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FORMALIZATION OF SITUATION OF DANGEROUS RAPPROCHEMENT OF VESSELS

Hayuonanvnuiii ynueepcumem "Odecckas Mopckas akademusi

Ilamakoe I0yapo Hukonaesuu
KaHOUOAam mexHu4eckux Hayx, OOyeHm,

"

OOPMAJIMBAIIAA CUTYAIIUU OITACHOI'O CBJIMKEHUSA CYJOB

Summary. Formalization of situation of dangerous rapprochement of vessels is produced. Formulas for the
calculation of parameters of relative motion of vessels depending on the parameters of their veritable motion are

resulted.

Analytical expressions for the calculation of values of time and distance of the shortest rapprochement of pair
of vessels are got. The condition of rapprochement of vessels depending on the parameters of situation of their

rapprochement is got.

AnHortanus. [IponsseneHa GpopManuzanus CUTyallll ONACHOTO COMMKEHUs CyaoB. IIpuBeneHs!r GpopmMyIast
JUIA pacyeTa apaMeTpoB OTHOCUTEIHHOTO ABMXKCHMS CYIOB B 3aBUCUMOCTH OT MapaMeTpOB UX UCTHHHOTO JIBU-

JKCHHUA.

[MonyueHbl aHANUTHYECKUE BBIPAKEHHS JUIs pacuyeTa 3Ha4eHHH BPEMEHH U AMCTAHIMU KpaT4aniuero cOomu-
JKEHUsI apbl cy0B. PopMann3oBaHO YCJIOBHE COMMIKEHUS CYJOB B 3aBUCUMOCTH OT MapaMeTPOB CUTYAIMU UX

COMMKEHU.

Keywords: safety of navigator, divergence of vessels, situation of dangerous rapprochement, parameters of

the shortest rapprochement of vessels.

Kniouesvie cnosa: 6€301aCHOCTh CYHAOBOXACHUA, PACXOXKIACHUC CYA0B, CUTyalllsl OIIAaCHOT' O C6J'II/I)KCHI/IH, Ima-

paMeTpsl KpaTJalniero cOMMKEHNS CyI0B.

IMocranoBka npodaemMbl.

CHmKeHue aBapuHHOCTU CyIOB IPH IJIaBAaHUU B
CTECHEHHBIX BOJAX SBJIAETCS OJHOW W3 BAKHEUIIMX
Mpo6JeM MOBBIMIECHHS 0€30MaCHOCTH CYJOBOXKICHHUS.

B ycrnoBmsx OBICTPOTEKYIIETO W3MEHEHUS HaBU-
TallMOHHOW OOCTaHOBKH IIPH IUIABaHUM CyJHA B CTEC-
HEHHBIX BOJaX CYJOBOJHTENb OJDKEH pPAacIojiaraTh
ONIEPAaTHBHBIMH METO/AMH OIIEHKH OIIACHOCTH COJH-
JKEHHS CYJIOB JUIl CBOEBPEMEHHOIO MPETyNPEKACHUSL
BO3MOXKHOTO CTOJIKHOBeHHMs. [losTomMy pa3paborka
MPOLEypsl OLEHKH ONACHOCTH CONMKEHHS CYAOB,
4yeMy MOCBSIILEHHAs JaHHAsl CTaThbs, ABISETCA aKTyalb-
HBIM U IEPCHEKTUBHBIM HayYHBIM HAllPaBICHHEM.

AHaNMU3 NOCJeAHUX NOCTHKeHUH M myOauka-
U.

Bormpocsl mpenynpexaeHus CTOJIKHOBEHUH Cy10B
paccMOTpeHbl B MHOTHX paboTax COBPEMEHHBIX yde-
HBIX. B pabote [1] mpuBenero moapodHoe nccieaoBa-
HHE METOJIOB JIOKAIbHO-HE3aBUCHUMOT'O YIPABICHUS U
paspaboran mMeTo]; (OPMHUPOBAHUS THOKHX CTpaTeruit
PacX0XAEHUs, a IPUHIUI BHEITHETO YIIPABIEHHUS IIPO-
[IECCOM PACXOXJICHUSI OMAaCHO CONMKAIOMINXCS CY/IOB
paccMOTpeHbl B pabote [2], B KOTOpOH Takxke NpHBe-
JIEH aHaJlu3 METO/0B UX peau3aliH.

B monorpadun [3] mpuBeneH MeTOI mpexymnpe-
KJICHHS CTOJIKHOBEHHS CyJIOB ITyTEM CMEIIECHUS Ha T1a-
paUIeTbHYIO JIMHUIO Ty TH. DKCTPEHHAsI CTPATETHs pac-
XOXKICHUS IIPU YPE3MEPHOM COIMKEHUH CYHOB IpEa-
noxkeHa B paborte [4], a B pabore [5] paccMoTpeHO
B3aUMO/ICIICTBHUE CY/IOB B CUTYallNH OMACHOTO COIMKE-
HUSL 1 BBIOOD CTPATErMu PAacXOKACHUS VISl peayIpe-
JKAEHUS UX CTONKHOBeHHs. CrpaTerus ymnpaBieHUsS

TpeMsl CyJaMu IS O€30ITacHOTO PACXOXKICHUS TIPeN-
JoXKeHa B paboTe [6]. a B myOnukanuu [7] s yKIOHEe-
HHUSI OT CTOJIKHOBEHHMS NPEATIOKEH HOBBIA (y33M-Me-
toa. B pabote [8] mokazaHo, 4TO UCHIONB3YS aHATUTHU-
YECKYI0 MOJIC)Ib MOPCKOi cucteMbl GIS MoxeT ObITh
MOJY4YE€HO TOYHOE MPOTHO3MPOBAHUE BPEMEHH CTOJIK-
HOBEHMsI U NI03ULMHU. IIpeyioKeH bl METOL JaeT one-
patopy CYZAC BO3MOXXHOCTb NPUHATHUS PELIEHUH MO
MIPEIYTIPEIKACHUIO CTOJIKHOBEHHUS CYIOB.

B pabote [9] paccmarpuBaercs U 0OCyXKIaeTcs
METOJI OIICHKH DPHCKa CTOJIKHOBCHHS C HCIOJIH30Ba-
HUEM peXMMa UCTHHHOTO JIBWXEHUS. B Hell BBomsATCS
muHAS TporHo3upyeMoro cronkHoBerus (LOPC) u
30Ha npensaTcTBuil Mo nenu (OZT) ansg onmeHKH pucka
CTOJIKHOBEHHS, 3TH 3HAYEHUS CBSA3aHBI C MCTHHHBIM
JBIDKEHHEM, B TO JTaeT BO3MOXHOCTD BBISIBUTH CHTYya-
UM OIACHOTO CONMMKEHUS M 00ecreunTh Oe30macHoe
MJIaBaHUE B CTECHEHHBIX Bojax. B padore [10] uznara-
eTcs TEOpeTHIECKoe 000CHOBaHNE aBTOHOMHOW CyHO-
BOH cUCTEMBI YKJIOHEHUS OT cTosikHOBeHUsa CA. OTme-
4aeTcsl, 4YTO UCCIEN0BaHMA 110 aBTOMATU3aLUH YIIPAB-
JIEHUS  CyITHOM  MOTYT  OBITh  IPEJICTaBIEHBI
KJIACCUYECKUM MOJXO0J0M, OCHOBAHHBIM Ha MaTe€MaTH-
YECKHX MOJENIAX M alfOPUTMAaX, WIH KOMIBIOTEPHOU
TEXHOJIOIMEH, UCIIOJIB3YIOLIEN NCKYCCTBEHHBIM UHTEIN-
JIEKT.

OCOOEeHHOCTH BHEIITHETO YIPABJICHUS IPOLECCOM
PACXOXIEHHUsI OMACHO CONMKAIONIMXCS CYIOB pac-
CMOTpEHBI B padoTe [2], A1 peanu3aiii KOTOPOTO HC-
MTOJIB3YIOTCS 00IACTH OTTACHBIX KYPCOB M OTTACHBIX CKO-
pocrteil mapsl CyI0B.
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BoiesieHne HepelIeHHBIX paHee YacTell 00mei
npood/ieMbl.

Jnsg nonydyeHus aHaJIUTUYECKUX BBIPAXKCHUU all-
TOPUTMOB BBIOOpa 0E30TAaCHON CTpaTEeTHH PacXoiKae-
HUS OIIACHO COJIDKAIOMIUXCS CYZIOB HEOOXOIMUMO IIpo-
W3BECTH (OpMATU3AIMIO CUTYallUd WX CONMKEHUS,

MO3BOJISIIOIIYIO 110 €€ MapaMeTpaM OLIEHUTh BO3MOXK-
HOCTh BOSHHKHOBEHHS CTOJKHOBEHHS CY/IOB.

easb craTbu.

Hembto craTthu sBIseTCs (hopManm3amus CHTya-
WY CONMDKEHHS IBYX CY/IOB JIJIsl OLIEHKH OTTACHOCTH MX
BO3MO’KHOTO CTOJIKHOBECHHSI.

N310:xeHHEe 0CHOBHOT'O MaTepuaJa.

HapaMeTpaMI/I CUTyaluun CcOMMmKeHus CYHOB ABJIAIOTCA MX OTHOCHUTCJIbHAs MO3UIUA, KOTOPAs BbIPpAaKaCTCA

MEJICHTOM aij H JTACTaHIUCH Iij’

a TaKKe MapaMeTphl IBIDKEHUS CYIOB Vi , Ki , Vj . K i Yrpo3sa cTonk-

HOBEHUS BO3HHKAET, KOTJa cyJa COMFKAIOTCS M IPOrHO3UpyeMasi AMCTaHLM Kpardaiiero commkenns MIN I i

MEHBIIIE IpeIeNIbHO-I0TyCTUMON aucTanimy. Haiinem Boipaxkenue aist MIN I

jj » IPE/IBAPUTENLHO NPUBE/Ls ¢op-

MYIJIbI IJI OTIPCACJICHUA OTHOCUTEIBHOTO KypcCa KOt " CKOPOCTH VO'[ CyaoB 13 pa6OTLI [2]

7T+ W, upua Vg, < 0O,

27t + Yy, TIPpH

W, IIpH Vg, = 0, Vg5, = O,

: M

Vo << O, Vg =0

8%

Vo =DV + V7P -2V, Vcos(K; - K;)TY?.

rae Y =arcsin[(V;sinK; — V;sinK ;)/Vy ]

V_ =VsinK; —VjsinKj;

otx

ot

V v - ViCOSKi - VJCOSKJ "

J1ist BBIBOJIA aHATTMTHYECKOTO BBIPAKEHHS AUCTAHIMU KpaTtyaiimero commkenus MIN Iij HalileM TepBYIO

al;

IIPOU3BOJHYIO TEKYLIEH JUCTaHIIUU |IJ 10 BpEMEHHU t, T.€. ——— , YUUTHIBAs, YTO BHIPAKEHUE NS IlJ HMEET Clle-

JYIOLMNA BUJ:

I Z\/(ii —E&D%+Mmi —mj?

rne E.:i ' Mi = &_’ i n i COOTBETCTBEHHO KOOPAHMHATHI 1-TO U |-TO CYJOB.

CHe}lOBaTeIIBHO, MOKHO 3a1umcaTh.

ol
ot

o
=aw(ai — &2+ i —m P31

HudpdepeHuypyst ¥ y4UTBIBas, 4YTO ?.;,i:\/isinKi, f]iz\/iCOSKi, Z:‘rijzéi_éj u

nij =" —T]j,nonyan:

Iij —

IIpupaBHMBas NEPBYIO NPOU3BOAHYIO K HYJIIIO, IOJIyUUM:
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TCKyH.[I/Ie 3HAYCHU Pa3HOCTHBIX KOOPpAWHAT éu n nu ONPEACIIAIOTCA Q)opMynaMH:
t
é;ij = iljo — _[(ViSinKi — VJSiI"IKJ )dT
(6]

t
Mij = Nijo —_|'(VicosKi —VjcosKj)dr'
(0]

IMoncrasinss nomydeHHBIE (POPMYIIBI B IPEABIAYILIECE YPAaBHEHNE, HAIIIEM BBIPAXKEHHE IS PACUETa BETHIHHBI

mintij :

mint j;
(0}
mint j;
:_|:Tlij0 — | (MicosK; —VjcosKj)er (VicosKi —VjcosKj).
(0]

B cnydae mporHo3MpoBaHUS, YYUTHIBas, YTO CyAa PEaIM3YIOT B NPOrPAaMMHBIX TPACKTOPHIX IBHKECHUS
YYaCTKH JIOKCOAPOMUU C TIOCTOSTHHON CKOPOCTBIO, MOKHO MPEANONI0XKHTh, YTO HA Y9aCTKE JOKCOIPOMHH 3Hade-
HUS NApaMETPOB ABHKEHHSA CYZ0B HEU3MEHHBI. ECITU €CTh OCHOBAHUS MPEANOI0KHTD, YTO 3a HHTEPBAI IPOrHO3a
peann3yercst HeCKOJIBKO Y9aCTKOB IPOrPaMMHOI TPaeKTOPHH, TO AJISl TPOTHO3a KOPPEKTHEIM OYyJET AOMyIICHUE
0 OE3bIHEPIIOHHOM ABMXEHHUH CY/IOB C HEU3MECHHBIMH IIapaMeTPaMH JIBIKCHHS.

PaccmoTtpum citydaid, Koraa 000OMMH CyZlaMH pealu3yeTcsl TOJIBKO OAWH y4acTOK TPAGKTOPHH JIBIKCHHUS C

W3BECTHBIMHM M HEU3MEHHBIMHU MapaMeTpaMU JBIKECHUS Vi , Ki , VJ , K i B stom ciydae ypaBHenue (3)

MOJKHO 3aIicath B cieayromem, yaoouom s moucka IMING; | suze:

ij >
[iijo —(VisinKi —VjsinKj)mintij ](VisinKi —VjsinKj)z
= —[nijo —(VicosKi —VjcosKj)mintij (VicosKi —VjcosKJ—).

[Tocne anrebpanyeckux Mpeodpa3oBaHU MOIYUHM CIIEIYIOIIee BEIPAXKECHHUE!

mintij[(\/isinKi —VJ-sinKJ-)2 +(\/isinKi —VjsinKj)z]
= &jo (MisinK; — V;sinK; )+ njo (V;sinK; — V;sinK )

O6paH.[aeM BHHMMAHHUEC Ha CIIPABCUIMBOCTD CJICAYIOMICTO COOTHOIICHUA:
(VisinK; — V;sinK ;)2 + (V;sinK; — V;sinK ;)2 =
2 2 2 .
— V2 +VZ -2V cos(K; —K;)=VZ;;
1.¢. MHOXHTenem nepen MINE j ABIACTCS KBajIpaT OTHOCHTEJIbHOM CKOPOCTH.

CHe}lOBaTeIIBHO, MOKHO 3anucaTh.

mint, — 1 |: ) (VisinKi —VjsinKJ—) (\/icosKi —VjcosKj):|.

+ Mii

jo ijo
Votij M oti Votij
CornacHo BeIpaxkeHuto (1), cipaBeyIuBbI COOTHOIICHHUS :

(VisinK; —VjsinKj)_SinK ;
— -
Votij o
(VicosK; — VjcosK;)
VOt

— 1
= COSK g
ij

a TaKKE€ CIIpaBCAJIMBBI COOTHOIICHU A
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éijo = |ijOSIn0Lij0 ; Nij, = |ijOCOSC1ij0 :

B aTux BBIPAXKCHUAX IIJO n aljo - Ha4aJIbHBIC 3HAYCHHUA AUCTAHIIUU U IICJICHIA. C Y4€TOM NMPUBCACHHBIX

COOTHOIIICHUH MOJYYUM aHAJIUTUYCCKYIO 3aBUCUMOCTD,

COZIEPIKALLLYIO mintij :

cosajj CosK g 1’

. 1 N -
mlntu :T[Iﬁoslnaijosanotij -+ Iijo

otij
WJIN OKOHYATEIIbHO 9€PE3 NMMapaMeTPhl OTHOCUTEIIBHOTO ABUKCHUA:

Iij OCOS(KOtij b aijo ) ) (4)

N otij

mint;; =

Haiinem BeIpaxkeHHe Ul pacdeTa MHHHUMAJIbHOW AWUCTAaHIIMU mlnlij . JIns sToro BHavane HeOOXOAUMO

HA}TH 3HAYEHHUS PA3HOCTHBIX KOOPIWHAT &ij u T)jj Ha MOMCHT BpEMCHH I'TIII’ItIJ :
é;ij (mlntij):(:ijo —(ViS|nKi —VjS|nKj)rn|ntij;

IMoacTaBuM MoNyYeHHOE BhIpakeHue (4) st mint ij -
_)IijOCOS(Kotij — Qjo )
J

Votij
_)IijoCOS(Kotij — ajo ).
J

Vot

i (mintij)z Siio —(\/isinKi —V;sinK

MNij (mintij)znijo —(VicosKi — VjcosK -
i
Y‘{I/ITLIBaFI paHee HOHy‘IeHHOC BBIpa)KCHI/Ie, 3aIIMChbIBACM.:
gii (minty; ) = Ijosino;, — 1j0cos(Kogy — otijo BINK o5+
i (Mint; )= 1,c0s040 — 1joCOS(K ot — tijo JCOSK oy -

Haﬁl[eM KBaJApaThbl PA3HOCTHBIX KOOPAUHAT:
2 = 2 - _ .
é’;ij (mlntij )z | iio [smaijo — cos(Kotij — ocijo)smKotij ]2
2 (i 2 2
ni (mmtij )z | o [COSOLijO — cos(Kotij — ocijo)cosKoﬁj ] v
OTKyJa CIEAYyCT:

: 2 2 - 2 - 2 s 2 2 2 02
(mlnlij) =§“ (mlntij )+T]|J (mlntij)= IijO[S|n aijO + COS (Xijo + COS (Kotij —(Xijokln KOtij +
2 2 . .
+ COS (KOtij — G’ijO kOS KOtij — ZSInaijOCOS(KOtij — aijO %InKOﬁj —
— 2¢0Satj COS(K i — tijo JCOSK i 1+

WJIM N10CJIE TPYIIUPOBKY YJIEHOB!

(minlij )2 =15 [1+cos? (Kotij - aijo)(sinzKotij +CoS?K oy )—
— ZCOSOLijOCOS(Kotij — )cosKotij ]z Iﬁo [1-+cos? (Koﬁj — o )(s,inzKOtij +COS°K g )—

—2c08(K o — 00 )(SiNajoSinK o + COSatyj,CoSK o |-
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HpOI/I?)BO,HI/IM ,Z[aﬂbHeP'ILHIzIe Hpeo6pa30BaHI/I${:
. 2 2 2
(mmlij ) =1, [1+ cos (Kotij — Qjjo )— 2Cos(Kotij — Qjjo ) COS(Kotij — Qjjo )]=
2 2
=i, L cos (Ko — ot |
. 2 .

CrenoBarensHo, (mlnlij ) =| 2 Slrl2 (Kotij — aijo ), OTKy/a:

ijo

minlij —— IijoSin(KOtij —ocijo) (5)

Taxum 06pa3om, ¢ MOMOIIBIO BEIpaXeHHi (4) U (5) MPoU3BOANTCS pacyueT BEINUUH min tij u min |IJ .

J1J1 BOSHUKHOBCHHUSI CUTYAIIMH OTIACHOTO COJIMKEHHS HEOOX0IUMO, YTOOBI Cy/1a CONMKAIUCH, T. €. D<0

.Haiinem BoIpaskenue st D & sasucumoctn or rapaMeTpOB CUTYaIMHU cOMmKeHus. J{is aToro paccMoTpuM puc.

1, Y4uThIBasd, YTO B OTHOCUTCIIbHOM JIBMKCHUHN HCTIOABUKHBIM ABJIACTCA CYAHO C2 . HOSTOMy us3

puc. 1 cnenyert:

D=V cos(a—Kg)-

OOparaeM BHUIMaHHUE, YTO P COIMMIKEHUH CYJI0B D<0 , 9TO CIIpPaBeUIMBO MPH O0<a- Kot <m/2

. Tak xak PAaBCHCTBO o — KO’[ s TE/ 2 HUMCECT MCCTO B MOMCHT BPEMCHHU t = T ., TO 10 MOMCHTA BPEMCHHA
min

T . 3HaK D?IBJ'I?IGTC?[ HCU3MCHHBIM.
min

Honaraﬂ, YTO CKOPOCTHU CyHOB Vl u V2 SABJAKOTCA HECU3MCHHBIMHU, PACCMOTPHUM 3aBUCUMOCTb CKOPOCTHU

D or KypCOB CYyJIOB Kl u K x W3 nmocieHero BEIpakeHUs MOTyYuM:

D = -V [cosK cosa + sin K sino] (:6)

D N

\ /]

T Ol

TARE
t Dt
v

ot

D

Cq

Puc. 1. Onpedenenue eenuuunul D
Panb1ie nony4nny BeIpaskeHUs:
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sSInKy; =

Vot

C ydetoMm 3TOr0 BRIpaKeHHE (6) MPUHUMAET BU;

_ VisinK; —V,sinK, 0sK

_ VjcosK, —V,cosK,
ot — '
Vot

D =—[(V4cosK; — V,cosK,)cosa + (V;sinK; —V,sinK,)sina].

PackpoeM CKOOKH U TPYIITUPYEM:

D =V, (cosK, cosa + sinK; sina) - V, (cosK, cosa + sinK , sina)], w

D =V, cos(K; - @) —V, cos(K,, - @)]-

OKoOHYATEIHLHO BBIPAXKCHUE IJIA OINPCACIICHUA U3MCHCHUA JUCTaAaHIIUN D MMPUHUMACT BUI:

D=V, cos(K; - &) — V; cos(K; - @)
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APPLICATION OF MAXIMUM LIKELIHOOD METHOD FOR ESTIMATION OF EFFECTIVE
COORDINATES OF SHIP

Bopoxooun Hzops Hzopesuu

KaHOuoam mexHuueckux Hayk, oexatn gakyromema MIIuT,
Hayuonanvnouii ynueepcumem "Oodecckas mopckas akademus”

HNPUMEHEHUE METOJA MAKCUMAJIBHOI'O ITPABJJOIIO0OBUA JIJISA ONEHKA
IOPEKTUBHBIX KOOPAUHAT CYJIHA

Summary. The maximum likelihood method of calculation of coordinates of ship is considered for different
laws of distributing of their errors. Analytical expressions of calculation of coordinates of ship are got, providing

their maximal exactness.

The imitation design is conducted, the results of which confirmed correctness of analytical expressions of
estimation of efficiency of the coordinates expected by a least-squares method at distributing of errors of lines of

position on the mixed laws of both types.

AHHOTalIl/Iﬁ. PaCCMOTpeH METOA MAKCUMAJIBHOI'O HpaBJIOHOILO6I/Iﬂ pacuera O6C€pBOBaHHLIX KOOpJAUHAT
CyIlHa JUId pa3IUYHbIX 3aKOHOB PacIpeleIeHHUs UX NOrpeHocTel. I1onydeHbsl aHaIuTUYECKUEe BBIPAYKEHUS pac-
4yeTa 00CepBOBAHHBIX KOOPAUHAT Cy/IHA, 00CCICYMBAIONINE UX MAKCUMAILHYIO TOYHOCTb.

HpOBe)ZLCHO UMUTAIIAOHHOC MOACJIMPOBAHUE, PE3YJILTATBI KOTOPOT'O MOATBEPANIIN KOPPEKTHOCTL aHAJIUTH-
YECKHUX BI:.Ipa)KeHI/Iﬁ OLICHKH SQ)CPCKTHBHOCTI/I 06cepBOBaHHLIX KOOpAUHAT, paCCUNTAHHBIX METOAOM HAUMCHBIINX
KBaJApaTOB IPHU pACIIPEACICHUN HOFpeLHHOCTefI JIMHUH TOJIOKEHHS 110 CMEIIAHHBIM 3aKOHaM 00OMX THIIOB.

Keywords: navigation accident rate, least-squares method, maximum likelihood method, estimation of effi-

ciency of coordinates.

Knrouesvle cnosa: nagueayuonHas asaputinocnb, Memood HAUMEHbUIUX KEAOPAMOs, Memoo0 MAKCUMATLHO20
npagoono0odus, oyenka sgpgexmusHocmu 06Ccep8oBAHHBIX KOOPOUHAM.

IHocTaHoBKa MpPoOJIeMBI.

OOecricueHre HaJICKAIIETO YPOBHS 0€30MacHo-
CTH CYHOBOXAEHHUS CYIIECTBEHHO 3aBHCUT OT TOYHO-
CTH KOHTPOJIS MeCTa CyJHa IpH IUIaBaHUH B CTECHEH-
HBIX Bojiax. Kak mokasai aHajmu3 CTaTUCTHYECKUX Ma-
TEPHAJIOB MOTPEITHOCTEH HABUTAI[MOHHBIX H3MEPCHHUH,
B psiJie CIydaeB IOTPEITHOCTH HE MOIYUHSIOTCS HOP-
MaJIEHOMY 3aKOHY pacIpelelieHHs U B cirydae U30bI-
TOYHBIX H3MEPEHUH MPH pacueTe KOOPAUHAT CYIHA T10
METOAY HaNMEHBIIUX KBAJPaTOB IMPOUCXOIUT IOTEPS
X TOYHOCTH, Yero MOKHO H30eXaTh, IPUMEHSS IS
pacueTa KOOpIMHAT METOJI MaKCUMAJILHOTO MPaBJOIO-
JO0MSL.

AHaIU3 NOCJeAHUX NOCTHKeHUH M myOauka-
LU,

Bo MHOrHX paboTax OTEYECTBEHHBIX U 3apyOek-
HBIX YYEHBIX OCBEIICHBI BONPOCHI MOBBIIICHUS TOYHO-
CTH ONpeeNeHUs MecTa cyAHa. Pe3ynbpTaTel aHamusa
CTaTUCTUYECKUX MATEPHAIOB TOUHOCTHU OINPENECICHUS
MECTa CyJIHa C IOMOULIbIO MPUEMHUKA CITyTHUKOBOH pa-
JIMOHAaBUTAI[MOHHOW CHCTEMBI IIPE/ICTABIIEHBI B paboTe
[1], koTOopble MOKa3adu, YTO MPEAINOJIOKEHHE O pac-
HpeJeNeHUN CIy4aiHbIX NOTPEIIHOCTEN ONpeneneHus
IIMPOTHl M JIONTOTHI 1O 3aKoHy ['aycca He sBiseTcS
KOPPEKTHBIM U TpeOyeT aJIbTepHATHBHOTO MOIX0A.

B paborax [2, 3] paccMaTpuBaroTCs BOIIPOCHI 3a-
KOHOB paclpeieicHUs] BEPOSITHOCTEN NOrpelHOCTEN
HABUTAIIMOHHOW M3MEPEHH MCXOJHON BBIOOPKH, KO-
TOpast SABJISIETCSI CMECHIO YaCTHBIX BEIOOPOK HOPMaJIEHO
paclpesieIeHHbIX TMOTPELIHOCTER ¢ pa3sHOM Aucrep-
cueil. [Ipemioxena npouenypa oueHKH dPPeKTHBHO-

CTH O6CCpBOBaHHLIX KOOpAUHAT CyJaHa C YUCTOM CME-
UIAaHHBIX PACIPEAEICHUN HNOTPEIIHOCTEH HCXOAHOM
BBIOOPKHU.

B pabotax [4, 5] mpencTaBieH aHAJIU3 CTaTUCTH-
YECKUX JaHHbIX HOFpeIHHOCTeﬁ HaBUTAITUOHHBIX U3ME-
pEHUi, TOTyYeHHBIX B HATYPHBIX HaOIIOIEHUSIX, KOTO-
PBIi MTOKa3al, YTO IOTPEIIHOCTH HaBUTAIMOHHBIX H3-
MEpEHHH He TOMYMHSIIOTCS HOPMAIBHOMY 3aKOHY
pacripeseneHus.

AHanu3 BEIOOPOK CITyYalHBIX IMOTPEITHOCTESH H3-
MEpEHHI HaBUTAIIMOHHBIX ITapaMeTpOB MPOM3BEICH B
paborte [6] 1 mOKa3aHO, YTO HANOOJBIIIEE COTTIACHE CTa-
THUCTUYECKOTO MaTepraia C TCOPETUIECKUM pacipese-
JICHUEM JIOCTHUraeTcs I 3aKOHOB, OTJIMYAIOUTUXCS OT
HOPMAJIFHOTO 3aKOHA.

B srom ciywae, kak ykazaHo B paborax [7, 8],
TMPUMEHCHUEC METOJIa HAMMCHBIIUX KBAaJAPaTOB IJIA pac-
yera 00CepBOBaHHBIX KOOPJIUHAT CylHA HEe 00ecredn-
BaeT BO3MOXKHOCTH MOJIy4eHHS UX 3(P(HEKTHUBHBIX O11e-
HOK. [ToaTomy 1 nosrydeHust 3¢ QEeKTUBHBIX OLIEHOK
00CepBOBaHHBIX KOOPJMHAT Cy/IHA CIIEAYET UCIIOIb30-
BaTh METOJI MAaKCUMAJIBHOTO TIPaBIONOA00NS, yUUTHI-
BaIOIIMIl JEHCTBUTENLHBIN 3aKOH paclpesieeHus Mo-
rpemHocTeil. J[aHHOE OOCTOSTENHCTBO B HACTOSIIEE
BpPEM HC YUYUTHIBACTCA, U COOTBETCTBYIOIIUEC aHAJTUTH-
YeCcKHe BBIPAKEHUS MOTydeHHs 3((HEeKTUBHBIX OIIEHOK
OTCYTCTBYIOT.

BoinesieHue HepellleHHBIX paHee YacTeii o0uei
npooJieMbl.

Kak noka3spiBaeT aHajIM3 pacCMOTPEHHBIX PadoT,
IIPY U30BITOYHBIX M3MEPEHHSIX HAaBUTAL[MOHHBIX Iapa-
METPOB pacyeT 00CEPBOBAHHBIX KOOPJIMHAT CIEIyeT
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MPOU3BOJUTH METOJOM MaKCHUMAaJIbHOTO NMPaBAONOAO-
Ousl c y4eToM 3aKOHa pacIpeieleHHs BEpOATHOCTEH
CIIyYalHbIX MOTPEIIHOCTEN U3MEPEHUs, YEM JOCTHUra-
eTcsl MaKCHMaJIbHast TOYHOCTB OTIPEIENSIEMbIX KOOPIH-
Hart. [Ipn 3TOM HEOOX0AMMO pacrosarats aIrOPUTMOM
pacdera KOOpJHMHAT Cy/Ha C YIE€TOM 3aKOHA pacipese-
JIEHUS BEPOATHOCTEH CITydyalHBIX NOTPELIHOCTEN U3Me-
PEHUsI HaBUTAIIMOHHBIX MapaMeTpoB, (GpopMHpOBaHHE

HN3n0keHne 0CHOBHOTO MarepuaJia.

KOTOPBIX SIBJISIETCS MPEAMETOM HCCIEI0BAHUS JaHHOU
CTaTbH.

easb craTbu.

Hembto craTey ABnseTcs pa3paboTka aHATUTHIC-
CKHX BBIpaXXEHHI pacyeTa KOOpAUHAT CyIHA IIPU HaJIU-
YUK M30BITOYHBIX WU3MEPEHUSIX HABUTAIIHOHHBIX Iapa-
METPOB METOIOM MaKCHMAalFHOTO TIPaBIONoaodus,
KOTOPBIM YYUTHIBAET 3aKOH PACTPEIEICHUS BEPOATHO-
CTel MOTPEelIHOCTEN HABUTALIMOHHBIX U3MEPEHMUII.

OcHOBHO# Mepoii MOBBIIIEHNUSI TOYHOCTH OIPeAETICHHUs 00CEPBOBAHHBIX KOOPIUHAT CyIHA SBISETCSA UCHOIb-
30BaHUE U30BITOYHBIX JIMHUH TTOJIOKEHUS [4], y4eT KOTOPBIX IIPOU3BOAMTCS. METOJIOM MaKCUMaJIbHOTO TIPaB0Mo-
no6ust. Kak ykaspiBaetcs B pabote [9], cuctema ypaBHEHHUI IPaBAoo 00K UMEET CIIEIYIOIIUI BU:

—~

J

m
> " coso,;
i—

o

f =)D
67& i(fi)

. (&)

pr— O’

M)

o,

&; = Xsino; + Ycosa; — I

rae O u [j - cOOTBETCTBEHHO HATPaBIIEHHE U IEPEHOC i - # N nomoxkenus (JIIT); fi (g i ) - IIIOTHOCTh

pacopeaciacHus NOrpeirHOCTH U3MCPCHUA gl )

N - YHCIIO JTUHHUH HOJIOKCHU.

B ciaygae HopmanbHOTO pacnpeneneHus norpemsoctei JIIT éi BBIPAKECHUS TSI TIOMCKA 3 QEKTUBHBIX OLle-

HOK IpUpatieHusa KOOPAUHAT HAXOAUM, YUUTbIBAA aHATUTHYCCKUN BUA IJIOTHOCTHU paCpCaACICHUA:

fi(&.’i):f(&.’i):\/2——n

2

exp(- S )
Oj 2c7

1

Jnst cocraBneHus ypaBHeHUi npasaononoowus (1) crenyer HailTh BhIpaXeHHUSI:

j— 1 -
65 fi(&) = NS 65,[e IO(

fi(Si)

2 2

)]

- 2 2
o4, 1 & 1 5 &
= exp(- exp(-——) =—=L-
f, (&) \/ o, G P( 20_2) N 21, P 262 Giz
[ostomy (1) mpuHEMaeT BUA:
N §
> _sinoy; =5 = ’
i—1 S
S cosax i'z — O,
i— S

C Y4YE€TOM HOCJICAHEIO paBEHCTBA IPUBCACHHOI'O BbIPAKCHU !

