCTI BapiaOeIbHOCTI CEPIIEBOrO PHUTMY, a came So,
Sb, Sm, SmSb, SmSf, ShSm, SbSf, SmSbSf, SmSfSb,
ShSmSf, SbSfSm, SfSmSb.

3. BennuuHM TMOKa3HMKIB, IO XapaKTEPU3YIOTh Kap-
mioputmorpamu 3i cnektpamu SmSb, SmSbSf, SbSm i
SbSmSF, xapakrepHi a1 QyHKIIOHATBHUX CTaHIB Opra-
Hi3My B HOpMi. [HII TUNM CHEKTpiB YacTimie 3ycrpivya-
I0ThCS TIPY HAMNPYKEHHSAX PErYJIATOPHUX CHCTEM OpTraHi-
3My, II0 BUHHMKAIOTH IiJ 9ac (yHKIIOHAJTHHUX HAaBaHTa-
eHb a0o Mij yac BIUIMBIB €KCTPEMabHUX (aKTOpiB 30B-
HIITHBOTO CEePETOBHUIIIA.
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Analysis of power spectrum of heart rate variability in athletes during initial adaptation to mountain hypoxia
conditions
V. V. Sosnovsky, V. A. Pastukhova, M. M. Filippov, V. M. llyin
Abstract. In basis of classification of spectrums of power of Bapia6ensrocTi of cardiac rhythm the fixed system of rec-
ord of formula, that contains symbols, that characterize a spectrum structure, frequency and peak descriptions of basic
spectral maximums. When analyzing cardiorytmohram the athletes in the initial period of adaptation to mountain condi-
tions recorded at rest and during exertion, found 12 of the 16 possible types of power spectra of heart rate variability,
which correspond to "stable” and "unstable” functional state of athletes. "Stable™ states of the organism are characteris-
tic for conditions of rest and minor functional loads. ""Unstable™ are more common in stresses of regulatory systems of
the organism that arise during heavy loads or during the effects of extreme environmental factors. It is shown that in the
initial period of adaptation to the mountainous conditions of the athletes there are "unstable™ condition characterized by
high functional stress regulatory mechanisms and an increased risk of spontaneous goes into a strain and exhaustion.
The mathematical and statistical indicators describing the distribution of cardiointervals in groups with different types
of spectra are given.

Keywords: heart rhythm variability, spectral formula, functional state, hypoxia, adaptation.
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AnHoTanus. [TokazaHa 3aBUCHMOCTh 3HAUCHHS MPECIHHO - JIOIMYCTUMOM JTUCTAHIINU CONMKEHUS CYZ0B OT UX B3aUMHOTO TIOJIOKE-
HUS B Cllydae NMPHMCHEHUS 0E30MacHON 30HBI MPAMOYTOJbHOW (popMbl. [TomydeHbl aHATMTHYECKUE 3aBHCUMOCTH, MO3BOJISIONIHNEC
paccymTaTh BETHYHHY MPEICITHHO - JOMYCTHMOMN TUCTAHIIUU CONMKCHUS CY/IOB B 3aBUCUMOCTH OT HX pakypca. C MOMOIIbEO KOMITb-
[0Tepa MPOU3BEACHO MOJICIIMPOBAHUE BEJIMYMHBI IPEICIILHO - JOMYCTUMON JTUCTAHIIMU COJMIKCHUS U OLICHECHBI MPEICIIbl €€ M3MCHE-

HUA.

Knrwouesvle cnosa: 6ezonacnocmv cy0080i#cOenUs, pacxoxcoeHue cyoos npu ONnacHoM conudxceHuu, opma 6e30nacHou 30MHbl,

npeoenvbHo - 00NYCMUMAas OUCMAHYUS CONUNCEHUSL CYO08.

Beenenne. MHTeHCHBHOE CyNOXOACTBO U HABUTAIlMOH-
HBIE TMPEMSATCTBHS CIIOCOOCTBYIOT NMOBBILICHHON aBapuii-
HOCTH CYyJIOB IIPH IUIABaHUH B CTECHEHHBIX BOJAX, UM U
00YyCTIOBJICHO MX 000OpPYIOBaHUE CTAHIUSIMH YIPABICHUS
nemxenueM cynoB (CYJIC). [Tomumo KOHTpoOJIS mpouec-
ca cyaoBoxzaeHus CVYJIC ocymiecTBiseT ympaBleHHE
JIBIDKCHHUEM OIacHO cOmmkaromuxcst cynoB. [ ux 6e3-
OTIACHOTO PACXOXIICHHS HEOOXOAMMO BBIOpAaTh TpaHHY-
HBII OTHOCHUTENBHBIN KypC, KOTOPBII SBISCTCS KacaTelb-
HBIM K 0e30macHoi 30He ¢ ydeToM ee GopMbl. Tak Kak B
TIOCJIEIHEE BpeMs NOMHMO KPYTOBOHW paccMaTpUBArOTCS
npyrue Gopmbl 6e30MacHOM 30HBI, TO aKTYaJIbHBIM SIBIIS-
€TCsI BONIPOC OIpeJesieHUe BEJIMYUHBI PeaebHO - JOIYy-
CTHUMOI JUCTaHIIMM CONMXKEHUS CYAOB B 3aBUCUMOCTH OT
(dhopMBbI 6€30MACHO 30HHI.

Kpartkuii 0030p my6mkanuii no teme. B pa6ote [4]
JUIA OTMCAHHUsS IIPOLIECCa PACXOKACHHUS HCIONB3YIOTCS
METO/Ibl TEOPUH ONTUMANIBHBIX JUCKPETHBIX HPOLECCOB, a
B paborax [2, 3] nmpemiokeHa GpopmaIr3anus B3anMoIeii-
CTBHS CYJOB IPH PACXOXICHHH METOJaMU TEOpUH JU]-
¢depenmanpHEIX Urp. B pabote [1] mpemiokeH Meron
HEJTMHEHHON MHTEeTpaNbHON MHBAPHMAHTHOCTH ISl OTHCA-
HUSI TIpOIIeCCa PAcXOKAEHHWS M BHIOOpA OJHOIIATOBOTO
MaHeBpa TNPenyNpeXICHUsS CTOJKHOBEHHMA. MeTon mpe-
JyTIPEeKACHUS CTOJKHOBEHHS CYAOB IIyTeM CMEILICHHS Ha
napauleNbHYI0 JIMHUIO MYTH PacCMOTPeH B MOHOTrpaduu
[6]. ®opmanmzarys B3auMOJIEHCTBUS CY/IOB IIPU BO3HHK-
HOBEHUHU YIPO3bl CTOJKHOBEHHUS TPEAJioXKEeHa B paboTe
[5], ¢ ee mnomompw NOpeAsioKEHA aITOPUTMHU3ALUA
MIIIICC-72, a B pabote [7] u3/I0KEHBI pe3yIbTaThl HC-
cienoBaHus 3(GPEKTUBHOCTH TTAPHBIX MAaHEBPOB PacX0Xk-
neHns. B moHorpadumm [8] BcecTOpOHHE HCCIeIOBaH
IPUHIUIN JIOKAJIbHO-HE3aBHUCUMOTO YIIPABIEHHS IMPOLEC-
COM pacXoXXAeHUs M pa3paboTaH METOJ TMOKMX cTpaTe-
MM UMX PacXOXKACHMsI, KOTOPBIH IO3BOJISIET IPOU3BECTU
CHHTE3 CTPATEerHMH PACcXOKICHUS CyIHA C HECKOJIBKHUMH
OTMACHBIMH [ESIMA C Y4€TOM HABHUTAIMOHHBIX OIMAacHO-
CcTel U JUHAMUKH CYJIHA.

Henawb. lenr HacTosmel craThu - pa3paboTKa MpoIle-
JTypBI OTIpENIeIICHUs] BETMYNHBI IPEAETbHO - JOMYCTHUMOI
JIICTAaHIMK COMDKEHUSI CYAOB B Cilydae IPUMEHEHHMs
0€3011aCHOM 30HBI TPSIMOYTOJILHOM (HOPMBI.

Marepuansl u Metoasl. B padore [9] mokaszano, uTo
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JUIs1 6€30MaCHOT0 PACXOXKICHUS CyllHA C OMAaCHOH LENIbIO
c yueroM ¢(opmbl Oe3omacHOW 30HBI (JIOMEHA) CyIHO
JIOJDKHO BBIOpaTh TPAHWYHBIM OTHOCHUTENBHBIN Kypc, KO-
TOpHBIN sIBIIETCS KacaTelIbHBIM K Oe3omacHoi 30He. Kak
MI0Ka3aHO Ha PUC. 1, TaKUX T'PaHUYHBIX KYpCOB CyIIe-
CTBYCT JiBa: OTHOCUTECJIbHBIM YKJIIOHCHHUEM BIIPABO th u

OTHOCHUTCJIbHBIM YKJIOHCHUCM BJICBO th .

HezaBucumo ot paKypca nmejard OTHOCHUTCIbHO CyAHaA
KacaTCjibHass K TpaHULC Oe3omacHoi prFOBOﬁ 30HBbI
Dt()Rd) COXpaHACT HCHU3MCHHOC ITOJIOKCHHUC U 3aBUCHUT

TOJIBKO OT OTHOCHUTEIIFHON TIO3HUIUH (pHC. 2).

U3 puc. 2 3HaueHHs TpaHUYHBIE OTHOCHTEIBHBIE Kyp-
COB YKJIIOHCHHS OTIPENENACTCS OYCBHIHBIM COOTHOIICHH-
eM:

. R
K3 = a+arcsin —2 >
. R
KP =a—arcsin —2 .
K3
a. D ene
CYOHO Db Kam
Ko
Puc. 1. I'pannyHbIE OTHOCUTENBHBIE KYPChl YKIOHEHHUS
P
Kot
a D
CYOHO
1
Ry, Kot

Puc. 2. I'paHnuHbIE OTHOCUTENBHBIE KYPCHI YKIIOHEHUS KPY-

©)|A. V. Boroduiin 2018



holis.diana@gmail.com
Typewritten text
A. V. Borodulin 2018


Science and Education a New Dimension. Natural and Technical Sciences, VI(22), Issue: 186, 2018 Dec.  www.seanewdim.com

. Rd
T'OBOH 30HBI Dt() )

PesyabTaTel M ux obcyxaenme. Paccmorpum 6e3-
OMacHYI0 001acTh LEeTH Dt()Rt) TPSMOYTOJBHON HOPMBI 1
3aBHCHMOCTbh OTHOCHTEIBHOTO Kypca YKIOHEHHs, Kaca-
TENBHOrO K OONACTH, OT B3aMMHOTO TMOJOKCHHS CYIOB.
Besomacuyio o6nacts nemt D(RY mpsmoyromsroit dop-
MBI 11e1eCO00pa3HO 33/1aBaTh OTHOCUTENILHO LICHTPA LIEIN
4eThIpbMs yritoBbIME Toukamu A, B, C u D (puc. 3).

IMomoxenns yrmoseix Touek A, B, C u D oTHOCHTEND-
HO ueHTpa Oynem 3anaBaTh JUCTaHIMAMH D, Dy #

YOIaMHA /oy - 3HaueHns D, Dys Wp ¥y B

saBucumoctn ot mapamerpos |, |, u b Gesonachoit

o0nacTu OnmpenessiioTes, Kak claeayeT ¢ puc. 1, cieayro-
MM 00pazoM:

¥n=arctg » Yk= arctg .
1, 21
- 2 - 2
Dn_ b——l—lr%, Dk_ b__|_|‘?
4 4

XA =Dy sin gy,
Xg = Dysin(zz—y )
XC = Dk Sin(7Z'+(//k)v
Xp =D, sin( 27z —ywp)
Jlis monyuenust GopMysa pacyeTa OTHOCHTEIBHBIX MHU-
HUMAJIBHBIX KYPCOB YKJIIOHCHHA, MPOXOAANIUX YCpEe3 yTI-

noBble Touku cnenyer eectd omopuyro XOY u mpo-
MEXYTOUHYIO 5-(6? cucreMsl koopauHar (puc. 3). Ilpu
xypce nemn K, u monoxennu ero uentpa Xy, Yo B
X o =Xo* Dy sin(y, +Ke),

Xg =Xot Dy sin(z —y +K¢),

Xc =Xt Dy sin(z+y + K,

Xp =Xt D, sin( 27—y, +Ke)

3HaYeHHs  OTHOCHTEJBHOTO  Kypca

Kyminl , TIPOXOJSINEro 4Yepe3 YIIOBbIE TOYKH Oyaer

YKIIOHCHUA

OIIPEACIATHECA BBIPpAKCHUSAMMU!

Kymin =360+ Ky, mpu ¥,>0; (1=A, B, C,D)

Kymin =180+ Kyminy , mpn Y| <0, (D)
rac Rymlnl OIpCALIIACTCA CIACAYOIINM 06paBOM:

K Xo + Dy sin(y, + Ke) |

Yo + D, cos(y, + Ke)

yminA~= arctg

KyminB:
arctg )io + Dy sin( 7z —y + K¢) ’
Yo + Dy cos(z —y i + Ke)
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c B

b
” (Rt)
Puc. 3. [Tapamerpsl 6e3011acHOI 30HEI Db MIPSIMOYTOJTb-
HOU (OpMBI
C y4eToM MOJyYEHHBIX BBIPAKEHUN MOJOKEHUS YTII0-

BBIX TOUCK B CyI0BO# cucreme koopauHat XOY ompene-
JISeTCA CIEAYIOIMM 00pa3oM:

Yao =D, cosy
Yg = Dy cos(ir —y ) s
Ye = Dy cos(zz+yy )
Yp =D, cos(27z —yp)-
CHCTEME KOOpAUHAT XGV, KOOPAUHATHI KPUTHYCCKUX
touek A, B, C u D B 3T0if Xe KOOPIWHATHOW CHCTEME

ONPENEeISIIOTCS, KaK ClenyeT ¢ puc. 4 , CICIyIOIHMH
bopmymamu:

Ya =Yo+ Dy, cos(yp, + Ke)

Yg =Yo+ Dy cos(r —wy + K) s

Ye =Yt Dy cos(zr +y + K)»

Yp =Yo+ D, cos(2z —yp, + Kc)-

E:y

x

Puc. 4. K onpezenennto MUHUMAaIbHOTO Kypca YKIOHEHUS

¢



|'<yminl

+ Dy sin(z +y + Ke) |

< = X
KyminC_ arctg =2
Yo + Dy cos(z +yw + K)

Al

yminD~ arctg e+ Pn sin(27z —yn + Ke) .
Yo + D, cos(2zr —y, + Ke)
Hcnonb3ys nonydyeHHbIE BBIPAXKEHUS, C IIOMOILBIO

¢dopmynsl (1) HaxXoaUM 3HAYCHHWE OTHOCHTEIBHBIX MIHU-

MalbHOTO KYpPCOB  YKIOHEHHMS KyminA' KyminB'

~ ~

Kyminc: Kyminp- Ao BbiGopa rpaHiuex oTHOCH-

s
TenbHbIX KypcoB ykinonenus K u th BOCIIOTTb3yEM-

Ci CIIEAYIONINMHA COOTHOIIECHUSIMU:

~ ~

s ~
Kt = max{ Kymin/-\’ KyminB' KyminC'

KyminD}-

th = min{ KyminA’ KyminB’ KyminC'
KyminD }
BennuvHa 1npenenbHO -  JOMYCTUMOW JAUCTaHIUU

COMMKEHUs] CyIOB C y4eToM (hOpMBbI O€30MacHO 30HBI
3aBUCUT OT CTOPOHBI OTHOCUTCJIBLHOI'O YKIOHCHUA U
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OTpeIeNAeTCs TPAaHUYHBIMH OTHOCHTEIBHBIMH KypCaMH
s s
Kt 1 th. IMostomy o6oznaunm Dy n Dg - mpe-

JENTBHO - TOIYCTUMBIC TUCTAHIINH COJIMKEHHS IPH OTHO-
CUTEIHHOM YKJIOHCHHH CyIHA COOTBETCTBEHHO BIIPaBO U
BJICBO, IIPHYEM OIIPENICIEHUE TPEIEIBHO - JOITyCTUMBIX
JUCTAHIMHA CONVMKCHUS TPOU3BOAMTCS C IMOMOIIBIO OYe-
BHIHOTO BBIPAKCHHUS:

DS = D‘sin(K S — a)‘ :
DP = D‘sin(K P —(x)‘ .

C moMoImbl0 KOMIBIOTEPHOH MPOTpaMMBI OBLT MPOM3-
BEICH pacyeT 3aBHCHMOCTH HPENEIbHO - IOIMYCTUMBIS
JUCTaHIMK COJIMDKEHHSI OT pakypca CONMKAIOIIUXCS Cy-
JIOB JUIsl IMCTAHIIMU MEXAY CyJIaMu 3,5 Muiu, pesylibTa-
THl KOMIIBIOTEPHOTO MOJICIMPOBAHMS TPEJCTABICHBI Ha
puc. 5. B mpaBoii 4acTu puCyHKa IOKa3aHa 3aBUCHUMOCTb
NIPEAENbHO - JAOIYCTUMBIE JUCTaHLUHM CONIKEHUS OT
B3aMMHOTO TOJIOKEHMSI CyIOB. BenuumHa mnpenenbHO -
JOITyCTHMO} TUCTaHIMU M3MEHseTcsl B npenenax ot 0,4

a0 1 MWIH, YYUTBIBAA, YTO OoubIas JAUCTAaHII A Dn

MIPSAMOYTOJIBHON 00JacTH paBHa | MIITH.
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BETOMET
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Mparoyr
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L el [t

360
40 50 o 4 B8 12

16 20

Puc.5. PeSyJ'II:TaTI:I KOMITBIOTEPHOI'O MOACIIUPOBAHUSA

BroiBoabI

1. TlokazaHa 3aBUCUMOCTh 3HAYEHHS TPEIEIBHO - J0-
MyCTUMOM TUCTAHIMK CONMKCHHUS CYIOB OT MX B3aMMHO-
rO TIOJIOKEHUS B Cllydae MPUMEHEHUs 0€30MacHON 30HBI
MPSIMOYTOJIBHOM (DOPMBL.

2. Tloy4yeHpl aHATUTHYECKHE 3aBUCHMOCTH, TIO3BOJISI-
IOLME PACCUUTATh BEJIMYUHY MPEAENIbHO- JOMYyCTUMON

JUCTAaHIIUHU CGHI/I)I{CHI/IH CyI0B B 3aBUCUMOCTH OT UX pa-
Kypca.

3. [IpuBeneHsl YMCICHHBIH pUMep 0E301MacHOro pac-
XOXKJACHUA YETBIPEX CYAOB U PE3YJIbTaTbl UMUTATUOHHOT'O
MOZEIUPOBaHUsI, MOATBEPKAAIOIINE KOPPEKTHOCTD NPEea-
JIO)KEHHOTO METOJA.
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Influence of safe area of rectangular form on determination of size is maximum - possible distance of rapprochement of ves-

sels.
A. V. Borodulin

Abstract. Dependence of value maximum is shown - possible distance of rapprochement of vessels from their mutual position in the
case of application of safe area of rectangular form. Analytical dependences allowing to expect size maximum are got - possible
distance of rapprochement of vessels depending on their foreshortening. By a computer the design of size maximum is produced -
possible distance of rapprochement and the limits of its change are appraised.

Keywords: safety of navigator, divergence of vessels at dangerous rapprochement, form of safe area, maximum - possible dis-

tance of rapprochement of vessels.
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Abstract. This article proposes a solution to improve the efficiency of automated generation of electronic lexicographical resources
based on strongly-structured electronic information arrays processing. The developed automated information system for lexicograph-
ical resources creation and replenishment have been described is this article. Several supporting subsystems of developed automated
system have been characterized. The effectiveness of the information system has been evaluated.

Keywords: Automated systems for natural language processing, electronic lexicographical resources, strongly-structured elec-

tronic information arrays

Introduction. The problem of automated lexicographical
resources creating needs to be solved, because, firstly,
using special automatic lexicographical resources in pro-
grams for natural language texts automated and automatic
processing have greatly increased the efficiency and qual-
ity of such processing; and secondly, in the lexicograph-
ical resources the conceptual model of a certain subject
area is reflected because they contain concepts, connec-
tions between them, definitions of these concepts. The
current level of information technology development
provides an opportunity to solve this problem only par-
tially by developing and using specialized information
systems based on a variety of approaches and methods.
As sources of fulfilling the lexicographical resources such
systems use natural language texts. But many researchers
ignore such sources of information as already created,
existing lexicographical resources of different types.
Therefore, the problem of developing an information
system for the automated creation of electronic lexico-
graphical resources based on the analysis of existing ones
can be considered relevant.

Review of the literature. At the moment there are
quite a lot of tools and services for the creation and re-
plenishment of electronic lexicographical resources. In
the framework of this work, some of them, created in
Ukraine and working with the Ukrainian language, were
analyzed.

Integrated lexicographic system made by Ukrainian
Lingua-Information Fund, NAS of Ukraine, based on the
theory of lexicographic systems, consists of three subsys-
tems:

1) a computer library that combines the functions of
the electronic catalog, the database and facilities for the
processing of generalized storage objects, that is, hetero-
geneous information presented in the machine form:
books, drawings, audio, video, graphic information, data-
bases etc. [1];

2) an automated lexical file system consisting of a texts
database (library); Segment bases (microcontexts) ob-
tained from these texts; set of algorithms by which these
segments (microcontexts) are extracted; set of all word-
forms of the segment base (microcontexts); the set of all
complete paradigms for all wordforms of the segments
base (microcontexts); dictionary with the necessary in-
formation retrieval functions; search-bibliographic block;
a block of statistics and control over the new words input-
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ting to the dictionary [2];

3) vocabulary subsystem which is convenient function-
al environment for working with texts and dictionaries in
Ukrainian. [3].

All subsystems described above are united into a single
system with the help of the integration program shell
«Lexicograph» which provides cross-navigation across all
subsystems. The described system creates the precondi-
tions for complex automation of lexicographical activity,
from the stage of vocabulary card indexes formation and
vocabulary structure design and ending with the stages of
the automated typing, pages layout making and dictionar-
ies replication [3].

The system of the multilingual dictionaries creation
named PolyDic ML v.3.0 implements the approach «from
a computer dictionary to paper oney, that is why it is a
flexible system by which computer encyclopedic and
linguistic dictionaries of different types can be made. The
PolyDic ML v.3.0 system consists of two modules and
software applications: the main software module — the
editor for making and editing dictionaries (PolyDic ML
Editor); a module for viewing and working with dictionar-
ies (PolyDic ML Viewer) as well as application programs
(including PolyDic ML Localizer — allows the user to
locate or edit the system interface in a particular lan-
guage) [4, 5].

The automated system for managing the integral dic-
tionaries ASVIS, created at the V.M. Glushkov Institute
of Cybernetics, NAS of Ukraine, is a program implemen-
tation of the integral dictionary concept developed by the
Institute. Today, within the framework of this system, a
subsystem SIFORS for the dictionaries formation is creat-
ed, which is oriented on the management of terminologi-
cal databases [6].

The adaptive linguistic system ALISA, created at the
Institute of Applied Informatics, NAS of Ukraine, is a
natural language linguistic processor oriented to a number
of functions, in particular, automated creation of diction-
aries, thesauri, phraseological, terminological databases
[6].

The system of support for multilingual terminology
dictionaries SLOVO, created at Lviv Polytechnic Univer-
sity, can be used to prepare dictionaries for publication
[6].

The complex for the creation of dictionaries provides
the development and support of an electronic user dic-

©)|N.V. Borysova, K.V. Melnyk 2018


holis.diana@gmail.com
Typewritten text
N.V. Borysova, K.V. Melnyk 2018


tionary in any chosen domain area [7]. The complex con-
sists of electronic dictionary shell and tools for filling
(replenishment) the new articles to the dictionary. The
shell implements the wordform normalization using a
morphological analyzer; the searching for an article in a
normalized wordform (lexeme) and displaying in the
window of the article found.

Thus, the reviewed computer systems for the formation
of lexicographical resources implement the functions of
creation, replenishment and use of lexicographical re-
sources, but they do not provide the user with the oppor-
tunity to analyze existing electronic dictionaries and au-
tomatically extract the necessary information from them.

The purpose of this article is to solve the problem of
automated creation and replenishment of users' electronic
lexicographical resources based on strongly structured
electronic information arrays processing

Materials and methods. The main function of the de-
veloped information system is automated extraction the
necessary material from the existing electronic lexico-
graphical resources, based on the lists of dictionary mark-
ers. Dictionary markers are a lexicographic abbreviated
designation, which given in the dictionary article and
contains lexical, grammatical, stylistic and other features
of the lexeme [1].

Proceeding from the aforementioned and general re-
quirements for modern information systems [8], the archi-
tectural structure of the information system under devel-
opment should correspond to the following basic princi-
ples:

- compliance with current and future goals, as well as
functional strategic objectives of the information system;

- information system universality;

- providing user-accessible structuring of data and a
sufficient depth of their description;

- providing the required search operativeness and per-
forming analytical-synthetic queries;

- flexibility and the ability to develop and increase the
functions and resources of the information system accord-
ing to the evolution of the using sphere and objectives of
its use;

- providing of remote authorized users' access for in-
formation system using based on modern GUI;

- realization of technological functions inherent to such
information systems (providing integrity, consistency,
minimizing data redundancy, data protecting from users'
incompetent actions and the possibility of data recovery).

To create the information system for the creation and
replenishment of users' electronic lexicographical re-
sources a system approach was chosen, which consists in
the complex study of the object as a whole with the repre-
sentation of its parts as purpose-oriented systems and the
study of these systems and the relations between them. In
the system approach, an object is considered as a set of
interconnected elements of one complex dynamic system,
which is in a state of constant changes under the influence
of many internal and external factors associated with the
processes of transforming input resources on the output.
The system approach is based on the following principles:
the absolute priority of the ultimate goal, unity, connectiv-
ity, modular construction, hierarchy, functionality, devel-
opment, decentralization, taking into account uncertain-
ties and randomness in the system[8].
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Significant features of the system approach are: simul-
taneous coverage of designing a large number of tasks;
maximum typification and standardization of solutions;
multi-dimensional representation of the structure of the
information system as a system consisting of several
classes of elements, and their relative autonomous devel-
opment; key role of databases; local implementation and
increase of functional tasks [8].

Since in the system approach, as already noted above,
an object is considered as a set of interconnected elements
of one complex dynamic system, the information system
can be considered a set of functional subsystems and
relationships between them. Functional subsystem is the
information system part, highlighted by the functional
features commonality. Information system functional
decomposition determines the allocation of subsystems,
i.e., for what scope it is intended and which main goals,
tasks and functions performs. Depending on the com-
plexity of the object, the number of functional subsystems
may be different [9].

For allocation the information system functional sub-
systems the following requirements must be met:

- the tasks that make up the subsystem should not inter-
fere with each other;

- the tasks solved in subsystems, should be closely re-
lated to each other in the information plan, that is, when
solving them should use a single input information, and
the results of solving some tasks should be used to solve
the other;

- the results of the decision must have a single con-
sumer [9].

For allocation the information system functional sub-
systems, their parameters must be determined: the pur-
pose of the subsystem's functioning, the type of resources,
and the features of the indicators that are calculated in the
subsystem.

The functional subsystems exploitation requires the
availability of appropriate resources that creating by the
information system’s supporting subsystems: mathemati-
cal, algorithmic, informational, software, organizational,
methodological, technical, linguistic, legal, ergonomic.
Let us consider in more detail some of them for the de-
veloped information system for the automated creation
and replenishment of users' electronic lexicographical
resources.

The mathematical support of the information system is
a collection of mathematical methods and models used in
the information system [8]. Models of lexicographical
units’ identification by markers in the texts of existing
lexicographical resources are used as a mathematical
support of the developed information system. Mathemati-
cal models were developed using the apparatus of finite
predicate algebra and the method of comparative identifi-
cation. As external identifiers, it is proposed to take
X1+ Xn, Which determine the presence of a particular
marker in the dictionary article. These identifiers acquire
the values yes — if the marker is present and no — if it is
not present. The fields of change of these variables can be
formally written in the form of the following equations:
xS vx®=1, xYE v =1, xS v =1,...,
Xn’® v X" = 1. These identifiers are sufficient to identify
the lexicographical units in the electronic lexicographical
resources. Consequently, if the set of lexicographical



units from electronic dictionaries is denoted by T = {t;},
and the set of identifiers chosen by us through X, then we
can enter the predicate P(ti, X), which accepts the value of
1 in the presence of a identifier or 0 — in the opposite case
P(ti, X) = P (i, (x1, x2, X3, ..., Xn)). That is, the predicate
P(ti, X) implements the recognition of the lexicographic
unit in the dictionary text.

set of markers
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On the basis of this model, the algorithm of the process
carried out in the information system was constructed.
This algorithm is an algorithmic support of the developed
information system. The algorithm for the process of
creating a user's lexicographical resource is presented in
Figure 1.

Markers analyse markup
and selection set of chosen format
markers
1
A A
Markers
set of dictionaries detection in
to analyse dlctl_o nary set of chosen
> articles dictionary articles
2
A
Words and their
definitions set of unmarked
extraction up dictionary
3| articles
— set of dictionary
v articles for new
User's new user’s dictionary
>

dictionary creation

4

4

User

Information system software

Figure 1. — The process of user’s automated electronic lexicographical resource creation

At first, the user from the default markers set in the
system selects only the ones he needs. Then he downloads
electronic dictionaries that he wants to analyze. The sys-
tem searches for markers in dictionary articles download-
ed for the analysis and extracts dictionary articles that
have the markers. If the dictionary article consists of the
several word definitions, system extracts just one of them
that contains the marker. Vocabulary articles selected in
this way or their parts are converted into vocabulary arti-
cles using a given set of markup rules, from which the
new user dictionary is actually formed.

In addition to create their own dictionary based on the
lists of markers, the user of the information system can:

- search for words;

-view information about wordsfrom the dictionary,
such as their definitions and information about the marker
by which the word was found;

- view other dictionaries available on the system;

-add dictionary articles manually through a special
window for dictionary replenishment;

- edit dictionary articles manually through a special
window for dictionary articles editing;

- delete dictionary articles and dictionaries;

- create, view, edit, delete markers and lists of markers;

- view information about markers, their meanings;

- search for markers.

The information system architecture includes data-
bases, data processing tools, information resources access
tools, user’s work organization tools, administration tools
and data transaction tools. Information system software is
a set of separate components. Each component imple-

Precision = , Recall =

a+b a+c

where a— number of correctly extracted lexicographic

, Fallout =

ments a set of closely interconnected tasks, which ensures
the implementation of the necessary set of operations over
the data and the sequence of their implementation. The
information system functioning is provided by the pro-
gram, which is a set of software tools implementing the
storage and processing environment, the data access inter-
face and the shell for data processing. The data storage
environment is the Microsoft SQL Server database man-
agement system. The exchange interface is implemented
using the Apache web server. The shell for data pro-
cessing is a program that implements the basic functions
of the data management system. The program works
through a web-interface. The using of the information
system by the submitted architecture provides optimal
organization of the user’s work with the information re-
sources of the information system.

Thus, an information system for the automated creation
and replenishment of users’ electronic lexicographical
resources is developed as a tool and service of creating
and replenishing an individual or corporate electronic
dictionary that can be used by the user at his own discre-
tion.

Discussion the results

According to the intergovernmental standard for in-
formation in librarianship and publishing business for the
evaluation of the efficiency search and extraction of lexi-
cographic units are used the coefficient of accuracy Preci-
sion, the coefficient of completeness Recall, the coeffi-
cient of noise Fallout and the coefficient of extraction
error Error, which are determined by the following for-
mulas:

b+c
(a+b+c+d)'

, Error =
a+b

units;
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b — number of incorrectly extracted lexicographic units;
¢ — number of incorrectly unextracted lexicographic units;
d — number of correctly unextracted lexicographic units.
In total, about 700 electronic dictionaries have been
analyzed according to different lists of markers; more
than 5000 experiments were conducted. These values of
coefficients are obtained: Recall = 0.97; Precision = 0.98;
Fallout = 0.02; Error = 0.01. Since comparing the results
with the results of other similar systems is not possible in
the absence of systems with the same functionality, the
results were compared with the results of systems with a
similar functionality. The comparison showed a greater
efficiency of the developed information system for solv-
ing the problem, since the values of the coefficients found
in literary sources, containing the descriptions of other
systems, vary within: for the Recall coefficient ranging
from 0.79 to 0.86; for the Precision coefficient ranging

from 0.83 to 0.95.

In addition, the values of the Precision and Recall co-
efficients for the developed information system are close
to the 1 that is the highest value that these coefficients can
take, while the Fallout and Error coefficients are quite
low, which also proves the efficiency of the developed
information system.

Conclusions. Thus, information system of automated
creation and replenishment of user's lexicographic re-
sources is a system that provides satisfaction of the user's
information needs in the lexicographical information
processing, as well as lexicographical processing of in-
formation. The purpose of the information system is real-
ized through its functions: automated creation of various
purposes user's lexicographic resources, automated col-
lection, processing, storage of lexicographic information,
information support of users etc.
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AHHOTAanMs. PaccMOTpeH aHaINTHUYECKHI CIOCO0 Oompe/esIeHNs] MaHeBpa PacX0XKIACHUS Cy[JOB COBMECTHBIM MaHEBPOM H3MEHEHUS
Kypca OJHOTO CyIHa M CKOPOCTH BTOPOTO B CHUTYallMM MPUCYTCTBHS MELIAIOLIEro Cy[Ha B paifoHe MaHeBpHpoBaHus. IIpemnoxena
KOMITBIOTEpHAsI Pealn3alys TaKoro crocoda, No3BoJIAIoIas BbIOOp 6e3011acHOro MaHeBpa PACXOKICHHS UL BCEX TPEX CYIO0B.

