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ARCHITECTURE

OnTumizanisi po3BUTKY ripcbKO-peKpeaniifHuX TepuTOpii
Ykpaincskux Kapnat MeTogomM CTBOpeHHS POCTOPOBOIO KJIACTEPY

I'. M. Ilyasra !, T. ®@. Manyenko >

! Kadbenpa microGymysanms Hamionansroro yHisepcutery «/IbBiBChKa MOMiTeXHiKa», M.JIbBIB, Yipaina
?Kadenpa «JlanamadTroi apxiTexrypi» KuiBCHKOro HAIOHATEHOrO yHIBEpCHTETY GyIiBHHITEA Ta apxiTekTypy M.KuiB, Vipaina
Corresponding author. E-mail: geshulha@gmail.com, panchenko.knuba@gmail.com

AHoTanist. Po3rimiiaroTsest mpobiieMH CTBOPEHHsST KOHKYPEHTHOI Ta CTilikoi pekpeartiiinoi cucremn Kaprarcekoro perioHy Ykpainu,
30epeKEeHHsI SKOCTI TNPUPOJHO-PEKpeallifHoro IOTEeHIiary TepuTopii Ta 3a0e3nedeHHs KOM(OPTHMX YMOB BIANIOYMHKY Ha

pekpeaniiaux 006’ekrax YkpaiHcpkux Kapmat. IIpomoHyeTbcs 3 MeToro axTuBizamil

MOXKITMBOCTEH (DYHKIIOHAIBHUX EJICMEHTIB

TEPHUTOPIi 3ampoBafANTH KiIacTepusario. Po3poOieHi MeToan Ta alrOPUTMH CTBOPEHHS HMPOCTOPOBHX KIACTEPiB I ONTHMI3amil
30aJ1aHCOBAHOTO PO3BHUTKY iCHYIOUHX Ta MPOEKTOBAHMUX PEKPEALHIX YTBOPEHD PETiOHY.

Kniouogi cnosea: npupoono-pexpeayiiinuii nomenyian mepumopii, KomgopmHi ymosu GiONOUUHKY, Onmumizayis 30a1aHCO8AHO20
PO36UMKY peKpeayiliHux Mepumopitl, Npocmoposuti peKpeayitinuil Kiacmep, areopummu CMEOPEeHHs NPOCMOPOSUX Kidacmepis,

onmMuMI3ayiiHa Mooeb peKpeayiiino2o Kiacmepy.

Beryn. Pekpeauiiini pecypeun Ykpaincbkux Kapnar MaroTsb
3HAYHUI MOTCHIIAJ PO3BUTKY 1 IUTHE Psi TIepeBar mnepej
ripcbKo-peKpeariiaumMu paiionamu 3axigHoi €Bporu. Ha
CHOTOJIHIIIHIM JIeHb TOJIOBHE 3aBIaHHsS B peKpeariiHii
obnacTi — 16 CTBOPEHHS Cy4acHOI KOHKYPEHTHOI CTiHKOi
PpeKpeariiHoi CHCTEMH.

T'ipCeko-pexpearniiiai KOMIDIEKCH (hopMyIOTH
pekpeaniiiHy iHQpacTpyKTypy, sSKa HAIllJICHA Ha IUIOPIYHY
excruryaTamnito. Ce30oHHe (PYHKIIOHYBaHHS Bce  IIE
3aJMIIAETHECST HepeHTaOempHUM. PekpeariiifHa IisUTBHICT
JFOJIMHU y TIPUPOJHOMY CEpEIOBHINI HaOMpae KPUTHIHOI
BEJIMYMHU HA OJTHUX TEPUTOPISIX 1 «He NoOupae» Ha IHIIMX.
Takuit pexum poOOTH He TUIBKM He 3abe3nedye
PEHTa0ENBHICTh KOMILJIEKCIB, ajie 1 3HAaYHO 3HWKYE PiBEHb
MOCITYT, 3MEHIIIyE MOXKIUBICTh BUOOPY BHAY PEKpealiifHol
MISUTBHOCTI Ta peanizaiii CBOiX MmoTped y BiANOYHHKY.
TeputopiaabHO-IIPOCTOPOBUHA PO3MOALT  BiAMIOYMBAIOIUX
M0 pEeKpealifHiM YTBOPEHHSIM pErioHy YKpaiHChKUX
Kapnar  ctBOproe  ansg  NpUpOAHO-NAHIMA(THUX
KOMIDICKCIB HEpPIBHOMIPHICTh 3aBaHTAXCHHSI HE TUIBKH
chepu BIAMOYMHKY, alne W MUIOT peKpeariiifHoOi CHCTEMH:
«TepUTOPIi-pecypcru-cepBicCHA iHPPACTPYKTYPay.

Mera. T'omoBHa MeTa — pO3pOOHTH  aJleKBaTHi
MaTeMAaTHYHI CIiBBIAHOIIEHHS, SKi JO3BOJISIIOTH BUKOHATH
onTuMizalifo  (QyHKIIOHAILHO-IIPOCTOPOBOi ~ CTPYKTYpH
pekpeatiiiinoi cucremu YkpaiHcbkux Kapnar ta po3poduru
pekoMeHJalil [0 3alydeHHs IHBECTHLIM Yy BiINOBIqHI
CKJIAZIOBI CHCTEMH 3 METOI0 aKTHBI3alli MOMIMBOCTEH
(YHKI[IOHATPHAX E€IIEMEHTIB TEPUTOPIH U1 3aJ0BOJICHHS
MOTpeO BiANOYMBAIOYMX Ta ONTHMAIBHOIO BUKOPHCTaHHS,
30epekeHHs] PUPOIHHUX pecypciB. Po3pobutn mporpamy
Ta NTOPUTM BHpIIICHHS 3aa4i OITUMI3aLii
30aJ7aHCOBAHOTO PO3BUTKY ICHYIOUMX Ta IPOEKTOBAHUX
peKpeaniiHuX YTBOPEHb periony YKpaiHcbkux Kaprmar.

Marepianu Ta MmeToau.

YzaraibHeHa mocTaHOBKa 3ajgavi. Ha ocHOBI
BUBYEHHS Ta aHAIi3y HAyKOBO-TEOPETHYHHX pOOIT 3
MUTaHb (HOPMYBaHHS peKpeamiiHOl CHCTEeMH, MpodiieM
YIIPaBIiHCHKO-TOCTIOIAPCHKOIO  XapakTepy,  TEHICHINT
€KOHOMIYHOTO PO3BHUTKY iHIYCTpil BIAIIOYMHKY aBTOpaMH
3alpOINIOHOBAaHA KJIaCTepu3allisl peKpeariiiHol raimysi sK
METOJ TEPUTOPIAUTLHO-IIPOCTOPOBOTO TUTaHyBaHHS
TipChKUX peKpealiiHuX TepPUTOPii periony.

Cruparounch Ha iH(GOpMAaIiiiHy 0a3y JOCIIiIKEHHS,
CKEPOBAHOTO HAa PO3BHTOK pEKpeallifHMX TipChKUX
tepuropiii KapnaTcekoro perioHy, BU3HaueHO Ti (akTopH,
sIKi BIUIMBAIOTh Ha CTBOPEHHS IPOCTOPOBHX KIJACTEpiB, a
came:

a) apaMeTpy TePUTOPil Ta HASIBHICTh PEKpeaIliifHuX Ta
COIIaJIbHO-€KOHOMIYHIUX ~PecypciB, MmO 0OyMOBIIOIOTH
Micte KJlacrepa y MicTOOYIiBHIN iepapxii:
MDKPETIOHATBbHUH PiBeHB, PEriOHaTbHUN, MiXKpaiOHHUI,

0) ¢yHKIiOHANMBPHA crienu(ika — PO3TAUTyBaHHS Pi3HUX
(YHKIIOHATPHUX YCTAHOB (MOTEN, areHTCTBA 3 MPOIAXy
NPOAYKTY Ta Maili HianpueMcTBa y cdepi oprasizauii
PEKIIaMHO-TIPE3CHTAIIIHHIX aKIii TOIIIO), 11 (]
3a0€3MeUy0Th  peasi3alil0  TEXHOJOTIYHOTO  MPOIECy
KOHKPETHOTO MpodiIto pekpeariiHoi TepuTopii;

B) C€KOHOMIYHI YHMHHUKH — MOXJIHUBICTH aJpPECHOTO
(iHaHCYBaHHS KOMIUIEKCHOI peKpealiiHol rmporpamu
(He3ame)kHO  Bij pKepena  (iHAHCYBaHHS), PO3IIOILI
(iHAHCOBHX TIOTOKIB, 3a0€3MCUCHHsS BHUCOKOTO pIBHA
MaTepiadbHOI CKIIAIOBOT PEKpealliiiHuX TePUTOPI;

T) VIPaBIiHCBHKI 3aBIAaHHS — CTBOPEHHS 00’ €IHAHOTO
OpTraHy aJMiHICTPYBaHHS peKpeaniifHiIM KJIaCTEpOM;

) KaJpoBe 3a0€3CUCHHS — HAsIBHICTh KBaJIi(hiKOBAaHOTO
nepcoHany  and  (QyHKIIOHyBaHHS  pekpeauiiiHOro
KJIacTepy, CaMOIMIATOTOBKA CIEHIATICTIB Ta CTaXKyBaHHS
(axiBLIB 32 MEXaMH KJIACTEPY, YIPaBIIHCBKUNA KOHTPOJIb
3a  KaupamM, 3a0e3leyYeHHss  HEOOXiJHOro  piBHA
HpaLeBIalITyBaHHS y MEXKax KJIAacTepy TOMIO.

3 ypaxyBaHHAM IMX YMHHHKIB aBTOpPaMH PO3pOOJIECHO
ONITHMI3AIliifHy MOZEh PEKPEaIliifHOrO KJIacTepy.

OnTumizauiina mMoJenb pexkpeauniiiHOro KJjacrepy.
BukopucranHs MeTomy KJIACTEpHOro aHamiizy (MeTon
«anroput™ K-cepeHix») Oano MOXJIMBICT 3MOJICIIOBATH
peKpeariiiti KiacTepy TPbOX THIIB, IO (OPMYIOTECS Ha
MDKPETiOHaJIbHOMY, PETiOHAJBHOMY Ta  JIOKAJHHOMY
piBasix. Meton K-cepelHiXx HaleXHWTh IO ITEpaTHBHHX
METO/IiB, 3aCTOCOBYEThCSI Yy BHIaJIKaX, KOJM KIacTepu
(OPMYIOTBCS, BUXO/ISUH 3 IOCTABICHUX YMOB, aJie MOXKYTh
OyTH 3MiHEHI KOpHCTyBaueM Ui JOCATHEHHS Oa)xaHoi
SKOCTi; Ta JUisi OOpPOOKM BETMKHMX MACHBIB BHXiTHOL
inbopmaii [1].

3a jonomororw Metoay K-cepeaHix Oyio ompalbOBaHO
MOKa3HUKH  (DYHKIIOHAJIBHO-TUIAHYBAJILHOI ~ CTPYKTYpH

©|H. M. Shulha, T. F. Panchenko 2017
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00paHHX peKpealliiHiX YTBOPEHb 3 HACTYITHUM €TaIloM iX
o0’emHaHHA y BIAMOBIAHI KiIacTepd — KYpPOPTHOTO,
PEKpeaIitHoro Ta TypUCTHIHOTO PodiTIo.

YmoBa 1. BukopucTtanHs peKpeariifHuX MOKIHBOCTEH
R (mokasHuku Ri, Ry, Rw,) Teputopii kmactepy, sxi

MOXYTh OyTH BHKOPHCTaHi, «HaONWKEHI 10 CBOTO
MaKCUMyMy»; 16 MOXKHa IIPEACTaBUTH y BUIJIAL
bopmynu:

Nk

R =

— (0<R<1)—max
N°,

ne: R — pexpeariiiHi MOXITBOCTI TEpHTOPIi; N¥
KUTBKICTh BimmoumBaroumx y mexax K-ro pekpeamiitHoro
yrBopenHs; N, — KpHTHYHO MOXIHBA KiJbKiCTh
BiIMIOYMBArOYMX Ha TepUTOPii K-ro yTBOopeHHs; K - «HoMep»
peKpeamniifHoro yTBOPEHHS B MHOXKHHI KJIacTepy.

YmoBa 2. 3abesnedeHHsS 30€peKCHHS TPUPOIN TIPH
BUKOPHUCTaHHI MaKCUMaJIbHUX peKpeariiHux
MoxJHBocTell Teputopii KapmaTtcekoro kmacrepy, sSKHiA
BU3HA4Ya€ 1 YpIBHOBAXKYE MaKCUMyM aHTPOIIOT€HHUX
HaBaHTaXXEHb MPU «MIHIMYM1» IPUPOJHUX MOPYILIECHB.

Y MareMaTH4YHOMY BUITISAI  «KOE(ILIEHT 30epeKeHHs
npupoan» P Bu3HauaeTbes 3a Gpopmyioro:

k
ooy N

Kp

(0<P<1)— max.

Nk
Sxmo P =1——k= 0, ToO
Kp

HnopyuieHa,  a

npupoja,  ToOTO

«CKOCHUCTEMA, 3HAYCHHAX

Nk

P =1-—- =1-npupona («ekocucreMa») 36eperkeHa.

pu

Kp

YmoBa 3. BpaxyBaHHS CKOHOMIYHOI  CKJIaJ0BOi
pekpeaniiinoi  fgisbHOCTI E (mpuOYyTKYy Bil HaJgaHHA
IPOTIOHOBAHOTO MEpeJIiKy MOCIYT), sIKa «CIPSAMOBaHa [0
MaKCHMYMY».

IIpoyec onmumizayitin020 MOOeO8aAHHs Yy 3aTaIbHOMY
BUTJISIZII HA OCHOBI aHANI3y ICHYBaHHS Ta MPOTHO3yBaHHS
PO3BHUTKY «y3arajlbHEHOTO TOTCHLIANY» peKpealiifHux
TepuTopii K, MOXKHA MPEICTABUTH TAKHM YHHOM:

K= WiNjxyp + 2 0iMperp 2.0,y —> MAX,
e o =(ai‘1?, B, 7;) — CKIanoBi TMOKAa3HMKM-KpUTEPIi

excrieptHoi (OanmbHOT) OINHKE (TEpUTOpii, pecypciB Ta

iHppacTPyKTypH), BaXKJIUBI Ui (dbopmyBaHHs
peKpeanifHoro kmacrepy, ne ai‘; — BpaxoBY€ BIUIUB
XapaKTEePUCTHK TEpHUTOPIi; ﬁl'J‘ - BpaxoBYye
XapaKTEepPUCTUKH  PECYpCiB; yi‘; — BpaxoBY€ YacTKy
XapakTepUCTUK  IHQPacTpykTypy, N —  KUIBKICTb
pekpeaHTiB, TiepeOyBarouM Ha TIEBHIA peKpearidHii

TepUTOpIii.

s ekcriepTHOTO OIHIOBaHHS PEKpearlifHuX TepuTopii
Ta BH3HAYEHHS ONTHUMAIBHMX 3HAa4eHb peKpeamniitHoi
JUSTIBHOCTI  BCTAHOBJIIOEMO 13 kpurepiiB,  sKki
XapaKTepU3yIOTh CKJIAI0BI TPiaJl «TEpUTOPIsS — pecypcH —
iHppacTpyKTypa», a came: TepuTOpii (4 IIOKa3HHKN),
KPUTEPIiB I XapaKTepUCTHKH pecypciB (3), MOKa3HUKU
JUISL XapaKTepUCTUKH iH(pacTpykTypH (6).

VY pesysbrari MOZENIOBaHHS 3a [2] OTPUMAEMO OILIHKY Y
BUTTISAAI «Koe(illieHTa SKOCTI peKpeariiitHoi TepuTopiin,

TEPMiH, KU BIEpIIe 3alpONOHOBAHUH, € MIPOIO OIIHKH
OTPUIMAHOTO PEKpPEaHTOM (BiAMOYMBAIOYNM, TYPHCTOM)
3aJIOBOJICHHS BiJl BiINOYHMHKY. 3MIHCHEHHS KOMIUIEKCHOL
OLIIHKHM PeKpealliifHnX TepUTOpiii Ha OCHOBI KJIACTEPHOTO
MAXOAYy [MO3BOJIIE BH3HAYUTH HE TUIBKH «KOE(IIlieHT
SIKOCTI  peKpeamiiHOi TepuTopii», ame W BCTAaHOBHUTHU
PEUTHHI  KOHKPETHOTO  TEPHUTOpiajIbHO-peKpeariiitHoro
YTBOPEHHS Y KOHKYPEHTHOMY CEpEeIOBHILI KiacTepa.

Meroquka ontuMmizanii pexpeaniiHuxX TepuTOPpii
METOA0M iMiTamiifHOro MoOJe/IIOBAHHSI CIPsIMOBaHA Ha
BUPIIIEHHS TAKUX OCHOBHHX 33/1a4:

1) perymoBaHHs peKpeauiifHoOro MOTOKy MiX 00’ €KTaMu
Ppekpeartii;

2) HamaHHA TIPOMO3UINH 30alaHCOBAHOTO PO3BUTKY
ICHYIOUMX peKpealiiHIX TepUTOpi;

3) po3poOka KOHIIENIii OCBOEHHS HOBUX pEeKpearliifHmx
TEPUTOPIH.

BupimenHs KOKHOI i3 MTOCTaBICHAX 3324 JOCSTa€ThCS
NIEBHUM QJITOPUTMOM [ii: JJIs peKpeauiiHuX 00’ €KTIB
anroput™ Nel, a Juist pekpeauiiHuX KJacTepiB allrOPUTMU
NeNe 2, 3.

1. AJroputM  «peryJjioBaHHS
MOTOKY» CKJIa[Ia€ThCS 3 TAKUX €TalliB!
1) aHani3 BUMOT 3aKOHOJABUMX Ta HOPMATHBHO-TEXHIYHHX

JMOKYMEHTIB, SIKi perJaMeHTYIOTh JKUTTENISIIBHICTD

TIEBHOTO PEKPEAIiifHOTO 00 €KTY;

pexpeaniinoro

2) aHami3 Cy4acHOrO CTaHy MisUIbHOCTI 00’€KTy Ha
BIATIOBITHICTP HOpPMAaM: TIOPIBHSHHS IIOKAa3HUKIB 3
HOPMaTHUBHUMU;

3) BUOIp KiMBKICHMX Ta SKICHUX [OKA3HHUKIB MisIbHOCTI
00’eKTa pekpealrlii;

4) Bi3HaYeHHS OOMEXeHb (MiHIMAJIBHI Ta MaKCHMAIbHI
3HAUEHHSI) 110 KOXKHOMY 3 MOKa3HHUKIB;

5) mpoBe/icHHST  OILIHIOBAaHHSA  IMOKAa3HHUKIB  MisIHOCTI
00’€eKTy 3a pe3yJIbTaTaMy ONUTYBaHHS (AHKETYBaHHS);

6) BusHaueHHs «koedillieHTy sKOCTI 00’€kTY» K0, — SIK
CIOKUBYOI OIIHKM SKOCTI HAJAHWX MOCIYT I Yac
BIATIOYMHKY HA peKpeaniitHoMy 00’ €KTi;

7) NOPIBHSIHHS «KOE(ILIEHTIB SIKOCTI 00’ €KTIB» OIHAKOBOT
(hyHKIIOHATBFHOT crieniaTi3alii;

8) po3poOKa NPOrHo3y Ta MPOIO3MLIN OO0 PEryIIIOBaHHS
peKpearliiHoro MOTOKY BiIIOYHUBAIOYHX MDK 00’ €KTaMu
pekpealtii B Mexax peKpeariifHoi TepuTopii.

2. AaropuTM BHpilleHHS 3a4a4i LI00 HAJAHHS
npono3uniii  MOO0  «30aJAaHCOBAHOTO  PO3BHUTKY
icHyloUMX pekpeaniiHMX TepUTOPii» CcKIagaeThca 3
HACTYITHUX JIiH:

1) Bubip moTi0HIX peKpeaniitHux (KypopTHHX,
peKpeaniftHuX, TYPUCTHYHHUX) TEPUTOPIH HA OCHOBI
KOTHITUBHOTO aHAJIi3y Ta KIACTEPHOTO i IXOIY;

2) BU3HAUEHHS KUIBKICHHX Ta SKICHHX IIOKa3HHKIB
CIIEMCHTIB  Tpiail  «TEPUTOpII —  pecypchu —
iHQPACTPYKTypa» peKpealiiHoi TepUTopii;

3) Bu3HaueHHS OOMexeHb (MiHIMANBHI Ta MaKCHMAITBbHI
3HAYEHHS) 110 KOKHOMY 3 TTOKa3HHUKIB;

4) poBeICHHS KOMIUIEKCHOI €KCTIEPTHOT OIIIHKH TePUTOPIi
3a TapaMeTpamMH MOKa3HHKIB TepUTOpii, pecypcis,
iHQpacTpyKTypu 32  pe3ylbTaTaMH  ONUTYBaHHS
(aHKETYBaHHS) eKCHepTiB ((haxiBIIiB);

5) Bu3HaueHHs  «KOe(illieHTy  SAKOCTI  pekpeauiiHol
TEPHTOPII» Ky, — AK MOKA3HUKA PO3BUTKY PeKpeaniiHol
TEPUTOPIi;

6) nopiBHSIHHA ~ Ta SKOCTI

aHamiz  «koedilieHTIB
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peKpeariiHoi  TepuTOpii»  TEpUTOPI  OJHAKOBOI
(hyHKITIOHATEHOT criemiaTi3artii;

7) po3poOka MPOTIO3UIIIf
pekpeaniitHoro MOTOKY
peKpeanitHIMHI TePUTOPISIMHE;

8) po3pobka Momenelt  «HLTBTPY,
«aKyMyJIOIO4a» 30Ha B  Mexkax
KJ1acTepy;

9) aHaji3 BIUTMBY BEJIMYHHH ITOKA3HUKIB CIIEMEHTIB Tpiaan
«TepUTOpii  —  pecypcu  —  iH(pacTpyKTypa»
pekpeauiiinoi  TepuTopii Ha  «KOe(IUiEHT  SKOCTI
peKkpeawiiHol TepuTopiin;

10)BupoOIeHHST ~ TPOTIO3UIA 00
MOJANBIIIOT0  PO3BUTKY  peKpeamiiHol
(MaTeMaTH9HUI Ta rpadigHUi cocid);

11) BupoOGieHust peKoMeHamin (bararoBapiaHTHHX
MPOTO3MLii)  moxo  30aTaHCOBAaHOTO  PO3BUTKY
pekpeaniiiHoi Tepuropii (Mozemi rpadiuHi);

12)pospobka Mojenell pekpealiiHUX —KiIacTepiB Ta
peKoMeHJaliil 1moA0 onTuMizamii X MPOCTOPOBOi
CIPYKTYpH;

13)po3pobka  Ta  aHami3s  MPOEKTHO-KOIITOPHCHOT
JOKYMEHTallli 10 MpOMNO3UIAX  30alaHCOBAHOTO
PO3BHTKY peKpealiiiHOi TepuTopii B Mexkax Kiactepy;

14) nopiBHSIHHS 3MiH MOKA3HHUKIB «PEKPealliiiHi pecypcm» —
«IPHPOIA» — «CKOHOMIYHA CKIIAJI0Ba» PEKOMEHIALlN
(bararoBapiaHTHHX TIPOTIO3HIIiA) PO3BUTKY
PpekpeatiifHo1 TepuTopii;

15) npuiiHATTS ONTUMANLHOTO PIIICHHS MO0 BapiaHTy

{010 PETyIIIOBaHH
BIAITOYMBAIOYNX MIX

«BIIBOJIIKArOYay Ta
pekpeariiHoro

OoInTUMi3arii
TepuTOpii

3. AJroput™M mno po3poodui «KOHUeNIii OCBOECHHSI
HOBHX peKpealiiHUX TepUTOpiil» criamaerscs 3
HACTYITHOTO:

1) aHai3 BUMOT 3aKOHOJABYHMX Ta HOPMATHBHO-TECXHITHUX

JOKYMEHTIB, SIKi perJaMeHTYIOTh JKUTTEMISIIbHICTD

pekpeamniifHoi TepHuTOpii TEBHOI (hyHKIIOHAIBHOT
crerjiams3ariii;

2) IOpiBHSIHHSA ~ MOKAa3HUKIB  oOpaHOi  Teputopii 3
HOPMaTHUBHUMU;

3) BUOIp KiMBKICHUX Ta SKICHHX TMOKa3HUKIB peKpeariitHol
TEPUTOPIi;

4) Bu3Ha4YeHHS OOMEXeHb (MiHIMAJIbHI Ta MaKCHMANbHI
3HAYEHHS) 110 KO’)KHOMY 3 TTOKa3HHUKIB;
5) Bubip 3HAuCHHS KOKHOTO 3 TOKAa3HWKIB TEPHUTOPI,

pecypciB, iH(pacTpyKTypH;
6) mpoBelcHHsT ~ KOMIDIEKCHOI ~ €KCIIEPTHOI  OIIHKH
TEpUTOpi 3a 3aJaHUMH 3HAYCHHSIMH ITOKa3HHKIB

TEpUTOPIi, pecypciB, iIHGPACTPYKTYPH;

7) BU3HAYCHHS  «KOC(IliEHTY  SKOCTI
TEPUTOPID);

8) mpoBeieHHs KOMIUICKCHOTO aHaNi3y BIUTHBY MOKA3HHKIB
Tpiali «TEpUTOpis — pecypcu — iHPpacTpyKTypa» Ha
«KOe(IIIEHT IKOCTI peKpealiiiHoi TepuUTopii»;

9) po3pobOka Ta aHawi3 MPOEKTHO-KOIITOPHCHOT
JMOKYMEHTAIlil MO0 OCBOEHHS HOBOI peKpeariifHol
TEpUTOPIT,

10) onrTumizallis — MOIIYK HAWKPAIIOro pIlIEHHS s

OCBOEHHA HOBOI pEKpeamiifHOl TepuTopii, y T. 4. y
MEKax peKpeaniifHoro KiacTepy.

pekpeariiHol
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BupilenHst mepmux JABOX 3a4ad  3alpONOHOBAHOI
METOJIMKH ampoOOBaHO Yy pEabHOMY IPOEKTYBaHHI.
Meroauka BUKOpUCTaHa MpU  po3poOIll  KOHIEMIii
OCBOEHHSI HOBHX PEKpealliiiHuX TePUTOPIH.

30aJJaHCOBaHOTO PO3BUTKY peKpeamiiiHoi Teputopii B
Mexax KiacTepy.
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Optimization of mining and recreational areas in the Ukrainian Carpathians by creating a spatial cluster

H. M. Shulha, T. F. Panchenko

Abstract. The problems of creating a competitive and sustainable recreational system of the Carpathian region of Ukraine, maintaining a

natural and recreational potential of the territory and ensure comfortable conditions for leisure recreational facilities Ukrainian

Carpathians. It is proposed to enhance capabilities of functional elements territories to implement clustering. The methods and algorithms

for creating spatial clusters to optimize the sustainable development of existing and planned recreational structures in the region
Keywords: natural and recreational potential of the area, comfortable rest, optimizing the balanced development of recreational

areas, recreational spatial cluster algorithm for creating spatial clusters, cluster optimization model recreation.

OnTumMu3anus pasBUTUSI TOPHO-PeKPeallMOHHBIX TeppuTopuii YkpanHckux Kapnar mMeronom co3naHusi MPOCTPAHCTBEHHOIO
KJIacTepa
I'. M.lllyabra, T. ®. Ilanyenko
AnnoTtamus. PaccmarpuBarotrcs npoOiieMbl CO3/[aHUsI KOHKYPEHTHON M YCTOMYHMBOM pekpeaninoHHON cucteMbl Kapmarckoro pernona
YKpauHsl, COXpaHEHHs! Ka4ecTBa MPUPOAHO-PEKPEALIMOHHOTO MMOTSHIIMAA TEPPUTOPHH U obecrieueHie KOM(OPTHBIX YCIOBUH OTABIXA
Ha peKpealoHHbIX 00bekTax YkpanHckux Kapnat. [Ipeqnaraercs ¢ 1eNbio akTHBU3ALMU BO3MOXKHOCTEH (DYHKIIMOHATBHBIX JIEMEHTOB
TEpPUTOPUI BBECTH KiacTepusaluio. Pa3paOoTaHHblE METOABI M aNTOPUTMBI CO3JAHUS IIPOCTPAHCTBEHHBIX KJIACTEPOB JUIA
ONITHMU3ALNH COATAHCHPOBAHHOTO PA3BHUTHS CYIIECTBYIOIINX U MIPOSKTHPYEMBIX PEKPEAMOHHBIX 00pa30BaHUI PETHOHA.

Kntoueevie cnosa: npupoOHo-peKpeayuoHHblli NOMEHYUAl Meppumopul, Kompopmuvle yciogus OmoviXd, ORMUMUIAYUS
COANAHCUPOBAHHO2O PA3BUMUSL PEKPEAYUOHHBIX MePPUmMOopUll, NPOCMPAHCIBEHHbII PeKPEayUOHHbIL Kiacmep, aicopummbl CO30aHUs
NPOCMPAHCIMBEHHBIX KIACMEPOS, ONMUMUZAYUOHHAS MOOETb PEKPEAYUOHHO20 KIacmepd.
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ECOLOGY

Ce3onnble ocooenHocTH CNP-cTexuoMeTpun TpaHCTPAHUYHBIX peK
CeBepHoii BykoBHHBI

0. M. /I3enzepckas, C. C. Pynenko

YepHOBUIIKNI HAIMOHAIBHBIN yHUBepcUTeT nMeHH HOpust DenpkoBrya, r. YUepHOBLBL, YKpanHa

Paper received 20.04.17; Accepted for publication 30.04.17.

AnHOTanus. B repnos BeceHHEro MojoBoAbs BO BCEX TPaHCIPAaHMUHBIX pekax CeBepHOi ByKOBHHEI yCTaHOBIIEHO OrpaHUYEHHE CTEXHO-
MeTprUecKoil focTymHocTH (hocdopa — momsipHoe cootrotenre DIN:DIP konebnercst B ipenesax 66-380, uto 3HaunMTeNNbHO >38 (HIDKHE-
TO TOpora CTEXHOMETpHYecKoi mMurarmu docdopa). B mepuon nerneit mexxenn Mossipasie cootHommenust DIN:DIP B pexax Ilpyr n
CHper OKa3amch CYIIECTBEHHO <22, 4TO yKa3blBaeT Ha OTPaHUUCHHE CTEXHOMETPHYECKOH NOCTYIMHOCTH a3ora. B peke [lHectp B 3TOT
MePHO/] COOTBETCTBYIOIIEE COOTHOIICHHE HAXOAUTCS B JAuanasoHe 22-38, rie BhIpakeHHas CTEXHOMETPUUECKasl JIMMHUTALUS MEXY yKa-
3aHHBIMHU JJIEMEHTaMU OTCYTCTBYeT. BrisiBieHo ymeHblneHue crexuomerprdeckux cootHoureHuii DIN:DIP u DIC:DIP B nepuoa nerneit
ME)KeHH 110 CPABHEHHIO C TIEPHOIOM BECEHHETO HOJIOBOABSL. DTO 00YCIIOBICHO YBEIMICHIEM MOJIIPHON KOHIEHTpaImH Gocdopa B JIETHUI
nieprio/] Ha oHe 6.-M. cTaOMIFHOTO Ha IPOTSHKEHHH T0/1a YPOBHS a30Ta U yIiIeposia.
Krouesvie cnosa:. CNP-cmexuomempus, azom, ghocgpop, yenepoo, pexu Ceseproui Bykosutbl.

Beenenne. Dxonoruyeckasi CTeXHOMETPHSI — Pa3BUBAIOLIAS-
csl 00JacTh DKOJIOTHH, W3ydarolas OajlaHC XUMHYECKHX
3JIEMEHTOB B 3KOJIOTHYECKUX B3aumMoiercTBusiX. bonee 2600
utupoBanuii B Web 0f science nabpana kuura R.W. Sterner
u J.J.Elser, B KOTOpOii aBTOpHI U3JIOKUIM KOHLETILIUIO KO-
norudeckoit crexuomerpun [14]. Dto cBumerenscTBYeT 0
OOJIBIIIOM HHTEPECE UCCIICIOBATEIICH K JAHHOM TeMe.

BoaHsle 3KoCHCTEMBI TTOJBEPIKEHBI CTPECCY HE TOJIBKO
n3-3a YBEIWYCHHUS HArpy30K IHUTATEIBHBIX 3IEMEHTOB (9B-
Tpo(HKAINK), HO U3-32 U3MEHEHHS NX CTEXHOMETPHUUYECKHX
nporiopuuid. B To Bpemst, kak o0miast Harpy3Ka IMMTaTeIbHBIX
3JIEMEHTOB MOXET OTPaHWYMBATH IMPOTYKTHBHOCTH (HUTO-
IUIAHKTOHA W KOHTPOJIMPOBATh €ro oOIIyl0 Ouomaccy, ux
CTeXHOMETpHUecKas IPOTIOPIIMS BIUSET Ha BUIOBON COCTaB
NepBUYHBIX npousBoauTeneit [6]. Crexuomerpuyeckue
MPOTIOPLIUM MMEIOT 3HaueHue A1 KOHKYPEHLMH M ycrexa
BUJIOB, IPUBOJISI, B KOHEYHOM CUeTe, K H3MEHEHUSIM B BUJIO-
BBIX JIOMHHAHTax u OmopazHooOpaszuu. Kpome Toro, takue
CBOWCTBa, KaK COCTaB JIMITHIOB, MPOAYIIMPOBAHNE TOKCHHOB,
TOJNIIMHA KJIETOYHOH MeMOpaHbl M IPyrHe XUMHYECKHE
KOMIIOHEHTBI, KOTOPBIE TAK)KE, 10 MEHBIICH Mepe YaCTHYHO,
3aBHCAT OT JOCTYITHOCTH KJIETOYHBIX 3JIEMEHTOB, MOTYT
W3MEHUTH Ka4eCTBO MMUIIH TS TIOTpeOHUTENeH, B HEKOTOPBIX
CIy4asx TpeBpallas «XOpOLIYIo» ey B «wioxyo» [8, 9].
ITpon3BOACTBO TOKCHHOB B BOJOPOCIISIX, HAIIPUMEP, YacTO
MIPOUCXOANT, KOTJ[a CTEXHOMETPHS MUTATEIbHBIX 3JIEMEHTOB
HE HaxoauTcs B kinaccuieckoM («Peaduiackom») crexuo-
METPHIECKOM COOTHOIIeH H [ 7, 9].