C

n sin? o, n coso,; Sino; 1, sina;
X>——++Y2 > ——+-1, =0,

i=1 G, i=1 (5, i=1 Oj

N CcoSa; SiNa; n cos? o; & cosa;
X>——5—+Y2X ->——+1 =0,

i=1 (5, i=1 (5, i=1 Oj
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nimn

AX + BY =C,
BX + DY — E,

rae
= 2
N sinM le'4
AN\ ZZ = P,
| === Gi
N coso: SiNo;
B=> L= i,
i=1 Gi
N sinNoc;
c=>="""r
=1 Gi
n cos®o; |
D = Z =
=1 Gi
N CoOso:
R 1
E — Z = r;

Pemas mocnenHio0 cucteMy ypaBHEHHH, MOMy4nM 3HadueHHs X u Y, sBisronirecst 3pQeKTUBHBIMA OIICH-
KaMH IPUPAIICHAN CYNCINMBIX KOOPIUHAT,

T. €. AXC: X, AYC =Y, npuyem:
AX.= cb — BE ,AY,= AE — BC. &)
AD B2 AD — B2

JJis cMeIaHHBIX pacTpeIeieHui IepBOro U BTOPOTO THIIA INIOTHOCTD pacIpeieIeH s B 00IIeM BIIE MOKHO
3ammucaTth CIeAYIImNM oopaszom [9]:

fs(%i) =

AS
(EZ/2+ )P

e AS - HOPMUPYIOIUH MHOKHTEIIB;

N+bu ﬂ’l - COOTBETCTBEHHO CYIIECTBEHHBIH M MAaCIITAOHBINA ITapaMeTPBbl pacIipeaeIeHHs.

Haiinem BolpaskeHus:

d 0 1 - | 1 |
aigifs(gi)_As oF [ (§?/2+Ai)n+b]— As(n+Db)E; ©2/2+ A)" b
ITosTomy
0
7fs(§|)
o , 1 1 -
f (&) As(n+b)i.[(éiz/2+ﬂi)mbﬂ]/As[(é?/2+/1i)n+b]
— —(n + b) Si

5 .
& /12+4)
Cucrema ypaBHEHUI MPaBaOIOA00HS ISl paCCMATPUBAEMOTO CITydasi IPUHUMAET CIIEIYIONIHA BT

S sina; (n + b) Si

i—1 E2/2+24) @)
4 Si _
ELCOSOLi (n + b) /25 ) — 0,

g; =2>Xsino; + Ycoso; — ;.
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PaccmoTpuM pelleHue Mony4eHHON HEITMHEWHOW CHUCTEMBbl ypaBHEHHH MeTOJoM mIpocToil urepanuu [10].

Jig 3TOro B YMCIMTENM HEPBBIX ABYX ypaBHEHHH (3) MOJACTaBIsAEM BBIpAXKCHHE IS &i , COKpallas UX Ha

(n+b):

n._ . Xsino; Ycoso; —I;
> sina; ( %i 2+ % —h) _ 0,
i—1 Er/2+ 4)
n Xsinao; Ycosa; — I
> COSsq,; ( ad 2+ i i) =0.
i=1 & /2+4)
IlepBoe ypaBHEHHE MOKHO 3alIUCATh B CIEAYIOLIEM BUAE:
SInOL
- Ycosao;
[§(§ /2+/1,) ')].
X prmm—
n sin“a,
= (&7 /12+4)

[Tonyunnu ypaBHEHHE, B JIEBOM YAaCTH KOTOPOTO HAXOJIUTCS MepeMeHHas X.

AHAJIOTU4HO, CO BTOPOTO YPaBHEHUsI CUCTEMBI (3) HAXOANUM BbIPAXKEHHUE JIJIsl BTOPOil HEN3BECTHOMU MEpeMEH-
HOM Y

n COSsq;

%(8/2 /1)

n cos® o,
(&7 2+ )

r, - Xsino; )
Y = '

[Tomy4yeHHBIE ypaBHEHHS COCTABIISIIOT CUCTEMY HEJIMHEHHBIX YPaBHEHHH, KOTOpas pemaeTcs METOAO0M Ipo-
cThIX uTepanui [10], mpuuem B kadecTBe HAYAILHOTO MPUOIIDKEHUS] TPHHUMAIOTCS X=X a¥Y=Y.
PaccMoTpuM mpuMeHeHne MeToJla MaKCHMaJbHOTO TPaBJONoA00us ISl pacuyeTa 00CepBOBAHHBIX KOOPIH-

HAT CyJlHa MIPH paclpeieleHUH MOTPEeIIHOCTEeH JIMHUH MOJI0KEHHS 110 00001eHHOMY 3aKkoHY Ilyaccona. [l pe-

aJM3alyy METO/1a MaKCUMAaJIbHOTO TIPaBIOII000HsI HEOOX0IMMO COCTABUTh (PDYHKIIMIO MPABJIOIIOI00MS, UCTIOIb-
3y BeIpakeHHe s miotHocTH [11]:

f(é)——Z[akexp(— .}

2ko
rIe
ck -1
B_expCo), , _c" 3
~ 27 k!
0
st 06061menHoro I1yacCOHOBCKOTO pactpe/iesieHUsT BRIpaKEHUE AT —— f (5 )/ f (f ) UMEET CIeYI0-
IIUH BUIT:

of d 2
8(55) 5{ Z[ak Xp é 2

B e E
Y e ol

B L S altent n=—5 S allen ot

CrnemoBaTeNbHO:
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o B el g £ 1 &?
— f(&) S S {a [—exp(——>— = —
oF _ 3 gl{ k[k p( oK 2)]}= e kZ=Zl[<’:1k % exp( ko ? )]
f($) B = £2 o’ = £2
=S [a, exp(——2— a, exp(——2
- El[ k eXp( ko2 )] El[ K exp( oko? )]

Cuctema ypaBHEHHH NPaBAOIOAO0US I pacCMaTPHUBAEMOTO CITydast IPUHUMACT CICIYIOINI BUM:
~

2
. e exp(— 5=t )
> sine; =4 " = — o,
i—1 o5 = o
| Slau exp(— 5=t )]
oo 2
i e exp(— 52t )]
> cosa, =452 = — o0,
i—1 oT &= o
k Sraw exp(— 5=t )]

E; = Xsino; + Ycosqg;

—T.

PaccMoTpuM pelieHue ony4eHHON HETMHEMHOM CUCTEMBL YPaBHEHUM METOOM IIPOCTOM urepauuu. Ilepsoe

YPaBHCHUEC MOKHO 3allMCaTh B CJICAYIOIIEM BUJC!:

Z [a, — eXp(_

572)]

Zn:sin(;ci k=1 2k26i (r, - Ycosa,; )]
i-1 o S[a, exp(—iz)]
k= ko
X = 52
n Sino(,i2 kz_:l[ak 7exp(_TO'2i)]
iZ;;L oZ st ";:'2
kZ:“l[ak exp(—TO_iz)]

HOJ'Iy‘II/IJ'II/I YpaBHCHUC, B JICBOI1 YacTH KOTOPOI'0 HAXOAUTCS UCKOMAs IEPEMEHHAA X. AHaJ'IOl"I/I‘IHO, CO BTO-
PpOro ypaBHCHUA CUCTEMbI HAXOANM BLIpa)KeHI/Ie JUIA BTOpOﬁ HEU3BECTHOM HepCMeHHOﬁ Y:

Z [a, — exp(—

fi 2)]

n COS;Xi k=1 k20'i (r, - Xsino, )
i-1 o o ft

b S [acexp(——5)]

k=1 2k0'i
Y = sz
a —ex —
n cosa; kzi[ « P(= 2ko? ]
= o < fiz

k=1

IlomyyeHHble ypaBHEHMS COCTaBIISIIOT CHUCTEMY
HEJIMHEMHBIX YpaBHEHUH, KOTOpasl peIaeTcs METOA0M
IIPOCTBIX UTEpalMi, IPUYEM B KaueCTBE HAYaJILHOIO

MPUOIMHKEHUS TPHHAMAIOTCS X=X u¥Y=Y.
0 0

HayanbHble 3HaueHuss nepeMeHHbIX X U Y MOj-
CTaBJISIIOTCSL B TPEThE ypaBHEHHUE, 3aTE€M Te€ Ke Mepe-

MCHHBIC U 3HAUYCHUA E—’l TIOJACTABJIAKOTCA B IIPABBIC Ya-

CTH IIEPBOT0 U BTOPOTO YpaBHEHHUH CHCTEMEI, B PE3yJIb-
TaTe YEro PacCYUTHIBAIOT OYEpEIHBIC MPHOIMKECHUS

> [a, exp(— ok

)]

T

HUCKOMBIX IE€PEMEHHBIX, KOTOpBIE SIBIISIOTCS UCXOI-
HBIMH JUIs ouepetHol urepanuu. Pacuer o6cepBoBan-
HBIX KOOPAWHAT 10 W30BITOYHBIM JIMHISIM MOJ0XEHNS,
TOTPENIHOCTH KOTOPBIX TOJTIUHSIOTCS 0000IEHHOMY
3akoHy IlyaccoHa, ¢ MOMOIIBIO MpPEIaraeMoro ajiro-
puTMa obecrieunBaeT MHHHUMAJBHYIO KOBapHaIHOH-
HYIO MaTpPHUIy BEKTOPHAIBHOHN ITOTPEITHOCTH.

Jlist onierkw 3 PeKTUBHOCTH 00CEPBOBAHHBIX KO-
OpJMHAT, TOJy4eHHBIX NpH n30bTouHbx JIII u pac-
CUMUTAHHBIX METOJOM HAaHUMEHBIIUX KBaJpaTOB IIPOBO-
JUIIOCh UMUTAILMOHHOE KOMIIBIOTEPHOE MOJAEIHPOBa-
nue [9]. IlpuueM paccMaTpuBalIMCh CIydad, Korja
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MOTPEIIHOCTH JIMHUN TOJIOXKEHUS MOAYUHSIIUCH HOP-
MaJbHOMY 3aKOHY, a Tak)Ke CMEIIaHHBIM 3aKOHaM Iep-
BOTO W BTOPOTO THIIA.

VMuTanmoHHOE MOICITMPOBAaHHUE IIPOBOAUIIOCH IO
clenyromeMy anroputMy. BHawane mo BeIOpaHHOMY
3aKOHY paclpe/ielieHns] TeHepHpoBaiach BEIOOPKA MO-
rpewHoctelt JIII, coctosamas u3 1000 wienos. Pacuer
KOOPJMHAT KaI0i 00CEpBOBAHHOIN TOYKH MPOH3BO-
JIWIcs 1o 8 JMHUAM MOJIOKEHUS, IPUYEM DJIEMEHTHI

JIIT (nepenocwt [ u nanpasnenus rpanuentos O )
3a/1aBAJINCh OTHOCUTEIILHO HCTUHHOTO MeECTa CYyJHA.

ITosTOMy mepeHochl ri JIMHUM TOJOXKEHUS PaBHbI UX

MOTPENTHOCTSIMH &i . Ilpn nMATaIMOHHOM MOJEIHPO-

BaHWM HamnpasicHus rpagueHtoB Ol BbIOMpanuch

pasubiMu 30°, 75°,120°, 165°,210°,255°,300° n 345°.
Vcrionb3ys creHepupoBaHHYIO BEIOOPKY, MOXKHO HOTY-
guTh 125 00cepBOBaHHBIX TOYEK, IPUPAIICHUS KOOP-
quHAT X 1 Y KOTOPBIX SIBJISIOTCS NMPOECKIUSIMH BEKTO-
pHANBHON TOTPENIHOCTH, MO3BOJIIOIINM PacCUNUTATh
KOBApHAIOHHYIO MaTPHUIy BEKTOPHAIBLHOW IOTpeI-
HocTH oOcepBarnun. ®opmupoBanue 125 obcepBoBaH-
HBIX TOYECK MOBTOPSIIOCH YETHIPE pa3a, a X IMOJyUYeH-
HBIe KOOPIMHATHI COXPAHSINCh, B PE3yNbTaTe Yero

HaKaIrimBallaCb BI:I60pKa 8500 KOOpAUHAT BCKTOPH-

aJbHOM MOTPEIIHOCTH YUCIEHHOCThIO 500 3HaueHui
norpemHocTd. C TOMOIIbIO TIONYYEHHOH BBIOOPKHU

pacCHUTBIBAIIMCh MATEMATHYCCKUEC OXUIAHUA MX’

M y U Aucmepcuu DX , DY npoeknuid X 'Y Bek-

TOpUAJIBHON MOrpemHOCTH. IMUTAllMOHHOW KOMITBIO-
TEPHOW TIPOrpaMMON MPEeayCMOTPEHO Tpaduueckoe
oToOpakeHHe TMOJIOKEHUH 00CEPBOBAHHBIX TOYEK OT-
HOCHUTEJIbHO MaTEMATHYECKOIO OXKUIAHMS, YTO IIO3BO-
JISIET MPOU3BECTH BU3YAIBLHYIO OLIEHKY MX PAaCCEsSHUS.
YuuTteiBas, 4T0 BEKTOpHUaIbHAs MOTPEITHOCTh OTpe/ie-
JISIETCS OTHOCUTENFHO WCTHMHHOTO MECTa CyJaHA, TpHU
HMHUTAIMOHHOM MOJICIIMPOBAHUM TSI OLICHKU d(dek-
TUBHOCTH OOCEPBOBAHHBIX KOOPJIHHAT HEOOXOIHUMO
WCIIONB30BaTh HE OUcHepcHd mpoekinuii X u Y, a ux
BTOpBIC HAYAbHBIC MOMCHTBI.

B xoMmbloTepHOW TporpaMMe HWMHTAIMOHHOTO
MOJICJIMPOBAHMS TIPEAYCMOTPEH pacuyeT 00CepBOBaH-
HBIX KOOPJIUHAT, KaK METOJIOM HAUMEHBIIINX KBaJpa-
TOB, TaK ¥ METOJIOM MaKCUMAJILHOTO MPaBIONOI00US.
ITpu UMUTAITMIOHHOM MOJIEITMPOBAHUH CpEHE KBapa-

TUYECKOE OTKIOHEHHE ( 4/ Aly ) OTPENIHOCTH JIMHUK
MOJIOXKCHHUS IPUHIMAJIACh PABHBIM 5.

BHawane reHepupoBaiach BBIOOpKa SSOO TS

norpemHocteit JIII, pacnpeneneHHbIX 1O HOpMallb-
HOMY 3aKOHY, NpPHUYeM KOOpAWHATHI 00CEpPBOBAHHBIX

TOYCK paCCUUTHIBAJIMCh METOAOM HAWMMCHBIINWX KBal-
patosB. ﬂflﬂ OTOI'0 cirydast BTOPbI€ HAYaJIbHBIC MOMEHTBL
COCTaBJIAIOIINX BeKTOpHaHBHOﬁ TIIOrpeITHOCTHU OKasa-

JINCh PaBHBIMU aZXG =2448 u azyG =0,8617, a BTO-

poit HaYaJIbHbIN MOMEHT ee
Are =8y T a6 =29,86.

Jst onieHKH 3G GEKTHBHOCTH 0OCEPBOBAHHBIX KO-
OpJUHAT Cy/JHA PACCUUTAHHBIX METOJOM HAUMEHBIINX
KBaJIpaTOB, NOTPELIHOCTH JIMHUHN MOJ0XKEHHUS KOTOPBIX
MOAYUHSIOTCS. CMELIAHHBIM PACTIPEAETIEHUSIM, T€HEPH-
poBaiick BbIOOpkH morpemHocTed JIII mo cmeman-
HOMY 3aKOHY, a 3aTeM PacCUUTHIBAINCH 00CEPBOBaH-
HbI€ KOOPAUHATHI METOIOM HaUMEHBUINX KBaJpaTOB U

MOZYJISt

MHK
(dopmupoBanack BEIOOpKa 8500 KOOPJHMHAT BEKTO-

puansHON morpemHocTd. OJXHOBPEMEHHO IO 3Hade-
HUSIM TeX e TOrPelIHOCTe MPOU3BOIMICS pacyeT 00-
CEpBOBAHHBIX KOOPAMHAT METOJOM MAaKCHUMaJlbHOTO

npaBaononoous u GopMUpOBAIaCh BEIOOPKA 8500

COCTaBJIAIOIINX BeKTOpHaJ’ILHOﬁ TOTrpCIIHOCTH.
Ilo JaHHBIM BLIGOpKaM MMpOU3BOAUIICA PACUCT Ma-
TEMATHYCCKUX OX(HHaHHﬁ, ,Z[I/ICHSPCI/If/lI U  BTOPBIX

MHK MHK MMIT
HAYaJTbHBIX MOMEHTOB doy azy u dy,

MMIT .
a2y cocrapyomiux X U Y BEKTOPHAIBHOM I10-

TpCIIHOCTH. 3aTeM BBIYHCIIAIOTCS 3HAUYCHUS BTOPLIX

MHK MHK MHK
HAaYalbHBIX MOMEHTOM d,n =d,, + azy
MMIT MMII MMIT
u do,g  =dp T+ azy MOJIy4EHHBIE COOT-

BETCTBEHHO TMPH UCTIOJIH30BAHUU METOIa HAUMEHBIIINX
KBaJIpaTOB U METO/1a MAaKCUMaJIHLHOTO MPaBA0TION00NSI.
Od4eBUIHO, IPU UMHUTAIIMOHHOM MOJIEIUPOBAHUU d(h-

dexruBHOCTL 06CEPBOBAHHBIX KOOpaMHAT €)\y, moOITy-

YCHHBIX METOJOM HAUMEHBIINX KBaJAPAaTOB, OIIPEACIIA-
€TCA OTHOIICHHUEM BTOPBLIX Ha4YaJlbHbBIX MOMCEHTOB

MMIT
gMMIT o MHK o — asr 3
2R u 2R > T.C. M — —MHK . DOHA4YCHHUA
asR

s¢dexruBrOCTH €|); CPABHUBAKOTCS C COOTBETCTBYIO-

My 3HaueHuaMu dddexruroctn €, paccunran-

HBIMH TEOPETHYECKH I10 AaHAINTHYECKUM BBIpaxke-
HUSIM, TIOTy4EHHBIM B [9].

CpaBHHTENbHAS XapaKTEPUCTHUKA PacCesHUs 00-
CEpBOBAHHBIX TOYEK, KOOPAUHATHI KOTOPBIX paccuu-
tansl MHK u MMII, npencrasnena Ha puc. 1.
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rAHE.

kAR

CMEWAHHOE 2 TN n=2

Puc. 1. Paccesnue 06cepsogannbix movex npu m=2.

Takum o00pa3om, pe3ynbTaTbl UMHUTALUMOHHOTO
MOJICIIMPOBAHMS TIOATBEPIMIN KOPPEKTHOCTh aHAIU-
TUYECKUX BBIpaKeHUH oneHKH 3¢ ekTuBHOCTH 00Cep-
BOBAaHHBIX KOOPJMHAT, PACCYUTAHHBIX METOJOM
HaMMEHBIINX KBaJPaTOB IIPH pacIpeelICHIH TOTPeTil-
HOCTEN JIMHUN IIOJIOXKEHHS I10 CMEIIaHHBIM 3aKOHaM
000HuX THIIOB.

BbIBOBI U NMPeNJIOKEHHSI.

1. PaccMoTpeH MeTo1 MaKCUMaJIbHOTO MPAaBI0IIO-
J00ust pacueTa 00CEpBOBaHHBIX KOOPAUHAT CYAHA IPU
HaJIU4Ynuu I/IS6I)ITO‘IHI)IX JII/IHPIﬁ TIOJIOKCHUS MJIA pa3n1/111-
HBIX 3aKOHOB pacIpeie]IeHHs UX MOTPEITHOCTEH.

2. Tomy4eHbl aHAIMTHYECKUE BBIPAKEHUS pac-
yeTa 00CEpBOBAHHBIX KOOPAHMHAT CyIHA, 0OSCIICYHBa-
IOMIHE UX MAKCUMAaJIbHYIO TOYHOCTb.

3. IIpoBeneHO WMHUTAMOHHOE MOJICIUPOBAHHE,
pe3ynabTaTl KOTOPOTO IIOATBEPIMIIA KOPPEKTHOCTH
AHATUTHYECKUX BBIPAXCHUH OIeHKH 3()(HEKTUBHOCTH
O6CCpBOBaHHI)IX KOOpI[I/IHaT, paCC‘II/ITaHHI)IX METOAOM
HAUMCHBIIIUX KBa}lpaTOB HpI/I pacnpeﬂenem/m HOFpCLH-
HOCTEN JMHUM IOJIOKEHHS 110 CMENIaHHBIM 3aKOHaM
000X THIIOB.
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bopoesux IOpuii
Hucmumym snexmpoounamuxu HAH Vkpaune

KOHCTPYKTUBHBIE OCOBEHHOCTH KOMIIEHCAIIMOHHBIX PEAKTOPOB.

AuHoTanus: B cratbe paccMaTpuBalOTCS KOHCTPYKTHBHBIC OCOOCHHOCTH KOMIICHCAIIHOHHBIX PEaKTOPOB.
[puBeeHBI OCHOBHBIE TApaMETPhI U TPEOOBAHMUS 10 HAICKHOCTH peakTopa POM — 270/35.
Kniouesvie crosa: Komnencayuonnwvlii peaxmop, ocrnognuvie napamempul, OAIIB, omxnouennan ¢gasa, BJIL

Beenenne

OnHo(da3HbII MACISIHBIN KOMIICHCAIMOHHBINA pe-
aKTOp Ha KJacc HanpsbkeHus 35 kB, npumensiercs ans
BKJIIOYEHUS MEXAYy HEHTpanbio IIYHTHPYIOIUX peak-
TOpoB 1 3emieii. KommeHcanmoHHbIH peakTop obectre-
YMBACT OTPAaHWYCHUE TOKA MOIMUTKH B MECTE KOPOT-
KOTO 3aMbIKaHus B Oe3ToKoBYI0 may3y OAIIB, a Takxke
Pa3cTpOMKy pE30HAHCHBIX MPOIECCOB Ha OTKIFOYCH-
Holt ¢aze BJI B muxne OAIIB. KoMmeHcanmmoHHBIH pe-
aKTOp 3KCILTyaTHPYeTCsl B YCJIOBHSIX BHELIHEH ycTa-
HOBKHM Ha BBICOTE HaJ ypoBHEM Mops He Ooibure 500
M, IIpU TeMreparype Bo3ayxa ot -40 go +40 °C. Peak-
TOP BBINOJIHEH 0€3 KEeJIe3HOro CepACYHNKA. AKTHBHAS
4acTh MOMEIICHA B 0aK ¢ TpaHC(HOPMATOPHBIM MaCIOM.
OxJnaxaeHus peakTopa — ecrecTBeHHoe MaciisiHoe. O0-
MOTKa PeaKTopa UMEET OTBOJBI Il N3MEHEHHS €r0 UH-
JQYKTUBHOCTH IIPU CHSTOM HaIllpsDKEHUH HEepeKIIiodaTe-
nem trma [16B[1,2]. KommeHcannoHHEIH peakTop 000-
pyZIoBaH ra3oBoii 3amuToi. imeet ycTpoiicTBO 0TOOpa
npo6 rasa W3 ra3oBoro pene. M3 BBICOKOI CTOpPOHBI
KOMIICHCAIIHOHHOTO PEakTopa 00ECIICUeHbl YCTaHOB-
JICHUsI BCTPOEHHBIX TpaHcdopmaropos Toka tuna TBT
35 300/5, xmacc 10P. M3 HU3KO# CTOPOHBI KOMIICHCA-
IIHOHHOTO PEaKTOpa yCTAHOBJICHBI BBHIHOCHBIC TPaHC-
dhopmatopsl Toka tuma TO3M 10 300/5, kinace 10P. Pe-
aKTOp MMEEeT BCTPOEHHBIN JaT4YWK M3MEPEHUs TeMIle-
paTypbl BEpXHHX cJOeB Macia. Tenexka peakropa
obecrieunBaeT BO3MOKHOCTB €T0 IIPOJI0JIEHOTO U TI0TIe-
PEYHOT0 TEpEeMEICHNUs, MUPUHA MEXIy KapeTKaMH
1524 mm. BHyTpeHHHE TIOBEPXHOCTH 0aka pacIIupu-
TENS MUMEIOT MaclIOCTOHKOE ITOKPBITHE, KOTOpPBIE HE
BIIMSICT Ha Macio. Peakrop mmeeT ycTpoicTBO 0TOOpa
mpo0 Maciia U3 HIDKHUX JacTeit 6aka. Bo Bcem Heomu-
CaHHOM BBIIIE peakTop oTBedaeT TpedoBanmsM ['OCT
19470-74 (IEC600289).

OCHOBHBIE ITAPAMETPBI PEAKTOPA
POM-270/35

3amopoKCKUM TpaHC(POPMATOPHBIM 3aBOJIOM H3-
TOTOBJIEH U BBEACHHBIN B 3KCILTyaTallUIO HA MOJCTAH-
Uy 3anaJHOyKpauHCKasi KOMIIEHCALIMOHHBIN peakTop
POM — 270/35. Peakrop oTBEYaeT HaWIy4lINM 3apy-
OEXHBIM aHaJIOTaM, U UMEET CIIeTyIOIINe TEXHUIECKUE
XapaKTePUCTHUKH.

OcCHOBHBIE TapaMeTPBI:
JUtnTensHBIN TOK B HOPMAJIBHOM pexXuMe poboTH

Ie=30A.

IHyKTUBHOE CONPOTHBICHUE PeaKkTopa MpH yac-
tote 50 I'i: 300-4*30 Om.

J106pOTHOCTB peakTopa Ha BCeX CTYINEHAX HHIYK-
TUBHOCTE He MeHee 20.

JIuHeiHbIi BBOJ peakTopa UMEET KIIacc U30JIALUN
35 xB.

HeifiTpans peakTopa UMeeT Kiacc U30JI1LUN BUBO-
noB 10 xB.

Peaktop TepmMuuecku yCTOWYMBBIA MpPH YCTaHO-
BHUBIIEMCS TOKE KOPOTKOI'O 3aMBIKaHHUS, YTO MMEeT
nelicTByronee 3HaueHue [k3=280 A Ha mpoTspkeHuH 4
CEeKYHI, JUIS IBOX CJIEIYIOIX OAUH 3a IPYTUM TOKOBBIX
BIIMSTHUM 110 2 CEKYHIM KaXIbIH.

OO1aee KOJIMYECTBO BIHMSHUI B Tojx He Ooiee
30(60c).

Peaktop sBIsleTCS AWHAMUYECKH YCTOHYMBBIM
JUISL eIMHUYIHOTO OpOCKa Yepe3 HETO TOKa, NMEIOIIETo
amIuityaHoe 3HaueHue 750 A pmurensHOcThIO 0,02
CEKYHIIH.

I'maBHast W30IAOMS KOMIICHCAIMOHHOTO peak-
TOpa, KpoMe BIusHUM, 4yTo HopMmupytotcs ['OCT 1516-
75 s 3a3eMIISIIOIIMX PEakTopoB Kiacca 35 kB, Buje-
pxuBaeT 60 kB neicTByONMEero 3HaYeHNS HAIPSKSHUS
B T€UYECHUU 4 CEKYH]I.

IToBepxHOCTH, YTO MOJAAIOTCS KOPPO3HUH, OKpa-
HIEHO KpAacKOW, CTOMKOW K aTMOoC(hepHBIM BO3-
JNEUCTBUSIM

TpeboBanus k 3a3emiieHuro peakropa mo 'OCT
11677-85, T'OCT 21130.

Marepuansl W yCTpoOicTBa, YTO NPHUMEHSIOTCS
TIPY U3TOTOBJIEHUN PEaKTOPa COOTBETCTBYIOT TpeOoBa-
HUSIM CYIIECTBYIOIIUX CTaHAApTOB U TY.

TpebGoBaHUS MO HANECIKHOCTH.

HaznaueHHBIH CPOK KCIUTyaTaiuy — He MeHee 30
JeT.

HeoOxonnmocTi peMOHTa C OTKpHIBaHHEM Oaka
3a Ha3HAYEHHBIN CPOK HKCIUTyaTaIlli — He TpedyeTcs.

BeposTHOCTh 6€30TKa3HOM paboTu 3a 8760 4. He
MmeHee 0.99.

IapaHTuiHBIN CPOK AKCIUTyaTalluy, HE MeHee 36
MECSIIEB.

TpeOoBanus k mapkupoBke. PeakTop cHabxeH
mutkoM 1o 'OCT 11677-85, U3roTOBIEHHBIN U3 HEP-
JKaBEIOLLET0 MaTepHana ¢ CTOMKMM K KOPO3HH, AOJITO-
BEYHBIMH HAIITUCSIMH.

Ha pmc. 1. mokazaH BHEIIHWH BHI KOMIICH-
canoHHoro peakropa POM-270/35.
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OCOBEHHOCTHU PACYETA CUCTEMBI TATOBOT'O 2JIEKTPOCHABXEHUA
METPOIIOJIUTEHA

Summary: The theoretical aspects of calculations for the metro traction power supply system are investi-
gated. The calculation of the traction currents of the subway was made using the program for the calculation of
the traction power supply system of the main railways. Received a program for recalculating traction currents.
Produced metering real. The accuracy of the proposed method is verified.
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AHHOTaIII/ISl: I/ICCJIe):[OBaHLI TCOPETUUCCKHUEC aCICKThI PACYCTOB CUCTEMBI TATOBOT'O 3J'IeKTpOCHa6)KeHI/IH MECT-
pononureHa. [Ipous3BeieH pacyeT TATOBbIX TOKOB METPOIIOIMTEHA C IOMOIIBIO IPOIPaMMBI JUIs pacyeTa CUCTEMBI
TATOBOTO AJIEKTPOCHAOKEHHSI MaruCTPAIBbHBIX XKelle3HBIX Aopor.Ilomyyena mporpaMma uis mepecdyera TATOBBIX
ToKOB.IIpou3BeneH 3amep peasibHBIX TATOBBIX TOKOB.IIpoBepeHa TOUYHOCTh MPEIJIOKEHHOTO METOA.

Key words: traction current, traction power supply system, metro, contact network, feeding feeder

Knoueswvie crnosa: msazoeulil MOK, cucmema msia206020 3ﬂeKmp0CHa6DIC€Huﬂ, Memponoiumen, KOHmaxkmmas

cemb, numarowuti gpuoep

Pacuer u BEIOOp OCHOBHBIX ITapaMETPOB CUCTEMBI
TAroBoro 3MekTpocHadxenus (CTD) mpencraBiseT co-
0011 CIIO)KHYIO TEXHHUKO-9KOHOMHYECKYIO 33/1a4y.

OcHoBHBbIe TapameTpsl yeTpoiictB CTO MeTporno-
JIMTEHA 3aBHUCAT OT BEJMYUHBI U XapaKTepa U3MEHEHUS
TATOBOH Harpy3KH, MIPUMEHACMBIX CXEM IUTaHUS TATO0-
BOM CETH, a TAK)KE OT HAJIMYHUS CPE/ICTB, MTOBBIIIAFONINX
Ka4ecTBO IEKTPOIHEPTuH. [Ipy 3TOM OCHOBHAS CIIOXK-
HOCTB pacdera 0O0YyCIIOBJICHA CIICHU(PUKON ydeTa pes-
KOTIEpEMEHHOM! TATOBOH Harpysku [1, c. 3]. B HacTos-
1Iee BpeMsi CyLIeCTBYIOT NPOrpaMMHBIE CPEACTBa AJIs
BBINOJIHEHHA TATOBBIX pacdeToB Ha OBM. Ha kenes-
HBIX JI0POrax MHUPOKOe PACHPOCTPAHEHHE MOJTYTHII
NPOTrPaMMHBII KOMILIEKC [IJIsl pacyeTa cucTeM Tsi-
roBoro 3jekrpocHadkenusa «KOPTICx». Ho B cran-

81.717/710

JapTHBIX napamMerpax nporpamMmmel «KKOPTIC» ot-
CYTCTBYET NMaKeT JAHHBIX, ONMpPeeSIIOIMNX HATPSI-
JKeHUe B TATOBOMW CeTH W THII MOABHKHOTO COCTaBa
METPONOJIUTEHA.

IIpn ananuse padorsr CTI Camapckoro mer-
PONOJINTEHA MOTPeGOBAIOCH BBINOJIHUTh TATOBbIE
pacuérnl 1JIs Beeil cymecTByoweil Juaun. s pe-
IIEHUsT 3TOM 3agaddl B INPOTPAMMHOM KOMILIEKCE
«KOPTOC» 6v11 co3nan npodmis mytH (puc. 1), BBI-
OpaH MOABIDKHON cocTaB — anekrponoesn 314 ¢ mac-
coif cocraBa 200 ToHH (B CamMapcKoM METpOIOJIUTEHE
HCTONB3yeTcsl cocTaB u3 4 3JIeKTpoBaroHoB 81—
717/714 maccoit 34/33,5 T, npu MOJIHO# 3arpy3Ke UMe-
romuii Maccy okoiso 200 T). Pacuérel nmpoBoasTces ams
HanpsKEeHUs TAroBoi cetu 3 kB.

Pucynox 1. Ilpoghuny nymu Camapcrkozo memponoiumena

PesynbraTe! pacuéra npeacTaBieHb Ha puc. 2 1 3.