Knrwouesvle cnosa: besonacnocms cy0080X4COeHUS, PACXO0XHCOEHUe CYO08, 6HeulHee YNpasieHue Npoyeccom pacxoxrcoenus, ooaa-
CIMU ONACHBIX KYPCO8, De30NACHOe PAcX0dicOeHUe CY008 NPU HATUUU Meulanue2o CyoHd.

Benenne. [InaBanne B CTECHEHHBIX BOAAX 3aTPyJHEHO
WHTEHCHUBHBIM CY/IOXOICTBOM M HAaBUTAI[HIOHHBIMHU OIIac-
HOCTSIMH, KOTOpBIE BEIYT K POCTY PHCKOB BO3HHKHOBE-
HUSI aBapuil CyJoB. DTO OOCTOSTENBCTBO BEAET K yCTa-
HOBKE CTaHIMI ympaBieHus nerxeHnem cynoB (CYJC)
B CTECHCHHBIX palloHax IUTaBaHUS C 0OCOOCHHO MHTEHCHB-
HBIM JIBIDKCHHEM, KOTOpBIC IPEAHA3HAYCHBI IUISI KOH-
TPOJIS TIpOIiecca CYJOBOXICHHS M oOecriedeHns ero 0es-
OIAaCHOCTH, B TOM YHCJIE M NPEAYNPEKACHHS CTOIKHOBE-
HUIl omacHO cOnmxkarouuxcs cynoB. s 3¢ QekTuBHOM
paborsl CYJIC HEoOXoaMMO MX OCHAIlleHHE COBpPEMEH-
HBIMH TEXHUYECKUMH CPEICTBAMH M MH()OPMAaLMOHHBIMU
TEXHOJIOTUSIMUA 0E30MaCHOTO PACXOXKJCHUSI HECKOJIBKHX
OMAacHO COMIKAIONIUXCS CYIOB. DJTO OOCTOSITENBCTBO
00yC/IaBNIMBaeT aKTyaJdbHOCTh W IIEPCHEKTHBHOCTH HC-
CJICZIOBaHUS YNPABICHUS CylaMH B CHTYaIlMHd OIACHOTO
cONMKEHU TIPH TUTaBaHUH B paiioHax koHTpoist CY/IC.

Kparkuii 0030p ny6aukanmii no reme. MHorouuc-
JIeHHBbIE PabOTHI TOCBAIIECHB! BOIpocaM (opmanmusanyn
B3aUMOJICHCTBUS CYy/I0OB B CHUTYallMH OIIACHOTO COJMXKe-
Hust. C Mo3uLuil JIOKaJbHO-HE3aBUCHUMOTO YIPaBICHUS
MIPOIIECCOM PACXOXKICHHUS PAcCMOTPEHAa 3ajada Ipery-
MIPEXIEHUS] CTOJIKHOBEHMH Cyn0B B pabotax [1-8]. B pa-
6ote [4] mi1st BeIOOpa 0€30MacHOr0 MaHEeBpa PaCXOXKACHUS
CyJIHa C HECKOJIbKMMH OIACHBIMH EJISIMHA MCIIOJIB3YIOTCS
METOJ(bl TEOPHUH ONTHMAIBHBIX JAUCKPETHBIX IPOIECCOB.
Onmucanne mpolecca pacxoXkIeHWs M BHIOOp MaHEBpa
MIPEAYNPEXKICHUST CTOJIKHOBEHUS C IIOMOINBIO METona
HEJTMHEHHOW WHTErpajbHOl MHBAapHaHTHOCTH IIpeasiara-
ercst B pabote [1]. Yuuduiuposanusiii moaxo k hopma-
JMM3alUM B3aUMOAEHCTBUSL CYMOB INPH BO3HUKHOBEHHH
YTpO3bl CTOJIKHOBEHUS H3JI0kKEH B pabote [S5], ¢ momo-
b0 KOTOPOTO MpeiokeHa anropurmusanus MIITICC-
72, a pabotsl [2, 3] nocBsieHbl GOpMaATU3AINU B3aUMO-
JIEWCTBHUS CYJOB NPU PACXOXKIEHUU METOAAMHU TEOPHHU
muddepenumansHpx urp. B MoHorpaduu [6] npemioxken
METOJ TPEIyNpPEeXJICHUS] CTOJKHOBEHHUSI CYJOB IIyTeM
CMEILCHUs] Ha MapauieSbHYI0 JIMHHUIO MyTH, a KHuUra [8]
MOCBSIILIEHA MTOJPOOHOMY HCCIIEJOBAHHIO MPHUHIIMIIA JIO-
KaJIbHO-HE3aBUCHMOI'O YIIPABJIEHHs ITPOLIECCOM PacX0X-
JIeHUs! ¥ B HeH pa3paboTaH MeTo] THOKUX CTpaTeruii pac-
XOXKIEHUsI, KOTOpBIH ¢ yderoM TpeboBannit MIIIICC-72
MI03BOJISIET CHHTE3UPOBATh CTPATETHIO PACX0XKICHUS CYH-
Ha C HECKOJLKMMH ONAcHBIMU IesisiMHA. B pabote [7] u3-
JIOKEHBI Pe3yJbTaThl HCCIEAOBAHUSA 3(P(PEKTUBHOCTH
MapHBIX MAHEBPOB PACXOMKICHHSI.
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VipaBlieHHE HPOLECCOM PACXOXKIEHHA CYAOB C IIO-
Mouipto CYJIC peanu3yeT NPUHLIMI BHELIHETO IOJHOTO
yIpaBJEHUs, a €r0 METOAbI U3J0XKeHbI B padoTax [9, 10,
11].

Heas. Llenpro HacTOSIIEH CTAaTBU ABJISETCS pa3padoT-
Ka MpOoIeayphl BIOOpa 0€30MacHOTO MaHEBPA PacXoxKe-
HUSL TIaphl OMACHO CONMKAIOMUXCS CYIIOB METOJaMH
BHEIITHETO YIPABJICHUS TPH HATUYUH TPETHETO MEIIaro-
IIETo Cy/HA.

Marepuaabl U Meroabl. B pabore [12] mans dopmu-
poBaHUsA 00JIaCTH Qyyj OTACHBIX KYPCOB OJIHOTO CY/HA K

CKOPOCTEil BTOPOT'O Cy/IHA C YY4ETOM HMHEPLHOHHO - TOp-
MO3HBIX XapaKTEPUCTUK BTOPOTO Cy/HA Oblia pa3pabora-
Ha KOMIIbIOTEpHAsl MporpaMma, peaju3yromas IMpeio-
JKEHHBII B CTaThe aJITOPUTM pacyera rpaHHIbl 00JaCTH.

B kauectBe mpumepa ObUIa paccCMOTpEHa CUTYyaLUs
OIIaCHOTO COJNIDKEHUS CyHOB ¢ mapaMeTrpamu: OL=130°,
D=3 mmm, K;=130°, V,=22 ysna, K,=315° V,=18
y310B, Dy =1 muns, rpapuyeckoe u3o6pakeHne KOTOPOi

npeacraBiaeHo Ha puc. 1. [IporHosupyemoe 3HaueHue
JMCTAHUMK KpaT4aiiiero cOMMKEHUs paBHO D .. =01
MWJIH, 9YTO CBHUACTEIBCTBYET 00 OIMACHOM COJIDKECHHH
CYyJlOB.

JlIst TpYBENEHHOW CHUTYyallMM OMAcHOTO COMMKEHUS
CyJIOB Ha pHC. 2 TOKa3aHa 00JIacTh Qyj TP CHIKEHHH

CKOPOCTH BTOpPOTO CyJIHA TACCUBHBIM TOPMOKECHHUEM.
CoueraHne mapaMeTpoOB PacXOXkKIICHUS CYI0B KS) u sz

Ha TpaHHUIle 0oO0JacTH oOecrneynBaeT IMCTAHIMIO KpaT-
vaiero commkenns D¢ =1 Mus. Ha puc. 2 BoiGpana
CTpaTerust PAaCcXOXJICHHA CYAOB C  IapaMeTpaMu
KS'):1630 UV, =15,6 y3na (TouKa IpaHMLEI IOKa3aHa

KOHIICHTPHYCCKIMH OKPYKHOCTAMH), KOTOpBIe obecrie-
YUBAOT  KPAaTYaWIIyl0  AWCTAaHIHIO  PaCXOXKICHHS
D minf =1,01 mwmm. [dnga TOH ’Xe CHUTyalud OIAacHOIo

cOmmKeHusT mporpaMmMoil Oplla copMHpoBaHa 007aCTh
Qyj TIPY AKTUBHOM TOPMOKEHUH BTOPOTO Cy/IHA, TIOKa-

3aHHAs Ha pucC. 3.
Ha rpannne ob6mactu Qkyj BBIOpaHa TOYKa COOTBET-

CTBYIOIIasl IapaMeTpaM CTPATeTHH DPACXOXKICHHS CYI0B
K§§)=85° i V2y=18,4 y371a, IPU KOTOPBIX JOCTHUTAETCS

D ing =1,00 Muin.
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PaccmoTpum B paiioHe mpeanoiaraéMoro MaHeBpUpPO-
BaHUS HAJMYWE TPETHETO CYAHA, KOTOPOE HE 3aIeHCTBO-
BaHO B TPOIECCE PACXOKICHHS, OTHAKO OTPAHUIHBAIO-
iee MaHeBp PacXOKICHHUS CYIOB, TaK KaK MOXKET CO3aTh
YTPO3Y OIAacHOTO COMMKEHUS C OJHUM W3 HHUX U C 000-
UMH cynamu. Takoe TpeThe CyZHO OyZeM Ha3bIBaTh Me-
matomuM. [1py HalTMYUKM Melaouero cyHa napaMeTpsl

MaHeBpa PACXOXKICHUS Kly H V,, 1 Oe3omacHoro pac-

XOXKJI€HHs TOJKHBI yIOBIETBOPSTH YCIOBHIO IPEBOCXO/-
CTBa JWUCTAHIUH KpaT4amiero COMMKCHHS MEXIy CyAa-
MH HaJ TpeaesbHO-IOMYyCTUMON TUCTaHINeH CcOmKe-
HUSI, 9TO AaHAINTHIECKU BBIPAXKACT CICIYIOMIMM 00pa3oM:
minD 1, (Kyy, Vo) 2 dyg,
minD 13(Kyy) > dyg, 1)
minD 3(Vay) 2dy.

IIpy 5TOM OYEHb BaXXKHBIM ABISAETCS COOTHOILEHUS
MIPOTHO3UPYEMBIX 3HAuU€HUM BpEeMEHM KpaTdaliiero
COMDKEHHsT KaXI0M Mmaphl CyJIOB, KOTOpBIE 3aBHUCST OT
HadaJbHbIX NApaMeTPOB HX IBIDKEHHS. O4eBHIHO, MPH
HAJIMYMY MELIAIOIIEero CyAHa CleAyeT pacCMaTpUBaTh TPU
3HAYEHHMS. BPEMEHHM KpaTyailiero COMMKEHUS mint 5,

mint ;3 ¥ mint 5. Haubonee vacras curyauust onacHoro
COMMKEHNsI ¢ MEIIAIOIINM CyJHOM XapaKTepH3yeTcsl CO-
OTHOIICHAEM mint 1, > mint 15 > mint ,3. B aTOM ciyuae
Ul MAHEBPUPYIOIIMX [IEPBOTO U BTOPOr'O CYIOB CICAYET
copmupoBaTh 001aCTB Qyyj HEOMyCTUMBIX KYPCOB

MIEPBOTO CyIHA W CKOPOCTEH BTOPOTO CyIHA C Y4eTOM
pPeKMMa TOPMOXKCHHUA, YCM YUYHUTBIBACTCA IICPBOC pPaBCH-
ctBo cuctemsl (1). [Tocne BrIOOpa Oe30macHOr0 MaHeBpa
PacX0XJI€HHs, KaK TOYKHU (Kly’VZy) TpaHUIBl 00JIACTH

Qv HEOOXOAMMO pPAacCYMTaTh 3HAYEHHMs OUCTAHLUI
KpaTydailiero CcOMMKEHUS minD 1(Kyy) 1 minD 53 (V)

COOTBETCTBEHHO MEPBOTO M TPETHETO, a TAKKE BTOPOTO H
TPETHETO CYIIOB.

JuctaHiys KpaTyaliero COMMXKEGHUS minD 15Ky
y

MEXKIY MEPBLIM U TPETHUM CYJaMH OIPEIEISAETCS, NCXO0-
I U3 cienyromux coodpaxkennid. Ecnu 0603HaunTh 1U-
CTaHIOHIO MEXKAY NEPBBIM U TPETHUM CydaMH ITOCJIE I10-
BOPOTA NMEPBOTO CY/HA Ha KypC YKIOHEHHA K, —1epes

Dy » @ HEJIEHT - (15 , TO, YUUTBIBASL, UTO 00a Cy/Ha Clie-
AYIOT C HEH3MEHHbIMU NapaMeTPaMU JBIKCHUS K, V;
M K, V,KpaTyaiilias MMCTaHIAs minD 13(Ky ) Onpesensi-
eTcs 10 u3BecTHOH 3aBucumoctu [10]:
minD 15 (K ) = Dy SN Ky 13~ 0131)
rae K oty13 OTHOCHUTEJIbHBIA KypC

Jist onpenencHust AUCTAHIUMU D, ,, M IeneHra Oljgy
HEOOXO/IMMO HANTH PAa3HOCTb KOOPIMHAT AX;q M AYig

MEXIy TEPBbIM W TPETbHM CyJaMHU IIOCIIEe 3aBEPIICHUS
MOBOPOTA TIEPBOTO CyJTHA, UCXOAS U3 3HAYCHWH Hadallb-
HBIX TIEJIEHTa (o, U aucTanuuu D, .

OueBHIHO:
AXlSk = D13n sin 0Ol13n —AXO _V3T1 sin K31



AY13 = Dy3p COSay3, —AY, — V311 COSK3
rac AXO u Ayo - OpupaleHue KOOpAUHAT NEPBOTO
CyIHa 3a BPEMs MOBOPOTA Tq .
3HayeHnsT AUCTAHIINU D13k U IIeNeHra 03, paccuu-
TBIBAXOTCA C IIOMOIIBIO BBIpaH(eHI/Iﬁl

2 2
Dyai = AX{gk +AY 3 »

. AX
03 = arcsin ——23K -
13

B cBoto ouepens, A ompeneneHNs IUCTAHIIMN Kpat-
yapmero cOMmKEHUS minD 23(sz) MEXIy BTOPBIM H

TPETBUM CyJaMH HEOOXOOMMO pacCUUTaTh IHCTAHIIHIO
Djgi Y TEIEHT 053 MEXKAY HUMH B MOMEHT BPEMEHH

OKOHYaHHS TOPMOXCHHUSI BTOPOTO CY/HA, KOTAA €r0 CKO-
POCT PACXON/ICHUS v/, CTaHET HeU3MeHHOU. [11s 3Toro

HEOOXOIMMO HATH Pa3HOCTH KOOPAWHAT AX g B AY g

MCKAY NEPBbIM U TPETbUM CyJdaMH Ha yKaBaHHBIﬁ MO-
MCHT BPEMCHMU:

V3

AY23k = D23n Cos Olo3n —SCOSK2 —V3‘L'b COS K3 ’

AX23k = D23I’] S|n Olo3n —SSII’I K2 — Th Sln K3|

THC 0,3, M Dogy,

MEXIY BTOPBIM U TPETHHM CYAaMHU;
Tp, U S - BPEMsl TOPMOXKEHHsI BTOPOTrO Cy[HA M MpPO¥i-

- Ha4YaJbHBIC IICJICHI W OUCTaHIIMUA

JACHHOC 3a 3TO BPEMs PAaCCTOAHHC, pACUCT KOTOPBIX IIPO-
H3BOJUTCA B 3aBUCUMOCTH OT PEIKHUMaA TOPMOKCHUS.
JII/ICTaHHI/IH D23k n NICJICHT Ologk BBIYUCIIAKTCA C II0-

2 2
Dosk = AX%3¢ +AY53 »

.Y, OY
tlpg, = arcsin ——~23k
23K

JucraHnms KpaTdaiimero COMIKCHHAS minD 23(Vay)

MOIIBIO (hOPMYIT:

MCKAY BTOPBIM U TPETbUM CyAaMH ONPEACIISICTCA C 1O-
MOLIbIO BBIPAKCHUSA:

minD 23(Vyy) = ‘DZSK sin( K oty 23— a23k)‘ *

rae Kmy23 - OTHOCUTECJIBHBIN KYPC.

Jlis orieHKH 6€30I1aCHOCTH MaHEBpa PACXOXKIEHHS Cy-
JIOB TIpH HAJWMYMU MEIIAIOIIEr0 TPEThET0 CyIHa Oblia
pa3zpaboTaHa KOMIIBIOTEpHas MpPOTpaMMa, KOTOpas IpH
BbIOOpE MaHeBpa PAcCXOXKICHHS, COOTBETCTBYIOIIETO
OTIpe/IeIeHHONH TOYKEe TPaHMIBI 00JacTH Qyy;» Paccun-

TBIBAET TAKXKE NUCTAHUUU minD 13 (K 1y) U minD 23 (sz) ,

BBIBOJIMT WX 3HAYCHUS Ha SKpaH MOHUTOPA M CPAaBHUBACT
U3 TpeAeTbHO-IOYCTUMOM AUCTaHIIAEH CONMKECHUS.

B kauectBe mpumepa Ha puc. 4 IpUBeIeHa CUTYyalus
OTIACHOTO COJIMKEHUS CYNIOB MPH HATWYUH TPETHETO Me-
[IAIONIETO Cy/IHA, KOTOpas XapakTepu3yeTcs Mapamerpa-
MH: 0Ol =313°, D12:3 muiy, K;=339°, V,=22 ys3ua,

K,=102°, V,=18 y3nos, dy=1 muns, oy3=25° D;3=3
muin, K ;=224°, v3=18 y310B. CHIDKEHHE CKOPOCTH

BTOPBIM CYJJHOM IIPOU3BOAMTCA AKTHUBHBIM TOPMOXKCHHU-
€M.
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Ha puc. 5 mokasaHa 00J1acThb QKVj OIMaCHBIX MMapaMeT-

POB Kypca OJTHOTO CYAHA U CKOPOCTH BTOPOTO CyJHA JUIs

NIPUBEICHHOW CUTYyallH COMMKEHUsI TpeX CcynoB. BriOpan

MaHEBp PACXOK/IEHHsS, COOTBETCTBYIOLIUH TOUYKE T'paHH-
— A0 —_—

el 001aCTH Qyyj © TmapameTpamu K 1y =4°, sz—13,9

y370B. [Tporpammoii 66N paccYUTaHBl JUCTAHIINH KpaT-
yaiflmero  COMWKEHHS D " (Kly):0,16 MWK |

minD 23N2y)20’60 MUJIM, KOTOpPbIE MEHBILIE MPEIEIbHO-

JIOMTyCTUMOMN JUCTaHIMU cOnmxkenus. JlaHHoe 00cCTOsI-
TENBCTBO HA PHUC. 5 OTpaK€HO B KPAaCHOM IBeTe WHQOP-
MAalLlMOHHBIX IaHEJeW BBIBOJA IUCTAaHLMM KpaTdallIero
COMMKEHMS.

Puc. 4. UeTBepTas ctaHmapTHas CUTYalus COMMKEHUS TPEX
CyZIOB

K1=4
Wi=138
Kot= 64
Lm=1.08

B9 99 129159169 219249279300 3399 39 69 99 120 169 189 219 249K

Puc. 5. Bei6op MaHeBpa pacxoxkKACHHSI, OMTACHOTO JJIsl TPETHETO
cyaHa

Ha puc. 6 BeIOpaH apyroil MaHEBp PAaCcXOKICHHUS C Ta-
pameTpaMu K1y=349° u V2y=4,5 y3na. B atom ciydae

JMUCTAHIMS KpaTdaiiero COMMKCHHUS minD 13(K1y):0’59
MU U minD 55 (V) =1,20 muu. Takol MaHEBp pacxox-

JACHUSA TAKIKE SABJACTCSA HCHPUCMIIEMBIM, TdK KaK MPpH 10-
IIYCTUMBIX JUCTAHIHAX KpaTqaﬁmero CcOMmKeHus

minD 15 (Kyy, Vay) ¥ minD p3(V,y ) MCTAHIHA minD ;5(Ky )

He o0ecneunBaeT 0e30macHoe pacxoxxaceHue CyaoB.



[TosTOMy OblITa OCYyIIECTBIIEHA €Ile O/IHA TTOIbITKA BhI-
Oopa 0e30macHOr0 MaHEeBpa PACXOKACHHS, PE3YJIbTaThl
4yero rnokaszaHel Ha puc. 7. Ha rpanmmne obGmactu Oy

BBIOpaH MaHEeBp C MapaMeTpamu Kly:296° u sz:7,15

y3na. Kak cremyer u3 pucyHka, mepBoe W BTOpOE Cyaa
pacxomsTcs Ha guctaHmuu 1,08 Mwid, AWCTaHUUU

minD 13(K,, ) =2,04 MITH 1 minD 53V, ) =1,03 Muma npe-

BOCXOJIAT NPEEIbHO-I0NYCTUMYIO AUCTAHLUIO COJIMXKe-
HUsl. BpiOpaHHBI MaHeBp Oe3omacHbBId AL BCEX Tpex
CyJZIOB, YTO IMOJTBEPIKIAET 3€JICHHBIH IBET MH(pOpMAIH-
OHHBIX NaHeJeH TUCTaHIMH KpaTJaiero coMmKeHusI.

K1=349
V2= 448
30 Kit= 55

28 Lm=1.02

D13m=1053 | o,

D23m=1.201 16

G999 129159 169 219 249 279 309 3399 39 69 89 120 158 149 218 2491

Puc. 6. ManeBp ¢ 0THIM ONACHBIM COJIMIKEHHEM
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BriBoabl

1. PaccMoTpeH aHaMMTHYECKUH CHOCOO ONpeneneHus
MaHEBpa PAacXOXJIEHHs CYAOB COBMECTHBIM MaHEBPOM
H3MEHEHMsI Kypca OJHOTO CyJHAa M CKOPOCTH BTOPOTO B
CUTYall{ HaJIWYMsl MEIIAIOIIEro CyJAHa B palloHe MaHEeB-
PHPOBAHHS..

2. IlpennoxeHa KOMIBIOTEPHAsI peaau3alusl MPeasio-
KEHHOTO CII0co0a, KOTopas MO3BOJISET BBHIOOp Oe3omac-
HOTO MaHEBpa PACXOKACHUS AJISI BCEX TPEX CYIOB.

3. IlpuBenen mpumep BBIOOpa OE30MAaCHOTO MaHEBpa
PacX0XXICHUS CYAOB IPU CHU)KEHHH CKOPOCTH OJHOTO U3
CY/I0B aKTUBHBIM TOPMOKEHHUEM.

K1= 288
W2=715
£ Kat= B0
28 Lm=1.08

D13m=2.04| 5y

D23m=1,03 | 16

18

B9 99 129159189 219249 2793093399 39 B9 99 129 159 189 219 2431

Puc. 7. MaHneBp pacxoxaeHus 0€30TaCHbIH /I BCEX CYI0B
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Application of region of impermissible values of parameters of motion of vessels for safe divergence at presence of preventing
ship
I. A. Burmaka
Abstract. The analytical method of determination of maneuver of divergence of vessels by the joint maneuver of change of course of
one ship and speed of presence of preventing ship second in a situation in the district of maneuvering is considered. Computer reali-
zation of such method is offered, allowing the choice of safe maneuver of divergence for all three vessels.

Keywords: safety of navigator, divergence of vessels, external process of divergence, region of dangerous courses control, safe
divergence of vessels at presence of preventing ship.
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AHoTauis. Y po0oTi 1OCIIKEHO BIUTUB BUOYXOHEOE3eYHUX MPeIMETiB Ha 6a30B1 KoJicHI miatdopmu. st nepeBipku 6a30BUX KOMICHUX
w1aTopM Ha CTIHKICTh 0 BHOYXOHEOE3ICYHHUX IPEMETIB 3alpOIOHOBAHA METOIMKA EKCIepHMEHTAIBHOro nociipkeHHs. Ha ocHOBI
eKCIIEpHMEHTAIBHIX TaHUX OTPUMAaHHX I1iJ1 Jac JIab0paTOpHOTo AOCIIPKEHHS T00YI0BaHO MaTeMAaTHIHy MOJIENb BIUIMBY BHOyXOHeOe3e-
YHHX IIPEIMETIB Ha 6a30Bi KOJIICHI ITaT(OPMH, SIKa HaJia€ MOKJIMBICTB OIIHFOBATH PIiBEHb X 3aXHINEHOCTI Ta BiTHOBITIOBAHOCTI.

Knrouosi cnosa: excnepumenmansvre 0ocniodxcents, 6a3o6i KonicHi niamgopmu, subyxonebesneyni npeomemil.

Beryn. ExcriepnMeHTabHi JOCTIHKEHHS CTIHKOCTI 0a30BHX
KONCHMX TIathpopM 10 BIUIMBY BHOYXOHEOE3MEUHMX
IMpenIMeTiB  MaTh  BHpIIANIBHE  3HAYCHHS  JUIA
OOIPYHTYBaHHS JOCTOBIPHOCTI pO3pOOIEHHX METOMIB 1
CIOCOO0IB iX 3aXHUCTY, 10 POTIOHYIOTHCS.

3 METOl0 OTpPHMaHHSA BIJJOMOCTEH IIOJO  OILIHKH
BIJIHOCHUX BJIACTUBOCTEH CTIMKOCTI 0a30BUX KOJICHHUX
wiathopM 10 ypaxkarouoi eHeprii BHOYXOHEOE3MeUHUX
MPEIMETIB, Ha MEPIIOMY €TaloM IOCIIHKECHHS HEOOXIiTHO
MPOBECTH EKCIIEPUMEHTAIbHI BUNPOOYBaHHs, SIKI CTaHYTh
OCHOBOIO JUIsl OTPUMaHHS eMIIpUYHMX JaHHX IIpo
MOBEJIHKY 0araTthbOX €JEMEHTIB, KPUTUYHUX JI0 CHeprii
BHOYXOHEOE3MEUHHUX IIPEIMETIB.

OtpumaHi B X011 eKCTIepUMEHTAITLHOTO JIOCITIKEHHS TaHi
JIOTIOMO>KYTh TIEPEBIPUTH BUCYHYTY TiMOTE3Y MO0 3aXHCTy
0a30BMX KOJNICHMX IDIaTGOpPM BiA ypakarouoi eHeprii, ska
BUHUAKAaE B HACTIJOK IHIMiIOBaHHSI 3apsgy BHOYXOBOI
PEYOBHHU IIUIM CaMHM IPU3BOAUTS 10 BUXOY iX 3 JTay.

3a pe3ynbTaTaMu MPOBEICHHUX MOMEPEIHIX JOCIIHKCHb
3’SICOBaHO, IO MapaMeTpH eHeprii BUOyXy B Till UM iHIIN
Mipi BIUIMBAIOTh HA BiHOBJIIOBAHICTH 0a30BHUX KOJICHHX
wIathopM, sSKi OTPUMAIIH MOIIKOPKEHHSI, 11 IPU3BOUTH JI0
HEBUKOHAHHS IIOCTABJICHOTO 3aBJIaHHs Ta He3a0e3leueHHs
HEOOXIHOTO PiBHS TEXHIYHOI rOTOBHOCTI. B OCHOBI 3a3Ha-
YEHOT0 MEXaHI3MYy BIUIUBY JIEKUTh KOMIUIEKC (Qi3NYHNX TPO-
LIECIB, SIKI CYIIPOBOJDKYIOTB IPOIIEC OTPUMAaHHS ITOIIKOKEHb.

AHagiz my6aikaniii. B poborax [1-2], mo npucesveHi
JOCHIDKEHHIO CTIMKOCTI 0a30BHX KOJICHHUX IUIaT(opM, BU-
3HA4YCHI MMapaMeTpu MPOOMBHOI 3]ATHOCTI BUOYXOHEOe3mey-
HHUX TpeaMeTiB, B poOoTi [3] mMpHCBsA4YeHI BHU3HAUCHHIO
LUBIXIB 3aXUCTY BiJl BUOYXOHEOE3MeUHHX NPEIAMETIB MPHBE-
JICHO Pe3yJbTaTH CIIOCTEPEIKEHHS 1110/I0 BU3HAYCHHS CTYIIe-
HSl TIOILIKO/KEHHsI 0a30BUX KOJIICHHX TIaT(OpM, sIKi OTpH-
MaJld ypaXkeHHs Bijl BUOYXOHEOEe3eYHUX MPEIMETIB, ajie He
BU3HAYCHO, SIK CaMe 3aJIC)KUTh BiHOBIIIOBAHICTh 3Pa3KiB BiJ
CTYTICHI OTPHUMAHHX TOIIKO/PKEHb B 3AJISKHOCTI BiJl Macu
BHOYXOHEOE3MEYHNX TPEAMETIB, iX BiICTaHi 10 00’€KTa
YpaXXeHHsI, KyTa HaXWIy 3aXHUCHHUX €KpaHiB, TOBIINHHU 3aXH-
CHHX €KpaHiB, TOmmo. B poboti [4] Ha OCHOBI TEOPETHYHUX
JIOCTI/KEHb TTIOOY/IOBAHO MaTeMaTHYHy MOJIEb 3aXUILEHO-
cTi 6a30BMX KOJICHMX IUIAT(GOpPM BiJ BHOYXOHEOE3IECUHNX
npenMeTiB. Bu3HageHO rpaHNYHO JOIMyCTHMi MEXi eHepril
BHOYXOBOI PEYOBHHH TiJ| Ji€I0 SKOI 3pa30K OTPUMYE MOII-
KOJKESHHSI, SIKi BIUTUBAIOTh Ha PiBEHB OTO BiTHOBJIIOBAHOCTI.

OpnHaK, HEBHUPIIICHUM 3aJIMIIAETHCS IUTAHHSA, MIEPEBIPKU
PIBHS 3aXHMIIEHOCTI 0a30BUX KOJICHHX IUIaTGOpM Ha CTiii-
KICTh JI0 BIUIMBY €Heprii BUOyXy 3a THX K€ yMOB, IIIO i B
po0oTi [4]. Takox CTAHOBHUTB iHTEpEC IMUTAHHS PIBHS BiJHO-
BIIIOBAHOCTI 0a30BHMX KOJICHHMX IUIATGOpM, SKi OTpHUMAIH
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TIOIIIKOIKEHHSL.

BusHaueHHs piBHA 3axHIIEHOCTI 0a30BHX KOJICHHUX
m1aTopM AOULTFHO TIPOBOIUTH 32 JOTIOMOTOI0 3pYYHHUX Y
BHUKOPHCTaHHI eKCTIEpIMEHTATbHO-CTATUCTIHYHAX METOIB
MaTeMaTHIHOTO MOJICIIOBAHHS TPOIECY BIUIMBY EHEpTii
BHOYXY Ha 0a30Bi KOJIICHI TIaT(HOPMH.

Mera. ToMy, METOIO TaHOI CTATTi € BUKJIAJCHHS OCHOB-
HUX IIIXOJIB LIOJI0 PO3POOJICHHSI METOAWKH E€KCIIEpHMEH-
TaJBbHOTO JOCII/XKEHHS BIUIMBY eHeprii BUOyxXy Ha 0a30Bi
KoJicHI TatdopMu, BHOIp IUIAHY EKCIIEPHMEHTaJIbHOIO
JIOCIIIIPKEHHSI Ta o0yJ0Ba, HA OCHOBI 0OpPOOKHM eKcrepumMe-
HTAJILHUX JAHWX, MaTEMaTHYHOI MOJEN CTIMKOCTI 0a30BUX
koumicHuX Twiatgopm. Ile macth 3MoOry POBECTH TOPIBHSITb-
HY OIIIHKY CTiHKOCTi 0a30BHX KOJIICHHX TIaThopM i3 3acTo-
CYBaHHSIM 3aXHCHHX CKpaHiB Ta 03 HHX.

Pe3ysibTaTn Ta ix 06roBopenHs. Exepris criparroBaHHs
BHOYXOHEOE3EeUHIX TpeIMETIB CYIPOBOJIKYETHCS
KOMIIJIEKCOM B3a€MO3AJICKHUX MapaMeTpiB Ta SBHIL 1 MOXKe
po3risimaTHes SIK CKJIaJHa CUCTeMa 31 3HaYHUM YHCIIOM
B3a€EMO3AICKHUX NapaMerpiB. KpiM Toro, npu BHBUCHHI
LBOTO  MpPOLECY YacTo  JOBOJMTHCS  CTUKATHCS 3
HEBH3HAYEHICTIO, BHUKJIMKaHOIO HM3KOIO MPUYMH
(BIACYTHICTIO MOJXJIMBOCTI BpaxyBaTH Yci (hakTopH, IO
BIUIMBAIOTh, BHIIAJKOBUI XapakTep psay 30BHILIHIX
BIUTMBIB, HEIOCKOHANICTh 3aco0iB BHUMIpPIOBaHHA Ta
KOHTpOI0, Tomo). [lpu mocmimKeHHI Takoi CHCTEMH Ha
OCHOBI JICTEPMIHICTUYHOTO MIIXOMY, KOIH JOCTIIKYETHCS
MEXaHi3M BCIX SBHI, CTBOPIOETHCS TEOpisl Mpouecy, Ha
T/ICTaBI SKOi CHCTEMa 33aJa€ThCSI CYBOPO JICTEPMIHICTUIHOIO
MOJICIUTIO, 3a3BHYail y BUTJIA TuUepeHIliaTbHIX PIBHSIHb.
Taki JociifpkeHHS BHUMArarOTh 3HAYHOI BHUTpaTH 4Yacy i
KOIIITIB, TOMY IIPH BUBYEHHI TAKOrO POJLY SIBUII HaifyacTilie

BUKODHUCTOBYIOTb ~ CTOXaCTHYHHH XN, TIPU SKOMY
aOCTparyroThCsl BiI psoy SBHIN, SKi BiTOyBalOTBCS B
CHCTEMI. y LBOMY BUIIAKY 3aCTOCOBYIOTh

eKCIIePIMEHTAJIFHO-CTATHCTHYHI METOAN JIOCIHIIKEHb, TIPH
SKAX pEabHI MPOLECH PO3MIINAIOTECS, SIK IPOIECH
HWMOBIPHOCTI, a caM 00’ €KT JOCTiPKCHHS MPEICTABISAETHCS Y
BUDJISII KIOGPHETHYHOI CHCTEMH, IO JOCTI/DKYETBCS 3a
JIOTIOMOT 00 MaTEMAaTHYHOT0 MOJIETIFOBAHHS [5].