Kpatkuii 0030p nmy6auxanmii no reme. Oco6oe MecTo B
9KOJIOTMYECKOH CTEXHOMETPHM 3aHHMAaeT CTEXHOMETPHUS
yriepona, asora U Qochopa WIM KaK €€ elle Ha3bIBAIOT
CNP-crexunometpust. C, N u P sBistoTcst Tpems Hambolee
BOKHBIMHM 3JIEMEHTAMH, HCIIOJIB3YEMBIMU TSI CO3JaHMs
KUBBIX CYIIECTB, W CIEJOBATEIbHO, WX TOIJIOUICHHE M3
OKpYKaroIIeH cpelbl BaKHO I BCEX OpraHu3moB. Sardans
J. u 1p. [12] npoBenn 0030p UMEIOIIMXCS HCCIESOBAHUN €
LENbI0  BBIABICHWS  oOmmx  cBsaseil  Mexnay CNP-
CTEXHOMETPUEH U CTPYKTYpOH M (YHKIMEH OpraHn3MOB U
9KOCHCTEM KaK B BOJHOM, TaK M B HA3eMHOM KOHTEKCTE.
OHM TPHUIIIM K BBIBOAY O IOCTOSIHHOM KOPPEKTHPOBKE
CNP-cooTHOMIEHNST 10 3HAYEHHH, OMM3KMX K OTHOIIEHHIO
Pendmnna [11] xak B mpuOpeXHBIX BOAAX, TaK M B K OTKPHI-
TBIX OK€aHaX. JTa KOPPEKTUPOBKA MOKET OBITh OCHOBaHa Ha
HECKOJIBKHX OHOr€0XMMHYECKHX Mpoleccax: KOMIPOMHUCC

10

MEKTy KOHKYPEHTHBIM PAaBHOBECHEM H CKOPOCTBIO POCTa,
oydepubIit a3 ekt puxcaTopoB N, U OKCAHHUESCKUX TCOXHU-
Muyeckux nukioB N u P. ABTOpEI oKa3ay, 4TO B MOPCKUX
9KOCHCTEMAX COOTHOIIeHHe Penduima xapakrepusyercs
CTPOTO JETEPMUHUPOBAHHBIM KOHTpOJieM. B TO Bpems kak
C: N: P cooTHoIIEHHE BOIBI, INTAHKTOHA U CECTOHA B peKax
U 03epax M3-32 MCHBIIUX O0BEMOB BOJBI [0 CPABHCHHUIO C
OKEaHaMH, B OOJBIICH Mepe OTpeeNsIeTcs] TAKUMH 0COOCH-
HOCTSIMH OKPY»KAaIOIIei cpebl KaK THIT TIOPOIBI WIIH aHTPO-
norenHoe Bo3neiictaue. Iloaromy 3t C: N: P oTHOmEHHs
3HAYUTEIHLHO Pa3INYaroTCcs Bo BceM Mupe. OHH Taroke JOoKa-
3amm, uto CNP-cTexmomeTpus opraHu3MOB Ooiiee OrpaHwH-
YeHa, YeM CTEXUOMETPHSI OKPYIKAIOIIEH Cpelibl B pe3ybTaTe
TOMEOCTATHYECKOHN CIIOCOOHOCTH OPTaHU3MOB €€ KOPPEKTH-
poBaTh.

I'pynna amepukaHckux ucciaenosaTesneii Bo riase ¢ BJ.
Coshy [4] w3yunnu u3MeHEHHS BO B3aUMOCBS3AX MEXIY
muksiamu C, N u P B peuHoii Boje oT uctoka Kk Mopro. OHu
TIPOBENM TOJIEBBIE W JIA0OpaTOpHBIC AKCIEPHUMEHTHI [UIS
oTcleXrBaHus BKItoueHus HazeMHbIX C, N u P B peunsie
SKOCHCTEMBI BOJIOCOOPHBIX 0aCCEHHOB M M3MEPHIIA U3MEHE-
Hust CNP- crexuomMeTpun U COOTBETCTBYIOUIMX LHMKJIOB IO
BCEH IJIMHE PEKH BIUIOTH N0 €€ yCThs. [yt 3TOro oHM Wc-
TIOJTE30BANTM JIOTOYHBIC ME30KOCMEI Ha 14 caifTax ¢ TpHUTO-
KaMH BOJIBI OT CYXOJOJBHBIX YYaCTKOB C Pa3UYHBIMHU BH-
JaMU  3€MIJIETIONIL30BaHUs.  ABTOpPHI  [IPOAHATHU3UPOBAIIH
OTBETHBIC PEAKIIMsl BOAOPOCIEH Ha TOBBIIICHHBIC KOHIICH-
tpauu C, N u P (o oTIensHOCTH U BMECTE).

R. Sterner [13] uccnenoBan kak CNP-cooTHOlIEHHE B
BOJIOPOCIISIX CBSI3aHO C OTPaHUUEHHEM COOTBETCTBYIOIIUX
MMUTATENIFHBIX JIEMEHTOB B PYUYBSIX M pPeKax. DTO MCCIENO-
BaHHE BIICPBBIE OOHAPY)KUIIO, UYTO CYIIECTBYIOT BHIOBBIC
pa3nuMs B CTEXHOMETPHH TMEepH(PUTOHA. ABTOP BBIICIIIT
BUJIBI TIEPU(PUTOHHBIX OPTaHU3MOB, KOTOPHIC JEMOHCTPH-
PYIOT XOpollee COOTBETCTBUE MEXAY HX BHYTPEHHEH H
BHemHell CNP-cTexuomeTpueil 1 MOy MCTIOJIb30BaThCA KaK
WHJIKATOPHI Je(HITNTa TUTATEIBHBIX JIEMEHTOB B PYUbIX
U peKax.

DKOJIOTHUECKAsT CTEXHOMETPHsI PEeK Mallo HW3y4yeHa B
CpaBHEHHE C MOPCKMMH M 03€pHBIMHU dKocucteMamu. Llesan
HAIIUX MCCJIe0BAHUI — BEISICHUTH CE30HHBIE OCOOCHHOCTH
CNP-crexuomerpun TpancrpanndHbix pek CeBepHoit Byko-
BUHEI.

CeBepHas bykoBnHa — ucTopudeckas 00JIacTh, OXBAThI-
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BaOIIAs 4acTh TeppuTopun UepHOBULIKON 00acTH YKpau-
HBI, Yepe3 KOTOPYIO IPOTEKAIOT TPU BAKHEHIINX pPEYHBIX
aptepuu EBponel — {uectp, Ilpyt, u Cuper. Ilokunas Ce-
BepHyI0 ByKOBUHY, yKa3aHHBbIE PEKH BBIXOJST C YKpauHBI
Ha Teppuroputo HOxuoi bykouns! (Pymbinusg) u Monga-
Bun. IloaToMy naHHOE HCClenOoBaHHE MMEET MEXTyHapos-
HOE 3HAYCHHE.

Marepuajsl U Meroabl. VccnenoBanus npoBoawiy B
2013 romy B 15 HacenmeHHBIX MyHKTax obmactu (puc. 1) B
MIEpPUOJT aJIFTEPHATHBHBIX (ha3 BOIHOTO PEKMMa PeK — JIeT-
HEW MEXEHH M BECEHHETO IMOJ0BOAbS. JIETHAA MeXeHb —
(haza BOJHOTO peKMMa, KOTOpas XapaKTepU3yeTcs HU3KOU
BOZIHOCTBIO PEKHU, a BECEHHEe I0JI0BOJbE — (paza BOAHOIO
pexuMa, KOTopasi XapakTepU3yeTcsl BRICOKOH BOJHOCTBI0. B
K2)K/IOM M3 HACENICHHBIX MYyHKTOB BBIICISUIA MO JIBE CTaH-
I[M1 MOHUTOPUHTA — OJIHY BO3JI€ JIECHOI, a APYTYIO — BO3JIE
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JlHnecrpoBcKuii

JIYTOBO# TIO¥MBI. Ha Kakmoi U3 CTaHImi BOLy OTOMpay ¢ 8
caiToB (4-0x BO31e Oepera u 4-0x — B 1, 5 M ot Oepera),
UCTIOJNIB3YSI JUIs 3TOTr0 MasiorabapuTHbIil 6atomeTp «bPm».

B nabopaTopHbIX yCIIOBHSX ONpEAesIM COAep KaHUe
HHUTPATOB ¢ NoMolklo HuTparomepa H-401, kapbonatoB u
T'U/IPOKApOOHATOB — THTPOMETPUUECKH, a (ochaToB, aMMH-
aKka ¥ HUTPUTOB — (POTOKOIOPUMETPHIECKH C TIOMOIIBIO
®EK KOK-3 [3].

PactBopumerit  Heopranmdeckmii ¢ocdop (DIP) mpen-
crasiieH B pabote docdopom PO,>, COBOKYITHBIH pacTBOPH-
Mblit Heopranmdeckuii asor (DIN) — asotom NH,', NOj,
NO,, a pactBopuMeIii Heopranumdeckuit yriepon (DIC) —
yriepoaom CO, u HCO3'.

CraTUCTHYECKUIl aHAIM3  OCYILECTBISUIH,
KOMIIBIOTEpHY!0 nporpammy Statistica 6.0 [2].

HCTIOJIBb3Yy

@5

s
iH

Puc. 1. Hacenennsle mynkTsl CeBepHoit BykoBuHBI, B KoTOphIX IpoBoawicss CNP-MOHUTOPHHT TpaHCTpaHHYHBIX PEK

Taéauua 1. OnucatensHas cTaTHCTHKA Ce30HHBIX MOJIIpHBIX KoHneHTpauid DIC, DIN u DIP B Boze TpancrpanndHbIx pex CeBepHOi
Bykosunbl (N=5, n=16)

PactBOpuMBIe Std
Peka |Heopranmueckue| Mean Median Mode Min. Max. Err. Skewness | Kurtosis
JJIEMEHTbI
Becennee nonosoodve
DIC 3211,62 | 3383,13 Mult. 232517 | 3647,62 228,96 -1,87 3,93
Huectp DIN 164,32 111,37 Mult. 97,63 388,55 56,28 2,19 4,84
DIP 0,48 0,36 0,36 0,28 0,91 0,11 1,82 3,42
DIC 8433,43 | 4469,40 Mult. 2146,56 | 21416,36 | 3695,65 1,24 0,52
Ipyr DIN 119,32 121,73 Mult. 72,77 163,61 14,83 -0,16 0,87
DIP 1,10 0,36 Mult. 0,19 4,15 0,77 2,19 4,83
DIC 5126,17 | 3939,62 Mult. 2706,20 | 9681,69 | 1289,69 124 0,77
Cuper DIN 85,60 93,30 Mult. 30,28 131,09 20,40 -0,28 -2,64
DIP 2,01 1,17 Mult. 0,35 5,89 1,00 1,90 3,77
Jlemusisi medicenv
DIC 442162 | 395251 Mult. 2614,61 | 6874,63 773,06 0,65 -1,00
uectp DIN 237,50 136,53 Mult. 40,46 586,93 97,36 1,32 1,31
DIP 7,42 7,30 Mult. 5,81 9,30 0,69 0,19 -2,53
DIC 4949,87 | 5653,34 Mult. 711,14 819756 | 1316,78 -0,64 -0,50
[pyr DIN 90,08 83,90 Mult. 82,77 100,96 4,25 0,60 -3,29
DIP 13,21 16,97 Mult. 2,80 20,02 3,26 -0,83 -1,31
DIC 3300,35 | 314322 Mult. 716,23 5246,14 762,98 -0,74 0,87
Cuper DIN 92,25 81,88 Mult. 51,14 183,42 23,55 1,88 3,83
DIP 14,94 10,23 Mult. 4,46 33,07 5,07 1,29 1,29

Pe3ynbTaThl u ux odcy:xaenue. B tabmuie 1 npencrapie-
Ha OIm[carteiibHasd CTAaTUCTHUKaA MOJ'[ﬂpHBIX KOHHCHTpaHI/Iﬁ
PacTBOPEHHOTO HEOPTaHMYECKOTO yIiiepona, azora u (oc-
¢dopa B Bozie TpaHCTpaHUUHBIX pek CeBepHOW BykoBHHBI B
MIEPUO/1 BECEHHETO T0JI0BO/IbS U JIeTHEN MexkeHU. [1ockob-
Ky B GOHBH_II/IHCTBG BapI/IaHTOB aCI/IMMeTpI/IH " CKOC OTKIJIO-

11

HSIOTCSL OT HyJIs, a CpeJJHee 3Ha4YeHHEe, MeUaHa 1 MOJa He
COBIIAIAIOT, MPUXOMM K BEIBOZY O TOM, UTO pacIipe/ic/iecHHe
HCCJIEOBAHHBIX MapaMeTPOB HE TOTYMHSIETCS HOPMAaJbHO-
My, IO3TOMY JUISl OLICHKH JOCTOBEPHOCTH PA3INUUi MEXIY
ce30HaMM ObUIa HCIOJIb30BaHA HEMapaMETpUUEcKasl CTaT-
CTHKa. A TaK Kak BBIOOpKA HAIIMX HCCIEAOBAHWI HE TIpe-
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Beimana 50, Uil peayu3aliy MOCTABJICHHON 3aaui ObLI
n30paH kputepuid ManHa-YutHu (taGmuma 2). 13 Tpex
HCCIIEOBAHHBIX JJIEMEHTOB CTATUCTUYECKHUI aHAIN3 3aCBH-
JICTCNIbCTBOBAJ HAJIMYKE JIOCTOBCPHOW pA3HUIBI MEXKIY
COTOCTABIISIEMBIME CE30HAMH JIHIIIB [0 MOJISIPHOMY COZAEp-

JKAHUIO PACTBOPEHHOrO Heopranmueckoro ¢ocdopa. U B
caMOM Jielie, KaK BUIHO M3 TaONuIbl 1, BO BCEX PEKax B
nepuoJ] JeTHel MexkeHn KoHueHtpauus DIP Bo3pacraer Ha
LEJIBIA TOPSIOK IO CPaBHEHHIO C TEPUOIOM BECEHHETO
TOJIOBOBSL.

Tabéamnma 2. OneHka JOCTOBEPHOCTH CE30HHBIX pa3indmii B pacnpeneneHiy konnenTparmii CNP-coeHeHui B Bosie TpaHCT PaHIYHBIX

pek CeBepHoil ByKOBHHBI ¢ TOMOIITBIO

urepust Manna-Yurau (p<0,05)

www.seanewdim.com

PactBopumbie
Heopranmueckue | Peka  |Rank Sum|Rank Sum U 4 p-level z p-level | 2*1sided
OJICMCHTBI
Juectp 23,00 32,00 8,00 -0,94 0,35 -0,94 0,35 0,42
DIC Ipyr 29,00 26,00 11,00 0,31 0,75 0,31 0,75 0,84
Cuper 31,00 24,00 9,00 0,73 0,46 0,73 0,46 0,55
JHectp 24,00 31,00 9,00 -0,73 0,46 -0,73 0,46 0,55
DIN Ipyr 35,00 20,00 5,00 157 0,12 157 0,12 0,15
Cuper 27,00 28,00 12,00 -0,10 0,92 -0,10 0,92 1,00
JHectp 15,00 40,00 0,00 -2,61 0,01 -2,62 0,01 0,01
DIP Ipyr 16,00 39,00 1,00 -2,40 0,02 -2,40 0,02 0,02
Cuper 16,00 39,00 1,00 -2,40 0,02 -2,40 0,02 0,02

Ipumeuanwe. XKupHbIM DIpHQTOM BIIETIEHBI JOCTOBEPHBIE MEXKCE30HHBIE Pa3iMUs B pacnpeneneHny koHnentpanuii CNP-coenrHennii B
BOJI€ TpaHCTPaHMYHBIX pek CeBepHOi ByKOBHHBI

OrnmcarenbHas CTATHCTHKA CTEXHOMETPHUYCCKUX COOT-
HOILIEHUI MOJISIPHBIX KOHLIEHTpAIM pacTBOPEHHOIO HEOp-
TaHMYECKOro yIJiepoa, a3ota u ¢ocdopa B BoJE HUCCIIENO-
BaHHBIX PEK MpejcTaBicHa B Tabmuie 3. Kak u B peapiny-

meM ciydae, OHa 3acBHACTEIBbCTBOBANAa HEOOXOAMMOCTH
oOparieHus K Kputeprto MaHHa-YUTHH JUIs OLICHKU J0CTO-
BEPHOCTH PA3INYHHA MEXKTY CE30HAMHU.

Tabéauua 3. OnucarenbHast CTAaTHCTUKA Ce30HHBIX MOJBIpHBIX cooTHomrenuii DIC : DIP u DIN: DIP B Boxe TpascrpanndHbix pek CeBep-
Hoii Bykosunsl (N=5)

MosipHbie Mean Median Mode Min Max Std. Err. | Skewness | Kurtosis
COOTHOIICHHS
Becennee nonosoove
Jnectp
DIC: DIP 8049,36 6461,65 Mult. 4052,11 | 13459,73 | 164445 0,77 -0,21
DIN: DIP 333,05 346,38 Mult. 204,38 408,09 35,20 -1,36 2,14
Hpyr
DIC: DIP 15531,16 | 12564,05 Mult. 410051 | 34923,83 | 5728,90 0,95 -0,03
DIN: DIP 303,53 380,37 Mult. 29,70 495,44 81,27 -0,90 0,16
Cuper
DIC: DIP 5518,21 5671,30 Mult. 527,95 9980,75 1498,96 -0,39 2,07
DIN: DIP 67,86 65,72 Mult. 21,31 117,71 15,85 0,21 0,67
Jlemusisi medicen
Juectp
DIC: DIP 584,70 627,42 Mult. 434,17 739,08 62,28 -0,25 2,77
DIN: DIP 32,62 22,67 Mult. 4,3500 80,45 12,92 145 2,59
Hpyr
DIC: DIP 401,80 282,38 Mult. 192,11 796,95 110,16 1,34 1,18
DIN: DIP 11,24 5,62 Mult. 4,14 29,61 4,79 1,83 3,27
Cuper
DIC: DIP 259,39 170,99 Mult. 158,64 508,60 67,59 1,55 1,87
DIN: DIP 8,41802 7,32 Mult. 2,78 18,43 2,66 1,58 3,10

B mepuron BeceHHEro IMOJOBOIBS MOJIIPHBIE COOTHOIIIE-
aHust DIN:DIP Bo Bcex mcciiemoBaHHBIX pekaxX OBLTH BBIIIC
38, uro corsacHo [10] yka3piBaeT Ha OrpaHUYEHHE CTEXHO-
MeTpuueckoit moctymHoctd (ocdopa. IlomobHO Harmmm
pesynbratam, B.C. Perez ¢ coarr. [9] ycTaHOBIIN MOTEHIH-
anpHOe orpanuueHne Qocdopa B 3ammuBe Fourleague Bo
BpeMsI BECEHHET0 NMUKOBOTO cOpoca peku Atdadanas. [Ipu
9TOM B camoM 3aimBe cootHornenue DIN:DIP 3adukcupo-
BaHO Ha ypoBHe 32:1, a B pexe — 54: 1. OnHako B OTIM4YHE OT
HaIlIMX MCCIIE0BaHUN, aBTOPbI OOBSICHIIN CTEXHOMETpHYe-
CKYIO JIMMHTAIMIO (hochopa B 3aJIMBE MOCTYIIIEHUEM BBICO-
KUX KOHIIEHTpauui a3ora OT pekn ATtdadainas Ha (oHe
JIOBOJILHO CTaOMJIBHBIX KOHIEHTpauui Qocdopa. B Hammx
e MCCIIEOBAHMIX MOJIIPHAsl KOHLEHTpAaIWs a30Ta B Be-
CEHHMM U JIETHUH MEepHOJIbl BO BCEX PEKaxX MOJIEPKUBAIACh
Ha JIOCTATOYHO CTaOMJIGHOM YpPOBHE, a CE30HHAs BapHamus

kacayach jummb ocdopa. [Ipu 3ToM B BeceHHHMiT nepuon
MMEHHO HU3Kasi MOJISIpHast KOHIeHTpaiws (ocdopa Ha (oHe
CTaOWJIBHONW KOHIIGHTpallMM a30Ta OOYCJIOBHJIA BBICOKOE
3HaueHue cootHomreHust DIN:DIP.

B nepuon netHell MEXEHM MOJISIPHBIE COOTHOIICHUS
DIN:DIP B pexax Ilpyr u Cuper oka3ajiuch CyIIECTBEHHO
<22, urto cormacHo [10] ykaseiBaeT Ha OrpaHHWYCHHE CTe-
XMOMETPUYECKON IOCTYITHOCTH a30Ta. B peke /IHecTp B 3TOT
MEPHOJT COOTBETCTBYIOIIEE COOTHOIIEHHE HAXOAWIOCH B
npenenax 22-38, 4To COOTBETCTBYET JAWAIa30Hy, I/I€ BbIpa-
JKEHHas! CTEXUOMETPUUECKas TUMHUTALUS MEX/y YKa3aHHBI-
MH DJIEMEHTAMU OTCYTCTBYET.

Kpurepuit Manna-YuTHu MOATBEPIUI HaJMYME NOCTO-
BEPHBIX CE30HHBIX PA3IMYUI MEXIy COOTHOLICHHSMH Kak
DIN:DIP, tax u DIC:DIP B pexax CeBepHoii BykoBHHBL
[Ipu 3TOM CymMMa paHrOB OKa3ayiach ISl BCEX COIMOCTaBIIse-
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MBIX BAPHAHTOB a0COIIOTHO OJUHAKOBOM. DTO MOXKHO OOb-
SICHUTB TEM, YTO Ul IEPUOJIA JIETHEH MEXKEHH 10 CpaBHe-
HUIO C TIEPHOJIOM BECCHHETO MOJIOBOIBS YMCIIO B YUCIHTENE
JENIAIA Ha TIOPSIOK OoJibliiee YMCio B 3HameHarene. [lo-
3TOMY JIOCTOBEpHasi pasHuIa ObLia 3a)UKCHPOBAHA KaK I10
KPHTEPHIO 3HAYMMOCTH Z, KOTODBIH IO3BOJISIET IPOBEPSTH
JIBYCTOPOHHIOKO THIIOTE3Y, TAK U M0 0OJIee TOUHOMY OJIHO-
cropornemy kputepuro 2*1sided [1]. Vcranosienue mocto-
BEPHOM Pa3HHULIBI 110 TIOCIEHEMY KPHTEPHIO SIBISICTCS CIIE]I-

CTBHEM OJIHOBEKTOPHOM (WS OJIHO3HAKOBOW) HarpaBJieH-
HOCTH pa3jIMyiii MEXIy BECCHHUMH M JISTHUMHU BBIOOpKa-
MH: 3HAUCHHUs] CTEXHMOMETPHUYECKHX COOTHOLICHHH, 3aduk-
CHpPOBaHHbIE BO BPEMsI BECEHHETO IT0JI0BO/IbsI, HA BCEX CTaH-
LMSIX MOHUTOPHHTA TIPEBBIIAIOT 3HAUYCHUS, 3a(UKCUpOBaH-
HBIE BO BpeMs JieTHeil MexxeHu. JIis Bcex pek cyMma paHroB
(Rank Sum) aHaMM3MPyeMBIX CTEXHOMETPHIECCKHX COOTHO-
LIEHUH B MEPUOJ BECEHHETO IMOJIOBOIbS B 2,7 pa3a MpeBbI-
I1ajia CyMMy MX PaHT'OB B TIEPHOJ JICTHEH MEKEHH.

Tabéamnua 4. OneHka TOCTOBEPHOCTH Pa3IMIHi MeXCe30HHBIX MoIspHBIX cootHoteruit DIC:DIP u DIN: DIP B Boxe TpaHcrpaHIIHBIX
pek CeBepHoii ByKOBHHBI ¢ TIOMOIIIBIO KpuTepust Manna-Yutau (p<0,05)

Monsprsie Pexa Rank Rank U Z p-level 4 p-level | 2*1sided
COOTHOIIICHHUS Sum Sum
Juectp 40,00 15,00 0,00 2,61 0,01 2,61 0,01 0,01
DIC:DIP Tpyr 40,00 15,00 0,00 2,61 0,01 2,61 0,01 0,01
Cuper 40,00 15,00 0,00 2,61 0,01 2,61 0,01 0,01
Juectp 40,00 15,00 0,00 2,61 0,01 2,61 0,01 0,01
DIN:DIP Tpyr 40,00 15,00 0,00 2,61 0,01 2,61 0,01 0,01
Cuper 40,00 15,00 0,00 2,61 0,01 2,61 0,01 0,01

BobiBoabl. Pe3ynbTaTel HamMx MCCIENOBaHHUM 3acBUJE-
TETIbCTBOBAJIM HAJIMYUE TOCTOBEPHBIX CE30HHBIX PA3INIHi B
crexuomerprdeckux cootHomernusx DIN:DIP u DIC:DIP B
pekax CeBepHoll BykoBHHBI B CTOPOHY MX YMEHBILEHHS B
MIEpPUOJ JIETHEH MEXEHH TI0 CPABHEHHIO C IIEPHOJIOM BECEH-
HETO TOJIOBOABS. Y CTaHOBJIEHO, YTO 3TO O0YCIIOBIEHO YBE-
JIMYEHUEM MOJIIPHOH KOHIeHTpaimu (ocdopa B JeTHHMI

meprol Ha (oHe 0.-M. CTAaOMIBHOTO Ha TPOTSHKEHWH Tofia
YPOBHS a30Ta U yriepona. B meprosn BeCEHHETO HOIOBOMBS
BO Bcex pekax CeBepHoii bykoBuHBI HaOmOAETCS OrpaHu-
YEeHHE CTEXHOMETPHYECKOH HocTymHOCTH (ocdopa, a B
NEpUoOA JIETHEH MeXeHH 3a(MKCHPOBAHO OTrpaHUYCHHE
CTEXMOMETPUUYECKON JOCTYNHOCTH a30Ta B pekax lIpyr u
Cuper.
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Seasonal features of CNP-stoichiometry of transboundary rivers of Northern Bukovina
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Abstract. During the spring flood in all transhoundary rivers of Northern Bukovina, the limitation of stoichiometric availability of
Phosphorus has been established: the molar ratio of DIN:DIP varies between 66-380, which is significantly >38 (the lower threshold of
stoichiometric Phosphorus limitation). During the summer period, the molar ratios DIN:DIP in the Prut and Siret rivers were significantly
<22, which indicates the limitation of the stoichiometric availability of nitrogen. In the Dniester River in this period, the corresponding ratio
is in the range 22-38, where there is no pronounced stoichiometric limitation between these elements. The stoichiometric ratios of DIN:DIP
and DIC:DIP during the summer period were decrease in compared with the period of spring flood. This is due to an increase in the molar
Phosphorus concentration in the summer period against the background of a more or less stable level of Nitrogen and Carbon throughout the
year.
Keywords: CNP-stoichiometry, Nitrogen, Phosphorus, Carbon, the rivers of Northern Bukovina.
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AHoTanisi. Y cTaTTi NpOBeICHMUIA aHall3 BITYM3HIHOTO pHHKY QiTonpemnaparis 3a 2012-2016 poku. BusisiieHe 3Ha4He 3pOCTaHHS YUCETBHO-
CTi TIpenapariB POCIMHHOTO MOXOPKEHHS Ta BUIB POCIMH, IO € JPKEPEIIOM JIiKapchKoi pocirHHOI cupoBuHH (JIPC) mist mux JlikapchKux
3aco0iB, a TAKOX BH/IIB JIIKAPCHKUX POCIIVH, IO BXOAATH 10 «JlepxaBHoi ®apmaxonel Yipainm» (JDVY). PosriHyTo nepcrekTrBr po3Bu-
TKY BITYM3HSHOTO PUHKY JIKapCHKUX POCIIMH, BU3HAUCH] HAIIPSIMKH HOTO PO3IIMPEHHS Ta BIOCKOHAJICHHS, HAMIUEHI IIULTXH IOUIyKY HOBHX

JDKEpEIT CHPOBUHH JIIKApCHKUX POCIIHH.

Knrouosi cnosa: nikapcoki pociunu, Ykpaina, papmayeemuynuii punox, gimonpenapamu, JY

Beryn. CyvacHuid eran eKOHOMIYHOTO PO3BUTKY YKpaiHu,
110 XapaKTepU3YEThCsl yTBOPEHHSM HOBHX ()OPM CYCHIJIEHO-
r0 MOIUTY, 3MIHOK TIOKOJIHBb MPOJIYKIIi, MEPEX0OJ0M 0
HOBHX BHJIB 1 3pa3KiB TEXHIKH, IPUHIUIIOBO HOBHX TEXHO-
JIOTIYHUX TIPOLIECIB, 3yMOBIIOE (POPMYBAaHHSI HOBUX MiXKTIa-
JIy3€BUX IMPOMOPIIH IIIIXOM PEKOHCTPYKIii Ta MOJepHi3a-
il TpaaWIIIHUX TaTy3ei eKOHOMIKH, a TaKOXK (pOpPMYyBaHHSI
HOBHX PHHKIB.

VipoaoBk BCi€i iCTOPIi JIF0ACTBA POCIHUHHA OYiIH JKepe-
JIOM HE TUILKH Xap4OBUX MPOAYKTIB, a i LIHHUX JTIKAPCHKUX
3ac00iB. Ha chOromHiIIHIA JEHh TPETUHY JIKAPChKUX 3aCO-
0IB OTPUMYIOTH Came 3 POCIMHHOI chpoBuHH [6]. 3pocTanHs
MONUTY Ha (iTonpenapaTy B OCTaHHI POKH 3yMOBJIIOE HE00-
XiJIHICTh 30UTBIICHHS 3arOTIiBJII POCIMHHOI CHPOBHMHH 1 M-
BUIIEHHS BUMOT JIO il SIKOCTI, pO3IIMPEHHST BUPOOHHUIITBA Ta
YIOCKOHAJICHHSI TEXHOJIOTTi OTPUMAaHHS JIIKapChKUX 3aC0O0iB.
Pozumpensst cupoBHHHOT 0a3u OaraThOX JIIKAPCHKHX POC-
JIMH € MOKJIMBUM 3aBJSIKA BIIPOBA/DKEHHIO iX B KYJBTYpY,
OCKUTBKM TPHPOJHI 3allacy ASSIKUX JUKOPOCIINX BHAIB MOB-
HICTIO a00 YaCTKOBO BHCHAQ)KEHI, a 3aTOTIBIIA IX Y TPUPOJ-
HUX MICIISX 3pOCTaHHS HEBUT1/THA.

JlnHamika po3BHUTKY CBITOBOTO PHHKY JIIKApPCHKUX TIpera-
paTiB Ha OCHOBI CHPOBHHH POCIMHHOTO ITIOXOJDKEHHS Iie-
MOHCTpYE MiJIBUIIEHUN TTOMHUT Ha JIIKAPChKY CHPOBHUHY, IO
€ CKJIaJIOBUM KOMIIOHEHTOM MpOAYKIIii (apmarieBTHaHOro,
nap(oMepHO-KOCMETHYHOT0, Xap4yoBOro, Jako(hapOoBoro,
HIKIPSTHOTO, TEKCTUIILHOTO Ta Psly 1HIIMX BUPOOHUIITB.

3 yChOTO LILOTO MOYKHA 3pOOHMTH BHCHOBOK IIPO BasKIIU-
BICTh PO3BUTKY PUHKY JIIKAPCHKOT POCIMHHOI CUPOBUHH SIK
CKJIAJJHU KOMIUIEKC YYacHUKIB, IO CKJIAJAlOTh B3a€MO-
TIOB’5I3aHI CEKTOPH CLIHCHKOTOCTIONAPCHKOTO Ta MPOMHMCIIO-
BOTO BUPOOHUIITBA, peaizailii i 30yTy.

Kopotkuii orasa my0aikauiid no remi

PiBeHB 30BHINTHBOI TOPTiBII JTIKAPCHKO POCIIHHOIO CH-
POBHMHOIO YKpaiHHM XapaKTepu3yeThCsl TCHACHIIEO JI0 3HU-
JKEHHsI 0OCSITIB €KCIIOPTHOI TOPTIBIII, sIKa CYIPOBODKYETHCSI
HecTaOIIbHUMHU IMIIOPTHAIMH TOCTaBKaMH. Hapasi puHOK
JIIKapChKOi CUPOBUHM B YKpaiHi 3allOBHIOETHCSI B 3HAYHIHN
Mipi IpoAyKIiero 3 KpaiH A3ii Ta A(pUKH, 110 HE JO3BOJIIE
TOBOPHUTH TPO EKOJOTiYHy OE3MEYHICTh JaHOi TPOYKIIii,
SKICTh CHPOBHHH, BiJITIOBIHICTD il €BPONICHCHKIM BUMOTaM.
3a ocTaHHI POKM B CTPYKTYpl Ta MICTKOCTI BITYM3HSHOTO
PHMHKY JIIKapChKOi POCIMHHOI CHPOBHMHHM BiOyIHMcs icTOTHI
3MiHH, 3yMOBJICHI HOJIITUYHOIO. CKOHOMIYHOIO KPH30, BCTY-
oM Yxpaiau 10 COT Ttomio. Vee e MOsSCHIOE HEOOXITHICTh
MOTTMOJIEHOTO AHAJI3Y CTaHy Ta MEPCIEKTHB BUKOPUCTAHHS
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JIKapCbKUX POCIMH Ta IX CHPOBMHH Y (hapMaleBTHUHIN i
MEIUYHIN raty3sax YKpaiHu.

TeopeTuko-MeToquYHI Ta NMPHUKJIAJHI ACTIEKTH PO3BHTKY
PHMHKY JIIKapCBhKHX POCIIMH BUCBITJICH] y TPAaIIX TaKHX BiT-
ym3HAHUX yueHux sk b. Cemak, JI. JlemkeBuu, C. ['purienko,
10. Huxwuriok [2, 3, 4, 7], ne BimoOpakeHi JOCTIPKEHHS, 110
CIIPUSTIOTh  PO3BHUTKY HAYKOBOTO PO3YMIHHS BHPIIICHHS
3aBJaHb OpraHizalii BUPOOHHUIITBA JIKAPCHKUX 3ac00iB Ha
OCHOBI JTIKAPCEKUX POCITHH B IIJIOMY.

ArrteyHa Mepexa, (papMarieBTHIHA ITPOMHCIIOBICT HUHI
BIYYBAIOTh 3HAUHY MOTpedy y 0araTthoX BHIOAX JIKapCHKOI
pocrmiHHOT cupoBrHH. OHIEIO 3 IPHYXH Ie(IlUTy CHPOBH-
HM OKPEMHX JIKapChKHX POCIMH € 3HAa4HE CKOPOUCHHs
IUTON MPUPOJHUX (DITOIEHO3IB, 3a0pyIHEHHS HaBKOJIMIII-
HBOTO Cepe/IoBHINA, OE3KOHTPOJIbHA EKCIUTyaTalliss MPUpO.-
HHX 3apOCTell JIIKapChKUX POCIIMH, BIACYTHICTh 0a3u NaHuX
PO MiCIIS 3pOCTaHHS OKPEMUX JIIKAPCHKUX POCIHH 1 Bi/ICY-
THICTh LIEHTPATi30BaHOI 3aroTiBi CHPOBUHU. Y CydacHHX
YMOBax TOCTPO CTOiTh MUTAHHS PO ONTHUMI3aliio pamioHa-
JIBHOTO BUKOPHCTAHHS 1 BIHOBJICHHSI HAsBHOI CHPOBHHHOI
0a3M AMKOPOCIHX JIKAPCHKUX POCIHMH. PO3BHTOK naHOTrO
HamnpsIMKy Mae€ JepkaBHe 3HadeHHs. [lepmr 3a Bce, JUis BU-
pimeHHsT JaHOT MpoOieMu HeoOXiTHa TTIO0Ka OIiHKA CTaHy
1 IMHAMIKH 3MiH OIPUPOIHHX (PiTopecypciB YKpaiHu.