Yuactoxk AnauHcxan — KOHrOpoAoKk

o s © G f o 0

E ‘ [ I I

Pucynox 2. Tacosvie pacuemvl 015 HeuemHO20 HANPABGIEHUS YUACHIKA
Anabunckas — FOneopooox



20 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(42), 201

Daitn Pacu. panwiie Bapuaktel Mpocmotp Otuer [pad. Toka

[ |
g EIE

x

Yuactox Anaburickas — KORropoaok

[E=RE=E )

Pucynox 3. Tazosvie pacuemvi 0151 uemno2o HANPaesLeHus y4acmra
FOnzopoook — Anabunckas

J151 moJry4eHusi KOPPEKTHBIX Pe3yJabTaTOB TH-
TOBBIX PacyeTOB BO3HHKaeT He0O0XOAMMOCTh mepe-
cyeTa mouay4yeHHbIX B nmporpamme «KOPTIC» To-
KOB, T.K. MpPOrpaMMa HPOU3BOIUT pacuyeTbl NpH
HANPpPSKeHUM B KOHTaKTHOM cetu 3000 B, a Hanps-
JKeHHe HAa KOHTAKTHOM peJibce MeTPONOJIMTeHa €o-
crasaser 750 B.

[Tepecuer 3HAYCHHUH TATOBBIX TOKOB BBIMIOJNHEH B
nporpamme Microsoft Office Excel nsmenenuem pac-
YETHBIX TOKOB OOpaTHO HPONOPLMOHATBHO OTHOIIE-
HUIO HAIIPSDKEHUH TATOBOHU ceTu (puc. 4).

KOPEHB hd

% v f| =c$3/D$3%CH|

C D E

UKC pacy

UKC nepecy

3000

750|

L v I

| nepecy

17]

402|=c$3/Ds$31

1
2
3
a
5 | 4,6
6 4,73 44 390 1560
Pucynox 4. Ilepecuem msazoswix moxos ¢ npozpamme Microsoft Office Excel

1 1npoBepKH MOJYYEHHBIX PpPe3yJbTaTOB
NMPHUHATO pelieHHe 0 MPOBEACHNH H3MepPeHHus TOKa
nutammero ¢guaepa (JI61) Tsarosoii moacraHumMu
ITo6ena npu ABM:KEHNH NMOe3/1a B YeTHOM HalpaBJie-
HuH Ha yyacTke I[ToGena — CnopruBHas.

ITonmy4yeHHBIe pacueTHBIE 3HAYEHHUS TATOBBIX TO-
KOB J/I1 HEYETHOTO M YETHOT'O HANlPaBJICHUH IBUKESHUS
MIpeJCTaBIeHbI B Tabnume 1, a pe3yiapTaT N3MEpeHus
TOKa - Ha puc. 5.

Tabuuma 1
3HayeHus! TATOBBIX TOKOB ISl HEYETHOTO M YETHOTO HANIPABJICHU I TBHIKEHMSI
HeuetHoe HanpapJeHHe YeTHOE HaNpaBlIeHUE
L \ | pacu. | mepecu. L \ | pacu. | mepecu.
11,21 0 209 836 11,24 15 4 16
11,28 31 377 1508 11,31 18 4 16
11,46 55 358 1432 11,39 20 4 16
11,74 74 307 1228 11,49 28 4 16
12,02 68 67 268 11,63 40 4 16
12,25 48 4 16 11,8 40 4 16
12,4 21 4 16 11,97 41 4 16
12,15 47 250 1000
12,33 35 383 1532
12,42 0 329 1316
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Pucynox 5. MakcnMansHBIH TOK IUTAIOMIETO Qraepa

MaxkcuManbHbIH TOK mHTatomiero ¢puaepa — 1650
A, MakcuMallbHbIN pacueTHbI TOK — 1532A, pasHuua
MEK/1y PaCUETHBIM U PEabHBIM TOKOM COCTaBIISIET Me-
Hee 10%, 4To MOXeT ObITh 00OBSICHEHO BIMSIHUEM CYOb-
EKTHBHBIX KaUeCTB MAIlIMHHUCTA.

Takum o6pa3om, nmpenJIoKeHHbI MeTOJ pac-
yera CTD wmerpomosinTeHa NpU NOMOIIUA MPO-
rpamMmal 111 pacdera CTD MarucTpaiabHBIX xKeJie3-
HbIX 0por «k KOPTIC» M0OKHO cUMTATh NPUMEHU-
MBIM C I0CTATOYHO} TOYHOCTBIO.

Cnmcok uTepaTypsbl:
1. DnexkTpocHaOXeHHUE >KeNe3HbIX JAOpPOT : METO-
JIMYECKHE YKa3aHUsl K BBIMIOJIHEHUIO Kyp- COBOW pa-
60THI U1 o0yJaromuxcs no crnenuanbHocTh 23.05.05

COJITI, cienmanm3anus «JeK- TPOCHA0KEeHHUE KeTes-
HBIX JOPOT» OYHOHU U 3a09HOM POpM 00YIeHHs / cOCTa-
purenu : M.A. TI'a- panun, T.B. bomkapesa, C.A.
bnmnkosa. — Camapa : CamI'YIIC, 2016. —31 c.

2. Mapxksapar K.I'. DnextpocHabxeHue 31eKTpH-
(UIMpPOBaHHBIX XKeJIe3HBIX aopor. — M.: Tpancnopr,
1982. — 528 c.

3. Kucenes U.I1. BeicOkOCKOpOCTHOM Kene3HO10-
poxHBIH TpaHcnopt. O0mmit Kypc: y4ued. mocobme 1
toMm / W.II. KuceneB u ap. — M.:®I'BOY «YuebdHo —
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JIOpo’kHOM TpaHcmopTe, 2014. — 308 c.
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MOJIUPUKALIMA PE3OJIBHON ®EHOJIO®OPMAJILJAETMITHOM CMO.JIbI COJISAIMUA MEJIA
NPUMEHSIEMOM B KAYECTBE CBS3YIOIIETO

AnHoranus:B pabote uccienoBana BO3MOXHOCTh MOIM(HUKAINN JKUAKOH PE30JILHONH CMOJBI Pe30PIHHA-
TOM MEJH JUIS TIOBBIMIEHUS YKCIUTYyaTaIMOHHBIX CBOUCTB M3JIeNINi HA €€ OCHOBE; MPEI0KEH MEXaHU3M BIUSHUS
Moau(duKaTopa Ha CTPYKTYPY, U3YUCHBI (PH3NKO-MEXaHUIECKHE CBOMCTBA U MUKPOCTPYKTYpa OTBEPKIEHHON MO-

JUGUIIPOBAHHON W YUCTONH CMOJBI.

Abstract:The possibility of modification of the liquid resin by copper resorcinate to improve the performance
properties of products based on it is investigated; the mechanism of influence of the modifier on the structure is
proposed, the physical and mechanical properties and microstructure of the cured modified and pure resin are

studied.

Krouesvie cnosa: mooupurayus pe3oivbHOl CMOJbL, pe30pYuHam meou, heHoIsm meou, u30eius Ha OCHOGe

p€30ﬂbH012 CMOJIbl.
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Keywords: modification of the resol resin; copper resorcinate; the phenolate of copper; products based on

the resol resin.

BBenenue

deHomodopManpIeTHAHAS CMOJa TPEACTABISICT
co00 TIPOAYKT MONHUKOHACHCANK ()eHOa U ero To-
MOJIOTOB ¢ (pOpMaNHHOM, TIPH STOM B 3aBHCUMOCTH OT
KaTajau3aTopa MOJy4aloTCsl Pe30JibHbIE U HOBOJIAUHbBIE
cmousl [1]. ®eHonopopManbaeruaHbIe CMOJIBI SIBIISI-
I0TCS CBSA3YIOIIMMHU BEIIECTBAaMH JUIsl MPOU3BOJICTBA
Pa3IMYHOTO pPOJia MPOIYKTOB: MEOCIBHOW, XUMHUYE-
ckoit [1], amekTporexHmueckoi [2], rpaduTOBOW U
9JIEKTPOAHON OoTpaciu [3], B Mpou3BOACTBE abpa3uB-
HBIX MarepranoB [4] M XUMHYECKHUCTOWKHX 3aMa30K
[5]. [Ipu 3TOM B OCHOBHOM CBO¥CTBa M3IEIHUSA B OOJIb-
el CTETIeHN 3aBHCUT OT (PM3MKO-MEXaHWYECKHX Xa-
paKTepUCTHK cBs3yromero. [ToaToMy mporecc neneHa-
MIPaBJICHHOTO N3MEHEHUS CBOMCTB (eHOIOpOopMaITbIe-
THIHON CMOJIBI ITyTeM €€ MOAUMUITUPOBAHUS SBJISICTCS
aKTyaJIbHOH 3a7aueil.

B paborax aBTOpoB [6, 7] yke ObLIa MpoU3BeICHA
MOIU(HKAIKMS HOBOJAYHOTO CBSA3YIOIIETO MyTEM Me-
XaHWYECKON aKTUBAIIUH, a TAKKe HUCCIENOBAHO BIHUS-
HHE MOJIU(HUKATOpa HA Psijl BAXKHBIX [TOKa3aTeseH, Ta-
KAX KaK TETUIOCTOUKOCTH, TPUOOJIOTHIECKHE H DIICK-
TPOXMMHUYECKHE CBOWCTBA. ABTOpaMH OOBSACHICTCS
MeXaHU3M BIHSHUS MOTU(PUKATOPa HA CTPYKTYpY (e-
HOJO(OpMANBICTHAHOW HOBONAYHOH cMombl. [lo-
CKOJIBKY pEe30JIbHAasi CMOJIa TI0 CBOCH CYTH CX0)Ka ¢ HO-
BOJIAYHOW CMOJIOH, TO MPUHIMITHAIEHO MOIX0M K MO-
TUGHUKAIUK y HUX OyIeT OAMHAKOBBIM.

Meronuka uccieoBaHuil

Jis uccnenoBaHus Oblia MCIOJB30BaHA PE30JIhb-
Hast cmona cornacHo 'OCT 20907-75 «Cmomnsl deHo-
n0(opMaNbICTHABIC KUIKHEY. TEXHOJOTHS U3rOTOB-
JICHUSI CMOJIBI UMEET TIIaBHOE OTIUYHE: TPOIECC TOJIH-
KOHJICHCAIIMU CMOJIBI TIPOUCXOAUT TPU TEMIIEpaType
35-40 °C u mmuTeneH mo BpeMeHH (10 7 gHel).

B xadecTBe MommpuKaTOpa WCIIONB30BAIICA pe-
30puuHaT Menu. MoaudukaTop moxydarn MeXaHHde-
CKOM aKTHBAallM{ SKBHUMOIIIPHOH CMECH pe3OpIHA H
arnerara Meau. Pe3opiuHaT Mey BBOJUIICS B PE30JIb-
HYyI0 CMOJTy B BHJE MOpOIIKa B KojmuecTtse 2,6 % OT
MAacchl CMOJIBI, TIOCNIE YEro IMepeMeNInBajcs 10 MOIy-
YeHHUs OTHOPOAHOM xuaKocTH. [lomyueHHas cmech rie-
PHOIIMYECKH TIepeMelnBajach Ha MPOTHKEHUH 3 da-
COB JUIS yCTpaHeHHs 00pa30BaHMs OCaIKa.

Bpewms xxenatuHu3ayy, BI3KocTh o CTOKCYy, co-
JepxaHue cB0OOOTHOTO (PeHOIa U MAacCOBast TOJIS Hele-
TY4ero OCTaTKa MPH HOJNKOHACHCALNH ONIPEACISIINCH
cormacHo ['OCT 20907-75 «Cwmonsl heHOTODOpMAITE-
JETUIHBIE KUJIKHE.

IlopucTocTh OTBEPXKACHHON PE30JbHOM CMOJIBL
mmepsiiack o 'OCT 2409-95 «Orueynopsl. Meton
OTIpeIeJICHNs] KaXKyIIeHcs IIIOTHOCTH, OTKPBITON U 00-
el MOPUCTOCTH, BojaomoriouieHus». OTBepKAeHUE
MIPOBOAMIIOCH KaTATUTUYECKUM XOJIOAHBIM CIOCOO0M
napa-toiyosicynbdokucnoroit (m-TCK). [dmns storo B
pe3onpHYI0 cMoiy mipH Temreparype 15-20 °C BBoxau-
mock pasmmyHoe koimdectBo 1m-TCK, uTo mo3Bormsiia
OTBEPKIaTh CMOJy O€3 ImeperpeBa 1 BCKUMAHMA.

BBIXox KOKCOBOTO OCTAaTKa YNCTOH U MOANGHULIN-
POBaHHOW PE30JBHOM CMOJIBI OIpPENEUICA IO METO-
JMKe IPUMEHseMOil kK IeKoBoMY cBs3yromieMy. OTBep-
XKIIEHHas CMOJIa MOMeIanach B pappopoBblil THreIb U
HaKpbIBalach KpbILIKOW. PaphopoBblii THrenb ¢
KPBIIIKON [TOMEINAJICS B METAUINYECKUI KOHTEIHEp U
3acelnajics rpaduToBoil nepecwinku. KoHreiHep cra-
BIJICS B My(ETbHYIO II€4b M HarpeBajcs CO CKOPOCTHIO
1,5 °C/munyty mo temmnepatypst 700 °C. ITo m3meHe-
HHIO MacChl BBIYHCIISETCS BBIXOJ] KOKCOBOTO OCTATKa.

TepMorpaBUMeTpUYECKHE HCCIEAOBAHUS IIPOBO-
aunuch Ha jaepuBarorpade tuma Mettler-Toledo
TGA/DSC 1 ¢ npomyBKo#i BO3ayxa depe3 Kamepy Je-
pusatorpada ¢ pacxozom 30 cm®/MuH, B peskuMe pas-
HOMEpHOTO TIOJJheMa TeMIIEPaTyphl CO CKOPOCThiO 30
°C/muH B untepBaiie remmepatyp 30-700 °C.

MuKpoCTpyKTypa NOBEPXHOCTU OTBEPKICHHOU
CMOJIBI M3y4ajach IPU IMOMOIIM ONTHYECKOTO0 MHUKpPO-
ckona crepeockonuueckoro BUOME]I MC-1 ZOOM ¢
yBenuueHueM B 50 pas.

JlaHHBIE HKCTIEPUMEHTOB

B Tabnmie 1 moka3aHBI CBOHCTBA YHCTOW PE30ITh-
HOM cMomsl cormacHO ['OCT um MommudummpoBaHHON
pe3opumHaTOM Meny, a. M3 MoNydeHHBIX JaHHBIX
BUHO, I00aBICHHE MeIW YBEIMYHBAET BI3KOCTh
cMOJBI Ha 1,5 ceKyH[IbI, YMEHbBIIAeT BpeMs KeJaTHHU-
3alli¥ IOYTH B 2 pasa, HO IIPH ATOM yBEJIMYUBAETCS KO-
JIUYECTBO TOJIMMEPa MOCIIE HOIMKOHACHCAIIHH.

Tabmuma 1.
CBoiicTBa uncToii u pe3osabHoii cMoabl coraacao T'OCT 20907-75

HaumenoBanue napamerpa Yucras cmona no | MoandunnpoBaHHas

I'OCT 20907-75 | pe3opLyHATOM MeIu
Bpewmst xenaTuHM3aUH, C 260 142
Bszkocts o Crokcy, ¢ 3,6 51
Coneprxanue cBOOOTHOTO (eHona, % 8,8 6,1
MaccoBasi 107151 HEJeTy4ero 0CTaTka Ipu MOJMKOHIeHcanuu, % 67 78
Brixonx kokcoBoro ocrarka, % 41 65

DTO MOXHO OOBSCHHTH CBOWCTBOM MEJIU CBSI3bI-
BaTh TUIPOKCUIBHBIC TPYIIIBI HE TOJIBKO XUMUYECKH U
KOOPAWHAIIMOHHO, YTO CTaOWIM3HPyeT WX H TPH
HarpeBaHUU B IIpoIiecce ACCTPYKIUN HE MPOUCXOIUT
pa3pyieHus noauMepa Ha IPOCTeiIIne MOHOMEPHI, a

Cpa3y HAYMHACTCS TPOLECC IMOIYKOKCOBAHHA. OTO
MOJITBEPKIACTCS U TEM, YTO KOJIUYECTBO CBOOOIHOTO
(eHona cHU3MIIOCH Ha 2,5 %, COOTBETCTBEHHO OH BCTY-
MaeT B PEaKIHI0 NOJMKOH/CHCALINY, a HE yJIeTy4HBa-



= Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(42), 2019 23

eTCsl U3 CUCTEeMBL. Tarke CleyeT OTMETUTh, YTO TO-
BBIIIICHUE BS3KOCTH TPOUCXOAWUT Pa3oBO, B JajbHEH-
[IeM TIpU CTApEHUH CMOJBI BA3KOCTH y MOIU(PHUIIAPO-
BaHHOH CMOITBI U3MEHSETCS HE3HAYUTEIHEHO, IO CPaB-
HeHUlo ¢ yuctoil cmomsoil. Tak mocne 10 mHel mpu
Temneparype okpyxkatomeir cpensl 28-30 °C u KoH-
TaKTe C BO3IYXOM, YHCTasi CMOJIa CTaa OTOUBATh BOLY,
HU3MCHSITHh CBOIO OKPacKy Ha KOPHYHEBYIO M CTaHO-
BUTCSI MYTHOM, B TO BpeMsl KaK MOIU(PUIIMPOBAHHAS
COXpaHsieT CBOIO OJJHOPOIHOCTD, LIBET U IPO3PAYHOCTh.

B Tabmuue 2 moka3aHo W3MEHEHHE IOPUCTOCTH
OTBEPIKIEHHOI CMOJIBI B 3aBUCUMOCTH OT KOJIHYECTBA
ncnonp3yemoro karaimmzaropa n-TCK. Crenyer otme-
THUTB, YTO IPH HU3KUX KOJIMYECTBAX KAaTaIU3aTopa Mo-
IuUIUPOBaHHAs CMOJa HEe OTBEpKAallach, a TOJIBKO
CTAQHOBMJIACh BSI3KOM, IIPH 3TOM IIOJHOCTBIO HE Tepsisd
CBOIO IDTACTUYHOCTH CIIOEB. V3 TaOmuubl BUAHO, YTO
nob6aBineHre MonuQHKaTOpa MPUBOJIUT K TOJNyYESHUIO
MoJiMMepa ¢ MEHBIIEH MOPUCTOCThIO, a 3HAUYUT OoJiee
MIPOYHOMY.

Tabmnuma 2.
3aBHCHMMOCTH MOPUCTOCTH MOAU(PHMIMPOBAHHON H YHCTOI Pe30JILHOI CMOJIBI OT KOJHYECTBA KaTaIN3a-
Topa n-TCK
Conepxanne n-TCK, % Hopucrocts, %
pe3ospHast cMoJIa pe30JbHAS CMOJIA + Pe30pIUHAT MEAN

1 1,8 -

2 2,5 -

4 - 3,1

5 8,4 5,8

10 15,4 11,7

Ha pucynke 1 mokasaHBl TepMOTpaBUMETpHYE-
CKHE KPHBBIC OTBEPXKICHHOTO YHCTOTO M MOIH(PHUIH-
poBaHHOTO ToJMMepa. M3 TMOIy4eHHBIX JaHHBIX
BUIHO, 9TO 00€ CMOJBI 00JaNal0T XOpOoIIel CTOWKO-
cthio 10 200 °C, HO CyILIECTBEHHOE U3MEHEHUE MaCChl
JUISL MOIM(HUIIMPOBAHHOM CMOJIBI HaOMIIOAaeTCs MocIe
350 °C, mpu 3TOM, B TO BpeMs KaK 4UCTasi pe30ibHast
cMoJa HaunHaeT okuciaThes. ITocie 500 °C nabmroaa-
€TCs 3HaYUTEIbHOE Pa3InYUe B OKUCIUTEIbHOM CTOM-
kocTd. Tak CKOpOCTh OKUCICHUSI MOTU(PHUIINPOBAHHOM
CMOJIBI YMEHBIITUIIACH B 4 pa3a Mo CPaBHEHUIO C YUCTON
CMOJIOH. DTO MOXHO OOBSICHHTH OKOHYAHHUEM IIPO-
1ecca KOKCOBaHMS, MPOUCXOIAIIAM IIPH TEMITEpaType

100

350-450 °C, u Gompieii cTabMIBPHOCTEIO 00pa30BaB-
nrerocsi Kokca. JlaHHbIe TepMOTrpaBUMETPHH HOATBEP-
KIOAIOT TOJYYCHHbIC ITaHHBIE O KOKCOBOM OCTAaTKe.
[Tpu aTOM, PH HIEpecueTe KOIMYecTBa MOTH(UKaTOPa
B CMECH Ha YHCTYIO Melb, TO MOJy4duTcs nopsaka 0,8
% mo macce. [T0CKOJIbKY YBEIHYCHHE MACChI TPH KOK-
COBaHMU COCTaBWIIO Oosbliie yeM Ha 20%, 4To NmpeBbl-
LIaeT CyMMapHOe 3HaueHHe MEAHM U CBOOOJHOrOo de-
HOJIa, TO 3TO MOATBEPXKIAET YUaCTHE MEIU B CTPYKTY-
poobpa3oBaHnU Pe30JIbHON CMOJIBI npu
KapOOHM3AIUH.
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Pucynox 1. Tepmoepasumempuueckue xpusvie uucmoi (1) u moouguyuposannoii (2) pe3orvhou cmovl

Ha pucynke 2 moxa3aHO HCCIEIOBAHHE MHKPO-
CTPYKTYPBI YUCTOH U MOAM(DUIIMPOBAHHON CMOJIBI IO
ONTHYECKUM MHUKPOCKONOM. BumHo, uTo moGaBieHue

pe3onrHaTa MeIH IPUBOAUT K 00Pa30BaHHIO CIIOMCTON
CTPYKTYPBI ITOJIUMEPA, B TO BPEMsI KaK YHCTas CMOJa
HMeeT NOPHUCTOE CTPOCHUE.
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Pucynox 2. Cmpyxmypa nogepxnocmu 0meepicOeHHOU Yucmou (a, 6) u Moouguyupo8anHou pe3oibHol CMOJbL
(6,2): muxpoutnuul (a, 8) u usnom (6,2) npu yeeruuenuu ¢ 50 pas

BriBog

Bbu10 10Ka3aHo, 4TO MeJib, BBEJICHHAS B BUJIE Pe-
30pLUMHATA MeN, MOAuGHUIUpYyeT GeHomopopManbie-
THJIHYIO CMOJIy PE30JIFHOTO THMA. JTO ITOATBEPXKIAET
BO3MO>KHOCTb MOJTU(PHUIIMPOBAHUS (peHOoT0POpMaIbIe-
THJHBIX CMOJI HOBOJIAYHOTO 1 PE30JIEHOTO THIIA METall-
JIaMU ¢ TIEpeMEHHON BaJleHTHOCTHIO. [Ipn 3ToM mpowuc-
XOAUT yBEJIINYEHHE TETUIOPU3UIECKNX CBOHCTB, YBEIH-
YEHHUE CYXOr0 OCTATKa MOJUMeEpPa U BBIX0Jja KOKCOBOTO
ocrarka Ipy KapOOHU3AIMHU, YTO OYEHb BaXKHO JJIsI 1O~
JUMEpHO# u rpaduToBOi oTpaciu. Tak e mpu MOIH-
(unrpoBaHUM HAOIIOAETCS CTAOMIIM3AIUSI CMOJIBI BO
BpPEMEHH, MHTHOUPYs MPOLECC CTapeHus IMOJUMepa.
IIpu katanuTHyECKOM X0104HOM OTBepkieHuH n-TCK
y MOJIU(HUITMPOBAHHON CMOJIBI HAOIIOAAETCS MEHBINAS
BEJINYMHA TIOPUCTOCTH 00pasiia, 4To O4eHb BAXKHO IIPH
HCIIOJIb30BAaHUH PE30JIOB ISl IPUTOTOBJICHHS 3aMa3K1
Ap3aMuT, TIOCKOJIBKY MOpHCTasi CTPYKTypa MojuMepa
HE MO3BOJISIET CO3/1aBaTh T€PMETUYHOCTH IIPH CKIICHBA-
HUM XUMHYECKOH anmapaTypsl U TENI000MEHHHUKOB.
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KOMILIEKCUPOBAHME IMPOTHO30B TEXHOJIOITMYECKUX CUTYAIIUA C
OBOPYJIOBAHUEM B OUMCTHOM 3ABOE YI'OJIbHOM IAXTHI
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COMPLEXION OF FORECASTS OF TECHNOLOGICAL SITUATIONS WITH EQUIPMENT IN
THE COAL MINE CLEANING FACE

Pedepar:Crarbs HampaBiieHa Ha pa3BUTHE U 0OOCHOBAHUE OJTHOTO U3 MOAXO0JI0B K MPOTHO3UPOBAHUIO HH-
JAUBUAYAJIBHOT'O OCTATOYHOTO PECypCa KOHKPETHOI'O, HAXOAAIIETOCA B OKCIUTyaTallu TOPHO-IIAXTHOT'O 060py-
nosanus (I'TIO) B ouncTHOM 3200€ yroJbHOM MIaXThl. BRIABICHBI OCHOBHBIE IPUYHHEI, BIUAIONINE HA TOYHOCTb
IIPOTHO30B.

Tloxazana MCPCHCKTUBHOCTh MPUMCHCHHUS KOMINUICKCHUPOBAHHBIX IPOTHO30B 1O HECKOJIbKUM aHaJIoram € 1o-
MOIIBIO CIDIAMH-(QYHKIUH IJIS TIepeMEHHBIX, XapaKTepu3yrmux TexHoiaormdeckue cutyaruu ¢ ['1O. TIpuse-
ACHa Mnpoueaypa KpaTkoCpo1HOro Nporao3upoBaHvss MHOI'OMCPHOI'O IMpoHecca N3BMCHCHHNA CPCAHCTIOJOBBIX 3HA-
YeHUH NEPEMCHHBIX, OIMUCBIBAOMINX TCXHOJOTMYCCKHUEC CUTyallun (SaIHTLI6OBKa, n3rud KOHBeﬁepa B I'OPU30H-
TaJIBLHOM IIJIOCKOCTH, NOPBIB TAT', HOPBIB IIPOYLINH KPCIH JIABbI, 3aBAJINBAHUC CeKLII/Iﬁ Kpenu 1 T.l'[.) C KOHBeﬁepOM
1 KPCIIbIO JIaBbl B OYUCTHOM 3a00¢e. BeIsBIIEHBI YCHICIIHO MPOTrHO3UPYCMbBIC U HENPOTHO3UPYCMBIC IICPECMCHHBIC.
HpOBeHeHHHe KOMIUIEKCUPOBAHHBIC MPOTHO3bI IO PA3HBIM KPUTCPUAM CaMOOpPTraHU3aluu IMO3BOJIMJIM YCTAaHO-
BUTH ONITUMAJIBHOC YUCJIO aHAJIOT'OB U PaHXHUPOBATH NPOTHO3UPYEMBIC IICPEMEHHBIC KOM6aﬁHa " KpETu 1o TOY-
HOCTH IIPOTHO3A.

IToxa3aHo, 4TO KOMITJIEKCUPOBAHUE MPOTHO30B COCTOSIHUN OYHMCTHOTO OOOpYJOBaHUS IO JBYM aHAJOraM
Jaet 0oJIbliiee KOJIMYECTBO IPOrHO3UPYEMBIX NIEPEMEHHbIX, YeM 0 OJJHOMY U TpEéM aHanoram. [Ipu nporHose mo
METOAY KOMIUICKCUPOBAaHUA aHAJIOTOB M3 12 NEPEMECHHBIX 10 ycnneuHo NpoOrHo3upyroTcsH. IToxa3zana BO3MOXK-
HOCTb MPOrHO03a MHOT'OMCPHBIX TEXHOJOTNYCCKUX chyauHﬁ U IIpH HAJIMYUU TpCHAA.

Abstract:The article is aimed at developing and substantiating one of the approaches to forecasting the in-
dividual residual resource of a particular mining equipment in operation in a coal mine clean-up area. The main
causes that affect the accuracy of forecasts are identified.

The prospects of using complex forecasts on several analogs with the help of spline functions for variables,
characterizing the technological situations with GGOs, are shown. The procedure of short-term forecasting of the
multidimensional process of changing the average annual values of variables describing technological situations
(zashtybovka, bending of the conveyor in the horizontal plane, the rush of traction, the rush of the lash lugs, lining
the securing sections, etc.) with the conveyor and lava supports in the cleaning face. Successfully predictable and
non-predictable variables are identified. Conducted complex forecasts for different criteria of self-organization
allowed to determine the optimal number of analogs and to rank the forecasted variables of the combine and krepi
according to the accuracy of the forecast.

It is shown that the combination of the state forecasts of the cleaning equipment by two analogs gives a greater
number of predicted variables than one and three analogues. When predicted by the method of integrating ana-
logues of 12 variables, 10 are successfully predicted. The possibility of forecasting multidimensional technological
situations and in the presence of a trend is shown.

Krouesvie crnosa: nepemennas, npoeHo3, ananoe, CRAAUH-QYHKYulU, Kpumeputl, 6araunc OucKpemuzayuil, npe-
OUKMOp, 0YUCMHOU 3a001, pecypc, MexXHON0SUecKas cumyayus, Komoatin, Kpens iaevl, 3aumulO06Kd, Memoo
KOMNaeKcuposarus, cejleKkyusd, nocpeutnocmbs.

Key words: variable, forecast, analog, spline functions, criterion, balance of discretizations, predictor, clear-
ing face, resource, technological situation, combine, lava support, zashtybovka, method of integration, selection,
error.

BBeneHne Ha yFHeHO6LIBaIOHII/IX NpeAnpuruATUAaX B YCJIOBUAX 11O-
B HacCToAIIEC BPEMS BCC Ooiee AKTyaJIbHbIMU CTa- CTOSIHHOT'O pOCTa yACJIbHOI'0 B€Ca MAallIMH U MCXaHU3-
HOBATCA 3aAadyu IMPOTHO3UPOBAHUA COCTOSHUSA jN11(0) MOB B CTPYKTYPE HNPOMBIIIJICHHO-TTPOU3BOACTBECHHBIX
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(oHnoB. B COBpEMEHHBIX YCIIOBHSIX IIEHA OIIMOKU OT
HEOOOCHOBAaHHBIX PEIICHUH YIPaBICHYECKOTO Xapak-
Tepa CBOIUTCA K OONBIINM IIOTEPSM IJISI IPOU3BOJ-
ctBa. [ToaTOMy 0COOBIII HHTEpEC BBI3BIBAIOT BOIIPOCHI
MIPOTHO3MPOBAHNS HHANBHIYAIEHOTO OCTATOYHOTO pe-
cypca I'llIO wHa cragmu ero sKcruryatanuu. Mx pemre-
HUE ONHpaeTcss Ha TPaQuKH IUIAHOBO-TIPEAYIPEIH-
TEJILHOTO PEMOHTA, TEXHOJOIMYECKUE KapThl 1Mo 0e3-
OMAaCHOMY TEXHMYECKOMY OOCITYy>KUBAaHHUIO U PEMOHTY
000pyIOBaHUS LIAXTHI, XKYPHAIBHBIE OTYETHI TOPHBIX
MmactepoB. [Ipu 3ToM mcnonb3yercst Tekymias uHdop-
Manusi 00 00beKTe, MOoTyYeHHas! B pe3yJbTaTe XpOHO-
METPaXXHBIX HAOJIIOJICHUI 1 U3MEPEHUI BO BpEMs IKC-
TUTyaTaIiy, HalpuMep, MEXaHU3UPOBAaHHBIX KOMILICK-
COB OYHUCTHBIX 3a00¢B [1,7,8].

MHOTOoYHCIeHHBIE UCCIEAOBAHIS (PYHKIHOHUPO-
BaHUS OYHCTHBIX 3200€B, KaKk 00BEKTOB MPOTHOZUPO-
BaHUS IIOKA3bIBAIOT, YTO OHH MPEICTABIAIOT COOOM
CIIOXKHYIO TUHAMUYECKYI0 cucTeMy. Eciu moneitaThes
YTOYHUTH IIOHATHE CIOXXKHOCTU, TO, IIPEKIE BCErO,
HeO6XOI[I/IMO BbIACJIUTH MHOTOMEPHOCTH, HECTAIUO-
HapHOCTb, CTOXAaCTUYHOCTb NPONU3BOJACTBECHHOI'O KOM-
iekca. 3a0oif J1aBbl MPOXOMUT YYacTKH TeoJoruye-
CKHX OCJIO)KHEHHUH, [TI03TOMY SIBHO IIPUCYTCTBYET BJIU-
SHUE, pHIEM, CTOXaCTHYECKOE, YCITOBHIA
SKCIUTyaTalui Ha COCTOsTHHE 000opyaoBaHus. [losTomy
CUYHTACTCs, UTO MPOIECC JOOBIYH YISl BECEMA CIIOKEH
Ui TporHOo3a. HeoOXoauMo MpOTHO3HPOBATh Iepe-
MEHHEBIC, OTACHIBAIONINE TEXHOIOTHIECKUE COCTOSHIS
OYNCTHOTO 00OpYIOBaHUS HA CTAIAHU JKCILTyaTAIlHH.
To ecTp, ompenenars Kakue IMEPEMEHHBIE YCIIEIIHO
MIPOTHO3UPYIOTCA M Kakue He MporHosupyoorcs. Ilo-
CKOJIBKY OT HUX 3aBUCHUT PCIICHUEC 3adaY UHAUBUIY-
AIBHOTO TPOTHO3MPOBAHUS pecypca, TO €CTh OLleHKa
PUCKOB TI0 OTHOIIECHUIO K aBapHﬁHBIM CUTyalusm,
YCTaHOBJICHHE JOMYCTHMBIX OCTATOYHBIX CPOKOB JKC-
TUTyaTalus MPH HAIMIHA BO3PACTAOIIETO PUCKA U T.11.