Jns  pospaxyHKy Mojeni 1oTpiOHO B mporieci
eKCIICPIMEHTY HAKONMYUTH 1H(GOPMAINI0 TNpO 3HAYCHHS
BIATYKY, SKHA JOCHKyeTbcsi B oOpaHiii  oOnacri
(baxTopHOTO TIpOCcTOpy. Haiibimbin epekTUBHO e MOXKHA
3pOOMTH 3a JOINOMOTOI0 AaKTHBHOIO CKCIICPHMEHTY Ha
OCHOBI OararoakTopHOrO TUIaHyBaHHs [6—7]. Bracmigox
3a3HAUEHOTO EKCTIIEPUMEHTY € MOXKIIHMBICTh TIOOYIOBH
MaTeMaTHIHOI MOJIEIi 3 METOI0 OHO3HAYHOTO BH3HAUCHHS
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3HAUeHb IOKA3HUKIB X 1 ) .

TakiM 4YMHOM, B OCHOBY METOJMKH IOKJIAJICHUN
€KCIEPUMECHTAIBHO-CTATUCTUYHNIA METO/l MaTeMaTH4HOIo
MOJICITIOBAHHS TIPOIIECY BIDIMBY €Hepril BHOyxoHeOe3med-
HHUX TpeIMeTiB Ha 0a30Bi KOJICHI IIAaTGOpMH, TIPH SKOMY
EKCTIEpUMEHT PO3TILITAETECS K OCHOBHE IDKepeso iHdop-
Mariii TIpo TIpoIIec, a METOIH Teopii HMOBIPHOCTI Ta MaTeMa-
TUYHOI CTaTHCTUKH — OCHOBHHM 3aCO00M OOpOOKH pe3yiib-
TaTiB EKCIIEPUMEHTY.

ExcriepuMeHTanbHi  IOCTIPKEHHST BKJIFOYAIOTh  JIOCHUTH
BENIMKMHA ~ KOMIUIEKC ~ B3a€EMO3AJICKHHMX  IIOCIHIJIOBHUX
orepariiii, siki MO>KHa po30HTH Ha Kiybka etamiB [8]. Jloriuna
TIOCTIZIOBHICTh TPOBEACHHS eKCIIEPUMEHTAIEHOTO
JIOCTI/DKEHHST MoKa3aHa Ha puc. 1. Crmin 3a3HaunTH, IO
CIUTaHOBAHUH EKCIIEPHUMEHT MOYKE OYTH YCIIIIIIHUM TUIBKH 32

HH3KH YMOB.
Ilepm 3a Bce, 00’€KT MOCHIMKEHHA MOBHHEH OyTH
KepoBaHMM, TOOTO  TOBHHHa OyTH  MOXJIHBICTH

OTHO3HAYHOTO BCTAHOBIICHHS 3a3HA4YCHHX (PakTopiB B
o0pasiit 001acTi i 0AHO3HAYHOTO BU3HAYEHHS BiAIOBITHIX
iMm BigrykiB. Kpim Toro, BuXimHI TOKa3HUKH (BIATYKH)
MOBHMHHI OyTH KUIBKICHUMH 1 MiZUIATaTH BUMIPIOBAHHIO TIPU
OyIb-KOMY MOXIMBOMY TIO€IHAHHI OOpaHHUX pIBHIB
¢aktopiB. DakTOpu MOBHHHI OYTH HE3aICKHI OJMH Bij
OJTHOTO, OTHO3HAYHI 1 cymicHi. JlocmimkyBanuii mporec Mae
3IACHIOBATACH y BCi o0JiacTi 0OpaHOro (PakTOPHOIO
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MpOCTOpy, TOOTO y BChOMY Jiama3oHi 3MIiHM OOpaHUX
¢akropiB. Kpim TOro, 00’€KT HOCHI/KEHHS IOBUHEH
3a/I0BOJILHATH BUMOTY BiITBOPIOBAHOCTI pH
0aratopa3oBoMy IOBTOPEHHI OHOTO i TOTO X AOCHIILYy a
HOro BiATYKM TOBHHHI MaTH DPO3KHUJ, IO HE IEPEBHUIIYE
JIesIKO1 3a/1aHOI BEJIMIHHH.

3amada po3paxoByBaJIACh 3HAXONKEHHAM MiHIMyMy ¢y-
HKIii Biaryky. s oTpuMaHHS BKa3zaHMX (DYHKITH TpoBe-
JICHO eKCTIePUMEHTAJIbHE JOCIIIKESHHS.

B mocmimkeHHi 3MiHHIMI TPHHAHSTI HACTYIHI (hPaKTOPH:

M — maca BUOYXOBOI PEHOBHHY ; L — Bigcrams o 3a-
XMCHOTO eKpaHy; N — ToBIMHA CTiHKM ekpaHy.

B sixocTi mapamerpiB onTuMisanii IpUAHATHH MPUITYCK
Ha 00poOKy. Ha ocHoBi anpiopHoi iHdopmaii Oyiau BuOpaHi
PiBHI iHTEepBaJIK BapifoBaHHS (PaKTOpIB.

Jlns oTpuMaHHS MOJEIN TPOIECy y BHUTILAI TOJIHOMY
JPYTOTO CTYIEHS pPeali3oBaHO He KOMITO3HINWHUN IIIaH
JPYroro IOPSKY.

OOpana MaTpuIld IUIAHYBaHHS 33JOBOJIBHSE 3arajbHIM
BJIACTUBOCTSIM MaTpPULb IUIAHYBaHHS, IO JO3BOJIE MIBHAKO
PpO3paxyBaTy LIHOBY (QYHKIIIIO.

CHUMETPUYHICTh BITHOCHO HYJIBOBOTO DiBHS, TOOTO aire-
OpaluHa cyma eJIEMEHTIB CTOBIILSL KOXKHOTO (hakTopa, 10piB-
HIOE HYJIIO.

HﬂaHyBaHHf{ CKCIICPUMECHTY

Bubip nokasHukis
Ta croco0iB X BU-

Buznauenns ¢akropis

Busnauenns ymoB

Ta piBHIB IX BapilOBaHHS |g—| MPOBEAEHHS eKCIEpH-
HOCTaHO.BKa 3HAYCHHS MEHTY
3az1a4i v IIpoBenenus

JIOCIII JDKEHHS T E} JIOCITiTiB

Bubip maremaTnaHOi Moemni .. .

Buxinni nani s
v MOZIETIOBaHHS
Bubip nnany ekcepiuMeHTy

[ToGyaoBa MATEMATHYHKMX MOJIEIEN

PoszpaxyHok xoedimienTa

perpecii Mozeni

[NepeBipka amexBaTHOCTI

[epeBipka cTaTHCTHYHOT 3HAUUMOCTI Koedi-
Ii€HTIB perpecii

v

S L

Bubip onTruMansHUX TapaMeTpiB

BuzHavyeHHs ONTUMAIBHUX NapaMeTpiB 3aXHUCTY
6a30BHX KOJICHUX IIIATGOPM

BcraHoBIIEHHS 3AJI€KHOCTI BIUTUBY 3aXUCHUX BJIACTHBOCTEH

eKpaHy Ha PiBeHb BiTHOBIIOBAHOCTI 3pa3ka

v

OuiHIOBaHHS OTPHMAHUX PE3YJIbTATIB |

L L

PexkomeHnaariii moa0 mapaMeTpiB Ta KOHCTPYKIT |

Puc. 1. Meroauka eKCriepuMEHTAIBHOTO JOCIIPKEHHS BIUTUBY €Heprii BAOyXOHeOe3MeYHHX NpeIMeTiB Ha 0a30Bi KOJIiCHI IIaThopMu

Cyma KBajpatTiB €JIEMEHTIB CTOBIIIS KOXKHOTO i3 (haKTo-
PiB JIOPIBHIOE KiJIBKOCTI JOCIi1iB (BIIACTUBICT HOPMYBaHHST).

JoOyTox Oyap-sIKMX JIBOX PI3HMX BEKTOP-CTOBIIIIB (hax-
TOPIB JIOPIBHIOE HYJIIO.

[Jucniepeii nependadeHnx 3HAUCHb MapamMeTpa ONTHMi3a-
il OHAKOBI Ha PIBHUX BIJCTaHSX Bl HYJBOBOTO PiBHS
(BIACTUBICTh POTATa0EIBHOCTI MATPHLIi IIAHYBAHHS).

PiBHSHHS perpecii 3anmIIemMo y BUITISAL:

y =Dy +0X +0,%, +0,X; +bpX X, + g

+BX Xy + DX, Xy + by X7 + by X2 + by X2

59

. .. o2
Taémmus 1. JlonomikHa TabIULE TS pO3PaxyHKy AUCIIepCii Sy

Howmep nocmiay = o 2

B IICHTPI IUIaHy Y y y-J (=)
5 80,3 -0,2 0,04000
10 80,5 | 805 0 0,00000
15 80,7 0,2 0,04000

Busnauenss koedirieHTiB Mozei:



b, = 80.b, =07, b, =0,725, b, =0725, b, =-0275, b, =-
0,425, b,, =-0175, b, =0,96250, b,, =1,36250, ,, =1,76250
Jucniepciro S)Z) mapaMeTpa ONTUMI3aIii 3HaXOIUMO 3a pe-

3yIbTaTaMH JOCIIIIB B NEHTpi mwiany (mocmimu 5, 10, 15).
Jnist po3paxyHKy QEicniepeii CKIIaaeMo JOTIOMiIXKHY Taod. 1.

Se=(Y¥s— 375,10,15)2 +(Yyo = 375,10,15)2 +

+ (Y15~ Vs1015)* = 0,08
S

s2{y V= _2E_ _0,04000
W=
Jucniepcist koedilieHTiB perpecii Oye CTaHOBUTH:
s2{p, | = 52 —0496521

y

Sz{bi}:

52 =0,304056

s{p, }= 13 52 ~0447558

3riHO PIBHSHHS perpecii Bci KoeillieHTH mepepaxoBye-
MO 3 BUKOPUCTAaHHSIM METO/Ia HAlMEHIITMX KBa/IPaTiB.

[Ticnst po3paxyHKy NIaHOI CHCTEMH PIBHSHb OTPHUMYEMO
HACTYIHI Koe(ilieHTH:
b, = 81,338462, b, =07, b, =0,725, b, =0,725, b, =-0,275,
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PiBHsIHHS perpecii /u1st OTprMae BUTIISI;
y =8133+0,7x, +0,725x%, +0,750x, — @)
—0,275x,X, —0,425x,x; — 0,175, X, +
+0,857x7 +1,362x2 +1,657x2
AZeKBaTHICTh OTPUMAaHOI MOJENi MpoBipsemMo mo F —
Kkputepiro. [yt obumcnenHst aucnepeii 52 N aJIeKBaTHOCTI

3HAXOIUMO CyMy S KBAJPaTiB BiIXIICHb PO3PaXyHKOBHX
3HAaYEHb y = BiJl EKCIEPUMEHTAIBHUX Y Y BCIX TOYKax

UIaHY
Sp =2 (¥, —y,)" =045113

3HaxX0MMO JUCIIEPCIIO aJeKBaTHOCTI
2 _ Sk —Se _0,12371055
“ N =-k'=(n, —1)
Po3paxyHkoBe 3Ha4eHHs] F — KpuTepiro.

2
F, = Sf{ﬂ;z} = 3002
Omxe, oTprMaHa MaTeMaTHYHa MOZENb (2) aJeKBaTHa
nipu 5% piBHI 3HAYUMOCTI TaK SIK F,<F;

S

<F, =193

BucHoBkH. AHamizyroun BHSBICHY B pe3yibTari Oara-
TO(AKTOPHOTO ~ EKCIICPUMEHTY 3aKOHOMIPHICTh ~ BILIHBY
eHeprii BuOyxy Ha 0a30Bi KoJticHI 11aTOpMH, MOXKHa 3pO-
OWTH BHCHOBOK, IO MapameTpu eHeprii BHOyxoHeOe3ney-
HUX TPEIMETIB BIUIMBAIOTh HA BiJHOBIIOBAHICTH 0A30BHX
KOJIICHUX IIaThOpM.

JIOIINBHICTh 3aCTOCYBaHHS 3aXHCHHX CKpaHiB IS M-

b, =-0425, b, =-0175, Db, =08576923, b,, =1,36250,  pumenns PIBHS BiIHOBIIFOBAHOCTI MiATBEPIKYETHCA OTPH-
b,, = 1,657692 MaHUMH Pe3yJIbTaTaMH.
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graficheskaya

Experimental study of stability of base wheel platforms to the influence of explosive objects
T. L. Kurtseitov, V. O. Dachkovskyi, Y. O. Kizyak, O. I. Uhrynovych

Abstract. The effect of explosive objects on basic wheel platforms is investigated in this work. For testing of basic wheel platforms for
resistance to explosive objects, the method of experimental research is proposed. On the basis of experimental data obtained during the
laboratory research, a mathematical model of the impact of explosive objects on the base wheel platforms was developed, which provides an
opportunity to assess the level of their security and restoration.

Keywords: experimental research, base wheel platforms, explosive objects.
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Geometrically Nonlinear Transversal Vibrations
of Corrugated Cylindrical Shells
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Abstract. The expressions for the geometric characteristics of the median surface of the corrugated cylindrical shell, depending on
the frequency and amplitude of the corrugation, are obtained. The character of the dependence of the first natural frequency of geo-
metrically nonlinear vibrations of corrugated elongated cylindrical panels on the corrugation frequency is investigated.

Keywords: corrugated cylindrical shell, vibrations, natural frequencies, geometrically nonlinearity.

Introduction. Shell elements are one of the most com-
mon components of loaded structures and structures of
various intended use. This is due to their rational material
capacity and the ability to provide the necessary stiffness
in certain areas that require operating conditions. Among
the various types of shells, a special place is occupied by
circular cylindrical shells and their fragments. A large
number of works [10] is devoted to the simulation of de-
formation and the methods of their calculation for the ac-
tions of both static and dynamic loads. Less investigated
are cylindrical shells coiled in the direction of the circular
coordinates, especially for dynamic geometrically nonlin-
ear deformation, in particular their transverse oscillations.
To avoid resonance phenomena due to the effects of in-
tense vibration loads, it is necessary at the design stage to
determine the spectra of the natural frequencies of the
specified structural elements.

Linear free vibrations of corrugations in the direction
of the angular coordinates of cylindrical shells were in-
vestigated in [3, 7-9]. In [1, 4, 11] their geometrically
nonlinear vibrations were investigated. Various applied
shell theories were used for this purpose. However, such
an approach does not allow fully (exactly) take into ac-
count the geometry of the middle sections of such shells
and the specificity of the elastic characteristics of materi-
als used for their manufacture. In order to eliminate this
shortcoming in this paper, a method is presented for de-
termining the amplitude-frequency characteristics of cor-
rugated cylindrical shells on the basis of spatial dynamic
geometrically nonlinear relations of the theory of elasticity.

Problem statement. At first, consider the thin curvi-
linear elastic layer in thickness h with a cylindrical medi-
an surface of the radius R . We refer this surface to the
natural mixed coordinate system a; =@, a, =72, az=r

(see Fig. 1).

Fig. 1. The middle section of a fragment of cylindrical circular
shell

—0.75 —0.50 —0.25 0.00 0.25 0.50 0.75 ryIn

Fig. 2. The middle section of a fragment of corrugated cylindri-
cal circular shell

Now let the mid-section of the layer have the form, as
in Figure 2. We introduce on its mid-surface the same as
for a circular cylindrical surface, a mixed coordinate sys-
tem ¢;,i=1 2,3, which is connected with Cartesian

X, 1=1,2,3 by relations
% = (R + a3 +g,4c08(g,a(ay)))cos(a(e)) ;
X, =(R+az+gacos(g,a(e)))sina(e) ; X3=a, (1)
where R — the radius of the median surface of the cir-

cular cylindrical shell, the upper and lower facial surfaces
of which pass through the vertices of the corrugations;

L =a10 — the length of the arc of the creature; g, —am-
plitude of corrugation; g, — corrugation frequency;
a(y)=712+K(L/12-); K=1/R.

Functions that determine the characteristics of a geo-
metrically nonlinear vibration process describe the de-
pendencies [6]:

1. motion equations

divS = p% 2
2. elasticity relations
$=A®: (3)
3. deformation relation between the strain tensor
components ¢ and the components of the elastic
displacement vector U = u;gg;

1
& :E(Viuj +V,u; +Viukvu,) (4)

4. relation between the components S" of the

nonsymmetrical Kirchhoff stress tensor S and the

'k of the symmetric Piola stress tensor )

st =" +v,ul) (5
k

components o
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In equations (2) and (3) A — tensor of elastic charac-
teristics of the layer, and p — its density.

Boundary conditions on the front surfaces of the shell
a, =zh/2 for the free vibrations has the form

$¥(ay, oy, £N12,t) =0, || < a?, i=1,2 (6)
and on its ends ¢, =+¢) at their hinged fixing on the
lower front surface a3 =-h/2:
gl (ialo, ay, a3,t) =0,(7)
u(a), oy, —h/2,t)=0, =123, a=0,1 (8)

The motion equations (2) together with relations (3)-
(5) and boundary conditions (6)—(8) are describe
geometrically nonlinear transverse vibrations of the
corrugated elastic layer.

Solution of the problem. For the radius vector of shell
generatrix from (1) we have the expression

SN ((R +gacos(g,a(x)) COS(a(al))] (9)
()= .
(R+gacos(gya(a)) sin(ae,))

Radius vector of each point of the median cross-section

of the layer
R =F(ay)+asi(ay) -

For vectors of the covariant base of the median surface
of the corrugated layer (corrugated cylindrical shell) from
(1) together with (9) we obtain:

R; = (wsin(a) + zcos(a))€; + (—wcos(a) + zsin(a))€&, ;
R, = cos(a)é, +sin(a)€,; Ry =&,

where w=W(ey,a,) = q+g,Kcos(g,a) ;
z2=12(cy) = ga0,Ksin(g,a); &,i=13 — the basic vectors of the
Cartesian system x.,i=1,3.

For radius vector of the tangent to the generatrix we
obtained the following expression

-, _( (+gaKceos(g,a))sin(a) + g9, Ksin(g,a)cos(a) |,
o) = —(1+ g pKcos(g,a)) cos(@) + 9,9, Ksin(g,a)sin(a)
Then for the normal to the generatrix we gives
1

ﬁwﬂ:ﬁ[ J: —
JFe),d +F(a), @+ gaKeos(g,))? +(gag,Ksin(g,a))
(1+ g aKcos(g,a)) cos(a) — g A9,Ksin(g,a)sin(a)  ,
X[(1+ gAKcos(gva))sin(a)+gAgvain(gva)cos(a)J
In Figures 3 and 4 depicts the location of vectors nor-
mal to the median surface of the corrugated cylindrical
shell for two different corrugation frequencies.

—T'(a)y 1

= X
'(en)x

0.00 0.50 1.0

Fig. 3. Appearance of the section of the corrugated shell and
normal to the median surfaceat L =1m, R=1.25m, h=0.05m,

ga=003m, g, =20

-1.0 —0.50 Zy.am

T2,

0.8

0.00 (.50

Fig. 4. Appearance of the section of the corrugated shell and
normal to the median surface at L =1m, R=1.25m, h=0.05

m, g, =0.03 m, g, =50

0,50 €y,

Similarly, we construct a covariant base and normal
and tangent on the facial surfaces of the considered shell.
This is necessary for the possibility of using the proposed
and substantiated numerical method in [6] to find a finite
number of natural frequencies and modes of elongated cy-
lindrical shells with arbitrary form of generators in geo-
metrically nonlinear vibrations. The method is based on
the linear approximation of displacements of the shell
points along the normal coordinate, in combination with
the finite element method, according to the tangential co-
ordinate on the median surface shell [2]. The resulting
system of nonlinear algebraic equations with respect to
approximation coefficients is solved by an improved per-
turbation method, which was proposed and theoretically
substantiated in [5].

Numerical example and conclusions. As an object, an
elongated cylindrical shell with a length of generatrix
2L =2m, the radius of the median surface of the shell,
whose facial surfaces pass through the edges of the corru-
gations, R=1.25 m and elastic characteristics, are chosen:

E=21.10"u/? v=0.3, G=8.1-10"x/u? and density
p=8-10° kg/m®. The influence of corrugation frequency
g, on the minimum natural frequency w,,, is investigat-
ed.

Table. The dependence of the «,;, onthe g,

9v 2|4]16| 8 | 10|20 |50 | 80 |100 | 200 300|500
wmn [HZ] |799(775(692/1025|1056|3658|6383|6936|7709|5559|4914|3195
GOOO e 00
1000 L
,_,_/""
Hn 20 10 G0 =0 100 g, 100 200 300 100 g
a b

Fig 5. The dependence of the minimum natural

frequency ¢, ;, on the corrugation frequency g,
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As can be seen from the results shown in the Table and
graphs in Fig. 5 the minimum , ., is achieved at g, =6,

which coinciding with the conclusions of article [7]. Also
from Figure 5b it can be concluded that when g, — < the

value o, goes to a certain value greater than the first

proper frequency of the non-circular cylindrical shells.
This is due to the fact that the boundary transition ob-
tained by the smooth shell has a greater thickness than the
original non-enveloped shell.
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Abstract. In this paper, the justification of the introduction of additional backup power systems is described, as well as the proposed
use of the mathematical apparatus of Petri Networks on the example of a solar power station with an adaptive reserve. On the basis of
Petri networks, a dynamic model was created in Simulink. The results obtained through the program complex are completely identi-
cal with the expectations of the algorithm and the results of the dynamic model. This concept is a basic element of the future con-
struction of a hierarchical reserve model, which will be based on the Petri High-Level Network.

Keywords: Petri's network, reserve, quality, unbalance, positions, transitions.

Introduction. The active increase in renewable energy
generation (RE) capacity in the Ukrainian power grid puts
the reserve energy infrastructure (REI) increasingly strin-
gent requirements for selective switching, as well as the
provision of a certain quality of power regulation at the
points of dynamic change in electricity generation. The
efficiency of the REI is determined by the absence of
unacceptable risks associated with the nonlinear function-
ing of energy objects, the ability to capture power when
the failure of certain components of the system and an
independent choice reserving the unit. The analysis of
solutions to compensate for unscheduled failures of re-
gional capacities in most cases shows that it is the non-
production of electricity that entails a change in the quali-
ty of the energy grid. The distinguishing feature of RE
from ordinary generating capacities (for example, NPPs,
TPPs) is their definite variability and direct dependence
on weather parameters. On the basis of this and the capac-
ity of the reserve, there should be another algorithm that
takes into account the costs of compensating the imbal-
ance and chooses the optimal backup path.

American and Chinese energy experts are actively en-
gaged in developing solutions related mathematical mod-
elling. [1]. With the help of dynamic modeling of separate
sectors of management of energy complexes, using intel-
ligent digital structures and taking into account the eco-
nomic feasibility of their application, an optimal predic-
tion of regulation is determined, which gives an idea of
the further development of events in the system.

Literature review. The development of forecasting
systems and artificial intelligence can be implemented
through any mathematical apparatus [11]. At the moment,
the most optimal is the Petri net, which can simulate any
complex system. Behind the results of works [2,3,13,14],
Petri networks can be actively used in high-power engi-
neering, which will allow solving many problems associ-
ated with power control, balance and maintaining dynam-
ic stability of the system.

Obijective. The purpose of this work is to check the
performance of the reserve of a solar power plant, the
logic of which was modelled using Petri networks.

Materials and methods. The new generation of power
systems [2] has certain intelligent control systems their
control systems are typical discrete event systems that are
based on a certain prediction of many situations. Thus, its
generation, transmission, consumption, reservation and, in
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general, their control can be modeled and analyzed [3,12]
using Petri Networks (PN). The basis of this mathematical
apparatus is interconnected by means of transitions
(tq,t,..ts5), positions (pg, p1--Ps), Which are the basic
components of modelling of energy processes [4]. In
addition, using PN is possible to simulate error predic-
tions and outcomes of certain components of the system.
In [5], PN are used to search for logic errors that can be
used to identify the very elements of errors, even if pro-
tective relays or circuit breakers are faulty in electrical
networks based on. For example, [6] presents a method
for detecting and localizing irregularities, which occurs
during accidents or overloads.

Depending on weather conditions, the generation of
RE can vary in a wide range. The most sensitive to
changes in natural properties are solar power plants
(SPP), the production of which directly depends on the
insolation and temperature of the environment. According
to [7], in the summer, a surplus is recorded from the pro-
jected output of RE, but there are certain local problems
with the deficit of these capacities, especially for areas
with a "Solar Power Park™. Given the fact that the per-
centage increase in RE in the energy balance of the UES
of Ukraine will only increase [8], it is necessary to take
into account the significant nonlinearity of power genera-
tion in the system with the help of an adaptive reserve,
which will allow covering the balance with the least loss-
es for the grid. To simulate such cases, it is advisable to
create a conditional model of the SP, which will consist of
a solar complex, its reserve, the external power grid, the
consumer and a set of control elements (Fig. 1):

Solar Transformer Substation
power st
0 t: PP
(@t
p) p] Q p, t3 t4
EX‘E;E?)LF;WH C((Jlrjg;g;er Power line Q Q
O bt gk tsps te
b Oede e NP
Pr Po P 15
Reserve

Fig. 1. The model of SPP with reservoir unit in the implementa-
tion of PN
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It is worth emphasizing that this option is reserved by
an asynchronous loop, which, for semantic reasons, allo-
cates pairs of equivalent components of situations — input
and output — or pairs of equivalent initiators and results.
The task of constructing a working cycle can be solved,
for example, by the "frontal" path - an iterative calcula-
tion of the values of the right parts of the system of equa-
tions for each of the states of the next tier and comparing
them with the values of variables in these states. After
detecting the disturbed variables, these variables can be
"switched" and according to their new values can be built
the status of the next tier, etc. For this kind of execution, a
circuit was used to determine the equivalent "result -
initiator" pair — in fact, it provides selectivity with differ-
ent types of reductions and thus satisfies the restrictions
(2):

S§™ < SM(I*) N S™(R*) 1)

F=((FI*™)UF' ™) N (F(R™)UF'(R™)

when R**, I"* — set of results and initialization of pro-
cesses; F, F' — markers that specify cause-effect relation-
ships of processes; S™, S™ — mode sets.

Depending on the configuration, the model (Fig. 1) can
operate in five modes:

—normal operation without compensation, scenario 0
(the tuple t5 for entry position p, closed, as the value of
the position p; doesn’t go beyond the declared output
power);

— compensation mode, scenario 1 (power value in posi-
tion p; went beyond the declared power, capturing this

Initial marking of scheme
Po|P1|P2|P3|Pa|Ps |Ps|P7| Ps|Po [P1o| P Pu
1/0/0|0|0|0O|0O|1|0|0O|0|0O|O

to
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feature of the tuple t; opens a cell for triggering the entry
of the reserve management position p, and thereby tight-
ening power delivery. The system works until it is in
position p; the limit value of power won’t be restored,
thereby returning to the scenario 0);

— compensation mode, script 2 (in position p; disap-
pears and isn’t observed any marker of power, thus giving
an understanding of the tuple t; about the disappearance
of power from SPP. In this case, the position p, begins to
work with the maximum marker of power delivery until
the marker occurs in p; and transition to scenario 1);

— flood mode, scenario 3 (when an external system
needs an additional power, a control tuple signal p,, en-
ters the tuple t; with a condition for inclusion, followed
by a position p, begins to give power in parallel with the
issuance of a position p5. The tuple p,, in normal mode in
other modes turned off);

—error mode, scenario 4 (in case of improper opera-
tion, reserving the device in position pg there is an arbi-
trary token and the scheme goes into the state of verifica-
tion [9]. In this mode, the unit is disconnected from the
tuple t5 and the marker goes the way «pg — ps — pg — D7»-
In this case, when after passing this route p, = pg — the
unit is displayed for repair)

A complete description of the processes taking place in
the work of certain scenarios is presented in the Petri
diagram (Fig. 2), where the first elements p,.. p; are the
internal characteristics of the SPP, and p,,pg — reserve
condition.

Scenario marking 3
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Fig. 2. Diagram of PN-marking for all scenarios of the system of the reserve system of the SPP

Scenarios 0 and 1 have a similar map of work of the
system components, but with only one difference — de-
pending on the input value of the marker on the tuple t5,
the reserve device will correct this discrepancy to the
nominal value. Scenario 2 is no different from scenarios 0
and 1, but the source of power in this variant is no longer
SPP, but the reserve itself.

Results and discussion. For a detailed analysis of the
processes in the system, transfer the model (Fig. 1) into

Simulink environment taking into account the dynamic
characteristics of the generating element. In addition, the
system component will include a three-phase programma-
ble voltage source. Full model [13] positions of positions
Do--P3 presented in Fig. 3, and the constituents of com-
munication with the consumer and the power system in
Fig. 4:
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Fig. 3. The model of the generating plot of the scheme (p,. . p3)

The generation system consists of a generating unit of
the solar station (PV Array), a voltage controller (VSC
Control) and a measuring unit (MPPT Controller), DC
circuits and its transformation. The external network is

represented by the transmission system (Fig. 4), which
includes lines and reserves the body on the side of the
medium voltage.
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Fig. 4. Model of the transmission part together with the reservoir unit (ps.. ps, bu)

In order to verify the correctness of the logical pro-
cesses in the system (Fig. 2), scenario 1 was modeled, in
which the generation of the solar station varied depending
on the parameters of solar radiation in 0,6-1,7 seconds, as
well as with the temperature increase starting from 2,1
seconds. In order to test the operation of the backup de-
vice, the circuit with the infinite source of the power sys-
tem is turned off (Fig. 5):

US| R

-l 0.6 sec 1.7 sec

Fig. 5. The generation of SPP with changes in solar activity and
temperature

Consider the area of change in solar activity with the
use of a reserve unit in the initial and final moments of
solar radiation (Fig. 6):

/ The moment "ON" of
reserve

e

The moment "OFF"
of reserve

Fig. 6. Power reserve operation at the moment of solar activity
change

From Fig. 6 it can be seen that a small jump occurs
during on/off times, which is caused by a change in the
system mode. During a change in solar activity, a change
in power isn’t observed, which gives an idea of good
modelling and tuning of the backup device.

Conclusions. With a significant increase in the per-
centage of renewable energy sources, it’s necessary to
reserve the power data to prevent non-linear unbalances in
the system. To accurately interpret the processes occur-
ring in the system, it makes sense to use the mathematical
apparatus of Petri Networks, which takes into account not
only the asynchronous modes of operation of individual
elements but synchronous parametric changes. The simu-
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lation results confirm the effectiveness of the use of dy-
namic simulation based on the analysis of certain scenari-

os for the design of reserve systems and other power
systems of the electric power industry.
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AHHoTanusi. PaccMoTpeH crmoco6 omepaTHBHOrO OMNpeneleHHs MaHEBpPa PACcXOXKACHMS CyJHA C MOMOIIbI0 KOMIBIOTEPHOH Mpo-
rpaMMBl, KOTOPBIH HCIIONb3yeT 001acTh JOIMYCTUMEIX NapaMeTpoB YKIOHeHWs cynHa. [IpuBeneHa mpouemypa (GOpMHpPOBaHUS yKa-
3aHHBIX 00JacTel, MpeaycMaTpuBaomas pacueT WX TPaHMI] C yIeTOM CTOPOHBI YKIOHEHHMs cyaHa. OmnmcaHa Iporenaypa BeIOOpa
0e30I1acCHOT0 MaHEeBpa PACXOXKIEHHS W IIPHBEJICHBI YHCIEHHBIC IPUMEPHI OIpee]IeHHs ¢ IIOMOIIBI0 00IacTH MapaMeTpoB MaHEBpa

PacxoxKACHUS.

Knrouesvle cnoesa: bezonacnocms CydOGOJfC@eHM}l, Mmanesp pacxoofcdenuﬂ, obnacmu donycmu,wbzx napamempoe YKJIOHeHUA.

BBenenne. HaBuranuoHHble TPensSTCTBUS U HHTEHCHB-
HOE CY/IOXOJCTBO 3HAYUTEIBHO OCJIOXHSIOT IUIABAaHHE
MOPCKHX CY/IOB B CTECHEHHBIX pallOHaX M CO3/al0T Mpe-
MOCBUIKM JIl BO3HHUKHOBEHHUSI aBapUHHBIX CHTYaIHH.
CrecHEHHBIE BOJBI SIBIISIIOTCS CJIOXKHBIMU palilOHaMH Ijia-
BaHMs, B KOTOPBIX MPOUCXOAMT MOJABIISIONIEE OOJIBIINH-
CTBO BCEX HABUTAIIMOHHBIX aBApHH, YTO CBHICTCILCTBYET
0 0OJBIION CITOKHOCTH YCIOBHH TUIaBaHUS B CTECHEHHBIX
BOJIax.