3 omsioy Ha BHIlE3a3HA4YEHE, HAMH OyJIO MOCTABJICHO 3a-
BIaHHS MPOAHATI3yBaTH PI3HOMAHITTS JIIKAPCHKUX POCIIHH,
110 BXOJATH JI0 CKIamy (itomnpenapariB YKpaiHu;, poauH 10
SIKUX BOHH HaJIXKaTh; BUAIB POCIMH BKIIFOYEHHUX Y BUJIAHHS
«JlepxaBHa ®apmakoness Ykpaiam» (DY), a Takox npo-
CTeXXHMTH JMHAMIKY BUKOPHCTAHHS CUPOBHHH LIMX POCIIMH Y
BITYIBHAHIN (papMalleBTHYHIN ramy3i YKpaiHm.

MeTta: MOCHITUTH JUHAMIKY BHKOPHCTAHHS JIIKapCHKUX
pocmuH B odimiiHii MeauiwHI Ykpainu 3 2012 mo 2016
POKH Ta 1 HAMITUTH TEPCIIEKTHBH PO3IIMPEHHS Ta BIOCKO-
HaJIeHHS (hapMaleBTUIHOTO PHUHKY.

Marepiasu i meromu. [Ipu nociizpkeHHI 3aCTOCOBaHO
CHCTEMHHH METOJ] y3araJlbHeHHS Ta aHajIi3y MarepiaiiB
Jlep>kaBHOTO peecTpy Jlikapchkux 3aco0iB Ykpainu. Teope-
THUKO-METOZIOJIOTIYHYy OCHOBY pOOOTH CTaHOBWIM TIparli
BITUM3HSHHUX BUCHHX, SIKI TPHUCBSYEHI JOCTIIPKeHHsM (bap-
MAILEBTUYHOI'O PUHKY YKpaiHHU.

PesyabTaTh Ta ix odrosopenns. l1lopiuno norpeda da-
PMAILEBTHYHUX ITiIIPUEMCTB Yy JIIKAPCHKHUX TpaBax 301IbIIy-
etbest Ha 20 — 25 % 3a paXyHOK HapoOLIyBaHHS 30yTy CTapux
1 BBE/ICHHSI HOBHX JIIKapChKHX 3aC001B 3 POCIMHHOI CHPOBH-
HU. 3a iH(hOpMaLli€l0 aHAITHKIB, TIONUT HA SIKICHY JIiKapCh-
Ky CHpPOBHHY 3Ha4yHO IepeBHIIye ii MPOMNO3MIio, 1 xoua
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JIesIKl  CUIBrOCHIINPUEMCTBA OYMHAIOTH  BHUPOILYBAaTH
JIKAPCHKI TpaBH, 00 €MU iX 3aHANTO MaJi, 00 KaprHAb-
HO TIOKPAIUUTH CHUTYyallil0. YYaCHUKH PHHKY BiJ3Ha4YalOTh
HEOOXiJHICTb 301IIbIICHHS 00CSTY CUPOBHHM HE MEHILE HDK
y 2 pasu. [5].

BupimeHHst opraHizauiifHo-eKOHOMIYHUX MPOOIeM pHH-
Ky JIKapChKOI CHPOBHHH JacTh 3MOTY CYTTEBO 30LIBIINTH
o0csaru 3aroTiBii Jikapcbkoi mpoxykmii. IIpote Ha BUPOO-
HHILTBO JIIKApCBKOI CHPOBMHH MOXKYTH BIUIMBATH arpoeKo-
HOMIYHI PW3MKH: CKOpPOYEHHS OOCSTIB il mepepoOIeHHs,
3HIDKCHHS SKOCTI CHPOBWHH, IO HAIXOAWUTH Ha Iepepod-
JEHHS 3 NPUYMH HECHPHSATIMBUX HOrOJHO-KITIMAaTHIHHUX
YMOB, @ TaKOX NPHUPOJHUX 1 TEXHOT€HHUX HaJ3BHYalHMX
curyauiid. 1le cnpy4MHUTE 3HIKEHHSI OOCSTIB MOCTayaHHs
CHPOBUHH JUIsl (hapMalleBTHYHOI rajy3i, CTBOPHUTH AeinuT
CHPOBUHHU Ha BHYTDIIIHBOMY PUHKY, CKOPOUCHHSI EKCIIOPTY
1 IO pyLIEHHS 3000B’513aHb 32 EKCIIOPTHUMH KOHTPaKTaMH,
30UIBIIEHHST IMIIOPTY CHUPOBHHH. 3HWKCHHS LUX PHU3HKIB
moTpeOye MiABUIICHHS 1HTEHCHBHOCTI OOpOOITKY JIiKapch-
KAX KyJObTyp, IO ToJsirae B e(eKTUBHIN iHBECTHIIIHII
nomitari. Pesynpraté mpoBeneHoi poOOTH CBImYaTh PO
HEOOXiHICTh [NETANBPHOTO aHaNi3y IMUTAaHHSI JOLLUIBHOCTI
IMIIOPTY JESKHMX BUIIB JIIKAPCHKOI POCIMHHOI CHPOBHHH 32
HAsIBHOCTI BHYTPIIIHIX 1 MPaKTHYHO HEOOMEKEHUX MOXKIIH-
BOCTel ii BHpOLIyBaHHS 4 3aroTiBii. AHami3 axropiB
BIUIMBY Ha SIKICTb CHPOBHHH JIIKAPCHKUX POCIIMH BKa3ye, IO
OJTHMM 3 HaWBIUTMBOBIIINX € BTpaTa SKICHUX MOKA3HHKIB ITi]
Yac Micisa30upaibHOro 00poOeHHs, TopoOIeHHs Ta 30epi-
TaHHS CUPOBHHH.
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Kinnkiers BEIiB TiRapeLREX POCTHEE, BEROPECTAEEY
aaR oTPpEMAEER GiTonpenapaTie

IIr. 3120 112

104
1001
B0
6017
404
204
D. 4
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Puc. 2.

IIpoananizyBaBmu Jlep>kaBHHN peecTp JMKAPCHKHUX 3aCO-
6iB Ykpainu 3a 2012-2016 poku, Oya0 BCTaHOBJIEHO, IO
HaWOLIbIIA KiJIBKICTh MPEnapaTiB POCIMHHOTO MOXO/DKEHHS
BITYM3HSHMX BUpOOHMKIB mpunanae Ha 2013 pik (puc.l).
[TpoTarom HacTYHHHUX JBOX POKIB CIIOCTEPIrajiocsi CyTTEBE
3HIDKEHHSI [TbOTO TOKa3HKKa, aje y 2016 p. KibKicTh ¢iTon-
penapatiB He TUIBKU BITHOBHJIACS, & 1 MIEPeBHUILIIIA 3HAUCH-
Hs 2012 poky maitke Ha 30%.

CxoXa 3aKOHOMIpHICTb CIIOCTEpIraeThesi 1 NP aHawi3i
KIUTBKOCT] BHIB JIIKAPCHKUX POCIHH, II0 BXOJSTH J0 KIamLy
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¢itonpenapariB Ta POAMH, 10 SKUX BOHM HaJlleXaTb
(puc.2,3).

KinpkicTs poJeEs JIKAPCLKHEY POCTHE, BEIH AKEX € TREpeIoM

JPC
IIIT. 60 52
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1 _ a0 ”
404 Bii) 55
30
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10+
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Puc. 3.

Haii0inpIna KiTBKICTh BHAIB JIIKAPCHKUX POCIHH, SIKI €
CKJIQJIOBUMH TIPOAHAJI30BaHUX (hiTompenapaTiB i BXOAATH
1o @Y mpunamae va 2016 pik (puc.4). Lle meBHOIO Miporo
TIOB’S13aHO 3 YIOPSAKYBAaHHSAM HOBUX BHIaHb DY, BKIIO-
YEHHSIM /10 HUX HOBHX BHAIB JIKapCHKUX POCIHH, a TAaKOX
TIOKPAIICHHAM CKOHOMIYHOI CHUTYyaIlii B KpaiHi Ha iHBECTH-
LifHOTO KITiMATYy.

TakuM YHMHOM, BHACTIJIOK aHANTI3y PUHKY JIIKAPCHKUX PO-
CITHH BCTAHOBJICHO OYEBUIHMI 3pOCTAOYMIA MOIMKT Ha (ap-
ManeBTH4HY (iTonpoaykuiro npotsirom 2013 ta 2016 pokis,
10 MOJKe 3a0e3MEeYNTUCS 38 PaXYHOK BUKOPHCTaHHS JUKO-
pocIioi i KyJIbTHBOBAaHOI CHPOBHHH YKpaiHu (puc.5).

Kinewiers poenss, mo sxoaate 30 JPY
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JocnipkeHHsT BITYM3HAHOTO PUHKY ITOKA3ajo, M0 IS
Y3TODKCHHS iHTEpeCiB Cy0’€KTIB PHHKY i HAWOUTBII BHTIA-
HOI iXHBOI CHiBIIpali MOTPiOHO aKTHBHO PO3BUBATH KIIACTE-
pHi 00’eHaHHs arpodapManeBTHIHOr0 KoMmiuekcy. Ilepe-
MIEKTHBH PO3BUTKY BITYM3HSHOTO PUHKY JIKAPCHKUX POCIUH
MIOBHMHHI OYyTH TIOB’sI3aHi HacamIiepe]| 3 METOl0 3a0e3neyeH-
HSl HAIllOHAJBHOI Oe3MeKu nepkaBu y cdepi MmocTauyaHHs
HACeJIEHHIO JIIKAPChKUX MpenapaTiB POCIMHHOIO TI0XO0-
JokeHHs1. JlepkaBa MOBMHHA OyTH 3allikaBlieHa B CTBOPEHHI
YMOB ISl 3aJTyYSHHS, TIEPII 32 BCE, BITUM3HIHUX iHBECTOPIB
y uer Oi3Hec. J{ig mporo B YkpaiHi HEOOXiTHO CTBOPHTH
CIIPUATIMBUYA 1HBECTHILIMHUNA KIIIMAT HA JOCTiPKYBAaHOMY
PHMHKY, CIIPOCTHTH 3aKOHOJaBUy 0a3y, IIMpIIE BHKOPUCTO-
BYBaTH CBITOBHH JIOCBIJ 1 IIOCTYIOBY IJI00aiizamito BiTYn3-
HSHOI €KOHOMIKH.

OCHOBHHMH BEKTOpaMH PO3IIUPEHHS (iTodhapMarieBTH-
YHOTO PUHKY B YKpaiHi Mae OyTH MONIyK 6i0J0Ti4HO aKTUB-
HUX PEYOBHH 3 POCIIHH, TPHOIB Ta JMIIAHHUKIB 11 G0POTH-
6u 3 XBOpoOamMH JIFO/ICH Ta PO3IIMPEHHS CHPOBHHHOI Oasm
MiHHUX BUB JIKAPCHKAX POCIMH 32 PaXyHOK 3alTydeHHS
ONM3BKOCTIOPITHEHNX BHUAIB K MEPCHEKTHBHUX 3aMiHHHUKIB
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MPOJIYIICHTIB IIHHUX OI0JIOTIYHUX PEYOBHH 3 OOMEKESHHMU

TIPUPOJTHUMHU 3allacaMy JIiKapchbKol CHPOBHHM [ 1].

3arajbHa oninka crany ¢girtonpenaparis Ykpainu

IIIT.200 § 121
180
160 124 Lad O IIpenaparu pocJauHOr0
140 1= MOXO/I7Ke HHSI
04 12 104
12 95 | O Buamn pocjMH, 0 BXOAATH
100 79 w 77 | 10 mpemnaparis
80 55 857 O PoauHH 10 IKUX HAJIEXKATH
2
60 17 0 45 T=a BH/H
40 17 O Buau, mo Bxoasath B IDPY
20 17
0
2012 2013 2014 2015 2016
Puc. 5.

BucHoBku. IlpoTrsarom mocmimkyBaHOro mepioxy ABidi
CriocTepirajocs 3pOCTaHHs IMOKA3HHUKIB KUIBKOCTI JIIKapCh-
KHX POCJIHH, IO € CHPOBHHOIO, VIS JIKAPCHKUX 3aco0iB, a
TaKoXX 4YMCIa (QiTompenapariB Ta BHIIB, IO BXOIATH JIO
JADY —y 2013 — 2016 pokax. Lle € MO3UTHBHUM CBITYCHHIM
PO3BUTKY }iTO (papManieBTHYHOTO PHHKY YKpaiHH, 0coOIu-
BO OepyuH 0 yBark CyTTEBHH cIajl BUpOOHULTBA (hiTo3aco-
6iB y 2013 — 2014 pokax, 110 MOXKHa HOSICHUTH CKJIaJTHOIO
MOJTITHYHOO CUTYAIlIEI0 Ta €KOHOMIUHOIO Kpu3oto. [lepcre-
KTUBH PO3IIMPEHHS PHUHKY (iTompenapaTiB MU OadmMo y

MONIyKy Oi0JIOTIYHO aKTHBHHUX PEYOBHH 3 POCIIMH, TPHOIB Ta
JIUITaRHYKIB, JUIS 90TO CIII MPOBOIMUTH CKPUHIHT (hIopH Ta
MIKOTH PI3HHMX PETiOHIB YKpaiHH Ta BPaXxOBYBaTH JOCBiJ
€THOMEIMIIMHU. B TO# ke 4ac HeoOXiJHO pPO3LIMPIOBATH
CHPOBUHHY 0a3y LIHHMX BHUIIB JIKapCHKHX POCIIMH 32 paxy-
HOK BUKOPHCTAHHS BHIIB Y MeXaX MEBHOI TAKCOHOMIYHOI
rpynu (MepeBaXkHO POAy), sIKi MOXKYTh BUCTYIATH HEPCIIeK-
THUBHMMHM 3aMiHHHKaM{ THX JIKapCHKHX POCIIHH, IO MalOTh
00MeeHi IPUPOHI peCypCH.
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State and perspective of medicinal plants in official medicine of Ukraine

L. M. Makhynia, V. M. Minarchenko, O. M. Strumenska

www.seanewdim.com

Abstract. The article analyzes the domestic phytopreparations market for 2012-2016. A significant increase in the number of herbal preparations
and plant species, which are the source of medicinal plant material for these drugs, as well as the kinds of medicinal plants included in the State
Pharmacopoeia of Ukraine (SPU), has been determined. Prospects of development of the domestic market of medicinal plants are considered,
directions of its expansion and improvement are determined, ways of searching for new sources of raw medicinal plants are outlined.

Keywords: herbs, Ukraine pharmaceutical market, phytopreparations, SPU

CocTosiHHEe H TIePCIIeKTHBBI HCMOJIE30BAHHS JIeKAPCTBEHHBIX PacTeHUii B opuIMaIbHOI MeTHIIHe YKPAHHBI
JI. H. Maxunsi, B. H. Munapuenko, E. H. CTpymeHckas
AnnoTanus. B crarse poBe/ieH aHAIM3 OTEUECTBEHHOTO PhIHKA (uronpernaparos 3a 2012-2016 roxer. OnpeneneH 3HAIUTENBHBINA POCT HHC-
JICHHOCTH TIPEeNapaToB PaCTUTENBHOTO IPOUCXOXKICHUS U BUJIOB PACTCHUI, KOTOPBIE ABJIAIOTCS HICTOYHUKOM JIEKAPCTBEHHOT'O PACTUTENIEHOIO
coipbst (JIPC) s 3THX JTeKapCTBEHHBIX CPEJICTB, a TAKKE BUIOB JICKAPCTBEHHBIX PACTEHHH, BXOMAIWX B «I ocyaapcTeHHyo Papmakoreio
VYxpaunby (I'@Y). PaccMoTpeHb! nepcrneKTHBbI Pa3BUTHS OTEYECTBEHHOTO PHIHKA JISKAPCTBEHHBIX PACTEHUI, ONpe/iesieHbl HAPaBICHHs €ro
PAacLIMPEHHs] ¥ COBEPILIEHCTBOBAHMS, HAMEUEHBI ITyTH MOMCKA HOBBIX HCTOYHHUKOB ChIPhs JIEKAPCTBEHHBIX PACTCHHIA.

Kniouesvie cnosa: nexapcmesennvie pacmenus, Ykpauna, gapmayesmuyeckuti poinok, pumonpenapamel, I QY.
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Radionuclides and heavy metals in soils and waters on the territory
of radioactive contamination in VVolyn region
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Abstract. An important environmental issue is the need to develop cost-effective measures to reduce contamination of soil and water
with heavy metals and radioactive substances. Soil and water are intensively used in agricultural production and require analysis of their
condition due to the risk of food contaminants. The estimation of radionuclides and heavy metals in the soil and surface waters on the
territory of radioactive contamination in the Volyn region was conducted. It shows that the proportion of *¥'Cs, Sr exceeds the maxi-
mum permissible concentration of heavy metals. The study area requires a long process of social and economic rehabilitation, which
involves restoration of natural resources and safe living conditions, the introduction of advanced technologies for the production of envi-

ronmentally friendly agricultural products.

Keywords: radionuclides, heavy metals, water, soil, maximum permissible concentration, radiological analysis, radioactive contami-

nation.

Raising of scientific problem and its value. Intensifica-
tion and different forms of anthropogenic influence on a
natural environment puts before geographical science vari-
ous and difficult problems which need study and decision.
It touches tasks from the guard of environment optimiza-
tions of measures about the use of natural resources. In this
aspect considerable attention is deserved by soils and reser-
voirs as accumulations of contaminants in a landscape.

After the Chernobyl disaster the Volyn region suffered
radioactive contamination (cesium, strontium, etc.) includ-
ing Manevychi, Kamin-Kashirsk, and Liubeshiv Districts.
The negative impact of the Chernobyl disaster reflected in
all spheres of life in the region. The biggest loss sustained
agriculture. Also, agricultural products received in the zone
of radioactive contamination is a source of public exposure.
Equally important are ponds and soil contamination by
heavy metals. The problem of security of the population
living in such areas not fully resolved. The large areas of
pollution and high levels of pollution of agricultural land of
radionuclides and heavy metals and high transfer of pollu-
tants from soil and water to food stuffs. There is a require-
ment in finding out of features of their distribution and
concentration in the soils and waters.

An analysis of researches of this problem. The prob-
lem of contamination by toxic substances devoted a signifi-
cant amount of work. Particular attention is deserved by
work V. Samoilenko, who proposed comprehensive zoning
contaminated areas and possible radiological consequences
[11-12], Y. Tavrov, which identified the most environmen-
tally dangerous types of local systems and types of using
the water, biological and landed recourses of geosystems of
Polissia and north Lisostep [13] L. Ilyin, who studied natu-
ral water bodies as environments of piling up and accumu-
lation of the ground deposits and established state of lake
ecosystems examined technological processes of transfor-
mation and sources of income and types of toxic substances
in them [4-10, 14] and others. However, the spatio-
temporal aspects of distribution and accumulation of pollu-
tants, especially near settlements require detailed research.

A purpose of the article is an estimation of content of
radionuclides and heavy metals in water bodies, soili of
radioactive zone in the Volyn region. Were put such tasks
to achieve this: to analyze the spatial differentiation of ra-
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dionuclide *¥Cs, ®Sr; set the level of heavy metals (lead,
zinc, copper, cadmium).

The accumulation of information necessary for decision-
making regarding the control and regulation of radioactive
contamination of the environment and the development of
measures to reduce the absorption of doses applied popula-
tion is an important challenge for the study area. The distri-
bution of radionuclides in soils and waters, their ability to
migration on ecological chain and concentrate in certain
levels of food chains necessitate the analysis of radioactive
contamination of agricultural land, soil, crop production,
which leads to the need for targeted monitoring of agricul-
ture.

During organization of radiation control it should pay at-
tention to objects and parts of ecological relationships that
are critical to the absorbed dose by population. Therefore,
one of the most important objects of radiation analysis is a
branch of agricultural production, especially production of
plant-grower and stock-raising. In this case the main source
of radionuclides in the food chain is soil. Radionuclides
accumulated in the soil, are involved in the biogeochemical
cycles of migration and become the new components of
soil. Depending on the stability of the sorption of
radionuclides in the soil and speed of migration is
determined by their distribution in the food chain. When
absorbed by plants, the radionuclides arrive in the crop
production and in its consumption in the human body.

During the execution of the studies are processed stock
materials of Volyn regional state production engineering
center of Protection of Soil Fertility and product quality
“Oblderzhrodiuchist”. Field and laboratory studies were
carried out with different applicable standard measurement
methods and selection of samples in accordance with appli-
cable radiochemical techniques, radiospectrometry, hydro-
chemical, statistical analysis [1-3].

As a result of analysis of the soil contamination®*’Cs,
“Sr in  settlements established that the maximum
concentration of *¥Cs and *°Sr are available in Liubeshiv
Administrative Region (*’Cs v.Berezna Wolia (2,83
Ci/km?) and *Sr v. Lahvychi (0,04 Ci/km?). Manevychi,
Kamin-Kashirsk and Liubeshiv Districts

As a result of studies are found excess of maximum
permissible concentration (MPC) contents of heavy metals

©|O. Hromyk, O. llyina 2017
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(Hg, Cd, Pb, Cu, Zn) in soils and waters. Specifically ex-
cess found for cadmium in soil v. Mala Glusha (0,54
mg/kg) to 1.1 times, v. Mukoshyn (0,64 mg/kg) is 1,3 times
in Liubeshiv district and v. Haluziia, or (1,25 mg/kg) is 2,5
times in Manevychi area. The lead content in the water
exceeds the maximum permissible concentration by 1,7
times (v. Nuine Kamin-Kashyrsk District 0,05 mg/l). The
greatest accumulation of zinc, according to our assess-
ments, the soil in the v. Berezna Volia (110 mg/kg) Liube-
shiv area (exceeding 2 times). These information certifies
about contamination of soil and water heavy metals near-by
settlements. According to the radio-ecological studies of
soil in the settlements Kamin-Kashyrsk, Liubeshiv, Ma-
nevychi administrative districts it is set that contamination
of soil of **'Cs hesitates from 0,24 (v. Olshany) to 1,41
Ci/km? (v. Kachyn), maximal content of *Sr is fixed in
v. Karasyn (0,048 Ci/km?) of Kamin-Kashirsk administra-
tive district.

The contents of Cu, Zn, Ng in the waters and soils gen-
erally does not exceed the MPC. However, the Pb content
in the water with. Karasyn (0,0468 mg/l) and v. Kachyn
(0,0435 mg/l) of Kamin-Kashyrsk administrative region
exceeds the standards 1,6 and 1,4 times, respectively.
Cadmium was found in the maximum amount in the v.
Vetly (0,0076 mg/l) of Liubeshiv administrative region
(0,0013 mg/dm?in excess of 5,8 times).

Taking into account, that a most danger for life of man is
made in soil of, ®°Sr and *'Cs, a task consists in creation of
pre-conditions for the maximal decline of migration of ra-
dionuclides in plant products and the optimization of soil.
One of the important tasks of radiological protection is to
minimize doses to the population. Solving this problem is
possible by reducing the intake of radionuclides with food.
Taking into account, that the share of private sector output
increased and the local population diet consists mainly of
food grown in private households, it is necessary to take
measures that would prevent the production and consump-
tion of contaminated food. In order to preserve the natural
resources of the zone of radioactive contamination should

be performed complex agronomic and agrochemical
measures to reduce radioactive contamination. The main
activities are cultivation and liming acid soils. Fertilizing
and liming sorbents with mandatory - one of the main ways
that most effectively can affect locking radionuclide by soil
absorbing complex. The organic fertilizers increases the
absorption capacity of the soil, normalizes acidity reduces
the availability of radionuclides by plants through the for-
mation of complex organic-mineral compounds.

For agricultural products with permissible content of ra-
dionuclides and radiation safety of people in contaminated
areas is necessary protective measures (organizational, agro
technical, agrochemical, veterinary, technology, sanitary-
hygenic, informative).

The control system of agricultural land in the radiation-
contaminated areas should include the following elements:
analysis and quantification of the effects of radioactive
contamination of the environment; formation of infor-
mation-analytical database of environmental and economic
indicators for sustainable development of the territory, the
development of national and regional programs to attract
investment and others.

Conclusions and recommendations for further re-
search. The analysis shows that in the zone of radioactive
contamination of Volyn region in soils and waters are con-
centrated significant content of radioactive elements.

Finding out features of spatial differentiation of radionu-
clides, establishing levels of contamination with radioactive
elements *'Cs, Sr, heavy metals, water, soils investigated
area and determination of maximum permissible concentra-
tion in ecosystems requires further study their migration
and accumulation.

The problem of contamination by the radionuclides and
heavy metals has serious social and economic consequenc-
es. The area requires a long process of social and economic
rehabilitation, which provides for renewal lost naturally
resource potential and safe terms of life of people. The in-
troduction of advanced technologies for the production of
environmentaly clean products.
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Radionuclides and heavy metals in soils and waters on the territory of radioactive contamination in VVolyn region

O. Hromyk, O. llyina

Abstract. An important environmental issue is the need to develop cost-effective measures to reduce contamination of soil and water
with heavy metals and radioactive substances. Soil and water are intensively used in agricultural production and require analysis of their

condition due to the risk of flow of food contaminants. The estimatio
on the territory of radioactive contamination in the VVolyn region was

n of radionuclides and heavy metals in the soil and surface waters
conducted. It shows that the proportion of *3Cs, ®Sr exceeds the

maximum permissible concentration of heavy metals. The study area requires a long process of social and economic rehabilitation,

which involves restoration of natural resources and safe living condit
of environmentally friendly agricultural products.

ions, the introduction of advanced technologies for the production
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PagnoHyK/IHABI U TSKeJIble MeTAIbI B OYBAX U BOJAX TePPUTOPHH PATHOAKTHBHOIO 3arpsisHenus BoJibiHckoii 061acTH

O. I'pomuk, O. Hnpuna
AHHOTauus. BaxxHoi po6IeMoii 0XpaHbI OKPYKAIOIIEH CPEIbI SBIIS
1e1eco00pa3HBIX MEPOIPHATHH CHIDKEHHS 3arPA3HEHUS IT0YB U BOJ| T

ercsi He0OXOIMMOCTh Pa3paboTKH AP PEKTHBHBIX K IKOHOMHIECKH
SOKEJIBIMH METaJUIaMH M PaIHOaKTHBHBIMH BeleCTBaMH. [104BBI 1

BOJIbI THTCHCUBHO HCIOJIB3YIOTCA B CeITbCKOX035MCTBEHHOM TMIPOU3BOJICTBE U Tp€6yIOT aHajiM3a UX COCTOSHHA B CBSA3H C OIIACHOCTBIO

MOCTYTIJICHHS 3arpsi3HATENEH B MUIIEBbIe MPOIYKTHL. OcymecTBiIeHa
TaJUIOB B TOYBEHHOM MOKPOBE U BOJAX TEPPUTOPHN PaJHOAKTUBHOTO

OLICHKA COJEPKAHMS PaJHOAKTUBHBIX YIEMEHTOB M TSDKENBIX Me-
3arpsi3HEHNs B Mpesienax BosbIHCKo# 06macTu CBUIETENBCTBYET,

YTO 3[1eCh aKKyMYJIMPOBAHO 3HAYUTEIBHOE COJePIKaHne 137Cs, 90Sr, 0OHapY>KEHO MPEBBILICHNE MPE/ICTbHO-T0MYCTUMBIX KOHIIEHTPALIUA

TSKEIBIX METAIIIOB. TeppUTOpHs UCCIEN0BaHUS HYXKAETCS B JUTUTE

JIbHOM IIPOLIECCE COLIHaJ'IhHO-3KOHOMM'~leCKOﬁ peaGI/IJ'lI/ITaL[I/II/I, KO-

TOpasd NpeayCMaTpuBacT BOCCTAHOBJICHUE IPUPOJAHO-PECYPCHOTO NMOTCHIINATIA U 0e30macHBIX yCHOBI/Iﬁ KU3HU J'IIO,HBﬁ, BHEJIPEHHUEC IIPO-
TPECCUBHBIX TEXHOJIOTUI IPOU3BOACTBA SKOJIOTUYCCKU YHCTOH CEITbCKOXO03IHCTBEHHON IPpOAYKIIUH.
Knrouesvie cnosa: pat)uo:—tywzudbl, mssceiliole memaililbl, 80061, nouea, npebe/leo-()onycmuMaﬂ KOHYyeHmpayus, paduoakozzoeuqe-

cKuil aAHAIU3, paduoakmu@ﬂoe 3azpsisHenue.
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Cy4acHa cTpyKTypa 3eMiieKopucTyBaHHs JIynbKkoro paiiony:
arpoJaHAAGTHUHR aCIEeKT

T. C. IlaByoBcbka, O. B. Pynuk, B. Y. Bojgommna

CximHOEBpOTIEHCHKIN HalliOHAIBHIIT YHIBepcuTeT imMeHi Jleci Ykpainku
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AHoTanis. Y crarTi BifoOpakeHO pe3yIbTaTh JOCIIKEHHS CTPYKTYPH 3eMeJIBHOTO (JOHITY Ta 0COOIMBOCTEH 3eMIEKOPHUCTYBaHHS B JIyIb-
KoMy paiioHi BommHcbkoi o6acti B po3pi3i #0ro axMiHICTpaTHBHUX OJUHUIG. Po3paxoBaHO KoedillieHTH pO30paHOCTi TEPHTOPIT Ta CLTb-
CBKOTOCIIOIAPCHKHUX YTi/lb, PIBEHb CLIHCHKOTOCTIOAAPCHKOI OCBOEHOCTI, YaCTKY JIICOBKPHUTHX ILUIOLI, CHIBBITHOUICHHS NPUPOJHUX 1 TOCHO-
JIAPCHKUX YTiJb Ta BUKOHAHO iX reoiH(oMariiiiHe MoenoBaHHs. 3MiHCHEHO HOPIBHIBHUI aHATi3 OTPUMaHUX ITOKA3HUKIB Ta PEKOMEHIO-
BaHMX MapaMeTPiB eKOJIOTIYHOT 30aJJaHCOBAHOCTI TEPHTOPIATIBHOT OpraHi3arlii.

Knrouosi cnosa: ceoingpopmayiiine Mooentoearts, KoepiyicHm po3opanocmi, TaHOUAGMHO-eKON02IMHA ONMUMI3aYIiss Mepumopii, aicu-
cmicmb, NPUPOOHI 1l HANIBNPUPOOH Y2i005, PigeHb CLTbCbKO20CNOOAPCHKOI 0CB0EHOCI, PO3OPAHICb CLIbCLKO2ZOCNOOAPCHKUX Y2iob, CpY-

KImMypa 3eMeibHo20 (hOoHOY,

Beryn. 3emenbHI pecypc € KOMIOHEHTOM HAaBKOJIMIITHBOTO
CEepeIOBHIIA, MICIIEM iCHYBAaHHS JIFOIWHH Ta JPKEPEIIOM 3a-
JTOBOJICHHS ii MOTpeD, a TaKOX IM HAJICKHUTH BaroMa poib y
CYCHUTFHOMY BHPOOHHIITBI. 3eMeNTbHI pecypcH BUCTYIAIOTh
B SIKOCTI TEPUTOPIAJILHOTO 0A3KCy Ta € OCHOBHUM 3acO00M
BUPOOHHUIITBA y CUIBCHKOMY H JIICOBOMY TOCIIOAApCTBI. 3e-
MeJIbHI PECYPCH Pa3oM i3 IPYHTOBUM ITOKPUBOM, BUKOHYIOTh
HHU3KY OIOTEOIEHOTUYHUX 1 IJI00aNbHUX €KOJIOTIYHUX (yH-
KIiH, $IKI 3yMOBJIOIOTH HOpMajbHE (YHKIIOHYBaHHS SIK
OKpeMHX OiOlLEeHO3IB, TaK 1 UTTs 3arajoM [14]. OxHak, y
Tporieci eKCIUTyaTamii 3eMIIs, SIK TPUPOJHUI pecypc, Ioc-
TiffHO 3a3Ha€ aHTPOIOTEHHOTO BIUTMBY. llepeBUICHHS 10-
MMyCTUMHX TOKA3HHUKIB TOCTIONAPCHKOI OCBOEHOCTI 3e€Meb-
HOro (hOHTy TIPU3BOIMTH A0 ACTpajallii IPyHTIB, 3MiHH Til-
POTEOJIOTIYHOTO PEeXIMY TEPUTOpIi, MUrpecii pOCIHMHHOTO
TIOKPHBY, III0, CBOEIO UEPTOI0, BEMIE 10 3MEHIIICHHS MPOIYK-
TUBHOCTI JIAHIIIA(TIB Ta 3HUIICHHS MPUPOIHUX CKOCUCTEM.
ToMy BHBUEHHS CTPYKTYpH 3eMeNbHOro (oHIy Ta 0coOmu-
BOCTEH 3eMJICKOPHCTYBAHHS TEPUTOPIl TIEBHOIO MIpPOI0 1a€
BI/INIOBI/Ib HA MUTAHHS PO CTYIIHL 30€PEIKEHOCTI PHUPOJI-
HOT POCJIMHHOCTI Ta CTIMKICTh F€OCHCTEM JI0 aHTPOIIOTEHHUX
HAaBaHTA)XEHb, a PE3yJIbTATH TAKHUX JIOCIIIKEHb € CYTTEBUM
HAYKOBUM IMIAIPYHTSM JUIsI ONTHMI3allii JIaHAmAagpTHO-
€KOJIOTIYHOT OpraHi3aliii TEpUTOpIii.

KopoTtkuii ornsin myoaikaniii 3a Temor. Ha ceorosHi
iCHye 0arato HayKOBHUX Ipallp BITYH3HIHUX Ta 3apyOiKHHUX
BYCHHX, MPUCBIYCHHUX MMUTAHHSIM PaIiOHAJHHOTO BHKOPHC-
TaHHA 3eMenbHoro (GoHy. JeransHuii o icTopii goci-
JDKEHb TpOoOJieM  JIaHAMIA()THO-CKOJIOTIYHOI  ONTHMI3ariil
TepUTOpii B LIJIOMY Ta PIi3HUX AaCMeKTIB BUKOPUCTAHHS i
OXOPOHH CIJIbCHKOTOCTIONIAPCHKUX 3eMellb 30KpeMa Biflo-
Opaxxeno B cratrsix [11; 12]. Jomamo, 1o 3a ocTaHHi I’ ATh
POKIB myOmiKaltii 3 moJi0HOTO POy JOCHIKSHb MAIOTh Ta-
ko bapeincekuit A. B., Benoea H. B., ['opbarerko A. A,
Imbenko T. B., KoBanpuyk 1. I1., Komaiiropa b. M., Kyns0ina
JI. C., Kyuepenko 10. A., Kyuma T. JL, Jliteak O. A., [1a-
mrytiga O. M., [onosa O. JI., Ipukyn JI. JL., Pineit H. M.,
Cupotenko O. B., Tapapiko O. I'. [1; 2; 6-8; 16—19] Ta in-
.

CraH 3eMeNIbHHX PecypciB Ta O0COOIMBOCTI 3eMIIEKOPHC-
TyBaHHS Yy BoymHCBKil obnacti AociimKyBanu JuMIIAIH
0. JI., 3y3yk ®. B., Kapmrok 3. K., Kauaposcekuii P. €.,
Komomko JI. K., Kaszekosa T. O., Jlimyk H. M., Monbs4aak
S1. O., IMasnosceka T. C., [Tanac P. M., ITonsucekuii C. B.,
IMoranosa A. T'., lllypko 0. C. ta in. [4; 5; 9 — 13; 15; 20].