Teopusi Bompoca

WBaxnenko A.I'. Oblia BBICKa3aHa MEICTH O TOM,
YTO MOIYJIIPHBEIMA B HAYIHOU cpelie JeTepMUHUCTHYC-
CKUMH METOJIaMH CHHTE3a areOpandecKux ypaBHEHUI
OJTHOKPATHOTO MPOTHO3a, OCHOBAHHBIX HA PErPeCcCHOH-
HBIX QJITOPUTMaX, HE MPEAyCMaTPUBAIOIINX CBOOOMIBI
BBIOOpa pELICHUs], IPOCTO HEMBICIMMO pelaTh CI0X-
HBIE 3aJadd, HAIpUMep, MpPeIcKa3aTh KOJIMYECTBO
BOJBI B peke uepes 10 ner [3]. DopmupoBaHne TOUHBIX
IIPOTHO30B YCJIOXHACTCA TEM, UTO MHOTHEC CﬂyqaﬁHBIe
MPOILECChl HACTONBKO CTOXACTUYHBI, YTO NPUHIIMIU-
aJIBHO HE MOAJAITCS MAaTEMaTHUECKOMY WM HHOMY
nporHosuposanuto. IlponeccoB, He MNOAAAIOMIMXCS
MpPOTHO3Y, OUYEHb MaJ0, MEHBIIIE, YEM MOXKET Ka3aThCsl
Ha IepBbIi B3MIs1. BONBIIMHCTBO CllyyaliHBIX IpoLec-
COB IIPOTHO3UPYEMBI C OOJIBIION TOYHOCTBIO.

OTCyTCTBUE yJAYHBIX MMPOTHO30B OOBSICHIETCS U
TEM, UTO IJIA MPOTHO30B 00BIYHO MPUMEHATINCH CJINII-
KOM IPOCThIE (JTMHEIHBIE ¥ KBaJpaTHIHbIE) yPAaBHEHHUS
IIPOrHO3UPOBaHUs. Y TBEPXKIECHUE O TOM, YTO IIPOCTHIE
COOTHOIIIEGHHSI 00Jiee COOTBETCTBYIOT HCTHHE, YeM
CJIO>KHBIE, CIIPABEAJIUBO TOJIBKO JUIS NMPOCTBIX AETEp-
MHHHPOBAHHBIX Clly4aeB. B cepe croxacTniyeckux siB-
JIeHU! NeHCTBYIOT CIIOXKHBIE, HETUHEHHBIE COOTHOLIE-
Hus [7, €.200].

Jlo cux mop paccMaTpuBalIX BOIPOCH! IPOrHO3U-
POBaHMS CITy4aiHbIX MPOIIECCOB, MPEACTABICHHBIX PA-
JIOM JAWCKPETHBIX TOUYEK. DKCIEPTHI MPEACKA3BIBAIOT
OIIpEACIEHHbBIC COOBITHSA, a HE 3HAYCHUS CIydailHBIX
nponeccoB. Bo MHOTHX ciiydasx IMPOTHO3 €IMHUYIHBIX
COOBITHII HE OTIMYACTCS OT MIPOTHO3UPOBAHUS HETIpe-
PBIBHBIX cly4yaiiHbIX npoueccoB. Hampumep TexHoio-
ruueckue cutyaruu ¢ ['TIO n3MeHst0TCS oA BO3AeH-
CTBHEM ONpE/EIECHHBIX (PaKTOPOB, OJHU U3 KOTOPBIX
y4acTb CTPOr0 MaTEMAaTHUECKHU CJIOXKHO, a JPYTUE BO3-
MOXHO. XOTsI OBl C ONpPEEIICHHON CTENEHBIO YBEPEH-
Hoctu. Hanpumep, ocTaHOBKA AJIEKTPOABUTATENS €CTh
npuMep equHuYHOro coobitHst. Ho sicHo, 4To coObITHE
HETIOCPEACTBEHHO CBS3aHO C XOAOM POCTa TEMIIEpa-
Typbl HarpeBa €ro KOMIUICKTYIOIIMX 3JIEMEHTOB. A
MIPOTHO3 TEMIEPATyphl €CTh MPOTHO3UPOBAHHE CIy-
JaiHOTO Tporecca. Bo3MOXXHO OIEHHTh TaKXKE H Cy-
IIECTBYIOIIYIO TIOCTOSHHYIO BPEMEHH H3HOCa 000py-
JIOBaHUS B OYMCTHOM 3a00€.

[ToaToMy TPOTHO3 €AMHUYHBIX COOBITUH, KOTO-
pBle OTIMYAIOTCA TE€M, YTO YK€ OHH OBIBAIM B IIPO-
[IJIOM, HE TOJIBKO BO3MOXKEH, HO M IIOYTH HE OTJIMYa-
eTcs OT IPOTHO3a HEeTPEephIBHBIX CIyYalHBIX Mpolec-
COB. A BOT NPOTHO3UPOBaHHUE COOBITHII, KOTOPHIX €lle
HHUKOTJla He OBIJIO, BechbMa 3aTpyaHHTENbHO. Hekoro-
past BO3MOXKHOCTb 3/I€Ch CKPBITA B HCCJICIOBAHIH aHA-
JIOTUYHBIX IBJIEHUN. Beap "cMyTHast" maMaTh yenoBeka
HaBepHSAKa KaK pa3 M MPEACTaBIsieT co00i OOonbIIoit
Habop aHANOroB, B 4éM-TO (IO 3aKOHAM OIU30CTH
n300pakeHM pacro3HaBaHUE 00pa30B) MOXOXKHX Ha
CUTYallHI0, OTHOCHTEIBHO KOTOPOH HYXHO HPUHSITH
pelieHne B JaHHBIM MOMEHT. 3aja4ya 4acTo COCTOUT B
BbIOOpE M ODOCHOBaHMM BBIOOpa MOAXOAAIIECIO aHa-
JIoTa JIJIsl pelIeH s TOM MM MHOW MPOOJIEMBI.

Kak mpaBmiio, U3MeHEHHsI TEXHOJIOTHYECKHUX IIa-
pamerpoB I'IIO yacto npuUBOAST K BO3HUKHOBEHHUIO
aBapuil. Ilpy HEKOTOpPHIX BUIAX aBapuid, HaIpUMeEp,
mpu oOpbIBe LENMM KOHBeWepa, NMpH CXOJe CTpyra ¢
HaNpasJSIONMX W T.I., pabora Mo 100bIYe HEBO3-
MoxHa. [Ipn aBapmsx ke ¢ MEXaHWYECKOH YacThiO
KpETH B JIaBe, PH YaCTUYHOH 3aIITHIOOBKE KOHBEHepa
MOXHO MpOJOJDKaTh paborTy mo noObiue. Kak wus-
BECTHO, aBaPHH 3TO COOBITHSL, TOBTOPSIOLINECS C OIIpe-
JeneHHbIMHE IuKiami [5,7,¢.200]. Ects onpeneneHHbIe
LUKJIBI K IEPHOJIBI, KOT/Ia COOBITHSI MOT'YT TOBTOPSITHCS
Kakaele 5-7 net unu Kaxaeie 10-12 jreT U, UX 4UCIO
JOJDKHO OBITH OMMHAKOBBIM. Heobxommmo paccMoT-
peTh NIpUMEHEHHE K MPEACKa3aHUI0 COCTOSIHUN O4NCT-
HOTO 3a00s1 METOZ INPOTHO3a CIy4allHBIX IPOLECCOB
TIPY TTIOMOIIH TIONCKa aHAJIO0Ta MM HECKOJIBKUX aHaJlo-
TOB B IpenpicTopiy. POpMAIBHO B Ka4eCTBE HCXO/-
HBIX JaHHBIX MOJXXHO B3Th BBIOOPKY HAOJIOJCHHI
MHOTOMEPHOTO Ipoliecca B OYHUCTHOM 3a00e, HO IpH
YCIIOBHH, YTO 3Ta BBIOOpKA JOCTATOYHO MPEICTaBU-
TeNbHA JUIS OMHMCAHUSA COCTOSTHHI 3a00s1 Kak 00beKTa
Habmoxernus. IloaToMy TO, YTO CIYYHMIIOCH B TIPO-
[IJTOM, TIOBTOPSIETCSI €I1Ie pa3 B JaHHOE BPEMsI, €CIIH HC-
XOJIHOE COCTOSIHHE OBIII0 AHAJTOTHYHBIM.

J11st IporHO3a Moro/ibl K M3MEHEHUsI KIIMMaTa Tpe-
Oyercst HaJM4YKUe JUIMHHOW U Pa3HOOOpa3HOW BBIOOPKH
JaHHBIX [IPH CTALIMOHAPHOM XapaKTepe MHOTOMEPHOT'O
mponecca. Ilockonbky MpU MOPOrHO3€ COCTOSIHUM
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OYKCTHOTO 32005 KOJIMYECTBO NPEICKa3bIBACMBIX IIe-
PEMEHHBIX 3HAYUTEIILHO IPEBBIIIAET YHUCIIO TOUCK IIPO-
THO3a (JIeT HaOMIOICHHI), TO IeTIeCO00pa3HO UCIIONb-
30BaTh METOJA KOMIUIEKCHPOBAHUS IPOTHO30B IO HE-
CKOJIBKMM aHasoram. IIporHO3bI HE pacCUUTHIBAIOTCS,
a OepyTcs U3 TaOIUIBI JaHHBIX HabmoaeHu. [lpenmy-
[IecTBa 3TOr0 MeTojJa ObUTH IOKa3aHBl B paboTax
[1,6,c.46,7] npu pemieHur 3ajady MPOTHO3UPOBAHUSA
MHOTOMEPHBIX IPOIECCOB B 3KOJIOTHYECKUX CHCTEMAX.
M3BecTHBIE anrOpUTMbI AKCTPANOJSALUH, HAIpHMeED,
MI'VA, kak npaBuio, yCHENUIHO IPOTHO3UPYIOT JIHIIb
HeOOJIBIIOE YUCIIO TMEPEMEHHBIX MHOTOMEPHOTO HpO-
ecca.

To4HOCTb IPOTHO32a KAKJOU IEPEMEHHON, HAIIPH-
Mep, OYUCTHOTO 320051, THITMYHBIX ITOJ3€MHBIX aBapHH,
TaKUX KaK B3PbIBbI, TI0’Kapbl, TOPHBIE YIaphl, OLICHUBA-
eTcsl 110 BEIMYHHE BapUalnu:

8 (x;) = 211§=1(xi(k) - ’?i(k))z/ (X — fi(k))z' (1)

e X;) — (paxkTudeckoe 3HaueHME i-i mepemeH-
HOM; %;(j) - IPOTHO3HOE 3HAYEHUE; X; (1) - CPE/IHEE 3HA-
yenue (0e3 ydera MpOrHO3UpyeMoi TOUKH); K- HOMep
rojia HaOIIOJCHUS.

Ecnu nporecc HecTarmoHapHbIN, KOT1a 4yacTh Ie-
PEMEHHBIX HEMPEPHIBHO PACTET WM CHIDKAeTCA IO Be-
JIMYUHE, TO COTJIACHO [1] BenuuuHa ¥; ;) IPUHAMAETCS
paBHoi1 3HaueHuto "Tpenna" Ha K-mrare mporunosa. Yuc-
muTenb B popmyde (1) onpenemnseT cpeHIO OIHOKY
MPOTHO3a M0 METOJly aHAJIOTOB, a €€ 3HaMEHATEelb -
CpPEe/IHIOI0 OMIMOKY OOBIYHOTO MPOTHO3a 0 CPEAHEMY.
ITo cyru B (1) cpaBHUBatOTCS 3TH ABe ommOKu. [lo-
3TOMY, KOT/Ia ITPOTHO3 TI0 aHAJIOTaM IMO3BOJISIET TIOJTy-
yuTh OOJIee TOYHYIO MH(OpManuio, 4YeM MPOTHO3 IO
CpeIHEMY, OH CUHMTAaeTCsl ONpaBJaHHBIM WK 3ddex-
TUBHBIM. OOBIYHO TIPOTHO3 KaXKOW NMEepEeMEeHHOH CUH-
TaeTCsl YCHELIHBbIM, €CJIM BapHallHs 5i2(k) < 1,0. Kak
MPaBWJIO, TOJBKO HYacTh IEPEMEHHBIX IPEACKa3bIBa-
ercss xopomo. OOmMM TIOKas3aTesleM YCHEIIHOCTH
Npe/ICKa3aHusl MHOTOMEPHOTO IIPOIecca CUMTAETCs
MPOLEHT WJIM JIOJs IEPEMEHHBIX T, (%), Ul KOTOPBIX
6i2(k) < 1,0. menHo miIs MakCUMaiabHO BO3MOKHOIO
YBEJIMYEHUS 3TOTO MPOLEHTA AT BcexX M nmepeMeHHbIX
NpU KOPOTKOM BBIOOPKE HCXOAHBIX NAHHBIX, HAIPHU-
Mep, TOPHO-TIPOM3BOJCTBEHHON JAEATEIFHOCTH, Ieie-
c000pa3HO MEepPEeXOANTh OT MOUCKA OJHOTO aHaJIoTra B
NPEABICTOPUN K KOMIUIEKCHPOBAHHUIO NPOTHO30B He-
CKOJIbKMX aHaJloroB. Kpome Toro, mosiBisieTcsi BO3-
MOXHOCTh yKa3aTh NEpEeMEHHbIEC, HAIpHMEpP, OYUCT-
HOTO 320051, B KaueCTBE MPEJAUKTOPOB U PAHKUPOBATH
uXx 110 3()(heKTHBHOCTH KOHEYHOTO Pe3yJIbTaTa IPOTrHO-
3UpOBaHUS MpH epedope 3-X aHAJIOTOB, HAYMHAS C O1-
HOTO aHaJora.

H310:keHNe 0CHOBHOI0 MaTepuaja

Bynem paccMmarpuBaTh KOMIUIEKCHPOBAaHHE IPO-
THO30B HECKOJIBKHUX aHAJIOTOB C MMOMOIIBIO 2-X MOJXO-
JIOB M CpaBHEHUS UX 110 3(h(peKTHBHOCTH (YCTICITHOCTH)
Npe/CKa3aHusl Ha NpUMEpe NpOrHo3a IapamMeTpoB
'O ouncrHoro 3a60s mwaxTsl. [TepBbIii U3 HUX OCHO-
BaH Ha WCIOJb30BAHUU CIUIAHH-QYHKIMH CO CTEIeH-

HBIMH KO3 (GHULMEHTAMU 110 KPUTEPHIO BapHaLUK IIPO-
THO3a, a IPYro - Ha mepedope IBPUCTHK (IUCIIO aHA-
JIOTOB, COCTaB MHOJXKECTBA NEPEMEHHBIX, CTEIICHb KO-
3¢ UIIEHTOB CIDIAWH-QYHKINIH) 1O KPUTEPHIO He-
MIPOTUBOPEYMBOCTH WIM 0ajaHca IUCKPETHU3AINH.
Ilocnenuuii mOAX0A HEMOCPEACTBEHHO BBITEKAET U3
MIPUHIOMIIOB CaMOOPTAaHHU3AIMH MM MAacCOBOM CEIeK-
UK. DTH MOJIXOJBI MTO3BOJIAT YCTAHOBUTH HE TOJIBKO
YUCIO YCHEHNIHO IPOTHO3UPYEMBIX IEPEMEHHBIX
OYKMCTHOTO 32005, HO M BBISIBUTH IEPEMEHHBIE, BO3-
MOJKHO HE YYTCHHBIC B JJaHHOW paboOTe W, HMEIOLINe
"pa3MBITBII" MPOTHO3, K KOTOPBIM MOJE3HEE IpuMe-
HUTB arnmapar HeyeTkoi toruku JI. 3aze.

ITo mepBOoMy moaxomy Kakaol CTpoke BBEIOOpPKH
HCXOJHBIX JAHHBIX COOTBETCTBYET TOYKA KaK B MHOTO-
MEpPHOM NIPOCTPAHCTBE TIEPEMEHHBIX X;, TaK M B MPO-
CTPaHCTBE MpPOTHO30B X; . IlepBoe mpocTpaHCTBO
HEOOXOANMO JUTS ONPE/IeIICHHS MEXTOUEYHBIX PacCTO-
SIHUH, @ BTOPOE - AJISI alllIPOKCHMANUH IPOTHO30B C I10-
MOIIBIO CIUTAiH-QyHKIwA. {1 mporHOo3a BEIOHpaeTcs
BBbIXOAHas Touka C MPOCTpaHCTB X; U X; , B KauecTBe
KOTOPOH MPUHHUMAETCS JINOO TMOCIEIHSS 110 BPEMEHU
TOYKa BEIOOPKH, JINOO MPEIMOCIIETHSS U1 OLICHKH Ba-
pHaIK IPOTHO3a MO IocieqHel cTpoke. PaccTosans
OT BeIXo1HOH To4KH C /10 BCeX OCTaNBHBIX B IPOCTPAH-
CTBE X; UCTIONB3YIOTCS ISl OTPENCIICHNSI aHAJIOTOB, a
UMEHHO: OnvKaiiias Touka A, ABISETCS MEPBBIM (OC-
HOBHBIM) aHAJOIOM; CJEAyMoUas IO pPACCTOSHUIO
Touka A, - BTOPBIM aHAJIOTOM U T.A., BIUIOTh A0 IO-
ciegHero aHaiora Ay. B mpocTpaHCTBE NpPOTrHO30B
Ka)XJIOMY aHAJIOTy COOTBETCTBYET OIpeIeICHHBII IPO-
ruo3 X; . KommiekcupoBaHue npezcrabisier co0oi ar-
NPOKCHMAIIMI0 TPOTHO30B HECKOJBKUX aHAJIOTOB,
00brgHO OmrpKaimux Kk Touke C. YHUCIIO YIUTBIBAEMBIX
AHAJIOTOB NP KOMIUIEKCUPOBAHUHN OTIPEIEIsIeTCsl SKC-
MepTHBIM IyTeM. [ KOMIUIeKCHpOBaHUs OyaeM Hc-
TI0JIb30BaTh SKCTPAIOJISIUIO IIPOCTPAHCTBA IIPOTHO30B
C TIOMOIIBIO CIUTAHH-QYHKIMHA, HO NPH JONYIICHHH,
YTO B KaXJOH TOYKE 3TOTO INPOCTPAHCTBA IPHUCYT-
CTBYET 3HAu€HHE IPOTHO3a, BBIYHUCIIEMOE IPH IIO-
MOIIM TPOTHO30B, MOJYYCHHBIX B COCEIHHX TOUYKaX
npocTpaHcTBa. B kadyecTBe cruiaitH QyHKIUHA IpUMeHs-
€TCsl TOJTHBIN TIOJTMHOM CJIelyIoniero Bua [4]:

Xicy = Ao + a1 Xjan) + -+ anZiany, (2

rJe | - HoMep MepeMeHHOM.

CootHomreHne (2) COOTBETCTBYET MapaMeTpudie-
CKOMY 3aJaHHI0 MHOTOMEpPHOW (YHKIHH, B KOTOPOH
YHCJIO CIaraeMbIX, OIIEHKH UX K03()(UITMEHTOB MOTYT
OBbITh HalJIeHbl TEMH WJIM HHBIMHU anroputMamu. Ho B
9TOM clly4yae He OyJeT yuTeHa OJM30CTh TOUeK, Xapak-
TEpHU3YIOIINX aHAJIOTH A;, K BBIXOJJHOH TOUKE B MHOTO-
MEpHOM MpOCTpaHCTBe NPOrHo30B. HyxkHO BBHIOpaTh
CIUTaliH-(QYHKIMK TaK, YTOOBI pa3iM4yHe MPOTHO30B B
9THX TOYKaxX yMEHBIIAJIOCh. A 3TO BEJET K yBeIHUe-
HUIO CXOJICTBA CAMUX ITPOTHO30B Ha BBIXOJIE C IPYIIIOi
BBIOpaHHBIX aHATOTOB. C 3TOH IENbI0 BBIYHCISIOTCS
METPHUYECKUE EBKINAOBBI PACCTOSIHUS MEKAY TOUKAMHU

B IMTPOCTPAHCTBE 21’
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paccrosiHue OT BBIXOAHOW Touku C 10 MEepBOro
(6bmmxkaitmero) aHamora A

2 2
dy = [(x10a1) — ¥100)) " + (a1 — X20)) "+ +
(Xman) — xM(c))Z]l/Z' (3)

paccrosiaue ot Touku C 70 BTOpOro, boiee yna-
JICHHOTO aHajora A»

2 2
dy = [(x10a2) — X2(0)) + (X20a2) — X2(0))” + -+
(xM(AZ) - xM(C))Z]l/Z (4)

paccrostae oT Touku C 10 TpeThero, eme Oonee
yIaJeHHOTO aHauora As

2 2
d3 = [(x103) = %100)) " + (X2waz) = X))+ +
(Xmeaz) — xM(c))z]l/Z: )

rae M-konu4ecTBO MpeACKa3bIBAEMbBIX MEPEMEH-
HBIX.

MeTpuueckue pacCTOSAHUA Jalee UCIOJb3YIHOTCs
Uit GOpMHUPOBaHMs CIEIYIOUIMX CIUIAiH-QYHKIIUH
[4]:

- ipu ogHOM aHanore (B=1):
J?i(c) = J?i(m)i (6)

- IIpY y4yeTe MPOTHO30B ABYX aHayioros (B=2):

Xicy = (dil Xican + aiz’?i(/m) (di + diz)_l ")

1

- IIpH y4yeTe MPOTHO30B Tpex aHaynoros (B=3):

o 1 A 1 . 1 . 1 1
i) = (E Xian) ¥ gz Xiaz) + d_gxi(A3)) (d_f tat

)7 ®

rae B- Konm4uecTBO yINTHIBAEMBIX aHAJIOToB; 1 <
B < N, N- 9ucio mporHO3HBIX TOYEK.

MOo>KHO 3amucaTth BBIpaKEHUS IS CIUTaitH-(QyHK-
U TpU ydeTe 4eThIpeXx, MATH U 6ojee aHaioros. Ho
MPAaKTUYEeCKH KOJMYECTBO YCIICIIHO M YIOBJIETBOPH-
TENBHO TPOTHO3UPYEMBIX IIEPEMEHHBIX C POCTOM
YHCIIa AHAJOTOB HE TOJIBKO HE yBEITMUMUBACTCS, HO TaXKe
W CHIDKaeTCs. JTO MOKa3aHO HUXKe B JIAHHOUW padore.
TlosToMy onmyCTUM 3TH BbIpaxeHHUs. YKaKeM Ha BaxK-
HOe 00CTOSTENILCTBO, BBITEKatoee 13 popmyi (7), (8).
A umenHo: u3 (7) cienyerT, 4To npu

dy = 0%y = Xjany; ipu dy = 0 X0y = Xja2)(9)
a u3 (8) BUIHO, YTO

npu d; = 0 X0y = X
npu d, = 0 Xyc) = Xjaz) (10)

npu d; =0 fi(C) = fi(As)

Cootnomernus (9) u (10) MOXHO CUUTaTh KOH-
TPOJBHEIMH IS cioiaH-¢yHKuuit (6), (7), (8). Ux
CIIpaBEIIIMBOCTH JIETKO foKasbiBaercs u3 (7), (8) ¢ mo-
MOIIBIO W3BECTHOTO TpaBuia JlomuTamst Ui pacKpel-
TSI CUTyaluil 6ECKOHEIHOCTH.

O6padoTka ganHbIX. O0CysKIeHNE Pe3yIbTaTOB

JlarHbIe HAOMIOACHNH OBUTN TIOJYYEHBI HA MIAXTE
"CepepHas" maxroymnpasieHus "Bopkyrayromas" 3a 8
net (c 2005 roga nmo 2012 ron). Usmepenuto momse-
xaiu 12 nepemenHbIx (M=12): x;- 3amIThIO0BKa KOH-
Beifepa; x, - W3rud KOHBelepa B TOPH3OHTAIBLHOMN
IUTOCKOCTH; X3- AOJIS TIOPBIBOB 3aMKOBBIX COCIMHEHNH
KOHBelWepa; X, - JO0JSI MEXaHUUYECKUX MOBPEKACHUN
3eMHHKa KOHBEHPA; X5 - 0T OTPHIBOB THIPOCTOEK OT
OTIOp KPEMH JaBBL; X - Ae(opManus pa3aBUKHBIX KO-
JKYXOB IEPEKPHITUH KPENHU JaBbl; X, - JOJS MOPHIBOB
TAT KPEIU; Xg - 10JI1 IPOBAIIMBAHUN OCHOBAHUI KPEIIN;
Xg- J10JI TIOPHIBOB IPOYIIHH KPEIH; X1q - IOJIA Mepe-
KOCOB CEKIIMH Kperu Ha COOPHOM IUTPEKE; X1 - OIS
TIEPEKOCOB CEKIMH KpPeNr Ha 3allaCHOM IITPEKE; X, -
JIOJISI 3aBaJIMBAHUI CEKIIUH.

[MompoOyem BeIaenuTh U3 12 mepeMeHHBIX, XapaK-
TEPU3YIOIINX HEMITaTHBIE CUTyallud ¢ KOHBeHepoM U
KpETbIo JIaBbl, HEKOTOPOE MHOXKECTBO, MOJAIAI0IIeecs
YCIICIIHOMY M YIOBJIETBOPUTEIHHOMY IPOTHO3UPOBA-
HUIO [IPU TOMOIIY KOMIUIEKCHPOBaHMS TPOrHO30B. Mc-
XOJIHbIE JaHHBIE PAaCCMATPUBAINCH B KauecTBE KOOP-
JVHAT BOCBMHU TOYEK HAONIOACHUH B BEHAIIATHMEp-

HOM IIPOCTPAHCTBE NEPEMCHHBIX. Onn 6BIJ'H/I
HOPMHPOBAHKI 110 (OpMyIIE:
Xi = (Xi = Ximax)/ Ximax — Ximin)-

B pesynbrare naHHble ObUTM TaOyJIMpPOBaHBI U
npeacTaBiaeHsl BeIOOpkoi pasmeproctn NXM(N=8).
IMocnemnuii (2012 rom) ObUT OCTaBIIEH /IS BBIYUCIICHUS
BapHaluu (Siz (mpoBepka). Torma BeIXOHOM OyneT 7-as
touka (2011 rox) 12-mepHOTO TIpOCTpaHCTBA. JIJ1s BBI-
yucieHus ananora umeem cemb Touek (N-1=7). Ha oc-
HOBaHMM HCXOMHBIX JaHHBIX 1m0 (opmyram (3)-(5)
ObUTH HalICHBI METPUUECKUE MEKTOUCUHBIC PaCCTOs-
HUS OT BBIXOHOM TOUKH C JI0 OCTaTbHBIX MIECTH TOYCK
U BEITIOJIHEH BBIOOP TpeX ONMKaWIIMX TOYEK B Kade-
CTBE aHAJOTroB. TakWMU aHAIOTaMH OKAa3alWch: A; -
nepBast Touka, d; = 1,642; A, - Tperhs Touka, d, =
1,685; A; - ueTBepTas Touka, d; = 1,868.

Janee myteM cIBUra HOMEPOB TOUYEK HCXOJIHBIX
JAHHBIX HAa €IUHHIy OBLIO HANJEHO MPOCTPAHCTBO
MIPOTHO30B, aNIPOKCUMAIUS KOTOPOTO CIDIAWH-(yHK-
[USMU C BBIYUCICHUEM 3HAYCHUS MPOTHO3a B BBHIXOJI-
HOM TOYKE U MPEICTABIIET COO0H KOMIUIEKCHPOBAHHE.
VcenemHocTh NporHo3a KaKJoW NEpeMEHHON B HTOU
TOUKE OMpeIenseTcs Mo Bapuauu 82 (x). Pe3ympraThr
BEIYMCIICHUI TIOKa3aHbI B Ta0J. 1, U3 KOTOPOH BHIHO,
YTO HAMOOJIBIIEE YUCIIO YCIIEITHO MPOTHO3HPYEMBIX
TIEPEMEHHBIX JIOCTUTAETCS MIPH HATWYHHA TPEX aHAJO-
roB Ai, A2 u Az. IX cemb, B Ta0i. 1 OHU OTMEUYEHBI
3HakoM "+", a "pa3MbIThIe" TIPOTHO3BI MOKa3aHbI 3HA-
koM "-". X OOBIYHO CUWTAIOT MPEAUKTOPAMH IPO-
rHo3a. Bce mepemMeHHble MOXHO paHKUPOBATh MO Ba-
pHALAU IPOTHO32 U MOYYUTh CICTYFOLTHHA PSII;
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5% (x)< 1,0 8% (%)= 1,0

X10X7X11X6X3X4X2 | X9X12XgX5X1

BuaHO, Y9TO JydYmIMM TOPEAMKTOPOM SIBISCTCS
JIOJIS IIEPEKOCOB CEKIUI Kpermu Ha COOPHOM IITPEKe, a
XYM - 3alITEIOOBKA KOHBEHEpa OYMCTHOTO 3200l
Ilo cyTu MeTon aHAIOTOB MO3BOJIMI BBIABUTH 3B (dek-
TUBHBIN aHCaMOJTb TIPEUKTOPOB - MPU3HAKOB, HE YITy-
CTHB HU OHOTO W3 HUX.

IIporuo3s o Tpem ananoram Ha 2012 rox (mocnen-
HUH TOJl UCXOTHON BBIOOPKH IAaHHBIX) BBITOJIHSIICS C
LENBI0 BBIABICHHUS ONTHMAJIBHOTO YHCIA YYHTHIBAe-
MBIX aHAJIOTOB (3 aHaJiora) M ONTHMAILHOTO aHCaMOJIS
MPOTHO3UPYEMBIX TIepeMeHHbIX (7 IepeMeHHBIX)
OYHUCTHOTO 3a0051. UTOOBI clienaTs MPOrHO3 Ha CIIEAy-
rorwii, 2013 rox, He0OXOAUMO AOMYCTHTH, YTO ONTH-
MaJIbHOE YHCJIO aHAJOTOB U aHCaMOJIb IEPEMEHHBIX Ha
TIOCJIEIHEM 1Iare BHIOOPKHU OCTAIOTCsl 0€3 M3MEHEHUSI.

Tabmuma 1
Januble s BEI60pa 3 (PeKTHBHBIX MPOTHO30B 0 KPUTEPHIO BAPHAUH

8% (x)(8% (x) < 1,0)

Bapuanuu nporsosa Yucno
Hcnonb3ye- ycneni- T

MpIC x x x x x x x X X x x x HbIX %
AHAaJIOT! 1 2 3 4 5 6 7 8 9 10 11 12 HpOFHO-
30B

A1=2005T. 45 0:17 158 | 2,40 | 1,19 | 345 | 242 | 4,02 | 1,62 0:19 0;58 3,21 3 25
A1=2005T. - + - + - - - - + + + - 5 4.7
A2=2007r. 52 | 0,78 | 1,86 | 0,95 | 1,51 | 2,21 | 1,38 | 1,45 | 0,98 | 0,28 | 0,48 | 2,42 !
Ar=2005r. | b 0 L e e e
A2=2007T. | 54 | 085 | 067 | 073 | 1,18 | 039 | 025 | 204 | 1,14 | 0,18 | 0,26 | 1,15 7 58,3
Az =2008T.

Amnanoramu 0ynyT manasie 3a 2006, 2008 u 2009
rogsl. C momonipio crotaH-pyHKnuit (6)-(10) ymaercs
HalTH KOMILJIEKCUPOBaHHbIE MporHo3sl Ha 2013 ron.
Yka3aHHOE JOMyIIEHNE He TPpeOyeTcs, eClIi KpUTEpuit
BapHalliy 3aMCHUTh Ha KpUTepuil OamaHca TUCKpETHU-
sanuit BL? [3]. DT1oT Kputepuil Tpedyer, 4TOOBI MO-
JieNb, HalIeHHas! IPY JUCKPETH3allUU TIEPEMEHHBIX Ha
N- ypoBHei#l (N-uuciio cTpok BBIOOPKH), KaK MOXKHO
MEHBIIE OTINYaNach OT MOJENH, MOTydaeMoil ImyTeMm
Jquckperusanmy Ha N/2 ypoHed. YacTHBIN KpuTepuit
Ganamca TUCKPETH3AIMI TS KaXI0H I-i mepeMeHHON
pageH [4]

b? = [£(N) — 2N/ (11)

rae X;(N), X;(N/2) — nporHo3bl JUCKPETU3HPO-
BaHHBIX 3HAYEHUH -1 TEpEeMEeHHOM.