W3-3a OBICTPOTEKYIIETO W3MEHEHHS HABUTAI[MOHHOW
CUTYyallMH TIPH IUIaBAaHUH B CTECHEHHBIX pailOHaX, BO3HU-
KaeT HeoOXOIUMOCTh Pa3pabOTKU ONEPAaTHBHBIX METOIOB
OLIEHKH ONAaCHOCTH COJIMDKEHMs U BbIOOpa Oe30macHOro
MaHeBpa pacxoxiaeHus. K TakuM MeTojaM OTHOCSTCS
MpUMEHEHUE 00JlacTedl HEJOMYCTHUMBIX 3HAYCHH Mapa-
METPOB JIBHXKEHUSI CY/I0B, KOTOPbIE MOTYT OBITh pPeajin3o-
BaHbl B KOMITBIOTEPHBIX HaBHTallMOHHBIX cUcTeMax. [lo-
3TOMy pa3paboTKa CIocoOOB YNpPaBICHUS CylaMH B CH-
Tyally OIaCHOTO COIMXAIOTCS, YeMY IOCBSIIICHHAs 1aH-
Hast pa0oTa, SBISIETCS AaKTyaJbHBIM M IEPCIECKTUBHBIM
HayYHBIM HalpaBJICHUEM.

KpaTtkuii 0030p ny6aukanuii mo teme. B padore [1]
pPacCMOTPEHbl TNPHUHIMIIB  JIOKaJbHO-HE3aBUCUMOTO 1
BHEIITHETrO YIPAaBJICHHUS MPOLECCOM PACXOXKICHHUS OMACHO
COMMKAIOLINXCS CYIOB, NIPUYEM IPHUBEICH aHAIN3 METO-
JIOB MX peanu3aiuu. B pabore [2] nmpemnaraercs popma-
JIN30BaTh MPOLECC PACXOXKICHUS METOJOM HEJIMHEUHOU
HHTErpajbHOM MHBAPHUAHTHOCTH, a B padboTe [3] mpusee-
HO mMOIpOoOHOE UCCIIENOBAaHWE METOJOB  JIOKAJIBbHO-
HE3aBHCHMOTO YIIPABJICHUS W MPEJIOKEeH MeTo] (hopMHu-
pOBaHMS THOKHMX CTpaTeruii pacxoxJaeHus. MeTonsl Teo-
PHH ONTUMAJIBHBIX JUCKPETHBIX HPOLECCOB MCIIOIB3YIOT-
Cs1 IS OIIMCaHMS TIpOllecca pacXoXkIeHUs B padote [4], a
B pabote [5] paccMOTpeHBI B3aUMOACHUCTBHE CYJOB B CH-
Tyal[iM ONACHOTO COJIMXKEHUS M BBIOOp CTpaTeruu pac-
XOXKICHUS JUIS TPEIAYNPEXKICHUs] HX CTOJKHOBEHHSI.
[Mpouenypa BbIOOpa ONTHMAJBHOTO CTaHJAPTHOTO Ma-
HeBpa PacxX0oXKICHHUs Mapbl CylI0B PaCCMOTpPEeHa B padore
[6], a skcTpeHHas cTparerust pacxXOoKIEHUS B CHTyalldH
YpEe3MEPHOTO COMMKEHUH CYAOB MpeasiokeHa B paboTe
[7]. B pa6orax [8, 9] ocBeleHbI BONPOCH! y4eTa HABUTa-
LIMOHHBIX OMACHOCTEH M WHEPUMOHHOCTH CYIHA IPH BbI-
Gope cTpaTeruu pacxoXKICHUs CyIHa.

Teopernueckoe 00OCHOBaHHWE aBTOHOMHON CYHOBOH
CHCTEMBbI YKJIOHEHHsI OT cToiakHOBeHus CA m3naraercs B
pabote [10]. Taxke paccmaTpuBalOTCs TpPeOOBaHHUS K
aBTOHOMHOW HaBUTal[MM, YUUThIBaIOIINE (DAKTOPBI, KOTO-

pble BIMAIOT Ha MPOLECC YKIOHEHHS OT CTOJIKHOBEHUS.
OTMeuaeTcsi, 4TO MCCIEAOBaHUS IO aBTOMAaTH3ALMU
YIPaBJICHUSI CYHOM MOTYT OBITH NPEICTaBIICHbI KOMIIb-
IOTEPHOM TEXHOJOTHEH, UCIOIb3YIOUTYI0 UCKYCCTBEHHBIN
HUHTEJUIEKT.

Hean. Lenbio HacTosiel cTaThy SBIISIETCS pa3padoT-
Ka crmocoba ONepaTUBHOTO OIPENCNICHHUS IapaMeTpoOB
MaHEBpa YKJIOHEHHUS C TOMOINBI0 OOJACTH JOIYCTUMBIX
3HAYEHHH ITapaMeTpoB.

Matepuanabl U MeToabl. B pabdote [3] B mepBoM mpu-
OMDKCHUM MOMEHT BpPEMEHHM Hadaja YKIOHEHHUs CyZHa
JUISL TIPETYTIPEKICHUS] CTOJIKHOBCHHUS OIICHUBAETCS C IO-
MOIIBIO (HOPMYITBL:

T AyDSin(Koty—a):-Dd . 1)
Y Ay\/otnSin (K - Koty)

C YYCTOM MHEPHHUOHHOCTHU Cy/JHAa MOMCHT BPECMCHU

otn

HauaJla I0BOPOTa yKJIOHEHHMS ty oTpeieNnseTcs BhIpaxe-

auem [1]:
(, - .t_y ~ Ay (Agcos Roty —An? sin Roly) thTySi”( Roty -K,)
VotnSin (Kotn — Koty)
rae T y JUTUTEIHHOCTh TIOBOPOTA YKJIOHEHHSI CYIHA;

A&y m Ang — DpEPOCT KOOPIMHAT ONEPHPYIOIIETo
CyZHa 3a BpeMs II0BOpOTa Ty ;

K¢ — xype nenn.
3HaueHHe JUTMTETLHOCTH TIOBOPOTA YKIOHEHMS CyaHa
T,» @ TAKKCS YBOIMUCHHE KOODIWHAT ONCPHPYIOIICTO

cynia AEy U Ang 3a Bpems IOBOPOTa ONPEAEISIOTCS

JMHAMMYECKOM MOJZIENbI0  BpallaTeIbHOTO  JIBHXKEHUS
cynHa. B pgaHHOM wMcclieoBaHUM MPUMEHSIETCS KMHEMa-
TAYECKAsT MOJIEIbI0 BPAIaTEeIbHOTO JABUXKEHUS CYyJIHA C

TMIOCTOSIHHOM YIIIOBOi CKOpocThio @ (. B aTom ciyuae,

Kak 1mokasano B pabore [1]:

V,
A& (ty) = aio(cos Ko —cosKy):

(]

©)0. A. Petrechenko 2018
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\VA )
Ang (ty) = —(sin Ky —sin Kg):
a(D

Pe3yabTaThl M X 00cy:kaeHue. B mampHeimeM pac-
CMOTPHM TapaMeTphl YKIOHCHUS MaHEBpa PACXOKICHHUSA,
K KOTOPBIM OTHOCSTCS MOMEHT BPEMEHH Hadajla YKIOHe-

HUS ty U KypC YKIOHEHUS Ky. B cmydae omacHoro

CcOMMKEHNs, KaK MMOKa3aHO B MPEABIIYIIEM IOIpa3iee,
0e3omacHOE YKIIOHEHHE CyTHA OT ONACHOM IeNu Ha JIh-
CTAHIIMIO KpaTyaiiero COMMKEHUS PaBHYIO MpPEICIbHO
— JIOTMYCTHUMOM JUCTaHIUU COJIDKCHHUS BO3MOXKHO IIPU

HavaJie YKJIOHEHUs] B MOMEHT BpEMEHH ty KypCOM YKJIO-
HEHHSA Ky, KOTOpBIE CBs3aHbI BeIpakeHueM (1). [lan-

HOE BBIPAKCHHE MOXXHO TpPaKTOBaTh KaK KPUBYIO Ha

IUIOCKOCTH nyty, IpeBapUTEIbHO TIPeoOpazoBaB
OTHOCHTENIBHBI KypC YKIOHEHUS Koty B HCTHUHHBIN

Kypc Ky .

OpHaKo, YYUTHIBAass BO3MOXHOE YKIOHCHHE CYIHA, KaK
BIIPaBO, TaK M BJICBO, IEJICCOO0PA3HO HAUTH 3aBUCHMOCTh

Kypca YKJIOHCHHS Ky OT MOMEHTAa BPEMCHH Hauaja
YKJIOHCHUS ty . JInst 3TOTO paccMoTpuM puc. 1, U3 KOTO-
pPOTO HECIOXHO HAWTH 3aBHCUMOCTh OTHOCHTEIIBHOTO
Kypca Koty OT MOMEHTa BpEMEHH ty , @ 3aTeM U3 TOJIy-

YCHHOI'0 3HA4YCHUA Koty II0 W3BECTHOM 3aBHCHMOCTH

ONPENENHTh BETHUUHY Ky .

Kak crnenyer U3 npuBEAEHHOTO PUCYHKA, AJISI IPOU3-
BOJIFHOTO MOMEHTa BPEMEHM Hayajla YKJIOHEHMS CyAHa

ty OTHOCHTENBHBIE KYPChI YKIIOHCHHS BIIPABO Kotys u

BIIEBO Kotyp ONPEIENSIOTCS BBIPAKEHUAMU:

Dy

Kotys = ay +—,
Dy
D
Koyp=ay-—%. @
y

CYIHD

Puc. 1. Onpenienenne OTHOCUTENBHOTO Kypca YKIOHEHHS
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BI)Ipa)KeHI/IH JUIA pacyeTa 3HAYCHHI JUCTAaHIIMHU Dy n

TeeHra (fy Ha MOMCHT BPEMCHH ty OTIPENIEIISIOTCS U3

puc. 1 1 UMeroT BU:

D, = |V&t2 + D? — 2DVt cos(K o ~ a) - 3)
D
ay, =K _, +arcsin —4
Dy

U3 noy4eHHBIX 3HAYEHMI Kotys u Kotyp no us-
BecTHOH (opmysie [1] A JBMXKEHHUS CyJ0B Ha BCTpEY-
HBIX Kypcax OMpee/sAioTCs MCTUHHBIE KYPChl YKIOHEHHS:

Kys = Korys+arcsin [psin(K ¢ - Koyl

Kyp = Kotyp+arcsin [p7sin(K ¢ - Koy )] (4)

yp otyp
rae K - xypc nemn.
Beipaenns (4) 3aucumocTi Kypeos ykonenns Ky
u Ky or spemenn ty moxHo paccmarpuBath Kak rpa-

HUIIBI Gys u G yp Ha IIIOCKOCTH Ky X ty, pas3zensito-

[I¥e ee Ha JIBE YaCTH: JOITyCTUMBIX COUYETaHNH, KaK TOUEK
(ty , Ky ), AL KOTOPBIX AMCTAHIWS KpaT4aimiero cOmm-

Dmin

JIUCTAHIIAIO Dd» T.C. Dmin > Dd» U HEJIOMYyCTUMBIX

JKEHUS MPEBOCXOUT TMPEAeTbHO-TOMYCTUMYO

ToueK, Mt Kotopeix Dy <Dy. O6macts Touex
(ty,Ky) wmexmy rpanuuamu Gys u Gy, seusercs
obnactbio Q y HENOMYCTHMBIX 3HAUEHHI MApAMETPOB

YKIOHEHHS ( ty , Ky ), KaK IoKa3aHo Ha puc. 2.

Puc. 2. O6nacts Q K,ty OTACHBIX 3HAa4YEeHUH mapameTpoB
YKJIOHEHUS
C momomipio BEIpakeHuit (2) + (4) mponu3BoANTCS pac-

YeT I'PaHull Gy5 u Gyp oOacTu QK,ty' OTMeTHM, YTO

MOMEHT BpPEMEHU YKIIOHEHHUS ty mmenserca ot 0 1o

*

ty

€TCs B 3aBUCHMOCTH OT COOTHOIICHUA CKOpOCTCf/'I CcyaHa

*
. Ilpruem BepXHss rpaHUIla BPEMEHU ty ornpenens-

V, uemn V.. Tak, B ciiyqae 1peBOCXOACTBA CKOPOCTH

CyaHa Hajg ckopoctbio uemn, T.e. Vg >V, Bepxmss

*
IpaHdlla MOMEHTAa BPEMCHU ty OIpeaALIACTCId MOMCH-

TOM BPEMECHHU, KOTAa CyAHO AOCTHUIACT I'PaHULBI OKPYXK-



HOCTH C paauycom Dd' CHCHOBaTeHLHO, CIIpaBCIJIMBO
COOTHOLICHHUC:
« D-Dy
ty = V— .
ot
,Z[J'DI (l)OpMI/IpOBaHI/IH obactu HCOONYCTUMBIX 3HA4e-
HUN nmapaMeTpoOB YKJIOHCHHUA QK,ty ObLIa pa3pa60TaHa

KOMIIBIOTEPHAs mpoueaypa PIH(lJOpMaHI/IOHHOfI CHUCTCMBI.
B kauecTtBe npuMepa pacCMOTpEHaA CUTYyallus OIaCHOI'O
COMMmKEHUS CyaHa C 1ECJIbIO, KOTOpasA XapaKTECpU3YyCTCA

D=3 wmum, 0=88° K,=45°,
V, =23 yzna, K, =315°, V., =20 ysnos. I'papu-

YeCcKOoe OTOOpaKCHHE HayajlbHOW CUTyallMd ONAacHOTO
COMMKEHNS Cy/IHA C [eNIBI0 TIOKa3aHo Ha puc. 3.

rapameTpamu

PN

Dminl2 = 0,1

Puc. 3. HavanpHas cutyaiys OmmacHOTo COMMKEHHS CY/IHA C
LIETIBIO

C momomipi0 KOMITBIOTEPHON Iponeaypsl Obuta chop-
MHpOBaHa O00JIaCTh HEAONYCTUMBIX 3HAYECHHH Iapamer-

pos ykmonenust Qg ty » KOTOpast MPEICTaBICHA HA PHC.

4. Ilo ocmu a6cuncc HAHCECCHBI 3HAYUCHUA KYPCOB YKJIOHEC-
HUA Ky , @ IO OCH OpAMHAT - 3HAYCHUA BPEMCHH YKJIO-

nerms ty . Obnacts Qy ty pasnenena kypcom Ky, na

JB€ YacCTu, IMpUYEM KypC Kya COOTBETCTBYCT OTHOCH-

TENbHOMY KypCY, KOTOPBI paBeH IMENEHTyY Ha IIeTb.

236

189

142

94

47

0
189 209 253 309 359 49 99 149 199 249 249

Puc. 4. I'panuipl Gys " Gyp obnactu QK,ty npuBe-

JIEHHOTO IIpUMeEpa
OuyeBHUIHO:
K

o+ arcsin [pisin(K ; - a)] -

yo

145 vi-23 [[2] 0 e
2 K2=315 V220
Di2=3
[
V2=20
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B npuBENIEHHOM TIPUMEpE Kya =49°, ciipasa ot He-
0 HaXOJUTCS IPaHUIIA Gys YKJIOHEHHMS BIPaBO, a CJIeBa -

TpaHulia Gyp YKIIOHCHUS BJIEBO. Ilo OIpPCACIICHNUIO Ha

TpaHMI@ax JUCTaHLUS KpaTdalliero CcOJMKEHUS paBHA
MIPEAEIBHO — JIOMYCTUMOW JTUCTAHIIMU COJIMIKEHUS, KOTO-
past B JaHHOM IIpUMepe BbIOpaHa paBHOW 1 muite.

Ha puc. 5 nokasan MaHeBp YKJIOHEHHS CyIHA U3MEHE-

HHeM Kypca Bmpao ¢ mapametpamu ty =15 ¢ u
Ky =86°, xoTopsle mpuHAIEkAT NpPaBoil TpaHHIE
Gys obracTu QK,ty~ OTUM mapamMeTpaM COOTBETCTBYET

nucraHms kpardaiimero commkenns L, =1 mune, aro
TMO/ITBEPKIAET KOPPEKTHOCTh Crocoba (GopMHUpOBaHHs

obmactu Qg ty -

236

189

142

94

4

0
189 209 258 309 355 43 93 149 199 243 299

Puc. 5. Bei6op 6e30macHbIX TapaMeTpOB YKIOHEHHUS H3Me-
HEHHEM Kypca BIIPaBoO

Touka ¢ mapameTpamMH YKIIOHEHUS ty =123 c u
Ky =107 °, TOKa3aHHAs Ha pHUC. 6, TaKKe TMpPUHAIIC-
JKHUT TIPaBOW TpaHUIIC Gys A obeclieurBaeT COJIMKEHUE

CY/IHa C LEJIbIO HA IMCTAHLMIO | —71 MHIA.

Ecnu BBIOpaTh TOUKY, MpUHAJIEKAIYIO JIEBOK TPaHH-
ue G, HampuMmep, ¢ MnapamMeTpamMu t, =96 C H
K, =5 ° (kaKk TIOKa3aHO HA pUC. 7), TO TUCTAHIUS KpaT-
yaiiero cOMKeHUs L, =1 MHIM PaBHA MPEIEIIbHO-
JIOTYCTUMOMN JUCTAHIIUU COMMKEHUS.

236

189

142

94

47

0
168 209 258 309 358 48 9% 149 189 249 294

Puc. 6. Bei6op mapameTpoB yKIOHEHHS ty =123 cu
Ky =107
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ty=15
Ky= 86
Koty=
Lm=1,00

109

ty=123
k=107
Koty=120
Lm=1.00
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016 BriBoabl

=96

gy:s 1. PaccMOTpeH CmOCOO OMEpPaTHBHOTO OIMpPEICIICHHUS
189 Katy-FMAHEBPA PACXOXKACHUS CyIHA C MOMOILNBIO KOMIbIOTEP-

142

94

47

0
168 209 268 309 354 49 98 148 188 249 299

Puc. 7. bezonacHble napaMeTpbl YKJIOHEHUS U3MEHEHUEM
Kypca BIIEBO

b L%0i mporpaMMbl, KOTOPBIM HCIONB3YeT OGJIaCTH JIOMy-
&

CTHMBIX [TapaMETPOB YKIIOHEHHUS CyHA.

2. IlpuBenena mpouenypa GopMUpOBaHHUA YKa3aHHOMH
obJylacTy, KOTOpas pacCUUTHIBACT MX I'PAHULl C YYETOM
CTOPOHBI YKJIOHEHHS CyHA.

3. Ommcana nponeaypa BeIOOpa Oe30MacCHOTO MaHEBpa
PacXoXICHUS W NPHBEICHBI YHCICHHbBIE MPHMEPHI Ompe-
JeJICHHs ¢ TIOMOILBIO 00JIacTH IIapaMeTpOB MaHEeBpa pac-
XOXKICHUS.
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Operative method of determination of parameters of maneuver of divergence

O. A. Petrechenko

Abstract. The method of operative determination of maneuver of divergence of ship by the computer program is considered, which

uses the regions of possible parameters of deviation of ship. Procedure of forming of the indicated regions is resulted, foreseeing the

calculation of their scopes taking into account the side of deviation of ship. Procedure of choice of safe maneuver of divergence is

described and the numeral examples of determination by the region of parameters of maneuver of divergence are resulted.
Keywords: safety of navigator, maneuver of divergence, region of possible parameters of deviation.
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AHHOTamus. PaccMOTpeH KOMOMHMPOBAHHBIA MaHEBP PAcXOKACHMS CyAHA C JBYMs ONAcHBIMH LEISIMH HM3MEHEHHEM Kypca It
YKJIOHEHUS OT HEePBOH IEeNN ¥ TOPMOKEHHEM JUISl TOTO, YTOOBI IIPOIYCTHTh BTOPYIO [eb. [yl JTaHHOTO THIIa MaHEeBpa IPEIUIOKEH
crnoco® (GpopMupoBaHUs 00NACTH JOMYCTHMbIX 3Ha4EHHMiT ero napamerpoB. [IpousBeneH aHaIM3 MPETOKEHHOH 00JaCTH JOIyCTH-
MBbIX 3HAYCHUH ITapaMeTpOB MaHEBPA M ITOKA3aHO, YTO JOITyCTUMBIIl MaHEBp PACXOXKACHUS JOCTUraeTCs Ha IPaHMIIE 00IacTH.
Knrwoueswle cnosa: b6ezonacrnocms cy0080#c0eHUs, NPOYECC PACXOHCOEHU CYO08, KOMOUHUPOBAHHDBII MAHEBD PACXOHCOEHUS, 00-

Jaacnto donycmuMblx Manespoe pdCXOJICa@HM}Z.

Beenenmne. [l J10KadbHO-HE3aBUCHMOIO YIPABJICHUS
MIPEUIO’KEH CIIocod KOMOWHHUPOBAHHOTO MaHEBpa pac-
XOXKIEHUS CyIHA C AByMs OMACHBIMH IIETSIMUA M3MEHEHH-
€M Kypca AJIs YKJIOHEHUs OT MEepBOi I[eNIU U TOPMOKEHU-
€M IJIsl TOrO, YTOOBI IPOIYCTHTh BTOPYIO 1eib. {1 BbI-
Oopa Takoro MaHeBpa paccMOTpeHa mpouenypa (popmu-
pOBaHHMs 00JIACTH €ro JOMYCTHMBIX NApaMETPOB H ITPOH3-
BEJICH aHAIN3 MPEJIOKEHHOH 001acTH.

Kpartkuii 0630p my6amkanuii mo teme. [IpuHIUIBI
JIOKJIbHO-HE3aBUCHMOTO M BHEIIHETO YNPABICHUS IPO-
LIECCOM PACXOXICHUS OMACHO CONIMDKAIONIIUXCS CYZOB, a
TaKKe aHaJM3 METOJOB MX PEaM3allii U COBPEMEHHBIC
OTIepaTHBHBIE CIIOCOOBI TOBBIMICHUS 0E30ITaCHOCTH TIpe-
IYNPEXICHUS] CTOIKHOBEHUH CYIOB OCBEIICHHI B paboTe
[1]. Ipouecc B3auMozmeicTBHA CYZOB NPH UX ONACHOM
CONMMKEHUH U BBIOOP CTPAaTErHu PAacXO’KICHUS B 3aBUCH-
MOCTH OT YpPOBHSI OIACHOCTH CHTYal[MH COJIMDKEHHUS pac-
cMoTpeHbl B pabore [2]. Meton dhopMupoBaHHUs THOKHX
CTpaTeruil  pacXOXIEHHS  METOAaMH  JIOKaJIbHO-
HE3aBHUCHMOTO YIPABJICHUS TSI PACXOXKICHUS ONEepHpy-
IOIIETO CyAHA C HECKOJBKHMH ONACHBIMH IENISIMH Ipea-
noxeH B padote [3].

B pabote [4] ans ommcaHMs mporecca PacXOKACHUS
CyZOB IIPUMEHSIOTCS METOABI TeopuH auddepeHrarsb-
HBIX Urp. B pabore [5] npencrapneH MeTox onpeaeneHus
rIapaMeTpoB ONTHMAILHOTO MaHEBPA PACXOXKICHUS Haphl
CyJIOB, a CII0CO0 y4eTa JUHAMHUKHU CyJHA IPH IOBOPOTE U
HaBUTAI[MOHHBIX ONACHOCTEH Ui pacueTa HapamMeTpoB
MaHeBpa PacXOKJIeHHs CyJlHa MpeACTaBleH B paboTax [6,
7]. Ctparerusi SKCTPEHHOTO PACXOXICHUS CYIOB B CHTY-
aIH UX YPEe3MEpPHOTO CONMMKEHNH pacCMOTpeHa B paboTte
[8].

Heas. Llenpro cTaThu SBISACTCS aHATH3 0COOCHHOCTEH
obmacTn  JOMyCTUMBIX KOMOMHHPOBAHHBIX MaHEBPOB
PacXoXKIEHUs CylHa C IByMS HEJsIMA U3MEHEHHEM Kypca
U €ro akTHUBHBIM TOPMOXXEHHEM TIIPpH €ro JIOKaJbHO-
HE3aBUCHMOM YIPaBJICHUU.

Matrepuansl 1 MeToAbl. PaccMoTpuM cuTyanuro, Ko-
I7la B HA4YaJIBHBIH MOMEHT BPEMEHH CyIHO C IapaMmeTrpa-

mu gemwkenns K u V. onacho cOmmxaercs ¢ asyms
LEJIAMH, IapamMeTphl ABKeHus kotopeix Ky, Vi, K,
1V, . OTHOCHTENbHAS TIO3UIHSA CY/IHA U LIEJIEH XapaKTe-
pPU3yETCs IICJICHraMu 0(1 u (12, a TakXe JUCTAaHIIUIMH

D; ¥ D, . COmmkenue cyaHa ¢ UeIIMHU XapakTepu3yeT-
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Cs OTHOCHUTEJIBHBIMHU KypCaMu K JIMHUHU

otol n Kotoz ’
KOTOPBIX, KakK CJICOYCT U3 PHUC. 1, IIPOXOIAT BHYTPH IIpe-
ACJIBHO - OOITYCTHUMBIX KPYIOB painycoM D d’ 4YTO CBHU-

JIETEIbCTBYET 00 OMACHOCTU COMIKCHUS.

B npuBeneHHOW cHTyallMu paccMOTpUM KOMOWHHPO-
BaHHBII MaHEBP PACXOXKACHUSA Cy[IHA C LEIIMH IOCTIe0-
BaTeJIbHO M3MEHEHHEM Kypca ISl YKIOHEHHs OT HEepBOM
LEeTU ¥ TOPMOXKEHUEM ISl TOTO, YTOOBI MPOMYCTHTh BTO-
pYIO LIeb.

B pabote [9] mis Takol cuTyanuu MpenjiokeH CIocod
(dbopmupoBarus 001aCTH Vki1vz HAOMYCTHMBIX KoMOu-

HHUPOBAHHBIX MAaHCBPOB PACXOXKIACHHA CyJdHa C JABYyMsd
HeJIIMU M3MCHCHHUEM KypcCa U €ro nHaCCUBHbBIM TOPMOKE-
HHUEM. Ka)KZ[Oﬁ TOuKe 00JacTu vKl V2 COOTBCTCTBYIOT

TPHU TapaMeTpa MaHEeBpa PacXOXKICHUS: BPeMs ty 1 Kypc
Ky YKIOHCHHS IS PACXOMK/ICHHS C NIepBOH IENbIO, a
TAKOKE CKOPOCTh /., 10 KOTOpOH TOHM)KACTCSl HaYaIbHas

CKOpPOCTb CyJJHa TOPMOXKCHUECM, IIPUIEM TOPMOIKEHHNC
HAYUHACTCS B MOMCHT BPEMCHU ty .

B ciiydae mpuUMEHEHHsS aKTHBHOTO TOPMOXKCHUS IS
(opmupoBanus obnactu V., ¥ BbOOpa C ee mMoMo-

b0 MaHEBPA PACXOXKICHHSI pacueT MPOJAODKUTEIHHOCTH
MEPEXOTHOTO TIpoIecca T(ch) U TPOWICHHOE 3a 3TO

BpeMs PacCTOAHHE S(V, ) HCMOMB3YIOTCS BBIPAKEHUS

N

JUIsL aKTUBHOT'O TOPMOXKeHus cynHa [10]:

(1+K)m i

(Vo) = arct V.) - arcti V, )
(Vey) Jip [ g(ﬁ c) g(ﬁ oyl
(1+ k)m e
S(Vey) == 1n 'LF‘,'
H VC2y+7
n

rme (1+K)M - macca cymma ¢ npucoenmHeHHBIMH
MaccaMu BO/IbI;

P - ynop Bunra;

U - KO3 PHUIMEHT COMPOTHUBIICHHS.

Pe3yabTaThl U X 00cy:kaeHue. J[aHHBIN ciocob pac-
4eTa IPaHuIl 00MaCTH 'V \,, » NO3BOISIOIICH ompene-

JICHUC MaHEBpa PACXOXKJACHHUA CyJHa C ABYMs OIIAaCHBIMHU
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LIEJISIMUA  [IOCJIEOBATENbHBIMU  U3MEHEHUSIMU Kypca U 165
CHIDKCHHSI CKOPOCTH aKTHBHBIM TOPMOXCHHEM OBLI pea- 160
JIU30BaH B pa3pabOTaHHON KOMMBIOTEPHON WMHTAIMOH- 158
HO porpamme. B kauecTBe npumepa OblIa pacCMOTpEeHA 160
CUTyaIlMisi OMACHOTO COJIDKCHHS C MapaMeTpaMu: mapa- 145
o
METpPBI ABMKCHHA CyIHA K . — 75, V., = 23 Y3, Ia- 1;‘2
paMeTphl ABIKCHMS Lenell K, —199 °, v, =20 Y3 0
K, =16 °, \/, = 21 Y3, OTHOCUTE/IbHbIC HO3ULHH Lie- 128
neit o =36°% D, =3 MW, o, =135°% D, =5 1

118

MUJIb, KaK INOKa3aHO Ha pucC. 1. 10

Jis yka3zaHHOI CHTyalliu ONACHOTO COJIDKEHHS ObLIa -
chopmupoBana  00NacTh  JOIIYCTUMBIX  MaHEBPOB -
KOTOpas rmokas3aHa Ha puc. 2. Ha puc. 3 BriOpa- us

Vkivz:

Ha HayajJbHas TOYKa (Kg,s'p),vcy ), TpHHALIEKAIAS a0

ids)

rpanule o6JacTH Vikive» WA KOTOpPOW ONpEIEIICHEI 30 =284 Ky= 8B V=146
ImapaMeTpel MaHEBPa PACXOKIACHUA Ky = 860, ch =15 02 4 B B 10 12 14 16 18 20 22 24 26 28 30
Y3, t, =284 C, a Ha puC. 4 ToKa3aHbl OTHOCUTEILHBIC Puc. 3. BriOop HayanbHOM TOUKH, NpUHAUIEKALIEH MpaHULE

TPAEKTOPUHU PACXOXKIACHHUSL. o6nactn V K1,Vv2

Kaotnl

/

Puc. 4. OTHOCUTEIBbHBIE TPACKTOPUH PACXOXKICHUS JUIs Tpa-
Dminl=068  Dmin2=0.35 HUYHOU TOYKH
Puc. 1. [Ipumep cuTyaruy onacHOro cONVKEHUS

K= 86 W= 146

Kotz

165 Jlyist IpOn3BOJILHOM TOYKH (Kgls'p),ch)' NpUHAJJIeKa-
160
185
150 pHC. 5, Ompe/eNeHbl TapaMeTPhl MaHEBpa PaCcXOyKIACHUS
13; Ky, =98°% v, =188 Y3, t, — 293 C.

135
130
125
120
115
110
105
100
a5
a0
85
a

el TpaHuue 06NacTH Vv, |, » KOTOpas MoKasaHa Ha

0oz 4 B 8 10 12 14 18 18 20 22 24 26 28 30

Puc. 2. O6macts 10MyCTHMBIX MAHEBPOB 7\ . |,
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165 165
160 160
155 155
150 180
145 145
140 140
135 135
130 130
125 125
120 120

115 115
110 110
105 105
100 100
95 35
tl] a0
85 85
B0 ty= 293 Ky- 98 Wy= 108 80 =201 Ky=9 Wy= 1400
Doz 4 B 8 10 12 14 16 18 20 22 24 25 28 30 0oz 4 B B 10 12 14 16 18 20 22 24 26 26 30
Puc. 5. Bei6op npon3BoiIbHON TOYKH IPaHULBI 00JIaCTH Puc. 7. Bei6op Touxu (< §/S,D) Vey ) BHYTpH 00acTH
Vki,vz2 V kw2
OTHOCHUTEIIbHEIC TPACKTOPHUU PACXOKACHHS NOKA3aHbI Ha puc 8 MPUBEACHBI OTHOCUTEIBHBIE TPAEKTOPUH pac-
Ha puc. 6. O MNpoXoaAT OTHOCUTCIIBHO obenx neJIcu Ha XOXKICHHUS IS BLI6paHHOI>'I TOYKH, NPUYEM TUCTAHLIUHA
3aJaHHOM PAaCCTOSHUU. KpaTyaiiero cOMMKEHUS A1 00enX Ieieil IPeBOCXOIAT
TTonoxenne Toukn ( K §f’ P) Vey ) BHYTpH 00J1aCTH J0-  TPEeeNbHO — TOMYCTHMYIO AUCTAHIIUIO COMMKEHUS.