Mera i1 3aBaaHHs cTaTTi. METOI0 JAaHOIO JOCIIHKEHHS
€ aHalli3 CTPYKTYpW 3eMeNIbHUX yrigp Jlyrpkoro paifoHy
BonrHCEKOT 001acTi 1 BUPIIICHHSI 3aBIaHb JTaHAIA(THO-
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eKOJIOTIYHO1 omTiMi3amii TepuTopii. s TOCSTHEHHS METH
BUpINTyBAIICS TakKi 3aBHaHHA: 1) BUBYHTH iCTOPIfO HOCIHIi-
IDKEHb CTaHy 3eMEJIbHHX PecypciB Ta 0coOIHMBOCTEll 3eMite-
KOpHCTYBaHHs y BoNMHCHKi# 00nacti; 2) mpoaHamizyBaTu
¢i3uko-reorpadiqHi yMOBH aJMiHICTPATUBHOTO palOHY SIK
nepenyMoBy (hOpMyBaHHsI Cy4acHOi CTPYKTYpH HOro 3eme-
JBHOTO (OoHIY; 3) 3’ICYBaTH CTPYKTYPY 3eMENbHOTO (hoHIY
paitoHy; 4) BU3HAYMTH i TPOaHAITi3yBaTH PiBEHb CLIHCHKO-
roCHo/IapchKoi OCBOEHOCTI, KOE(ILIEHTH PO30PaHOCTI TePH-
TOpil, PO30PAHOCTI CUIbCHKOIOCHONAPCHKHUX YTillb, YaCTKY
JCOBKPUTHX IUIONI, CHIiBBIAHOIICHHS MPUPOTHUX 1 TOCIIO-
Japchkux yrins B JIynbkomy paitoni; 5) 3ailicHuTtH reoingo-
pMariiiHe MOJCTIOBAHHS CTaHy 3eMEJIbHHX PecypciB JOCIi-
JUKYBAHOI TepUTOPIi.

Marepianu it meronu. I1ix 9ac nocyiKeHHS BUKOPHC-
TAHO JIITEpaTypHi Ta IHTEpHET-IKepena, hopmy 6-3eM I o-
JIOBHOTO ympaBiinHs Jlepkreokanactpy y BoamHCEKil 00-
nacti, 1udpoBy TomorpadiuHy kapty BomuHChKOI 00macti
1:200 000. I'eoindopmariiiHe MOJETIOBaHHS CTaHy 3eMellb-
Hux yrigs 3aivicaedo y I'IC Maplinfo Professional 8.0 SCP.
Kpim reoindopmarniiftHoro MoJieioBaHHs, y poOOTi 3aCTOCO-
BaHO TaKi METOJIH, SIK MOPIBHAIHHO-TEOTpadiyHmi, MaTeMa-
THUYHUH, CTATUCTUIHUH, rpadiqHUi TOIIO.

Buknax ocHoBHOro Marepiaay W OOIpyHTYBaHHS
OTPUMAHMX Pe3yJIbTATIB J0CizKeHHs. JIyLbKui paiioH —
aIMIHICTpATHBHHIN paifoH, M0 PO3TAIIOBAHWK Y IIBICHHO-
cximHiit qacturi BommHcbkoi obnmacti. [Tnoma paiiony ckia-
nae 0,973 tuc. km? (4,8 % Tepuropii obnacTi). Paiion BKITiO-
yae 83 CUIbCHKUX HACEJICHUX IMyHKTH i 2 CelHIa MIChKOTO
THITY, 1[I0 HA PO3TAILIOBaHI HA TEPUTOPIT 2 CeNMUIHUX Ta 28
CUIbCHKHX Pa.

VY crpykrypi 3emensHoro ¢oHny Jlylpkoro paidoHy cra-
HoM Ha 01.01.2016 p. mepeBaxarOTh CLIbCHKOrOCIOAAPCHKI
3eMJIi — BOHM 3aiiMatoTh moHax 83 % TepuTopii, Jlicn Ta
iHII JTiCOBKpUTI TepuTopii — 7,2 %, 3a0ynoBaHi 3emii —
Maibxe 5 %, Bimkputi 3a0onodeni 3emii — 3,12 %, Bomu —
1,53 %, HaiiMeHIHI BiJICOTOK MpPHUMANac Ha BIIKPHUTI 3eMIIi
0€3 POCIMHHOTO MOKPHBY a00 3 HE3HAYHMM POCIMHHHM
niokpusoM — 0,11 % (puc. 1). HaiiBumry 4acTky CiibCbKOTO-
CIIOJTapChKi 3eMJIi 3aiiMaroTh y BecemiBehpKii cibChKilt pami
— 94,47 %, naitamxuy B cMT TopunH — 65,46 %.

Ha npyriit mo3uii y CTpyKTypi 3eMeNbHHUX PecypciB paii-
OHY — JIiCH Ta iHIII JTiCOBKpUTI 3emii (7,2%). 3-momix ammi-
HICTpaTWBHUX OJWMHHIL PaiiOHy HaWBHIIA JICHCTICTh CIIO-
crepiraetecst B IlimmyOmiscekint (16,71 %), JlaBpiBchkiit
(15,18 %), Cmonurisebkii (14,89 %), Tpoxu Oinbiie 14 % y
JlvmieHcpkii Ta IllenenbCpkill CUTBCHKHUX pajax; HAWHIKYI
MOKA3HUKHM JiicueTocTi (10 2 %) — y 3abopoinbebkiii, Boto-

©|T, S. Paviovska, O. V. Rudyk, V. U. Voloshyn 2017
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TUHCBKIH, BecemniBepkilt, JInmmHchkil, HecpidiBerkiid, [Ipo-

MIHBCBKIll ClIbChKHX pajax; y KopuriBeskiii ciibebkiii pai Tpere micue y cTpyKTypi semiexopucTysats Jlynbioro
fticu BizcyTHi B3arai. patioHy 3aiMaroTh 3abynoBani 3emui. HatiBuma 3a6y/:[013gu-
HICTb Cepel CUIbCHKUX Paj| IPOCTEKYEThCs B BopaTuHCbKiii

342%- 011% _-153% = cinbeskorocnogapeski sewni (12,43 %) Ta JInmmucekiit (11,90 %), i3 cemmmamx — B Top-
ynHCbKid (23,01 %), HaliMenma — B OnepaaiBebkii Ta Xo-
POXOPHHCHKI#T CITBCHKUX pajax (MeHie 2 %).

HaiimeHIry 4acTky B CTPYKTYpi 3eMeNbHOrO (hOHIY J0C-
JIPKYBaHOT TepuUTOpii 3aliMaroTh BIAKpUTI 3emiti Oe3 poc-

B TicH Ta iHIIIi TiCOBKPUTI IO

Il 285y oBaHi 3eMTi JIMHHOTO TIOKPHUBY a00 3 HE3HaYHHM POCIMHHUM ITOKPUBOM
(0,11 %). B agminicTpaTUBHEX yTBOPEHHSX JIYIEKOTO paii-
* BifpUTI 32600eHi seMTE OHY IIfl KaTeropist 3eMels HasgBHa Jumie y baiBerkiid, bakis-

cbKkill, bopartmHCEbKili, BysHiBCBKil, IipKOIOIOHKIBCHKIH,

Tlopoxmmencekiit, JlaBpiBebkilt, I[limrafimiBepkiit, Ilimmy0-

HIBCBKIH, Pamomunuiscekii, PaTHiBChKiH, CMOIHTIBCHKIMH,
TOKPHBY a00 3 HE3HAUHHM X " . ot AV
POCITHHIM TIOKDHBOM opoxopuHChKili, Hapykiscwkiid, [lenenbcpkii ciabehbinx
B BOIH paznax ta B cMT. PokuHi.

B BiTKPHTI 3eMIIi 6&3 POCIHHHOTO

Puc. 1. Ctpykrypa 3emerbroro ¢ouay JIyupkoro pailoHy craHOM
Ha 01.01.2016 p.

PoXVI eHCL KNIt paiioH

PoKunHiBCbKS

XopoxopuHcbka

) KisepuiBcLKkuit paion
Beceniscbka Masikiscbka

Boroniobcbka
JlokaunHCL KU BysiHiBCbKa Ninpy6uiscbka
panoH

Baboponbcbka PomaHiBcbka
Cmonuliscbka

o, i Baiscbka UL
: nepajiscbka BopaTuHcbka
Caﬂ'BCbKa_ Migraiuiscbka
BinocTtoubka FipkononoHkiBcbKa
PaTHiBCbKa
BotoTuHCbKa
Kopuiiecbka MpomiHcbka
HecsiuiBcbka
PIBHEHCbKA OBJIACTb
NaspiBcbka

Fopoxischkuit paiioH Yapykiscbka

BakiBuiscbka

opoauLeHCbKa . ;o
eI ) KoedhiuieHT po3opaHocTi, %
W 75,1 -100,0
W 50,1- 750
O 251- 50,0
0o - 25

Puc. 2. KoedinienT po3opaHocTi TepuTopiii aqMiHICTpaTUBHUX oauHUIE JIy1ibKoro paiiony Ta JIynpkoi Micbkoi panu
POXVLY eHCLKMIA PaitoH

XopoxopuHcbka,

KisepuiBchKuit paioH
MasikiBcbka

TopumHcbka
B Boronto6cbka

TokaunHchKuit BysaHiBcbka Nipay6uiscbka
pavoH

| Baboponbcbka PomaHiBcbk3
Cmonuriscbka

A - JnweHcbka
ot Opepapiecbka Baiscbka BopaTiHcbka
agiBcbka Migranuicbka

BinocTougk ipKONomnoHKiBCh)

MpomiHcbka

BakiBuiBCcbKka
opoauLieHcbKa

Pagomuwnbcbka

PIBHEHCbKA OBINACTb

FopoxiBCbkui panoH

YacTka npupoaHux i
HaniBNpMpoaHnX yriab, %

M 30,1 - 40,0

M 20,1-30,0

1 0 10,1 - 20,0

O—.Z.S 0 0O o -100
e — KM

Puc. 3. YacTka npupo/IHUX i HATIBOPUPOIHUX YTi/Ib TEPUTOPIil aAMiHICTpaTHBHUX OAMHUI JIylbkoro paitony Ta JIyibkol MickKoi paan
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Exonoriuny cramicth JaHmmadTy, SK BiIOMO, MOPYIIYE
HU3Ka YMHHUKIB, cepell SKUX OJHUM i3 JOMiHAHTHHUX € BH-
COKa PO30PaHICTh 3€MeNb. 3TiTHO 3 YHHHUMH HOpPMaMH,
posopaHicTh 3eMernb Ha piBHI 60—80 % BBakaeTbCs HECTIPH-
ATIMBOIO, 25—60 %— yMOBHO CIipuATIMBOIO i MeHIe 25 %
— cnpumstrBoro [3]. KoeogimieHT pozopanocti JIyrekoro
parioHy cTaHOBUTB 67,5 %, 110 XapaKTEepU3ye CUTYAIIIO 5K
HecrpusTIuBYy. HaiiBuia yacTka piut y CTpYKTYpi 3eMellb-
Horo ¢Qonmy mpuramanHa KopiiBebkiii Ta bakiBuiBChKin
cinbpasam — oHaz 80 %. HalimeHm po3opanumu € MasikiB-
cbka cimbpana (50,02 %) ta TopumHChKa cenuinHa paja
(46,79 %). Teputopist JIynpKkoi MiChKOT paau po3opaHa Ha
7,81 % (puc. 2).

Mo crocyeThCst PO30OPAHOCTI  CLITBCHKOTOCTIONAPCHKUX
yrime, T0 y Jlynpkomy paiioHi BoHa cTaHOBHTH 83,54 %.
HaiBurmm (onan 90 %) 1ieid moka3nuk € B baiBcbkild, ba-
KiBIiBCBKi, ['ipkomononkiBerkiit, KoprmriBerkiii, HecidiB-
CBKiii, PaTHIBCBKIH cinbpamax, HAWHIWKIIM — y MasikiBCh-
Kiit (65,77 %).

Jlist Toro, 1106 TepuTopist Oyia eKoJIoTiuHO Oe3KOHGITIK-
THOIO, BHCOKOIPOIYKTHBHOIO, €CTETUYHO HPHBAOIHBOIO,
YacTKa IPUPOJIHUX YTib ONTUMAIEHO Ma€e CTaHOBUTH 60 %o,
npuaomy 35—40 % — rpaHu4HO JomycTUMa BenmduHa [16].
Jlyupkuii paiioH Mae May 4acTKy NPUPOAHMX 1 HAIIBIIPH-
POIHUX TEpUTOPiH (CymMa IUIOM] JICIB Ta JICOBKPUTHX 3€-
MeJb, CIHOXKAaTeH, MAacOBWIL, BIAKPUTHX 3a00JO0YCHHUX 3€-
MeJb, MiJl TOBEPXHEBMMH BOIOWMAaMH, CYXHX BIIKPHTHX

3eMelTb 3 0COOJIMBUM POCIIMHHAM TIOKPUBOM 1 0€3 HhOTO) —
22,88 %. 3-moMiK yCix aaMiHICTPaTHBHUX OIUHUIG JIyIlh-
KOro paiioHy HaiBumiow BoHa € B Illenenschkiit (30,29 %),
Binocrompkiit (30,57 %), Pomaniserkiit (33,95 %) cimscbkiit
panax, a HaifHK4Ior0 — B KopmriBerkiit cinbepkiid pamni (6,5
%). Y mexax JIynpkoi MiCBKOI paiy el MOKa3HHUK CTaHO-
Buth 4,18 % (puc. 3).

BucHoBku. JIynpkuii paiioH Ma€ BKpail HECIPUSITIUBY
CTPYKTYPY 3€MEJbHHX YTiflb, IIPO IO CBIAYMTH Maja 4acTKa
MIPUPOJTHUX 1 HAIMIBIPUPOIHUX TEPUTOPIi, BUCOKI Koediwi-
€HT PO30PAHOCTI TEPUTOPIH Ta PO3OPAHICTh CLIIBCHKOTOCHO-
JApCHKUX YTizb. [IpUUMHOIO IHOTO € EKCTEHCHBHE OCBOEHHS
BiZTHOCHO POIFOYHX IPYHTIB, BUIOOYTOK MiHEpaIEHHUX PeCy-
pciB, 30kpeMa KapOOHATHHX TMOPif, HerellbHO-YepermaHOl
CHPOBHHH, a TaKOX 3HaYHE (TIOPIBHIHO 3 1HIIMMH aJIMiHICT-
PaTHBHAMH TEPUTOPISIME 00JIacTi) cenureOHe HaBaHTaKeH-
Hi. [ GipIn geTansHOI eKOMIiarHOCTHKA TepuTopii JIyib-
KOTO paifoHy HEOOXiHO OIiHFOBAHHSA €KOJIOTIYHHUX Koeili-
€HTIB 30aJIaHCOBAHOCTI TepUTOpiaIbHOI CTPYKTYpH (Koedi-
I[IEHTH CKOJIOTIYHOI CTaOLIBLHOCTI, aHTPOIOICHHOTO HABaH-
Ta)KeHHs, a0COJIOTHOI HAaNpPY>KEHOCTI, BIITHOCHOI Harpye-
HOCTI, EKOJIOTIYHOT 3aXHUIIICHOCTI 1 T.I1.), 10 i BU3HAYAE TIep-
CNIEKTHBU HAIIMX MOJAAIBLINX JAOCIHIDKeHb. OTpuMaHa iH-
(opmartisi Moke OyTH BaXKJIMBOIO IIPH PO3pOOLI perioHalb-
HHX TIpOrpaM BHKOPHCTaHHS Ta OXOPOHHU 3eMelIb Ta IUIaHy-
BaHHI ONTHUMI3AIlIfHAX 3aXOIIB Y CLIBCHKOTOCTIONAPCHKIi

cepi.
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Modern structure of land-use in Lutsk district: agrolandscape aspect

T. S. Pavlovska, O. V. Rudyk, V. U. Voloshyn

www.seanewdim.com

Abstract. The article represents the results of studies of the structure of the land reserves and land-use patterns in Lutsk district Volyn region
in terms of their administrative units. Coefficients of arable areas and agricultural lands, the level of agricultural development, the share of
forested areas, natural and economic grounds are calculated and GIS modeled. The comparative analysis of the indicators and recommended
parameters of ecological balance of territorial organization was conducted.

Keywords: GIS modeling, plowing coefficient, landscape and ecological area optimization, amount of forests, agriculturally used areas
and semi-natural areas, the level of agricultural development, farmland plowing, structure of the land fund.

CoBpeMeHHasi CTPYKTYpa 3emienonb30Banus JIynkoro paiiona: arpojanima@THbIA acneKkT
T. C. IlaBnoBckas, A. B. Pynuk, B. Y. Boixommn
AHHOTanusl. B cratbe oTpakeHbI pe3yyIbTaThl UCCIIENOBAHUS CTPYKTYPBI 3eMeIbHOTO ()OH/IA B OCOOSHHOCTEH 3eMIIeTIONb30BaHus B JIy1l-
KOM paiioHe BobIHCKOI 0051acTH B pa3pese ero aMIHICTPATUBHBIX ¢IUHUILL. PaccuntaHbl KO3 OUIMEHTH PaciaxaHHOCTH TEPPUTOPHHU H
CETIbCKOXO3SMCTBEHHBIX YrOMMH, YPOBEHb CEIBCKOXO3SHCTBEHHOW OCBOSHHOCTH, JOJFO JIECOMIOKPBITON IUIOIIAIH, COOTHOIICHHUE TIPHPOI-
HBIX M XO3SIICTBEHHBIX YrOJMii U BBINOJHEHO MX reorHpomarmonHoe MonenupoBanue. OCyIIECTBICH CPAaBHUTENBHbIN aHATIN3 TIOTydYeH-
HBIX TIOKa3aTelieil 1 PEKOMEHYEMBIX MapaMeTPOB KOJOTHICCKOM COATaHCUPOBAHHOCTH TEPPUTOPHAILHON OPraHU3aIlnH.

Knroueswie cnosa: ceourghopmayrionroe mooenuposarue, Kosghguyuenm pacnaxanHocmu, 1aHOWAGMHO-IKOI0ULECKAs ONMUMUZAYUSL
Meppumopul, 1eCUCOCb, NPUPOOHBIE U NOTYECMECBEHHbIE Y200bsl, PACHAUKA CeTbCKOXO3SMCMEEHHBIX Y20O0Ull, CMPYKMYpd 3eMeTbHO20
onoa, yposens cenbCkoXo3siuCmeeHHol 0CB0EHHOCMU.
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Annotanusi. 1o pa3HbiM orieHkam B MHPOBOM OKeaHe YpOBeHb MOXKeT pacT Ha BemmuuHy ot 0,07 1o 0,55 m/100 ser. B XIX cronernu cpen-
HSIS1 CKOpOCTH ObLTa paBHOIT 1,2 Mm/ror, a B XX Beke — 2,8 Mmw/roa. Cpemesisi CKopocTh TOBBIIICHHsT ypoBHS Muposoro okeana 3a 130 jer co-
craBwa 1,76 mv/ront. B mocnenmme 25 et cpemssist CKopoCTb IpeBbichia 3,5 MM/Tozt. B oTaenbHBIX yHKTaX 00HApy KEHBI CHIIBHBIE Pa3ITHHIus
CO CpEHUMH 3Ha4eHIsIMHU. Pa3paboTaHa KOHIEHIHS JUTS ONTAMAIBHOTO ocpenHerus. B teuenre 1880-2010 rT. BI0IH BOCTOYHBIX OeperoB
ATIaHTAYECKOrO OKeaHa ypoBeHb Bo3poc Ha 0,16 M, Broik 3amaHoro Oepera Ha 0,33 M, a B o0meM — Ha 0,19 M. B Tedenue Toro ke BpeMeH!
BJIOJIb BOCTOUHBIX OeperoB Tuxoro okeana BelM4MHa pocta Obuia pasHoi 0,16 M, Bross 3anagaoro 6epera Ha 0,29 M, a B o0mmem Ha 0,23 m.
Brone 6eperos Muaniickoro okeaHa cpexHuii o MUHIMyMaMm pocT Obu1 paBeH 0,12 M, a mo makcumyMmam 0,24 M. Takue BeTMUHHBI CIIOKHITICH
Ha (poHe TIT0OATEHBIX 3HAYEHHUI 110 BceMy MHpOBOMY OKeaHy: 1o MUHIMyMaM Ha 0,17 M, a mo makcumymam Ha 0,23 M.
Knroueswie cnosa: Muposoii okean, konebanis ypoeHs, UCHOPUs UCCIe008AHUS, MEMOOUKA, KOHYERYUS.

Benenne. Texymye roabl B IPUPOTHONA Teorpaduu Xapak-
TEPHU3YIOTCS] TAKUMH IPHOPUTCTHBIMHU HATIPABIICHHAMH, KaK
HCCIIeJOBaHNE U3MCHEHUH KIIMMAaTa, CHHONITHIECKUX U MHO-
TOJICTHUX KOJICOAHWH ypOBHS MOped U OKEaHOB. JTH
HanpasiieHust ooo3HaueHsl OOH kak BaxkHelnue npooOie-
MBI COBPEMEHHOTO dYesoBedecTBa. [l0 HEJaBHUX IOp OHHU
ObUIM M3y4eHbI HEJIOCTATOYHO TI0JIHO. HerpepbIBHOE MHTEH-
CHBHOE yBEIMYCHUE HACEJICHWA W MHTEHCHBHAs 3acTpoiKa
MOpPCKUX OeperoB TpeOYIOT HOBOW HaydHOW HH(OPMAIMU
JUIsL 00ECTICYEHHs! PALIMOHAIBHOTO HCTIONB30BAHMS MIPUPOJI-
HBIX PECYpPCOB Ha MOPCKUX MOOEPEKBIX.

O030p nydukanuii no Teme. B CBsI3U ¢ aKTyaIbHOCTBIO
JITAaHHON TeMBI, K Hel 0OpalaloTcsi MHOTOUHCIICHHbIE HCCIe-
JIOBAaTeIN B Pa3HBIX CTPAaHAX, B OCHOBHOM B IPHMOPCKUX,
OMBIBa€MBIX BOZAaMH Mopeil n okeaHoB. Ha moOepexxpsix
IJIABHBIMH PUCKAaMH SIBISIOTCS M3MEHEHHS KOPEHHBIX Oepe-
TOB, aKKyMYJISITUBHBIX (JOPM U YCTBEB PEK, IZle HAXOJITCS
HACEJICHHBIE ITyHKTHI, MPEeANPHUATHS, KOMMYHHKAIUH, yTO-
JIbsI, TAMATHUKU MPUPOJBI U KYJIBTYpHl. 3HAKOBBIMH (YH-
JTAMEHTAJIbHBIMH TPYAAMH C aHATN30M MHOYKECTBA HAyYHBIX
myommKanmii seistioTes padotel O.P. Aunpuanosoii [1], P.K.
Kiure [2], A.O. CenusanoBa [3], MexyHapoaHbI# OTYET
[0 WCCIIEOBaHUIO WM3MEHEHWH kimMarta [5] u ap. B Hux
TIPUBEJICHBl MHOTOUNCIICHHbBIE JI0Ka3aTesIbcTBA TOTO, YTO
JIOJITOBPEMEHHBIH POCT CPETHUX TEMIIEpaTyp B MPH3EMHOM
cioe atMoc(epbl CONPOBOXKIACTCS POCTOM CPETHETO YPOB-
H MupoBoro okeana. IlepBoif 060CHOBaHHOI MOIBITKOM
pa3paboTaTh MPOTHO3 MOCIEACTBHUI BIMSHHSA POCTa YPOBHS
Ha COCTOSIHME MOpPCKHUX OeperoB mpu3HaHa pabora FO.JI.
lyiickoro [6]. ITo wroram atoit pazpabotku I'. Ammrcon
(H. Allison) mpemmoxuin MareMaTHYeCKyl0 MOJICNb U e
BEpCHM JJII KXKIIOTO THIa OeperoBoif 30HbI. B urore cramm
OBICTPO MHOXUTHCS TIPOTHO3HBIE MOJIETIM M METOJIBI B pa3-
HBIX CTpaHax [2, 5].

ABTOpamMyn OBUTM CHCTEMAaTHU3MPOBAHBI M MPOAHATIM3UPO-
BaHBl COTHU Hay4yHbIX ImyOuukarmii (> 1000 Ha3B.), Ha KOTO-
pble UMEIOTCS CCBUIKH B BECbMa aBTOPUTETHBIX paboTax [1-
6]. Ho B oTix myOiuKaimsax MpakTHYECKH HET YIOBJIETBO-
PHUTENBHBIX OOBSICHEHWH MEXaHM3MOB KOJEOaHMH W TJO-
OaBHBIX 3aKOHOMEPHOCTEH pa3MeIleHHs TeX WM HHBIX
CKOpocTel KoJIeOaHMH ¢ TIO3ULHH reorpaduaecKkoil cucreM-
HOCTH, OKa3aJIUCh HEU3BECTHBIMH CPE/IHIE 3HAYEHHS CKOPO-
cTel KoyieOaHWii B KaKIOM OKeaHe C Y4eTOM JaHHBIX 3a
nocnegaue 10-20 ner.
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Tem He MeHee, MBI BCe e CKIIOHSAeMCs K uaee 00 oOmen
aKTUBU3ALMN PA3BUTHS reorpadIecKoil 000I0UKN B Tede-
HHE TIOCJICOHUX OJHOTO-ABYX CTOJIETHH, COTJIACHO KaIlu-
TaJbHOMY OOOOIIEHHIO O COBPEMEHHBIX IJI00aIbHBIX H3Me-
HEeHMsIX (pu3HKO-TeorpaMIeckoil cpenbl IMOA peaaKiuei
H.C. Kacumora u P.K. Kimure (puc. 1). Ot rnobasbHble
u3MeHeHusa Havanyu usydateca P.K. Kiure [2] eme passine,
IpH aHaIM3€ BOIPOCA O BIMSHUU MOBBINICHUS YPOBHS Ha
MOpP(OJIOTHIO M JMHAMUKY MOPCKHX OeperoB. 3aTeM OHH
OBIIN TOATBEPKICHBI B MEXK/TyHAPOAHOM JIOKJIAJIE TIPE/CTa-
BUTEJSIMU Pa3HBIX cTpaH [S5]. ABTOpHI [1-4] npunuiu K BbI-
BOZy O BEKOBOM IIOTEIUICHHH KIIMMaTa, KOTOPOE SIBISIETCS
TIPUYMHOW MOIITHOTO TIepepacipesieNieHHs] Macc BOABI M3
TIOJISIPHBIX B HU3KHE IIUPOTHI, T7IE IUIOIIA (b OKEaHa SBIISET-
cst HauOoJpIIeil. B uTore ceBepHsIe MMPOTHBIE 30HBI OCBO-
00’KIA0TCST OT MHOTOBEKOBOI TSDKECTH JIETHUKOB, a 3KBa-
TOpHaJIbHAs 30Ha TOJBEpraeTcs YTSHKENCHHI0. OTO TPHBO-
JIUT K U3MEHEHHIO CKOPOCTH BpAILCHHUS 3eMIIH, ee 3aMeie-
HHIO U CMEUIEHHIO CEBEPHOTO MONI0ca B CTOPOHY I 'peHiaH-
min (xpuBasg 1 puc. 1). IloaTomy MeHseTcs IMPKyJISIUS
BO3/IYIIIHBIX Macc B atMocepe M BOJHBIX Macc B OKEaHe.
OnHOBpPEMEHHO 3TOT OalaHC HApyIIAETCS M HCIIBITHIBAET
mucrapmonuto. [lo C.B. Llupens, npu 3ToM BO3xEHCTBUE
HCTIBITBIBAET 3€MHAsi KOpa 3a CUET YCWJICHHOTO BIVSIHHS
MPUIIMBOOOpa3yommX cmwi (kpuBas 2 puc. 1), BBI3BIBas
HapacTaHWe CWJIbl 3EMIICTPSACEHMI, YBEIMYMBAS YacTOTY
BYJIKAHIYECKHX W3BEP)KCHUII M POCT YHUCIA 3eMIICTPSICCHUI
(xpuBbie 4, 5 puc. 1). Kakux-mmbo yOeanuTepHbIX MpH3Ha-
KOB ONPEZEIIIONIEr0 BIMSHUS aHTPOIIOTEHHOTo (hakTopa Ha
Tporiecc MOTEIUICHUSI PU3EMHON aTMoc(ephl MoKa He 00-
Hapy>KeHO.

Henpro maHHON CTAaTBM SBISIETCA TMOJTYYCHHE W KOM-
IUIEKCHasI OIIEHKAa Hay4YHOH HH(OpPMAaIMK O TII00aIbHOM
SIBJICHUM JUINTENIBHBIX (BEKOBBIX) OTHOCHTENBHBIX KoJeOa-
HUM YpOBHS OTAENIBHBIX OKEaHOB M MHpOBOrO OKeaHa B
LIEJIOM, B T.4. YCTaHOBJICHHE YMCIICHHBIX TEHJCHIMI IJI0-
OabHBIX M3MCHEHUH YPOBHS BOJIBI C Y4eTOM Hocieaaux 10-
20 ner.

Kpatkast ucropusi uccinenoaunmii. lccnenosarenu o6-
HapY>KWIH, 9T0 B XX CTOJIETHH YPOBEHb OKEaHa NCTIBITHIBAI
O0ImMiT HEYKJIIOHHBIA POCT, U 3TO CHIIBHO OOECIIOKOMIO HE
TOJBKO OOIIECTBO, HO M PYKOBOACTBO MPHMOPCKUX TOCY-
napcTB. YucneHHble 3HAaYEeHUsI CKOPOCTEN M 3HAKOB M3MEHE-
HUSI YPOBHSI HACUMTBIBAIOT JAJIUTEIbHYIO UCTOPUIO, B OCHOB-
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HOM — pernoHanbHyro. Ho 3HaueHus I0OaNbHBIX MOBBI-
LIEHNH, 0oJIee WM MeEHEE 0OOCHOBAHHBIX, CTAJIN IOSIBIISTh-
¢ b B 40-x rogax XX cronerust. Torma Hanbosee m3-
BeCcTHBIMHU ObUH pacueTsl b.I'yrenbepra — B cpemHeM pocT
+1,2 mm/rox (1860-1936 rr.). s mepuoma 1880-1930 O.
KbIoHEH Moy cpemHio BeMm4IuHy pocta +1,3 MMm/rox,
a X.BaneHTun nokasan Bo3MOXHBIH pocT 1-2 MM/rol B Te-
yenue 1880-1950rr. B 1962 r. P.B. ®siipopumx u O.A.
Kpebc paccunrtann KpHBYIO W3MEHEHHUsI CPEIHET0J0BOIO
ypoBHs okeaHa ¢ 1860 mo 1970 rr., mo kxoTopoii abcomroT-
HBIE MUHUMYMBI NpUILTHCH Ha 1890 ., a cpenHss CKOpocTh
pocta cocraBwia 1,2 mm/ron. [ns nepuona 1807-1968 rr.
I'.Il. Kaymuaun u P.K. Knure nomy4yunu cpegHior0 CKOPOCTb
+0,86 Mmm/rox, a s nepuoga 1919-1964 rr. B 2 pasa Goiee
BBICOKYIO CKopocTh +1,74 mm/rox [2]. C 60-x romo XX
BEKa y MCCIIeIoBaTeNell momydaroTcs: 0osee BHICOKHE CKOPO-
CTH, TIPH 3TOM COXPAHSIETCsI 3HAK M3MEHEHHS. Y POBEHb TIPO-
nokaeT B obmeM noseimatbea. Tak, K.X. Mboiin u K.O.
Omepu nonyuwn 3Hauenue +2,6 mm/rox (1930-1970 1r.), a
A.Kazenars u P.C. Hepem naxe +2,8 Mm/rom, HO 3a KOpPOT-
kuii nepuoj 1993-2003 rr. o kpusoii P.B. ®atipopumka u
O.A. Kpe6Gca ObLI0 BBISIBIICHO, 4TO HanOoIee BHICOKas Cpe-
HSISL CKOPOCTh Mpunuiack Ha 1946-1956 rr. — 5,5 mm/ron.
Kax MOHO BHJIETh, OOJBIIMHCTBO aBTOPOB OOHAPYKUBALT:
a) cpemHHue CKOpPOCTH POCTa YpoBHI MHpPOBOTO OKeaHa JI0
koH1a 40-x royos, 6buH paBusl 1,0-1,5 Mm/rox; 6) npouso-
IIUTO YCHJIEHHE CKOPOCTEH pocTa ypoBHS MHPOBOro OKeaHa
¢ Hagaia 50-X royioB; 6) aOCONFOTHBI MHUHUMYM POCTa OBLT
3a¢pukcupoBad B 1890 r., a abCONMIOTHBI MakCIMyM — B
1946-1956 rr.

Vv-10'?

o %’”W/”\/j

H,cMm 1700 1750 1800 1850
660

70

60

50

40

30

oab!
1920 1940 1960 1980 2000

1800 1820 1840 1880 1880 1900
Puc. 1. 'noGanbHble H3MEHEHHS TPOLIECCOB B MHINKATHUBHBIX CH-
cremax 3emim (o H.C. Kacumosy u P.K. Kiure). O6o3nauenust: 1
— CHIDKEHHE CKOPOCTH BpAILeHHUsI 3eMIIH; 2 — POCT YPOBHS IPH-
mmBoB B Kykcxadene (I'epmanmist); 3 — pocT ypoBHS OKeaHa B
Bpecte (Opanumst); 4 — yBemrdeHre KOIUYECTBA U3BEPKEHUIT

BYJIKAHOB; 5 — POCT YHCIIA 3eMIIETPSICEHNH.

B cBoux uccnenopanmsix J.A. Yeépu u H.J. Yaiir nus ne-
puona 1870-2004 rr. namu CpeqHIO MHOTOJIETHIOK CKO-
POCTb TOBBIIICHUS YPOBHS, paBHyIo 1,44 Mm/ron. D10 3Ha-
YeHHE JISKHUT B PaMKaX CKOPOCTEH, IPEACTABICHHBIX 00JIb-
LIMHCTBOM HcclieoBatenieil. B To ke Bpemsi cpeanee 3a

Bpemst 1880-2009rr. y Hux momyuminocs 1,7 Mwm/rof, T.e.
WTOroBas BeanunHa nosenuenus gocruria 0,22 M. B 1o ke
BpeMs Yépu u Yallr cpaBHWIM CPEOHUE CKOPOCTH, MOIY-
YEeHHbIC 110 JAHHBIM MPSAMBIX WHCTPYMEHTAIBHBIX H3Mepe-
HUI U CITyTHAKOBOW aJbTHHOMeTpUH 3a mepron 1993-2009
. Ouu coctaBuinM coorBercTBeHHO 3,2+0,4 mMm/rong u
2,8+0,8 Mm/roj1. DTO 3HAYMT, 4YTO 3a mocieauue 20 JIeT cKo-
poctu Bo3pociu B 1,65-1,88 pasza mo cpaBHEHHUIO C MpE.bI-
aymied cotHeid set. Takylo TEHICHIMIO CTaU MOKa3bIBaTh
pacueTsl, HaunHas ¢ 50-x rofoB. [Ipudem, okaszanock, 4To Ha
PaBHHMHHBIX MOOEPEKBIX CKOPOCTH OKA3aIUCh B IEJIOM BbI-
111e, YeM Ha TOPHBIX. DTU Pe3yNbTaThl CEPhE3HO HACTOPOKH-
M HAyYHYI0 W TPaKIAHCKYIO OOIIECTBEHHOCTH IIPUMOP-
ckux cTpaH. IIpoBepkoil IDaHHOrO pe3ysbTaTa 3aHUIUChH
YUYeHBIE Pa TOCYIapCTB.