O6uuit kputepuii 6ananca BL? nmeer Bux

BL? = M b? - min. (12)

[lepebopy mojurexxaT BCce BapHaHTHI UCIIOJIB30Ba-
HUS TOYEK 110 OJJHOH, ABE, TPH H T.JI. B KAUYECTBE aHAJO-
TOB, BIUIOTH JIO y4eTa BCEX TOYEK (CTPOK) BBIOOPKH.
IIpu sToM 12 MCXOOHBIX NEpPEeMEHHBIX HAa3HAYAIOTCS
SKCIEPTaMHU allpHOPHO, a MOKa3aTelb CTENeHH KO-
(DUIIMEHTOB CIIAWH-(QYHKINN NMPUHUMAETCS Ha eau-
HUIy MEHBIIE pa3MEPHOCTU MPOCTPAHCTBA AHAJIOTOB.
[Ipu mepebope ToueK paHKMPOBaHWE MOXKHO IPEKpa-
TUTb, KaK TOJIKO yBEIHMUYEHHE YUCIIa TIEPEMEHHBIX T1e-
pecTaér cHIKaTh Kputepui (12), 9To 03HaYaeT 1O0CTH-
JKEeHHe MM MUHMMyMa. Ho Kk MOporoBoMy 3HadyeHUIO
kpurepust (12) npeabsiBuM npyrue TpedoBanust. bynem
CUMTATh MPOTHO3 XOpoIIuM, eciu BL? < 0,8; ynosie-
tBOopuTensHEM, ecii 0,8 < BL? < 1,0; "pa3MbITeIM",
ecmu BL? > 1,0. ns storo CTPOSITCSI BCIIOMOTATEIb-
HbIE BBIOOPKHU JIByX MHCTPYMEHTAJIBHBIX TIEPEMEHHBIX

%;(N)u X;(N/2), onHa u3 BBIOOPOK-TIYTEM IUCKPETH-
3alli¥ JaHHBIX MCXOIHOHN BHIOOpKHM Ha 8 ypoBHeEH, a
BTOpAs - IUCKpeTu3auuen Ha 4 ypoBHs. B oTinuue ot
MpEIBIAYIIEro Ciiydasi, B KaueCTBE BBIXOJHOW TOYKH
MOJKHO B35ITh TOUKY HOMEp BoceMb (AaHHBIE 3a 2012
roj1), IOCKOJIbKY Bapualus 67 (x) He paccUMThIBaeTCS
U, T03TOMY IPOBEPOYHAs IOCIEAOBATEILHOCTh HE
HYXKHA.

ITo X>MMuHTYy OBUTH BBIYHCIIEHBI METPHYECKHE
MEXTOUYEUHBIE PACCTOSHHUS OT BBIXOAHON TOUYKH [0
BCex ocTalbHbIX. HaiineHo

dg-1) = [%1(8) = x (D] + |x2(8) — %, ()] +
[x3(8) = x3(D] + -+ + |x12(8) — x12(D)| = 37;
d(g_z) = 38, d(3_3) = 32; d(8—4) = 33, d(8—5) =

28; dg_g) = 42; dg_7) = 41.

ITo Mepe OIM30CTH K BBIXOJJHOM TOUKE aHAJIOraMH
SBIISIIOTCS: Aj - TIsITas TOYKa, A - TpEThsl TOUKa, Az -
4YeTBepTas TOuka, A4 . riepBasi TOUKa, As - BTopast TOUKa
1 T.1. Jlanee BBIMOMHSAETCA OIEHKA MO0 KpUTEpHUIO Oa-
JIAHCA JUCKPETHU3alnil BceX IePEeMEHHBIX Xj IPH YHCIIe
ananoroB B=3. Hanpumep, mporsossl aHanoros Ha
2013 r. (neBsiTast TOYKa BBIOOPKH) 110 TIEPBO TIEPEMEH-
HOM  coctaBunm:  Xyaq) =0,125; X4, =0,625;
fl(A3) =O,500

KomrutekcupoBaHHblii nporuo3 X; va 2013 rop
paccuutbiBaeTcs mo gopmyne (8) mpu JUCKpeTH3auN
Ha BOCEMb YPOBHEH NPOCTPAHCTBA MEPEMEHHBIX
X; ¥ HalJIeHHbIX 3HaueHnsix d; = 1,d, = 4,d; = 2110
nepBoii BcriomoratenbHoH BbiOopke. omydeno, uro
Zy(c) = 0.220. Tlocne AMCKpeTH3allMd Ha BOCEMb
YPOBHEH IMPOCTPAaHCTBA MEPEMEHHBIX M BBIYHUCICHUS
3HAYeHUR X;(a1), Xi(a2), Xi(a3) MO KXKAON X; KOMILIEK-
CHPOBaHHBIC TPOTHO3bI OCTAJIBHBIX IIEPEMEHHBIX Ha
2013 rox mpu B=3 oka3zanuch caemayonumMu:
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56\2((;):0,502; 56\3((;):0,423; 56\4,(6):0,181; ;£5(6)20,310;
56\6((;):0,455; 56\7(6):0,583; 56\8((;):0,829; fg(c):
0,831, 5510(6):01792; 211(6):01546; flz(c):0,352.

KommnekcupoBaHHBIH TPOTHO3 Kax 1o u3 12-Ti
nepeMeHHBIX Ha 2013 rox mpu IUCKpeTH3aIiy Ha de-
ThIpe ypoBHs npu B=3 coctasun: X;()=0,500; X, =1;
%3(0)=0,778; Ra0)=1; X5()=1,333;
56\7((;):0,500; 588(6):1’500; 56\9((;): 1,750; 56\10(0 = 2
Z11(c) = 1,184, X15(¢)=0,500. YacTHrie kpuTepuu Oa-

556(C):1;

nanca b?, xapaktepusyromme 3pheKTHBHOCTb KaxI0it
TepeMeHHON u paccuntanHble 1o (11), oxazamuch B
npexenax ot 0,007 aust X, mo 1,46 nnst X1y. Chopmu-
poBaJIiCs pAHKUPOBAHHBIH 110 b7 s/l PEAUKTOPOB MPHU
KOMIUICKCHPOBaHUH IIPOTHO30B TPEX aHAJIOTOB:

BL?<0,8 0,8<BL? <1,0 BL? 21,0

X7X12X1X3X2X6X11X8X4 X9

X5X10

PamxupoBaHHBIN PsiJl IEPEMEHHBIX MPU KOMILIEK-
CHPOBAaHHN NPOTHO30B [IBYX AHAJIOTOB OKa3ajcs Cie-

JTYFOIITHIM:

BL?<0,8 0,8<BL? <1,0 BL? 21,0

X7X1X12X3X4XeX2X5X11X9 -

XgX10

[Ipu sTOM YacTHBIE KpUTEPUH OajaHCa YIOKH-
muck B auanaszod ot 0,0279 ma x, no 1,460 mis xq4.

ITo cyTtu nporuossl mo 2-M u 3-M aHajgOraM COBMAIH,
XOTS 110 HANOOJIBIIEMY YHCITY YCIEIIHO IIPOTHO3UPYE-
MBIX MIEPEMEHHBIX IPHOPUTET 3a IBYyMs aHajoramu (10
YCHEUTHBIX TPOTHO30B MPOTUB 9) mpu IBYX '"pa3Mbl-
ThIX" TIporHo3ax. OOBICHEHHEM 3TOTO MOXKET CIIYKHUTh
IBpHUCTHYECKAs CYIIHOCTH mapamerpa B, T.e. on ""cBo-
6oxeH" mpu BeIOOpe pemeHus. JIydmmuMu TpeauKTo-
paMu SBJISIFOTCSL J0JISl TIOPBIBOB TAT KPEIW JIaBbl, 3a-
ITHIOOBKA KOHBEHepa U 3aBallMBaHUe CEKIIMH KpeTu, a
XYZALIAM — JI0JIS TIEPEKOCOB CEKIIMI KPeru Ha COOpHOM
wTpeke. PesynbTaThl pacdyeToB 10 Kputepuro BIL2
npeacTaBieHsl B Tabn. 2. CpaBHHBas c(hOpMHpOBaH-
HBIE PSIIBI C PSIIOM, HalJICHHBIM IIPU MTOMOIIH KpUTe-
pHsl Bapuanuy IporHo3a, BUANM, YTO Pa3HbIM KpUTe-
pHSM COOTBETCTBYIOT pasimyHble aHcamOmn 3¢ddek-
TUBHBIX IPEIUKTOPOB.

[Iporxo3s! Ha 2013 roa, KOMIUIEKCUPOBAHHBIE 110
JIBYyM aHajioraM, OTOOpaHHBIM MO Kputepuro BL? <
0,8, 6ymyr cnenyromue: X;(cy=0,333; %;(¢)=0,225;
56\12((:):0,188; 56\3((:):0,208; 56\4(C):0,528; 56\6(020,438;
56\2((:):0,406; X\S(C):01300; 56\11(C): 0,625, 55\9(C) = 0,708
[IpeumyiecTBo kKputepus BL? B cpaBHEHHH C KpUTe-
pHEM BapHallM OYEBHIHO, TaK KaK MEPBBIH M3 HHUX
MIO3BOJISIET CAENATh NMPOTHO3 OOJBIIEr0 YMciia Iepe-
MEHHBIX 32 [IPe/IeIaMy UCXOAHOW BEIOOPKH AaHHBIX. 1
JlaXke B 3TOM clly4dae OH 0ojee TOUeH.

Tabmuma 2

Jannble 115 Bb10opa aHcamM0J1s1 3¢ (peKTUBHBIX MPOTrHO30B N0 KPUTEPHIO 0ajlaHca TUCKPeTH3alMii Ipu
nporyso3e Ha 2013r.

Kpurepuii 6amanca TuCKpeTH3aIHHA Yucno
Hcnonbiye- ycreni- .
Mpie x| x x X x X x X X9 | x x x HbIX %
AHATIOTH 1 2 3 4 5 6 7 8 9 10 | X11 12 mpo-
THO30B
+ - + + - - - - - + + -
A1=2009T. | 55 | 189 | 077 | 025 | 352 | 225 | 352 | 352 | 352 | 002 | 025 | 1,890 5 417
A1 =2009 . + + + + + + + - + - + + 10 833
A>=2007r. 0103|021 | 022|049 | 032 003 1,00 | 063 | 1,46 | 0,50 | 0,097 !
Ar=2000r ||, L |, LT .
A2=2007T. | 4 | 025 | 0413 | 067 | 1,05 | 030 | 001 | 045 | 0.85 | 146 | 0,41 | 002 9 &
A3=2008Tr.

BbiBoABI U NIpeEIIOKEHUS

OnucaHHBI TOAXOX MOXKHO TPUMEHHTH IS
KPaTKOCPOYHOTO MPEICKA3aHMUs TAKUX THITHYHBIX aBa-
pHii B maxTax, KaK B3pBIBBI, TOXKaphl, TOPHBIE YAAPHI,
3aTOIUICHUS TOPHBIX BBIPaOOTOK. Bo3MoXxHO, mmpu 1mo-
JOOHBIX aBapuAX CTOJIKHEMCS C TPOTHO3MPOBAHHEM
HECTAI[MOHAPHBIX MHOTOMEPHBIX IIPOIIECCOB IIPH HAIH-
YU TPEHJOB, KOIJa MHOTHE II€peMEHHblE OyIyT
HENPEPHIBHO YBEJINYHUBAThLCS UM YMEHBIIATHCA. A 3TO
3aTPYAHUT NOUCK aHAJIOTOB. BeIAENUB TpeHa OJHUM U3
M3BECTHBIX CIOCOOOB, HM3JIOXKEHHBIN MOJXOJ MOXHO
UCIIOJIb30BaTh AJISl MPOTHO3a OTKIOHEHWH OT TPEeHJa.
OueBUAHO, YTO Ta WIM HMHAs CTATUCTHKA MO yKa3aH-
HBIM aBapusAM CYIIECTBYEeT M aHAJIOTHM MOTYT OBITh
onpezeseHsl. Bonpoc b B TOM, CKOJIBKO UX NOTpe-
Oyercs. s MOMIaroBoro MPOTHORWPOBAHMS HEIITAT-
HBIX CUTYyalluil BakKEH NEPEX0] K KBa3HCTalMOHAPHO-
CTH Ha0JTI0JJAEMBIX IIPOIIECCOB A KOITMYECTBO YCIICIITHO

MIPOTHO3UPYEMBIX IIEPEMEHHBIX OCTAeTCS OOLIMM IO-
KazareneM >(QQeKTHBHOCTH Jr000ro mporecca. Pac-
YETBI MOT'YyT BECTHUCH IO NPUBCACHHBIM BBIIIC KPUTC-
PHSIM TIPOTHO3A.

IloBTOpEHNEM IpOLEAYPhl IOLIATOBOTO IPOTHO-
3MPOBAHUS MOXKHO JIOOUTHCS JOJIITOCPOYHOTO MPOTHO3a
Ha JIF000H YroJBHOH MmIaxTe ¢ YHpPEeXKICHHWEM J0 He-
CKOJIBKMX ILIaroB, a IpH BPEMEHH IIPOTHO3a Oostee ye-
TBIpEeX IaroB (JIET) MOXXHO NPHMEHHUTh B KauecTBE
MepBbI OJIM30CTH BBIXOAHOW TOUKH K aHAJI0TraM KaHOHH-
YyecKuit Ko3(h(HUIMEHT KOPPEISIHY.
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GENERALIZED ASSESSMENT OF THE RISK OF ACCIDENT ON HYDRO STRUCTURES OF THE
CASCADE OF HYDROPOWER PLANTS

Mo3zoeuit Andpin Onekciniosuu

KaHOUOam mexHiuHUX HayK, 00YeHm Kageopu 2eomexHiku ma ni03eMHUx cnopyo
Xapxiecokuil HayioHanbHull yHieepcumem OyOiBHUYMEA Ma apXimeKmypu

V3ATAJIbHEHA OIIIHKA PU3UKY BUHUKHEHHS HAJIBBUYAMHOI CUTYAIIIi HA
TIPOTEXHIYHUX CHOPYJIAX KACKAZLY TZIPOEJEKTPOCTAHIIII

Summary: An algorithm of probabilistic assessment of the reliability of hydro structures of hydropower
schemess of the cascade of hydropower stations in the framework of the system reliability theory is proposed.
Correlations between natural factors are taken into account: correlations between flood water flows, correlations
between ice thickness in reservoirs of cascade of hydroelectric units and correlations between temperature
influences in hydropower schemes of the cascade. The laws of distribution of random variables of natural factors
are represented by systems of random correlated variables. The laws of distribution of random variables of natural
factors were transformed into the conditional normal laws of distribution. The algorithm was tested on the Dnipro
cascade of hydropower plants; a numerical value of the probability of an accident on the cascade of hydropower
plants was obtained.

AHoTanis: 3anponaHoBaHO AJITOPUTM IMOBIPHICHOT OLIHKH HAAIHHOCTI TIPOTEXHIYHUX CHOPY/I TJPOBY3IIiB
KacKaJy TiipoeNIeKTPOCTaHIIil B paMKaxX CUCTEMHOI Teopii HaJiifHOCTI. Y paxoBaHO KOpPEIsLiiiHI 3B 13KH MIX ITPHU-
poaHUMH (paKTOpaMK: KOPEJALiiHI 3B’A3KH MIX I1aBOJIKOBUMH BHTPAaTaMU BOJOTOKY, KOPEISLIIHI 3B’ 13KH MiX
TOBIIMHOIO JILOAY Y BOJOCXOBHIIAX KacKaly TiJJpOBY3IIiB, KOPEISLIiHI 3B’A3KH MK TEMIIEPaTYpPHUMH BILTUBAMHU
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IO TiIPOBY3JIax Kackaxy. 3aKOHHM PO3IMOJUTy BUNAAKOBUX BEIUYHMH NPUPOTHHUX (aKTOPIB MPEACTABICHO CHCTE-
MaMH BHIIaJKOBHX KOPEIbOBAaHHUX BEJIMYMH. 3MifICHEHO NepPEeTBOPCHHS 3aKOHIB PO3NOALTY BUIIAIKOBHX BEIMYHH
IpUPOAHUX (AKTOPiB B YMOBHI HOPMaJIbHI 3aKOHH PO3IMOILTIB. AJTOPUTM anpoOoBaHO Ha JIHITPOBCHEKOMY Kac-
KaJi TiApOeIeKTPOCTaHIil, OTPUMAHO YHCENIbHE 3HAYCHHS IMOBIpHOCTI BHHUKHEHHS aBapii Ha KacKasi Tizmpoere-

KTPOCTAHIIIH.

Key words: distribution law, natural factors, correlations, cascade of hydropower plants, probabilistic

reliability assessment.

Kouosi cnosa: 3axon po3nooiny, npupooHi paxmopi, KoperayitiHuil 36’5130k, Kackao 2iopoenekmpocmanyii,

IMOGIpHICHA OYIHKA HAOIIHOCTI.

[Tocranosa npobiemu. Baxko nepeoniHuTH poib
rizpoBy3iiB JIHIMPOBCHKOTO Kackany y 3a0be3nedeHHi
HaiHHOI POOOTH 00'€qHAHOI CHEPTreTHIHOI CHCTEMH
VYxpainu. [lizcyMKkoBa HOTYXHICTB TiAPOEIEKTPOCTaH-
it kackaxry ckianae 3,67 mumH. KBT, ipu iboMy BUpoO-
OiTok enekTpoeHeprii craHOBUTH a0 90% BHPOOITKY
ycix rigpoenextpocranuiit Ykpainu [1-3]. Bogocxo-
BuIla J{HINPOBCHKOTO Kackamy 3a0e3neuyloTh KOMyHa-
JHHO-TIOOYTOBI, IPOMHUCIOBI 1 CUTBCHKOTOCIOAPCHKI
notpedu Oimpm 50% tepuropii Ykpaian. Tomy mu-
TaHHS HaIiIHOI i Oe3MeYHOT eKCIUTyaTallil TiIpOBY3IIiB
JIHIIPOBCHKOTO KacKany, po3poOKa i YAOCKOHAJICHHS
METOZIB OWIHKH IX HAIIIfHOCTI SBIAIOTHCSA AKTyallb-
HHUMHU.

AHai3 OCTaHHIX IOCHIKeHb 1 myOmikarii. Imo-
BIpPHICHY OLIHKY HaJiHHOCTI TiIPOTEXHIYHHUX CIIOPY[
pErJIaMeHTYIOTh BITYM3HSHI HOPMAaTHUBHI JIOKYMEHTH
[4-5], 3akopnoHHi HOpMaTHBHI JoKkymeHTH [6—11]. 3a-
3HaYeHI JpKepesia PerjJaMeHTyIOTh ypaxyBaHHsS Kope-
JSILIHHOTO 3B’S13KYy MIX NMPUPOAHMMHU (paKTOpaMu Ii[
4yac BU3HAYCHHS HAIIIHOCTI T1IPOTEXHIYHUX CIIOPYA.

CratucTudHe ONpamioBaHHS MPUPOIHO-KIIMaTH-
YHHX BIUIMBIB HA TepUTOpii YKpaiHM, MOJEIIOBaHHS
CTOXaCTUYHOTO XapakTepy HPUPOJHO-KIIMATHIHUX
BIUIMBIB HAa T1IPOTEXHIYHI CIIOPYIU PO3TIIHYTO B PO-
6orax [12-15].

[IpakTH4HI METOAWKH OIIHKH PU3UKY (iMOBIpHO-
CTi) BAHMKHEHHS HaJI3BUYaliHUX CUTYyallil Ha rizpore-
XHIYHHUX CHOPYJAax 3 ypaxyBaHHSM HPUPOJHO-KIiMa-
TUYHUX, TIAPOJIOTIYHUX, CEHCMIUYHUX BILTHBIB, @ TAKOK
HEJIONYIIEHHS] BUHUKHEHHs HaJ3BHYaWHUX CHUTYaIliif
Ha TiIPOTEXHIYHUX CIIOpPYAax B paMKax NapameTpuy-
HOI Teopii HaJiHOCTI po3rIsHYTO B poboTax [16-27].
MeToarKa OIIHKY PU3NKY BUHUKHEHHS HaJ3BHUYaiHO1
CHUTYyaIlil Ha TipoBy3ii HaBeeHOo B poboTi [16].

He pos3p’s3aHOI0 paHime YacTHHOIO HpobieMu
CJIiT BBAXKATH BIJICYTHICTh aJITOPUTMY ypaxyBaHHS KO-
PEISILiHHUX 3aJIe)KHOCTEH MK T1IPOJIOTTYHUM PEXH-
MOM BOJIOTOKY, M)XK JIbOJIOBUM PEXHUMOM BOJIOCXOBHIIL
TipOBY3iB, MK TEMIIEPaTYPHUMH BIUIMBAMH 10 Tiji-
POBY3J1axX KacKajy IpH OLIHII Ha{ii{HOCTI TiApOBY3IiB
KackaJy TiIpoeJIeKTPOCTaHIiii B paMKaX CHCTEMHO] Te-
opii HaxmiHOCTI. ICHYBaHHS KOPENAIIMHUX 3B’SI3KiB
MK TPUPOAHUMH (haKTOpaMH: KOPEJALiNHI 3B SI3KH
MK TTaBOJIKOBUMH BHTPATaMH BOJOTOKY, KOPEIALiiHI
3B’SI3KH MIXK TOBIIMHOIO JIbOJY Y BOJIOCXOBHINAX Kac-
KaJy TiApOBY3IiB, KOPEJALiiHI 3B’ SI3KH MK TeMIepa-
TYPHHMH BIUIMBAMHU 110 TiAPOBY3JaX KacKaiy IOCIi-
JUKEHO B podorax [18, 28—29].

BusHavyenHss MeTH Ta 3a4adi JOCTiZKeHHS.
Mera i 3a1aui JOCIIKEHHS TOJISATAalOTh B pO3po01 an-

TOPUTMY IMOBIPHICHOI OLIIHKM HAIIHHOCTI TiIPOTEeXHi-
YHUX CHIOPY/ TiIPOBY3IIB KacKaiB TiJJpOeNeKTPOCTaH-
il 3 ypaxyBaHHSIM KOPEIALIHHNX 3B’3KIB MIX MaBO-
JKOBUMHM BUTpPATaMH BOJOTOKY, KOPEALINHNX 3B’53-
KiB MK TOBIIMHOIO JIbOJIY Y BOJOCXOBHIIAX KaCKamy
TiIPOBY3IiB, KOPEILIHHIX 3B S3KiB MiXK TeMIIEpaTyp-
HUMH BIUIMBaMH IO TiAPOBY3Nax Kackamy. 3OIHCHUTH
ampo0Oariiro anroputMy Ha J{HITPOBCHKOMY KacKai Ti-
JPOCIICKTPOCTAHIIIH 13 OOYHCIICHHSIM IMOBIPHOCTI BHU-
HUKHCHHS aBapii.

Marepianu Ta MeToanka gociimxkeHHs. Kopes-
LifHI 3B’A3KK MK BHITAJKOBUMHU 3HAYCHHSIMHU MPHUPO-
JHUX (aKkTOpiB y CTBOpAx TipOBY3IIiB ypaxoBaHi i3 3a-
JIy4€HHSIM HOPMAJILHOTO 3aKOHY PO3IMOJUTY JUIsl BOX
KOpEJIbOBAaHUX BEIWYMH B IPOTPAaMHOMY KOMIUIEKCI
Mathcad. IlepeTBopeHHS CTATHCTHYHUX PAIIB TaHUX
MIPUPOTHO-KITIMATHYHUX BIUIMBIB B YMOBHI HOpMaJIbHI
3aKOHM PO3IOALTIB 3[iHCHEHO METOAaMH MaTeMaThd-
HOi CTaTUCTHKH. AJTOPUTM IMOBIpHICHOI OLIHKH Ha-
JIITHOCTI TiAPOTEXHIYHIX CITOPY/I T1IPOBY3IIiB KaCKamy
TiIPOENeKTPOCTAHIIIH TOOYI0BAaHO 32 METOIOM CTaTH-
CTHYHHX BUIpoOoByBaHs (MeTon MonTe-Kapno) B
nporpamHoMy Komiuiekci Mathcad.

PesyabraTu pocaixxennsi. Ha mincrasi yce6iu-
HOT'O aHaJli3y KOMIIOHOBOYHUX I KOHCTPYKTHBHHX pi-
[ICHb, TCXHIYHUX XapaKTEPUCTHK TigpoBY3NiB JIHir-
POBCBKOTO KacKaly He0OXiTHO pO3pOOHTH JiepeBa Bij-
MOB 1 ITOIIKO/IKEHb OCHOBHUX T1APOTEXHIYHUX CIIOPY[
TiIpOBY3IiB, SKi NPU3BOAATH O BUHUKHEHHS HA/I3BH-
YaifHoI cHTyalil Ha TiIpoBy3mi, a0 TIHOTETHYHOTO
CIICHAPif0 PO3BUTKY IMOMIN Ha TiAPOBY3IIi, SIKi MPU3BO-
JITh 710 BAHUKHEHHS HaI3BUYAHOT CUTYyAIIil Ha TiaApo-
BY3JIi 3 METOIO MOJAJIBIIOT OLIHKY PU3UKY BHHUKHEHHSI
aBapiii Ha riipoBy3iax J|HIIPOBCHKOTO KacKaiy.

JIHIIpO SBIAETHCS KPYMHIMIO PiYKOI0 YKpaiHH i
TPETHOIO 3a BeMM4MHO0 y €Bpori. [lnoma Bogo360py
Juinpa cTanoBuTH 482 THC. kM. JIHINPOBCHKUIA Kac-
KaJ T1IpOeTIeKTPOCTAHIIN CKIIala€ThCs i3 IECTH CTY-
neHiB: KuiBcpkuii, Kanicpkuii, Kpemenuynpkuii, Ce-
penabonHIpoBChKHiA, JHinpoBckkuil (JHimpol'EC I i
Huinpol’EC II), KaxoBcbkuit rinpoBy3nu. Indopmartis
IIPO BOJIOCXOBHIIA JIHIMPOBCHKOTO Kackaly HaBeaeHa
y 200,

KuiBcpknii rizpoBy3on. [lo ckmamy criopyn riapo-
By3Ja BXOIATH: pycnoBa Oyxisma I'EC, cymimeHoro
THITY i3 TOBEPXHEBUMH BOAOCKHAMH 1 CIIPSTalOuYruMHU
CTOSIHaMH, 3€MJITHA HaMUBHA Trpelist i JiBoOepexHa
namb0a, CyTHOTUTABHUM OJJTHOKaMepHHUH nutto3. ['eostori-
YHI YMOBH: KOPiHHI IOPOJIX B OCHOBI CIIOPY/I TiPOBY-
3714 peACTaBIIeHI APIOHO3EPHUCTUMH OyYaKCKUMU ITi-
CKaMH, SIKI MiICTIIAIThCst MeprefisiMu. Kirac HaciKiB
cnopya CC2-1.
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KaniBcbkuii rizpoBysoi. [lo ckinany cropyn rin-
poBy311a BXOIATE: pycioBa Oyxiensa [EC, cymimenoro
THUITY i3 TOBEPXHEBUMHU BOJOCKHIAMH, 3€MJITHA HAMHU-
BHA rpe0Jisi, CyAHOIUIaBHUN OTHOKaMepHuUi mumo3. ['e-
OJIOTiYHI YMOBH: B OCHOBI CIIOPY[ 3aJITAlOTh ITiIIaHi
TPYHTHU. Y TOBIII MMiCKiB 3yCTPidarOThCS MPOIIAPKH CTa-
pUYHHUX CyHIcKiB i cyrmiakiB. Kiac HacmiakiB cropyn
CC2-1.

Kpemenuynpkuii rinpoByson. [lo ckimany cropyn
rizpoBy3ia BXoaATh: pycinoBa Oyxiinst ['EC, Bono3nu-
BHa rpebis, 3eMJIsHI rpelii, CyJHOIIaBHUI OJHOKa-
MepHHH nUT03. ['eosoriudi yMOBH: B OCHOBI OETOHHHX
CIIOpY/[ 3aJIAraloTh T'PaHITH, 3eMJISIHI TpedIli po3Tramio-
BaHI Ha aMOBIaJbHUX MIIAHUX BiTKIAJCHHAX 3 TPO-
IIapKaMHU CYIICKiB i CYTIMHKIB, SIKi MiACTUIAIOTHCA Tpa-
HiTamu. Kitac Hacminkis cnopyn CC3.

CepeHpOAHINIPOBCEKUH TimpoBy3o0in. [lo ckmamy
CHOPYA TiApOBYy3ia BXOAAThH: pycioBa Oyxins ['EC,
BOJIO3JIMBHA TpeOIIst, 3eMJIsIHI Ipediti, 3aXucHa namoa,
CYAHOIUIABHUM OJHOKaMepHHH 1LI03. ['eonoriuni
YMOBH: B OCHOBI OETOHHHX CIIOpPY/] 3aJIArat0Th IPaHiTH
1 rpaHiTo-THE#cH, 3eMIIsHI TpedJIi po3TanioBaHi Ha JIpi-
6Ho3epHucTHX mickax. Kirac Hacmizkis cnopyny CC2-1.

JHinpoBceKuit TigpoBy3oi. Jlo ckiany cnopya ri-
IpoBy3na BXoAaTh: npurpebensHi Oyaism TEC 1iTTEC
II, mutoBi crinku [EC 11 T'EC I, Bomo3nuBHa rpeds,
CHPATA0YN CIOPYIH, TIyXi Tpedii JiBOro i mpaBoro
OeperiB, CyIHOIUIaBHI OJHOKAMEpHHH 1 TphOXKamep-
HUH [UTIO3H, BIAKPUTHIA PO3MOAUTEYHiA ipucTpii. ['eo-
JIOTIYHI YMOBH: B OCHOBI CHOPYZ 3aJISTalOTh TPAHITH.
Knac nacnigkis copya CC3.

KaxoBcbkuii rigpoBy3o:. Jlo ckinany cropyxa ria-
poBy3na BxousaTh: Oynisis 'EC cymimenoro tumy 3
JIOHHMMH BOJIOCKH/IaMH, BOAO3JIMBHA Ipeliis, 3eMIsTHa
rpebisi, CyAHOIUIaBHIH OJJTHOKaMEepHUIl IIJTI03, BOA03a-
Oipaa cropyna IliBHivHO-KpuMCBKOTO 3pOmIyBals-
HOTO KaHaiy. | 'eoJoriuHi yMOBHU: B OCHOBI CIIOPY/ 3a-
JATaoTh ApiOHO3epHUCTI micku. Kiac HacmigkiB cro-
pyn CC3.

OCHOBHI TepeayMOBH Ha SKHX MOOYZ0BAHO aJIro-
PUTM BU3HA4YCHHS PU3MKY BUHUKHEHHS Ha/l3BUYAHHOT
CHUTYyalil Ha KacKaJi TiJpOBY3JIiB HACTYIIHI:

— CYKYIHICTB TiIpOBY3JIiB, 10 BXOASTH JI0 CKIaIy
KackaJy TiJIpOoejeKTPOCTaHIIiH, PO3IsIAEThCS K BHU-
XiJIHa CKJIaJHAa TEXHIYHA CHUCTEMa, sIKa CKJIAJa€ThCs 13
PSRy MiACHCTEM IEPINOTO PiBHS, KOXKHA i3 IKUX MOJE-
JIFOE OJIMH TiZAPOBY30JI, PYHHYBaHHSI SIKOTO MOXE IPH-
BECTH /10 BUHUKHEHHS HaJ3BHYaiHOI CUTYalil Ha Kac-
KaJli TiAPOEICKTPOCTAHIIIN;

— CYKYIHICTb CHOPY/I, III0 BXOJATh A0 CKJIaay Ha-
mipHOTO (PPOHTY TiAPOBY3IA, PO3IIAAAETHCS SIK IiJCH-
CTeMa, sIKa CKJIaIa€ThCA 13 PsILy MiZCUCTEM APYToTo pi-
BHSI, KOXKHa 13 SIKHX MOJIEIIIOE O/IHY T'IPOTEXHIUHY CIIO-
pyAy, 4YM KOHCTPYKTHBHHUH €JIEMEHT, pYyHHYBaHHS
SIKOTO TIPYBE/IE 10 BAHUKHEHHSI HAI3BUYAHOT CUTYaIii
Ha TiAPOBY3Ii;

— KOKHA MiJICUCTEMA JAPYTOTo PiBHS CKIAAAE€ThCS
3 OJTHOTO YH JIEKIJIbKOX €JIEMEHTIB Pi3HUX THIIIB, IIPH-
4OMY KOXKEH 3 €JIEMEHTIB ITiJICHCTEMH BilOBiNa€e 3a
OIlip CIOpPYIY BUHUKHEHHIO OyJb-SKOTO I'PaHUYHOTO
CTaHy;

— YpaxoBYIOUH JIOTIYHY CXeMy 3B’SI3KiB MiXK eJie-
MEHTaMH, SIKi MOJEINIOIOTh HamipHui (PpPOHT, BUXigHA
CHUCTeMa MOXKE BIINOBIAATH 3MimaHii (MOCIiIOBHO-
mapajesnbHii) cxemi 3’€JHaHHS €JIEMEHTIB,;

— CJIiJI ypaXxoBYyBAaTH, IIO JACSKi EIIEMEHTH, III0 BXO-
ISITh B CUCTEMY, € OTHOTUIIHUMHM (HAIPHUKIAJ eleMe-
HTH, SKi BiIMOBiAIOTh 32 CTIHKICTh MPOTH 3CYBY CEK-
it OyaiBii rigpoenekrpocrannii abo 6eToHHOT BOJI03-
JBHOT rpedi).

Hopwmu npoexryBanus [4—5] pernameHTYIOTh 6€3-
NeKy 1 HaAlHHICTh TiPOBY3Ia UM KacKaay TiApOBY3IIiB
3a0€e3IeueHor0, SKINO 3a0e3leueHa HamiiHICTL 1 0€3-
TieKa KO>KHOT I'IpOTEXHIYHOT CIOPY/IH, 10 BXOIAMUTH 10
CKJIA/ly TiJpOBY3J1a 4K Kackaay. [Ipu npoMy orinka Ha-
JiiffHOCTI 1 Oe3MeKkn KOXKHOI TiAPOTEXHIYHOI CIIOpyIn
BHKOHYETHCSA 13 3CTOCYBaHHSM IMOBIPHICHHX METOIIB
HAa OCHOBI Cy4acHOi Teopii HaHiHHOCTI CKJIATHHUX TEX-
HIYHHAX 00’€KTiB. Y SKOCTi MOKa3HUKa PiBHA HaIiHO-
CTi 1 6e3mmekn KacKaay TiAPOBY3IIB JOUITHHO BUKOPHC-
TOBYBAaTH 3HAUCHHS PU3MKY BHHUKHECHHS HaI3BHYan-
HOT cuTyaIlii Ha KacKai TiApOBY3IiB. 3a HAA3BHUYANHY
CHUTYyaIllI0 CJIi/I BBA)KATH BUHUKHEHHS aBapil Ha Oy.pb
SIKIH COpY/, 1110 MO>Ke TPUBECTH JIO0 IPOPHUBY Halip-
HOTro (hPOHTY TiAPOBY3IA.