IyCTHMBIX MaHEBPOB V (1 \/» TTOKa3aHO Ha pHC. 7 H

OTIpe/IeIICHBI TapaMeTPBI MaHEeBpa PACXOXKIACHUS, KOTO-
PbIC MPUHMMAIOT 3HAYCHHA K = 98°, Ve =14 Y3,

t, =291 c. }ﬁ

/

Puc. 8. OTHOCHTENBHBIE TPACKTOPHUU VISl TOYKH BHYTPHU 00-

ﬁ JIaCTH V Kl, V2

K= 96 Wy=140

IIpuBeneHHBIE IIpUMEPH! MOKA3BIBAIOT, YTO JUIA pac-
XOXJIEHHUS CyAHA C JBYMS ONACHBIMM LIEIIMU KOMOWHH-
POBAaHHBIM MAaHEBPOM IEIeCO00pa3HO BHIOMPATH TOYKHU

Ky= 9 Y= 16,8

Puc. 6. OTHOCHTENBHBIE TPACKTOPHU IS TPOU3BOIBHON TOU-

S,
—— ( Kg, P) ,ch ), KOTOpBIE HaXOASATCS Ha rpaHuLe o0nacTu

VKl V2 » HOpHYEM OITHUMAaJIbHON SIBJISETCS HadajabHAs
y

TOYKA FPAHULIBL.
BriBoabl
1. [IpennoxeH KOMOWHHUPOBAHHBIA MaHEBp PaCcXOXKIIe-
HUS CyIHa C JIByMsl LIEJISIMH M3MEHEHHEM Kypca U ero
AKTUBHBIM  TOPMOXXEHHEM TpU  €ro  JIOKaJIbHO-
HE3aBUCHMOM YIIPaBJICHHH.
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2. [IpoBenen aHamu3 00JaCTH JOMYCTUMBIX KOMOWHH-

POBAaHHLIX MAaHEBPOB PACXOKACHUA U IMOKA3aHO, YTO HO-

HYCTHMLIﬁ MAaHCBp PACXOXKACHUA NOCTUTIACTCAd HA I'paHU-

e 00J1acTH.
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3. OnTUMaNBHBIA  KOMOWHUPOBAHHBIN MaHEBp pac-

XOXIICHUsI CY/JIHA COOTBETCTBYET HAYaJbHOW TOYKE Tpa-
HHIBI 00JIaCTH.
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Analysis of region of the possible combined manoeuvres of divergence of ship with two targets by the change of course and
his active braking
V. E. Pyatakov
The combined maneuver of divergence of ship with two dangerous targets is considered by the change of course for deviation from
the first target and braking in order to skip the second target. For this type of maneuver the method of forming of region of accepta-
bility his parameters is offered. The analysis of the offered region of acceptability parameters of maneuver is produced and it is
shown that is achieved the possible maneuver of divergence on the border of region.

Keywords: safety of navigator, process of divergence of vessels, combined maneuver of divergence, region of possible maneuvers
of divergence.
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JKCIepUMEHTAJIbHbIE HCCJIeI0BAHUS U KOMIIBIOTEPHOE
MO/ eJTMPOBaHUe KeJ1e300eTOHHOM 0AJIKU NMPH MoKape

H.T. Cypbauunos*, 10. A. Otpomu, A. C. llluiasieB

OZ[eCCKaSI rocyaapCTBCHHAsA akaJeMusl CTPOUTECIILCTBA U apXUTEKTYPBI,
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AnHoTanus. VccrenoBana Hecymas ClioCOOHOCTh OaJKH MpH Temrepatype moxkapa. OObEKTOM HCTBITaHUN SBISUIACH JKele300e-
TOHHAs Oalika MPSMOYTOJIBHOTO CEUCHHs, NMPHMCHSIEMas MpPU CTPOMTENLCTBE KOMIUICKCA 3JaHUI U COOPYKCHHH C BCTPOCHHO-
MPUCTPOCHHBIMU MOMEUICHUIMU. MeTOouKa MpOBEACHUS UCHBITAHUI COOTBETCTBOBAJA ITOJIOKEHHUSM HAIMOHAIBHOTO CTaHIapTa
YxpauHbl, pa3pabOTaHHOTO JUIS UCIBITAHUA 0AOK Ha OTHECTOHKOCTh. CTaHAAapPT COOTBETCTBYET CBPOICHCKAM HOpMaM. VcIbITaHbI
nBa obpasua 6anku. s onpeneneHus TeMuepaTrypsl 00pa3IoB HCIOIb30BaHbl TEPMOIIAPHI, YCTAHOBICHHBIE B KOHTPOJIBHBIX TOUKAX.
[Ipu mpoBeneHWH BceX SKCIEPUMEHTOB HU3MEHEHHS TEMIIEPaTypbl (PUKCHPOBAIUCH B KOHTPOJBHBIX TOYKAX KaxIyr MUHYTY. C
LIEJIBI0 OLICHKM KAauecTBa SKCHEPUMEHTA M JIOCTOBEPHOCTH IOIYYEHHOTO paclpeleSieHUs] TEMIIEPATyp BBIIOJIHEHO KOMIIBIOTEPHOE
MOJIeTUpOBaHNe HarpeBa Oanku B nporpaMMHoM komiuiekce ANSYS R17.1. YcranoBieHo, 4To mpeaen OrHECTOHKOCTH OajKu co-
craBu He MeHee 62 muHyT. Knacc oraecroiikoctu — R60. CpaBHeHHE pe3yIbTaTOB AKCIEPUMEHTAIBHBIX UCCIIEIOBAHUN U YHCIICH-
Horo aHanu3a B mporpamme ANSY'S mokasano, 4to ajis nepBbix 10 MHHYT JOBOJBHO CYIIECTBEHHO OTIMYAIOTCS BO BCEX KOHTPOJIb-
HBIX TOYKAaX, OJIHAKO B JAJTbHEHIIIEM 3TO OTIMYHE CTAOWIM3UPYETCs, U BILIOTH JIO OKOHYAHHUS dKCrepuMeHTa He mpesbimaet 10,0%.
[TosnyueHHble pe3yabTaThl MOATBEPHKAAIOT, YTO METOJUKA MPOBEACHHBIX IKCIEPUMEHTAIBHBIX HCCIEIOBAaHUA M KOMITBIOTEPHOTO
MOJICTTUPOBAHUS C TIOCIETYIOUINM YHCICHHBIM aHAIA30M MOKET OBITh PEKOMEH/IOBAHA U MPAKTHYECKOTO TPUMEHEHHS.

Knrouesvie cnosa: sxcenesobemonnas 6anka, Hecywas cnocoOHOCHb, NOXCap, MemMnepamypd, KChepuMernm, mepmonapa, 4uc-
neunviid ananus, ANSYS.

Beenenue. Xene300eToHHBIE KOHCTPYKIMHM, BCICACTBHE  3HAKy IIOTepH Hecymiedl cmocobHoctu (mpu3Hak R).
UX HErOpPIOYECTH M HEOOJNBIION TEIUIONPOBOAHOCTH, XO-  BOJIBIIMHCTBO IOJOXKEHHH OTEYECTBEHHBIX CTaHIAPTOB
POIIIO CONPOTHUBIISIOTCS BO3ACHCTBUIO BEICOKHMX TeMIlepa-  [5, 6] XOpOIIo coriacyercst ¢ COOTBETCTBYIOIIMMHE €BPO-
Typ npu moxapax. OmHako u3BecTHO [1-3], uTo Becerna  meitckumu Hopmawmu [7 — 10].
CYIIECTBYET ONPENEICHHBIN Tpeesl OTHECTONKOCTH KOH- [Tpenen OrHECTOMKOCTH IO IPU3HAKY NTOTEPU HECYIIEH
CTPYKLIH. CIIOCOOHOCTH 3aBHUCHT OT BHJA M CTaTHYECKOH CXEMBI
OTOT mpezen 3aBUCUT OT Pa3MepoB IOMNEPEYHOro ce-  ONMUpaHusi KOHCTPYKUuH. OIHONpOJETHBIE CBOOOHO
YEeHUsI, TOJNIIMHBI 3aIIUTHOTO CIIOS, BUJA, KOJMYECTBA U OMEpThie OalK¥ MPHU JACUCTBUU MOXKapa pa3pymialoTcs B
MUaMeTpa apMaryphl, Kjiacca OCTOHAa W BHJA 3allOJHHTE-  pe3yJbTaTe HArpeBaHUS NPOJOJILHOW HUXHEH paboueii
JI, Harpy3KM HAa KOHCTPYKIUIO, CXEMBI €€ ONMpaHus U  apMaTypbl A0 IPEIEIbHOM KPUTHUUYECKOH TEMIIEpPaTypBhl.
psina apyrux GpaxTopoB [4]. IIpenen OrHECTOMKOCTH 3aBUCUT OT TOJIILMHBI 3aIIUTHOTO
AHalMTHYECKHE METOBl OIpefeNieHHs Mpeesa Oor-  Clos HIXKHEH paboueil apmarypsl, Kiacca apMatryphl,
HECTOHKOCTH OTCYTCTBYIOT. Ilpmxommrcst mpmberats kK  pabodell Harpy3kd M TEIUIONIPOBOJHOCTH OeToHa. Y 0Oa-
pe3ynbTaTaM SKCIIEpUMEHTAIBHBIX ncciaeqoBanuid. OnHa-  JIOK IIPeAe] OTHECTOMKOCTH 3aBHCHT €Iie OT IIMPHHBI
KO 3TH Pe3yJbTaThl, KaK IPaBUJIO, CHIBHO MEHSIOTCS IPH  CCUCHMSI.
TIOBTOPEHUH 3KCIIEPUMEHTA, TIOCKOJIBKY 3aBUCAT OT MHO- ITpn ogHMX M TeX e KOHCTPYKTHBHBIX IapamMeTpax
xectBa (paktopoB. [losToMy HyXKeH KakoW-1mOO0 MHOW  IIPeAeN OrHECTOMKOCTH OajloK MEHBINE, YeM IUIUT, TaK
MOJIXO/I, TIO3BOJISIONIUIN OIICHUTh JaHHBIE DKCIIEPUMEHTa.  Kak MpH Toxape 0amku 00orpeBaroTcsi ¢ TpeX CTOPOH (co
Hambonee mnepcHnekTHBHBIM IIyTeM SBJSIETCS, Ha HAIl ~ CTOPOHBI HIKHEH M BYX OOKOBBIX I'paHeil), a INIUTH —
B3I, KOMIIBIOTCPHOEC MOJACIIUPOBAHUC KOHCTPYKIUU TOJIBKO CO CTOPOHBI HUKHEH IMOBEPXHOCTH.

IIpU [0Xkape, KOTOPOE MOXKHO BBIIOJIHUTH B PsAJIE COBpe- CraTHyecKy HeolpeaenMble OalKu MpH HarpeBaHUU
MEHHBIX KOHEUHO-3JIEMEHTHBIX [IPOIPAMM. yTPauMBaIOT HECYIYIO CIIOCOOHOCTD B pe3yJsbTaTe paspy-
Ieabro naHHON PabOTHI SIBIAIOTCS IKCIEPUMEHTANb-  LICHHUSA ONOPHBIX M MPOJETHBIX ceueHuil. CeueHus B Mpo-

HBIE HCCIIEIOBAHHUS OTHECTONKOCTH JKEIEe300€TOHHON  JieTe pa3pylIaloTCs B PE3yJAbTaTe CHIDKCHUSI MMPOYHOCTU
Oalki W KOMITBIOTEPHOE MOJICIMPOBAHME TMpolecca C  HIDKHEH MPOAOJBHOM apMaTyphl, a OMOPHBIC CEUeHUs —
MOCJIEAYIONIMM CPAaBHEHUEM PE3yJIbTATOB B KOHTPOJBbHBIX  BCJIEACTBHE MOTEPH MPOYHOCTH OSTOHA B HHXKHEH CxKaTON
TOYKaX. 30HE, HarpeBarollelcst 10 BBICOKMX Temmepatyp. Cko-
Marepuaisl U MeTobl. J[1s IPOBEJCHHS UCTIBITAHUI ~ POCTH MPOrPEBa ATOW 30HBI 3aBHCHT OT Pa3MEpoB IOIe-
0aJIOK Ha OTHECTOMKOCTh B YKpauHe pa3paboTaH HALMO-  PEYHOTO CEUYCHHs, MO3TOMY OIHECTOMKOCTh CTATHYECKU
naneHblid craggapt JICTY b B.1.1-13:2007 [5]. Onpene-  HeonpeaennMbIX OaloOK 3aBHCUT OT INUPUHBI M BBICOTHI
JICHWE Mpefeia OrHEeCTOMKOCTH Oallok ocymiecTBisieTcss — cedeHus. [Ipu OoJibLIMX pa3Mepax MONepevHOro CeueHHs
mo JICTY b 1.1-4-98 * [6]. mpenes OTHECTOWKOCTH —CTaTHYECKH HEOTPEAETUMBIX
Merto/ 3aKiI04aeTCs B HAarpeBe B CTAHAAPTHOM TeMIle-  0ajlOK 3HAYMTENIbHO BBIIIE, YeM CTATHYEeCKH OIpeje-
parypHOM pexuMe o0pa3loB 0ajoK, KOTOpbIe YCTaHaB-  JIMMBIX, U B PAJE Cly4aeB IPAKTUYECKH HE 3aBHCHT OT
JIMBAIOTCSI HAa CTEHbI OTHEBOH IeYH, ¥ ONPECICHHH MPO-  TOJIIMHBI 3aIIUTHOTO CJI0S Y TPOAOJIBbHOIN HIKHEH apma-
MEXYTKa BPEMEHH OT Hayaia WCIBITAHUS J0 HACTYIJE-  TYpBbL.
HHSL HOPMHPOBAHHOT'O MPEIETIbHOrO0 COCTOSHHMS IO IMpH- Pe3yabTaTnl Hcciea0BaHus. OKCIEPUMEHTATbHBIC
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HCCJIEJOBAaHMSl TIPOBOJMINCH B HCIHBITATEIILHOM LEHTPE
00O «TECT» (r. bpoBapsr).

OOBEKT UCHBITAaHUHN SBJISIIACH JKeJIe300eTOHHast Oalka
npsiMoyronbHoro cedeHus 600x700 MM, mpuMmeHseMas
IIPU CTPOMUTENILCTBE KOMIUIEKCA 3JIaHUH M COOpPYKEHHI ¢
BCTPOEHHO-TIPUCTPOCHHBIMH MTOMETICHUSIMH.

[IpenenbHBIM COCTOSHHEM TIO NMPHU3HAKY IOTEPH HECY-
mel cmocoOHocTH (mpu3HaK R) sBisercs oOpymenue
KOHCTPYKIIMH WM BO3HHKHOBEHHE IIPEIEIBHBIX Aehop-
MaIuii, KOTOPBhIE COCTABIISIOT:

[IpenenbHBIM COCTOSHHEM TIO NPHU3HAKY IOTEPH HECY-
meld crnocoOHOCTH NPUHUMAIOCh COCTOSIHHE, KOT/a
BBITIOJTHEHO OJTHO U3 CICAYIOUIUX YCIOBHiA [5]:

- 3HaueHne nporuba (D) KOHCTPyKIMM IpEBBIIIANIO
3HaUCHHE

D= L%/ 400b mm; 1)

- CKOPOCTh HapacTaHus Ae(opManyy NpeBHILaia 3Ha-

YECHHUE
dD/ dt=L* / 9000b mMm/muH, )

rae L — mposeT, M; b — pacdeTHast BEICOTA CCUCHHMS
KOHCTPYKIIUH, MM.

Ecmu 3nauenue nporuba we Oonee L/30, To mpemensb-
HOHU nedopmainuel SBISIETCST TOJNBKO MpelesbHOe 3Haye-
uue nporubda (D).

Jst sxene300eTOHHBIX 0alloK, KOTOpPhIe UCTBITHIBAIOT-
cs1 0e3 Harpy3kH, IpeNeNbHOE COCTOSIHHUE IO MPU3HAKY
MOTEpH HecyIed CIocOOHOCTH MOKET OBITh OIpENeNICHO
10 BPEMEHH MPEBBIICHHUS CPEOHEH TeMmepaTypbl HIK-
HeW NMpOIONIBHONM HecyIell apMaTypbl OT ee HadaIbHOTO
3HayeHus Ha 480 °C.

[Ipenen oruecToiikocTn onpexensics o Gopmye

tfr = tmes - At’ ©)]
rae t, — npezen OrHECTOMKOCTH, MHUH; t — MHHH-

MaJlbHOE 3HAYECHHE BPEMEHH OT Hayajaa HCIBITaHUA [0
JIOCTHKEHUS IIPENIEIbHOIO COCTOSIHUSA 110 OTHECTOMKOCTH,
MUH; At — NOTrpemHOCTb HCIBITAHUS, MHH.

3HaueHHe MOTPEIHOCTH At omnpezeisercs no Gopmy-
e

At=(0015t,. +3)(A - AA -A,) @)

e A, A, A, — UHTETPAIbHbLIE 3HAYEHHS (ILIO-
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[a]Id, KOTOPhIC HAXOJATCS MOJ KPUBBIMH) CTaHIAPTHOU
TEMIIepPaTyphl, CPEIHEH TeMIIepaTyphl B M€Y U MAUHUMA-
JIBHOM JIOITyCTUMOW TEMIIEPaTyphl B IEYH, COOTBETCTBCH-
Ho. Ecrm A, > A, To At=0.

VcnpiTannsaM moaBepranuck ABa oOpasma skernme3obe-
TOHHOW OaJKu MPSIMOYTOJBHOTO CCUYCHUS pPa3MEepOM
600x700 MM, pouaoi 2000 MM KadKIbIH.

OO0pa3ubl UMeIH apMaTypHbIi 00beMHBIN Kapkac. Oc-
HOBHAasi Hecyllas apMmarypa (HIXKHSS MPOAOJbHAs) —
025 mm A500C (3 mt.) u @32 mm AS500C (3 mt.). 3Ha-
YCHUE TOJIIUHBI 3alIMUTHOTO CJOs OCTOHA IO HIDKHEH
MIPOAONEHON apMaTyphl coctaBmio 34 M. Mcmoms3oBai-
cs1 6etoH Kimacca C25/30.

Kpome Toro, OBUTH W3rOTOBICHBI BCIIOMOTATEIBHBIE
o0pa3ubl (KyOBl, TPU3MBL, (parMeHTHl apMaTypHBIX CTe-
pxHeit). McmpiTaHre BCIOMOTATEeIBHBIX 00pa3oB MO3BO-
JIUIO TIONYYHTh NAaHHBIC O (PU3UKO-MEXaHMICCKHUX Xapak-
TEPUCTHKAX MPUMCHEHHBIX MAaTCPUAIIOB.

Bce ocHOBHBIE U BCIIOMOTATEIBHBIC 00pa3Iibl U3rOTOB-
JIATUCh U3 OETOHA OJHOTO COCTaBa. 3arpaTa MaTepUalioB
Ha 1 M ® cMecu cocraBmia: nieMenta — 440 kr, mecka —
660 kr, mebust — 1150 kr, Boabpl — 153 11, XUMHUYECKOMH
nobaBku (penakcon-muaep) — 17 kr. BomomemeHntHoe
otnomenne — B/I = 0,35; ocemanne xonyca — 14...15
CM.

Kaxnprit o0pasern; ycTaHaBIHBAJICS ONHPAHUEM C IBYX
CTOpPOH Ha OTBEPCTHE IEYHM 4Yepe3 0a3albTOBHIC IUIUTHI
ROCKMIN (motrocts 50 Kr/M%) ¢ BO3MOMKHOCTBHIO OT-
HEBOTO BO3ICHCTBUSA HA HETrO C TPEX CTOPOH (CHHU3Y H C
OOKOB).
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Pucynok 1. Cxema uCIIBITAHU

erature
Type: Temperatu
Unit:*C
Time: 7200
240920181152

1049 Max
955
81,9
0842
50488
481,34
3678
25427
14073
27,187 Min

20000

7 500,00 ()

N
600,00

Pucynoxk 2. Monens B ANSYS

Jis onpeneneHus TeMmepaTypbl HIDKHEH Hecylien
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nposoibHON apmarypsl D25 MM AS00C (kotopas Oonee



npuOIMXKEeHa K yriam), ObIJIO YCTAQHOBJICHO MO TPH TEp-
momapsl (TXA) T1-T3 na kaxnom obpasue Oanxu. s
UCTIBITAaHUH HCIIONIB30BAIACh CIELUaIbHAs UCIIBITATENb-
Hasl IeYb U CPEJICTBA M3MEPUTEIHHOH TEXHUKU.

C 1enblo OLEHKM KayecTBa JKCIEPUMEHTa U JOCTO-
BEPHOCTH TOJMYYEHHOTO pAaCHpeleNieHus] TeMIeparyp
BBIIIOJTHEHO KOMITBIOTEPHOE MOJEIMPOBAHUE Oallku B
nporpammaoM komrmiekce ANSYS R17.1 [11 — 14] (puc.
2).

[Ipy mocTpoeHNN MOZENN MCIOIb30BAICH TAPaMETPhI
0aJK¥ U3 IepBON CEpUH MPOBECHHBIX MCIIBITAaHUH (00pa-
3er;r Ne 1). Ilpu mpoBeneHUN BCeX IKCIEPUMEHTOB H3Me-
HEHUSl TeMIleparypsl (DUKCHPOBAINCH B KOHTPOJBHBIX
TOYKaxX KaK1yro MUHYTY. OJHaKO BBHAY OTPaHHYEHHOI'O
o0bema craTby B Ta0J. 1 MpHUBEAEHBI TOJIBKO PE3YIbTATHI,
3a()MKCUpOBaHHBIE ¢ IIAaroM 5 MuHYT. s cpaBHEHUS
aHaJOTWYHBIC NAHHBIE W3BJIEUYEHBI U3 (aiiia pe3yapTaToB
pacueta B mporpamme ANSY'S (tabm. 1).

Bo Bpems mpoBeneHUs UCIIBITAHUN TeMIlepaTypa u U3-
OBITOYHOE [aBJICHWE B MEYH OTBEYalH TPEOOBAHMSM,
perJIaMEeHTHPOBAaHHBIM CTaHAAapTOM. M30bITOUHOE MaBie-
HUE B Ne4y Ha 5-i MuHyTe coctaBuio 8 Ila, a ¢ 10 muny-
161 — 11 ITa.

UcnpiTanus nponomkanuck 62 MunyTel. [lotepu u He-
CylIel CIOCOOHOCTH 00pa3IloB BO BPEeMs HCIBITAHHNA HE
npousonuio. ITorpemuocts ucneiTanuit (At) mo 3aBucH-
MocTH (4) BO BpeMsl UCTIBITaHUHN cocTaBuia 0 MUHYT.

Tadauna 1. CpaBHeHHE SKCTIEPUMEHTAIBHBIX U YHCICHHBIX

pE3yIBTAaTOB
Bpewms, T1-1|ANSYS Pacxozx;[eﬂne, T1-2|ANSYS Pacxoxaenue,
MHH. % %
0 11 14 21,4 10 13 214
5 13 16 18,8 10 13 214
10 | 23| 26 115 12| 15 20,0
15 47 51 7,8 18 20 10,0
20 70 76 7,9 28 31 9,7
25 87 96 9,4 37 41 9,7
30 88 97 9,3 50 55 9,1
35 93 | 103 9,7 69 76 9,2
40 |102| 113 9,7 75 83 8,4
45 |107| 118 9,3 78 85 8,2
50 |113| 124 8,9 82 90 8,9
55 |118| 130 9,2 86 95 9,4
60 |123| 135 8.9 93 | 102 8,8
62 |125| 138 9,4 93 | 102 8,8

Ha puc. 3 nokazans! moss nedopMannii 1 HanpsHKCHAH
IIpU Harpese Oayku.
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Pucynok 3. [lepopmariuu 1 HampsHKSHUS

BruiBoabl. Ilpenen OrHecTOMKOCTH Kelle300€TOHHON
0anku mpsiMOyroibHOTO ceueHus 600x700 MM, IPUMEHs-
eMOH TIPH CTPOUTEIHCTBE KOMIUIEKCA 3IaHIIH H COOPYXKe-
HUI CO BCTPOCHO NPHUCTPOCHHBIMH IMOMEUICHUAMH, CO-
cTaBisieT He MeHee 62 MuHyT. Kiacc ornecroiikoctn —
R60.

AHamu3 Ta0n. 1 TOKa3BIBaeT, pe3yibTaThl SKCIIEPH-
MEHTANbHBIX MCCIENOBAaHUN M UHCICHHOTO aHalu3a B
nporpamme ANSYS s nepBeix 10 MHHYT JOBOJIBHO
CYIIIECTBEHHO OTJIMYAIOTCS BO BCEX KOHTPOJIbHBIX TOUKAX,
OJTHAKO B JAJILHEHIIIEM 3TO OTIHYNE CTAOMIM3UPYETCS, U
BIJIOTh JI0O OKOHYAHMSA ODKCIIEPHMEHTa HE TMPEBBIIIACT
10,0%, 4TO, MO HaleMy MHEHHIO, MOXXHO CYHMTaTh CO-
BEPIICHHO PUEMIICMBIM.

HHTepecHO, 9TO BENWYHHBI TEMIEPATyp, MOTYICHHBIX
B ANSYS g Touek, COOTBETCTBYIOUIMX PACIOIOKEHUS
tepmonap T1 — T3, Bo Bcex cirydasX HECKOJIBKO BEIIIE,
9YeM I0 Pe3yiIbTaTaM SKCIICPUMEHTA.

B menoMm moxydeHHBIE pe3yNbTaTHl MOATBEPKIAOT,
YTO METOJMKa MPOBEIEHHBIX JKCIEPUMEHTANbHBIX HC-
CJIEIOBaHUI W KOMITBIOTEPHOTO MOJAEIHPOBAHUS C Jalb-
HEHIIUM YHUCICHHBIM aHAJIN30M MOXKET OBITh PEKOMEH/I0-
BaHa JIJISl IPaKTHYECKOTO MPUMEHEHUSI.
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Experimental studies and computer modeling of reinforced concrete beams in case of fire

N. G. Surianinov, Yu. A. Otrosh, A. S. Shilyaev

Abstract. The bearing capacity of the beam at the temperature of fire was investigated. The object of the test was a reinforced con-
crete beam of rectangular section, used in the construction of a complex of buildings and structures with built-in and attached prem-
ises. The test procedure complied with the provisions of the national standard of Ukraine, developed for testing beams for fire re-
sistance. The standard meets European standards. Tested two sample beams. Thermocouples installed at test points were used to
determine the sample temperature. In all experiments, temperature changes were recorded at control points every minute. In order to
assess the quality of the experiment and the reliability of the temperature distribution obtained, computer simulation of beam heating
was performed in the ANSYS R17.1 software package. It was established that the fire resistance limit of the beam was at least 62
minutes. Fire resistance class - R60. Comparison of the results of experimental studies and numerical analysis in the ANSYS pro-
gram showed that for the first 10 minutes they are quite significantly different at all control points, but later this difference stabilizes
and does not exceed 10.0% until the end of the experiment. The obtained results confirm that the methodology of the conducted
experimental studies and computer simulation with subsequent numerical analysis can be recommended for practical use.

Keywords: reinforced concrete beam, bearing capacity, fire, temperature, experiment, thermocouple, numerical analysis, ANSYS.
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Abstract. The directionally solidified Mo-17,5%Si-8%B-0,5%LaCla(at.%) alloy was prepared by floating zone method. The micro-
structure of the alloy consists of MosSi matrix with predominantly fine-grained inclusions of the MosSiB:2 (T2) and molybdenum
(Moss) phases and represents the alternation of the two- (Mo3Si-T2) and three-phase (Moss-Mo03Si-T2) eutectics with periodic large
Moss.phase activations. The obtained values of integral microhardness and fracture toughness are 9.25+0.5 GPa, 14.32+0.6 MPa
m*?2, respectively. A solid protective oxide coating was obtained due to 10 hours air holding at 1030°C.

Keywords: floating zone method, eutectic, oxidation, borosilicate coat.

Introduction. Last years the scientific interest to Mo-Si-
B alloys, which can become potential substitutes for
nickel superalloys for manufacturing of turbine blades
and other high-temperature units, was considerably in-
creased, because they have higher operating temperatures
and can significantly increase of energy efficiency of gas
turbine engines.

Literature review. The alloys of Mo-Si-B system
consisting of a molybdenum solid solution (Moss) and
two other intermediate MosSiB; (T2) and MosSi (A15)
phases uniformly distributed in the microstructure show
attractive mechanical and oxidizing properties at tem-
peratures above 1100 ° C [1]. This system became the
subject of close attention, since the temperature of appli-
cation may exceed the temperature of the application of
super-alloys based on nickel [2]. The Mo-Si-B alloys has
excellent oxidation resistance above 1100 ° C, due to the
formation of a low viscose borosilicate coating that co-
vers the surface of the material and provides protection
against further oxidation [3]. However, alloys of the Mo-
Si-B system show a low resistance to oxidation in the
range 650-900 °C [4] when the borosilicate coating is not
formed yet, which causes the formation and evaporation
of MoOs. Recent studies [5,6] have shown that the addi-
tion of rare earth elements improves both the oxidation
resistance of such materials over a wide range of tempera-
tures and their mechanical characteristics.

The current task is to prepare the alloy of Mo-Si-B
system with optimal microstructure, mechanical proper-
ties and resistance to oxidation [1,7]. Using of directional
crystallization allows to efficient control of structure and
properties due to variation of technological parameters of
growing, which enables to control both oxidative and
mechanical properties [8].

Obijective. Therefore, the purpose of this work was to
study the influence of addition of lanthanum on the struc-
ture and properties of directionally solidified Mo-17.5
(at.%) Si-8 (at.%) B alloy.

Experimental details. Directionally solidified Mo-
17,5 at.% Si-8 at.% B alloy with an admixture of 0.5
atomic % of LaCls was prepared by floating zone melting
of nonsintered powdered rods. The molybdenum, silicon,
boron and lanthanum chloride powders with a purity of
99.95%, 99.9%, 98%, and 99%, respectively, were used
as starting materials. The average particle size of molyb-
denum powder was 3.4 um, silicon powder - 1.2 pm,
boron powder - 0.5 um, lanthanum chloride powder - 2
um. A mixture of powders was prepared by 10-fold wip-
ing through a sieve with cells measuring 50 microns. As a

plasticizer the 2.5% aqueous solution of polyvinyl alco-
hol was used. Long-length billets with a diameter of 10
mm and a length of 145 mm were pressed on a hydraulic
press under a pressure of 50 MPa and dried in a vacuum
oven at 100°C. Zone melting of samples was carried out
in the high-frequency "Crystal 206" machine with induc-
tion heater.

The microstructure of the samples was studied using a
scanning electron microscope (SEM) “SELMI PEM
106”. X-ray diffraction analysis was carried out at the
"Rigaku Ultima I1V" diffractometer. Micromechanical
properties were investigated using the microhardness
tester MHV-1000. Studies on oxidation resistance were
conducted on a Q-1000 derivatograph to 1030 °C with a
heating rate of 20 °C/min on air atmosphere for 10 hours.

Results and discussion .The investigation of the mi-
crostructure of the directionally solidified Mo-17,5Si-8B-
0,5LaCl; alloy by SEM showed the presence of three
phases: MosSi gray matrix, mainly small dark gray inclu-
sions of MosSiB; (T2) and light particles of a solid solu-
tion of molybdenum (Moss) (Fig. 1).

Fig. 1. Microstructure of the Mo-17,5Si- 8B-0,5LaCls alloy: a -
x500; b - x250

Thus, the microstructure of the observed material is
represented by the alternation of the two (Mo3Si-T2) and
three-phase (Mos-Mo0sSi-T2) eutectic with periodic large
inclusions of the Mos; phase.

The structure in the center of the sample is distributed
rather uniformly, but closer to the periphery there is a
conventional border of division, after which the structure
has a clearly directional character. The molybdenum solid
solution and the T2 phase were crystallized in the materi-
al as dendritic crystals. It is observed the tendency of the
dendritic branches to the side borders of the sample due
to the temperature gradient between the center and the
edge of the crystallization front. The exclusive feature of
the alloy is the fine-grained nature of the structure (Fig
2).
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WD=16.2mm 20.00kV x250
Fig. 2. Macrostructure of the Mo-17,5Si- 8B-0,5LaCls alloy
from the center to the edge of the sample

The X-ray phase analysis of the Mo-17,5Si- 8B-
0,5LaCls; alloy confirmed the presence of only 3 phases:
molybdenum solid solution and both intermetallic phases:
MosSi and MosSiB; (Fig. 3).
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20. dea
Fig. 3. X-ray diffractogram of the Mo-17,5Si- 8B-0,5LaCls
alloy

By the Vickers indentation method the values of inte-
gral microhardness and fracture toughness of the alloy as
9,25+0.5 GPa and 14,32+0.6 MPa m%? were obtained.
Such values of the micromechanical properties exceed the
values previously obtained for the Mo-17,5Si-8B alloy
[8] and are explained by a uniform fine-grained eutectic
structure of the prepared material.

~
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20.00kV__ x200
Fig. 4. Macrostructure of the alloy Mo-17,5Si- 8B-0,5LaCl3
after oxidation.

200um

The investigation of oxidation behavior of the material
showed that the sample exposure for 10 hours at a tem-
perature of 1030 °C on air atmosphere leads to the for-
mation of the dense protective coating (Fig. 4). Three
characteristic zones are distinguished on the microstruc-
ture: the oxide layer, the transition zone and the main
material. According to [3], the protective layer is a boro-
silicate SiO,-B,0; coating and the transition zone con-
sists of two phases: MoO; and Mo grains. The formation
of MoO; and Mo grains may indicate a low partial pres-
sure of oxygen at the interface between the oxide layer
and the transition zone, showing the presence of a stable
protective coating in the resulting material.

Conclusions. Thus, the directionally solidified eutectic
alloy is prepared by floating zone melting of nonsintered
powdered rods of Mo-17,5Si-8B-0,5LaCls. The micro-
structure of the alloy consists of the MosSi matrix with
predominantly fine-grained inclusions of the MosSiB;
(T2) and molybdenum solid solution (Moss) phases and
represents the alternation of the two- (MosSi-T2) and
three-phase (Moss-Mo03Si-T2) eutectic with periodic large
Moss phase activations. The values of integral microhard-
ness and fracture toughness of 9.25+0.5 GPa and
14.32+0.6 MPa m*?, respectively, exceed the value for
non-alloyed Mo-17,5Si-8B alloy. The investigation of
oxidation behavior of the material showed that the sample
exposure for 10 hours at a temperature of 1030 °C on air
atmosphere leads to the formation of the dense protective
coating.
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AHHOTADHS. I/ICCJ’IeZ[y}OTCS{ JUBEPIreHTHAA NOTEPs yCTOfI‘IHBOCTPI CTalTMOHAPHBIX PEKUMOB JIBHKCHUS yl'[pOH.[eHHOﬁ MOJEIN IBYX3BEHHO-
TO SKHUITaXKa. HOJ’Iy'-IeHLI AHAJIMTHYCCKNUE COOTHOUICHUS, ONPEACIIAOIINE YCIIOBU ,HHBepl"eHTHOﬁ TOTEpU yCTOfI‘{PIBOCTPI Tpy ABUKEHUU C
TIOCTOSAHHBIM YTJIOM AKKepMaHa; BBIIIOJIHEH aHAJIU3 OLICHKU TOYHOCTH AaHAJIMTUYECKUX PE3YJIbTATOB Ha OCHOBE COIIOCTABJICHUSA C PE3YJIbTa-
TaMU, NNOJTy4E€HHBIMA YUCJIICHHO-aHATTUTUYECKUM METOAOM IIPOJAOJDKEHUSA T10 MAapaMETPy I TTOJTHOM MOJCTIH.