MarepuaJjbl 1 MeTObI HcciiefoBanmii. B reorpaduae-
CKOM JIUTEpaType COBPEMEHHbIE U3MEHEHMs YpOBHSI Mupo-
BOTO OK€aHa KBATH(UIMPYIOTCA KaK «OMHOCUMETbHbIEY.
Takoe ompeneneHne BbI3BAaHO MHOTO(AKTOPHOCTBHIO H3Me-
HeHuid. Bonee momyBeka Hasan, Hanpumep, B padotax FO.M.
[lokansckoro, JI.®. Pynosuua, ®.11. enapaa, .M. 'on-
kuHca, J[.I'. [TanoBa, A.B. [lInutHukoBa, P.K. Knure cuura-
JI0Ch, YTO KOJIeOaHUs YPOBHS IPOMCXOST MO BO3IEHCTBH-
eM sscmamuyecko2o (T.e. B pe3yibTaTe KOoleOaHWi Macchl
BOJIBI B OKEAHE) U meKmoHu4ecko2o (T.e. IPH BePTHKAIBHBIX
TEKTOHHYECKUX KOJIeOaHmsIX modeperxuii) Gpakropos. [Todxe
0.J1. IllyiickiM OBLTO Ha3BaHO M YHCIEHHO oreHeHo 11
TIPUYUH, BHOCSAIINX OMNpEICTCHHBIA BKJIAJ B YHCICHHBIC
BEJIMYMHBI KOJeOaHWH YpPOBHS, a COBPEMEHHBIC JaHHBIC
OTpakaloT HUX aareOpandecKyl0 CyMMy 3a MHOTOJETHHH
nepuoj. Takoif MeToJ UCTIOIb30BaH HAMM ATl YHUCIIEHHOTO
OIIpe/IeNICHUs] MHTETPANBHBIX CKOPOCTEH M 3HAKOB M3MEHe-
HU ypoBHSI MUpOBOIo OkeaHa.

Jns wccnenoBannii B 1aHHON paboTe ObUIO OTOOpaHO
192 ruapomeTeopoIOTHYECKUX OEeperoBbIX M OCTPOBHBIX
CTaHIIMIA, Ha KOTOPBIX HAOJIOJICHUS HAYMHAINCH HE IO3KE
1880 1. (mo 2014 1.). bpua ucnonp30BaHa MHGDOPMAIHS W3
CPOYHBIX PETYISPHBIX HaOFOICHUI Ha 87 OeperoBhIX CTaH-
USIX ATIIAHTHYIECKOTO OKeaHa (45 — Ha BocTo4HOM Oepery
u 42 — Ha 3amajgHoM), Ha 71 crannuu Tuxoro okeaHa (co-
oTBeTCTBeHHO 37 1 34), Ha 34 cTaHIUSIX BIOJb BCel Oepero-
Boi JymHuu Wuawmiickoro okeana [1]. HeGosblioe uwcio
cTaHImid Benu HaOmoaenust 6osee 200 set, Hampumep, TMC
«bpect» B mepuon 1807-2014 rr. Oxono 500 craniwmii u
TIOCTOB HCTIOJIb30BAJIMCH KaK BCTIOMOTATeIbHBIE, TOCKOIBKY
XapaKTepU30BAINCh  HEOONBIION  MPOJOIKUTEIEHOCTHIO
HAOJIFOAEHUI.

OrnpezienieHns ¥ OLICHKU KoyieOaHUi YpOBHS BIOJb Oepe-
roB MHpOBOro okeaHa BBINONHIIMCH B paMKax oOmen Me-
TOJIMKH CTaTHCTUYECKOH 00paboTKM (paKTHUECKHX JAaHHBIX.
OHM OBUTM CHCTEMAaTH3HPOBAaHBI KaK BPEMCHHBIC PSIBI U
TIO/IBEP>KEHBI TADMOHUYECKOMY (CIEKTpAJIbHOMY) aHAIn3Yy,
Hcrnoe3yoeMy npeobpazosanne @ypwe [1, 4]. Hanbos-
IITAM HEJOCTATKOM JUIS IPOBEICHHS CTAaTUCTUUECKUX pacye-
TOB M CpaBHEHHH ObUIM NPOIYCKH B OTIENBHBIX PsAax
HaOmoxeHn. [y 3am0THeHNS IPOITYCKOB B CpeTHEMECs d-
HBIX PAIaX UCIIOIB30BAJICS METOJ BOAHOTO HUBEJIMPOBAHMS,
kotopbIit 6611 pazBut O.P. ArnpuanoBoii [1]. C nomomisio
9TOr0 MeTo/la OBUTH BBISIBJICHBI 3HAYEHMs KoJebaHuii mobe-
pexuil y pasHbIX pernoHoB MupoBoro okeana (= 0,3 m).
Jns taknx nobepexuil Hy)keH 0COOEHHO TIaTeIbHbIH aHa-
JM3 JAQHHBIX MHOTOJICTHHX HAOJIIOJEHHH, YTOOBI MONY4YHUTh
KOPPEKTHBIE BHIBOJIBL.
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Pe3yabTaThl U UX 00CyKIeHHe. AHAIU3 YUCTCHHbIX 3HA-
YeHull KonebaHutl yposHs PazHoM MPUPOBI TIO3BOJIIIT BEIIE-
JIUTh OCHOBHBIC THAPOMETEOPOJIOTHYECKHE BHIBI KoleOa-
HUIA, BRI3BAHHBIC: @) BETPOBBIMU BOJIHAMH ¥ BOJTHAMH, KO-
TOpBIE BOHUKAIOT TIOJT BIMSHHAEM aTMOC(EPHOTO TaBJICHUS,
BBITIAJICHUST aTMOC(HEPHBIX OCAIKOB, UCTIAPEHHUS U TIPOY.; 0)
CTOHHO-HaroHHBIMH KOJICOAQHWSIMH YPOBHSI NIPH JCHCTBUM
BEeTpa C pPa3HbIX CTOPOH I'OPH30HTA OTHOCHTENIBHO Pa3ivy-
HOW (hOpMBI KOHTYpa GEperoBoil JIMHHH; 6) CTATHICCKHMH
M3MEHEHUSIMH YPOBHsI BCJIEACTBUE M3MEHEHHS aTMOC(EpHO-
TO JIaBJICHUSI HaJl MOPEM; &) KoJieOaHUsIMU YPOBHSI MOJ1 BIIU-
SITHUEM HEPaBHOMEPHOCTEH TPOIIECCOB BIAroobopoTa, oopa-
30BaHMEM U TAsSHHUEM JBIOB; O) KOJICOAHUSMH BCICACTBHE
W3MEHEHUsI IDIOTHOCTH Boabl. Cpean HUX Hamboiee cymie-
CTBEHHBIMH SBJIIIOTCS CTOHHO-HAaroHHBIE KoyieOanms. Tak,
Ha A30BCKOM Mope (FOXKHBIA Oeper YTIFOKCKOTO 3aJIiBa)
ObUTM W3MEpeHBl HAarOHBI BEINIC OpAWHapa Ha 5,78 M, Ha
UYepuoMm mope (3ammB lupokuit) — 1o 3,94 M, Ha banruii-
ckoM Mope (beperosas ayra Ilame) — mo 3,9 m. Jlmst Beex
HHUX THITMYHBIM SIBJIETCS KPaTKOBPEMEHHOCTh M3MEHEHHH,
HEYCTOWYMBOCTD, ITyJIbCAIIMOHHBIN PEXHUM M 00sI3aTebHOS
y4dacTtue B (POPMUPOBAHHUM JIOJITOBPEMEHHBIX (BHYTPHUBEKO-
BBIX U BEKOBBIX) TpeHAOB. [loiyuaercs, 4To IIMTENBHBIC
OTHOCHUTEJIbHBIC KOJNICOaHWS B KadeCTBE COCTABILFOIIIX
YYUTBIBAIOT BCIO COBOKYITHOCTH OJTHOBPEMEHHOTO JCHCTBHS
THAPOMETECOPOIIOTHICCKIX PUYHH.

Joctratouro TONHBIN aHaMM3 KojeOaHui ypoBHS Mupo-
BOTO OKeaHa M ero Mopeii mpencrasieH B padorax P.K. K-
re, KA. Konnpateesa, C.B. Ilobemonocuesa, H.A. Tumo-
¢eesa, O.I1. [llenapna, [1.A. [Tupazzomm, C.I1. Jlutepmana,
O. pe-ITlmsamme, M.I'. Tymu, O.I'. ITunku u apyrux. Cucrte-
MaTu3alys U OLEHKA Pe3yJIbTaTOB MCCIIENIOBAaHMII 3THX aB-
TopoB mo3BonM C.EBpeeBoil yCTaHOBHUTB, YTO CpemHSSA
CKOPOCTh POCTa YpOBHS MUPOBOTO OKeaHa B XX Beke Oblia
6ousbire ckopoctu B XIX crometnu B 1,6 paza (Ha 60%).
CornacHo nannbsiM O.P. AnznpuanoBo#i [1], Bo BTOpoii mo-
noBuHe XIX cToneTns cpemHsist CKOPOCTh pOCTa COCTaBUIIA B
nenom 1,1 mm/rom, B 1900-1985 rr. yxe 1,7 mm/rox, a B
1986-2013 rr. — 2,7 mm/roz. IIpu 3TOM cpouHBIe HaOIrOIE-
HUS B OTACNBHBIX MYHKTaX MOOEpeKbsi BHYTPSHHHUX H OKPa-
MHHBIX MOpEH TIOKa3aiy 3Ha4eHHs, KOTOPBIC B Pa3bl OTJIH-
YalTCs OT CpeaHux IyobanbHbIX [2, 5, 6]. B urore crajio
n3BeCcTHO [l], YTO cpenHme YHCIIEHHBIC 3HAUEHHS CYIIe-
CTBEHHO OTJIMYAIOTCS OT JIOKAJIBbHBIX W PErHOHAIBHBIX, a
pa30bpoc yKas3bIBa€T Ha CYIIECTBEHHBIE OTKJIOHEHHS OT
cpenHero. Takue OTKJIOHEHUS OTPaXKaloT BIIMSHHE JIOKAJb-
HBIX (PFBHUKO-TEOTPAPHICCKIX YCIOBUI MECTOHAXOMKICHUS
TOM WM WHOW THAPOMETEOPOJIOTHYECKOM CTaHIMK WX TI0-
CTa, a, CJIe/IOBaTebHO, YKa3bIBAIOT HA Pa3HOOOpa3He Pexku-
MOB KoJjieOanmid. BoT nouemy mpu mHTEpnpeTanmm Kosebda-
HHH YPOBHS PEKOMEH/TyeM 33/1aBaTh TOT WII MHOHM MaciTal
SIBJICHUSI, © B 3TON IUIOCKOCTH BBIIIOJHSATH CTAaTUCTHYECKUH
aHaM3.

B mporecce BBIMONHEHMS] CTaTUCTHYECKOTO AaHANM3a
OKHJIAJIOCh TIOJTy9YEHHE JIOCTOBEPHBIX PE3yNIbTaTOB MPH HC-
MOJTB30BAaHWHM  CHEIHAIBHOTO KOPPEJAIIOHHOTO METOJa.
DTOT METO/I MO3BOJISIET BBIMOJIHATH CTATUCTUYECKUE OLCHKH
pa3HOMacImITabHBIX TIPOLIECCOB, KOTOPBIE MPEJICTaBICHBI
psiIaMH ¢ pa3HOW JMCKPETHOCTHIO M IepHOiaMH Halroze-
HUIA, ONPENIEIATh MEPHOJIBI UX COTJIACOBAHHOCTH M BPEMCH-
HOe pacripesiesieHne KodpduureHToB Koppersiuu. Vcros-
30BaHHbBIE METOJIbI BXOISIT B KOMIUICKC HAay4HBIX TE€XHOJIO-
TUil aHAJIM3a SMITMPUYECKON MH(OPMALIK M CHHTE3a HOBBIX
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3HaHui. [lo3ToMy B UTOTE OKa3a10Ch BO3MOKHBIM TOJTYYUTh
JIOCTOBEPHBIE PE3YNIBTAThI MPH HCIIOJIb30BAaHUH BECHMA Pa3-
HOPOJHOI MCXOTHOM MH(POPMAIIHTL

Bcst cOBOKYIHOCTE paHee yCTaHOBIICHHBIX (hakToB (hop-
MHpPOBaHUS KPYITHOMACIITAOHBIX KIMMATHYECKHX IIPOLEC-
COB B (u3MKO-TeorpadUueckoil  CHCTEME  «OKEaH—
arMoc(epa—cyIia» Mo3BOJINIIA BEIOPATh METOI0IOT HUECKUH
TIOIXOJ JUISl OIpesieNIieHHs] TEeHIECHIMH KoyeOaHui YpOBHs
Bcero MupoBoro okeaHa u ero yacreid. Cosnmanue 0000-
LIEHHOM KOHIENIMH  JOJITONEPHOAHON  HM3MEHUYMBOCTU
YPOBHS BOJIbI, YUUTBIBAIOIIECH BKJIAJ] pa3IMUHbIX 3JEMEHTOB
reorpaguueckoil 000J0YKH 3eMJIM B YCIOBHUSX YCHIICHHS
AHTPOIIOTEHHOTO BIIMSHHS, OCHOBBIBACTCS Ha «BHEIIHUX)
(«IK30TCHHBIX») MEXaHM3MaxX IPUPONHBIX HM3MECHEHHH B
CHCTEME Bcel 000IOUKN.

Paspabomannas _xonyenyuss WMeeT BaXXHOE IpPaKTHIC-
CKOE€ M METOJOJIOTHYecKoe 3HaueHHe. OHa BKIIOYAET OC-
HOBHBIC TOJIOXeHIT: 1 — ¢usuko-reorpadudaeckue mpo-
LIECCHI, CBS3aHHBIC C IMHAMUKOM YPOBHS MOpPEH U OKEaHOB,
SIBIISIFOTCS MHOTO()aKTOPHBIMH, Kak 3TO ObIBaeT B reorpaduu
BOOOIIIE; 3TO 3HAYMT, YTO B IPHUPOJHON CHCTEME «OKEaH—
arMoc(epa—cyiay» cleayeT yIUThIBaTh BCE €€ IEMEHTHl —
re0JIOTHYECKUE, TeOMOP(OJIOTHYECKHE, METEeOpOJIorHye-
CKHE, TIAMOIOTHIECKUE U Tp.; 2 — CBA3M MEXIy AWHA-
MHYECKHMH SBICHUSAMH M XOZIOM YPOBHS ONpPEIENSET A
(haKTOpOB: CKOPOCTH BpAICHHS 3E€MJIM, COJHEYHAs! aKTHB-
HOCTb, TEMIIEpaTypa MPU3EMHOTO CJIOSi aTMOC(epsl U TOJ-
CTHJIAIOIIEH MOBEPXHOCTH OKEaHa; 3TO IVIaBHeHIIme (akTo-
PBI, KOTOpBIE OOBIYHO pacCMaTpUBAIOTCA B MacIuTabax ce-
30HHOM M MEXIOZ0BOM U3MEHYHMBOCTH Ul BBIIEJICHUS HeE-
00XOZMMBIX 3aKOHOMEpHOCTEH; 3 — BakHeHImM uHIUKa-
TOPOM BO3ICHCTBUS KPYIMHOMACIITAOHON KIMMATHICCKON
AQHOMAJIMM CITYXHUT «SIBIIeHHE Oib-HHUHBOY; HcciaenoBaTeny
CBSI3BIBAIOT €T0 C IJIAHETapHBIMU BOJHAaMU [3, 4]; OHO OT-
pakaeT TeHJCHIIMU M3MEHEHHs ypOBHSA MHpPOBOro OKeaHa B
1esIoM; 4 — COTJIacHO 3aKOHY reorpadMieckol JIOKaJIbHO-
ctu llyiickoro, pernoHaiabHble U3MEHEHUS! YPOBHS MoOpen
(dopMupyroTes (co3maroTes) Ha (oHe nelcTBUsS Ooniee Mac-
IITa0HBIX KIMMAaTHYECKHUX HPOIIECCOB M OHOBPEMEHHO 1071
BIIMSIHEM COBOKYITHOCTH JIOKAIBHBIX JEHCTBYIOINX (hak-
TOpOB, MO3TOMY TIEPHOJIBI MX KOJICOAHMIT MPOSBIIIOTCS Ha
6osiee KOPOTKHUX NPUPOJHBIX BOJIHAX IO CPABHEHHIO C IH-
HAMUKOW YpOBHsI BOJbl B MHUPOBOM OKEaHe.

VYpoBeHp OKeaHa SBISIETCS KOCBEHHBIM IOKa3aTesieM
MPOIIECCOB B OKEaHe M B aTMoc(epe, MpryeM, B X B3aUMO-
neiictBun. PazHOMacmTabHOe M HEYCTOMYHMBOE B3aUMOJICH-
CTBHE OBLIIO MOJIOXKEHO B OCHOBY KOHIIEHIIUN JOJTOIIEPHOI-
HOM WM3MEHYMBOCTU YpOBHsI BoAbL. CIOXKHBIIMECS COBpE-
MEHHBIE TpPECTABICHUS O KOJICOAaHMSIX YPOBHS CHIIbHEE
BCEr0 CBf3aHBI C KOJEOAHWSIMM BJIXHOCTH aTMocdepsl,
KOJICOAHMSIMH OOJIAYHOCTH W BBIMaJEHHEM aTMOC(EepHBIX
ocankoB. Ha TpeHIbl MX HM3MEHEHMs YKa3bIBalOT OOIIHe
TPEH/IBI N3MEHEHHUS YPOBHA MHUpPOBOTO OKeaHa M OTACIBHBIX
OKeaHoB (pHc. 2).

Konebanus yposna 600bi 6 omoenvbhbix okeanax WcCie-
JIOBAJIMICH ITyTE€M OIICHKH TEHJICHIMH MHOTOJETHEH M3MEH-
YMBOCTH JJISI PA3HBIX YaCOBBIX MHTEPBAJIOB, PACUETOB KOJIH-
YECTBEHHBIX XapaKTEPUCTUK KoJIeOaHWHA YpPOBHS B MAacCIITa-
0ax OT CHHONTHYECKHX JI0 BEKOBBIX, C Y4E€TOM OCOOCHHO-
CTel KIMMaTuyecKux kosieOaHuil. KoHewHble pacuers! BbI-
MOJTHSITMCH IO 1aHHbIM 32 niepuo 1880-2010 rr., T.e. 3a 131
roz. B xauecTBe OCHOBHOTO MBI NIPUHSUTH CTpoeHHe Mupo-
BOTO OK€aHa B cocTaBe 4-x okeaHoB. B mporecce pacueToB
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OBLIH IPOBECHBI OCPEIHEHNS PSIOB CPEITHETOOBBIX BBICOT
ypoBHS Ha Bcex 172 OTOOpaHHBIX THIPOMETEOPOJIOTHYC-
CKUX CTaHIMAX W IOCTaX C OOJBIION IUTENFHOCTHIO MH-
CTPYMEHTAIHBIX HaOmroneHuit. I1pu 3ToM u3 pacueToB ObI-
JIM MCKJTFOUCHBI CTAaHIIMK Ha Oeperax u octpoBax CeBepHOTO
JlenoBuToro okeaHa Kak MaJIOYHCIICHHBIC W B OOJIBIIITHCTBE
C ZJaHHBIMU, KOTOPBIE BBI3BIBAIOT COMHEHHSI.

B pesynbrare okazanoch, 4to B Teuenue 131 roma (mo
2010 r.) ypoBeHb BOJbI B ATJIAHTHYECKOM OKEaHE MOBBICHJI-
cs Ha oOmryro BenuyuMHy 242 MM, T.€. CpeIHssI CKOPOCTBH
pocta Obuta paBHoOM 1,85 mm/rox. Ha 3tom obmiem ¢one
BJIOJIb BOCTOYHBIX OEpEeroB UTOTOBas BEJIMYKMHA POCTa ObLIa
paBHoi#t 160 MM (i 1,47 MM/TOx), a BIOTH 3aIaIHBIX Oepe-
roB — 324 MM (cpemHsis cKopocts 2,56 mMm/ronm). 3mech
Ba)KHO SIBJICHHE OTHOCHTEIIFHOTO «IIePEKOCa) YPOBHS B OKe-
aHaxX, BBI3BAHHOTO SKCIECHTPHUCHUTETOM [BIDKCHHUS 3eMITH
BOKpYT CBOEH OCH C 3aIa/ia Ha BOCTOK U JAEHCTBUEM IOCTO-
SIHHBIX BETPOB B OCHOBHOM B 3aITaJIHOM HampaBieHUH. s
NPUBEJICHHSI PACYECTOB K €AMHOMY 3HAMEHATENI0, HaAMH Obl-
JIM BBISBJICHBI 3HaueHus B pacuere Ha 100 ser, B HaHHOM
cilyqae Ha Bech Iepuoj XX Beka. AHaJIOTHYHO, BEKOBOE
3HAUEHNE UHTETPAIBHOIO pOocTa B TeueHUue XX BeKa B Cpel-
HeMm Obwio paBabiM 0,171 M B Tuxom oxeane u 0,179 M B
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Mumniickom okeane. HTerpaibHble BETUUMHBI POCTa COOT-
BeTcTBEeHHO paBHbI 0,224 M u 0,234 M. YUro kacaercst Mupo-
BOTO OKE€aHa B IIEJIOM, TO BEJIMYMHA OOIIEro pocta OblIa
paBHoit 0,231 M, a Tpern 1,76 mm/roa. Ilpu ycioBun, 9To B
TEUEHHE OCHOBHOM 4YacTh XX CTOJETHSI CKOPOCTb POCTa
ypoBHA OBUTAa KpaiiHe ONM3Ka JaHHBIM TPEHIAM, CPEIHSSA
BEKOBasi CKOPOCTh 0JIbeMa ypOBHsI MUpOBOro okeana B XX
cronerun Obuta paBHoOi 0,176 M.

BoiBogbl. 1. BrimonHena cucremaruzalusl M aHalM3
JIaHHBIX O KoJIeOaHMsX ypOBHS MHUPOBOro OKeaHa Ha pas-
JIMYHBIX OEpPeroBbIX I'MAPOMETEOPOJIOTMYECKUX CTaHIMAX C
HanOoJee JUIMTENbHBIMU CPOKaMH HaOMIOACHUH. JTO 1Mo3-
BOIMWIO c(OPMYIHPOBaTh LElb, 334a4l M HAYYHBIC IIOJIO-
JKEHHUS CTaThH.

2. BriepBrie norydeHs! JaHHBIE T100aJIbHOTO MaciiTada o
BENIMUMHAX, 3HAKaX U CKOPOCTAX W3MEHEHHUs YPOBHS Mupo-
BOrO OKeaHa 3a repuon 131 rox u mo 2010 T. BKIFOYHUTEIB-
Ho. Wtoroas BenmuuHa pocta ypoBHs coctaBuia 0,231 M, a
tpern 1,76 mm/ron. Ha 3ToM (oHe BenmurHa pocTa BIOJb
OeperoB Atnantuueckoro okeaHa paBHa 0,242 M (TpeHI
1,85 mm/rox), Tuxoro okeana 0,224 M (tpenn 1,17 mm/rox),
Wumuiickoro okeana 0,234 m (tpeun 1,79 mm/rom).
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Puc. 2. 'padviku n3MeHeHHs ypOBHS BOJIBI B OT/ICIBHBIX OKeaHax, MyHKTUpHas KpuBast 10 1965 r., mo P.K. Kuure, ¢ no6asnennsmu O.P.
Annpuanosoii 3a niepuoz 1880-2010 rr. (cromHast kpusasi). Oxeansl: a — MupoBoif; 0 — ArnanTuueckuif; B — Tuxuit; r — Vuauit-
ckwif. I3MeHeHus cpeJHIX TO/IOBBIX 3HAYE€HNH YPOBHS (BepTUKAIbHAS KA, CM) BO BpEMEHH (TOPHU30HTAIBHAS IIIKANA, TOJIB).

3. Pa3paboTaHa KOHIETIIUS JUHAMUKHA ypOBHSI MUpOBO-
TO OKE€aHa M OTACJIIBHBIX €TI0 peFI/IOHOB. OHa y'-H/ITBIBaJ'Ia
BKJIQJT Pa3NIMUHBIX (haKTOPOB M KOMITOHEHTOB Teorpadude-
cKkoi obostouxu 3emin. MccnemoBanack HE TOJIBKO MHOTO-
JICTHSISI U3MEHYHBOCThL, HO TAK)KE I'OZ0Bas, CE30HHAS U CH-
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HONITHYECKAsA, YTO MUMECT BAXKHOC MPAKTUYCCKOC 3HAYCHHC
JUTSL XO3SIMCTBEHHOTO MpoekTupoBanus. Ocoboe 3HaueHHe
yemsieTcs IPaBUTENbCTBAMH IPIMOPCKUX CTPaH MpodieMe
BIIMSIHHSL POCTa YPOBHSI MUPOBOro okeaHa Ha MOP(OJIOrHio
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U JUHaMHKy OeperoBoii 30HbI, Hd COXPaHHOCTh TEPPUTOPHY,  LEHTPUCHTET BPAIICHHS 3€MIIH, YTO HMOBIMSIIO HA ACHCTBHE
BCET0, YTO Ha HEH BO3BEACHO YETIOBEKOM. MIPHIMBOOOpAa3yoMMX cuil. Bee 31Tu siBNeHNs M UX Tocien-
4. VccnenoBaHbl M YMCICHHO OLCHEHBI CBSI3M OOIIEIUIAa-  CTBHS OKAa3aId BO3JCHCTBHE Ha BEKOBBIE KOJNICOAHHS YPOBHS
HETApHBIX (PU3NKO-TeOrpa)MuecCKUX yCIOBHH, HA CTaAUX UX  BOJIbBI B MHpPOBOM OKEaHe.
aKTUBH3ALNH, C TT00ATEHBIMI H3MEHEHWSIMHU KIIIMaTa. JTH 5. B nocnenHne necATHIETHS TOBBIIICHHOE BIMSHUE HA
M3MEHEHUsI KOCHYJIMCh B TIEPBYIO OYepelIb TEMIIEpaTyphl  paclpeseeHNE YPOBHS OKa3aiH BapHaIMH YIJIOBOM CKOPO-
MPU3EMHOTO CJIOSI aTMOC(QeEpBl, B BUJIE 3aKOHOMEPHOTO PO-  CTU BpalleHus 3emin. CBsi3b MEXIy 3TUMH CKOPOCTSIMU U
cra. B urore akTMBM3MpPOBATIOCH TasiHUE TIOKPOBHBIX JIEJHA-  CKOPOCTSIMU POCTa YPOBHSI BIOJIb OEPETOB OT/IENBHBIX OKea-
KOB, TIPOM3OIIIEI OOIIMI POCT aTMOC(EPHBIX OCaAKOB, IIPO-  HOB BBIPA3MWiIach B BUJE BHICOKOro koaddunmenra 0,75-0,84
M30IIUI0 YMEHBILICHHE MacChl JIETHUKOB (YBEIMUYEHHE cpel- B ImMpoTax Mexay 30° c.Im. U I0.II. U HU3KOro Kodddunu-
HHUX TEMIEPATyp B MOIAPHBIX IIUPOTaxX) U paccpenoToueHue  eHra 0,40-0,70 B mmpotax ceBepHee 40° B CeBepHOM MOITy-
Macchl TaJIOW BOJBI TI0 MOBEPXHOCTH TeOU/Ia, YCHIIMIICS OKC-  LIapUH U tokHee B FOXHOM mostymapum.
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Basical research results of long term fluctuations of the sea level along the world ocean coasts
Yu. D. Shuisky, O. R. Andrianova
Abstract. As it was represented (per various estimates) the World Ocean level can be rise by a value from 0,07 to 0,55 m/100 years. In the
19th century the average rates were +1,2 mm/year and in the 20th century it was +2,8 mm/year. The average rate of the World Ocean level
during past 130 years was 1.76 mm/year. In the past 25 years, the average rate has exceeded 3,5 mm/year. In several hydrometeorological
points essential differences were discovered by in comparison with average values. A concept for optimal averaging is developed. During the
period 1880-2010 along eastern coasts of the Atlantic Ocean the sea level increased by 0,16 m, along the western coast - by 0,33 m and in
general - by 0,19 m. During the same time along the eastern shores of the Pacific Ocean the growth was 0,16 m, along the western coast - by
0,29 m, and in general - by 0,23 m. Along the coasts of the Indian Ocean the average sea level growth was 0,12 m (at minimums) and 0,24 m
(at maximums). These values were formed on the background of global values for the whole World ocean level: at minimums - by 0.17 m,
and at maximums - by 0.23 m.

Keywords: World Ocean, sea-level changes, history of research, methods, conception.
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Bruius neginurty Bitraminy D Ha po3BUTOK MOpylIeHb CTAHY
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AnHoTanisi. BpaxoByroun BIUIMB rinositamiHo3y D Ha po3BUTOK yCKJIaAHEHb BariTHOCTI, IO CHPUYHMHSIOTH MAaTEPHHCBHKY Ta MAIIOKOBY
CMEpTHICTb, JaHEe NOCTIKEHHS € aKTyaJbHOIO MPOOJIEMOI0 CyJacHOTO aKyIIepcTBa. 3a3HAUMMO, L0 B MEPiOJ] BAriTHOCTI Ta TOXyBaHHS
IPYIbMH, HABITh Ha TJIi TPUHOMY MyJIBTUBITAMIHHIX KOMILUIEKCIB i3 BMicToM Bitaminy D (o 400 MO/no0y), 30epiraeTscsi BUCOKA 4acToTa
rinositamino3y D. 3a marnmu, y 3a3HadeHoi Kateropii >kiHOK y 73% BuIankiB piBeHs BitaMiHy D cranoBuTth <20 Hr/MII, a Y HOBOHapOmKe-
HUX BiJI IUX *iHOK nedinut Bitaminy D Bim3HauaroTs y 83% Bumaakax. Pe3ynmsrati IpoBeaeHOro JOCHiKEHHS MoKa3ay, mo e 4,6 %
BaritHuX Maiu 25(OH)D B cupoBaTku KpoBi y Mexkax HopMy, y 13,6 % BifzHaueHO HeOCTaTHICTS, a B 81,8 % — nedinmTy Bitaminy D, o
BIANOBINAIOTh CEpElHIM 3HAYEHHSAM 10 YKpaiHi. Po3ymiHHA 1€l mpoOsiieMH 3yMOBIIOE€ HEOOXiAHICTH BXKHMBAHHA JIKyBaJbHO-
poiTaKTUYHHUX 3aXO0iB 3 METOI0 YCYHEHHs edinuTy BiTamiHy D sk Ha eTami mperpaBizapHOi MiATOTOBKH, TaK i B IepioJ BariTHOCTI Ta

TOJyBaHHS IPyIbMU.

Knrouosi cnosa: simamin D, sazimuicmv, 6a2amoeodos, yckiaonenHs eazimuocni, oeghiyum gimaminy D.

Beryn. [Ipyuumaamu 3HIDKEHOTO piBHA BiTaminy D € HamMi-
PHE BUKOPHCTAHHS KPEMiB i3 BUCOKHM 3aXHCTOM BiJ YIIbT-
padionery, ypOaHi3amis, TOB’s3aHA 31 3MCHIICHHSAM Yacy
nepeOyBaHHS Ha BIOKPUTOMY IOBITPi, POOJIEMH €KOJIOTil
(cMmor y MicTax), KOPOTKHIA CBITOBHIT Yac (y HAIIKX IIHPOTaX
— 5 Mic amekBaTHOI CBITOBOI XBUJIi), MOPYIICHHS PAIliOHY
xapuyBaHHs, BiK (crapiire 70 pokiB), rocTpi Ta 0COOIMBO —
XPOHIUHI 3aXBOPIOBAHHS MEYIHKH i HAPOK, MPUHOM Iperna-
patiB  (KOPTUKOCTEPOiAW, MPOTUCYIOMHI mpernapath)[S].
BojHouac, TpaaMIiiHMI pamioH MICTUTH IyXe Hebarato
LBOTO BiTaMiHy, TOMY €AMHUM aJIeKBaTHUM CIIOCOOOM HOro
TIOTIOBHEHHSI € JI0JJATKOBE MPUHMaHHSL.

Pisenp 25(0OH)D y BariTHOi >IiHKM MPAKTHYHO HE
3MIHIOETECS, HATOMICTh PiBEHb HOTO aKTUBHOTO METa0OIITy
1,25(0OH)D 3pocrae yaBidi Bxke y HepIioMy TpumecTpi. Pa-
30M i3 TIPONAKTMHOM 1 IUIALCHTApPHUM JIAKTOT€HOM
1,25(0OH)D BixrnoBinae 3a mocuiieHy adbCopOLii0 KAIBIH0 Y
TpaBHOMY KaHAaJI ¥ 30UIBIIEHHS Horo peabcopOil HupKamMu
3 MEpIIKX THKHIB BariTHOCTI.

25(0OH)D npoxoanTth yepes MIaleHTy, a Horo piBeHb y
MYTIOBUHHIA KPOBI JIOPIBHIOE PIBHIO LIBOTO METaboIITy
BiTaminy D y matepi abo tpoxu Huwkuuid. Hatomicth akTuB-
Huit Metabomit Bitaminy D 1,25(OH D mpaktidHO He mpo-
HUKA€ 4Yepe3 IUIALCHTY 1 yTBOPIOETHCS CaMOI0 ILIALIEHTOIO, a
Mi3Hille 1 ne4iHkoo mioja 3 Marepuacskoro 25(0OH)D. Or-
XKe, SIKIIO Y Matepi € Hectadya BitaMidy D, To y AuTHHE BH-
HHUKA€ BUPKCHUM TIiOBITAMIHO3.

Oyukuis BitamiHy D mig 9ac BariTHOCTI IyXe pi3HOMa-
HITHa i HE 0OMEXKYETHCS MIITPIMKOIO CTaOLTBHOCTI KiCTKO-
BOi CHCTEeMH MaTepi 1 Turoja. BakIuBicTh 1i€i peYOBHHU TS
00OMiHYy KaJIbLIIFO 3arajioM MiJTBEP/UKYE TOH (aKT, IO CyT-
TeBa i HecTaya y MaTepi MiJ] yac BariTHOCTI NPU3BOAUTS JIO
BPOJDKEHOTO PaxiTy, a y KPUTUYHMX BUMAJKAX JI0 TIIHOOKOT
TiOKAJIBIIEMIi Y HOBOHAPO/DKEHOTO Ta HEOHATABHUX Cy-
noM. OxmHak (yHKINS IIhOTO BiTaMiHy MOIIMPIOETHCSA 1 HA
IHIT CHUCTEMH, 30KpeMa, IMyHHY, M’s30BO-CKEJIETHY, ceplie-
BO-CYAIMHHY, HEPBOBY CHCTEMH. 30KpeMa, NpeHaTaIbHUN
ne¢inut Bitaminy D Moske mi3Hime nposBisTUCS 1H(EKIIN-
HUMH 33aXBOPIOBAHHAMM LIKIPH, PECHipaTOPHUMH BipyCHH-
MM 3aXBOPIOBAaHHSMHU Ta IHIIMMH IIPOSBaMH IMyHOJEDIH-
Ty, SIKI CKJIa/THO HOSICHUTH.