Jlnist OLiHKM pU3UKY BUHHMKHEHHS aBapii Ha Kac-
Kaji TiIpOBY3JiB BHKOPHCTAHO METOA JIEPEB BiJMOB
[16, 30]. OcHOBHI moJIOXKEHHS MOOYAOBH JiepeBa Bij-
MOB 1 HeCTpaBHOCTEH J{HIMPOBCHKOTO Kackamy Tiapoe-
JIEKTPOCTAHIIIH 0a3yIOThCS Ha AIFOUUX HOPMaX IMPOCK-
TyBaHHS TIAPOTEXHIYHHUX CIIOPY[ Ta IHIIMX JpKepesax
[3-5, 16].

JepeBo BiIMOB mpexacTaBisie rpadoaHATITHIHY
MOJIeNb HAJIMHOCTI KacKaay TiIAPOBY3IIB, sika po3po0-
JICHa Ha OCHOBI aHaJ3y CKIaay TIAPOTEXHIYHHUX CITO-
PYA TiZpOBY3JIB 1 XapakTepy IMOBIpHICHUX 3B’SI3KIB
Mix HuMmHU. [Tix yac moOyIOBH AepeBa BIAMOB CIIOYATKY
BU3HAYAIOTh BUXIJIHI BIIMOBHU TiZPOBY3JIB, SKi CIpPH-
YHUHSIOTHCS BiIMOBaMH TiIDOTEXHIYHUX CHOPYH, Ha-
CTaHHS SKHX MOXE TPUBECTH O BUHUKHEHHS PE3yJib-
Tyr04ol noaii (BUMNaaKy) — BUHUKHEHHS Ha/I3BUYaiiHOT
cuTyamii Ha Kackaii TiIpoBy3iiB. lepapxidHo aepesa
BiZIMOB CKJIQJIalOTHCS i3 TOJIOBHOT Mol (HaJ3BUYaiiHA
CHUTYyaIlis Ha KacKaJli TiJpOBY3IIiB, OB’ I3aHa i3 MPOPH-
BOM HamipHOTO (h)pOHTY OyIIb SKOTO TiIpOBY3IIa), MOIIl
MEPIIOTro PiBHA, AKi 0E3MOCEPEIHBO IHIIFOITH TOJ0-
BHY MOJi0 (HAaNpHKiag — pyiHyBaHHs OyIb-K0i cI1o-
PYIH TiIpoBY3JIa), IOAIT APYTOro PiBHS, SIKi TPUBOAITH
JI0 CIIPUYMHEHHS MOJii epIIoro piBHA (HAIpUKIAL —
pyHHYBaHHS Oyllb-SKOTO KOHCTPYKTHBHOTO €JieMEHTa
TiAPOTEXHIYHOIT cIopy/u), 6a30Bi mozii. ba3osi moxii —
HaWmpocTinn moii, sSKi iHIIIOTh MOMIl Tomepe-
HBOTO piBHA. TakoX AepeBO BiIMOB MICTHTH JOTiYHI
OIEepaTOpu — YNHHUKOBO-HACIIAKOBI 3B’S3KH MIXK TO-
JisIMU Pi3HUX piBHIB. B manoMy nocitimpkeHHi po3poo-
JICHO JIepeBa BiZIMOB 1 HECIIPABHOCTEH, SIKI IPUBOAATH
JI0 BUHUKHEHHS HaJA3BHYallHUX CUTYAIli Ha TiIpoBY3-
nax JIHIPOBCHKOTO KacKany.

3abe3neueHicTh MAKCUMAIBHUX BUTpAT p. JHINpo
y CTBOpAX TigpoBy3iiB JJHITPOBCHKOTO Kackamy, 3a Jaa-
HuMH [16], mpencraBise cUCTEMY BHUIIAJIKOBHUX BEJIH-
YHH, TOB'I3aHUX KOPEJIIHHUME 3aJIe)KHOCTAMU [28].
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Jnis onucy MakCUMalIbHHUX NaBOJKOBUX BUTPAT 3aCTO-
COBaHO OiCKCIIOHEHITIANBHI po3noainu [16]. Ane BHKO-
PHCTaHHS CHUCTEMH BHIAJIKOBHUX BEIMYHMH IOTPEOYE
MPE/ICTABICHHS PS/iB CTATUCTUYHHUX JaHUX 3aKOHOM
HOpMaIbHOTO po3noxauty [31]. IIpu HeBUKOHAHHI TiMO-
T€3W PO HOPMAIBHICTh PO3MOLTY BHXIZHOTO CTaTHC-
THUYHOTO DSy 3a JIOTIOMOTOI0 ICHYIOUHMX MeTofiB [32]
BJA€THCS TAKUM YHHOM NEPETBOPHUTH BHUXIi/IHI NaHi, IO
ix posmonin Oyxe MIKOPATHCS HOPMAaTbHOMY 3aKOHY.
J11s1 IepeTBOPEHHSI BUX1THOT'O CTATUCTHYHOTO PSIIY 3a-
CTOCOBYIOTH TIJCTAHOBKH THIY X =Igx, x.,=I/x,
Xyn=1 /xY2 aGo i, e x — BiIOBIAHI YWIEHH BUXiTHOTO
CTaTHCTHYHOTO PSIIY, X, — BIAIIOBIIHI YWICHHU ITEPETBO-
PEHOT0 CTAaTUCTUYHOTO psiny. B naniii poboTi 3acToco-
BaHO IiICTAHOBKY:

b
Q |i=r.nq

Qy'w =axmean(Q) m

ne mean(Q) — cepeaHe 3HAYEHHS IOPIYHOT MakK-
CHMAaJIbHOI NMaBOJKOBOI BUTPATH BUXIJHOTO CTaTUCTHU-
YHOI'O psny.

JUii  MakCUManbHHMX IaBOAKOBHX BHTpAT P.

JIHINpO 1O MyHKTaX CHOCTEPEKEHb OTPHUMAHO Iapame-
Tpu Bupasy (1), ski HaBeneHo B Tabu. 1 1 Ha puc. 1.

YMOBHHH 3aKOH PO3IIOAITY MaKCHMAaIbHHUX ITaBO-
JIKOBHX BUTPAT 3TiHO 3 [33] BiINIOBIJa€ HOPMATBHOMY
3aKOHY, SIKIIO 3HA4YCHHS BHpa3y (2) 3HAXOTUTHCA B
Me)Kax TOBIpUOTO iHTEpBATY:

max(Q,,,)-Mmin(@,.,)
Q..

@

ne max(Qy.,i) — MaKcUManbHe 3HAYCHHS [IOPIYHOT
MIaBOIKOBOI BUTPATH MIEPETBOPEHOTO HOPMAIILHOTO PO-
3moAiTy; Min(Q,.,i) — MiHIManbHe 3HAYCHHSI IOPIYHOT
MIaBOIKOBOI BUTPATH IIEPETBOPEHOTO HOPMAIILHOTO PO-
3m0711y; 0(Q)u,i) — CepeTHBOKBAAPATHIHE BiIXHICHHS
LIOPIYHOT TAaBOJJKOBOT BUTPATH NEPETBOPEHOTO HOpMa-
JIBHOTO PO3MOILTY.

[Ipu KUTBKOCTI YIICHIB CTaTUCTHYHOTO psmy N =
213 1 piBHi 3HauymocTi p = 10% HIKHS Mexa iHTep-
Baiy 4.93, BepxHsi Mexa iHTepBay 6.18. YncensHi
3Ha4YCHHS BHpa3y (2) U1 CTBOPIB TiApOBY3IIB HaBe-
JIeHO B Ta0I. 1, sIKi MATBEPIHKYIOTH TIOTE3Y PO HOP-
MallbHICTh MepeTBOPeHKX posnoainis. Q, m%/c

a4.2-<10%

T

3 610

3x<10%

2 a<10* I

1. 8=<10%

1.2=<10%

---%_g

&x10°

1

0.010.1152050809999.999.99, %
Puc. 1. Kpusi 3a6e3neuenocmi MakCuMAaibHuX umpam 600U p. JJHinpo y nyHKmi CHOCMeEpeiCens.
(m. Kpemnuyx) y koopounamax Q, m%/c — sumpamu, p, % — imosipuicmn.: + — cnocmepedsiceni sumpamu, m°/c;
® — criocmepediceti gumpamu, nepemeopeHi 00 YMOBHO20 HOPMAILHO20 3aKOHY PO3NOOLLY

SAxmo Qjy 1 Q2yy — MIOPIYHI MAKCUMaNBHI TABOJ-

KOBI BUTPATH y CTBOPAX JIBOX T'iJIPOBY3JIB, AKi 3a/1aHi
32 HOPMAJIBHUM 3aKOHOM PO3IIOJLTY SIK BHITA/IKOBI KO-
penboBaHi BEJIMUMHHM, TO TaKi KOPEIbOBaHI BEIHMYMHHU
MiIKOPSIIOTECS. HOpMallbHOMY 3akoHy [31], skuit Bu-
3HAYA€THCS I'AThMa MapaMeTpaMu: MaTeMaTHdHI 0di-
KyBaHHS MQiy, MQ2uw, CEPEIHBOKBAIPATHUYHI BiIXH-
JECHHS OQiym; OQ2yw, KOCDILIEHT KOPEIALIT FQ/ymQ2ym-
m = m

01 pud 2 pu

KpiM Toro Bu3HauaeTbcs KOPEISALIMHUI MOMEHT
Konmgay 1 xoedinienT Bapiamii Cy. 3amaerscst Bunaj-
KOBa IMOBIPHICTh MaKCUMaJIbHUX MaBOJKOBUX BHTpPAT
P(Q ), po3moginena Bin 0 mo 1. 3a HOpMaIbHUM 3aKO-
HOM DO3IOJUTY i3 HaBeIEHUMH BUINE IapaMeTpaMu
MQ/yw, OQIyn BU3HAUAETHCS KBAHTHIIb — 3HAYEHHS MakK-
CUMaJIbHUX BUTpAT Q. 32 hOpMyamMu:

Q2
01 ped 2 e ' (Ql}'_u m 01 xe ) = (BJ
2 1
2
0 2 wu '\/1 oo 2 -4
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Tabmuns 1

IMapameTpu nepeTBOpeHHS 3aKOHIB PO3MOILTY MAKCHMAJLHUX NMABOAKOBUX BUTPAT p. JIHinpo B yMoBHi
HOPMAJIbHi 3aKOHH PO3NOJITY

HaiimenyBaHHs mean(Q), »%/c a b (max(Qyu, i) — Min(Qyu, i)/
o(Qyu. i)
CrBop KuiBcrkoro rimpoBysna 4,69202x103 1,027232 0,25 493 <494 <6,18
Creop KaniBcbkoro rigpoBysina 6,40782x10° 1,0234015 | 0,19 4,93<5,10<6,18
CrBop KpeMeHuynpkoro riapoBysna 6,57347x10° 1,021603 | 0,17 4,93 <5,06<6,18
CtBop JIHIPOBCHKOTO TiAPOBY3JIa 6,69404x10°% 1,018925 | 0,14 493<4,95<6,18

Bu3HauaroThcsl TapaMeTpy YMOBHOTO 3aKOHY PO-
3MOAUTY MQ7yQ2ym OQIymQ2yu- 3@ BITOMOIO IMOBIPHICTIO
BENTMYMHA MAKCUMATbHHUX MAaBOAKOBUX BUTPAT P(Q2y..),
i3 BUKOPHCTaHHSIM YMOBHOI'O 3aKOHY pO3IOJUTY BH-
3HAYa€THCS KBAaHTHIIb — 3HAUCHHS BEJIMYMHYI MaKCHMa-
JBHUX MABOJKOBUX BUTPAT Q2. 3IIMCHIOETHCS TIEpe-
pPaxyHOK BEJIMYMHU MaKCUMaJIbHUX ITaBOJKOBUX BH-
tpaT Qpum, Qzyw, NMPEACTABICHUX YMOBHHM 3aKOHOM
PO3IOALTY i3 IMiACTAHOBKOO 32 popmynoro (1), y miricHi
BuTpaT Q1, Q2 y cTBOpax TiapoBY3IIiB.

AHaJti3 CTaTHCTUYHHX JaHUX MaKCHMaJbHOI TOB-
IIMHY JIbOTy Ha BOJOCXOBHIIAX TiApOBY3IiB JHITIPOB-
CBHKOT'0 Kackaly, BA3HaUCHHS MapaMeTpiB GpyHKIiH po-
3MOAUTY MaKCHUMaJIbHOT TOBIIKMHY 01y [13] 3a craTu-
CTUYHMMH JAaHMUMH [JO3BOJMJIM BCTAHOBUTH, LIO
IMOBIPHOCTI IOPIYHOT MaKCUMaJIbHOT TOBLIMHH JIbOAY

ae mean(hmax) — cepeiHe 3HAYESHHSI MOPIYHOT Ma-
KCHMaJIbHOI TOBIIMHH JIOXY BHXIIHOTO CTATHCTHY-
HOTO PAJTY.

Jlast mopivyHOT MakCHMaabHOI TOBIIHHH JIBOLY

Ha Bogocxosuiax Kuiscrkoro, Kaniscskoro i Kaxos-
CBKOTO TiZIPOBY3JIiB MOXKJIMBO TPEJCTaBUTH TPHOXIIA-
paMeTpUYHUM r'aMMa-pOo3I0/iJI0oM, Ha BOJZOCXOBHUILAX
Kpemenuynpkoro, CepenHboaHinpoBckkoro i JlHim-
POBCBKOTO T1IPOBY311iB — OieKCIIOHEHIIATEHIM PO3IIO0-
nitoM. JlocmipKeHHS KOPENSAiHHUX 3aJIC)KHOCTEH MK
MaKCHMAaJbHOIO TOBIIMHOIO JTHOIY 338 CTATUCTHIHUMH
JAaHUMHU CIIOCTEPEXKECHb Yy CTBOpax TiIPOBY3IIB
JHIIPOBCHKOTO Kackamy TiAPOENeKTPOCTAaHIIH
3nificHeHe B po0OoTi [18]. 3abe3meueHicTh MIOPIYHOT
MaKCHMAaIbHOI TOBIIMHU JTHOJY Y BOJOCXOBHINAX Til-
poBy3iiB J{HITPOBCHKOTO Kackaay, HABEJCHHUX 3a Ja-
HumH [18], MOXKHA MPEICTaBUTH CUCTEMOKO BHIAIKO-
BUX BEJIMYHH, [TOB'3aHUX KOPEISIIHHIMH 3aJIeKHOC-
oM [31]. Jlmsg  TEepeTBOPEHHS — BUXITHHX
CTaTUCTHYHHX PSiB 1O HOPMAIBHUX 3aKOHIB PO3IOIi-
JIiB 32CTOCOBAHO MiJICTAHOBKY:
- ( ;’E .

(7 e )
\ mean  (h . ) |

~ &

Ji=1..n,(5)

OTPHMaHO TapaMeTpH Bupasy (5) 1 Mexi JoBipUoro iH-
TepBaiy, o0uucieHi 3a GpopmyIoro (2), siki HaBeJCHO B
Tabu. 2.

Tabmuus 2
IIapaMeTpu nepeTBOPeHHs 3aKOHIB PO3NOAiTy MAKCUMAJBLHUX NABOAKOBUX BUTPAT p. JIHinpo B yMoBHi
HOPMAJIbHi 3aKOHH PO3NOJIITY
HaiimenyBanHs mean(hmax), cm a b (max(hmax, y, i) — MiN(Nmax, yu, 1))/
0( hmax, VM, i)
Ctop KuiBchkoro rigpoBysia 54,273 1,03 04 2,84 < 2,88 <3,86
CrBop KaniBcbkoro rigpoBysna 44,910 1,01 | 0,53 2,84 <292 < 3,86
CrBop Kpemenuynpkoro rizposysia 41,273 1,04 | 0,52 2,84 <2,96 < 3,86
CrBop CepeHEOTHITIPOBCHKOTO 37,455 1,06 | 0,51 2,84 <3,50< 3,86
TiJIpoBy37a
CrBop JIHITIPOBCHKOTO TiIpOBY3Ia 34,091 1,02 | 054 2,84 < 3,67 <3,86
CrBop KaxoBchKOro TijpoBy3iia 28,455 1,09 | 0,64 2,84 <3,79< 3,86
3a I01OMOT 010 YMOBHHUX HOPMAJIbHUX 3aKOHIB pO-  TeMIleparyp i MaKCHUMaJIbHUX aAMILTITY A

3MOJTY /IS ABOX KOPENbOBAHMX BEJIWYMH (aHAJIOTI-
YHO aJITOPUTMY IS IOPIYHUX MAKCUMAaJIbHUX MaBOA-
KOBHX BHTpat 3a ¢opmyinamu (3), (4)) BU3HAYAIOTHCS
BHUIIAJIKOBI BEJIWYMHYU — JIMCHI MAKCUMAaJIbHI TOBIIUHHA
7160,y Nmaxt, Nmax2 Y BOZIOCXOBHINIAX TTAPH TiIPOBY3IIIB.

Amnainis CTaTUCTUYHUX OAaHUX MaKCHMaAJIbHO
HU3bKHUX CepeIHbOMICSIIHUX TEMIIEPATYP i
MaKCHMaJTbHUX aMITTITY T CepeIHbOMICIIHHUX

TEeMITEpaTyp 1O TiapoBy3aax JHITPOBCHKOTO KacKamy,
a TaKOX BU3HAUYEHHS TMapaMeTpiB QYHKINH po3momimy
MaKCUMAaIbHO HU3BKUX CePEAHBOMICSYHHUX

cepemHbOMicIYHMX Temmeparyp [14] 3a cratucTmu-
HUMH JIAHUMH JJO3BOJIMJIM BCTAHOBUTH, IO IMOBipHO-
CTi IIOPIYHNX MaKCHUMaJIbHO HU3bKHX CEPEIHbOMICSY-
HUX Temneparyp y M. Kuis, M. JIHITPOI3EPKUHCHK, M.
3anopixoks, M. KaxoBka MoxyTh OyTH TpencTaBieHi
HOPMAaJILHUM PO3MoijoM; y M. KaHiB — GiekcroHeH -
ATBHUM po3moaitoM; y M. Kpemeruyk — GieKCIIOHeHIIi-
AIBHUM 200 HOPMAaJIBHUM PO3IOJLUIAMH; IMOBIPHOCTI
LIOPIYHUX MaKCHUMaJbHUX aMIUNTYJl CepeIHbOMICsY-
HUX Temriepatyp y M. KuiB, M. JIHIpOA3EpKUHCHK, M.
KaxoBka MOXxyTh OyTH IpeacTaBieHI HOPMAIbHUM
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posmnozinom; y M. Kanis, M. Kpemenuyk, M. 3anopixokst
— JorapupMidYHO-HOPMAILHUMH PO3IOJIIAMH.

JlocmipkeHHsT KOPEISIIMHUX 3aJIe)KHOCTEH MiX
MK MaKCHMAaJTbHHMH HU3BKUMHU CEPEIHbOMICITYHUMHU
TeMIepaTypaMi i MiXk MaKCUMAITbHIMHA aMIUIITYAaMu
CEpPEeIHBOMICAYHHUX TEMIIEpaTyp 3a CTaTHCTHYHUMH
JAaHUMH CIIOCTEPEeXKEHb Y CTBOpaxX TigpOBY3IiB
JIHIIPOBCHKOTO KacKaAy TiIpOeNeKTPOCTAHIIHN 3iiic-
HeHe B pobori [29].

Irt‘u'.ﬂ: 15 TN

a = MmMedn

AT, ;. =

e i

a = mean

ae  mean(tmin) CepefHE 3HAYEHHS IMOPIYHOI

MaKCUMAaJIbHO HU3BKOL cepeHbOMICIYHOT
TEeMIIEpaTypyd  BHUXIZHOTO  CTaTUCTHYHOTO  DALY;
mean(4t) —  cepeaHe — 3HAYEeHHs ~ HIOPIYHOL
MaKCUMaIbHOT aMILTITy IH CepeTHbOMICTIHUX

TEMIIepaTyp BUXiIHOTO CTATUCTUYHOTO PSAY.

3abe3nedeHicTh IIOPIYHUX MaKCHUMaJIbHO
HU3BKUX CepeIHbOMICSIIHIX TeMIepaTyp i
MaKCHUMaJIbHAX aAMILTITY CepeaHbOMICTIHIX

TeMmepaTyp 1O TifpoBy3nax J{HIIPOBCHKOTO KacKamy,
HaBEJCHUX 3a JaHUMH [29], MOKHa TIPEICTaBUTH CHC-
TEMOIO BUITJKOBUX BEJINYMH, ITOB'SI3aHUX KOPEJALIH-
HUMH 3anexHocTsMU [31]. I mepeTBOpeHHs BHUXIi-
HUX CTaTUCTHYHHX PSIiB O HOPMAIBHUX 3aKOHIB PO3-
MO/IIIIB 3aCTOCOBAHO MiICTAHOBKH:

\lb

min

(1 - | ,i=1I.n (6)
mean  (t .. ) )
i ~ B
At i .
(A1) i Li=1._n, (7
| mean (Az) )
Just  mopivHMX —~— MAaKCHMAaNbHO  HH3BKHX
CepeIHbOMICSYHUX TEMIIEpaTyp 1 MaKCHMaJIbHHX

AMIUTITY/]] CePEHBOMICSIYHUX TEMITEPATyp MO TiAPOBY-
3nmax JIHINPOBCHKOrO Kackaay OTPHUMAHO MapameTpu
BupasiB (6—7), ski HaBeneHO B Tabm. 3—4. Mexi HoBip-
4Ooro iHTepBay oOdYHCIeHi 3a Gopmyroro (2) i HaBe-
nedi B Ta0bi1. 3—4.

Taommus 3

IIapameTpu nepeTBOpPeHHs 3aKOHIB PO3NOAIIY HIOPIYHOI MAKCHMATBHO HU3BKOI cepeJHbOMiCAYHOI TeM-
nepatypH tmin, Ty reorpadivHux Micusx po3rauryBaHHs rifposy3aiB JIHINpoBcbKOro Kackaay B yMOBHi
HOPMAJIbHi 3aKOHH PO3NOJIITY

HaiimenyBaHHs mean(tmin), T a b (max(tmin, yu, i) — MiN(tmin, y, 1))/
G( tmin, M, i)
CrBop KaniBchKOro TifipoBy3ia 15,267 (-20) 1,2 0,3 3,41<3,92<4,52
CtBop KpemeH4yIbKOro risipoBy3ia 15,45 (-20) 1,25 | 0,25 3,41 <422 <452

Tab6muus 4

IapaMeTpu nepeTBOpPeHHA 3aKOHIB PO3NOALTY IIOPIYHOI MAKCUMAJIBHOI AMILIITYAU cepeIHbOMiCAYHMX
Temneparyp At, Ty reorpadiuaux Micusx po3rauryBanssi rigpoBy3iis J{HinpoBcbKoro kackaay B
YMOBHI HOpMAaJIbHi 3aKOHM PO3IOJITY

HaiiMenyBanus mean(4t), a b (max(Aty., i) — min(At,.., i)/
o(Aty,, i)
CrBop KaniBchKOro TiZIpoBYy3ia 24,733 1,05 | 0,15 3,41 <4,20<4,52
CrtBop KpeMeHUymBEKOTO TigpoBy3ia 25,458 1,01 | 0,25 3,41 <4,40 <4,52
CtBop JIHITIPOBCHKOTO TiIpOBY3Ia 25,975 1,04 | 0,24 3,41<4,21 <452

3a J01oMOT 010 YMOBHHX HOPMaJIbHUX 3aKOHIB PO-
3MOJITY /IS ABOX KOPENbOBAHMX BEJIWYMH (aHAJIOTI-
YHO aJITOPUTMY IS IOPIYHUX MAKCUMAaJIbHUX MaBOA-
KOBHX BHTpat 3a ¢opmyinamu (3), (4)) BU3HAYAIOTHCS
BHUIIAJKOBI BEJIWYMHU — MIMCHI MaKCHMAaJIbHO HH3bKI
CepeHbOMICSYHI TeMIepaTypH tmini, tmin2 ¥y cTBOpax
map TiAPOBY3JIB, a TaKOX MIMCHI IIOPIYHI MaKCHMa-
JBbHI aMIUTITYJM CepeJHbOMICIYHUX TemImeparyp Aty
Aty y cTBOpax map TiipoBy3IIiB.

Jlnst iMOBipHICHOT OIIHKM HAAIHHOCTI CKIIATHHUX
TEXHIYHUX CHCTEM JIOLIJIbHO 3aCTOCOBYBATH MPUHIIUI
cmabkoi nmanku [16]. INpuHOmn cinabkoi JTaHKH s
iMOBIpHICHOT OWIHKKM HafiiHOCTI JIHIMPOBCHKOTO
Kackaay TiApOENeKTPOCTaHIlid  peami3yeTbCs Y
HACTYITHHUX MOJOXKEHHSX:

1. Ay ycix TiapOTeXHIYHUX CIOPYH TiAPOBY3IIiB
KacKaJy pO3IIISAA€ThCsl HAAIHHICTh cHopyn 3a yciMa
MOXIIMBUMH KPUTEPIsIMH HACTAHHS T'PAHUYHHX CTaHIB,
OpU  JIOCATHEHHI  SKUX MOXJIMBE BHHUKHECHHS

HaJ[3BUYAIHOTO CTaHy Ha TiApOBY3II, MOB'SI3aHOTO i3
MIPOPUBOM  HAMipHOTO (POHTY riApoBy3ma. s
T1IPOTEXHIYHUX CIIOpPY[ TiApOBY3MiB J{HIMPOBCHKOTO

Kackally TiIpOENeKTPOCTAHIIH pPHU3UKH HACTaHHS
TpPaHWYHUX  CTaHIB, OOYMCIEHI B  paMKax
rapaMeTpuyHOI Teopii HaliHHOCTI.

2. Pu3ukM HacTaHHS TpaHWYHIX  CTaHiB

TIAPOTEXHIYHUX CIOPY/ PO3TIIAAAIOTHCS B 3aJIEKHOCTI
BiJl THIy i KOHCTPYKIII CHOPYAH, TUILy OCHOBHU. Jlms
TiApOBY3ITiB JIHITTPOBCHKOTO Kackajzy
TiIPOENEKTPOCTAHIII PO3TIAJAIOTECS TaKi TPyIH
TiAPOTEXHIYHUX CTIOPY: Tpelili i3 TPYHTOBUX MaTepi-
aJiB Ha HECKEJIbOBil OCHOBI; OETOHHI BOJIO3IUBHI Tpe-
0Ji Ha HEeCKeJIbhOBil OCHOBI; OETOHHI BOJO3IUBHI Ipe-
0711 Ha CKeNbOBill OCHOBI; OYIIBII TiAPOEIEKTPOCTAH-
il 1 MOHT@XHUX MAaWIaHYMKIB Ha HECKEIbOBIN
OCHOBi; OyJiBJI TiZAPOENEKTPOCTAHIIIH 1 MOHTaKHUX
Mal/IaH4YMKIiB Ha CKEIbOBIA OCHOBI; TOJIOBH 1 KaMepu
LIUTFO3IB Ha HECKEJIbOBill OCHOBI; TOJIOBH 1 KaMepu
[IUTFO3iB Ha CKEJIbOBIN OCHOBI; TpaBiTaIliiHU CTOSTHU HA
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HECKEJIbOBIH OCHOBI; 'PaBITALlIHI CTOSIHM HA CKEIbO-
Bill OCHOBI.

3. I3 mepepaxoBaHMX y T. 2 TiAPOTEXHIYHHUX
CHOPYA MO’KHA BiJOKPEMHTH OJHOTHIIHI €JIEMEHTH:
rpebni i3 TPYHTOBHX MaTepialiB Ha HECKeIbOBil
OCHOBi; OCTOHHI CIIOpyOM Ha HECKEIhOBiH OCHOBI,
OCTOHHI CIOPYAM HA CKENBOBii OCHOBI; 3aJ1i300€TOHHI

CIOPYAM HAa HECKEIBOBI OCHOBIi; 3ai300eTOHHI
CIOpPYAH Ha CKenboBili ocHOBi. Jms peamizamii
AITOPUTMY OITIHKH HaTIHHCTI Kackamy

TiIPOENeKTPOCTAHIIIH 00paHO TiAPOTEXHIUHI CTIOpYIH
i3 MakCHMaJbHUM PH3UKOM HACTaHHS TI'PAHUYHOIO
CTaHy 3a KOKHHM KpHUTEpi€EM HACTAaHHSA TPaHHYHOIO
CTaHy, SIKi HaBeIeHO Ha pHcC. 2.

Hao3zeuuaiina cumyauia na /[Hinpoécbkomy Kackaodi ziopoenekmpocmanuyii

Haozeuuaina cumyauia na Kuiscokomy 2ioposysni:

® CIIUKICMb RPOMU 3CY8Y NPAsobePeICHO20 CMOAHA HA HECKENbOBI OCHOBI

3 6OKY HUHCHBO20 6 €a — Ppoyp = 2.03x10 pix;

® CIIUKICMb RPOMU GCHAUMMSL MOHMANCHO20 MAUOAHYUKA 2I0POENeKMPOCMaHyii Ha

HECKeNbOBitl OCHOBI — Pposp = 1.14x107 pik™.

v

Haoszeuuaitna cumyauvia na Kaniecokomy 2iopogy3si:
® CIIIKICMb 8EPX08020 | HU308020 YKOCI8 epeDili i3 2pDYHMOBUX Mamepianie:
Ccmitikicmb 6epx06020 YKOCYy — Pposp = 1.217 107 pix’, cmitixicmo nusosozo

YKOCY — Pposp = 1.576x10°° pixL.

i

Haoszseuuaitna cumyauyia na Kpemenuyyvxomy 2iopogysni:
o cmiliKicmb NPomu nepeKudants Kamepu w3y Ha CKeabosill 0CHO8I i
DPYVUHYBAHHS HUJICHIX 8OPIM WiNI03Y. CIMIUKICIb KaMepu Wiio3y

— Dposp = 1.78x10°° pix’?;

DYIUHYEAHHS HUIICHIX 60PIM W03V — Pposp = 2.0x10° pix?,

Hao3euuaiitna cumyauin na CepednvoOHIinposcsKomy 2iopogysni:
® nepenus 800U uepes epedinb epebii i3 epyHmMosUx Mamepianie

— Dposp = 4.46x10* pixL;

e hinempayitina miynicmo mina epebui i3 2PYHMOBUX Mamepianié

— Pposp = 71.63x10°° pirt;

o hinempayitina MiyHicms 0CHO8U 2pedIii I3 2DYHMOBUX Mamepianie

— Pposp = 5.32x10°° pirt;

® gmpama cmiluKoCmi naum KpinieHHs 8epxo8020 YKocy epebiii i3 epyHmosux
Mmamepianié npu eupusarouiii Oii npuMep3n020 1600y — Pposp = 6.13x1078 pixL;
® MexauiuHa MiyHICMb Kamepu wiao3y Ha HeCKeabOo8ill OCHOBI |

PYVUHYBAHHS HUJICHIX 80PIM WI03Y. CIMTUKICIb KaMepu W03y

—Pposp = 5327X10_5 piK_l;

DYVUHYEAHHS HUIICHIX 60PIM W03V — Pposp = 2.0x10° pixL.
o mexaniuna miyHicme 6y0ieni 2i0poerekmpocmanyii — Pposy = 5.32x107° pix?;
® CIIIKICMb NPOMU 3CY8Y MOHMANCHO20 MAUOAHYUKA OYOi8i

2idpoenexmpocmanyii — pposy = 4.84x10°° pixt;

® MeXAHIUHA MIYHICMb OCHOBU MOHMANCHO20 MAUOAHYUKA OYOI8i

2idpoenexmpocmanyii — ppos, = 8.22x10° pixt.

v

Haozseuuaitna cumyauin na /[ninposcokomy 2iopogysii:

® Mexauiuna MiyHiCmb Mina 600031UBHOI OemOoHHOT 2pebii Ha CKeNbOBill OCHOBL

2ciopoenexmpocmanyii I — ppos = 1.02x10° pixt;

o CMiliKicmb NPOMu 3Cy8y 80003MUBHOT OEMOHHOI 2pebi HA CKeNbOBIll 0CHOBI

ciopoenexmpocmanyii I — ppoy, = 1.51x10° pixt;

® CmitiKicmb nPomu NePeKUOanHsl 60003 IUGHOI OeMOHHOT 2pebli Ha CKelbOsill

ocnosi 2iopoenexmpocmanyii I — ppos, = 2.44x10° pix’?;

® MeXaHiuHa MiYHICMb CKeIb0BOT OCHOBU B0003NUBHOI DemOHNOT epebii
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2iopoenexmpocmanyii I — ppoz = 5.69x10°8 pixt;

® 8i0MOBA 3aME0PI6 80O031UBY 80003NUBHOT DEMOHHOI epebdili

2iopoenexmpocmanyii I — ppoz = 6.0x10°8 pixt;

o CMIUKICMb NPOMU CNAUBAHHS KAMEPU WI03)Y HA CKENbOBI OCHOGI 1 pYUNy8aH-
HSL HUDICHIX 60DIM WI03Y: CIMALIKICIb KAMepU W03y — Pposp = 9.60x107 pix;
PVIUHYEAHHS HUIICHIX 60PIM W03V — Pposp = 2.0x10° pirt..