Knrouesnie cnosa: 06}1)&3’68}{}{&72 IKUnasic, n0OpaA4UBaAEeMOoCnIb, cmauuomzpnbzﬁ peosicum, npodOﬂofceHue no napamempy, mo4Ku no6opo-

ma, QueepeenmHas HeyCMoU4UBOCHb.

BBenenne. CBoiicTBa MOBOPaYMBAEMOCTH aBTOIOE3d MO-
IyT CYIIECTBEHHO OTJMYaThCsS OT COOTBETCTBYIOLIMX
CBOWCTB OT/IEIIEHO B3SITOTO TSraya BCJIEICTBHE Iepepacipe-
JIeJICHUS] BEPTHUKAJIBHBIX PEaKlMi Ha OCSX TsAraya U BO3HHK-
HOBEHHMS TIOTIEPEYHOI PeaKkliK B TOUKE CLEIKHU C TIOIyIPH-
terioM [12], [14]. Ocoboro BHUMAHHMS, ¢ TOUKH 3peHHUs Oe3-
OITACHOCTH IBWIKECHHS, 3aCIy)KUBACT aHAIM3 YCIIOBHH, TpH
KOTOPBIX BO3MOXHO CKaukooOpa3sHoe m3MeHeHue (O0udyp-
Kalysl CKJIAJIKH, OTBEYArOIast IMBEPTeHTHOH MOTepe yCTOM-
YUBOCTH KPYrOBOTO CTaLlMOHAPHOTO PEXHMa). MHOXECTBO
MIapamMeTpoB, NPH KOTOPBIX MPOUCXOIAT TaKHE CKaYKO00-
PpasHbIe epeX0/Ibl CTAHOHAPHBIX COCTOSHUM MPECTABISIET
KPUTHUUYECKOE MHOXKECTBO WM OU]ypKalMOHHOE MHOMXe-
CTBO, B CTPYKTYpe KOTOPOTO BKHYIO POJIb WUIPAIOT TOYKU
3aocTpenus (Bo3Bpara) [7], [24].

Pesynerate pabot Troger H., Zeman K. Fabio Della Ros-
saa, Giampiero Mastinub, Carlo Piccardia [18], [19] 6a3upo-
BaJICh HAa YMCIJICHHOM METOJIe NPOJOJDKEHHUS 10 ABYM Tia-
pamerpam [22], [23]. B paborax [15], [16] Jlobaca JLI. u
BepoOumkoro B.I'. 61 paccMOTPEHBI BONPOCHI KAYECTBEH-
HOTO aHaJIN3a HEJMHEHHBIX MOJIENell KOJIECHBIX IBYXOCHBIX
SKHMIKEH C NPUBJICYCHUEM 3JIEMEHTOB Teopuu Omgypka-
i, IlpencraBnenHnast paboTa HalelieHa Ha JayibHeHIee
pasBuUTHE Tpado-aHAIMTUYECKOTO TOAXO0J@ C HCIOJIb30Ba-
HHUeM Hzeil OM(ypKalMOHHOTO aHanu3a MPUMEHUTENBHO K
MOJIEITH COYJICHEHHOTO SKUIIaKa.

Heab. HaiitTu KpuTudeckoe MHOXKECTBO IIapaMETPOB
ynpaeienus -V | OTBEYAIOIMX MBEPrEHTHON TOTEPE
YCTOWYMBOCTH MHOXKECTBA CTAlIMOHAPHBIX PEKUMOB JIBH-
JKEHUsI JIBYyX3BEHHOTro aBTomroesna. HeoOxomumo ompene-
JIMTh YCJIOBUSI IMBEPIeHTHOM MOTEPH YCTOMYMBOCTH CTallU-
OHAPHBIX KPYTOBBIX PEXKMMOB, OTBEYAIOIIUX JBMKEHHIO C
Pa3IMYHON MPOJOJIBHON CKOPOCTHIO MO KPHUBOM 33JJaHHOTO
paanyca KpuBH3HBI (C (PUKCHOBAaHHBIM YIJIOM AKKEpMaHa).

Meroabl pemeHusi. ['eoMeTpudeckuil METOJl aHaIM3a
MHOXKECTBA CTALMOHAPHBIX PEXUMOB dKHIaxa [9] B coue-
TaHUM C MOAXOJAaMH KayeCTBEHHOW TEOPHH AMHAMUYECKHX
cuctem [1], [2] u Teopuu Oudypranmii IMHAMUYECKUX CH-
crem [15], [17], [24] naroT BO3MOXKHOCTB MONYYHTH YCIOBHUS
JIMBEPTE€HTHOM NIOTEPH YCTOMYMBOCTH Ha KPUBOM NOBOpAYHU-
BAaeMOCTH B OOIIIEM BHTIE.

Kak msBectHo [1], [2], peasmsarms qBykpaTtHOTO CTarmo-
HAPHOT'O PeXKMMa JTMHAMHYECKOH CHCTEMBbI, B HAIIIEM CJTydae
crctembl (2), COOTBETCTBYET IMBEPTEHTHOM MOTEpE YCTOM-
YHUBOCTH OJIHOTO W3 ATOM Mapbl PEXKHUMOB, TaK KaK SKOOHaH
CHCTEMBI (2), BHIYMCICHHBI B JJAHHOM KPaTHOM DPEXHME,
HMEET ONpPEACIIUTENb PABHBIN HYIIO (TIOCIEAHUN COBIajaeT
€O CBOOOJIHBIM 4JICHOM COOTBETCTBYIOILETO XapaKTEPHCTH-
yeckoro ypasHeHus1). Takoi ciydail moTepu ycTOHYMBOCTH
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OTBEYaeT onacHou norepe ycroiunsoctu no H.H. bayruny
[2]. Takum oGpasoM, ompezesnssi mapamMeTpbl YIpaBICHHS,
KOTOPBIM OTBEYAIOT KpaTHBIE CTAllMOHApPHBIE PEKHMBI CH-
cTeMsl (2) (KpUTHYECKHE 3HAUCHUS NapaMeTpoB), MOTyUUM
TpaHULly JUBEPIEHTHOW MOTEPU YCTOMYUBOCTH BCErO MHO-
JKECTBA CTAIlMOHAPHBIX pexuMoB. OKa3bIBaeTCs, YTO 3TO
BO3MOXKHO 0€3 TpeIBapUTEIbHOTO HAXOXKACHMS CamMoro
MHOYKECTBA CTAL[IOHAPHBIX COCTOSTHUM CUCTEMSI (2).
OcHoBHast yacTh. B pabote NMpUHAT psif yIpOINAOMNX
TIPEIIONIOKEHNH, TpPaJWIMOHHBIX B  3amadax Trpado-
AHAJIMTHYECKOTO AHAIN3a MHOTOOOpasHii  CTAIMOHAPHBIX
PEKMMOB BEIOCUIIEIHON MOJENU CENEIBHOIO aBTONOE3/a

[4, 11]. Cxema cOUIEHEHHOTO PKHITaXa MPUBEICHA Ha puC. 1.
&

[ -

a b
] I N
v -
T | ~_ 4
o (OX 1 — B s
v vy 2 W\\/—-, i)
| VARSS
,
Puc.1. KoHCTpyKTHBHAs: cXxeMa MOJIENU JIBYX3BEHHOTO aBTOIOE3/1a

3nech:
V - IPOJOJIbHAS COCTABIIAIONIAs LIEHTPA MACC TATaYa;
6 - yron moBopoTa yIpassieMOro MOIYIIS;
a, b - paccrosiHuE OT LIEHTpa Macc TsAraya 10 LEHTPOB HepeHen
(ympaBisieMoii) OCH U 3aiHel OCH TAraua;
C - paccTOsIHYE OT LIEHTpa Macc TATa4a 10 TOYKH CLIEHKHU CO BTO-
PBbIM 3BEHOM;
b1 - paccrostHue oT 1IEHTpa Macc BTOPOro 3BeHa 70 €ro 3aaHei ocu;
d1 - paccTostHHE OT LIGHTpa Macc BTOPOTO 3BEHA JI0 TOUYKH CLICTIKHU C
TSArayom;
Yi — crutbl yBOZIa Ha OCSIX, KO3 (HUILIHEHTHI CONPOTHBICHUS YBOLY
Ha ocsix Ki;
M- Macca TAraJa;

U - rorepeyHast MPOEKLKs BEKTOpa CKOPOCTH LIEHTPa Macc TATaya;
@ - yIII0Bast CKOPOCTb TSATraya, OTHOCHTENIBHO BEPTUKAIBHON OCH;
M2 - Macca BTOPOT'O 3BEHa;

V1, U1 - IPOJIOJIBHAS | TIOTIEPETHAs IPOSKIIHY BEKTOPA CKOPOCTH
IIEHTpa Macc HOJTyIpPULIEa;
¢ - yroJ CKIaibIBaHus (yroa Mex Ty POJOIbHOM OChIO TATaya U
TIOTYTIPHIIETa).

VcxonHas cucTeMa, OTpeIeNIsIoNIas MHOYKECTBO CTAIlOHAPHBIX
PEKUMOB HEJTMHEIHON MOJIEIH IBYX3BEHHOT'O aBTOIIOE3/1a UMEeT
BU/JT

—(m+m,)av +Y, +Y, +Y, cosp +m,d,»*sin p=0;
cm,av + aY, — bY, —cY, cosp —cm,d,@’sin ¢ =0 (@)
LY, —m,d,av cos @ + m,d,wusin ¢ —cm,d, o’ sin ¢ =0;
utaw:
v

5,=6-
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-u+bw -
="

0.
2 v
U, +0w
§3= 1 bl 1
Vl

U, =(u—cw)cosp+vsin p—d,m;
Vv, =VCos@—(U—Ccw)sin ¢,

T1Ie Jj, - YIIIBI YBOZA HA OCSX;

I=a+b — mHa TAraya;

L1=b;+d;- mmuna BTOpOTO 3BCHA.

VhpouieHHast (YaCTHYHO JIMHEAPH30BaHHAS TPU MajbIX
yIjax ¢) CHCTEMa ypaBHEHHMH, OMpeenseT CTAlMOHAPHBIH
PEKHM ABIDKCHHUS aBTOTOE3/a:

—(Mm+m)av+Y,+Y,+Y, =0

cm,av +aY, —bY, —cY, =0;
—d,m,av+ LY, =0 .

[ocne uckmouernns Y, cuctema (2) mpuBOAMTCS K 3a-

@

MKHYTOW CHCTEME [BYX YpPaBHEHHUI, KOTOpas OTBEYacT
HEKOTOPOMY TPHBEICHHOMY TArady (OZHOMY BEIyIEMY
3BEHY) C Maccoi o b

L

—(m+m)m+Yle+V2N2 =0
L
(

chm, o com, 3
(a+m)YlN1*(b*H(m+&))YzNz—0
L L

rme YfI =Y, /N, - Ge3pasmepHas cuna yBoja Ha i-it ocu;

N, = DLm=(C=bbm, oy
L

BEPTUKAIBHBIC PEAKIIN HA OCSIX.
INocne ynpomenus cucrema (3) IpuMeT BHL

—anlg+Y,-b'/1+Y,-a'/1=0;
Y,-Y,=0,
- IPUBCJICHHOC PACCTOSHHUEC OT

_(a+c)bm, +alm

L

2

e | ( chm,
a'=(a+ b,
L(m+ L )

HCHTpa Macc 10 HCpeZ[HCI\/‘I OCH IPUBEJICHHOI'O TATa4da,
cblm - NIPUBCACHHOEC PACCTOAHUE OT LICH-
2

)
m,b,
L(m+ L )

Tpa Macc JI0 3a{HeH OCH PUBEJICHHOTO TATraya.
Pemienue 3Toii cucreMbl UIMEET BUI,

Yi(6) = Y,(5,) =%’

b'=(b-

TOT[Ia peIICHUEM CHCTEMBI (2) OyeT:

V.(5)=Y,(5,) =Y,(5,) =~

5@

1. Onpezensioniee ypaBHEHHE M YPaBHEHHE MTOBOPAYHBa-
emocTu. U3 onpezenenus yrioB yBoaa o1, d2 B (1) ciemyer
S, =6, =lwlv-6. Janee pasperniast cooTHomeHus (4) OTHO-

CHUTEJBHO YTJIOB YBOJA 01, 02 , TIOTYYHM:
é‘l = Yilil(gy) = Gl(ay) ! 52 = Y7271(ay) = Gz(ay) !
52 - 51 = Gz (Ey) _Gl(ay) )
Iocre OACTAaHOBKH B TMOCIICTHES YpPaBHEHHE, ITOTYYUM
onpezensoniee ypasrenue (5):
G@a,)=lo/v-0; o=ga,lv;
G(a,)=gl/v’-a,—6.

©)
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3aMeTHM, 4TO €CIIM IPHUHATH B Ka4eCTBE HE3aBHCUMOIO

aprymenta - _ v’ (pu pukcupoBanHoM 3Hauenun R ), To
y gR

ypaBaerue (5) Oyzaer 3aaBaTh KPUBYIO IIOBOPAYMBACMOCTH

(6)

2
G@,)=gl/v* -~ —6=1/R-0. ©
oR

HaxoskneHre KpyroBeIX CTAIlMOHAPHBIX PEXKAMOB Ha OC-
HOBE Tpad0-aHAMTHYECKOTO TIOIXOa, HCIIOIB3YIOIIEro
ypasuenue (5), Tpeamonaraer 3HaHHE IBYX MapaMeTpoB
0, v . Jlanee HEOOXOMMMO BBIYHCIIHTH HAKIOH IOABIKHOMN

IPSIMOH 0201 = gl /v? -3, —0., & TIOCIe ONPENENCHHs TOYeK
TepeceyeHust ¢ HETIOMBIKHON KpuBoi G( a, ), HAWTH COOT-

BETCTBYIOILIME TOYKAM MEpeceueHHs 3HAYEHHs YIEIHHOTO
OOKOBOTO YCKOPEHHS a, M Pa3HOCTb YITIOB yBOJA &, —J,-

B ciyqae kpyroBbIX CTallMOHAPHBIX PEXHUMOB, OTBEUa-
IOIIUX (UKCHPOBAHHOMY Pajiiycy KpHUBH3HBI R, pouenypy
MIOCTPOCHUI MOXHO YIPOCTUTh. JleHCTBUTENIBEHO, BHIOpaB
TeKyllee 3HaYeHHUe YIeTbHOTO OOKOBOTO YCKOPEHUS - v,

y gR
Mbl OJHO3HA4YHO OIpENENAEM OJHY TOUYKY IIEpEeCEedeHUs
TMO/IBIDKHOM MPSIMOY ¢ HEMOABIKHOM KprBoit G( ﬁy) (Touxa

1 Ha puc. 2). Jlanee onpeaemnsieTcsi COOTBETCTBYIOIIEE BEJIH-
4MHE &, 3HAYCHHE YIJIa MOBOPOTA YNPABIACMBIX KOJIEC 0

(o rpaduKy KpHBOI IMOBOPAYNBAEMOCTH — TOUKA 2 Ha PHC.
4). Tocneauuit mar - onpeeseHne TOYKU 3 ¢ KOOpAUHATa-
mu (0, - @ ), uepe3 KOTOPYIO JOJLKHA IPOXOAUTH MOJBUK-
Has npsimast. OTMETHM, YTO Pa3HOCTb AIIUIMKAT To4YekK 1 u 3
OCTaeTCs TIOCTOSTHHON IS JTFOOOTO CTAIIMOHAPHOTO PeXXIMa
Ha KpPHBOI MOBOpaunBaeMocTH 1 paBHa I/R (BemuduHe yria
AxkepMmaHa). ITOT (haKT MOYKHO HCIIONF30BATh IIPU OTIpeIe-
JICHHW YCJIOBUH ITUBEPIEHTHOW MOTEPU YCTOHUMBOCTH Ha
KPHBO#1 MOBOPaYMBAEMOCTH, YTO U OY/IET BHITIOJIHEHO HUKE.

2. AHanu3 TMBEPIreHTHOI MOTEpH YCTOHYMBOCTH MHOTO-
00pasusi KPyroBbIX CTAllHOHAPHBIX PEXHUMOB JBIDKEHHS U
noctpoeHre OUQypKalMOHHOr0O MHOXECTBA B IUIOCKOCTH
MapaMeTpoB YINPABIEHUS Kak JBOMCTBEHHOM KpUBOM K

G(a,):
CranuoHapHBIM pexuMaM cucTeMbl (1) COOTBETCTBYIOT
TOYKH TIEPECEUEHNUs HETIOABIKHON KPUBOH &, — &, = G(a,)

Y MOJBUKHOM NPSIMOM 5,—6, =0l /V? a, - ¢. Ilpu onpene-

JICHUM YCTOWYMBOCTH CTAlMOHAPHBIX PEXHUMOB Ha OCHOBE
rpad0-aHATMTUIECKOTO TOAX0Ja OYyAyT TMOJE3HbI CIEIyHO-
e nostokenus [1], [7], [13]:

1. st yCTOWYMBOCTH CTAIIMOHAPHOTO PEXMMa HAKIOH
TIO/IBIDKHOHM NPSIMOM JOJDKEH OBITh OOJIbIIE HAKIIOHA HEIO-
JIBW)KHOW KPHBOM B COOTBETCTBYIOLIEH TOUKE HepeceueHHs
(puc. 2).

2. JluBepreHTHas MOTEPsl YCTOWYMBOCTH CTAMOHAPHOTO
peXrMa TPOUCXOAWT JIMIIb MHPH peai3allii KPaTHOTO
CTaIlMOHAPHOTO PEXHMMa — B MOMEHT KacaHWS IOJBIKHOM
KPHBOH C HETIOABIDKHOM (pHcC.2).

Ilocnenuuit kpuTepuii rapaHTUPYET COXPaHEHUE CBOMCTB
YCTOMYMBOCTH CTAI[OHAPHOTO PEXHMMa TIPH €0 SBOJIOLHH,
BCJICICTBHE W3MEHEHHs IapaMeTpOB YIPABJICHUSA, BIUIOTh
JI0 MOMEHTA peaTU3alii KPaTHOTO CTAl[MOHAPHOTO PEXKIMA.
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Puc.2. immocTpanus K rpado-aHaTUTHIECKOMY IIPHEMY HaXO0Xk-
JICHUSI CTAIIMOHAPHBIX PEXUMOB, OTBEYAIOIINX 3aJaHHOMY 3Haue-
HHIO yTiia AKKepMaHa

IIpuBeneM npumep aHanu3a YCTOMUMBOCTU MPSMOJIH-
HEMHOTO pexxuma IBIKeHUs. VI3 TMHEWHON TeOpHH CIIEyeT,
uro B ciydae  k, >k, (cimydait M30BITOYHOM MOBOpauMBa-

€MOCTH) TIPSMOJIMHEIHBIN PexuM yCTOIUMB NpU

V<V, = /Uéfgwl.

Tak KakK HaAKJIOH MOIBYKHOM npsMOin
5,~8 =gl/v?-a, (6=0) (mpepbiBUCTasT mpsiMasi Ha pH-
cynke 2) gl/ v2, a HaKJIOH HETIOABWKHON KPHMBOM B Hayaje
xoopmuHat 1/k,—1/k, TO U3 ycnoBus v <v,, cmenyer
CIPaBeIIUBOCTE MOJOKEHUS 1)

I-g/v? >G’(§y)5y:0:1/lz2 -1/k,,

Ionoxenue 2) yxe obcyxnanocs Beite. [lpu Gpukcupo-
BaHHON JOKPUTHYECKON CKOPOCTH M >0 YCTOMUIMBBIHA

CTaLMOHAPHBIN PEXKUM NEPEXOJUT B YCTOMUYMBBII KPyTrOBOU
(Touka 1 Ha puc.2), Hoka ¢ HUM He COJILETCS IIPU HEKOTOPOM
6 * HeyCTONUYMBBIN CTAIIMOHAPHBIN PEXKUM (Touka 4 Ha puc.2).
Takum 00pa3zoM, OHM(YpPKaLIOHHBIM 3HAYEHUSIM Mapa-
METpOB V ¥ 6 OTBeUaeT KacaHue TOJIBIKHOM MPsIMOit K Kpu-
BOil G(a,), a Bce OuQypKaIMOHHOE MHOXECTBO TTapaMeT-

POB MOPOKAAET KPUBYIO JBOMCTBEHHYIO K G(a,) [14]. Ee
MapaMeTPHUECKOe TPEJICTaBICHHE ¢ = g(ay), V= v(éy)
nmeer By [13]:
0=G'(a,)-a,-G(a,);
_ g )
G'(a,)
Touku Bo3BpaTa («KacImbl») TBOHCTBEHHOM KPHUBOM COOT-

BETCTBYIOT TOUKaM Iepernda HCXOHON KpUBOH G@a,):

YcnoBue TUBEPreHTHOM MOTEPU YCTOWYMBOCTH HAa KpH-
BOM MMOBOPAYMBAEMOCTH MOYKHO HOJTyIUTh B aHAJTUTHIECKOM
Buze. 13 puc. 2 cneayer, 4To B cily4yae AUBEPreHTHOM more-
pH yCTOWYMBOCTH TIOJBIDKHAS TIPsIMasi JIOJDKHA OBITh Kaca-
TEJIbHOM K HENOJBW)KHOW KPUBOH G(a,), HO TIpH 3TOM

JIOJDKHO BBITIOJIHATBCSI COOTHOIIICHUE
0=1/R-G(a,).

Torpa npupaBHUBas MpaBble YaCTH MEPBOIO YPABHEHUS
(7) u moceiHeTro YpaBHEHUS, TOTYIUM

"(a)-a = 9
G'(a)-a,=1/R )

U3 «reoMeTprIecKoro) KpUTEpHsl YCTOHYMBOCTH CIIEMy-
€T, 4YTO JMBEPreHTHAsl IIOTEPs] YCTOMYMBOCTU KPYIOBBIX
CTAalMOHAPHBIX PEKMMOB, OTBEYAIOIINX KpPIBOﬁ TIoOBOpavHr-
BaEMOCTH, CBsI3aHa C HapyIICHUEM HepaBEeHCTBA

DN =
Gu(@,)-a, <I/R
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PesyabTarel M MX o0cyxaenue. Ilpoanammsupyem
YCITIOBUS, TIPH KOTOPBIX cucteMbl (1) u (2) WMEIoT JnIb
KOJITYECTBEHHBIE PACCOTNIACOBaHMA. Bocmoms3zyemes Uit
TIOCTPOCHUSI PABHOBECHBIX KPUBBIX, OTBEUAIOIHX UCXOTHON
cucteMe (1), IUCTICHHO-aHANTHYECKAM METOJOM MPOIOII-
JKEHUS TI0 MapaMeTpy. PaBHOBECHBIC KPHBBIC, OTBCUYAOIIINE
cucteMe (2), MOXKHO 33/1aTh aHAJMTHYCCKU B MapaMeTpuye-
cKoii opme (T10 yriIoBoi CKOpPOCTH)

0=I1-g -ay/vzfe(éy);
0=8a,9g/v*

CorocTaBeHAe paBHOBECHBIX KPUBBIX IIPEAICTABICHO Ha
puc. 3, a, 6 I CIIeyIOMNX YHUCIIOBBIX 3HAUYCHUH ITapamMeT-
PoB:

g =981 mlc% a=4,217 m; b = 3,376 a; b1 = 2,93 u; di= 8,075 u; €
= 3,376 .m; m = 6417 ke; mz = 41846ke; ki=100000 H; k.=300000 H;
ks=300000 H; x1=0.8; x»=0.8; x3=0.8;

MPOJIONIGHBIC CHJIBI B IISITHE KOHTAKTa KOJIEC C OMOPHOM
MOBEPXHOCTBIO HE YIUTHIBAJIHC.

PaccmatpuBaroTcs /1Ba BUia 3aBUCUMOCTH CHJI OOKOBOTO
yBOJza:

DY, =2k atan(0.5k 6,7/ &)/ 75 G, = 2tan(0.57, / &) | 7k,

DY, =ka I1+(ko /x) G =8, [k \1- (3, / ;)?

I'paduueckoe mpescTaBlIeHIE PE3YIIbTATOB, OTBEYAIOIINX
JIMHEApU30BaHHOM cucteme (2), U anmpoKCuMaIiui 60Ko-
BOU CHJIBI B BUJIC aPKTAHICHCOU/IbI 3a[[aCTCSI MyHKTHPHBIMHU
KPUBBIMH, a MPH AaNMpOKCHMAIMK CHJI YBOJAa JPOOHO-
HpPAHOHATIBHOMN 3aBUCUMOCTBIO - IITPUX-ITYHKTHPHBIMU.

OTMeTHM, YTO TOYKaM IIOBOPOTa HA PaBHOBECHBIX
KPUBBIX OTBEYAeT JWBEPreHTHas MOTepsl YCTOWYMBOCTH
CTallMOHAPHOTO PEXUMa IPU HEKOTOPOM 3HAUCHUM YIJia
ympasieHuss 0. MHOXECTBO TOYEK MOBOpOTa 00pazyer
Ou(ypKaIMOHHOE MHOXKECTBO, KOTOPOC HE3aBUCHMBIM
CIOCOOOM MOJTyYEeHO Ha OCHOBE cooTHomeHu# (9) (puc. 3, a)
JUISL IByX PA3IMYHBIX THUIOB IIPOKCUMAIIHN 3aBUCUMOCTEH
cuit O0KOBOTO yBozia. KpuTrieckoe MHOXKECTBO TTapaMeTpOB
cucteM (1) u (2) ms cirydas anmpoKCHMAIK CHJI YBOJA B
BUJIC ApPKTaHTCHCOMIBI TPEICTABICHO Ha pHCYHKE 3, 0),
MPUYEM KPUTHYECKOE MHOXKECTBO cucTeMbl (1) mostydeHo Ha
OCHOBE YHCJICHO-aHATIMTUYECKOTO METO/Ia TPOJIOJDKSHUSI 110
JIBYM TiapameTpaM (HerpepsiBHast kpusas) [23].
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Puc.3. PaBHOBeCHEIE KpUBBIC: @) IPU CKOPOCTH 8 M/C, 0) TipH
ckopocti 10 m/c.
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Puc.4. BudypkanyoHHble [MarpamMMbL:
a) cryy4ail JIMHeapru30BaHHOW CHCTEMBI (2) UL IBYX pa3iNYHBIX
Croco00B aNMpOKCHMALIMH CHJT OOKOBOTO YBOJI;
0) budypkanmonHas aquarpamma cucreM (1), (2) B ciydae anmpok-
CHMaIys 3aBUCUMOCTH CHJI YBOJIA B BUJIC apKTaHTCHCOUIBI
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Puc.3. Onpenenexye napamMeTpoB YIpaBJIeHUs IPU AUBEPreHTHON
TIOTepe YCTOIHYNBOCTH CTAI[MOHAPHBIX PEKUMOB, OTBEHAIOIINX
KpUBOH OBOPAYMBAEMOCTH, C HCIIOJIF30BaHIEM ON(ypKaOHHOH
JIMarpaMMBIL:

a) cITyJaii IMHeapU30BaHHOM CUCTEMBI (2) IS IBYX Pa3IM4HbIX
CrIoco00B ANMPOKCUMAIIMK CHIT OOKOBOTO YBOJA,

0) OudypkanonHas quarpamma crucreM (1), (2) B ciydae anmpok-
CHMaIUs 3aBUCUMOCTH CHJI YBOJIA B BUJIE apKTaHTCHCOUIBL.
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TakuM 00pa3oM, KPUTHYECKOE MHOXKECTBO IApaMETPOB
HCXOTHOM CHUCTEMBI (1) JIOCTaTOYHO TOYHO
BOCCIIPOU3BOIUTCS KPUTHYECKUM MHO>KECTBOM
NpUOIMKEHHOI cucteMbl (2), OIHAaKO IPH JIOCTATOYHO
MajJblX 3HAYEHWSX MapaMmeTpa IPOJOJIBHOW CKOPOCTH
HUMEIOT MECTO PACXOJKICHHs KaueCTBEHHOTO XapakTepa —
JUISL UCXOJJHOHW CHCTEMbl HMEETCS MHTEpPBAI IPOOIHEHON
CKOPOCTH, TIpY KOTOPOM OTCYTCTBYET AWBEPIEHTHAS ITOTEPs
YCTOHYMBOCTH, B OTJIMYHME OT HPHOIIIDKCHHON CHCTEMEI (2).
Tem He MeHee, METOABl AHAIM3a AWBEPI€HTHOM NOTEpU
YCTOHYMBOCTH NPHMEHUTENHFHO K MPHOIKEHHOW CHCTEME
(2) w™oryr oka3zaTbCs BechbMa IIOJIC3HBI Ha  dTare
TIPEBApUTENLHOTO AHAN3a, PE3YIbTaThl KOTOPOTO MOTYT
YTOYHSTCA MO Mepe HEOOXOIMMOCTH Ha OCHOBE IOJHOM
cucremsi (1).

IlepeiineM k aHanu3y AUBEPIeHTHOHU IOTEPU YCTOMYHUBO-
CTH CTAIlMOHAPHBIX KPYrOBBIX PEXUMOB, Y/IOBJIETBOPSIO-
IIMX KPUBOH MoBopaunBaeMocTH (6). Tak kak paccmarpua-
€MBIH CITydaii SIBJISICTCS YACTHBIM CIIy4aeM MOTEePH YCTOHYH-
BOCTH KpPYTOBOTO CTAI[MOHAPHOTO PEXHMa, 3TO JAeT BO3-
MOXXKHOCTh IIPH COBMEIICHMH JHarpaMMbl yCTOWYHMBOCTH
(6nypKaImmoHHOTO MHOXKECTBA) W KPUBOHM MOBOpadMBac-
MOCTH Ha OZIHOM KOOPAWHATHOM IIOCKOCTH OTPENEIUTh NX
00II1e TOYKH (eC)TM TaKUe UMEFOTCS).

YcnoBue MUBEPreHTHOH MOTEpH YCTONYMBOCTH (CITydait
JIMHEApU30BaHHOM CHCTEMBI (2) JUI IBYX PasiIMYHBIX CIIO-
CO0OB ammpOKCHMAIMK CHJI GOKOBOTO YBOJA) Ha KPUBOM
MOBOPAYMBAEMOCTH MOXKHO OIPENENUTh W3 COOTHOILCHHS
(9). Tak mycTs KpUBas MOBOPAYMBAEMOCTH OTBEYACT Tapa-
merpy R=30,5 M: mus cimydas ApoOHO-UPPaLIUOHATBHOM
3aBHCHMOCTH TOJTy4HM 7 =0,52717, n3 ypaBHEHUS ITOBOpa-

ynBaemoct 6=0,1081 pazg, kpuTHdYecKoe 3HAYCHHE Mapa-
Merpa V= 12,559 w™/c HaifimieM ©3  COOTHOIICHUS
a,=Vv*/(R-g); M1 Cydas apKTaHIeHCOMIBI g =0, 46440;

0=0, 1168 pan, kpuThuueckoe 3HAUCHWE MapameTpa V=
11,788 m/c.

BobiBoabl.

1. Iloka3zaHa BO3MOKHOCTh CBEJCHMS 33/1aull OMperelie-
HUS MHOXKECTBA CTAIlMOHAPHBIX COCTOSHUHM MOJIETH JIBYX-
3BEHHOTO JKHIIaXa K aHAIOTWYHOW 3ajade Uil MOJEIH
TIPUBEJICHHOTO JIBYXOCHOTO AKHIIaXka (Tpe/CTaBiIeHbl KOH-
CTPYKTUBHBIE MapaMeTphl CBEJEHHOTO JKHIIaKa B SBHOM
BUJIE).

2. IIpowILTIOCTPUPOBAHO Pa3BUTHE aHATUTHKO-TEOMETPH-
YEeCKOTr0 METO/la aHaIKM3a MHOXKECTBA CTALMOHAPHBIX PEXKH-
MOB JKHITaXKa HA PHMepe IBIDKEHHUS C TIOCTOSIHHBIM YTIIOM
AKKkepMaHa, KpUTEpUH TUBEPreHTHOH MOTepH yCTOMIMBO-
CTH Ha KPHMBOW IOBOPaYMBAEMOCTH MOXET OBITh TOJydYeH
KaK Ha OCHOBE «T'€OMETPHYECKOTO MOJXO0AA», TaK W aHAIH-
THYECKOTO.