Kopotkuii orisa my6Jikaniii no temi. 3’ sBisieTses Bce
OlpIIe JaHWX PO otk Aedinuty Bitaminy D B marorenesi
HE JIMIIIE TIaTOJIOTii KICTKOBOI CHCTEMH, a W OXKHPIHHS, IIyK-
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poBoro nmiabery, mUCHiMimeMii, apTepialbHOI TimepTeHsii,
3amajieHHs, ayTOIMYHHOI Ta OHKOJIOTIYHOI MaTojIorii, opy-
LIEHb PENPOLYKTUBHOTO 310poB’st [2,3,5].

3rimHO 3 Haka3oM MIiHICTEpCTBA OXOPOHH 3I0POB’S
(MO3) Vkpainu Big 15.07.2011 p. Ne 417 «IIpo opramniza-
mifo aMOyJIaTOPHOI aKyIIepchKO-TIHEKOJIOTIYHOT TOTIOMOTH
B YkpaiHi», y nonatkax Ne 20 «PexoMeHmaIli 1110/10 TIOBE/Ii-
HKH i1 4ac BariTHOCTI» Ta Ne 9 «IIpoTokout JikyBaHHS Ta
NpOQIIaKTUKK paxiTy y JiTei», y mepioj BariTHOCTI Ta ro-
JlyBaHHS TPYIbMH DPEKOMEHJOBaHa moTtpeda Bitaminy D
cranoButh 10 Mk, a60 400 MO/mo0y.

Cranaaptaa npo3a Bitaminy D y CIIIA 1 Kanami mis
BariTHUX XIiHOK i MaTepiB, AKi TOAylOTh rpyapMu, — 600
MO/n00y, mo 6a3yeTscs, mepi 3a Bce, Ha MOTpedax 3710-
poB’s KicTKoBOi cucteMu. OmHaK Ui JOCSTHEHHS ONTH-
mapHuxX piBHiB 25(0OH)D 75-110 umons/n (nonany 30
ar/min) cnig xuBata 1500-4000 MO/no6y (ErmoxpuHO-
norigHe ToBapucTBo, 2011 pik). 3rimHO TemepimHIX peko-
MeHaii [10JbChKOro riHeKOJIOTIYHOTO TOBAapUCTBA, BAriT-
Ha JKIHKa MOBMHHA OTPUMYBATH J0JaTKOBO BiTaMiH D y 1031
800 MO/n00y.

3 MPaKTUYHOTO MOINAAY OCOOJMBOI yBarm 3aciyroOBYeE
nocmimkennst Hollis et al., pesympratu sikoro omy6mikoBaHi
y 2011 poui[8]. lle mepmie cydacHe paHIOMi30BaHE J0-
CIIKCHHSI, Y SKOMY BHBYAIM MOXIIMBICTH JJO303aJICXKHOTO
edekry cymieMeHTarii Bitaminy D y BariTHuxX xiHOK. Me-
TOIO TIparli OyJI0 BHBYCHHS e()eKTUBHOCTI i OC3IEKH CyILIe-
MeHTanii Bitaminy D y nozax 400, 2000 i 4000 oguaMIs Ha
JeHb Bif 12—16 TwoKHS BariTHOCTI i O TOJIOTIB, TIPH YOMY
MIEPBHHHOIO METOK OYyJI0 JOCSATHEHHS ONTHMAJIBHOIO HOro
piBHS y KpoBi. JlocTaTHBOIO BBaXKAIM KOHIEHTPALIIO
25(0OH)D nonaz 32 ur/mi (80 HMOB/M), i Ti BUSABHITH:

y 52,3% »xiHOK, siki otpumyBaii 400 MO Bitaminy D Ha 100y;
y 79,5% xiHoK, siki orpumysamu 2000 MO Bitaminy D Ha 100y;
y 83,9% xiHoK, siki orpumyBai 4000 MO Bitaminy D Ha 100y.

B ananizi aHMX NHBOTO JOCIIDKCHHS BUSBIIIM, IO Yy
TPyIi BariTHUX JKIHOK, SIKI OTpMMyBaW BiTamiH D y mosi
4000 omuHMIb Ha OOy MOPIBHSAHO 3 TPYIOO JKIHOK, SIKi
orpumyBain 400 oquHMIB Ha 0Oy, 3HAYYIIE 3HIDKYBaBCS
PH3HK:

KkecapeBoro po3tuHy Ha 43% (p=0,046);

IHIMX YCKJIaJHEHb BariTHOCTI (GararoBojs, TrecTa-
wiiiHoro miabery, rimeprensii, npeeknammcii) Ha 30%
(p=0,03).

©|N. A. Gaistruk, L. G. Dubas, S. V. Topolnitska 2017

www.seanewdim.com


holis.diana@gmail.com
Typewritten text
N. A. Gaistruk, L. G. Dubas, S. V. Topolnitska 2017


BucHOBOK aBTOpIB mossirae y Tomy, 1o 103a Bitaminy D
4000 on/mody wimkoMm Oe3redHa Ta 3a0e3Medye JTOCTATHIN
piBenb 25(0OH)D mpaxtiuHO y Beix BariTHuX. Kpim Toro,
Taka J03a 3Hadylle 3HWKYE PH3UK HEOE3NEYHUX YCKIJ-
HCHB BariTHOCTI Ta HEOOXiHOCTI KECAPEBOTO PO3THHY.

Dawodu et al. (2013) migreepawmu, mo Bitamid D y mo-
3ax 2000 i 4000 MO/menp 3abe3neyyBaB BHIIHI BiICOTOK
mamierTiB 3 piBEsMu 25(OH)D momaxm 32 Hr/mn i Oys
HACTLIBKM K Oe3rednnii, K i mo 400 MO/nens[6].

Tako MmpOBOIATECS POOOTH 3 BUBYECHHS BIUIMBY BiTaMiHy
D ma pesymsraT 3aIDTAHCHHS TIPU 3aCTOCYBaHHI JO-
TIOMDKHUX PETPONYKTUBHUX TEXHOJIOTIH, SKi JOCHTH MIAPO-
KO 3aCTOCOBYIOTh B YMOBAaX ChOTOJICHHS. JKiHKHM 3 BUCOKUM
BuxiguuM piBaeM 25(OH)D maroth y 4 pasu BHIli IIAHCH
YCIIIITHOTO €KCTPaKOPIOPaTILHOTO 3aILTiTHEHHS TOPIBHIHO 3
TPYIIOK0 3 HU3BKUM PIBHEM 3a3Ha4YeHOro merabomity. Jleski
aBTOPH TIPOIIOHYIOTH BUKOPHCTOBYBaTH piBeHb 25(OH)D y
(bONIKyIApHIA PiIAMHI K HE3AIEKHHUH Npe-TUKTOP YCIIXY
TIAKITY €KCTPAKOPIIOPaTIBLHOTO 3arutiaHeH st [9] .

Mera. JlocniauTH MAaTOTEHETHYHY POJb AediluTy BiTa-
MiHy D y po3BUTKY MOpYIIEHb CTaHy IUIOAA MPH MATOJOTi
BariTHOCTI.

Marepunaibl 1 MeToAbl. [l BUpIICHHS ITOCTAaBICHHUX
3aBJaHb HamH TpoBeneHo aHaiiz 30 icTopii MoNoriB mpax-
TUYHO 3710pOBUX BariTHUX Ta 80 »iHOK 3 6araToBOISIM, 110
MOCTYNWIIM B TOJNOroBHil OynuHok mnpotsrom 2014-2016
pokiB y TepMiHi rectanii Bin 30 g0 40 THXKHIB BiAIOBITHO
iCTOpIif PO3BUTKY HOBOHAPO/IKEHHX.

JIJ1s1 OIiHKK BHYTPIIILOYTPOOHOTO CTaHy IUIOZA 3aCTOCO-
BYBAJIM METOJH YJIBTPa3BYKOBOTO CKaHyBaHHs, KapIiOTOKO-
rpadii, a TakoX NPOBOIWIA BHU3HAYCHHSA Oi0(i3HIHOTO
npoimo Toaa. YIbTpa3BYKOBE JOCTIIKCHHS BUKOHYBAIIN
3a jonomororo anapary "Siemens” (Himeuuunna). Kapaioto-
KorpadidHy OLIHKY CTaHy IUIO[a BUKOHYBAJH Y BCIX XKIHOK,
nounHarouy 3 30 THOKHS BariTHOCTI, 33 I0TIOMOTO0 IPHIALY
«Sonicaid» 3 KOMIT'TOTEpHOIO 0OPOOKOI0 OTPUMAHUX JAHUX
(inTepmpeTariifo mapamMeTpiB MPOBOIMIN 3a MIKaIow Fisher
W.M. et al). Jlyist GisibIir TOBHOTO BH3HAYEHHSI BHYTPIlIBOYT-
POOHOTO CTaHy IUIOA HAMH MPOBOJIMIOCH BU3HAUCHHS (e-
TaJbHOTO 0i0(iI3NYHOrO MPOGII0 32 KOMILIEKCHOK METO-
JIMKOI0, 3amporoHoBanoro A.Vintzileos i cmiBaBTOpamu
(1983) B Mmomudikarii JL.I'. Cuuunasu i O.1. Hpaep (1992).
MOHITOPHHI OCHOBHMX MOKAa3HHKIB MAaTKOBO-ILIOIOBO-
IUTALICHTAPHOTO KPOBOOOIrY 3IiHCHIOBATM 32 JONOMOTOH
yABTPa3BykoBoi cucteMu «Pagmupy. [Ipyu oMy POBOIH-
JIM JOMIUICPIBCbKE KapTyBaHHS Ta iMITyJIbCHY JOIILIEpOME-
Tpir0 MaTKOBHX apTepii Ha OOl IDTalleHTAaIllii, a TAKOXK apTe-
pii mymoBuHM.

CratucTHYHy OOpOOKY OTpUMaHHX pe3yJbTaTiB MPOBO-
JUAJIM 32 JIOTIOMOT'O0 CTAHJAPTHUX METOJIIB i3 3aCTOCyBaH-
HSM TAKeTy mnpukiagaux mporpam «MS Excel XP» Ta
«Statistica SPSS 10.0 for Windows» (minemsiiiamii Ne
305147890).

PesysibTaTn Ta ix o6roBopeHHsi. J[oCHiKEHHS BKa3y-
I0Th Ha 3B’s30K MK Jedinurom BitamiHy D y marepi Ta
YCKIJIaIHEHHSIMH BariTHOCTI:

1.) Mpeexnammciero. 3umwkenHs pieHst 25(OH)D;3 Hinkue
50 HMoJ16/11 (20 HI/MIT) acOLiFOBAJIOCH i3 3POCTAHHSM IIAHCIB
TSDKKOT NpeeksiaMIicii y 4 pasu, a mpu Horo 3HWKEHHI HIDKUE
37,5 HMONB/N, TsHKKA TPEeKIaMIICis Tparsuiacs y 5 pasis
YacTiIre.

2.) lecramiitanm miaberom. Y xkiHok i3 piBaem 25(OH)D;
y 16 TikHIB BariTHOCTI Hik4ye 50 HMOJIB/JT PU3UK TecTalliii-
HOro niabeTy OyB y 2,7 pa3a BUIIMiT TIOPIBHSHO 3 )KIHKaMH i3
BUIIMM Ha3BaHWM IOKa3HMKOM. Baptuii yBarm Toil ¢axr,
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0 TiCis JOJATKOBOTO MpPUIMAHHS BariTHUMHU IKiHKAMHU
BiTamiHy D crocrepiranu 3HWKEHHS DIBHIB TJIIOKO3H Ta
IHCYJIiHY, KU 3aJIeKHUTh, 30KPEMa, BiJl JO3U I[OTO BiTaMi-
Hy. [lani niteparypu cBimuarh, mo nedinut Bitaminy D y
LIypiB y IMyOepTaTHHH TIepio]l MOXKE MOPYIIyBaTH TinoTana-
Mo-TinodizapHy peryJsiiro, a TAKOXK 0e3MocepesIHp0 OpaTh
y4JacTh y TIOpYIIeHHi (oiKymoreHe3y, popMyBaHHI HOIiKi-
CTO3HOTO MOP(OTHITYy S€EYHUKIB 1 PO3BHUTKY (POIKYISIPHIX
Kict[4].

3.) BararoBommsm. Jledimmr Bitaminy [l crpuste mopy-
IICHHIO OOMiHY piHHI, 0OMiHY PEUOBHH Ta EIECKTPOIIITHOTO
oOMiHy B opranismi. Takok Hecrada BitamiHy J[ Moxe
CIIPUSITH 3aXBOPIOBAHHAM CEpLi 1 CyIUH, SIKI MOXYTh BH-
KJIMKaTH TOPYIICHHS! JIsTBHOCTI KPOBOHOCHOT CHCTEMH, 11O
B CBOIO YEpry MOXKYTh IPU3BECTHU JI0 PO3BUTKY 0AaraToBOIs
Ta HETaTWUBHO MISITH HA IUIJI Ta COPUYMHUTH JUCTPEC IUIO-
na.Cepen yckimanHeHp y mwiofa vacto (mo 42%) 3yctpiva-
IOTBCSI XPOHIYHA TIiMOKCIsl Ta CHHIPOM 3aTPUMKH BHYTPIII-
HBOYTPOOHOTO PO3BHUTKY. baratoBois SIBIAETHCS OTHUM i3
MapKepiB BaJ pO3BHUTKY IUIona . HaifuacTime BHABIAIOTHCS
BaJM PO3BHUTKY LICHTPAJIEHOI HEPBOBOI CUCTEMHU: aHeHIIeda-
st (21%), ciuHO-MO3KOBa TpuKa, rigpouedanis [7] .

4.) lepemuacanmu nonoramu. Bitamin D, sikuii Mae imy-
HOMO/ICJTIOIOUHH Ta MPOTH3ANAIBHIN e()eKTH, Bilirpae BaK-
JIMBY poJib y 3anoOiraHHi MIiKpoOHiil iHBa3il, a OTXKe CTBO-
PIOE TIPOTEKTOPHUH e(eKT IOAO IMepeayacHUX IOJIOTIB,
NoB’s13aHUM 3 iH(eKuiiiHUM MexaHi3MoM. 3 IHIIOrO OOKY,
TaKWi MPOTEKTOPHUI eeKT Moxe 3AifiCHIoBaTHCS 1 uepe3
MEXaHI3M MIATPUMKHA MIOMETPI0 y PO3CIabIeHOMY CTaHi.
KoiHiuHI [aHi 3aCBiqUyIOTh, IO YacTOTA MEPEeAYacCHHUX II0-
JIOTiB HAMHWKYA y JKIHOK, y SIKHX 324aTTs MPHIAJAe Ha JITO
a00 ocCiHb, 1 HAWBHIIIA TIPH 3a9aTTi B3UMKY Ta HaBecHi. Tpeba
3ayBaKUTH, IO e(ekT Bitaminy D y miif curyarii mo3o3a-
JIEKHUM.

5.) HeoOXiHICTIO KecapeBOro PO3THHY;

6.) BakTepianbHIM BariHo3oM;

7.) Maoro st TeCTaIiiHOTO BiKY Barow JUTHHH;

8.) Hu3bKko0 Baroro JMTHHE MPH HAPOKEHH.

IpoBeneni mocmimkeHHs BcTaHoBWIH, 1m0 Jiwiie 4,6 %
o0CTe)XeHUX BariTHUX MawoTh piBeHbp 25(OH)D y mexax
Hopmu, y 13,6 % Bij3HaueHO HeJoCTaTHICTD, a B 81,8 % —
nedimut BiTamiHy D, mo BiIImoBinaroTh cepeTHhOCTATUCTH-
4yHUM 110 YKpaiHi [1,2].

BcraHoBiIeHO HETaTHBHU BipOTiTHHI 3B’S30K MK PiB-
nem 25(OH)D Ta maparropmony (r = -0,16; p < 0,00001),
TOOTO 3i 3pocTaHHsAM Aedinuty BiTamiHy D 3pocrtae piBeHB
[IapaTropMOHy.

B 11,9 % obcTexeHux piBeHb apaTropMOHy OyB BHILHIA
3a HOpMY, npudomy B 92,5 % BuUMaaKiB AIarHOCTOBAHO BTO-
PHMHHUIA rineprnapaTupeos.

Biporigso Bumi nokasuuku 25(0OH)D peectpysasicst B
BariTHUX BikoM 20-29 poKiB NMOpIBHSHO 3 OOCTEKEHHMH
iHmux Bikoux rpym (p < 0,01-0,001). Pisenp maparropmo-
Hy 3poctaB i3 Bikom (I = 0,17; p < 0,0001) Ta BiporiaHo
Binpi3HsiBes y nroaeit crapiux 3a 60 pokis (p < 0,05).

[poBeneHi AOCTIPKSHHST BUSBIIIM, IO BIipOTLMHO BHIII
nokazHukn 25(OH)D y BariTHuX, SIKi BIITKY MiJJIaBajnch
COHSIYHOMY OIPOMIHEHHIO Ta HE 3aCTOCOBYBAIM KPEMIB 3
ynerpadioneropumu ¢inerpamu (p < 0,0001). BixzHaueHo,
o0 BIITKYy, OCOONMBO B CEpNHI, CEpeHi IOKA3HUKU
25(OH)D € naiisummu (p < 0,00001).

BpaxoBytoun yuacte rinoBitaminosy D y dopmysaHHI
TIATOJIOTIi BATiTHOCTI Ta BaXKKi HACIIIKK Ui MalOyTHHOTO
TIOKOJIIHHSI, OCOOJNMBOI yBAaru ILOJO BYACHOIO BUSIBJICHHS
HezocTaTHoCTI BitaMiHy D motpeOyroth BaritHi. Buxomsun
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31 CTPYKTYpH HaTOJIOTTYHHUX CTaHIB, IO CIPUYHMHSIOTH MaTe-
PHMHCBKY Ta MAJIFOKOBY CMEPTHICTb, BXKJIMIBUM € CBO€YAaCHE
BUSIBJICHHS T YCYHEHHS! IPUYHH, 1110 MOXYTb PU3BECTH JIO
po3ButKy npeeknamicii, I'/l, nepeayacHuX 1oJoriB, BUHHK-
HEHHS SKUX MO)Ke OYTH CIpUYMHEHE 30KpeMa Je(iluToM
BiTaminy D. 3a3Haummo, 110 B Hepioj] BariTHOCTI Ta TOMAY-
BaHHS TPYABMH, HABITh HA T NPUHOMY MYJIBTHBITAMIHHIX
KOMIUIEKCIB 13 BMicToM Bitaminy D (mo 400 MO/mo6y), 36e-
piraeTecsa BHCOKa YacToTa TimoBitaminosy D. 3a manmmu, y
3a3Ha4eHoi Kareropii )kiHOK y 73% BHWIIaJIKiB PiBEHB BiTaMi-
Hy D cranoButs <20 HI/MII, a2 Yy HOBOHAPOPKCHHX Bif IIHX
xiHOK ne¢inut Bitaminy D Bimsnaugatots y 83% Bumazkis.
Po3yminHS 1i€l mpobaeMu 3yMOBITIOE HEOOXIHICTh BYKHBaH-
HI JTIKYBaJIbHO-TIPO(QIIAKTUYHMX 3aXOIB 3 METOIO YCYHEHHS
nedinuty Bitaminy D sik Ha eramni nperpasigapHoi ITiroTos-
KM, TaK 1 B IIepio]] BariTHOCTI Ta TOAyBaHHS IPYbMH.
BucHoBku. [ledinur Bitaminy D nyxe posnoBcromke-
HHH, TOMY HEMHHYY€E TPAIUIIETHCS Y BariTHUX JKIHOK.
Hanmxomxenns Bitaminy D y opranisM moawHH 3 TIpH-
pOmHUX IpKepen (COHSYHE OMPOMIHCHHS, XapdyBaHHS) €

HEJIOCTAaTHIM, TOMY JUISl IIATPUMKH HOro Oa)kaHOi KOHLICH-
tpauii (20-50 Hr/mi) moTpibHE TOKATKOBE MPHIIMAHHS L€
PEYOBHHMU.

JlokasoBi naHi OOIPYHTOBYIOTH JOLLIBHICTH CYyIUIEMEH-
Tauii Bitaminy D y BariTHuX iHOK y no3ax 1o 4000 MO Ha
700y, 1110 CYTTEBO 3HWKYE PH3UK YCKJIAIHEHb (TeCTallifHOro
niabery, TimepTeHsii, mpeekamicii) Ta HEOOXiTHOCTI po-
3pOKEHHS IUIIXOM KECapeBOT0 PO3THHY.

JocmipkeHHs, [Ki 3acBiOUyIOTh TakW{ TO3UTHBHUI
edekr BiTaminy D s mepebiry BariTHOCTI, 6a3yroThCsS Ha
JIOIATKOBOMY TpH3HAuUeHHS BiTamiHy D BariTHHM KiHKaM,
TIOYMHAIOYH 3 APYTOTO TPUMECTPY BaTiTHOCTI i IO TIOJIOTIB.

J1s nonaTkoBOro nmpuiiMaHHS PEKOMEHIYIOTh 3aCTOCO-
ByBaTH mpenaparu BitamiHy Ds; (Xonexamsnmdepory) i3
BiJIOMHM HOr0 BMICTOM (TaOJeTKH, Kparul), HaTOMICTb 3a-
CTOCYBaHH 3 LIIEI0 METOI0 PUO’SIOT0 JKUPY TOLIO HE PEKO-
MEHJIyETbCSl 4Yepe3  BIICYTHICTb  CTaOUIBHOTO — BMICTY
BiTaMiHy D y Takux npomykrax.
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Impact of vitamin D deficiency on development of fetal abnormalities in pregnant women diagnosed with polyhydramnios

N. A. Gaistruk, L. G. Dubas, S. V. Topolnitska
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Abstract. Given the impact of hypovitaminosis D on the development of complications of pregnancy that cause maternal and infant mortality,
this study is an actual problem of modern obstetrics. Note that during pregnancy and lactation, even when taking multivitamin complexes with a
vitamin D content (up to 400 1U / day), a high frequency of hypovitaminosis D remains. According to the data, in this category of women in 73%
of cases the level of vitamin D is < 20 ng / ml, and in newborns, vitamin D deficiency is noted in 83% of cases. The results of the study showed
that only 4.6% of pregnant women had 25 (OH) D in blood serum within the normal range, insufficiency was noted in 13.6%, and vitamin D
deficiency in 81.8%, which corresponds to the average value for Ukraine . Understanding of this problem calls for the use of therapeutic and
prophylactic measures to eliminate the vitamin D deficiency both at the stage of pregravid preparation, and during pregnancy and lactation.
Keywords: vitamin D, pregnancy, polyhydramnios, complications of pregnancy, vitamin D deficiency.

Binsinne nedunmra Butamuaa D Ha pazBuTHE HapyIIeHHIT COCTOSIHUSA TU10/1a Y 6epeMeHHbBIX ¢ MHOTOBOIHEM
H. A. T'aiictpyk, JI. I'.Jly6ac, C. B. TonojsHuKas
AHHOTaIMsA. YUHUTBIBas BIMSHIE THIIOBUTaMIHO3a D Ha pa3BUTHE OCIOKHEHHI OEpPEMEHHOCTH, KOTOPHIC BBI3HIBAIOT MATEPUHCKYIO U Milajie-
HYECKYI0 CMEPTHOCTB, JAHHOE MCCIICI0OBAHHE SBIIIETCS aKTyabHOM Mpo0JeMOil COBpEMEHHOTO akymiepetBa. OTMETHM, YTO B TIepHOA Oepe-
MEHHOCTH U KOPMJICHISI TPY/IBIO, Jiake Ha (DOHE MpremMa MyJIETHBUTAMUHHBIX KOMILIEKCOB ¢ cozepxanreM Butamuna D (mo 400 ME / cyr),
COXpaHsIeTCs BBICOKAsI yacToTa runosutamMuHo3a D. [To naHHBIM, B yKa3aHHON KaTeropyu >keHIuH B 73% ciydaeB ypoBeHb BuTamuHa D coc-
Tapisier < 20 Hr / MJI, @ Y HOBOPOK/IGHHBIX OT 3THX KeHIIMH neduimt BuramuHa D orMeuaror B 83% cityyaes. Pe3ynbrarsl IPOBEICHHOTO
WCCIICIOBAHMSI TIOKA3aITH, 4TO TOJbKO 4,6% Gepemennbix umeru 25 (OH) D B cbIBOpOTKH KpOBH B Tpeiesiax HOpMbI, B 13,6% oTMeueHo Heno-
CTaTO4HOCTh, a B 81,8% - nedunmra ButamuHa D, uto cooTBeTCTBYET CpenHuM 3HaueHHeM 1o Ykpaute . [loHnmaHue 310 IpoOieMbl BbI3bI-
BaeT HEOOXOIUMOCTh NPUMEHEHHS JIeYeOHO-TIPODIITAKTHYECKUX MEPONPHSTUN ¢ HENbl0 ycTpaHeHus nedumpra ButaMuHa D kak Ha srare
HperpaBHIapHON TIOITOTOBKH, TaK U B IIEPHO OEPEMEHHOCTH U KOPMIICHHS TPY/IBIO.

Knrouesvie cnosa: eumamun D, bepemenrocmu, MHO20800ue, 0c0dCHeHUs DepemerHocmu, Oedhuyum eumamuna D.
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Functional disturbances of immune response in different periods
of experimental pneumonia development
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Abstract. One of the main mechanisms of protecting immune system against pathogens is functioning of different parts of the im-
mune system of respiratory mucosa. At the same time, there was activation of humoral immunity, manifested by increase in B-
lymphocyte level and circulating immune complexes in the blood both in early and late periods of experimental pneumonia. This
condition may be caused by the nature of the agent. Since experimental pneumonia in guinea pigs was provoked by Staphylococcus
aureus, which is a gram-positive bacterium, humoral immunity plays a leading role in combating this infection.

Keywords: experimental pneumonia, T-lymphocytes, B-lymphocytes, circulating immune complexes.

Introduction. Despite considerable advances in combat-
ing diseases, pneumonia remains a significant medical
and social problem in most countries of the world in the
21% century. According to WHO definition, pneumonia is
an acute, as a rule, infectious disease, predominantly of
the respiratory part of the lungs with the presence of exu-
date in the alveoli, which contains neutrophils and is
manifested by infiltrated darkening of the lungs on X-ray
[1].

A significant part of the surface of lung epithelium and
massive capillary network for gas exchange make the
lungs especially vulnerable to the environment. One of
the basic mechanisms of protection against pathogens is
immune system of the respiratory mucosa, and first of all,
its cell section. For this, there is the whole network of
specialized cells, which includes secretory Clara cells,
ciliated, goblet and submucous glandular cells. The basic
cells of myeloid origin in lung lumen are alveolar macro-
phages, which possess high phagocytic activity. Due to
these cells, low-virulence microorganisms are effectively
destroyed in the lungs and mechanisms of acquired im-
mune response become activated [2]. Antigen-specific
proliferation and differentiation of T- and B-lymphocytes
are referred to the mechanisms of specific response [3].

CD3 /4+ T-lymphocyte-helpers stimulate conversion
of B-lymphocytes in plasma cells, activate dendrite cells
and macrophages producing cytokines and co-stimulating
molecules, initiate proliferation of T-cytotoxic lympho-
cytes [4]. CD3/8+ T-cells produce a significant amount of
pro-inflammatory cytokines and directly destroy body’s
own cells, which are infected with viruses or other patho-
genic intracellular microorganisms, as well as atypical
cells. The phenotype of T-cytotoxic lymphocytes — y- i 8-
T-cells (intraepithelial) and invariable natural Killer T-
cells (iNKT), similarly as innate lymphoid cells (ILCs)
play a significant role in early response to lung infection
[6].

B-lymphocytes provide humoral immune reaction pro-
ducing antibodies. Activation of mature B-cells occurs in
their contact with antigen epitopes, which are recognized
by surface receptors of immunoglobulins (1g). By means
of these receptors, B-lymphocytes may recognize not only
peptides, but also large molecules of proteins, nucleic
acids, carbohydrates, lipids, polysaccharide and soluble
lipoprotein antigens [5, 7].
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Humoral response to more complex antigens, including
proteins, depends on T-helpers. T-cell activation of B-
lymphocytes — is a complex system of interaction between
antigen-presenting cells, antigen, B- and T-lymphocytes.
As a result of a cascade of reactions involving co-
stimulating molecules and cytokines, B-lymphocytes are
activated, they proliferate and differentiate into plasma
cells, which produce specific antibodies.

One of the most important biological functions of im-
munoglobulins is their binding with an antigen and for-
mation of immune complex (IC). Formation of immune
complex is one of the components of physiological im-
mune response, which permanently occurs in the human
body, aimed at maintenance of internal homeostasis and is
the final stage of immune protection against foreign aller-
gens [11].

The aim of our investigation was to study peculiari-
ties of impairment of cell-mediated and humoral immune
responses under the conditions of experimental pneumo-
nia development (EP).

Materials and methods of investigation. Experi-
mental studies were performed on 32 guinea pigs (mam-
mals) weighing 180-220 g, divided into 4 groups, 8 ani-
mals in each of them:

e I group — intact guinea pigs (control);

e II group — guinea pigs with experimental pneumonia
on the 6" day;

o III group — guinea pigs with experimental pneumonia
on the 10" day;

e |V group — guinea pigs with experimental pneumo-
nia on the 20" day.

For rational interpretation of the obtained digital data,
two periods (early and late) of EP development were
differentiated. Early period involved group pf animals
with EP on the 6™ and 10" days of experiment, and late
period — on the 20" day.

All animals were kept in standard conditions of the vi-
varium of Danylo Halytsky Lviv national medical univer-
sity. Euthanasia was performed decapitating the animals,
according to European Convention for the Protection of
Vertebrate Animals, used for experimental and scientific
purposes (Strasbourg, 1985), Directive of European
Council 86/609/EEC (1986), Law of Ukraine Ne 3447-
IVIV “On protection of animals from cruel treatment”,
approved by First national congress of Ukraine on bioeth-
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ics (2001).

EP was imitated by intranasal introduction of Staphy-
lococcus aureus to animals by the method of V.N.
Shlyapnikov et.al. [12].

Then, the animals were decapitated on the 6", 10" and
20" day of EP development under ether anesthesia, and
blood samples were taken for immunological investiga-
tion. Amount of T- and B-lymphocytes (CD3 and CD19)
in the blood was measured by the method of E.F. Cher-
nushenko, L.S. Kohosov [13]. The level of circulating
immune complexes (CIC) in the blood was measured by
the method of V. Haskova, J. Kaslik [14].

The obtained results were statistically evaluated by
Student’s t-criterion. The data are presented as mean
value (M) based on the results of each investigation +
standard deviation (m). Reliable differences were at
p<0.05 (95.5%).

Results of investigation and their discussion. The re-
sults of immunological investigation showed that in early
period, which includes the 6" and the 10" days of EP
development, significant changes of certain indices of
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cell-mediated and humoral immunities occur.

In particular, it was detected that amount of T-
lymphocytes in the blood of guinea pigs decreased by
1.8% on the 6" day of EP, as compared with control.
Further, a reliable reduction of appropriate indices by
11.74% (p<0.05) was observed on the 10™ day of the
experiment as compared with intact animals, which indi-
cated inhibition of cell-mediated immune response.

The condition of humoral immunity was evaluated by
detecting amount of B-lymphocytes and CIC. In early
period of EP, particularly on the 6" day, increase in B-
lymphocytes by 19.45% (p<0.05) was observed, as com-
pared with control. Further elevation of B-lymphocytes in
the blood by 25% (p<0.05) was seen on the 10" day of the
experiment, as compared with intact group. Elevation of
CIC level occurred on the 6" day by 13.68% (p<0.05) in
relation to control. However, on the 10" day of experi-
ment we did not notice further increase in CIC amount.
Their level remained the same as on the 6" day, thus, it
was reliably by 13.5% (p<0.05) higher only in relation to
control group (Fig. 1).

150%
100%
50%
0%

Intact
6th day

Fig.1. Amount of T- and B-lymphocytes and CIC in guinea pigs'
blood in dynamics of EP formation (% in relation to control)

ECD3 mCD19 mCIC

10th day

20th day

Thus, the conducted analysis of investigation of certain
indices of immune system on the 6™ and 10" days of
experiment showed elevation of B-lymphocytes and CIC
and reduction of T-lymphocytes in guinea pigs’ blood,
which indicates impairment of immune response in early
period of EP formation.

In late period of EP development, particularly on the
20" day, further reduction of T-lymphocytes by 19.6%
(p<0.05) in relation to control group and by 7.9%
(p<0.05), as compared with the 10" day, was recorded. At
the same time, indices of humoral immunity continued to
increase. In particular, the levels of B-lymphocytes and
CIC increased by 43.65% and 29.8% (p<0.05), respec-
tively, in relation to control group and reliably (p<0.05)
increased in comparison with early period of EP (Fig. 1).

Thus, late period of EP was characterized by further
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impairment of functional activity of cell-mediated and
humoral immune responses.

Conclusion. Both early and late periods of EP are
characterized by impairment of immune response to in-
vaded pathogen. Experimental pneumonia in guinea pigs
was accompanied by inhibition of cell-mediated immuni-
ty, which was manifested by reduction of T-lymphocytes
in the blood. At the same time, it was accompanied by
activation of humoral immunity, which was manifested by
an increase in the level of B-lymphocytes and CIC in the
blood both in the early and late periods of EP. This condi-
tion can be provoked by the nature of the agent. Since EP
in guinea pigs was caused by Staphylococcus aureus,
which is a gram-positive bacterium, humoral immunity
plays the main role in combating this infection.
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(I)yHKIII/IOHaJlebIe HapymIeHUsI UMMYHHOI'O OTBE€TA B Pa3HbI€ NNEPUOALI PA3BUTHUS eKCl’[epl/lMeHTaJIbHOﬁ NMHEBMOHHUHUH

0. A. Yyraii

AHHoTanus. OIHUM U3 OCHOBHBIX MEXAaHH3MOB 3aIIUTHI ABIXaTEIbHON CHCTEMBI OT MATOTCHOB SBISIETCSA (PYHKIIMOHUPOBAHUE Pas3-
JIMYHBIX 3BEHBEB HMMYHHOI CHCTEMBI CIM3UCTBIX PECIIMPATOPHOTO KaHala. B paboTe BHIABIEHO, YTO B YCIOBHUSIX 3KCIEPUMEHTANb-
HOM ITHEBMOHHH y MOPCKHX CBHHOK IPOHCXOAMIIO MOJAABICHHE KJIETOYHOTO 3BeHa MMMYHHUTETa, KOTOPOE BBIPAXKAIOCH CHIKEHHEM
ypoBHsI T-muM(pOIUTOB B KpOBH. B TO ’ke Bpems BBIABIEHA aKTHBAIHMS I'YMOPAIbHOTO 3B€Ha HMMYHHUTETA, YTO NPOSIBISUIOCH TOBHI-
LIEHHEM YPOBHS B-JIIMM(pOIMTOB ¥ IUPKYINPYIOMNX KIMMYHHBIX KOMIUICKCOB B KPOBH KaK B paHHHH, TaK M MO3IHUH IEpPHO]] dKCIIe-

pHMeHTaHBHOﬁ ITHCBMOHHUMU.