Haozeuuaina cumyauia na Kaxoecokomy zioposysni:

e (hinempayitina MiyHicms HecKkearb080i 0cHO8U 0Y il

2idpoenexmpocmanyii — pposy = 71.22x10° pirt.

Puc. 2. Brox-cxema nidcucmem po3paxyHko8ozo depesa 6iomoe i necnpasnocmeti [{HiNpo6cbKko2o Kackaoy 2io-
poerekmpocmanyii

HagkonmoBepmunHHi moii i cTaHU AepeBa BiIMOB i
HecTpaBHOCTE! Ha JIHIMPOBCEKOMY KacKali Timpoerre-
KTPOCTAHIIif MPEACTABICHO Ha pHC. 3.

[Micns BukonanHs ycix N  BHIpPoOOBYBaHB
OOYUCITIOETBCST  3HAYEHHSI  Y3arallbHEHOTO  PH3UKY
BUHHUKHEHHS Ha/[3BUYaHOTO CTaHy Ha

JIHIMPOBCHKOMY KacKafi TiApOCICKTPOCTAHINH Pys.
3HayeHHS PU3UKY Pys BU3HAYAETHCSA BiTHOIICHHIM
KiJIbKOCTI BUNIPOOOBYBaHb N1, IIpU SKUX BiAOyBa€eThCs
HAaCTaHHS Xo4a O OJHOrO 13 TPaHMYHMUX CTaHIB, 10
3arampHOi  KimbkocTi  BumpoOoByBaHb N. s

IOCSTHEHHS HEOOXimMHOI ToYHOCTI 3HadeHHS Pus
nposeneHo 9x10% craTMcTMYHMX BHIIPOGOBYBaHb.
OTpuMaHO  pO3PaxXyHKOBE  3HAYCHHS  PU3HKY
BUHUKHEHHS HaI3BUYaiiHOTO CTaHy Ha
JHIMpOBCEKOMY KacKai TiIpOEeNeKTPOCTAHIIIH, sKe
nopisaioe Py = 4.7x10* 1/pix. O6Guucneno 95%
JOBipUMi iHTEpBaNl M 3HAYCHHS IMOBIPHOCTI
BUHHUKHEHHS HaJ[3BUYAHOTO CTaHy Ha
JIHINpOBCHKOMY KacKa/ii TiAPOEIEKTPOCTAaHIIH

’HaﬂiiBHllaﬁHa cuTyallis Ha JIHIMPOBCbKOMY KacKaAl riapOeneKTPOCTaHLIHi |

[

>’ado...i"°

| — |

Hapnszsuuaiina curya-
nist Ha KuiBcbkomy
TiIPOBY 3T

Hapnssuuaiina curya-
ist Ha KpemeHuy11b-
KOMY TipOBY3JTi

Hapnzsuuaiina curya-
1nig Ha KaxoBchkOMy
TiIPOBY3ITi

[

Hap3zBuuaiiHa cutya-
uist Ha KaniBCcbKOMY

HanszBuuaiina cutya-
uist Ha Cepeaubo/iHi-

HapszBuuaiina cutya-
uis Ha JHinpoBchb-

TiIpoBYy3ITi MMPOBCHKOMY TiIPOBY3IIi KOMY TiIpOBY3ITi
>abo...i" »a6o...i” | ”afo...i" | >abo...i"
I
I | I | | —— L
PyiinyBaHHs PyiinyBaHHS PylinyBanHs
CTOSTHIB CYJIHOTIIIaB- CY/THOTUTaB-
| HOTO LLIJTFO3Y HOTO LLIJIKO3Y
Pyitnysannas PyliryBanHs PyitnyBanus
MOHTAXXHOTO 3CMJTSTHOT CYHOTLJTaB-
MakhgaH4MKa rpedi HOIrQ LT3V
| — ————————
PyitnyBanns PylinyBannsa PyitnyBanus
3EeMJISTHOT OyaiBIIi TimpO- OCTOHHOT BOJIOA
rpe0iti EJIEKTPOCTAaHI] 3JTMBHOI TPedITi
-
PyilinyBHHS PyiinyBanHs
MOHTa>KHOTO OyaiBimi Tizpo-
MaiigaH4yMKa €JIEKTPOCTaHLIT

Puc. 3. Haskonosepuwunni nodii i cmanu 0epesa 8i0mMos i HecnpasHocmell, sIKi npugoosims 00 GUHUKHEHHS HAO-
36UUaUHOI cumyayii Ha
JHIPOBCHKOMY KacKa/i TiIpOeIeKTPOCTaHIIii
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BucnoBku i mpomosunii. Po3pobneno anroputm
IMOBIPHICHOI OITIHKM HaIIHHOCTI KacKaxy TiApOeNeKT-
pocTaHIill B paMKaxX CHCTeMHOI Teopii HamiifHOCTI. 3a-
MPOTIOHOBAaHUI aJTOPUTM ypaxOBYE KOpPEIIiiiHi
3B’A3KH MiXK TiJPOJIOTIYHAM PEXHMOM BOJOTOKY, KO-
peIAIiiiai 3B’ I3KK MK JIBOJJOBUM PEKUMOM BOJIOCXO-
BUIII TiPOBY3IIiB, KOPEJALiiHI 3B’ I3KA MiXK TeMIepa-
TYPHHUMH BIIMBAMH TI0 TiAPOBY3JIax Kackanry. Pe3yib-
TaTd IMOBIPHICHOI OLIHKM HajiitHOCTI J[HIMPOBCHKOTO
KackaJy TiIpoeseKTPOCTaHIili B paMKaX CUCTEMHO] Te-
opil HanmifiHOCTI CBiguaTh, L0 3HAYEHHS PH3HKY
BUHHUKHEHHS Ha/[3BUYaitHOTO CTaHy Ha
JHinpoBcbkOMY Kackasni TiIpoeNeKTpoCcTaHIild
nopisaioe Pys = 4.7x10* 1/pix. Pesynbratu mocimi-
JOKEHHSI MOKYTh 3aCTOCOBYBATHCH MIPH iMOBIpHOCHHX
poO3paxyHKax HaIIIfHOCTI TiqPOTEXHIYHUX CIIOPY i Ka-
CKaiB TiAPOEIEeKTPOCTAHIIIH.
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MAIIINHBI

Abstract. The approach to the analysis of electromagnetic asymmetry of multiphase induction MHD ma-
chines designed for stirring aluminum melt in furnaces is considered. Technological equipment for stirring alumi-
num is created taking into account the modes of the power supply system, ensuring the specified character of the
electromagnetic field of linear induction machines. The use of high-power transistor frequency converters ensures
acceptable reliability and flexibility of the power supply system. The shortened three-phase MHD machines of the
longitudinal magnetic field are characterized by the presence of an open magnetic circuit, therefore, the low-fre-
quency inverter mode turns out to be asymmetric. When designing inductors, it is important at the initial stage to
evaluate the distribution of currents and the nature of the interaction of the windings, taking into account the
transfer of power between the phases. For the most common three-zone and four-zone inductors, the asymmetry
of the currents in the windings can be very significant. This leads to a distortion of the running magnetic mole and
reduces the integral traction force of the induction machine. The evaluation of the asymmetry of the inductors of


http://www.tandfonline.com/doi/abs/10.1080/15732479.2011.574819
http://www.tandfonline.com/doi/abs/10.1080/15732479.2011.574819
http://www.tandfonline.com/doi/abs/10.1080/15732479.2011.574819

L im
EESY

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #2(42), 2019 41

the longitudinal magnetic field for different winding switching circuits can be performed using topological equa-
tions.

AHHOTanus. PaccMOTpeH OAX0/ K aHAIN3Y IEKTPOMArHUTHON HECHMMETPHN MHOTO(a3HBIX HHTYKIIHOH-
HeIXx MI'JI[-MamuH, npeaHasHaueHHBIX U1 IEPEMEILMBAHUS paciulaBa allOMUHMS B medax. TeXHOJIOrnyeckoe
o0opynoBaHUE AJs TMEPEMEIINBAHNS ATIOMHUHUS CO3MAIOT C YIETOM M PEKHMOB CHCTEMBI 3JEKTPOCHAOXKEHNS,
obecrieunBaromIeii 3afaHHBIN XapaKTep IEKTPOMArHUTHOTO ITOJIS JINHEHHBIX MHAYKIIMOHHBIX MamiH. [Ipuemie-
MYIO HAACKHOCTDb U T'HOKOCTB CHCTEMBI DJIEKTPONIUTAHUA o0ecIeunBaeT UCIIOIb30BAHKIE MOIIHBIX TPAH3UCTOPHBIX
YaCTOTHBIX IpeoOpasoBateneid. [ns ykopoueHHbIX Tpéx¢aszHpix MI'/I-MaluH npo1oIbHOr0 MarHUTHOTO MOJIS
XapaKTCpHO HAJIUYUC PA3OMKHYTOI'0O MarHUTOIIPOBOAA, IMO3TOMY PEKUM HU3KOYACTOTHOI'O MHBEPTOpA OKa3bliBa-
€TCA HCCUMMCETPUYHBIM. HpI/I pa3pa60TKe HWHAYKTOPOB BaXXHO YK€ Ha NNEPBOHAYAJILHOM 3Talle OLCHUTL pacrpe-
JACJICHUC TOKOB M XapaKTep BSaHMOﬂeﬁCTBHH 06MOTOK, C YUYCTOM II€PCHOCA MOINHOCTU MEKIAY (baSaMI/I. L[J'Iﬂ
Haubolee paCHpOCTpaHéHHLIX TpéX3OHHLIX u ‘-IeTLIpéXZ}OHHbIX HHAYKTOPOB HCCUMMMETPUSA TOKOB B 00MOTKax
MOXCT OKa3aTbhCs BECbMa CyHIeCTBeHHOﬁ. 10 OPUBOJUT K UCKAKCHHUIO Gerymero Mar"HuTHOI'O MOJIsd U CHUXKACT
MHTETPANBHOE TATOBOE YCHUIIME WHAYKIIMOHHON MamiHbl. OLeHKY HECHMMETPHH PeXAMa HHIYKTOPOB IPOIOIh-
HOI'O MAarHUTHOTI'O ITOJIA IS PAa3HBIX CXE€M BKIIOYCHUA 00OMOTOK MOYKHO BBITIOIHATH C TIPUMEHCHNUEM TOIIOJIOTHUYEC-

CKHUX YpaBHEHHH.

Keywords: Asymmetry of the three-phase MHD machine, electromagnetic inductor, running magnetic field,
electromagnetic stirrer, power supply system, symmetric component method, negative-sequence replacement cir-

cuit, frequency inverter.

Kniouesvie cnosa: Hecummempus mpéxgpasznoti MIJ-mawunel, s1ekmpomacHumubiii uHOykmop, decyujee
MacHUMHOE Noje, INeKMPOMACHUMMHbBIL NepeMeuusamenb, CUCMEMA dJIEeKMPOCHAONCEHUS,, MEMOO CUMMEMPUY-
HbIX COCMABIAIOWUX, CXEMA 3aMeWeHUs 0OPaAmHOL NOC1e008AMENLHOCU, YACTOMHbIN UHEEPMOP.

Formulation of the problem. In the power supply
system of linear induction machines for stirring molten
aluminum, low-frequency multiphase converters with a
modified sinusoidal voltage are used. Transistor con-
verters PWM for electromagnetic stirrers [1, p. 65] op-
erate at voltages up to 1000 V at a power of less than
1000 kVA. The currents of a multiphase frequency con-
verter 250-400 amperes are asymmetric and reactive in
nature [2]. To create a running magnetic field in a melt,
short-pole two-three-phase linear asynchronous motors
with an open magnetic core are used [3]. The peculiar-
ity of such machines is their small polarity under the
condition 2p < 2. Preliminary calculation of the electro-
magnetic mode of short-polar induction machines is
performed approximately, according to engineering
methods, and then perform numerical simulation on a
computer. Often the results of numerical simulation are
significantly different from the parameters laid down in
the design. This is especially true for the sharp asym-
metry of the currents in the phases, which leads to a
shift in the magnetic poles of the inductor of the longi-
tudinal magnetic field and to a deterioration of the trac-
tion characteristics [4]. The application of the method
of symmetric components makes it possible to estimate
the nature of the asymmetry of the currents of the in-
duction machine and to propose measures for correct-
ing the regime.

The specificity of the design of short-pole induc-
tion machines determines the asymmetric mode of the
inductor power supply system [5]. When designing in-
duction machines, it is difficult to fully estimate the dis-
tribution of currents, taking into account the mutual in-
ductance of the phases and the transfer of power be-
tween closely spaced windings of the inductor [6]. In
addition, when developing a frequency converter for an
induction machine, during the construction of a transis-
tor inverter and creating control algorithms for a power
module, it is necessary to provide all possible modes of
operation [2].

Solution. For stirring aluminum melt to using in-
ductors of a longitudinal or transverse magnetic field.
The indicated magnetohydrodynamic (MHD) devices
are distinguished by different efficiency and cost [7].
For small-capacity furnaces, it is advantageous to use
shortened inductors of a longitudinal running field,
which are distinguished by simplicity and low cost. In
the composition of each MHD stirrer, in addition to the
inductor, a low-frequency multi-phase converter is
used [8]. For induction MHD machines of three-, four-
and six-zonal construction, three-phase inverters are
used.

The most significant mode feature of the power
system of the inductor of a longitudinal magnetic field
can be considered a radical change in the phase rela-
tionships between voltages and currents in the phases
of the inverter [9]. Inverse inclusion of the induction
machine windings [10], current asymmetry, power
transfer between the windings, can lead not only to a
change in the reactivity character from the inductive to
the capacitive, but also to the mutation of the mode at
which the inverter becomes an electric receiver. This
phenomenon is preferably investigated at the stage of
analysis of the circuit configuration of the "inductor-in-
verter" module [11]. This allows us to estimate the lim-
its of the change in the performance characteristics and
formulate the requirements for the construction of an
algorithm for the operation of electronic components in
the control system for pulsed power switches [12]. The
fact is that the currents of the steady-state regime of dif-
ferent phases can differ by a factor of two, so the max-
imum permissible operating parameters of IGBT-
transistors, especially taking into account impulse over-
loads, should be chosen reasonably [8].

In the algorithm of the PWM controller, states
should be provided in which the instantaneous current
in the inductor winding is in antiphase with the voltage
of the half bridge module for a long time. In the power
supply system of the induction machine, large reactive
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powers circulate, since the inductor mode is close to
idling. The lack of rotation in induction machines also
creates the features of electronic control during an
emergency stop [12]. The algorithm for controlling
electronic units provides for an instantaneous reset of
reactive power to the ballast in emergency shutdown
mode.

The circuit of the power module of the frequency
inverter based on three half-bridges (D1, D2, D3) is

o © P

oo |

!
|
|

.

N

V11

shown in Fig. 1, a. The scheme provides for the inclu-
sion of a three-phase four-zone inductor according to
the scheme with parameters m=3,2p=4/3,Z=4, 0=
60; according to figure 2. The advantage of this config-
uration of the induction machine is a longer segment of
the circle and an enlarged arc sector within which mag-
netic fluxes are created that create traction. As can be
seen from the vector diagram shown in Fig. 1, b, the
effective pulling force creates fluxes in the raster m/2,
which is half the circumference.
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Figure 1

Judging by the vector diagram (Fig. 1, b), it is easy
to confirm that the phase shift of the magnetic makes
an angle o = /6, which is more advantageous to have
within such a small pole division. At the same time, an

inductor with such a connection scheme becomes a
four-zone one and can turn out to be somewhat larger,
which should be constructively limited in the design.
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The next step should be to highlight the features of
connecting the induction machine to the frequency con-
verter and formulate the basic requirements for the
power supply mode of the windings. First of all, this
refers to the ratio of the phase angles of the currents,
which provide a given alternation of the poles of the
magnetic field. To estimate the nature of the distribu-
tion of currents in the linear wires of the power supply,
one can write down a system of equations according to
Kirchhoff's laws. At the initial stage, taking into ac-
count the open nature of the magnetic circuit, the mag-
netic bonds between the phases should be neglected

Iy + =T =0,Iy =Ty,
IW + IC_IaZ :0, IW = |a2_|c’(1)
ly —lc—1T,=0,Iy =l + 1.

Figure 2

According to the system of equations (1) for the
steady-state regimes of a three-phase inductor of a lon-
gitudinal magnetic field, a vector current diagram is
constructed in Fig. 3, a. An approximate solution is per-
formed for the first harmonic, without taking into ac-
count the saturation of the steel, when connecting the
windings of a linear induction machine in the reverse
order of the phase sequence. The resulting current dis-
tribution indicates an extremely significant asymmetry
of the three-phase inverter mode. Judging by the vector
diagram, the sum of the currents of the first and third
phases ly and lw is equal to the current of the second
phase lv, provided that the phase angles o = 2x/3 are
approximately equal.

Thus, in a simple example of analysis, important
information can be obtained for the design of a fre-
quency converter, the power link of which must allow
continuous operation with asymmetry of this kind, and
the electronic components must be rated for electrical
overload at 1.73 times the nominal value. In this case,
the inverter protection system must understand the
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asymmetric current distribution in the adaptive mode.
Even more important is the recognition of the asym-
metry of the currents of the frequency converter taking

into account the magnetic bonds between the windings
of the inductor and the saturation of the steel.

Figure 3

It can be noticed, however, that in this case, the
open configuration of the magnetic circuit largely at-
tenuates the distortion of the currents [4]. Nevertheless,
the close arrangement of the windings of neighboring
phases, within one pole division, can further aggravate
the asymmetry of the currents within the range of 25-
30 %.

From the vector diagram of voltages and currents,
it is possible to estimate the presence of power transfer
between adjacent phases, for this it is necessary to rep-
resent the same-named quantities on the complex plane
and indicate the corresponding phase angles between
currents and voltages, as shown in Fig. 3, b. Judging by
the nature of the angles, it can be concluded that only
in the first phase the current lags behind the voltage by
the angle v, which corresponds to the inductive nature
of the load, and the phase of the inverter retains the sta-
tus of the generator. In phase V, the angle between the
current and voltage @w only slightly does not reach 90°,
and the current is ahead of the voltage, which indicates
the capacitive nature of the load. As for the third phase,
the voltage and current are fixed in the mode close to
antiphase. In this case, the phase shift ¢u only slightly
does not reach the value of @, which indicates the trans-
fer of power, and the phase of the inverter acquired the
character of an electrical receiver. The obtained results
should be considered when building control algorithms
for pulsed power switches of a low-frequency inverter.

Asymmetric phase modes in power supply sys-
tems of electrical installations are often investigated us-
ing the method of symmetric components. For exam-
ple, in currents of an induction machine of a longitudi-
nal magnetic field, for different schemes of winding
inclusion, it is possible to calculate the components of
direct, reciprocal and zero sequence

I.O :(I.U + I'V + IW)/3’

|.1=(|.U +a- I.V +a2° IW)IS* 2
I, =(ly +a- Iy +a-ly)/3.

The resulting currents in the phases of the transis-
tor inverter are determined by mutual relations, which
are used to estimate the regime in the set of complex
circuits for replacing the power supply system of the
induction machine

I.U = (|-1+ |.2 + [0),
I.V = a2 . |.1+a° |.2 + |.0, 3)
iy =a-f+a-l,+1.

Taking into account the nature of the asymmetry
of the currents, we can apply the method of symmetric
components to the three-phase system of vectors and
obtain the corresponding schemes for substituting the
direct and reverse sequences. It should be noted that,
since the inclusion of the windings of the induction ma-
chine shown in the diagram (Fig. 1, a), even during
splitting, keeps the connection in a triangle, there will
be no zero sequence components in the currents. And
this simplifies the construction of an equivalent vector
diagram. When choosing a coordinate system for the
symmetric component method, you can to bind the
phase voltage vector Uy to zero. Then the idealized sys-
tem of asymmetric current vectors (Fig. 4, a) can be
represented in the following form:
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I.U _ |U .ej((p+7'c/2+OL).

By the formulas of symmetrical components, the
values of the currents of the direct and reverse sequence
can be calculated (Fig. 4, a), provided lg= 0.1t

should be noted that for the reverse sequence a signifi-
cant current is calculated, equal to half the current of
the direct sequence I, = 11/2.

i 2n i 2n
0, a1 oJO5), 2 i) ,
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1 3 1 !
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This confirms the high degree of distortion of the
symmetry of the system of currents, as shown in Figure
4. Since it was possible to calculate the symmetrical

tion of replacement schemes for the induction machine
for the forward and reverse sequences. At the same
time, in analyzing the regime of the power supply sys-
tem, one can traditionally leave from the study of an
asymmetric regime and calculate both for a symmetric
state.

However, this calculation should be regarded as
approximate, since the saturation of the steel of the
magnetic circuit was not initially taken into account.
Nevertheless, with the application of such an approach,
it is not at all difficult to obtain an idea of the nature of
the currents in the phases. And already at the next stage
of calculation it is possible to pass to the estimation of
the regime parameters taking into account the satura-
tion of the core. Moreover, based on the results of the
calculation, for example, using the harmonic balance
method and subsequent spectral analysis, the odd har-
monics of currents and voltages can also be grouped by
indices and correlated with a direct or reverse sequence.
This will cause the vector diagrams of the symmetrical
components to be corrected and to obtain refined values
of the currents and voltages of the inverter.

Figure 4

It is noteworthy that for the classical layout of a
three-zone induction machine (Figure 5, a) and the in-
clusion of windings with a star with an inversion of the
middle phase, by analogy with a triangle, the symmetric
component method can also be applied. Given the
phase angles, the currents in the side phases remain in-
ductive, since the phase angles @u > 0 and v > 0. And
since the current of the inverted mean phase (ow < 0)

outstrips the voltage by an angle greater than n/2, then
two consequences arise. First, the reactivity of the me-
dium phase current acquires a capacitive character, and
secondly, the nature of the generation changes. Accord-
ing to the vector diagram, the inversion of the current
of the middle phase leads to a power transfer, and the
third phase of the inverter essentially becomes an elec-
tric receiver.
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It is noteworthy that the current in the neutral of a
linear induction machine is equal to twice the nominal
phase current of the inverter, and the modules of cur-
rents in the phases of the induction machine are equal
to each other. Taking into account the magnetic con-
nection between the windings, the vector diagram will
be significantly distorted, which should be taken into
account when selecting components. To the idealized
distribution of currents shown in the diagram, we also
apply the method of symmetric components. To obtain
symmetrical components, the phase currents should be
written in complex form and the system of equations
(2) applied. You can perform calculations manually or
use a computing environment, such as Mathcad.

The symmetrical current components calculated
from expressions (2) are shown in Fig. 6, a. The mod-
ules of currents of the reverse and zero sequences are
equal to each other and three times higher than the cur-
rent of the direct sequence lp =1, = 3 I1. The proportions
of the module of the symmetrical components reflect
such a sharp character of the asymmetry. Using the cal-
culated vectors, expression (3) creates an equivalent
vector diagram, as shown in Fig. 6, b. The current of
each phase is determined by analytical or graphical
summation of the symmetric components using the ro-
tation operator a.

Figure 6

It is noteworthy that from the values of the sym-
metric components it is easy to understand that the cur-
rent in the neutral wire can be considered as a set of
zero-sequence currents of all phases. In addition to the
vector diagram shown in Fig. 6, b, according to Kirch-
hoff's law, it is possible to obtain the current vector in
the inductor neutral as the sum of the currents of all
phases. The specific characteristics of the device in
question as a complex for stirring a melt containing a
multiphase induction machine and a multiphase in-
verter allow us to use, in addition to traditional methods

of analysis, modern computational tools oriented to the
application of algorithms of applied mathematics. To
calculate the electromagnetic modes of asymmetrical
three-phase systems, it is often more convenient to use
specialized software, for example, Ansys Multiphysics
[9].

However, the construction of a full-scale model of
the EMS complex does not exclude a preliminary anal-
ysis of the power supply mode according to the scheme
for including the inductors of the longitudinal magnetic
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field. Good results of the analysis of the traveling mag-
netic field distribution are provided by the CFX and
Fluent subsystem, which allows not only to simulate
the power supply system, but also a low-pole induction
machine with aluminum melt in a full-phase represen-
tation [10]. It is at the modeling stage that the solution
of the problem of accounting for asymmetric modes in
the power supply system is achieved. To do this, the
parameters of the model specify not only the nature of
the currents, but also the parameters of the mutual in-
ductance. They are determined through the coupling
coefficient of the coils of the inductor of the longitudi-
nal magnetic field. In addition, when constructing a nu-
merical model, the nonlinear character of inductive
coupling is taken into account. To do this, the real mag-
netic characteristics of the steel core are determined and
the degree of saturation of the teeth and magnetic cir-
cuit in the steady state.

It should be noted that the interface of the software
environment Ansys allows you to create mathematical
models of enormous size, consisting of modules that
work in different subsystems. In this case, it is far from
always rational to create hybrid models that take into
account the features of the temperature and magnetic
fields of the inductor in conjunction with the electro-
magnetic regimes of the power supply system. In most
cases, the calculation and simulation of the regime of
the power supply system can be separated from the sim-
ulation of the electromagnetic mode of the inductor.
But at the same time, it is always necessary to introduce
the corresponding boundary conditions, allowing to
combine the results obtained at the borders of the re-
gions, based on the parameters of the nominal power
supply mode.

Conclusions. Induction MHD machines of a lon-
gitudinal magnetic field, intended for stirring melts, are
distinguished by the asymmetry of the electromagnetic
mode. To correct the distribution of currents that create
a traveling magnetic field, a preliminary analysis is ap-
plied using topological equations and the subsequent
regulation of the linear current load of the inductor. The
required value of the magnetizing force of windings of
each phase is clarified by the adjustment characteristics
at the stage of modeling the electromagnetic field and
power circuits of the MHD machine. In addition, soft-
ware-algorithmic regulation of the amplitude-phase op-
erating parameters of the inverter is used to adjust the
characteristics of the induction MHD machine, which
allows aligning the distribution of traction in the melt.
With any distribution of currents in the windings, the
use of analysis of the regimes by topological equations
allows us to formulate a set of requirements for devel-
oping algorithms for controlling the power switches of
frequency converters and building a special series of
metallurgical inverters. Among the requirements can be
identified greater resistance to overload with an ex-
tremely low power factor and immunity to asymmetry
in phases when working on the edge of the frequency
range.
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Summary: The urgency of the definition of the influence of professionally important socio-psychological
characteristics of the pharmacy specialist on the effectiveness of his activity and the efficiency of the functioning
of the pharmacy institution is investigated. The method of estimating the influence of socio-psychological
characteristics of pharmacists on the pharmacy institution effectiveness is proposed.

AHoTtamnis: JlociipkeHo aKTyallbHICTh BU3HAYCHHS BIUTUBY MPOQECIHHO BaXKIMBAX COIiaHbHO-TICHXOJIOT Y-
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Introduction. In the conditions of high
competition of pharmacy establishments, introduction
of requirements of proper pharmacy practice and
implementation of European legislation in the field of
pharmacy, the main task of the professional activity of
pharmacists is to preserve human health. This is due to
the fact that the pharmaceutical aid includes timely and
high-quality provision of the patient with medicinal
products, medical products and parapharmaceutical
products, provision of pharmaceutical care and
informing patients about responsible self-care,
participation in pharmacovigilance and preventive
measures, as well as improving the professionalism of
pharmacy staff, etc. [1-2]. At the same time, the main
requirements and principles that are put forward by the
proper pharmacy practice of GPP to the specialists of
pharmacy, is "consumer orientation", namely helping
him in choosing the most effective drug, disease
prevention, etc.

Analysis of recent research. The problems of
social and psychological qualities (characteristics) of
modern science has not yet been resolved [3]. Thus,
investigating  the  professional ~communicative

competence of future pharmacists, L.V. Plyaka
highlights the need to develop certain individual
psychological qualities from the specialists of
pharmacy under the scheme "competence — abilities
— personal qualities", but its research is limited to the
study of exclusively those psychological structures of
the personality of a specialist, which provide the
process of professional communication in the
pharmacy.

In others we reviewed scientific papers presented
studies of individual psychological characteristics and
qualities of pharmacists: affiliation and communicative
tolerance (A.A. Kotvitska, A.S. Nemchenko, N.V. Teterich,
L.V. Plyaka), communicative qualities (N.V. Alekhina,
L.G. Kaidalova, L.V. Plyaka), empathy (L.V. Plyaka, O.P.
Choronipiska, V.S. Shapovalova), social intelligence (N.V.
Alekhina, K. O. Demyanik, A.A. Kotvitska, N.V. Teterich),
leadership qualities (O.0. Slyusarenko), value orientations
(O. Semenyuk), personal social responsibility (N.O.
Tkachenko), person professional orientation (I.B.
Konyashina), professional self-awareness (N.V. Shvarp)
[4-19]. The works of A.A. Kotvitskaya, N.A. Vetutneva,
G.V. Zagoriy, M. S. Ponomarenko, S.G. Ubogova, T. Yu.
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Shafranskaya touched upon the importance of professional
ethical personal qualities of pharmacists [20-23]. All these
qualities have a different impact on the performance of a
pharmacy specialist and the efficiency of a pharmacy
institution.

Selection of previously unsettled parts of the
general problem. The sales process in a pharmacy
starts at a moment when the visitor crosses its thresh-
old. An expert in pharmacy can influence this process
by means of communication with the visitor and his
ability to listen to him, to advise him effective
medicines, but only due to the high level of
professionally important social and psychological
characteristics a pharmacist can, on the one hand,
satisfy the requirements of the pharmacy visitor, and,
on the other hand, ensure the appropriate level of
competitiveness of the pharmacy institution.

Based on the research, it has been established that
the professionally important socio-psychological
characteristics of a pharmacy specialist are a system of
optimal individual psychological characteristics and
social qualities that influence the effectiveness of his
professional activities, taking into account the
requirements of domestic and international legislation
in the field of pharmacy and GPP pharmacy practice.

Goals and tasks: The purpose of the study is to
determine the dependence of the effectiveness of the
professional activity of a pharmacy specialist on his
socio-psychological characteristics.

Results. The analysis of the vacancies of pharmacy
specialists listed on the websites of both domestic and
foreign employers, questioning pharmacy specialists,

doctors, pharmacy visitors and graduate students, as well
as the regulatory framework regarding the professional
activities of pharmacy specialists, allowed to form
professionally important socio-psychological
characteristics , which should have a specialist
pharmacy. These characteristics are: absence of conflict,
responsibility, balance, honesty, empathy, energy;, initiative,
intellectual lability, komandoorientovanist,
mennoonfliktnost, creativity, thinking, morality, discipline,
memory, patsientotsentrichnist, sense of duty, hard work,
self-esteem, the ability to self-regulate emotions, stress ,
attention, honesty, dedication, value orientation, self-
concept. All the selected professionally important socio-
psychological characteristics are grouped into the following
groups:  psycho-emotional, intellectual,  volitional
(behavioral) and moral qualities, personal attitude, attitude
of a specialist towards people, and attitude to work
(pharmacy warehouse).

Each socio-psychological characteristic affects the
professional competence of a pharmacy specialist, his
professional and career advancement and promotes the
effective solution of professional tasks. But the attraction of
the consumer, in order to increase and obtain the height of
stable profits by the pharmacy institution, requires the
correct organization of the process of selling medicines, an
understanding of the stage at which the consumer is located
when making a decision on the purchase of drugs,
recognition of the types of buyers, etc. A generalized
reflection of the influence of professionally important
socio-psychological characteristics of a pharmacy
specialist on the effectiveness of their professional
activities is shown in Fig.1.
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Fig. 1. Influence of socio-psychological characteristics of specialists of pharmacy on the efficiency of their
professional activity and the success of the functioning of the pharmacy institution

With the survey of visitors to pharmacies, his attitude
towards the pharmacy and pharmacy specialists working
in this establishment was determined. 913 respondents
from all regions of Ukraine participated in the survey.
Among them, 87% of women and 13% men. The majority
of visitors come from people over 61 years of age. The
opinions of the respondents are not accidental and
justified, since the coefficient of concordance is equal to
0.81, the Pearson coefficient exceeds the table value.

The provision of high-level professional services by

the pharmacist has a significant impact on the visitor of the
pharmacy institution, but despite the high level of
professionalism of a specialist, the low level of his socio-
psychological characteristics leads to a backlash from the
patient. The patient, coming to the pharmacy, wants not
only to receive medicines or advice on responsible self-
treatment, but also understanding, sympathy, kindness, a
smile and a certain sense of humor. The results of the
survey of the opinions of pharmacy visitors about the
attitude are shown in Fig. 2
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sense of humor 67,9
good memory 78,3
good attitude 81,4
the interest of the pharmacist 81,9
communication 87,1
smile 89,2
compassion 91,3
warning 93,8
positive attitude 95,6
understanding 96,2
getting advice 98,1
o 1 2 3% 4 S 6 70 8 9 100

Fig. 2. Reaction patient's attitude to his pharmacy specialists

It is also important for the patient of the pharmacy
establishment (78.3% of respondents) to understand and
recognize it at the re-visit of the pharmacy (87.1% of
respondents expect a substantive communication about
their problem, which will answer all the questions of
concern to them and the specific advice on treatment).