3. [lpuBenieHbl pe3ysbTaThl MOCTPOSHUSI KPUTHYECKOTO
MHOYKECTBa IapaMeTpPOB YIIPaBJECHMS JUIS JIBYX YacCTHBIX
CITy4yaeB 3aJaHMs HeIMHEHHBIX CHJT YBOJA (QHAIN3 TyBCTBH-
TEJIBHOCTH CHCTEMBI K Pa3JIMIHBIM CIIOCO0aM ammpoKcuMa-
UM CHJT YBOJIA)

4. [IpoileMOHCTpHpPOBaHA B3aMMOCBSA3b MEXKIy KpUTHUE-
CKFIM MHOXECTBOM ITapaMeTpOB YHPaBICHWS W YaCTHBIM
CITy4aeM TIOTepH YCTOIYMBOCTH HPH JABMKCHUH C MTOCTOSH-
HBIM YIJIOM AKKepMaHa (YTO yKa3bIBaeT Ha BHYTPEHHIOIO
HETIPOTUBOPEUNBOCTb IOJTyYEHHBIX PE3YJIbTATOB, Hapsay C
HE3aBUCHMBIM YHCIIEHHBIM aHAJIU30M COOTBETCTBYIOLIEH
TOJTHOM TMHAMHYECKON CHCTEMBI).
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Analysis of a divergent stability loss of two-tier crew stationary driving modes
V. G. Verbytskyi, A. I. Bezverkhyi, D. N. Tatievskyi, V. I. Popivshchyi

Abstract. The divergent stability loss of stationary driving modes of a simplified two-tier crew model is investigated. Analytical relations
that determine the conditions for the divergent stability loss while driving with a constant Akkerman angle are obtained. Analysis of the
analytical results accuracy is carried out by comparing with the results obtained by the numerical-analytical method of continuation by a
parameter for the full model.

Keywords: two-tier crew, understeer, stationary mode, continuation by a parameter, turning points, divergent instability.
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AHHoTanusi. OTMeYeHB 0COOEHHOCTH pacdeTa 3arpy3Kd KOHTEHHEpOBO3a C yUETOM CYIIECTBEHHBIX (akTopoB. PaccMoTpena cuty-
alys pa3MeNeHus MapTHU Ipy3a, IpeJHa3HAueHHON Ul BBITPY3KU B MOCIEAHEM MOPTy Ha3HadeHHsA. Pa3paboTaHbI U IpeaIokKeHbI
MIPOLIEIYPhl pa3MELIeHUs] KOHTEHHEPOB 10 OeiiTaM U sipycaM Irpy30BOr0 MOMEIIEHHS ¢ y4eTOM TpeOOBaHHN MO MOCAAKe, OCTOHYUBO-
CTH U o0LIel MPOJONBHON MPOYHOCTH cyAHA. [IpuBeeHB! aHANUTHYECKHE 3aBUCHMOCTH ISl ()OPMHUPOBAHUS JIOMYCTUMOTO TEH30pa
3arpys3KH cyaHa KoHTelHepaMu. C OMOIIbIO Pa3pab0oTaHHON KOMITBIOTEPHO pOorpaMMBl IPUBEICH IPHMEP (OPMHUPOBAHUS AOIY-
CTHMOTO TEH30pa 3arpy3KHy cyHa, 00ecIeynBaronero MUHIMYM IIpHeMa Oaracra.

Knrouesnie cnosa: mopexoonas 6e3onacHocms, 3az2py3ka KOHMEUHepo6o3a, hopmMuposanie OOnyCmumo20 meH30pa 3a2py3Ki.

Beenenue. [Ipu mnanupoBaHuu 3arpy3ku KOHTEMHEPOBO-
30B HEOOXOAMMO YUYHUTHIBATH POTALMIO IIOPTOB IPH 3a-
Ipy3Ke WIH DPasrpy3Ke B HECKOJbKHX IOPTax W CHIIBI
HMHEpLMH, BO3ACHCTBYIONIMX Ha Irpy3 npu kauke. [Ipu
IIpUeMe CYAHOM TIpy3a, KOTOpBIH OyAeT BBIIPYKaTbCs
YacTsAMU B HECKOJIBKHMX MOCJICAOBATCIbHBIX IOPTaX, Ha
Ka)XJIOM IIepexo/ie MEeXIy MOpPTaMH €ro MOPEXOJHOE CO-
CTOsTHHE OYyZET pa3HbIM, TO3TOMY BO BpeMs Ka)kKAOTO Ie-
pexojia mapaMeTpsl OCTONYMBOCTH, ITOCAAKU U IPOYHOCTH
CyIHa JOJDKHBI HaXOAWTHCSA B JONYCTHMBIX Hpenenax, a
BO3HMKAIOIINE CHJIBI HHEPIIMN OT €r0 KauKH, HE JTOJKHBI
MIPEBOCXOIUTE JIOMYCTUMBIX TIpenenoB. CienoBaTeibHO,
U 3arpy3Ke KOHTEHHEpOBO3a C MOCIEAYIOIEH pasrpys-
KO B HECKOJbKMX HOpTax pa3MelIeHHE Ipy3a JOJDKHO
MPOM3BOJIUTHCS. C YYETOM MOCIEI0BATEIILHOCTH MOPTOB
BBITPY3KH, YTOOBI TOCTYI K HEOOXOIMMBIM MapTHSAM Ipy-
3a OBUT CBOOOJICH, a TAK)KE C YYETOM TOTrO0, YTO BCE MPO-
MEXYTOYHBIE COCTOSIHMSI 3arPy3KH OTBEUYaIn TpeOOBaHH-
AM MOPEXOAHOCTU CyIHA, a BO3HUKAIOUIWE CUJIbI WHECP-
IINH HE TIPEBOCXOIMIIN MPEACTbHBIX 3HAUCHHH.

Kpartkuii 0030p nmy6aukammii mo teme. Psg pador
OTEYECTBEHHBIX M 3apyOeKHBIX HcCCIenoBaTeseil MOoCBs-
meH npoOiemMe oOecnedeHns] HaJUIeXKaIlero ypoBHS MO-
pexonHoW Oe3omacHocTH CcynoB. OCHOBHBIE NPHHIIMITBI
obecrieueHHss MOPEXOAHOH 0e30macHOCTH CyOOB pac-
cMoTpeHsl B padote [1]. B pabore [2] npuBogutcs u uc-
clielyeTcsl MoJielib OOpTOBOW KauyKM HAaKaTHBIX CYJOB C
YPaBHOBEUIMBAIOIIUM PACIIOJI0KEHHEM IOMEUICHUH Mpu
3aTOIUICHUH WX 4YacTH. B pabote [3] uccinemoBana xoppe-
JSIIMOHHAs 3aBUCUMOCTh MEXIy (OpMOi KopItyca CyaHa
U ero auarpaMMbl CTaTHYECKOW OCTOWYMBOCTH, TaKXKe
MOJTyYeHa aIrpoKCHUMHUpOBaHHAs (opMylia pacdera Me-
TAIleHTPUYECKOH BBICOTHI M MPOBEJECHO HCCIIEIOBAHHE
3a71a4M CHHTE3a (POPMBI KOpIyca C 3aJaHHOW BEITMYMHON
MeTaleHTpUIecKoi BbICOTEL. Crocod obecriedeHus Iia-
BydecTn aBapuifHoro cynmHa Tuma RO-RO u mapomos,
[IpEyCMaTPUBAIOIUN 3aKpbITblE €MKOCTH, YCTaHOBIICH-
HBIE TI0O OOpTam M Moj MaxyOoil BIOJE M MOMEPEK CyaHa
paccMoTpeH B marente [4].

B pabore [5] ommchiBaOTCS METOA pacyera Tpeeib-
HOHW TPOYHOCTH MPOJOJBHBIX OAOK KOpIyca CyIHa, Me-
TOJI TIOIKPETJICHHOM MMaHel U MEeTOJ pacdera Juarpam-
MBI Harpy30K M aHaJIn3a [10CJIeI0BATEIbHOTO Pa3pyIIeHUS
IIPY 33/1aHHBIX HadaJbHBIX Ae()OpMalUsX W OCTaTOYHBIX
HarnpspKeHUSIX.

OnbiTr nmpumeHenus I'epmanckum  Jlnolgom  pas-
JIMYHBIX YUCJICHHBIX MCTOJOB OILICHKH MPOYHOCTHU
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U BUOpaIlMK CyJHa OIHUCHIBAcTCS B padoTte [6] U moka-
3aHO, 4TO0 Hauboyiee 3O PEKTUBHBIM SABISIETCS METOJ
KOHEYHBIX JIEMEHTOB.

Kak yka3ssiBaetcsi B cTathe [7], Ha 6a3e MHOTOJIETHETO
OIbITa OJKCIUTyaTallMh CYAOB B APKTUYCCKHUX paﬁOHaX
coOpaH CTaTUCTUUECKHI MaTepuall U pa3paboTaHbl METO-
JIbl pacyeToB 3amaca HaJEKHOCTH CYJOBBIX KOHCTPYK-
LUH.

Pabora [8] mocBsmeHa yueTy ocoOCHHOCTEH 3arpy3Ku
TeHEPAILHBIX T'PY30B M BBHIOOpPY €€ ONTHMAJIFHOTO BapH-
aHTa, a o0IMe MPHHIMUIBI ONTUMH3AIMH I'PY30BBIX OIIe-
panuii HaBaJOYHBIX CYJIOB PACCMOTPEHHI B padote [9].

Heas. Llexs cratbn - paspaboTka crmocoba 3arpy3Ku
KOHTEHHEpOBO3a, YJOBIETBOPAIONIEH TpeOOBaHUAM IO-
CaJKu, OCTOMYUBOCTHU U IPOAOJIbHON IPOYHOCTH CYAHA.

Marepuanbl 1 MeToabl. PaccMoTpuM Bompoc 3arpys-
KH KOHTEHHEpOBO3a MO/ApOoOHee, Mpeasaras CleayoNIyIo
¢dopmanuzarmio ykazanuoi 3amaun [10]. Iox 3arpyskoit
cynia G GyneMm NOHMMATh MHOKECTBO NMapTHil rpysa

P;, Haxonsmuxcs Ha CyjHE, CYyJOBBIE 3amachl Pz , ban-
J1acT Pb U ux pasMmemenue Ha cynae Q . TlapTmio rpysa,

K KOTOpOH MMeeTcsi CBOOOIHBIN JOCTYN JUISl BBITPY3KH,
oboznaunm ;. [TosTomy:

G ={Up;.Py.P,.Q}-

IMocrre 3aBepmieHns] TPY30BBIX ONEPAMid B IOPTY OT-
TIpaBJICHNS HaYaJIbHAS 3arpy3Ka CyaHa

GO — {51U pl , Pb , PZ , QO} JOJDKHa 00eceunTh J0-

CTYIIHOCTh K Tpy3aM, BBITPYXAE€MBIM B IIEPBOM IOPTY
Ppas3rpy3KH, 00ECIeUnTh JOIyCTUMOE MOPEXOAHOE COCTO-

STHUE Mo S Mnsf (3mech Mnsf - MHOXECTBO 0€3-
OMACHBIX MOPEXOJHBIX COCTOSHHI) W 3HAYCHUE CHJI

HWHEpLUUUN KavKU ij B JOIMYCTUMBIX Hpeaeiaax, T. €.

ijo < Fjd~ OtMmernm, 4yto OyneM pasiandarh pazMmelnie-

HUE  Tpy3a Q c u  6amracta Q p- Ilostomy
G, :{51Upi1Qco’Pz’Pbo’Qbo} A
Go ={Go.Pro: Quo} e
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GCO = {51U p| y QCO ' PZ}- pasMelicHUEe TIpy3a Ha

CyAHE, J0IMyCKasi HCU3MCHHBIM 3HA4YCHUEC PZ .

Ilocne BBII'PDY3KHU B nepBOM nopry 3arpyska
Gy ={p2_Ulpi1chiPZbellle} i
1%

G1 ={G(1.Pp1,Qp1}- 3arpyska cyana nocne cnaun

rpy3a B S-M HOPTY (hOPMaJbHO BBIPAKAETCS CIETYIOMINM

o0pazom:
Gs ={G cs Pbs’Qbs}’

NpUYEeM Gcs ={5s+1. U pi,ch’Pz}'
i#l,2..s

Takum oOpasoM, Kaxaas u3 3arpysok cyasa Gy

IOJDKHA OTBEYaTh TpeOOBaHHMIO CBOOOTHOTO JOCTyHa K
Ipy3y, KOTOpPBIl JOJDKEH BBITPYKAThCSA B CIEAYIOLIEM
MOPTYy W o0ecreurnBaTh MOPEXOJHYI 0e30IacHOCTh

M € Mng, xak u momycTmmocTh CHI MHEpLUMM Ha
xauke Fjg <Fjq, ma npencrosmem mepexone. ®op-
MaJIbHO 3TO MOYHO BBIPA3UTh CJIETYIOIIMM 00pa3oM:
Gs ={Gs.Ps: Qus}
Ges :{55+1_ U pi’ch’Pz},

i#1,2..8
MS S Mnsf s
Fiks <Fija

(s=0...n-1)

r7ie N — YHUCII0 IOPTOB BBITPY3KH.
Jdns  GpopMupoBaHUs TOCIEIOBATEIBHOCTH 3arpy30K

cyIHa Gs , YIOBJIETBOPSIONINX YKa3aHHBIM TpeOOBaHU-
SIM, YYUTBIBAeM, YTO pa3MeLIeHue Ipy3a G(‘s B KaX10M
3arpysKe CylHa BKmodeHo B npeapinymee G o(s1) - Cre-
JIOBATENIbHO, HAYAJIFHOE pa3MeIleHHe Tpy3a Gco coJep-

JKUT BCC MOCICAYIONINE PA3MECILICHUA GCS " CIlipaBE€IIn-

Bbl COOTHOLLICHUA:

GCs CGCO’ (s=0...n-1)
n-1
UG =Gqo-
s=1

[MosToMy mnpu GOpMHPOBaHMHM HAaYaJbHOW 3arpy3KH
Go HE00XOIMMO HAYMHATH C OTMPEAETICHUS JTOMyCTUMON

nocnesneit sarpysku G ¢(n-1) Mepen cnauei rpysa B mo-

CJIeIHEM TIOPTY,
HIpeAbIAYIIEH 3arpyske,
HavasbHas 3arpy3Ka.
Pe3yabTaTsl U UX 00Cy:KAeHUE
PaccmorpuM opMupoBaHme 3arpy3Kd IMapTHH Tpy3a

a 3aTeM I[OIIAroBO IEPeMeIaThCcs K
noka He Oyaer moiydeHa

Gc(n-l) nepes ee caadedl B MOCIEJHEM TOPTY, HmoJjaras

npuemM KOHTGﬁHepOB B OAHO TIpYy30BOC IMOMCIICHUE, NIPH-
(S 6yﬂCM CUHUTATh, 4YTO BCC KOHTCﬁHepLI HMCKOT OJMHAa-
KOBBIC PAa3MEpPhI, a HEHTP TAKECTU KOHTGﬁHCpa COoBIIagacT
C €ro recoMeTpuICCKUM LICHTPOM.

pr30Boe INOMCIICHUE HUMECT COTOBBIM TUII, OpHUYIEM
s;TYEHKa COTHI SIBIISICTCS MOTSHIIMAIbHBIM KOHTCﬁHCpHHM
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mectoM. IlomoskeHnne HEHTpa STYCHKHU B Tpy30BOM IOME-
MCHNUHU 3a1aCTCA OTHOCUTCIIBHO CyIIOBOﬁ CUCTEMbI KOOP-

JHUHAT U XapaKTepPU3yeTCss KOOpAUHATAMU XS , yS u ZS,
rIe S — UHJAEKC S4YelKU B Ipy30BOM NoMelleHuu. Maccy
KaXJIOT0 KOHTEHHepa 0003Hauum M j» Tae ] — HHJAEKC

KOHTEHHepa B MapTUH.
3arpy3ka npeaycMaTpuBaeT pazMelleHne KOHTeHHEepOB

II0 sfYelKaM TpPy30BbIX IIOMEUICHUM, T. €. mMacc M j mo

KOOpAUHATaMU XS, ys' ZS, TakuM 00pa3oM, YTOOBI

BBITIOJIHATIUCH Tpe60BaHI/Ifl 10 1MOoCaJKe, OCTOMYHBOCTH U
MPOYHOCTHU CyJHa. I[onycxaeM, 4qTo CyMMapHLIﬁ BCC KOH-
TeﬁHepOB HC MPEBOCXOOUT I'Py30IIOABEMHOCTHU, 4 UX KO-

JIMYECTBO N ZC PaBHO YUCITY A4YCCK I'Py30BOIo nNoMemic-
HUHI NZb’T' e. NZC = sz

I'py3oBoe momelieHHe MOXKHO NpPEACTaBUTb B BUAE
TPEXMEPHOH MaTpHIBI, CTOJOLBI KOTOPOI XapakTepu3sy-
I0T PAacloJIOKEHHE sUeeK B TPY30BOM IIOMEHICHHUHU IO
JUIMHE CYAHA, CTPOKH - 110 €ro IIUPHUHE, a APYCHI - MO BbI-
coTe.

Tak kak mepBoil GopMupyeTcs 3arpyska ISl MHOXe-

CTBA KOHTEHHEPOB IMOCIEIHErO Np—ro nopTa, TO pac-
CMaTpHUBAaEM MHOKeCTBO KoHTeiinepos MN Np € Macca-
Mu M Npj:

3arpyxaemasi TMapTHd IIOMENIAeTCs B LEHTPAIBHOM
TpPIOME CyJHa, dYepe3 KOTOPBI MPOXOJUT MUAETb-
LIMTaHroyT. PaccMOTpUM /iBe CHCTEMBI KOOPAMHAT: OJHA,
CBsI3aHHAasl C CyJHOM - CTaHAapTHAas, a BTOpas - CUCTeMa
KOOpAMHAT, CBA3aHHAsI C IPY30BbIM ITOMEILICHUEM, HaYalIo
KOTOpPOH OIpesenseTcs B CylOBOM CHCTEME KOOpPAMHAT.
Jnst  paccMaTpuBaeMoro cCiydas CHCTEMa KOOPAWHAT
TpIOMa COBMAJAeT C CYIOBOM CHUCTEMOH KOOpAMHAT.
CrpykTypa TpIOMa XapakTepH3yeTcsl YIOPSAOUYCHHBIMHU
s;YeWKaMH B TPEXMEPHOM IPOCTPAHCTBE, NMPUYEM paszMe-

pBI sueliku paBHBI pasmepam koHtelHepa AX, AY n

AZ | a uucno GeiTOB PaBHO @, YMCIIO APYCOB - C U YUCIIO
KOHTeiHepoB B spyce - b. dopmanusaiusi cTpyKTyph
TproMa IesiecooOpa3Ha TpEeXMEpPHOH MaTpHIeH, dIIeMeH-
TaMH KOTOPOH SBIISIIOTCS KOOPAMHATHI T€OMETPHUECKOTO

UeHTpa sueek  Xj, yj u Zy (i=1..a, j=1..b, k=1..c).

OueBHIHO, C YUETOM pa3MepoB KOHTeHHepa, KaK clIeryeT
u3 puc. 1:

¥o.Xn

Puc. 1. CuctemMa KOOpAUHAT IPy30BOT0O MOMELIEHHS
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xi:X0+2|_1Ax,
2j—-1
Yi=Yo+ J2 AY
Zy =Zo + 2k2_1Az
VuuteiBaeM, uro X __8 AX, Y,=——Ay H
2 (o]
=0:
2i—-1 a
Xij =(E=——=-3)Ax:
i =( > 2)
2j—1 b
V= J2 —E)AY’
, o2k,
2

Yucno KOHTEHHEPOB U YUCIIO sSYeeK TproMa paBHbI abC.
MHuoxecTBo KoHTeitHepos MN Np © Maccamu Mpypg
HEOOXOANMO pacTpenenuTs MO sUeiKaM, T. €. 3arpyska
MOJIpa3yMeBaeT JOIOJTHEHHE Ka)KAOTO IEMEHTa MaTpH-

Lbl CKAJSIPHOW BEIMYMHOM, paBHOW BeCy KOHTEHHepa.
Tenepp KaxAbld 3JIEMEHT MAaTPUIbl XapaKTepU3yeTCs

koopmuHatamu Xj, Y, Zy u Becom gMyjy . Jlannoe

00CTOSITENIECTBO NMPeoOpa3zyeT MATPUIy B TEH30D 3arpys-
KH.

Ipupamenus crarndecknx momento AM

AM,,

3aBUCAT OT DJIEMCHTOB TCH30pa 3arpy3ku CJICAYIOUIUM

. AM, u

KOTOpbI€ BO3HUKAIOT B pe3yJbTaTe MpuemMa rpysa,

o0pazom:

a b c

AM, =303 > M X ;
i—1j=1k=1
a b c

AMy =3 > > M Yi;
i—1j—1k=1
a b c

AM, =33 % gMiyz;
i=1j=1k=1

C y4eTom paHee MONYYEHHBIX BRIPOXKEHUA 11 X, Y j

u Zk .
a b c 2i-1 a
AM, = ZZ Z gMmiik (T_E)Axv
i=1j=1k=1
a b c 2 j— b
AM ZZ Z gm Ijk( —-)AY; (1)
i—1j=1k=1 2 2
a c
AN[z Z Z Z gm uk( )AZ
i=1j=1k=1
Jnst obecrieueHNs MOPEXOAHONH OE30MacCHOCTH MpHUpa-
menns cratndeckux Momentos AM, AMy u AM,

JOJDKHBI YAOBJICTBOPATH CIICAYOIIUM TpeGOBaHI/IHMI

AM, =AMy ; AM, =0; AM, = AMj,,

rne AMy u AM}, - moMeHTbI, KOTOpBIE OGECTedH-
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BaloT TpeOyemble 3HaueHUs AupPepeHTa, OCTOHINBOCTH
1 001Iel MPOAOJIBLHOM NPOYHOCTH CyTHA.

B ypaBueHusx (1) BakaHTHBIE MacChl mijk B TE€H30pE
3arpy3Ku HEOOXOAMMO 3aMeCTHTh MaccaMu Mg KOH-

TeitnepoB MHOkecTBa IMN Np TaKuM o0Opa3om, YTOOBI

pa3HULA MEXOY NPaBOil U JEBOW 4YaCTAMHU KaKIOro M3
YpaBHEHHI ObliIa MUHUMAIIbHA.
ITpexxne Bcero, HEOOXOAUMO MPOBEPHUTH, BOSMOKHO JIH

oGecniednts npupamennem Momenta AMy Becom kom-

Teitnepos MuokecTBa MN Np - B ciydae nonoxxurtenbHO

pe3ynbpTaTa MpoBepKH (OPMUPOBAHUE TEH30pa 3arpy3Ku
MIPOU3BOAUTCS CIETYIOIINM 00pa3oM.

[TepBbIM 3TanioM (HOpMHUPOBAHUS TEH30pa 3arpy3KH SIB-
JIsieTCsl pacrpe/ielieHne KOHTeHHepoB Mo OeliTaM Tproma,
cienys cieayronmM coodpaxenusM. CyMMmapHBIH Bec

Py sarpyxaemeix koHteiinepo Muoxkectsa MN Np
paszenuM Ha Yuciio OEHTOB U MOyYHM CPEIHUI BEC KOH-
Teiinepos GeiiTa Pcp =Ps/a.

Jns coznanust HeoOxoauMoro nuddepeHTa, KOTOPbIH
oGecnieunBaercs npupamennem Momenta AMy, Heo6-

XOIMMO M3MEHUTh CpefHuil Bec Oeiita Pcp Ha BEJIMYUHY,

KpaTHyI0 HekoTopomy Becy AP .
B pesynbrare npoBeIEHHOIO UCCIIEIOBAaHUS paclpene-
JICHUE Beca PE BCEX 3arpy’kaeMbIX KOHTEIHEepOB 1o Oei-

TaM JOJIKHO OCYHICCTBIIATHCA COTIACHO 3aBUCHUMOCTAM!

P :Pcp+[%—(i—1)]AP (i<a/2)
H=Pp—{%—a—qmp,u>a/m
AMy
rac -
2Axd(a)

a2 -
o@ = 35~ (-0]E 7 - (-1
i=1

MmuosxkecTBO KoHTeitHepos IMN Np € Becamu ch
HEOOXOANMO Pa3MEeCTUTh IO OeHTaM, yIUTHIBasI, YTO YHUC-
JI0O KOHTEHHEpOB KaXJoro OeWTa OIMHAKOBO M DPaBHO
n, = bc , a BEC KaxkJoro Oeiita ObLJI MaKCHUMAaJIbHO OJIH-
30K K II0JIy4eHHOMY 3HaueHnio Pj.

Just coOmnronieHnst yKa3aHHBIX YCJIOBHH MHOXECTBO

xonTeitHepos MnN Np CJICLYeT PA3NEuTh Ha @ MOJAMHO-

xecte MN, ¢ oxunakoBbM 4nciom kouTeiinepos Ny,
YYUTBIBAS 9TO BEC KOHTEHHEPOB KaXKJOTO ITOJAMHOMKECTB
Mn a (Oeiita) noMKEH OBITH MAKCHMAJILHO OJIM30K K Pi .

Jlnsa perneHnst yka3aHHOW 3aJaydl IpeJlaraeTcst Cileay-
fomtast npouenypa. [Ipexae Bcero, MpOU3BOANTCS PAHKH-
poBaHHE KOHTEHHEPOB B MOCIIEIOBATEILHOCTH yOBIBAHUS

UX Beca, T. €. dIeMeHTl MHokecTBa MN Np YHopsanouu-

BalOTCA MO TIpH3HAKYy Beca. Muoxkectso MnN Np Tpen-

CTaBJIICTCA IIOCICAO0BATCIBHOCTBIO BECOB KOHTGﬁHCpOB



P. >, mpuuem Py =P, 1, 1. e. nepsbiM wieHoM mo-
CIIE/IOBATENBHOCTH SIBIISETCSA KOHTEHHED € MaKCHMallb-

HBIM BCCOM PCl’ a IOoCJIICIHUM - KOHTeﬁHep C MHHHU-

MaJIbHBIM BE€COM PCd ﬂpyFI/IMI/I CJIOBaMH, IIOCJICI0Ba-
IDci >':{I:’clzpcz 22 I:’cd-l 2 I:’cd} B
)IaJ'II:HeﬁIlIeM paCCManI/IBaeM B Ka4YC€CTBC MHOXCECTBA
Mn -

q)OpMI/IpOBaHI/Ie TepBOTO OeiiTa ¢ MakCUMaJlLHEIM Be-

TCIBHOCTH

com P mpoussomures ¢ momompio panee momyueHHOM
nocnezosarensHoctu Py > . U3 Hee Heo6Xx0auMo BbLe-

JINTH (l)paFMeHT us3 na TIOCJICAOBATCIIbHBIX KOHTeﬁHepOB

{Psi}h >~ cymmapusii Bec xoTOpBIX |51 MHHHMAJTBHO
oTmMYaeTcs oT pacuerHoro 3HaveHus Pj. Jomyctnm,
dparment nocnenosarensHocTn {Pgj}y > Haumnaercs
KOHTelHepoM ¢ nopsiakosbiM Homepom Npp mocnesosa-
tenbiocTH Py > u 3akanumBaetcs KoHTeHHepoM ¢ ee

nopsiakoBbiM HomepoM N 1. CnemoBarensHo, HepBbIit
k1l

OCHT COCTaBIAIOT KOHTeP‘IHepr IIOCJICA0OBATCIIbHOCTH

P.j > saxmodennbMu ot Npp-ro 10 Nyq-ro xonreii-
HEPOB BKIIOUHTENBHO, KOTOPHIE COCTABIAIOT (DparMeHT
{Ps} > Mns namnoro ¢parmenta Pp—Pp=min , a
yepes Spl 0003HaYuM MOJAMHOKECTBO KOHTEHHEPOB

nepBoro Oeifra.
Jnst hopMUpoOBaHUS OYEPEIHOTO BTOPOro Oeita ciie-
OyeT BOCIIOJIB30BAThCS OCTABIICHCS MOCIEIOBATEIBHO-

1
creio P =Py > —{Pgi}y >, npruem
1
Pa =={Pe1=Peo =---=Pen, -1 = Pen 417+ = Pega = P}
B npanbpHelinieM U3 MONY4EHHOM IHOCIENOBATEIbHOCTU

1
P.i = amanormuno npeasiaymemy Bbimensiercs par-
1 o
MEHT {Pci}Z > u3 N, nociuenoBaTeNbHBIX KOHTEHHE-

POB, CyMMapHBIH Bec P2 KOTOPBIX MUHUMAJILHO OTJIMYa-
€TCsl OT PaCYETHOI'O0 3HAYEHUS P2. BrineneHnHble KOHTEMH-

HEPBI COCTABIIOT IIOAMHOKECTBO SPo BTOPOro Oeiita.
Just hopMupoBaHUS TOCIEAYIOMMX OCUTOB (IIOJMHO-
KeCTB SPj) MPOLOIDKAEM PeaTH3aluio IPOLEIYPhI, CO-

CTOSIILICH M3 NIBYX 3TaroB. Bo-mepBbIX, Moanduuupyem
k-1

IPEABIAYIIYIO [OCIEA0BATENBHOCTs Pgj — >, MCKiIIOUast
. k-1

13 Hee BBIJENICHHBIN (parMeHT {Pkci }k >, W TOIy-

YUM OYEPEAHYI0 MOANGHINPOBAHHYIO II0CIE]OBATEIb-

PX - n i
HOCTH ci , KOTOpas Ha q KOHTCHHCPOB KOpOHYC

npeapiayiied. BTopbiM 3Tanom sBisieTcs BbLACIEHUE U3
k k

MOCJIEI0BATEILHOCTH Pci > (parmeHTa {Pkci }k 117

cozepkamero Ny  MOCIENOBATENbHBIX KOHTEHHEDOB,

CyMMapHHﬁ BEC Pk+1 KOTOPBIX MUHUMAJIBHO OTINYACTCA
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OT paCcuCTHOI'0 3HAYCHUA Pk+1 Ilo TaKOMY aJITOPUTMY

¢dbopmupyercs a-1 Oeiit. [Mocnenusss MmoaudUIUpPOBaHHAS

a-1
nocnegoBatensHocts P~ >~ comepxur N, ocraBmmx-
Cs1 KOHTEMHEPOB, KOTOPBIE U COCTABISIOT NOCIAEAHUN a-i
OeiT, hopMHUPYS TTOIMHOKECTBO Spa, MpUYeM €ro Bec

P, MHHHMAJIBHO OT/IHYACTCS OT Py .
Taxum 00pa3zoM IPOU3BOAMTCSA AEKOMIIO3HIHSA MCXOM-
HOTO MHOKecTBa KoHTeitnepos MnN Np MO Oeiitam Sp;

. k-1
B BHUJE IOCIIEI0BaTEIbHOCTEN {Pkci ¢ >, npu sTom

obecrnieynBaeTcss HEOOXOUMBIH AU PepeHT cyaHa.
3areM B KaXKA0M U3 OEHTOB HEOOXOMMO PaCIpeeNIUTh

konuecTBo Ny =DbC xonreitnepor mo C spycam, B

KaXJIOM M3 KOTOPBIX HaXOIUTCS b KoHTeliHepoB. Pac-
MpeJeNicHe KOHTEHHEPOB IO spycaM B OeHTax IOKHO

obecreunth HeobXoauMoe npupaiienre Mmomenta AM h

KOTOpBI siBNsteTcst cymmoit mpupamenuii  AM hi Kax-

ai
noro Geiita, . e. AMy, = ZAM hi -
i=1
PacnipeeneHue KoHTelHepoB Oeiita 1o spycaM mpous-
BOJUM, N06KBasch popmuposanus npupantenus AM hi -

st aTOTO CneAyeT onpenenuTh TpedyeMblil (TeopeTrye-

y . Dy
ckuif) Bec koHTeiinepos K-ro spyca PY| , yautsiBas, 4to
C U3MEHEHHEM SPyca OH TAK/KE M3MEHSETCsS MPOMOpPIHIO-
HanbHO nmpupamiennio Beca APy otHocuTensHo cpesme-

;

ro Beca sipyca B Geiite P, = —.

C moMoIsio MepBOH MPOLETypHl BeC Apyca yObIBaeT ¢
YBEJIMYEHHUEM €ro HOMepa (CHHM3Y BBEpX), T. €. HIDKHHH
Spyc HWMeeT HamOONBIIMA Bec, a BEPXHHUH SBISETCS
Hanbonee serkuM. B 3TOM ciydae, mosarasi, 4To Bec

cpenHero sipyca paseH Ppi, nomyunm:
Dl
PYk =P +(Sx —K)APy; ,
rue Sk =Trunc(c/2) +1, npu C - HeuetHOM H
Sk =C/2,npu C - yernom.

3nauenne APy onpenensiercs hopmymoii:

C
AM hi — PmiAZ Z (k - 0,5)
APhi = c k=1
Az (S, —K)(k—0,5)

k=1
Pacmonaras TeopeTHdecKUMHU BECaMU KaXJI0TO sipyca

Dyl . .

Py\ i-ro Geiira, HeoGxomuMo 10106PaTh Ha KaxK bl

. . Dyl

apyc D xomTeitnepos, cyMmapHBIii Bec KOTOPBIX Pyk

Dl
MHHHMAaJIbHO OTJIMYACTCSI OT Pyk .

3aTeM KOHTEHHEpbI IOAMHOKECTB SPj) PasMEIalTCs

o s4eikaM IomepedHoro psAna i-ro Oeira k-ro spyca
(cTpoka TeH30pa) Tak, 4TOOBI Beca KOHTEHHEPOB spyca



Pk cosnaBanu munnmanbueii Moment M yik

zpmk (ZJ L b)A

[IpryeM MuMHUMH3AIMA CyMMapHOTO MOMEHTa My

IpH Pa3sMEIICHMM KOHTCHHEPOB MOAMHOXKECTBA SPijy

MIPOM3BOIUTCS IIyTEM ydYeTa €ro 3HA4YCHWs, HAKOIMBIIIC-
rocsi MpH pa3sMeLICHUH KOHTEHHEpPOB BO BCEX MpEAbITy-
KX sipycax, BKJIOYas yke copMUpOBaHHBIE OCHTHI.