Knrouesvie cnosa. Dxcnepumenmanvhas nneemonusi, T-numgpoyumot, B-numpoyumol, yupryrupyrowue uMmyHHble KOMNIEKCYL.
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Abstract: intelligent service control efficiency appraisal criterion is proposed. By building of the criterion into consideration are taken,
besides technical and economical characteristics, also the character of the incoming flow and the degree of the user satisfaction of the service
quality. There is presented an example of the proposed criterion calculation for the centralized and decentralized principle of intelligent

service control in the next generation networks.
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Actuality. For the first time the notion of the “intelligent
service” and the “intelligent superstructure” was introduced
in 1990 in the intelligent networks. The intelligent networks
conception wasn’t able to guarantee the necessary diversity
of services and it hasn’t gained the development which was
predicted to it [2], but it laid the basis for the intelligent ser-
vices support which services afterwards were used at the
next stage of telecommunication network development — the
next generation networks (NGN — Next Generation Net-
works).

Intelligent services (IS) are called services which are ren-
dered to the customer by the help of the special devices —an
intelligent superstructure. The first such service of this kind
in the 70’s in the USA has become the service Freephone or
service “800” as it was also called.

At the present moment the 1S-list has grown considerably,
there have appeared such services as: Premium Rate Service
(the calls with adding of an additional payment, for example,

for an access to the informational resources or for taking part
at the telephone lotteries, voting and suchlike), Prepaid Call-
ing (prepaid calls with an access of the customers according
to the passwords), Least Cost Routing (the forwarding by the
most profitable route), VAS (Value Added Services) and a
variety of other services.

Outgoing of the report delivered by the National commis-
sion which performs state regulation in the sphere of com-
munication and informational support of Ukraine, during 9
months of 2016 (table 1) [7], one can observe the immense
tempo of the income increasing from IS-rendering. The
incomes from rendering of the “Other services” in which the
IS-incomes are included have increased 657,9 million UAH
in comparison with the same period of the last year, and their
relative share has increased 2,7% (Fig.1). The demand for IS
is increasing drastically, and it signifies that the questions of
the 1S-control efficiency are becoming more and more actu-
al.

Table 1. Rendering communication services incomes for 9 months of 2015-2016 years.

www.seanewdim.com

Communication services Tempos of |  The incomes relative share in the general
rendering incomes increasing income value of communication, %
9 months of | 9 months of (decreas- 9 months of 2015 9 months of 2016
2015 year 2016 year ing), % year year
Incomes — total, 413773 455684 1101 1000 1000
including:
Telecommunication 37052,4 302038 1058 89,6 86,1
services
Post communication 2867,4 35253 1229 6,9 77
services
Other services 14575 2839,3 194,8 35 6,2

Incomes structure of rendering communication services in
Ukraine for 9 month of 2015-2016 years, %

6,2

B Telecommunication

7,7 ‘
services

B Other services

Post communication
services

Fig. 1. Incomes of communication services rendering (millions of UAH)
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Publications analysis. The questions connected with IS-
control efficiency valuation methods research are discussed
in publications of V.Steklov, L.Berkman [9], N.Kniaseva [5,
6], S.Shestopalov [13]. In the publications [5, 13] the control
device is considered as mass service system — MSS (by
centralized control principle) or as mass service network
MSN (by decentralized or mixed control principles).The
arriving flows of orders for services are considered as expo-
nential ones. But in the result of using of exponential models
the received MSS (MSN) characteristics appear more opti-
mistic than characteristics of real networks because the flows
in the real networks possess properties of self-similarity.

The problem definition. Among the questions dedicated
to the transition to NGN on of the most important and actual
is the question of evaluation of efficient control of IS in
NGN. The IS-control efficiency evaluation is connected with
the network architecture analysis, with the control system
building principle and with the IS-control efficiency resulting
criterion development.

At the present stage of NGN conception development
there is used an intelligent superstructure with centralized
control principle (ISCCP). The network with such architec-

Science and Education a New Dimension. Natural and Technical Sciences, V(14), Issue: 132, 2017
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A solution of these problems may be the use of intelligent

superstructure with decentralized control principle (ISDCP).
The ISDCP network is presented in the Fig.3 [13].

In ISDCP are present several commutation services nodes

(the program commutator) and several rendering services
control nodes (servers). Two approaches to ISDCP function-
ing can be discussed [4]. In the first approach every server
contains servicing logic of all classes of services (universal
server). The second approach involves using of specialized
servers (a server contains the service logic only for some
definite service classes). There can be also provided the
possibility of delivering services of a certain class on several
servers for the case of breakdown of every server.

For the efficiency evaluation of the IS ISCCP and ISDCP

control a development of the control efficiency criterion is
necessary.

The proposed solution method. In the present work on

the basis of the conducted investigations [4, 5, 13] and ITU
[7] recommendations there were proposed the following
constituent parts (subcriterions) of the IS-control efficiency
criterion:

1. Technical subcriterions: the time of presence of the or-

ture is presented in Fig.2 [5]. der for the IS in the network — T, the order blocking probabil-
ity — P, the number of the orders which are waiting for ser-
vice — L.

2. Economical subcriterion — the general value of the con-
trol device (by the corresponding control principle) — C.

3. The subcriterion taking into account the character of the
incoming flow of orders for servicing — H.

4. The subcriterion which characterizes the degree of us-
er’s satisfaction of the service quality — /7.

1. Technical subcriterions

For the technical subcriterions calculation ISCCP is pre-
sented as one-channel mass servicing system (MSS), and
ISDCP — as mass servicing network (MSN). Let us consider
that the number of places in the server queue is not lim-
ited and the discipline FIFO (first came — first serviced) is
used. The control device is able to serve simultaneously only
one order. Servers have a constant time of servicing of the
order of the correspondent class. The MSS (ISCCP) charac-
teristics are calculated in the following way [1, 13].

On the basis of the calculation of the stationary probabili-
ties of p, conditions of MSS we’ll get the way of technical
subcriterions calculating for MSS (ISCCP).

The average number of orders in the queue of Elsccp is
calculated as a sum of probabilities of p, conditions, by
which there is an order in the queue.

Liscep = Em,p,, (1)
z
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Fig. 2. NGN architecture with ISCCP
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In the general case ISCCP contains only one control cen-
ter (services server). On this server there are all necessary
data for performance of service of order on IS.

But in some cases the utilization of ISCCP leads to the
following:

1. There can appear a problem connected with the limited
pass-through capacity of the signalization network and with
the limited services control centers capacity.

2. There exist the kinds of services which according to
their properties are not intended for the centralized perfor-
mance. These are services in which a great pass-through
capacity of the signalization network is needed.

3. There exists a variety of services which demand an
immediate processing.

where z — is a counting number of the conditions by
which there is an order in the queue, m,— the number of
orders in the queue in condition z.

The average number of orders in the system M isccp is
calculated as a sum of probabilities of conditions by which a
server services an order and when there is an order in the
queue. If in a certain condition there are m orders in the
queue and there is an order for servicing in the server, then
the probability of these conditions must be multiplied by
m+1.

Misccp = X(mg+Dpg. ()
q
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where g — the counting number of the conditions by
which a server services this order and when there is an order
in the queue.

The probability of the loss of order B, is calculated as the

sum of the probabilities of the conditions by which the queue
is filled up:

The server of services

Opened API (Parlay, CAMEL)

MGCP, MEGACO, SIP

SSF \ S~

CCF

The server of services = Softswitch

%7 MGCP. MEGACO, SIP ~ —
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L

SIP/SIP-T, H.323

SSF
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Softswitch

SP - signaling point

SG — signaling gateway

MG — media-gateway

Softswitch — software switch

SSF — services commutation function
CCF — the call control function
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where v — is the counting number of conditions by which
the queue is filled up.
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Fig. 3. The NGN architecture with ISDCP

On the basis of the calculation of the stationary probabili-
ties of P, conditions of MSN we’ll get the way of calcula-

tion of the technical subcriterions for MSN (ISCCP).
The average number of orders in the queue the i-

server L; is calculated as the sum of the probabilities of the
conditions by which in the queue of the i-server an order is
present. When in the definite condition in the queue m orders
are present, then the probability of this condition must be
multiplied by m.

[i = 2mz pz ’ (4)
z

where z — is a counting number of the conditions by
which in the queue of the i-server an order is present.
Then the general length of the queue by ISCCP:
_ D_
Lisocp = XLi, ()
i=1
where D — is a number of servers.
The work load of servers is defined as a sum of probabili-
ties of the conditions by which the corresponding server is
busy with orders servicing:

pi:zpl’ ©)
i

where | - is a counting number of conditions at which i-
server is busy with servicing of the orders.

The productive capacities of the i-nodes (the serviced or-
ders intensity) are defined by formula:

A=pu. ()
The orders loss probability on the corresponding server is
calculated as follows:

®

where /- — is the sum of intensities of all flows of orders
which came to the i-server.
The orders loss probability in the control system:

)

D

Py,

3

=1-

i=1
D

Z/’Li

According to the formula introduced by Little [9] at any
character of the orders flow, by any servicing time distribu-
tion and by any servicing discipline the average time of the
presence of the order in the system (the queue) is equal to:

1
L (10)

where Ly, — is an average number of orders in the sys-
tem, A — the incoming orders flow intensity.

2. Economical subcriterion.

One of the subcriterions of the criterion of the control ef-
ficiency of IS both of ISCCP and of ISDCP in NGN is the
value of IS — C, to be more exact, the net present value C.
The C calculation formulas for ISCCP and ISDCP would be
identical in their general terms.

We’ll introduce the following symbols for the calculation:

P —the IS introduction incomes volume;

B,, —an investment capital;

B, —the recurrent expenses for IS;

T — the IS realization and exploitation period (the number
of years);

t —the counting number of every year;

Tsyst = syst»
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r — the annual reference rate.
C can be defined as a general difference between deduced
incomes and deduced expenses for IS after all years of reali-
zation and exploitation:
T (R -Byt~Ber)

C=
)t—l

(11)
t=1 (L+r

3. The subcriterion taking into account the character of the
orders flow coming to IS.

In the contemporary investigations [11, 12] is shown that
the network traffic possesses the pronounced properties of
self-similarity. Taking into account these properties allow
characterizing more exactly the behavior of the network
traffic than by using of exponential models. For this very
reason by the 1S-control efficiency evaluation a subcriterion
is introduced which takes into account the self-similarity
property of the orders flows coming for servicing.

The taking into consideration of the incoming flow char-
acter is realized on the basis of introducing of the Herst pa-
rameter H, 0 < H < 1, defined for the temporal series x(t;), ti—
the discrete moments of time, 1 <i <N. If H > 0.5, then the
investigated flow possesses a long-term memory and it is
self-similar [11, 12].

4. Subcriterion taking into account users’ opinion.

In publications concerning IS — control efficiency evalua-
tion [5, 13] are considered preferentially the technical char-
acteristics in correspondence with requirements to the net-
work quality indicators for services based on the IP [10].
However, outgoing of the up-to-date ITU-recommendations
[7], by evaluation of telecommunication service it is neces-
sary to take into account the degree of satisfaction of the
users of the service quality what can be realized, for instance,
by using of approaches presented in the work [4].

Consequently, the 1S-control efficiency criterion— Q is
presented in the vector form:

Q=(T,P,L,C,H1) (12

By comparing of the control devices efficiency with the
different principles of control on the basis of the vector crite-
rion in the form (12) it is necessary that all subcriterions of
the control device with a definite control principle should
correspond to analogic subcriterions of the control device
with the another control principle. However, it is not always
possible to compare the control devices with various control
principles with the help of the vector the elements of which
these subcriterions are. The most frequently at first the vector
criterion is formed and after that there is realized a transition
to the resulting scalar criterion (RSC) by 10 methods pre-
senting the possibility of quantitative evaluation of the IS-
control efficiency [9, 13].

For creation of RSC an additive utility function is used [6]:

S S
Ax)= ¥ 4, 4 =0, ¥ m=1, (13)
k=1 k=1

where Qy is the k-subcriterion value and it is usually pre-
sented in number of points in point system accepted; s —
weight coefficient defining the k-subcriterion signifi-
cance; S — the number of subcriterions.

For determination of the subcriterions weight coefficients
values there are usually used expert estimations on which
basis the priorities matrix [9] is formed. By creation of the
priorities matrix the Kendall’s concordation coefficient W,
which characterizes the concordation degree of experts by
assessment of marks, must satisfy the condition W, >0.7.
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The results obtained. The main point of the proposed 1S-
control efficiency evaluation method consists in the follow-
ing.

A certain counting number is assigned to every of sub-
criterions which number corresponds to their sequence. By
that the sequence of subcriterions is organized corresponding
to their weight coefficients which were obtained on the basis
of the experts’ assessments. The results of these assessments
are places into the priorities matrix in the form of table 2.

In every row of the priorities matrix there is indicated for
every k-subcriterion (k = 1, n, where k — is the number of
the given subcriterion, n — is the number of subcriterions), its
weight characteristics relative to other subcriterions. For
example, by expert comparison of the subcriterions T and P
was obtained that weight characteristics of the subcriterion T
are twice as much as such characteristics of the subcriterion
P; then in the string T and in the column P the index “2” is
logged, and in the string P and in the column T — the index
“1” is logged. Analogically the other priority matrix ele-
ments are logged. In the last column of the priority matrix 11
there is formed a sum of weight characteristics for every
subcriterion. The ratio of the indicated sums gives the possi-
bility to determine the weight coefficient y for every k-
subcriterion.

Let us consider an example of evaluations of these sub-
criterions by experts which subcriterions were brought to the
priorities matrix (Table 2):

Table 2. Priorities matrix
P L C H

Hk
27

14
17
10
5
5

T|o|r|o|+
=1

ol il Ll el e =1

Rl |lolk|o

[l Ll K=2 K428 hS K42

[l E=2 K20 K428 K20 K42

olrr|Inv|a|lo

Il 1

For determination of the weight coefficients miok we have a
system of equations:
W 27 pp, 14
up  14'p; 17
from which u; = 0,35, u, = 0,18, us= 0,22, 4= 0,13, us=
0,06 u g = 0,06
So for the example considered (table 2) the additive utility
function has appearance:
Q(X) = 0135Q1(X) + 0118Q2(X) + 0722Q3(X) + 0113Q4(X) +
0,06Qs(x) + 0,06Q¢()
For association of subcriterions which are disjoint to each
other it is necessary to bring them to the unique system of
assessment in the points. In the present case let us bring all
subcriterions to five points scale of assessment.
In the table 3 there is presented an example of conversion
into five points scale of the values for technical subcriterions.
So for bringing of the T — subcriterion value into 5-points
scale it is assumed: 0 < T < 200 corresponds to 512 points,
200 < T < 400 corresponds to 4 points and so on. By the
same principle a scale for other subcriterions is created.

In table 4 is presented a transition scale into 5 points scale
of the values of the other subcriterions — C, H and /7.

For the 1S-control efficiency evaluation which is realized
by ISCCP and ISDCP there was realized an imitational mod-
eling. This modeling was conducted in the system NS-2. The
modeled system consists of 100 subscribers generating or-
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ders for IS, every order being presented by the group of 3-8
packets and every of them has size of 100 bites. The maxi-
mal length of the queue for servicing — 2000 orders. This
modeling was conducted by the Herst index value H=0,9.
The general cost of the control device was assumed C=7000

conventional units [13]. In table 5 are presented the modeling
results by the various incoming flow intensity and the calcu-
lation of efficiency criterions of ISCCP function of utility

QX).

Table 3. Transition of the subcriterions values to 5 points scale

Assessment | T —time of presence of the order P — order blocking L — number of orders which
in points for IS in the network (ms) probability are waiting for service

5 0<T<200 0<P<0,02 0<L <1100

4 200 <T <400 0,02<P<0,03 1100 <L <1200

3 400 <T <600 0,03<P<0,04 1200 <L <1300

2 600 <T <800 0,05 <P <0,06 1300 <L <1400

1 800<T <1000 0,06 <P <0,07 1400 <L <1600

Table 4. Transition of subcriterions values into five points scale
Assessment | C—valueinconven- | P —character of incoming IT— quality category and user’s
in points tional units flow (Index of Herst) assessment
5 0<C<6000 0<H<0,2 The highest (excellent)
4 6000 < C <7000 02<H<04 High (good)
Average (acceptable: some part of
3 7000 <C <8000 04<H<06 users appreciates quality as unsatis-
factory)
2 8000 <C <9000 06<H<08 Low (bad: majority of users appre-
ciates quality as unsatisfactory)
1 9000 <C<10000 08<H<1 Unacceptable (not recommended)
Table 5. Calculations results for ISCCP
# (Mbite 1 - - P - - L - C H Vi Q
s/sec) ms points units points units points

10 461,316 3 0,005944 5 970 5 3 1 5 38
20 469,667 3 0,011505 5 1077 5 3 1 5 38
30 479,486 3 0,01246 5 1180 4 3 1 4 3,52
40 518,677 3 0,02 4 1250 3 3 1 4 3,12
50 597,841 3 0,029 4 1300 2 3 1 3 2,84
60 656,752 2 0,033 3 1367 2 3 1 3 2,31
70 728,196 2 0,037 3 1398 2 3 1 2 2,25
80 813,7236 1 0,045 2 1415 1 3 1 2 15
90 908,26 1 0,051 1 1435 1 3 1 1 1,26
100 993,256 1 0,06 1 1555 1 3 1 1 1,26

The ISDCP efficiency criterion calculation — the additive
utility function Q(x) — was conducted by the following initial
data: C=1000 conventional units, H=0,9. The calculations
results are brought into table 6.

Table 6. The calculations results for ISDCP

As it can be seen from the fig.4, by small values of the in-
coming intensity of the order 4, owing to the smaller cost of
equipment and owing to small loads, ISCCP is more effi-
cient. However by growing of 2 the advantage of ISCCP on
ISDCP becomes far less, and by /4 > 30 1/hour the efficiency
of using ISDCP is greater than of using ISCCP.

A T P L C H ) Q
10 3 5 5 1 1 5 3,54 4
20 3 5 5 1 1 5 3,54 Y
30 [ 3 [ 5 [ 5 [ 1 [ 1] 5 [35 3 A
40 3 5 4 1 1 4 3,26 3
50 | 3 | 4 | 4 | 1 | 1 | 4 |308 2.2 %
60 | 2 | 4 | 3 | 1 | 1 | 4 |25 Q ? \ —ISCCP
70 [ 2 4 3 1 1 3 [ 245 15 <
g0 | 2 2 3 1 1 2 | 2,03 1 ISDCP
90 2 2 3 1 1 2 2,03 0,5
100 2 2 3 1 1 2 2,03 0
_ ) 10 30 50 70 90
On the basis of the obtained results there were constructed
graphs of the dependence of the additive utility functions 4 (/hour)

values for ISCCP and ISDCP from the intensity of the in-
coming orders for IS — 4 (Fig.4)

www.seanewdim.com

Fig.4. The graph of dependence of additive utility function from the
intensity of incoming of orders for IS
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The 1S-control efficiency evaluation method presented in
the actual work gives the opportunity of defining which of
the control principles — ISCCP or ISDCP is more preferred
to use by construction of IS- control system.

Conclusion. There is proposed a criterion of definition of
the efficiency of the 1S-control devices with different control
principles. There is also given reasons for using of the fol-
lowing subcriterions of the proposed criterion:

e technical subcriterion;

e economical subcriterion;

e subcriterion taking into account the character of the in-
coming flow of orders for servicing;

e subcriterion characterizing the degree of satisfaction of
the service quality.

There is proposed a method of calculation of the criterion
of efficiency as an additive function of utility in which all the
components are presented in the unified system of assess-
ment of the points. Thee was conducted a calculation of
criterion of ISCCP and ISDCP efficiency which calculation
has shown the possibility of using of the proposed method
for a definition of the sphere of preferred using of ISDCP
and ISCCP in the conditions of the growing of the intensity
of incoming traffic.
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Mertoa onenkH 3GPeKTUBHOCTH YIPABJIEHUS] MHTEJLIEKTY AJIbHbIM CePBUCOM

B. JI. IlycroBoii
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AnHoTtanus. [Ipennoxen kpuTepuii OLeHKH 3(PPEKTUBHOCTU YIPABICHUS HHTEIUICKTYaIbHBIM CepBUCOM. [Ipn IOCTpOCHHN KpUTEpHs BO
BHUMAaHHE B3SITHI, IOMAMO TEXHUYECKAX U SKOHOMHYECKHX XapaKTEPHUCTHK, TAKKE XapaKTep MOCTYMAIONIEro MOTOKA M CTETeHb YAOBIIe-
TBOPEHHOCTH TI0JIb30BaTeNell kKauecTBOM cepBHca. [IpecTaBieH mpuMep pacdeTa NMPeaIoXKEHHOTO KPUTEPHsT Il LEHTPAIN30BaHHOTO U
JICTIEHTPATIN30BaHHOTO TIPHHIIUIIA YIIPABICHHS MHTEIUIEKTYaIbHBIM CEPBHCOM B CETAX CIECIYIOIIETO ITOKONCHHSI.

Knrouegvie cnosa: unmenniekmyansiulil cepguc; cemu ciedyioweco NOKONeHUs, KpUmeputl Kauecmea, Kaiecmso cepeuca, 0eyeHmpanu-
308AHHbIIL NPUHYUN, YEHMPATUZOBAHHIT NPUHYUN.
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AHoTanist. Y poOOTi po3IIiaeThesl B3aEMO3B 30K MK KPOBOOOIrOM HIDKHIX KIHIIBOK 1 (i3udHOIO mpanesnatHicTio. OTpuMaHi JaHi
BKa3YIOTh Ha MPSAMY 3aJIEKHICTh MK PIBHEM 3arajibHOI (pi3MYHOI Hpare3aTHOCT], KPOBOOOIrOM HIKHIX KiHLIIBOK Ta IHTEHCHBHICTIO 3MiHU

KPOBOTOKY IIKIpX Ha ()OHI (Di3MIHIX HABAHTAKCHb.

Knrouoei cnosa: ¢hisuune nasanmasicenHs, WKIpHUL KPOBOMIK, 3a2anbHa (i3utHa npaye30amHicma.

Beryn. CructeMHnMIT KpOBOOOIT € iHTETPYBAIBHOIO JTAHKOIO B
po6oTi pi3HKX (i310JIOTIYHIX CUCTEM OPTaHi3MYy; 3 BUCOKOIO
YyTIUBICTIO TOKA3ye SIK ITOTOYHI 3MIHM B OpraHi3Mi, Tak i
MOXUTMBI (DyHKIIOHaNBHI 3pYIIEHHS 1 MaTOJIOTIYHI CTaHW,
SIKi MOKYTh BHHHKHYTH B TIpoIeci ®utTemisuibHocTi [1]. e
CTOCYETBCS 1 TIEpUEPHIHOTO KPOBOOOITY, OCOOJIUBO B THX
obnacTsx, sKi Oe3Mmocepe/IHhO 3B’sI3aHi 3 3a0e3IMCUCHHAM
(i3IIHOT Mpare3qaTHOCTI, 30KpeMa, M’ 30B0i TisUTHHOCTI.

Jobpe BioMo, 10 ONTUMAITBHICTD MOKA3HHUKIB KPOBOO-
0iry B HIDKHIX KIHITIBKaX BH3HA4Ya€ i MOXIIMBOCTI M’SI3iB
1poro periony [2,3]. Takosk, BpaxOBYIOUH iCTOTHHII BHECOK
TEPMOPETYILALIi B piBeHb (i3MYHOI MPane3IaTHOCTI, BEIH-
KU 1HTepeC TPEeICTABIAIOTh (DYHKIIOHABHI MOITHBOCTI
KpPOBOTOKY WIKIipH, sKWii Oe3nocepenHbo Oepe ydacTb B
peryJLii TemrnepaTypH opraHi3My sIK B CIOKO1, Tax i, 0co0-
THBO, TipH (Hi3HMYHUX HABAHTAXKEHHsX [4-6].

OuiHka 3MiH (h)YHKIIOHAJIBHOTO CTaHy CEPLEBO-CYANHHOT
CHCTEMH € aKTyaJbHOI, 30KpeMa, KPOBOTOKY IIKIpH Ta
HIDKHIX KiHIIBOK. BpaxoBylouM Ba)KIMBICTH TEILIOPETryIisi-
LIHOT CKJIaZoBOI B JIOZACH, SKi 3aiiMArOTHCS CIIOPTUBHOIO
ISUBHICTIO, Hamu OyJio TPOBENCHO JOCHIKCHHS JUIS
3’SICYyBaHHS B3a€MO3B 13Ky PETYJILIT apTepialbHOrO KPOBO-
TOKY HIDKHIX KiHI[IBOK, KPOBOTOKY MIKIpH Ta 3arajbHol
¢izranoi npanesaaraocTi (3DIT).

Merta nanoi poOOTH — BUBYCHHS AWHAMIKH 3MIiH KPOBO-
TOKY LIKIPY Ta HWKHIX KiHIIBOK Ha (hOHI JJ030BaHOTO (i3u-
YHOTO HAaBaHTAXXEHHS B 3aJIEKHOCTI Bif piBHs (izuyHOi
Tpare3aaTHOCTI.

Marepiaau Ta Meromn. J[OCTi/UKEHHS TIPOBOAMIUCS Ha
BIJIHOCHO 3JIOpOBHX JOAsX (45 dvonoBikiB) y Bimi 18-23
pokiB. KpoBOTIK TOMUIKM BH3HAa4aBCs METOAOM TETpArios-
pHoi peoBazorpadii. PeectpyBanoch 1mynbpcoBe KpOBOHAIOB-
HeHHst romitku (AKT), sike BifmoBinano aMmmuity i audepe-
HIIaJIGHOT PeorpaMu Ta XBHJIMHHE KPOBOHAIIOBHEHHS TOMi-
nkd (XOKr) B MOJTOYKEHHI JIe)Kaud JI0 Ta MICHs JI030BaHOTO
BEJIOCPTOMETPHYHOIO HABAHTaXKEHHS [7].

3a pomomororo npuwiagy SCM-101 (IMossina) BUMiproBa-
BCS €JIEKTPUYHMI OIip IIKipHU B 24 aKyIyHKTYPHHX IIKip-
HUX 30HaxX (3a Hakarani) [8].

Tect PWCi7 1 BU3HaUSHHS 3arajbHOi (Pi3MYHOT TIpa-
[IE3/1aTHOCTI TPOBOAMBCS Ha Benoeprometpi ,Kettler” 3a
cranzapTHot0 Metoaukoro [9,10]. BusHawanuch HacTymHi
TIOKa3HHUKY 3arajibHOi (Di3MYHOT Npale3aaTHOCTI: BiHOCHUN
po3mip PWCi7g, BiTHOCHE MakCUMabHE CHOXKUBAHHS KHC-
Hio (BMCK), mopir anaepodHoro oominy (ITAHO), gactora
cepreBux ckopoueHb Ha piBHI [TAHO (UCCpayo), 3araibpHa
MeraboniyHa eMHicTh (3ME). Otpumani pesynbraté Oynn

CTAaTUCTUIHO 00po0IIeHi 3a monomororo Microsoft Excel.

Pe3ysabTaTn Ta ixHe odroBopennsi. [Tokasauku aprepi-
AJIBHOTO KPOBOOOITY HIDKHIX KIHIIIBOK BIATIOBINAIOTH (hi3io-
JorivHii Ta BikoBiit Hopwmi [11].

[Ticnst 3akiHdeHHs (HI3MMHOTO HABAHTAXKECHHS PEECTPALis
LUX K€ TMOKa3HUKIB Iokaszye 30umbiieHHs AKr ta XOKr.
[pu upOMy BIIMIYA€THCS, IO CTYIMIHb 30UIBIIEHHS KPOBO-
HAIIOBHEHHS TOMIJIKH KOJIMBAETHCS B Mekax Bim 2 1o 178%
(tabm.1).

Tadauus 1. [Toxa3HUKH KPOBOTOKY TOMIJIKH B CITOKOT Ta TiCIISt
JI030BaHOTO (izruHOro HaBaHTakeHHs (M+m)

Iokazuuk | Jo HaBanTaxkeHHs | [licias HaBanTaxkenns | %0
AKr (om) 0,15+0,02 0,24+0,02 145
XOKr (om/xB) 10,4+2,0 32,3420 283

OtpumaHi pe3ynpTatd i3 3aimydeHHsIM Tpodu PWCiy
BKa3ylOTh Ha TIPSIMy 3aJICKHICTH MDK pIBHEM 3araibHOI
(i3rgHOT Tpare31aTHOCTI W 30UTBIICHHSIM KPOBOTOKY TOMi-
JIKY Tics (Di3MYHOrO HaBaHTakeHHsS. HaiOinmpImmit mpupict
CIIOCTEpIraBcs, 3a ITyJIbCOBMM 1 XBHJIMHHMM KPOBOHAIIOB-
HEHHSIM, Y OOCTEXYBaHHX 3 BHCOKHUM DIBHEM 3arajibHOi
(bi3nuHOT Mpare3naTHoCTI 1, HAaBIaKW, HAWMEHIIOMY DPIBHIO
3arajbHOl  (i3MYHOI Mpane3NaTHOCTI  BIATNOBINAaB  Haid-
MEHIIHI IPUPICT KPOBOTOKY HIDKHIX KiHIIIBOK (Ta0i.2).

Ta6muns 2. /IuHamika MOKa3HUKIB KPOBOOOITY HIDKHIX KiHITi-
BOK Yy 3aJI©)KHOCTI BiJI PiBHS 3araJibHOI (pi3HYHOI Mpare3aaTHOCTI

PiBenb 3PII | Tect PWC;7 | AKT (oMm) | AKT (%)
HU3BKUI 1160+56  |0,09+0,002 33
cepenHii 1352431 0,23+0,001 98
BUCOKHI 1712443 0,98+0,001 156

[Ticast Hi3UYHOTO HABAHTAKEHHS PO3MIMPEHHS MPOQLTIO
cknasio 122% mo HkHiH 1osoBuHI Tys1yOa (Tadm. 3)

Ta6muns 3. PiBeHb podiTio eIeKTpoIIKipHOT IIPOBITHOCTI IpU
nposeneHHi Tecty PWCi4o

www.seanewdim.com

Do Tect PWCy49
mpaBsa JiBa mpaBsa % JiBa %
Hora, PA |Hora, pA | Hora, pA Hora, pA

F1 45,1 50,3 55,3 122,6 54,3 107,9
F2 47,1 40,7 55,5 117,8 49,5 1216
F3 62,5 48,5 67,1 107,4 64,5 133,0
F4 48,7 36,5 50,7 1041 46,3 126,8
F5 42,5 37,7 53,5 1259 52,1 138,2
F6 42,1 46,6 60,5 143,7 53,7 1152
— 434+ 57,1+ | 1202+ | 534+ | 1238+
X 482308 537 | 235 | 41 | 25 | a7

30i1bIIeHHS KPOBOTOKY LIKIPH TIO TPaBii 1 JIiBiM KiHIIB-
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KaM OyJIO OJJHAKOBHM ITPH HEIOCTOBIPHO OLTHIIOMY 301Th-
IIeHHI KPOBOTOKY TIO JIiBil KiHIIIBKH, IO BUIAETHCS MPUPO-
JIHUM, 3 OTJISIy Ha HIDKYHMH BUXIXHUH PiBEHb KPOBOTOKY.

Posumpensss mpoimo  eNeKTPOmKIpHO  MPOBITHOCTI
(TIEIl) y mocmimkyBaHHX OyJO BiZHOCHO PiBHOMIPHO 3a
BCiMa aKyIyHKTYPHHUMHE 30HAMH, SIKi PEECTPYBAJHCSL.

Ha 1111 BenoepromeTpiyHOi npoOu 301IbIICHHS KPOBOTO-
Ky WIKIPHU CIIOCTEepiraeThbes, OUIBLIOI MIpOlo, Y JIIOnIeH 3
BUCOKUM piBHEM (hi3MUHOI IMiArOTOBJICHOCTI, B TOHM 4ac sIK
HalMEHIINI NPUPICT NOKA3HUKIB MPOQIIIIO eNEKTPOIIKIPHOT

TIPOBIMHOCTI 3HAXOAHWTH CBOE BIZOOPAKEHHS B HHU3BKHUX
BemmunHax PWCio (Tab. 4).

TakuM YHHOM, 332 JOTIOMOTOI0 HEIHBa3MBHOTO BHUMIpIO-
BaHHS KPOBOTOKY IIKIpH i HOTO AWHAMIKM MOXKHA CYIUTH
TIPO CTYIiHb aJeKBATHOCTI (Di3i0IOTIYHOTO CTaHy OpraHi3My
Horo (i3MYHAM MOXJIMBOCTAM. BinmoBimHO onep:kyBaHHM
pe3ysbTaTaM 3’SIBISETHCS. MOMKIIMBICTD TUIAHYBATH 1 KOPUTY-
BaTH TPEHYBaJIbHI HABAHT)KCHHS BIJIIOBIHO JI0 TIOTOYHOTO
(YHKIIOHAIBHOTO TIPO(dUIIO CIIOpTCMEHa.

Ta6auus 4. 3anexHICTb piBHSA 3araybHOT (Gi3HIHOT Ipare3aaTHOCTI i 3MiH IIKIPHOTO KPOBOTOKY HIDKHIX KiHIIIBOK Ha ()OHI J030BaHOTO
(hi3HMYHOTrO HABAHTAKECHHS

3MiHM KPOBOTOKY HIKipH
PiBenb 3PDII | IToxa3HuKH 3arajibHOI (i3UMYHOI paLe31aTHOCTI HUKHIX KiHIIBOK
(y % no dony)
BPWC 70 (KTM/XB/KT) 28,21 +1,02
BMCK (Mi1/xB/KT) 70,45 +2.25
BHCOKHI TTAHO 78,22 +£2,38 160+4,2
LICCHAH() (yZ[/XB) 179 + 4,1
3ME (y.0.) 260+5,2
BPWC 7o (KTM/XB/KT) 19,23 £1,15
BMCK (mi1/xB/KT) 61 +3,09
cepenHii ITAHO 66 +3,18 120+3,7
YCCpano (YIVXB) 164 +3,52
3ME (y.0.) 190 +4.23
BPWC 7o (KTM/XB/KT) 13,52+0,9
BMCK (mi1/xB/KT) 39,38+23
HU3BKUI ITAHO 5123+2,6 103+3,0
YCCpano (YIVXB) 144 +48
3ME (y.0.) 160 +5,3

[Micnst craHmapTHOTO (Hi3SMYHOTO HABAHTAXKECHHS PO3IIIH-
peHHsT TPO(LUII0 eTEeKTPOIIKIPHOI TPOBIAHOCTI IO TIpaBii
HIKHIM KiHmiBku craHoBuno 20,2%, mo misiit 23,8%. 1li
JIaHl JIEMOHCTYIOTh PEAaKI[iI0 MO 30UIBIICHHIO MIKIPHOIO
KPOBOTOKY Ha (hoHI (Hi3NYHOTO HABAHTAKCHHSI.

Otpumani [aHi I03BOJISAIOTH AUGEPSHIIWHO MAIATH 110
OIIIHKH 3aJIeKHOCTI (hi3UUHOI MPaIe31aTHOCTI Ta KPOBOTOKY
HIDKHIX KiHIIBOK 1 KPOBOTOKY HIKIpH.