According to the patient's pharmacy technician is
well oriented in the range of pharmaceutical products,
which is in the pharmacy and that exists at all, have
knowledge about the effectiveness and safety of drugs.
The important thing for the patient is the smile of
pharmacists (89.2% of respondents), sympathy (91.3%)
and attention (93.8% of respondents), positive attitude
(95.6% of respondents) and understanding (96.2% of
respondents) pharmacists, receiving advice (98.1% of
respondents). Therefore, the work of a pharmacy specialist
requires considerable labor and emotional expenses,
mental abilities, attention, and endurance during
prolonged work, while he must perform his professional
duties in a qualitative manner taking into account the
uneven flow of patients at different times of the day and in
different seasons. Thus, the process of providing
pharmaceutical assistance to the patient begins with the
time when he "crosses the threshold of the pharmacy", and
to influence the outcome of this visit the pharmacist can
only be in the process of communicating with him.

Once in the pharmacy, the patient immediately
assesses his appearance, psychological atmosphere,

quality and competence of the consultation of the
pharmacist (assisting in finding the right drug), the breadth
of the range of pharmaceutical products, individual
approach to each client, speed and positivity of
complaints, etc. d., a set of indicators of high-quality
pharmaceutical service in the pharmacy. Apart from its
appearance, cleanliness and purity, it must be careful,
interested and able to persuade patients. Thus, according
to experts (83.4% of respondents), 90% of successful sales
depend on the ability to communicate to the patient the
benefits of medicines.

In order to determine the impact on consumer
satisfaction  of  professionally  important  socio-
psychological characteristics of pharmacists, a pharmacy
pharmacy was interviewed regarding the satisfaction of
pharmacists provided by pharmacists of this pharmacy
with pharmaceutical aid. The survey was conducted in the
form of a questionnaire, evaluation was carried out on a
tribal scale - unsatisfactory, average level of satisfaction,
fully satisfying. At the same time, patients indicated
information about the frequency of visits to a particular
pharmacy. Based on the received data, a model of
dependence of consumer satisfaction (Ycs) on the
professionally important socio-psychological
characteristics of pharmacy specialists was constructed:

YCS :0,45 Kpsych + 3,458 Kbeh + 1,357 Kmor + 4,501
Kintellect +
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+ 0,257 errs attitude + 4,025 Kattitude people + 1.354

Kattitude to pharm,

1e Kpsyen — psychoemotional qualities;

Kinwellect — intellectual qualities;

Kien - volitional (behavioral) qualities;

Kior - moral qualities;

Kpers attitude - Personal attitude;

Katiitude people - the attitude of a specialist to people;

Kattitude to pharm- attitude to the case (pharmacy
establishment).

Thus, upon entering the pharmacy, the buyer
immediately assesses its appearance, psychological and
emotional atmosphere, the quality of consultancy
pharmacist (assistance in finding the right medicine),
the possibility of consulting a doctor, a wide range of
products, an individual approach to each client, etc.

Conclusions. Summing up, it can be concluded
that the processes of pharmaceutical services for
patients and the sale of pharmaceutical products
directly depend on both professional competencies and
the personal qualities of a pharmacy specialist. It is
clear that he must be a professional in the field of
pharmaceutical provision (according to the WHO,
about 10% of hospitalizations are caused by misuse of
medication), as well as continuous self-improvement
and self-development. But the pharmacy patient is very
different people. Each of them requires the selection of
different approaches, arguments and arguments, while
the pharmacist must determine at a glance the level of
income, social status and state of the patient's emotional
system. Therefore, the  socio-psychological
characteristics of specialists in pharmacy have no less
importance than professional ones - it's easier to find a
good person and make a professional from her than to
find a professional and make a good person out of her.
As practice shows, not always the correct actions of the
pharmacist and the well-organized work of the
pharmacy brings the desired effect to the patient and he
moves to another institution, that is, to a competitor. In
addition, the patient has to constantly feel its
significance for the institution, creative approach,
creativity and positive mood of the pharmacist. Thus,
to increase the volume of pharmacy sales, and
accordingly, the pharmacy sales, by providing qualified
pharmaceutical services, will be able to specialist
pharmacy, which has professional qualities (knowledge
of the range, speed of information provision, etc.) and
necessarily a certain set of professionally important
socio-psychological  characteristics  (attentiveness,
organization, responsibility, empathy, etc.).
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COMPARISON OF EFFICIENCY OF METHYL-TERT-BUTYL ETHER AND
ETHYNYLCYCLOHEXANOL TO INCREASE THE OCTANE NUMBER OF STRAIGHT-RUN
GASOLINE
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Amuipayckuil yrugepcumem negpmu u 2asa,
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CPABHEHHUE 3®®PEKTUBHOCTU METHWJI-TPET-BYTHJIIOBOT'O D®UPA "
STHHUIHNUKJIOTEKCAHOJIA HA ITIOBBIINIEHUE OKTAHOBOI'O YN CJIO ITPAMOI'OHHOTI'O
BEH3MHA

Summary: One of the ways to expand the production of high-octane unleaded gasoline is the use of oxygen-
containing components (oxygenates). The addition of oxygenates increases the detonation resistance, especially
of light fractions, the completeness of gasoline combustion, reduces fuel consumption and reduces the toxicity of
exhaust gases. It has been established that such a quantity of oxygenates, despite their lower calorific value
compared to gasoline, does not adversely affect the power characteristics of the engines. In this work, a new
innovative technology has been developed for the production of oxygen-containing additives that increase the
octane number of gasoline based on tertiary acetylene alcohols. The possibilities of using ethynylcyclohexanol as
an additive for motor gasoline have been studied, both in pure form and in methyl tert-butyl ether mixture.

AnHoTanusi: OnHO W3 HANpPaBICHWH PACIIMPEHHS MPOHM3BOJICTBA BBHICOKOOKTAHOBBIX HEITHIIMPOBAHHBIX
OCH3WHOB - MPUMEHEHHE KHCIOPOJCOMEPKAIINX KOMIIOHEHTOB (OKcHreHaToB). J[oOaBlieHHME OKCHUTEHATOB
TOBBIIIACT JETOHAIMOHHYIO CTOHWKOCTH, OCOOCHHO JIETKUX (Ppakimii, MOTHOTY CropaHusi O€H3WHA, CHHXKAET
pacxoa TOIUIMBA W YMCEHBIIACT TOKCHYHOCTH BBIXJIOIIHBIX TIa30B. yCTaHOBHeHO, YTO TaKO€ KOJIHYECCTBO
OKCUT'CHATOB, HCCMOTpPSA Ha HX Goiee HU3KYIO IO CPABHCHHUIO C OCH3MHOM TCIJIOTBOPHYIO CHOCOGHOCTB, HC
OKa3bIBACT OTPULATCIBHOI'O BIIUAHUA HA MOIIHOCTHBIC XapaKTCPUCTUKHN I[BHFaTeHeﬁ.
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B HaCTOS[Hleﬁ pa60Te pa3pa60THa HOBass MHHOBALIMOHHAA TCXHOJIOIUS MOJYUYCHHA KHUCIOPOACOACPIKAIINX
IMPHUCANOK, IMOBBIIIAOIINX OKTAHOBOE YHCIIO OEH3MHA Ha OCHOBE TPETUYHBIX all€TUJIIEHOBBIX CIIMPTOB. I/ISY‘IGHO
BO3MOKHOCTEH MCIOIH30BaAHUS STHHWIIHUKIJIIOTCKCAHOJIa B Ka4Y€CTBE IpUcagKa aBTOMOOMIBHBIX 66H31/IHOB, KaK B
YHCTOM BHJE, TAK H B CMECH METHII-TPET-OyTHIIOBBIM 3(PHPOM.

Key words: straight-run gasoline, oxygenate, octane number, ethynylcyclohexanol, methyl tert-butyl ether.

Knroueswvie cnosa: I’lp}lMOZOHHblﬁ 66H3MH, OKCUuceHam, OKmaHoeoe HYucio, SMmUHUIYUKIIOCEKCAHON, Memujl-

mpem-0ymuno8ulii 3¢up.

IMocranoBka mpodiaemsl. [Ipobinema mnoBebiIe-
HHUS OKTaHOBOTO 4YHWCia OEH3MHOB 10 TpeOyemoro
YPOBHS BO BCEM MHpE pelnaeTcs KOMOMHHUPOBAHHO: C
OJHOH CTOPOHBI, COBEPUICHCTBOBAHUEM TEXHOJIOTHUI
TPaAMUIOHHBIX MPOLIECCOB NepepaboTKu HedTH — Ka-
TaJIUTUYECKOTO KPEKNHTa, aIKHIMPOBAHUS, U30MEPH-
3a1UH, 00ECIEeYNBAIOIINX MOTYIYCHHE BHICOKOOKTAHO-
BBIX KOMIIOHEHTOB TOIUIMB, C APYTOH, MPUMEHEHHEM
OKTaHOTIOBBIIIAIOINX 100aBOK M MPUCATIOK.

OnHOIt 13 OCHOBHBIX 33124 B YIIy4YIICHHN HKOJIO-
TMYECKUX XapaKTEPUCTHK aBTOMOOWIBHBIX OCH3UHOB
SBIISICTCA COKpAIlleHNe IPUMEHEHUsI OEH3UHOB, COMIep-
skamux Terpartuicsurel] (TOC) B kauecTBe aHTUAETO-
HaTopa. JTa 3anava pemieHa B SAnonuu, CIIA u Ka-
Haze. B HekoTophix ctpanax: ['omnannuu, ABCTpuH,
Hanun, benbruu, lIBeiinapuu, lIBenun, @PunasHauy,
Hopgerun n ['epmannyn pa3penieHo BBOIUTH STHIOBYIO
JKUJKOCTDh TOJBKO B CIICIIHAIBHBIC BHICOKOOKTAHOBBIE
copra.

Ilepexon Ha HE3TWIMPOBAHHBIC TOIUIMBA HE
TOJBKO MPEAOTBPALIAET IMHUCCHIO CBHHIA C HMPOIYK-
TaMH CrOpaHusi, HO U cokpamaeT Ha 60-90 % npyrue
BpeIHBIC BHIOPOCH IMMyTEM HCIIOIB30BAHUSA KaTaJIUTHU-
YEeCKUX HEUTPaIU3aToOpOB, U1 KOTOPHIX CBUHEII SBJIS-
etcs sitoM. Kpome Toro, B 3TOM city4ae BO3MOKHO MOJI-
JIepXKaHWE COCTaBa TOIJIMBHO-BO3AYLIHONH CMECH,
OMM3K0e K CTEXMOMETPHYECKOMY, YTO OOeclednBaeT
TaKhe OINTHMAaJIbHbIE XapaKTEPUCTHUKH OEH3MHA, Kak
IUIOTHOCTb, BSI3KOCTh, HMCHAPSIEMOCTh, YTIJIEBOJOPO.I-
HBII COCTaB, KOTOPBIE MPAKTUYECKH HE BIHSIOT HA TOK-
CHYHOCTh OTXOAAMMX ra3oB. Ho oTka3 oT sTmimposa-
HUS BIIEUET 32 CO00 poOIIeMbl, CBsI3aHHbIE ¢ 0Oectie-
YeHHEM TPeOyeMOro OKTaHOBOTO 4uciia bensuna [1-4].

Cpenu mpobieM, CBS3aHHBIX C AHTPOIIOT€HHBIM
BO3AECHCTBHEM TEXHHUECKOTO MpOrpecca Ha OKpyKaro-
LIyIO Cpefy, MpobiieMa COKpalieHns: BPEIHBIX BBIOPO-
COB B aTMOC(epy aBTOMOOHIIFHBIM TPAHCTIOPTOM 3aHHU-
MaeT mepBoe Mmecto [1-2]. CormacHo TpeGoBaHUSIM
TexHUYEeCKOro perjiaMeHTa Ha TOIuIMBa TaMO>KEHHOTO
CO03a, UCIIOJIb30BaHHE METAIUIOCOAEPIKAIUX IMpHUCa-
Jok ¢ 2015 roga MOTHOCTBIO MPEKPAILEHO, MO3TOMY
OoJIbIION MHTEpeC B KAa4eCTBE aHTHUAETOHAIIMOHHOMN
MPUCAAKH IPEACTABIAIOT HEMETAIIMYECKUE COEIHE-
HHUS, & IPEXKJIE BCEIO OKCUT€HATHI.

PazBuTne nponsBoicTBa OEH3MHOB B IIEPBYIO OYe-
penp CBS3aHO CO CTPEMIICHHEM YIYYIINTh OCHOBHOE
HKCIUTyaTaI[IOHHOE CBOICTBO TOILUIMBA - JETOHAIIMOH-
HYI0O CTOWKOCTH OCH3MHA, OLIEHMBAEMYIO OKTAHOBBIM
YHCJIOM M CHU3UTH Ce0ECTOMMOCTH €ro IosrydeHus. B
OCHOBHOM, TOBapHBIE OCH3MHBI OTYYAIOT 33 CUET KOM-
NayHIUpOBaHUs (CMEIICHHs) HECKOJIbKUX KOMIIOHEH-
TOB, MpUCAJOK  1obaBok. Tak, HanpuMep, IS yIyd-
IICHHS 3KCIUTyaTallMOHHBIX CBOMCTB OCH3MHOB, B TOM
YHCJIC Y IOBBILIEHHUS MX OKTAHOBOT'O YHCIIA, B OCH3NHBI

BBOAST TakKue KUCIOPOACOJEpKallde KOMIIOHEHTSHI,
Kak MeTwI-TpeT-OyTuioBeiid agup (MTBDJ), merumi-
TpeT-aMmuiIoBbId 3¢up (MTAD), TOIUIMBHEIA 3TaHON U
ap. CoctaB BBOAUMBIX B OCH3MH JOOABOK OIpEAEsi-
eTcsl IPUMEHsIEMbIX Ha HedTenepepadaThIBArOLINX 3a-
Boxax (HII3) texHomoruii momyueHus OCH3MHOB.

AHaJIn3 NOCJIeJHUX UCCIeJOBAHNI U Iy0IMKa-
nuii. Hag npoOnemMamMu cWHTE3a M CO3MaHHUS HOBBIX
KHCJIOPOACOIEPIKAIINX MPHUCAIOK, MMOBBIIIAIONINX OK-
TAaHOBOE YHCJIO0 OCH3WHA IPOBOIMINCH MCCIEAOBAHUS
HU3BECTHBIMH POCCHUHCKUMM YYEHBIMH J{aHHIIOBBIM
AM., EmenbsnoeiM B.E., Onoiiuenko C.H., Kamy-
ctuHoM B.M., Kapnoseim C.A., [{apéssim A.B. B cTe-
Hax: Poccuiickoro rocynapcTBEHHOTO YHUBEPCUTETA
Hedty 1 raza uM. .M. I'ydoxkuna, BHUUIIII (Mockga),
MI'Y, uMHCTUTyTa OpPraHUYECKOM XUMHUH, WHCTUTYTa
HepTexummyeckoro cuHte3a PAH, wHCTHTyTa Karta-
m3a CO PAH, OAO «BHUMHedrexum» u apyrue [5-
6].

Kucnopoaconeprkaiue nprcaaky MpeacTaBICHEI
CIIOXHBIMH U TIPOCTBIMH 3(QHPaMH MOHOKapOOHOBBIX
KHCJIOT, BBICIIMMU CIIMPTaMH, OKHCIICHHBIMHU (paKIy-
SAMHU YTJICBOJOPOJIOB, COAEP)KAIIMMU CMECH KHCIIOT,
CIIUPTOB M 3(QHPOB, OKCUITWINPOBAHHBIMU COEJIUHE-
Husimu [5-8].

JloGaByieHNEe OKCHUTEHATOB MOBHIIIAET JETOHAIU-
OHHYIO CTOHKOCTh, OCOOCHHO JIeTKuX (hpakiiuid, moJ-
HOTY CTOpaHusl OCH3MHA, CHIKAET PAacXoJl TOIUINBA U
YMEHBIIAeT TOKCHYHOCTH BBIXJIONHBIX Tra3oB. Peko-
MEH/JyeMasi KOHIICHTpAIUs OKCHUTEHATOB B OEH3MHAX
cocraBiseT 3-15% u BeIOMpaeTcs ¢ TAKUM pacyeToM,
4YTOOBI COIEPXKAHNE KUCIIOPOAA B TOIUIMBE HE NPEBBI-
maio 2,7%. YcraHoBIEHO, YTO TaKOe KOJMYSCTBO OK-
CHUI'€HAaTOB, HECMOTPS Ha UX 0ojiee HU3KYIO [0 CpaBHe-
HHIO C OEH3MHOM TEIUIOTBOPHYIO CIIOCOOHOCTH, HE OKa-
3BIBACT OTPHLATENBFHOTO BIMSHUS HAa MOIIHOCTHBIE
XapaKTepUCTHKH JABUTATEICH.

BoinesieHue HepelleHHBIX paHee YacTeii o0uei
npodJjemMsl. B To ke Bpems 10 cHX IOp HE HCCIIeNo-
BAaHO AHTUAETOHAI[MOHHOE CBOMCTBA TPETHUHBIX alle-
TUJIEHOBBIX CHOHUPTOB. TpeTHUHBbIE AalEeTUIECHOBHIE
CIMPTHI MHTEPECHBI T€M, YTO OHU KaK BCE U3BECTHBIC
AHTUJETOHATOPBI B COCTABE MOJIEKYJIbI UMEIOT TPETHU-
HBI€ AIKWIbHBIE paJMKalibl, THIPOKCUIBHBIN pauKai
U aleTUICHOBYIO HempeenbHyro rpymmy. [loatomy
HCCIIeIOBAaHNE W pa3paboTKa HOBBIX KHCIOPOJACOIEP-
JKAIUX TIPHCAZOK TIOBBIIIAIOMINX OKTAaHOBOE YHCIIO
OCH3WHA Ha OCHOBE TPETHYHBIX AIlETHIICHOBHIX CIHp-
TOB SIBJSIETCS] HNHHOBAIIMOHHBIM M BECbMa aKTyaJIbHBIM.

[Tpobnema cuHTE3a M CO3AaHUS HOBBIX KHCIOPO-
COJEpXKALIUX TMPUCATOK, MOBBINAIOIINX OKTaHOBOE
yucno OensuHa B KazaxcraHe majio M3yueHa M IOKa
TOJILKO OCTaeTCs Ha YPOBHE HAYUHBIX UCCIIEAOBAaHUH U
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HE HaXOAUT PEKOMEHAALMU IS IUPOKOTO MPOMBIIII-
JIEHHOTO WCIIOJIH30BaHMS.

B ma6oparopun JIUII «Hedrexumus» ATsipa-
YCKOTO YHHBEpPCHUTETa HETH ¥ Ta3a B TCUSHHE ITOCIIE-
HUX HECKOJIBKO JIET IPOBOJUTCS HCCIEA0BAHUS U3yUe-
HUSl CBOMCTB HEKOTOPBIX LHUKIMYECKUX TPETHUYHBIX
AllETWICHOBBIX CIIMPTOB, IMOBBIIAIOMUX OKTaHOBOE
grciao OcH3uHA. [loydeHHBIC HAMU IMOJIOKUTEIHHEIC
pe3yabTathl [9] yKa3bIBAlOT HA HEOOXOJAMMOCTH IMPO-
JIOJDKEHHSI UCCIIETIOBAaHUM HaJ HOBBIMU OKCHUT€HATaMU
Ha OCHOBE TPETUYHBIX allETUJICHOBBIX CIIUPTOB.

Hens crarbm. llenpro HacTosIeH pabOTHI ABIIS-
€TCsI MICCIICTOBAHMUE U Pa3pad0OTKa HOBBIX HHHOBAIIMOH-
HBIX TEXHOJIOTUH MOJYYEHHUS] KUCIOPOACOAECPKAIINX
TIPUCA/IOK, MOBHIMAIOMINX OKTAHOBOE YHCIO OeH3WHA
Ha OCHOBE TPETUYHBIX AllETUIICHOBBIX CIIMPTOB U U3Y-
YEHHE BO3MOKHOCTEW HCITOJIb30BAHUSA STUHUIIIUKIIO-
TeKCaHOJIa B KAYECTBE MPUCAIKa aBTOMOOIIBFHBIX OCH-

N3i0:xxenne ocHOBHOro Martepuadna. L{ukinnue-
CKUM alleTUJIEHOBBIN CIIUPT HAaMU IOJIyYE€H KOHJIEHCa-
[UeH IUKIOTEKCAaHOHA C aIleTUICHOM B YCJIOBHSAX MO-
mudunrpoBaHHO peakunu PaBOPCKOTO, MO IaBIIe-
HHEM B MPHUCYTCTBHH IOPOIMIKOOOPa3HOTO €IKOTO
KaJIisl B Cpefie TUITUIIOBOTO, MIETPOJICHHOTO 3¢dupa 1mo
CIIEIyIOIIEN cXeMe:

HO

O—=0

KOH

+ HC=—=CH —

KoHCTaHTBI CHHTE3UPOBAHHOTO CIUPTa, MPHUBE-
JicHa B TaOJuIe 1, COOTBETCTBYIOT JINTEPATypPHBIM JIaH-
HbM [10,11]. CTpoeHHe CHHTE3MPOBAHHOIO aLETHIIE-

3UHOB, KaK B UUCTOM BHJE, TAK U B CMECU METHUII-TPET- HOBOTO CHHPT; nogTBep anaeres UK- u [IMP-
OYTHUIIOBBIM 3(HUPOM. criekTpamu (Tabumua 2).
Tabnuna 1
- @U3HKO-XUMHUYECKHE CBOMCTBA 1-3THHH/INMKIIOreKcaHoJ1a-1
b Haiineno, % Brruncieno, %
HaumenoBanue Brixon PYyTTO ACHO, 70 2 22 Tus, °C
dhopmyna C H C H
1-5>TUHUILMKIO-TeKCaHOII-1 80 CsH120 77,30 | 9,60 77,41 9,67 29-30
Tabmuma 2

- YacroTa BaJIeHTHBIX KoJie0anmii B NK-crniekTpax M BeJTHYMHBI XMMHYEeCKHX cIBUIoOB B criekrpax IIMP 1
ITHHWJINHKJIOTeKCcaHo a-1

UK-criektp, cmt

IIMP-criexTp, 6 M.1.

HanmenoBanue
-OH

=CH

-C=C- -CH3 -CH»- =CH -OH

3330

1-3THHHUALIHMKIIO-TeKCaHO0I-1

3210

2118 - 1,58 2,56 4,34

Mertoasn! uccinegopanus. OnpeneneHue OKTaHo-
BOTO 4YWCJia OCH3WHOBBIX KOMITO3MIIUH, COAEPKAaIIUX
npeiaraemMele 100aBKH, POBOIMIN 3KCIIPECC METO-
JIOM Ha M3MEpHTele JEeTOHAIIMOHHONH CTOWKOCTH OeH-
3uHOB Ha OktaHoMeTpe SHATOX SX-100K (®upma
n3roroButesib HIIO «SHATOX», UXH CO PAH ).
ITpu 3TOM B KayecTBE ITAJIOHOB CPAaBHEHHUS UCIIONB30-
BaHBI MapaMeTpsl, kKoTopeie coorBercTByeT ['OCT P
51866-2002(EH 228-99), TY 4215-002-60283547-
2006.

Pesyabrarel u jauckyccus. Biusgnue stu-
HIIITUKJIOTEKCAHOJa Ha IIOBBIIICHHE OKTaHOBOTO

4yucino OEH3MHA HaMHU OTIPEEISUIOCh M0 MPUPOCTY OK-
TAaHOBOTO YHCJIA NPSIMOTOHHOTO OEH3MHA IPOHM3BOA-
ctBa TOO «ATspayckuii HedrenepepadaThIBAFOIIHIA
3aB0J». D(Y(HEKTHBHOCTH KHUCIOPOACOIEPIKAIINX TIPH-
caJloK (OKCHTEHATOB) B KAa4ECTBE BBHICOKOOKTAHOBBIX
KOMITOHEHTOB HCCJIe/IOBAIM NPU BBEJCHUU HX B OCH-
3MH B KOHIIeHTpanu# oT 3-x 10 15 % (macc.). B tabmu-
nax 3-4 mpeAcTaBlieHBl Pe3yJbTaThl JOOABKH O3TH-
Humukiorekcanona (A1) u MeTui-TpeT-0yTHIIOBOTO
a¢pupa (MTED) Ha npsiIMOTOHHOTO OEH3MHA MTPOU3BO/I-
ctBa TOO «ATtspayckuil HedrenepepadaThIBaIONIUIA
3aBOJIY.

Tabmuma 3

H3MeHeHne OKTAHOBOIO YHCJIA MPIMOTOHHOro GeH3nHa, npu godasjaennn MTED

bensun MTBD OxTranoBoe uucio, UM, OxkTtaHoBoe uncio, MM,
KOJI-BO, I'OCT 8226-82 TI'OCT 511-82
% be3 C [pn bes C [Ipu poct OY
no6aBku | mobOaBKOH poct nobaBku | mobOaBKOH
o4
[IpsimoroHHbIi 3 58,4 59,8 +1,4 48,9 49,8 +0,9
OeH3uH 5 -/[- 60,7 +2,3 -/[- 50,7 +1,8
(ABT), 7 -Il- 61,7 +3,3 -Il- 51,7 +2,8
p=0,7187 r/cm?® 11 -Il- 63,6 +5,2 -1l- 53,6 +4,7
15 -/[- 64,6 +6,2 -//- 54,7 +5,8
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Tab6muua 4

H3MeHeHHe OKTAHOBOI'0 YMCJIA MPSIMOTOHHOI0 0eH3MHA, NPH 100aBJIeHNH YTHHHIIUKJIOreKCaHOoJIa

Bensun OUr OkTaHoBo¢ uncio, M, OkTaHoBoe uncio, MM,
KOII-BO, TOCT 8226-82 T'OCT 511-82

% Bes C IIpn Bes C noGaBkoit IIpn

n00aBKHA nmobaBkoit | poct OU nobaBkn poct

oY

[IpssMOTOHHBIH 3 58,4 60,1 +1,7 48,9 50,1 +1,2

OeH3UH 5 -Il- 61,3 +2,9 -Il- 51,3 +2,4

(ABT), 7 -11- 63,5 +5,1 -11- 53,5 +4,6

p=0,7187 r/cm? 11 -II- 64,7 +6,3 -II- 54,8 +5,9

15 -/l- 66,7 +8,3 -/l- 57,1 +8,2

80

58,458,4

PocTt okTaHoBOro umcna no UM

1 2 3 4 5 6

M KO/INYeCTBO NPUCAJOK, % B c npucagkom MTBE3 W c npucagkom I

Pucynox 1 - Hzmenenue okmanogozo uucina npamo2ouHozo bensuna npu 0oooasnenuu MTED u smunuiyukioeex-
canona no UM

51,3
48,948,9 49,8°0,1 50,77

PocTt okTaHOBOro uncna no MM

1 2 3 4 5 6

B KO/IMYecTBO NPUCAaoK, % B c npucagkom MTBE3 W c npucagkom ST

Pucynox 2 - HzmeneHnue okmano8020 Yucia npsamo2onHozo bensuna npu dobasnenuu MTED u smunuiyuxiozex-
canona no MM
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W3 pucynkoB 1 1 2 BUAHO, YTO STUHMWILUKIOT€K-
CaHOJ TOBBINIAET OKTAaHOBOE YHCIO MPSIMOTOHHOTO
OeH3MHA 1a)ke TIPH €TO COEPKAHUH B MEHBIIIEM KOJIH-
YeCcTBE, YeM METHII-TPET-OyTHIIOBHIH 3up.

Kax nokasan npoBeneHHBbII IUTEpaTypHBIN TIOUCK
Oonpmmii 3¢ ¢GeKT AOCTHTAETCS OT ACUCTBHS CMECH
MIPUCAJIOK BCIICACTBHE NPOSBICHUS CHHEPTETHIECKOTO

sddekra [1-2,5-6,12]. [ToaToMy Ha BTOPOM 3Tare UC-
cienoBaHuil OplTa MpoBepeHa AP PEKTHBHOCTD TIPHMe-
HEHUs OWHApHBIX NPHCANOK, COCTOSIIMX H3 ITH-
HUIIUKIIOT€KCAaHOJIa M METHII-TPET-OyTHIIOBHIi 3dupa.
OKTaHOBBIE  YHClIa  CMCLICHHSA  IIPUCAJOK B
MIPSIMOTOHHOM OCH3WMHE MPEACTaBICHHI B Tabnmie 5.

Tabauna 5

- U3MeHeHHe OKTAHOBOI'0 YHCJIA MPSAMOrOHHOro 6eH3uHa, npu go6asiaenun MTBI+IUI (1:1)

MTBO+32UI" OkTaHoBoe uucio, M, OkraHoBoe uuciio, MM,

- (2:2) T'OCT 8226-82 TI'OCT 511-82

KOJI-BO, bes C IIpn bes C IIpu
% nmobaBku | nobaekoi | poct OU | nobaBku | mo6aBkoit | poct OY

I . 3 58,4 61,5 +3,1 48,9 51,5 +2,6
p"g“’“’HHH“ 5 -1l- 62,2 +3,8 -1l- 52,2 +3,3
( ;g%“ 7 -1I- 64,4 +6,0 -1I- 54,4 +5,5
0=0,7187 F’/CM3 11 -/l- 65,6 +7,2 -/l- 55,6 +6,7
’ 15 -//- 68,3 +9,9 -/l- 58,7 +9,8

70
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10

PocTt okTaHoBoOro umucna no UM

H KO/INYecTBO NPUCA[0K,%

4 5 6
B MTB3 (meTunTpeTbyTunosbii adup)"

Pucynok 3 - Hzmernenue okmanogo2o 4ucia npsamo2oHHO20 6eH3UuHa npu 000asneHuu
KUCI0poOcodepaicamux npucadox no UM

60
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40

30

20

10

B KO/INYecTBO NPUCA[0K,%

PocTt okTaHoBOro ymncna no MimM

5
H MTB3 (meTunTpetbyTMnoBbIii apup)"

Pucynox 4 - H3menenue oKmano8o2o 4ucia npamocoHHo20 beH3una npu 006asneHuu
KUCTIOPOOCOOepacaux npucadox no MM
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W3 pucyHkoB 3 1 4 BUZHO BO BCEX CIIydasiX IMOBbI-
HIEHUE OKTAaHOBOT'O YHCIIA 33 CYET YCHICHUU CHHEpre-
THIecKoro 3¢ dekra mpu ucce0BaTeN-CKOM H MOTOP-
HOM METOJE.

Takum 00pa3omM, HAMU TOKA3aHO, YTO TPETUIHBIN
AleTUICHOBBIN CIIUPT — STUHWILIUKIIOTEKCAHON MOKHO
HCTIONIb30BaTh KaK KUCIOPOACO e KAl 100aBOK aB-
TOMOOMIBHBIX 0eH3UHOB. [Ipumenenue DI mo3BonuT
paclIMpUTh PECypchl BBICOKOOKTAHOBBIX KOMIIOHEH-
TOB, CHU3UTh TOKCHYHOCTh OEH3MHOB U OTPabOTaBIINX
ra3oB. [Io3BONIUT yBEIMYUTH BBIIYCK BBICOKOKAde-
CTBEHHOTO TOBapHOrO OEH3WHA JJIsI aBTOMOOMJIBHBIX
JBHrareneil u ooecrneunTh MUHUMHU3AIHY OTPHLIATENb-
HOTO BO3JICHCTBHS OTPaOOTaBIINX T'a30B HA OKPYXKAI0-
LIyIo Cpeny.

BeiBoabl 1 npepsio:xkenus. Mccienoana aHtu-
JIETOHALIMOHHASI CBOWCTBA TPETHYHOTIO LUKJINYECKOTO
aleTUICHOBOTO cHUpTa. TpEeTHYHBI aleTUIEHOBBIN
CHHPT STHHUILUKIOTEKCAHONI UHTEPECEH TeM, YTO OH
KaK BCE M3BECTHbIC aHTHAECTOHATOPHI B COCTaBE MOJIe-
KyJbl UIMEET TPETUYHBIHN aJIKUIbHBIN payuKall, THIPOK-
CIWJIBHBI paJiuKajl M aleTUICHOBYIO HETpeleNbHYIO0
rpyniy. [TosTomy uccienoBanue u pa3paboTka HOBBIX
KHCJIOPOACOIEPKAIUX MPHUCATOK MOBBIIIAIONIUX OK-
TaHOBOE YHCIIO OCH3MHA Ha OCHOBE TPETHUYHBIX alleTH-
JIEHOBBIX CIMPTOB SBIIETCSA AKTYyalIbHBIM B ILIAHE MH-
HOBAaIUI.

Pesynbratel uccienoBanne 00 3((EKTHBHOCTH
METWI-TPeT-OyTHIIOBOTO 3(hHpa U STHHIILUKIOTEKCA-
HOJIa TOKAa3aJia, YTO STUHIIHUKIOT€KCaHO MOBBIIIAET
OKTaHOBOE YHCJIO MPSIMOTOHHOTO O€H3MHA, AaXKe MpH
€ro CoJiep>KaHUM B MEHBIIIEM KOJMYECTBE, YeM METHII-
TpeT-OyTHUiI0BbIHi 3up. MOKHO HCIIOIH30BATH TPETHY-
HBbIM alleTWJICHOBBIM CIUPT — 3TUHUIIUKIOIEKCAHOI
KaK KHCIIOPOICOIEpKAIYI0 T00aBKy, KOTOPBIH I03BO-
JIUT YBEJIMYUTH BBITYCK BHICOKOKA4ECTBEHHOIO TOBap-
HOro OCH3WHa JuIl aBTOMOOWIBHBIX JABHTaTeNeH M
00ecIeunT YNCTOTY TOTUIMBHOI CHCTEMBI M SKOHOMHIO
TOIJINBA.
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