B ciydae cozpaHus MHHMMaNbHOTO MOMEHTa MHEPLUH

MIPUHUMAEMOT0 Tpy3a ‘]xc OTHOCHUTENIbHO MPOJOJILHOM
ocu X-X pasMelieHHe KOHTEHHEPOB MOJMHOMKECTBA
Spik CleyeT MPOU3BOJIUTH TaK, YTOOBI KOHTCHHEPHI C

OONBPIIMIMKE  MaccaMH HAaXOOWINCh ONMKe K LEHTPY
TPIOMa, a ¢ YMCHBIICHHEM MAacC pa3MelIeHHe KOHTeHHe-
poB Tpom3BOIWIOCHE Omke K Oopram. s co3maHus

MaKCUMaJIbHOI'O MOMCHTA MHECPLINU ‘]XC ommke K HCHTPY

TpIOMa CIeIyeT pa3MellaTh KOHTCHHEphl ¢ MEHBIINMHU
Maccamd, a Omke K 6opTaM — KOHTEHHEPHI ¢ OOIBIITIMH
MaccamH.

st IpoBepKH KOPPEKTHOCTH NPEIOKEHHBIX B JaH-
HOH cTaThe npouenyp GopMHUPOBAHUS 3arpy3KH rPy30BO-
ro moMenieHus 0e3 mpuema OamiacTa ObuTa pa3paboTaHa
KOMITBIOTEpHAs IPOrpamMma, MO3BOJIstoIIas (JOPMUPOBATH
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HCXO/IHOE MHOKeCTBO KonTeitnepos MnN Np H HX pa3-

MEICHNE B TPY30BOM NOMEIICHNU. B kadecTBe mpumepa
OblIa CreHEPHPOBAaHO MHOXKECTBO KOHTEHHEPOB UYUCIICH-
HocTbhio 300 wTyK, 06unmM Becom 3000 TOHH, IpUyYeM Bec
KOHTelHepa 3aKiitoueH B npezenax ot 3,4 1o 16,5 1.

B npumepe mpuHSTHL clieayrone pa3Mepsl KOHTelHe-
pa: mmHa AX=7wm, mupuna AY=4wm, AZ=3m.
I'py3oBoe momemnieHne xapakrepusyercs a=6 Oefitamu, B
KaxJ0M Oeite 4nucio sipycoB paBHO C=5, a 4uCIO KOH-

Teitnepos B sapyce b =10.
TpeGyeMble TPUpPANIEHHS CTATHYECKMX MOMEHTOB,
npunsteie B npumepe, coctasasior AMy =—5000 1w,

AM,, =22000 ™.

Ha puc. 2 mpuBeneHsl Beca KOHTEHHEPOB HCXOIHOTO
mHO)ectBa MnN Np> TPHYEM LBET KOHTEHHEpPa 3aBUCUT

OT €ro Beca: IpHU Bece A0 5 T KOHTEHHephl OKpAalIeHbI B
KOPUYHEBBIN LBET; npu Bece 5+10 T LBET KOHTEMHEPOB
3€JICHBIH; B CHHHUI LBET OKPAIIEHBl KOHTCHHEPHI BECOM
10+15 T, a KpacHbIM LBETOM OKpallleHbl KOHTEHHEPHI
BecoM 15+20 1. OOpamaeM BHUMaHHE Ha TO 0OCTOSITEIb-
CTBO, YTO B I'PaHUIIAX OJHOTO IBETA C YBEIMUCHUEM Beca
L[BET KOHTEHHEepa TeMHee.

& 5 7 g 11
10,0 101 101 102 102
27 k1l 33
10.6 10,7

EI

100

a1 55
1.1 1.2
79

132
7.08

15
: 103
2K
L ; 108

E3
11.4

(o=

1
E5

180
.02

204
543

0 PaHsipoBaHm1e ‘ ‘ Hold |

Puc. 2. cxonHOE MHOKECTBO KOHTEITHEPOB Mn Np
IIporpammoli mpoBOAUTCA paHKUPOBaHME MHOXECTBa  Beca oT 16,6 T 1o 3,37 T.

KomnbsroTepHo#t mporpamMmoii nmpeaycMOTpeHa IMpole-
Jypa MpPOBEPKH BO3MOXKHOCTH CO3JaHusl TpeOyeMoro
mddepeHTa ToIbKO IPHEMOM IIPETyCMOTPEHHOTO Tpy3a
6e3 npuema Oannacra. [Ipu MOIOKUTEIILHOM HCXO0JIE TIPO-
BEPKH MapTHs 3arpy’kaeMbIX KOHTEHHEPOB pacrpenes-
eTca mo OefiTaM Ipy30BOr0 IMOMEIICHUS] TaKUM 00pa3oM,

KOHTCﬁHCpOB Mn Np IO B€CaM U €10 pe3yJIbTaThl IPECI-

craBieHsl Ha puc. 3. Jns kaxaoro uz 300 koHTeHHEPOB B
BEpXHEW YacTH yKa3aH €ro HOMEpP B HCXOJHOM MHOXeE-
CTBE, a B HIDKHEHN YacTH - Bec KoHTelHepa. Kak nokazano
Ha puC. 3, KOHTEHHephl PaHXKUPOBAHBI MO CHUKEHUIO
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4yT0o0BI 00ECneYnTh TpeOOBaHKE 110 MOCAKE CyIHa U J10-
IIYCTUMOCTH T€PEPE3bIBAIOLINX CHJI U M3THOAIOIUX MO-
MECHTOB.

IIpu ucnons3oBanuu knasumu "CTpykTypa" mporpam-
Ma IIPOM3BOJIUT pacrpelielieHne KOHTEHHEpoB 1o Oeifram
TPY30BOTO MOMEIICHUS, TIPHIEM KaXKAbIi OeHT hopMupy-
ercst 50-10 KOHTeIfHepaMH, KaK ITOKa3aHo Ha puc. 4.

IIpu wucnonp3oBannu KiaBumu "BeHT" mporpammoit
MIPOM3BOUTCS PacTpeesieHne KOHTEHHEPOB KaKAOTo U3
OeiTOoB 10 Apycam.
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Ha puc. 5 npuBeneHHOE pacnonoKeHUE sIPycoB Spik B

KaXJ0M n3 OeHTOB rpy3oBoro nomemnienus. Ha pucynke
TIepBBId OCHT MOKa3aH B BEpXHEH JIeBOM 4yacTH, a B Ipa-
BOI BepxHell yacTH - 4yeTBepThiid OeiT. Hymepauus Oeii-
TOB BO3pacTaeT cBepxy BHM3. OOparmaeM BHUMaHHEC Ha
TO, YTO B KaXXKIOM W3 OEHTOB HIKHHU (LEpBBIH) spyC,
CYZAS 10 BecaM KOHTEHHEPOB €ro COCTaBIIIOIINX, SBIISICT-
cs Hamboyee TDKENbIM, a BEpPXHUH (WATHIN) spyc -
Hanboree JerkuM. Y MEHbBIICHHE Beca Apyca IMPOUCXOIHUT
10 MEpE yBEINIECHUS €r0 HOMEpa.

]

PaHsupoEaHue

AnemeH. TeHzop
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‘ Hald |

Puc. 3. PamxupoBaHne MHOKECTBAa KOHTEHHEPOB Mn Np To Becam
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Puc. 5. Dopmupoanue spycoB Spik

Pacnpenenenue KOHTEHHEPOB B sipyce C IEIbI0 CO3/a-
HUST MUHHMAJIBHOTO OJIM3KOTO K HYJII0 MOMEHTa M y

MIPOU3BOJIUTCA IPU HCHOJIB30BAaHUHU KiaBumM "Spycer”,
Ipu 3TOM 3ajieicTBOBaHa Tpouenypa (HOpMHPOBAHUS
MUHHMAaJbHOTO MOMEHTa MHEPIUH NPHHUMAEeMOro Irpysa
OTHOCHTEJIFHO TPOJOJIFHON OCH CyAHA, 4TO CIEAYET M3
puc. 6. I3 pucyHka BuaHO, 4TO OoJiee TsDKENble KOHTEH-

JIy4EHHOE paclpeie]IeHIe KOHTEHHEPOB 110 sYeiKaM Ipy-
30BOTO MOMEIICHUS TPEJICTABIIEeT CO0OM IOMyCTHUMBIN
TEH30p 3arpy3ku, oOecleynBaloONIUil 3aJaHHbIC 3HAUCHUS
HPUPALICHHI CTATUYECCKUX MOMCHTOB AMy H AMy, ,

IIPU KOTOPBIX BEITONHSIOTCS TPeOOBaHUS IO TOCAIKe,
OCTOWYHMBOCTH Cy[THA W €ro OOIIeH MpeaensHON pOdHO-
CTH.
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Puc. 6. Pa3memenne KOHTEIfHEPOB B sIpycax Spik
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BoiBoasl MHpPOBAHHA JOMYCTUMOTO TEH30pa 3arpy3KH CyIHA.

1. IpensioxeHsl mpoUEaypbl pa3MeNIeHUs] KOHTEHHe- 3. Tlokazano ¢GopMupoBaHHE IOIMYCTHMOTO TEH30pa
poB To OedTaM M sipycaM Tpy30BOTO MOMEMICHHUS C yde-  3arpy3Kd CyOHa C IMOMOINBI0 Pa3pabOTaHHOW KOMIIBIO-
TOM TpeOOBaHMIT M0 MOPEXOTHOM OE30MaCHOCTH CYIHA. TEPHOU IPOrPaMMBI.

2. IlpuBeneHsl aHAMUTHYECKHE BBIpAaKEHUS U1 (op-
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Possible loading of containership
Y. A. Vlasenko
Abstract. The features of calculation of load of containership taking into account substantial factors are marked. The situation of
placing of party of load is considered, intended for unloading in the last port of entry. Developed and procedures of placing of con-
tainers are offered on beyts and tiers of freight apartment taking into account the requirements on landing, stability and general longi-
tudinal durability of ship. Analytical dependences for forming of possible tensor of loading of ship by containers are resulted. By the
developed computer program the example of forming of possible tensor of loading of ship providing the minimum of reception of
ballast is resulted.

Keywords: nautical safety, load of containership, forming of possible tensor of loading.
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AHHoTanusi. PaccMoTpeHa MIOTHOCTh BEKTOPHAIBHOM MOTPEIIHOCTH NMPU M30BITOUHBIX M3MEPEHHAX U MOKa3aHa BO3MOXHOCTD €€
MIPUMEHEHHs Ul PEIleHns 3a/1au OLIEHKM TOYHOCTH HaBHTalMU cyaHa. Iloka3aHo, 4TO ¢ MOMOIIBIO INIOTHOCTH BEKTOPUAIBHON MO-
IPEIIHOCTH UMEETCsl BO3MOXHOCTb pacuera 3G (eKTHBHBIX 00CEPBOBAHBIX KOOPAMHAT CyJHA HE3aBUCHMO OT 3aKOHA PacIpe/IeICHHUs
MOTPEIIHOCTH HAaBUTallMOHHBIX M3MepeHHid. IlpuBeneHa cucrema pacuera KOOpAMHAT Cy[HA C IPHUMEHEHUEM IJIOTHOCTU BEKTOPH-
AJIBHOM IOTPEITHOCTH, aHAIOTHYHASI METOY MaKCHMAaIBHOTO MIPaBIOMOA00HS.

Knrouesnvie cnosa: nagueayuonnas 6e30nachocmy, 6eKMOPUATbHAS NOSPEUHOCTb, NIOMHOCTb 8eKMOPUANLHOU NOZPEUWHOCHI,

pacuem 006cep8OBaAHHBIX KOOPOUHAM.

BBenenne. OmnpeneneHue Mecrta CyAHa C ITOMOIIBIO He-
CKOJIBKMX HM30JIMHHH 000OIIEHO ¢ MOMOIIBI0 METoJa JIH-
HUIl TOJIOXKEHHSA, NMPH KOTOPOM H3OJIMHHS 3aMEHsSeTCs
JIMHUEH IOJIOKEHUS B PallOHE CUMUCIMMON TOYKHU CYy[HA.
IMpyn Hanuyuu W3OBITOYHBIX JIMHUH IIOJIOXKEHUsS! BHIOOP
00CEepBOBaHHBIX KOOPJIMHAT MPOM3BOAUTCS TaKUM 00pa-
30M, YTOOBI MX TOYHOCTH ObIJIa MaKCHMAaJbHOH. DTO H0-
CTUTaeTCs PacuyeToOM KOOPIMHAT METOAOM MaKCHMAaJbHO-
ro TMPaBIOMONO0MS, aNrOPUTM pacdera KOTOPOTO OIHO-
3HAYHO OIpPENETSACTCS 3aKOHOM DPACIPEAEICHUS] BEPOST-
HOCTEW NOTrpeUIHOCTEN JUHUM mojoxkeHus. Tak Kak 10
HEJABHETO BPEMEHHU CUUTAIIOCH, UTO CIIY4ailHbIE MOTpell-
HOCTH M3MEPEHHMH HAaBUT'allUOHHBIX IapaMeTpoB, KaK U
MOTPEIIHOCTH JIMHUN MOJIOKEHMS, MOJUYUHSIOTCS HOp-
MalbHOMY 3aKOHY pacHpefesieHHs BeposTHOCTeH, To
pacyer 00CEpBOBaHHBIX KOOPJMHAT IIPOM3BOAUTCS METO-
JIOM HaMMEHBIIHUX KBaJIpaToB, KOTOPHIN SBISETCA METO-
JIOM MaKCHUMaJbHOTO MPaBIONOA00US Ui HOPMaJbHOTO
3akoHa. OnHaKo B TeueHue nociuenHux 30 jer uccneno-
BaHUA CIyYyalHBIX MOTPEIIHOCTEH U3MEPEHUs HaBUTaLlU-
OHHBIX [APaMETPOB MOKa3alld, YTO UX 3aKOHBI pacipese-
JIEHUS 3a4acTyl0 OTJIMYaloTcsi oT 3akoHa ["aycca. IloaTo-
My B Cilydae pacuera oOCepBOBaHHBIC KOOPIWHATHI IMPH
M30BITOYHBIX JIMHUAX TIOJIOKEHUS METOJIOM HaMMEHBIINX
KBaJpaTOB MOXET IMPOUCXOAUTH MOTEPS HMX TOYHOCTH.
[TosTomy pacyera 3¢h(deKTHBHBIX 0OCEPBOBAHHBIX KOOP-
JIUHAT, TIOJIyYeHHBIX NPH ONPEAETICHUH MecTa CyaHa IO
M30BITOYHBIM JTMHUAM IIOJIOKEHHUS MOXET OBITh HMCIOJIb-
30BaHa JByYMEpHAas IUIOTHOCTh PACHpeesieHHs BEKTOpH-
aJbHOM MO3MIIMOHHOW MOrPEIIHOCTH, YTO COCTaBIISIET
coJllep)KaHue TaHHOH paboTHI.

Kpartkuii 0630p ny6aukanmii mo teme. B pabdorax [1,
2] aHaNMM3UPYIOTCA CTaTUCTUYECKHUE JaHHBbIE MOTIPELIHO-
CTell HaBUTALlMOHHBIX U3MEPEHUH, MOJyUeHHbIE B HATyp-
HBIX HAONIOACHUSAX, W TOKAa3aHO, YTO IMOTPEITHOCTH HE
MIOTYMHAIOTCS HOPMAJIbHOMY 3aKOHY pPacIpeesIeHUs.
Kak ykasweiBaercs B pabote [3], aHaIW3 CTAaTUCTHYECKUX
MaTepHaJIOB IMOKa3all, YTO MPEAIOJIOKEHHE O pachpese-
JIEHUM CIIy4alHBIX MOIPEUIHOCTEN OIpPENEIeHUs LIUPOTHI
1 JONTOTHI 10 3aKOHY ["aycca He ABISEeTCS KOPPEKTHBIM H
TpeOyeT albTepHATHBHOTO 1Mo1xoaa. CMeImaHHbIe 3aKOHBI
JIByX THIIOB, aJbT€pHATUBHbIE HOPMAIBHOMY 3aKOHY,
MPEAJIOKEHbl JIsl OMUCAHMSI CIyYalHBIX MOTIPEHIHOCTEH
HABUTAI[MOHHBIX U3MEpeHU B paboTte [4], a B pabote [5]
C 9TOH ke LeJbIo MpeyIokeH 00001meH bl 3akoH [lyac-
COHa.

95

Ornenka 3G (EKTHBHOCTH OOCEPBOBAHHBIX KOOPIMHAT
CyZHA ITpU M30BITOYHBIX JIMHUSX MOJ0XXEHHs IPOU3Be/ie-
Ha B paborte [6], MOKa3aHO, YTO IPU CMEIIaHHBIX 3aKOHAaX
pacnpenenenusx 3¢pGeKTUBHOCTh MEHBIIE SAMHUIIBI, U C
POCTOM CYILIECTBEHHOTO MapaMeTpa OHa CTPEMHTCS IO
BCJIMYUHE K CAUHUIIC.

Leas. Lenp HacToOAILIEH CTAThU 3aKJIIOYAETCs B pa3pa-
0O0TKe TpomLeAyphl pacdera A>PQPEKTHBHBIX KOOPIMHAT
CyIHa TPUMEHEHHEM IBYMEPHOH IUIOTHOCTH pacmpeie-
JICHHUS BEKTOPHATFHON MTO3UITHOHHOHN ITOTPEITHOCTH.

MaTtepuaabl H MeTOAbI. BOmpock Teopur M MpaxkTH-
KM ONpEIeNICHUs MeCTa CyIHAa METOIOM JIMHHU IOJIOXKe-
HUsS TIOAPOOHO HU3JI0KEHBI B pabore [7]. 3mech ke pac-
CMOTPHM OCOOEHHOCTH OIPEAEICHHUs MECTa CylHa MpH
YUCJIE TUHUHN TTOJI0KEHHUS 60J'II)IHe ABYX.

I}U

JIT;

LY
rd

0 X

Puc. 1. Di1eMeHTHI JTHHUH MTOJIOKEHUS

B obmem ciaydae nunus nonoxenus (JIII) 3amaercs B
IpsSIMOYTroJIbHOM cucteme koopauHat X0y, Hayano KoTo-
POl coBIAAAET CO CUUCIMMON TOUKOM CyJHA WU C JpY-
roff TOYKOH C M3BECTHBIMHU reorpauuecKUMH KOOpINHA-
Tamu. JINHUS NOJ0XKEHUs 337aeTCsl OTHOCUTENIBHO Hauana
cucreme koopiaunHat X0y nepeHOCOM rj, T.e. JUIMHON

HOpPMaJId OT Hayaja CUCTEeMbl KoopauHat o i-it JIII, u
HalpaBJICHUEM TpaJMeHTa HABUTALIMOHHOIO MapaMmerpa
aj, T.€. — YIIOM MEXKIY I[EPEHOCOM f; U OCbIO Y BbI-

OpanHOil cucteMsl koopauHat (puc. 1). MctuaHOE MecTo
CyllHa HaxoAWTcs Ha JuHuH |-l, Korma morpenrHoCcTh Jn-
HUHM TIONOKEHUs &; OTCYTCTBYeT. [lorpermnocTs u3mepe-

HUA HABUTAITMOHHOTO IapaMeTpa nj BCICT K ITOABJIICHUIO

©)|!. 1. Vorokhobin 2018


holis.diana@gmail.com
Typewritten text
I. I. Vorokhobin 2018


Science and Education a New Dimension. Natural and Technical Sciences, VI(22), Issue: 186, 2018 Dec.  www.seanewdim.com

TIOTPCINTHOCTHU JIMHUU TTOJIOKCHUA éi , KOTOpas BBI3BIBACT

nomonHuTeNbHOE cMemenne muann nonoxkenns JIII; B

HaNnpaBJICHUN TPaJUEHTa HABUTAIIMOHHOTO IapaMerpa,
KaK I0Ka3aHo Ha puc. 1.
YpaBHEHHE JTWHUM MOJOKCHHS BBIPAXKAET CBSA3b HJIe-

MCHTOB JIMHHUH ITOJIOXKCHUA o n ri C KOOpArHAaTaMU X U

Yy HHI , YUUTBIBAsA MOTPEIIHOCTD JIMHUU MOJIOKCHUA éi .

Kak cnexyer u3 puc. 2, ypauenne JIII; umeer cneny-
FOLIIUM BUJI:
I, +&; = Xsin a; + yCcos¢; . (1)
OueBHIHO, BRIOOP 0OCEPBOBAHHOW TOYKH IIPH OTIpese-

JIEHUM MECTa CyJHa IO JBYM JIMHUSAM IOJIOXKEHUSI OJJHO-
3HAYHBIHN.

¥ A

L
ra

X
Puc. 2. CBs13b 3JIGMEHTOB JIMHUH TIOJIOKEHUS C €€ KoopauHaTaMu

PesyabTaTsel m ux odcyxaenue. [Tokaxem, uto a¢h-
(exTHBHBIE 00CEpPBOBaHHBIE KOOPJIMHATHI MecTa CyJHa,
JUId KOTOPBIX XapakTepHas MUHMMaibHas KOBapHallMOH-
Hasi MaTpUIla, MOXKHO TOJY4HTh, UCTIONB3YS JIBYMEPHYIO

IUIOTHOCTh f(x,y) BEKTOpa IMOIPEIIHOCTH OMNpEACIICHHUS
Mmecta cygHa. OcHOBHas MOChbUIKa ompeneneHus 3¢ddex-
THUBHBIX OOCEPBOBaHHBIX KOOPIMHAT C ITOMOIIBIO IIOT-
woctu  f(X,Y) sakmouaercs B monmymenuu, 4to sddek-
TUBHasi oOCepBOBaHHAas TOYKa COBHAJgaeT C Haubolee
BepoATHOH Toukoii miotroctn T(X,Y), mpaBomounoCTH
KOTOpOro jJokaszaHa B pabore [9]. [Tosromy mms ompene-

neHust 3 HEeKTUBHBIX 00CEPBOBAHHBIX KOOPMHAT HalIeM
HanOomee BEPOSATHYIO TOUYKY JIByMEPHOH IUIOTHOCTH

f(X,y), T.e. Touxy B xotopoit f(X,y) nocruraer maxcu-
MyMma. Ilosmaraem, 4To f(x,y) MMEET IEPBHIE YaCTHBIE

npousBosHble. Hanbosee BeposTHYIO TOUKY HIIEM U3
CHCTEMbI ypaBHEHHH:

0
o Fxy)=0 @)
%f (x,y)=0

Tax xak miotHocts T(X,Y) m1s HezaBucumoii cucre-
Mbl JIIT BeIpaxkaeTcs NpOU3BEACHHUEM IIJIOTHOCTEH He3a-
BHCHMBIX CIy4YalHBIX BEJIWYWH, TO cucteMa (2) nMeer
BH:

0 n .
&{Ani]:[l fi(xsin ; + ycose; —1,)}=0 -

n
;y{AnH f.(xsin @ +ycosa; — 1)} =0
i=1

Ecrn yuects, uto dynkmus f(X,Y) mocturaer makcu-
MyMa B TOH )K€ TOYKE, 94TO H €€ JOorapudm, To cokpamias
B cucteme (3) MHOXKHUTEINb An W 3aMEHss IPOU3BEICHUE

motrocreit  fj (XSIN ¢ + YCOSr; — 1) cymmoit nx

sorapupmMoB

no .
El&m [fi(xsina; +ycosa; —r;)] =0, %)

égy In [f;(X sin a; +Y cosa; —1;)] =0.

Pemienuem naHHOM cHUCTEMBI ypaBHEHHUH X= AXC "
y= Ayc SIBISIIOTCS. A (EKTHUBHBIE 3HAYCHUS HMCKOMBIX
MIPUPAIEHUH KOOPAMHAT K CYUCIUMBIM KOOPAHHATAM.

Jns ynobcTBa moucka 3HaueHUH AXC n Ayc
YYUTBIBAEM, UTO:
& = Xsin a; + ycosaj —I;

[MosTomy mo mpaBwiam auddepeHIrpoBaHUs CIOXK-
HOW (pYHKIIMU MOYKHO 3aIlicaTh CIEAYIOLIee BhIpaKEHHE,
BXoJsiIIee B ypaBHeHus (4):

B . p) o,
&In[fi(xsm oj +ycosa; —r;)]= gln[ f; (ﬁfi)]gl'
Tax kak aaxéﬂ —sin a; TO CHPABEIUIMBO CIEAYIOLIEE
PABCHCTBO:

n
i%%In[fi(xsin o; +Yycosq; _ri)]:ESi”“i a%ln[fi(fi)]' (5)
AHaJIOTUYHO:
n a . n 6 7 6
i§laln[fi(xsm @ +Yycosa; —T; )]=i§comi g'”[fi(fi)] 6)
TaK KaK iii _ cosa, -
oy
Cucrena ypasserii npanononoGus (4) ¢ yrerom (5)
u (6) IPUHUMAET BULI;
n o
sina; —In[f; (&)1 =0,
El Qj 5%, [fi ()]

)

n o
> cosa; ——In[f;(S;)] =0,
i=1 og;
E; =Xsina; + ycosa; —r; -
YuutsiBaeM, 4TO B 00IIeM Cilydae CIpaBeaIuBO COOT-
HOIIICHUC:

0
aT;fi (&)
fi (&)

a p—
a_(:iln[fi ()=

MO3TOMY, C Y4€TOM IPUBEACHHOTO PAaBEHCTBA, CHCTEMA
ypaBHeHHH (/) MIPUHUMACT CIICAYIOIINNA BU/:

. as i)

Zone BN e
N ?&fi(éi)

ié}LCOSO’,i W_ ,

& =Xxsing; +ycosa; — ;-
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C TOMOIIBIO CHCTEMBI ypaBHEHHWH (8) MOXKHO TOJy-
YHUTh BBIPOKEHUS U pacueTa dPPEeKTUBHBIX KOOPAWHAT

_B3 __<
f&)=— kZ::l[ak exp( . )]

CyIHA TIPU U30BITOYHBIX JTUHUSAX TIOJOXKEHUS, UCXOMIS U3 o K 1
IJIOTHOCTH 3aKOHA PACIIPEAEIEHUS MOTPEMIHOCTEN JIMHUN roe B = M ' ay = S k2.
MIOJIOKECHHUSA, X YUCIIA 1 TEOMETPHH PACIIONIOKCHHUS. \/ﬂ k!

PaccmoTpuM npumeHeHue npeayiaraeMoro Meroja s Jns 06o0menHoro 3akoHa IlyaccoHa BeIpaxeHHE IS
pacueTa 0OCEpBOBAHHBIX KOOPIMHAT CY/IHA IPH pacripe- o

JICJICHUM TOTPEIIHOCTEH JIMHUIA MOJOXEeHUs Mo 0000- P) f(&)/ £ (&) MMECT CIeaYIOLHH BUL:

IIeHHOMY 3aKkoHy [lyaccoHa ¢ MIOTHOCTBIO:

2 ) 2
PO - 2B Staen- 5 =2 Sl S on S n-
O k=1 ko 2ko

o& og
B i{ak[ xp(-—S 5 =58 Satew- 5
CJ'IeJIOBaTeJ'ILHO'
? f (&) ) _ikﬁl{ak[iexp 2502_2 ¢ :Z:ll[ak %exp(— 25(272 )]
f($) gé[ak exp(— 252 b o2 él[ak exp(— zf; )]

Cucrema ypaBHEHHUH (8) A1 paccMaTpUBaEeMOro CITydasi IPHHAMACT
CJEeYIOIINHA BUI:

g2
Z[ KT XIO(— 2)]
%sma 0—'k; K 2|.(2 =0,
Zlo 0,2 ©
&t
Z[ K *eXIO(— )]
%cosa ji_ kolo K Z;ZO-i =0,
kgl[ak exp(— 2o ? )]

& =Xsinqa; +ycosa; — 1.
PaccmoTpuM perieHre noiayyeHHOH HeTMHEHHON cucTeMbl ypaBHEHUH METOI0OM IpocToit utepauuu. IlepBoe ypas-
HEHHE MOJKHO 3aITHCaTh B CJICTYIONIEM BHJIE:

a, —exp(——— a, —exp(———
x sin al E‘l[kk a 2ko‘i)] n sinao; E‘l[kk p( 20_')]Y _o
Zi 2 — 2 +izi 2 pr: (Ycosa; —1;) =
= i 1 = 1 1
[ay exp(— )l [ay exp(— )l
I(Z::l : 2kO'i2 I(Z::l K ZkO'iZ
OTKyIa
2
Z‘[ak —exp(— < 2)] [Monyunnu ypaBHEHHE, B JIEBOM YacTH KOTOPOTO
n sinoci =1 2kai HAXOAWTCS MCKOMasi mepeMeHHast X. AHaJOTHYHO, CO
Z 2 2 (r; -Ycosa; )] BTOPOTO YpaBHEHHUS CUCTEMBI (9) HAXOAUM BBIPAKEHUE
=l o i[ a i JUIS BTOPOI HEN3BECTHOM MepeMeHHOH Y
k
k=1 k0'i2
X = 5
o0 5
2.[ay '
i sin cxiz k1 K kazi
2 2
i=l o X
1 |
> [a, exp 5
=1 Ko;
$ oy Lexp(— 5] Slay Lexp(— 5y
n cos?a; = k 2ko? n cosa; = k 2ko 2 )
Yiz: 2 ! — 2 +izi 0_2' — 27 (Xsina; —r;) =0
- ! a, exp(——= - ! a, exp(—
kZ=:1[ k e 2k )] |<Z=:1[ k & 2ko )]
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2

o Slageec ]
Zcos;xi k=1 2 zai v -Xsinai )
T S en-—)]
k=1 2ko;
Y= — 2
, 2lag on(-—15)]
icosozi k=1 2ko;
i=1 02- © fiz
b Y la ep(-—")]
k=1 ko

I
IlomyueHHBIE ypaBHEHHsI COCTaBIISIOT CUCTEMY HEIH-
HEHHBIX YpaBHEHUI, KOTOpas pelaercs METOAOM Ipo-
CTBIX WTEpalMii, MPUYEM B KAa4eCTBE HAYAIBHOIO IPH-
OmmKeHUs MpUHUMATCI X =X H VY =Y
o o

Hauanpubie 3HaueHus: mepeMeHHbIX X U Y IOJCTaB-
JITIOTCS B TPEThE ypaBHEHHUE, 3aTEM TE )K€ IePEMEHHbBIE U

3HA4YCHUA &i NOACTAaBJIAKOTCA B IPABbLIC YaCTHU MEPBOIro U

BTOpOro ypaBHeHuil cuctems! (10), B pe3ympTare dero
pPacCUMTHIBAIOT OYepe/IHbIE MPHONMKEHNUS UCKOMBIX Iie-
PEMEHHBIX, KOTOPBIC SIBISIFOTCS MCXOAHBIMH JUISI O4epe]-
HOW wrepamuu. PacueT 0OCEpBOBAHHBIX KOOPIHMHAT TIO
N30BITOYHBIM JIMHHUSAM MOJIOKEHHS, MOTPEITHOCTH KOTO-
pBIX TogUMHSAIOTCS 0000ImeHHoMy 3akoHy I[lyaccona, c
momomipio (10) obecrieunBaeT MUHUMAIBHYIO KOBapHa-
LIOHHYO MaTPHIly BEKTOPHUAIBLHOW MOTPEITHOCTH.

13380:10)1188

1. Tlonmy4eHO aHATUTHYCCKOE BBIPAYKEHUE IUIOTHOCTH
BEKTOPHAIILHOW TMO3WIIMOHHOW MOTPEIIHOCTA TPU H30bI-
TOYHBIX M3MEPEHMSIX M MOKAa3aHAa BO3MOXKHOCTH €€ IMpH-
MEHEHMS IS pelIeHus 3a7ad OLEHKHM TOYHOCTHU HaBWra-

© 1 £ 1 1K Cy/HA.
" sing |<z—:1[ak Eexp(— 2k02) 2. TlokazaHO, YTO C MOMOIIBIO IUIOTHOCTH BEKTOPH-
2 5 (1 = Ycosa; )] IBHOM TIOTPEIIHOCTH HMEETCSI BO3MOXKHOCTH pacyera
i=l o i[a exp(— gi ] 3¢ (eKTUBHBIX 00CEPBOBAHBIX KOOPIUHAT CyIHA HE3aBH-
gk ko2 CHMO OT 3aKOHa paclpeeleHUs] MOTPEHIHOCTH HaBUTa-
— 1 - v
X= 2 ) LIMOHHBIX N3MEPCHHUIL..
, Z[akieXp(f Si 2)] 3. IlpuBeneHa cucTeMa pacyeTa KOOPAWHAT CyIHA C
nosinoy k=1 k ko NIPUMEHEHHUEM IUIOTHOCTU BEKTOPUAIBHOMN IOIPEUIHOCTH,
E o2 = 5_2 pacnpeneneHHol 1o 00001eHHOMY 3akoHYy IlyaccoHa.
b Y la ep(-—5)]
k=1 ko,
2
o0 l g
Y [a o)
0, coso; k=1 2ko'; .
> 5 (- Xsina; )
= - _
T Slaen-— )]
v_ k=1 2ko; .
= > ;
0 1 g
) 2lac on(-—)] (10)
D, cosa; k=1 2ko']
DR B 2
b Ylacep(-—"5)]
k=1 2ko;
& =Xsino; +Ycosa; —fj.
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Closeness of distributing of vektor's position error at the surplus measuring and its use.

1.1. Vorokhobin.

The closeness of vektor's error is considered at the surplus measuring and possibility of its application for the decision of tasks of
estimation of exactness of navigation of ship is shown.

It is shown that by the closeness of vektor's error is present possibility of calculation of effective coordinates of ship regardless of
law of distributing of error of the navigation measuring. The system of calculation of coordinates of ship with the use of closeness of
vektor's error is resulted, similar to the maximum likelihood method.

Keywords: navigation safety, vektor's error, closeness of vektor's error, calculation of coordinates.
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