BucuoBku. BussneHi BiZMIHHOCTI B KUIBKICHIM 3MiHI
KPOBOTOKY IIIKipH Ta HIDKHIX KiHIIIBOK y BIATIOBiI Ha (i3u-
YHE HaBaHTA)KCHHS, CHHEPTiUHI MOKa3HUKaM (pi3MIHOI Ipa-
ne3natHocTi. UnM BHe 3aranbHa (pisndHa Mpare3jaTHICTB,
sIKa peecTpyeThest 3a mokasHUKoM PWCizo, THM Oinmbmmid
MPHPICT KPOBOTOKY FOMIJIKHU Ta IIKIPH.

Ha ocHoBi otpumManoi indopmarii #, mo dhopmyerbest Ha
ii ocHOBI HOpMaTHBHOI 0a3n, MOXJIMBA OLIIHKA Pi3HUX (yH-
KLIOHATBHUX PO3Ja[iB, MPEANATONOTIYHMX 1 MATOJOTTUHUX
crasiB. Lle Moxe 10nOMOrTH B GUIBII KOPEKTHOMY BHKODH-

CTaHHI TPOQIIAKTUIHHX 1 peabilTiTaIliifHIX 3ac00iB ONTHMi-
3amii (PYHKIIOHAFHOTO CTaHy Ta IpAIe3[aTHOCTI CIIOPT-
CMEHIB.

BpaxoByrous, 110 CIOPTHBHA JSUIBHICTH CYITPOBOIKY-
€ThCS 32CTOCYBAHHSM ILHPOKOTO CIIEKTpa (i3ioTepaneBTy-
HHX, (h)apMaKoJIOTIYHMX Ta IHIIMX 3aCO0IB KOPEKIIii, OliHKa
KPOBOTOKY LIKIipH JJO3BOJISIE OLIBII 00’ €KTUBHO PEECTPYBATH
TI 3MIHM B CTaHI KPOBOOOIry, sSIKI BUHUKAIOTh SIK KiHIEBHUI
Ppe3yJIbTaT 3aCTOCYBAHHs [IMX 3aCO0IB.

Merton BUMIpY €NEKTPUYHOTO OIOpPY IIKIpH € iH(opma-
THUBHUM JUTS OLIHKY TEPMiHOBUX aJIalTHBHUX 3MiH (YHKIIi-
OHAJILHOTO CTaHy OpPTaHi3MY ITiJT BIUTHBOM (Di3NYHHX HaBaH-
Ta)XKCHb.

BcraHoBneHa TpsiMa 3aJIeKHICT MK PIBHEM 3arajibHOi
Gi3myHOT MPAIe3aTHOCTI ¥ IHTEHCHUBHICTIO 30UTBIICHHS
apTepiaJbHOTO KPOBOTOKY HIDKHIX KiHIIBOK (TOMIOK) Ta
mKipy Ha (oHI 7030BaHMX (i3MYHMX HaBaHTaXeHb. Lls
3aJISKHICTh Mae CHHEPriuHUIT XapaKTep.
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Abstract. The paper considers the relationship between the lower limb blood circulation and physical efficiency. The obtained results point
to the direct dependence between the level of overall physical efficiency, lower limb blood circulation, and the intensity of changes in the
skin blood flow at physical activity.

Keywords: physical activity, skin blood flow, overall physical efficiency.

Puzuyeckas padoTocnoco0HOCTh U KPOBOTOK HUZKHUX KOHEYHOCTel
E. H. I'peuxo, A. A. Ky3nenos, A. H. Ctpakonuct
AnHoTanus. B pabote paccmarpuBaercsi B3aHMOCBA3b MEXIY KPOBOOOpAIICHHEM HIDKHUX KOHEYHOCTEH M (PH3HYECKOi paboToCrocoOHo-
crh10. [losydeHHbIe JaHHBIE YKA3BIBAIOT HA MPSMYIO 3aBUCHMOCTD MEXKIy YPOBHEM 00IIel (pr3nuecKoii paboToCmocoOHOCTH, KPOBOOOpa-
IIEHHEM HIDKHUX KOHEYHOCTEH M MHTCHCUBHOCTHIO M3MEHEHHUS KPOBOTOKA KOXKH Ha (hoHE (PU3NUECKUX HArpy30K.
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Abstract. In modern football, the search of the criteria, which are characterized by sustainable biological nature and might be in-
formative for the management and prediction of individual sport training, is of growing interest. We consider that individual-
typological properties of higher parts of the central nervous system can meet these requirements. Thus, the goal of the research was
to find out what individual-typological properties of higher parts of the central nervous system are fixed genetically and to determine
their correlation with the indicators of special preparedness and bioenergetics of football players. We performed the investigation
using “Diagnost-1M” and “D & K-Test” computer devices on 13 pairs of monozygotic (MZ) and 12 dizygotic (DZ) twins who did
not go in for sport and 26 professional football players, and determined typological properties of the nervous system. Besides, we
found physical and technical preparedness of the football players. We found the expressed hereditary conditionality for the functional
mobility of the nervous processes (FMNP) (70%) and the relative predominance of genotypic factors (50%) for the strength of the
nervous processes (SNP) and the equilibrium of the nervous processes (ENP). We determined the predominance of phenotypic fac-
tors (30%) for the indicators of sensorimotor reactions. The indicators of bioenergetics metabolism, physical and technical prepared-
ness, expert evaluation of game activity of the highly qualified football players depended on the genetically determined properties —

the functional mobility of the nervous processes.

Keywords: neurodynamic properties, genetics, football players, bioenergetics.

Introduction. Modern football is characterized with tre-
mendous transformation in the techniques and tactics of
the game, in the structure of physical training, the strategy
of competitive struggle and planning of training process
[8, 9, 16]. Under these conditions, an individual approach
should be used in the organization of training process [2,
3, 11]. The indicators of physical, technical or functional
preparedness of football players, player roles, body types,
biological age, personal characteristics can be the criteria
of this approach [16, 18, 20]. The search of the criteria
characterized by sustainable biological nature or genet-
ically determined ones, which can be informative for the
management and prediction of individual sport training, is
of particular interest [1, 14, 15, 17, 19]. We think that
individual-typological properties of higher parts of the
central nervous system: functional mobility, strength and
equilibrium of the nervous processes and some indicators
of sensorimotor reactions, can meet such requirements [4,
10].

It is important to study the speed opportunities of sen-
sorimotor characteristics of the nervous system because
the efficiency of football players’ game activity depends
mostly on physical, technical, psychological and tactic
training, the functional mobility of the main systems, the
bioenergetics condition of muscles, the sportsman’s abil-
ity to perception, analysis and processing information [7,
16]. The study of typological characteristics of higher
parts of the central nervous system and sensorimotor reac-
tions can give additional information about the special
preparedness of sportsmen. However, the typological
characteristics of higher parts of the central nervous sys-
tem and sensorimotor reactions of football players are
insufficiently studied. The search of talented young
sportsmen and the efficient methods of the management
of training process and game activity of football players
causes the necessity to consider individual-typological
features of players.

Considering the mentioned above, the work is based on
the investigation and analysis of the correlation of indi-
vidual-typological properties of high parts of the nervous
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system and sensorimotor reactions and their relationship
with bioenergetics characteristics, technical and physical
preparedness of professional football players.

The goal of the research was to find out what individu-
al-typological properties of higher parts of the central
nervous system are genetically fixed and to determine
their correlation with the indicators of special prepared-
ness and bioenergetics of football players.

Material & methods. Typological properties of the
nervous system, namely, the functional mobility (FMNP),
strength (SNP) and equilibrium of the nervous processes
(ENP), latent periods of simple (SVMR) and complex
response of choosing one (RC1-3) and two (RC2-3) sig-
nals out of three ones, were determined in 13 pairs of
monozygotic (MZ) and 12 pairs of dizygotic (DZ) twins,
who did not go in for sport, and 26 professional football
players using the computer device of “Diagnost-1M” [12].

FMNP was determined according to the results of pro-
cessing complex visual information in “the imposed
rhythm” mode consisting in the differentiation of positive
and inhibitory stimuli (geometric shapes). The maximum
rate of processing signals in which the examinee had not
more than 5.0-5.5% of errors served as a quantitative in-
dicator of FMNP. The higher the rate of information pro-
cessing was, the higher FMNP was. SNP was evaluated
according to the indicator of cerebral cortex performance
which was estimated by the number of errors (%) com-
mitted by an examinee while performing the whole task.
The determination of ENP provided the registration of
response accuracy on moving object. ENP was estimated
according to the total value of response deviation, advanc-
ing or delaying. The lower the time of total deviation of
motion response was (in ms), the higher ENP was.

The role of hereditary and environment factors in
forming FMNP, SNP, ENP and SVMR, RC1-3, RC2-3
was determined according to Holzinger’s hereditary coef-
ficient (H). We calculated the coefficients of interclass
correlation (r) for MZ (rMZ) and DZ (rDZ) twins and
then determined H according to the formula:

H=(rMZ-rDZ): (1-rDZ) [1, 15].
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Physical preparedness of football players was deter-
mined according to the indicators of test tasks to show
agility, speed and speed-strength abilities and endurance
[9, 15]. The level of technical preparedness was assessed
using control exercises: dribbling, throwing the ball, kick-
ing the goal on accuracy and complex exercise [9]. We
determined bioenergetics indicators using express-
diagnostics of functional state and reserve opportunities
of a body by the computer device “D & K- Test” [5]. The
group of the experienced coaches performed expert eval-
uation of the game activity of football players [8].

The obtained statistic material was processed using the
computer program Microsoft Excell.

Results. First of all, we tied to figure out which indi-
vidually-typological features of higher parts of the CNS
and sensorimotor reactions were genetically dependent,
and the development of which was mostly stipulated by
the environment factors. The results showed that the aver-
age values of the typological properties of higher parts of
the central nervous system in the MZ and DZ groups were
practically the same, except the differences in the indica-
tors of FMNP, which were slightly higher than in MZ
twins (p <0.05). We found that in the pair similarity of the
MZ and DZ groups, the typological properties were char-
acterized with higher level of correlation in the MZ pairs
than in the DZ ones indicating the expressed genetic in-
fluence on these indicators (p<0.05).The hereditary coef-
ficient of Holzinger (H) shows the differentiated influence
of genotypic and environmental factors on the indicators
of different individual properties of the nervous system;
the coefficient higher than 0.5 shows relative dominance
and higher than 0.6 — absolute dominance of genetic fac-
tors [1, 4, 14]. In our study, the coefficient of H was high
(0.65) only for one indicator, the FMNP. The correlation
was slightly lower (0.56 — 0.52) for the SNP and ENP.
The value of H was still lower for the SVMR and RC1-3
and RC2-3 (0.29 — 0.20); it showed the dominance of the
dependence of these indicators from the environment
[10].

Thus, the research results of the same twins group
showed that the participation of genetic and environmen-
tal factors in the formation of individual features of sen-
sorimotor and typological properties of higher parts of the
central nervous system was found in different proportions.
We found the expressed hereditary conditionality for the
FMNP (70%) and relative dominance of genotypic factors
for the SNP and ENP. We determined the dominance of
phenotypic factors for the indicators of the SVMR and
RC1-3, RC2-3. The coefficient of Holzinger did not ex-
ceed 30%.

The found high dependence from the genotype of the
FMNP helped us to proceed to the study of the depend-
ence of special preparedness and bioenergetics of the
highly qualified football players from the individual and
typological properties of the nervous system. We studied
the connection of indicators of physical and technical
preparedness, bioenergetics and expert evaluation of
players’ game activity with the FMNP. There was a corre-
lation of some indicators of bioenergetics, physical, tech-
nical and game training with the FMNP (r = 0.30 — 0.38).

To check the obtained correlations according to the re-
search results of FMNP, we divided the football players
into 3 groups: medium, upper-medium and pre-medium

levels. We analyzed and compared the indicators of bio-
energetics, physical, technical and game preparedness in
the respective groups of football players.

The analysis showed that the football players with up-
per-medium level of the FMNP were mostly characterized
with better indicators of power supply systems, physical,
technical and game preparedness, if compared with the
players with medium and pre-medium levels of individu-
al-typological properties of the CNS. Reliable differences
were found between the groups of football players with
upper-medium and pre-medium levels of FMNP in terms
of bioenergetics indicators, anaerobic threshold (AT)
(p<0.05). These differences of the indicators of football
players’ power supply were confirmed by the correlation
between AT and FMNP; its value was r = 0.35 (p<0.05).
The reliable differences between the groups of football
players with different level of the FMNP were found ac-
cording to the results of physical and technical training
(standing long jump and dribbling for 30 m) (p<0.05).
The analysis of expert estimation of football players’
game activity in the groups with the different levels of the
FMNP showed that the football players with the upper-
medium level of the FMNP were characterized with better
marks (p<0.05). Respectively, the players with the medi-
um and pre-medium level of the FMNP got lower marks.
The correlation indicator was r = 0.30 (p<0.05).

To demonstrate the differences between the groups of
football players according to bioenergetics indicators,
game and special preparedness, we built profiles of model
characteristics of players and their average meanings for
the groups with the different level of the FMNP (Fig. 1).

Fig.1 shows that the profiles of bioenergetics indica-
tors, special preparedness and expert evaluation of foot-
ball players in the groups with different level of FMNP
were different. The closest results to the model character-
istics were in the group of football players with the upper-
medium level of the FMNP.

Greater differences of the results were in the group of
players with pre-medium level of the FMNP. An interme-
diate position was in the group of football players with
medium values of the FMNP. It shows the characteristic
features of neurodynamics, bioenergetics properties and
the results of physical, technical and game training of the
football players with the different level of individual-
typological properties of the nervous system.

Discussion. Thus, we found that the indicators of bio-
energetics metabolism, physical and technical prepared-
ness of football players depended on the FMNP. The cor-
relation of genetically determined individual-typological
properties of higher parts of the nervous system with the
features of bioenergetics metabolism, physical, technical
preparedness and the expert evaluation of game activity
allowed us to conclude that typological properties of the
main nervous processes of the FMNP showed genetic
influence on the performance of motor tests in physical
and technical training of football players, their bioenerget-
ics potential, and created conditions for effective game
activity. Considering our data and the theoretical analysis
of scientific sources [6, 9, 11, 13, 16], we can affirm that
the football players with high level of the FMNP have
high reserve body opportunities allowing them to achieve
high results in special preparedness and game activity.
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Fig. 1. Profiles of neurodynamics, bioenergetics indicators, expert evaluation and special preparedness of the football players with
upper-medium and pre-medium level of the FMNP model, preparedness of players

Conclusions:

1. The research results on twins found the participation
of genetic and environment factors in forming individual
features of sensorimotor and typological properties of
higher parts of central nervous system. We found the ex-
pressed hereditary conditionality for the FMNP (70%)
and relative dominance of genotypic factors (50%) for the
ENP and SNP. The dominance of phenotypic factors
(30%) was found for the indicators of sensorimotor reac-
tions.

2. The indicators of bioenergetics metabolism, physical

and technical preparedness, expert evaluation of game
activity of highly qualified football players depended on
genetically determined properties, functional mobility of
Nervous processes.

3. The found dependence of individual-typological
properties of higher parts of the central nervous system on
physical, technical preparedness, bioenergetics metabo-
lism and expert evaluation of game activity has prognostic
value and can be used in the selection of promising youth
and optimization of sport training.
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Aunnoranust. C MOMOIIBI0 MMHUTAIIMOHHOTO MOJIEMPOBAHKS MOJTyYeHa OIleHKa 3()(PEKTUBHOCTH 00CEPBOBAHHBIX KOOPIMHAT CyIHA TIPU
M30BITOYHBIX M3MEPEHHSIX, BHIYUCICHHBIX METOJIOM HANMEHBIIINX KBAJPATOB, B CIIyyae, KOTJIa MOTPEITHOCTH JIMHUHN TTOJIOKEHHYS T10TIHHS-
FOTCSL CMEIIAHHBIM 3aKOHaM pacripe/ieiieHust. BerarcieHbl 3HadeH s 3Q(HEKTHBHOCTH KOOP/MHAT 10 aHAJIMTHYECKAM BBIPOKEHHSAM B 3aBH-
CHMOCTH OT CYIIIECTBEHHOTO Mapamerpa pacrpereneHust. OueHkH 3pQpeKTHBHOCTH KOOPAMHAT CY/IHA, TOTyYeHHBIE HMHTAIIHOHHBIM MO/IC-
JIMPOBAHHUEM, ¥ PACCYUTAHHBIE T10 AHAJIUTHYCCKUAM BBIPAXKCHHSIM, HMEIOT XOPOIIIYO CXOAUMOCTb.

Knrouesvie cnosa: uz6uimounbix uzmepenust, SQhekmueHocmu KOOPOUHAm CyoHa, Memoo HAUMEHbUUUX K8AOPAMOo8, CMEUAHHble 3aK0-

Hbl pacnpeoeenusl, UMUmMayuoOHHOE MOOETUPOBAHUE.

Beenenne. OrmpezencHue MecTa Cy[Ha C IIOMOIIBIO He-
CKOJIbKMX W30JIMHUN 000O0IIEHO C TIOMOIIBIO METO/IA JIMHUM
TIOJIO’KEHUS, MPH KOTOPOM H3O0JIMHMS 3aMEHseTcs JMHHUEH
IIOJIOXKEHUSI B paiioHe CUMCIMMOW TOUKU cynHa. IIpu Hamm-
Yy W30BITOYHBIX JIMHUN TOJOXKEHHs! BBIOOp 0OCEepBOBAaH-
HBIX KOOPIWMHAT MPOW3BOIUTCS TaKMM 00pa3oM, YTOOBI MX
TOYHOCTH ObLJIa MAKCHMAIBHON. DTO IOCTUTAETCsl PacieTOM
KOOPJIMHAT METOJIOM MAaKCHMAJIBHOTO IIPaBIONON00MS, aj-
TOPHUTM pacdeTa KOTOPOTO OJHO3HAYHO OIPENEISETCS 3aKO0-
HOM pacrpesie]IeHHs] BEPOATHOCTEH MOTPENIHOCTEH JIMHUH
noJiokeHnsI. Tak Kak /0 HeJaBHEr0 BPEMEHH CUHTaJIOCh,
YTO CiIydaliHble MOTPEUIHOCTH MU3MEPEHUA HaBUTALIMOHHBIX
MapaMeTpoB, KaK U MOTPEIIHOCTH JMHUIN MOJIOXKEHHUS, TOA-
YHUHSIOTCSL HOPMAJIBHOMY 3aKOHY PaclpezieleHHs] BepOsSTHO-
CTel, To pacueT 0OCEepBOBAHHBIX KOOPIMHAT IPOU3BOAUTCS
METOJIOM HaMMEHBIINX KBaJpaTOB, KOTOPBIN SBIACTCS Me-
TOJIOM MAaKCHUMAJbHOTO TPaBIOMNON00US U HOPMAJIBHOTO
3akoHa. OHaKo B TedeHWe rnocieaHux 30 JieT uccienoBa-
HUS CITyYaiHBIX MOTPEITHOCTEH N3MepEHNs HaBUTAlIMOHHBIX
MIapaMeTpoB TMOKAa3IM, YTO MX 3aKOHBI pacHpeiesieHus 3a-
YacTyl0 OTJIMYAIOTCs OT 3aKkoHa ['aycca. [TosTomy B ciydae
pacuera 00CEpBOBaHHBIE KOOPIMHATHI TPH HM30BITOUHBIX
JIMHMSX TIOJIOXKEHNSI METO/IOM HaMMEHBIINX KBaJpaToOB MO-
KET MPOUCXOAUTH TOTEePs] MX TOYHOCTH. D(PHEeKTHBHOCTH
00CepBOBaHHBIX KOOPAMHAT, MOJYYCHHBIX IPH Ompesesie-
HUM MeCTa CyAHA N0 H30BITOYHBIM JIMHHUSAM IOJOXKEHUS U
pacCYMTaHHBIX METOJJOM HaUMEHBIIINX KBaJPATOB, XapaKTe-
pH3YET MOTEPI0 UX TOYHOCTU MPHU PacHpeelIeHUH MOrpen-
HOCTEH JIMHUH MOJIOXKSHUSI TI0 3aKOHY OTIIMYHOMY OT 3aKOHa
laycca.

Kpatkuii 0030p my6aukanmii mo teme. B padorax [1,
2] aHaIM3MPYIOTCS CTATUCTHYECKUE JTAHHBIC TOTPEITHOCTEH
HABUT'ALIOHHBIX W3MEPEHHH, IMOJyYeHHbIE B HATYpHBIX
HaOJFOZIEHNSIX, M TI0Ka3aHO, YTO MOTPEIIHOCTH HE MO/I4H-
HSFOTCSI HOPMAJIBHOMY 3aKOHY pactpeneneHus. Kak ykassl-
Baercst B pabote [3], aHAIM3 CTATHCTUYECKUX MATEPHATIOB
TIOKA3aJI, 9TO MPEIIOJIOKEHHIE O PACTIPEACICHUH CITyIaifHbIX
TIOTPEIIHOCTEH OTIpe/IeNICHNS] IIMPOTHI U AOJTOTHI 110 3aKOHY
l'aycca He sBIAETCS KOPPEKTHBIM M TPEOyeT albTepHATHB-
Horo nojxoza. CMemmanHble 3aKOHBI BYX TUIIOB, aJIbTEPHA-
TUBHBIE HOPMAJILHOMY 3aKOHY, IPEIOKEHBI U1 ONUCAHUS
CITyqaliHbIX MOTPEIIHOCTEW HABUTAIIMOHHBIX H3MEPEHUN B
pabote [4], a B paboTe [S] ¢ 3TO ke LENBI0 MPEIUIOKEH
00001eHHbIH 3aKoH [TyaccoHa.

47

Ouenka 3((GEeKTHBHOCTH 00CEpBOBAaHHBIX KOOPJIHMHAT
CyIIHa NPY M30BITOYHBIX JIMHHSX TTOJIOYKEHHUS IPOU3BE/ICHA B
pabGote [6], mokasaHO, YTO MpPU CMEIIAHHBIX 3aKOHAX pac-
npeneneHusix 3PpGEeKTUBHOCTh MEHbBLIE SIMHHUIIBI, U C PO-
CTOM CYIIIECTBEHHOI'O MapaMeTpa OHa CTPEMHTCS IO BENH-
YHHE K eJUHHUIIC.

Heuan. Llenp HacTosel cTaThby - NPOBEPKa KOPPEKTHO-
CTH aHAJIMTHYECKUX BBIPKCHUH JUI OLEHKH 3()(EKTHBHO-
CTH 00CEpBOBaHHBIX KOOPAWHAT CyIHA IPH H30BITOYHBIX
JIMHUSX TIOJIOKEHHS ¢ TIOMOIIBI0 HMUTAIMOHHOTO MOJIETIH-
pOBaHHSI.

Marepuansl m Meronbl. Kak mokazano B pabore [7],
AHaJIM3 CTATHCTHYECKUX MaTepHaJIOB, MOJIYUYEHHBIX B HATYp-
HBIX HaOJIONEHMSX B PEAIbHBIX YCIOBUSX DKCILTyaTalliy,
MOKa3aJl, YTO IOTPEIIHOCTH HM3MEPEHHH HaBUTAllIOHHBIX
MapamMeTpoB MOIUMHSIOTCS CMELIaHHBIM 3aKOHAM pactpesie-

JICHU IBYX THIIOB, ITJIOTHOCTH KOTOPBIX UMEIOT BUT [4]:
1

n+—
2"a  2n! 1
fi(X) = ,(N<6)
1() V2m1-3-(2n—-1) (x2/2+ @)™
1-3-5-(2n+1)a""? 1 <
fo(x) = J22" 1 5 n+3/2 ((N<3) @)
: (x“/12+a)

rie O - MacITaOHBIA TapameTp;

N — CYILIECTBEHHBIN MTapameTp.

I1pu onpeneneHny MecTa CyJHA TP U30BITOYHBIX JINHHU-
SIX TIOJIO>KEHHSIX, TIOTPEITHOCTH KOTOPBIX pacIpeielieHbl 110
CMEIIIaHHBIM 3aKOHAM pacHpezeNieHus, ecian 00cepBOBaH-
HbIE KOOPJMHATHI PACCUUTHIBAIOTCS METOZOM HAaMMEHBIINX
KBaJIPaToB, TO UX 3P(PEKTUBHOCTH MOXKHO OLICHUTH C MOMO-
IIBI0 BBIpaXKeHus [8]:

ps
TJIe HeCOOCTBEHHBIE UHTETPAJTBI P,  U1'S UMEIOT CIISTYFOLIHI BH/T:

%Mé)
=|f —=
P= I

o 2
#(E)1P(S) — [E #(S)]
#? (&)
0 2
= f
- [ o¢ ]
f($)

R1

123
(32
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a= [ (&L
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e (5~ — L _exp(- ) -
o2x 26°

HopMaibHOTO pactpenenenns; f (&) - miotHocTs CMean-

IIJIOTHOCTH

HOTro 3aKoHa pacrpenencaus (1).
B knure [9] mokazaHo, 4TO AJIs1 CMEIIAHHOTO 3aKOHA pac-

TpeJiesIeHus] TIEpBOro Thna ¢ wiotTHocTeio T (X) BeIpae-
HuA (1) HecoOCTBEHHBIE HHTETPAJIBI

q__i p—i 2a _(h+1)(2n+1)
0'2 0'4 2n-1 2a(n+2)
CrenoBaTelbHO, B 3TOM ciydae 3()(eKTHBHOCTB:
e —1—— 3 @

2n? +3n+1
B Toli ke KHUTe MOJydeHO BbIpaXkeHHe s d3PHEeKTUB-
HOCTHU CMCIIIAaHHOI'O 3aKOHA pacnpez[eneHm BTOpOFO THUIIA C

mwiotHocTbio T, (X) BbIpaskews (1), mpuuem:

1 o (2n+3) (n+1)
q = ——2 ) p = 7 y S = .
o no (04 2(n + 5)
Beipaxenue 11t 3pHeKTHBHOCTH:
e, =1—— )

2n? +5n+3
Ananmm3 BelpakeHH# (2) 1 (3) moKazbBacT, 9To P Pek-

TUBHOCTH €1 ¥ €, MHHMMAaJbHBIC TIpU N =5 u Bo3spacra-

0T C YBEJIMYEHHEM N.

PesysibTarnl U ux o6cy:xneHue. C IeIbI0 OLCHKU 3(-
(EKTUBHOCTH OOCEPBOBAHHBIX KOOPAMHAT, IOJYUYCHHBIX
IpU M3OBITOYHBIX JIMHUSX TOJIOKEHUS M PACCUUTAHHBIX
METO/IOM HAaUMEHBIINX KBaJPaToOB MPOBOAMIOCH UMHUTAIIHU-
OHHOE KOMITBIOTEpHOE MojienupoBanue. [Ipuyem paccmar-
PHBAIKCH CITydal, KOTAA MOTPEIIHOCTH JIMHHUH TIOJIOKCHIS
MOAYHUHSITICE CMEIIAHHBIM 3aKOHaM IIEPBOTO M BTOPOTO
Tuma. s TpoBeNeHNS MMUTAIMOHHOTO MOJIETHPOBAHHS
HCTIONB30BAJICS CIIeMYIOmui anroputM. [lo BeIOpaHHOMY
3aKOHY pachpefesicHIsI BHaYajle TeHEpHUpPOBallach BRIOOpKA
norpewmHoctedt JIIT, cogeprkamas 1000 unenoB. Pacuer ko-
OpAMHAT KK0H 00CEpBOBAHHON TOYKH MPOU3BOIUIICS IO 8
JIMHHAM HOJIOKEHHS, 3JIEMEHTBI KOTOPBIX (MIEPEHOCHI [, U

HaripaBJICHUA T'PaJUuCHTOB (X,i ) 3a1aBaJIuCb OTHOCHUTCIIBHO
HUCTHHHOI'O0 MeECTa CyIHa. CJ'IGI[OBaTeJ'IBHO, TMEPEHOCHI ri

JIMHUH TIOJIOXKEHHS PABHbI MX MOTpeIHocTaMu &; . Hampas-

JIeHUs TPAJICHTOB o; TPH MMHTALMOHHOM MOJEIHPOBa-

HUM BeIOMpanuch paBHbIME 30°, 75°, 120°, 165°, 210°, 255°,
300° u 345°.

W3 crenepupoBaHHOM BRIOOPKH TOMywmd 125 obcepBo-
BaHHBIX TOYEK, NpupameHns: koopauHaT X u Y KOTOPBIX
SIBJISTFOTCS TIPOSKIUSAMH BEKTOPHUAIBHON MOTPEIIHOCTH, 103~
BOJIIIOIMM PACCUNTATh KOBAPUALOHHYIO MATPHILYy BEKTO-
pHaneHOM morpenrHocTr obcepparn. ©opmupoBanue 125
00CepBOBaHHBIX TOYEK HOBTOPSIIOCH YETHIPE pasa, a ux Io-
JIy9eHHBIC KOOPAWHATHI COXPAHSIINCH, B PE3yIbTaTe Hero
HaKaIIMBajIach BEIOOPKA Vg, KOOPIUHAT BEKTOPUAILHOM

MOTPEIIHOCTH YUCIIeHHOCTh0 500 3HaueHuWid. YuuThIBas,
YTO BEKTOpHAJbHAS TOTPELIHOCTh ONPEAESeTCs OTHOCH-
TEJIbHO UCTUHHOTO MECTA Cy/IHA, PYU UMUTALIMOHHOM MOJe-
JIUPOBAaHUH TSI OUEHKH 3(PPEKTUBHOCTH OOCEPBOBAHHBIX
KOOPJIMHAT HEOOXOMMO HCIOJIb30BATh HE JUCTIEPCUU TIPO-
ekt X 1Y, a uX BTOpbIe HAYaJIbHbIE MOMEHTBI.

Pacuer 06cepBOBaHHBIX KOOPIUHAT KOMITBIOTEPHOU MPO-
TpaMMOW WMWTAIIMOHHOTO MOJIEIMPOBAHUS MPOU3BOMICS

KaK METOZOM HaWMEHBIIINX KBaJPaTOB, TAK U METOIOM MaK-
CHUMaJIbHOTO TIpaBnomnoaoous. B pabdote [9] mpuBeneHs! aj-
TOPUTMBI pacyeTa KOOPAUHAT 000MMH YHOMSHYTHIMHA METO-
nmamu. Tak mpoeximy X u Y BEKTOPHAIBHOM MOTPEIIHOCTH
METOJJOM HAWMEHBIINX KBAJPAaTOB PACCUMTBHIBAIOTCS C TIO-
MOILBIO BBIPAKEHU:

X:CD_BE’Y:AE_BC’ (4)
AD - B AD — B?
n sin?a; N cosa. Sina;
Tae - r, =S _ ' "1,
A A_Z 2 B Z 2
=1 Oj i=1 Gj
. 2
N sino. N cos“a; N cosa:
1 1
C:Z—zlri ' D:Z—z' E:Z—zri '
i=1 Oj i=l Oj i=l Oj

B CJIyda€ pacducTta KOOpAUHAT MCTOIOM HauOOJILIIETO
npaBz[onoz[061/m HCTIOJIb30BAJIUCH BBIPAKCHUA:

n sino.;
27'@ - Ycosa; )]
LG 12+ 4,) ,
n Sinz(li
il r2+4,)
®)
i%(q - Xsina,; )
Y_i=1(gi/2+/1i) ’

2
n COs a;

922+ 4,)

KOTOpPBIE COCTABIIIIOT CHUCTEMY HEJIMHEWHBIX ypaBHEHUIA
1 pelIeHHe HAXOAUTCS METOJIOM TIPOCTBIX UTEPALIHIA.

I[lpy  WMUTAIIMOHHOM  MOICNHUPOBAHWH  CPEIHE-
KBaJIpaTHYECKOE OTKJIOHEHHE IOTPEIIHOCTH JIMHUM TI0JI0-
JKCHHS TIPUHUMAJIACh PaBHBIM 5. J[is1 oreHKH 3G PEeKTHBHO-
CTH 0OCEpBOBAHHBIX KOOPJMHAT CyJHA PACCYMTAHHBIX Me-
TOJIOM HAaWMEHBILIHMX KBaJpaTOB, MOTrPEIIHOCTH JIMHUI TO-
JIOXKEHHSI KOTOPBIX TIOJUHMHSIOTCSI CMELIIaHHBIM pacIipe/iesie-
HUAM, TEHEPHPOBAINMCh BBIOOpKH morpemrHocted JIII mo
BBIOPAHHOMY CMEIIIAHHOMY 33aKOHY, a 3aT€M C TIOMOIIBIO (4)
PacCUUTHIBAIIICE OOCEPBOBAHHBIC KOOPAWHATHI METOIOM
HaMCHBIINX KBAJpaToB W (hopMHUpOBallach BBIOOpPKA

MHK o
V500 = KOOpIHMHAT BEKTOpHANbHOI norpemsocty. I1o 3Ha-
YEHUSM TeX K€ HOIPEIIHOCTeH MPOHM3BOIMIICS pacyeT 00-
CEPBOBAaHHBIX KOOPAMHAT METOJIOM MAaKCHMAIBHOTO IIpaB-
MMII
nonozodust (5) u dopmuposanace BeiGOpka Vgoy  co-

CTaBJIAKOIIHUX BGKTOpHa.HbHOﬁ TMOrpeHIHOCTH. Ilo JaHHBIM
BbI60pKaM MpOU3BOAMNIICA PACYCT MATECMATHYCCKUX OXHJa-

. MHK MHK
HUM M BTOPHIX HAYalbHBIX MOMEHTOB Aoy azy u

MMIT , MMII
ax a2y

norpentHocTy. ITocie 4ero BEIMUCIANNCE 3HAYCHUS BTOPBIX
MHK MHK MHK
HAYallbHBIX ~ MOMCHTOM o) +all! u

coctaBisomux X U Y BEKTOPHAIBHOU

=3aox

MMIT MMIT MMIT %1 -
ansy =ayy + a2y MOAYJIA BEKTOPHUAJIBLHOU TTOTPEII

HOCTH, TIOJyY€HHBIE COOTBETCTBEHHO IIPH HCIIOIB30BAaHUU
METOJa HaUMEHBIIUX KBAaJPaToB U METOAAa MAaKCHUMAJIbHOTO
npasaononoous. IIpy MMHTAIMOHHOM MOJEIMPOBaHUM
3 peKTHBHOCTE 00CEPBOBAHHBIX KOOPAMHAT €, , IOIy-

YCHHBIX METOJIOM HAMMCHBIIHNX KBAApPaTOB, OIPEACTIACTCIA

MMII
OTHOIIEHUEM BTOPHIX HAYalbHBIX MOMEHTOB doR "
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MEK MMII
doR L, T € €y :;\/ILHK' 3nauenus >(QQeKTHBHOCTH
2R

eM CpaBHHMBAIOTCsI € COOTBCTCTBYIOIIMMH 3HAYCHUAMU

sdexruBHOCTH €, PACCUMTAHHBIMM TEOPETHYECKU 10

AaHAJMTHICCKUM BBIpaXKeHwsM (2) w (3).
B pe3ynbrate UMUTALMOHHOTO MOJCITHPOBAHMUS MOJTyYe-

@
M

HOI‘peHIHOCTef/i JIMHUH TOJI0KEHUS TI0 CMCIIAaHHOMY 3aKOHY
TIEPBOTr'0 THUIIA, KOTOPBIE COIMMOCTABILINCE C PACCUUTAHHBIMHA

@
T

HBl 3HaueHUsT S(PQPEKTUBHOCTH €y, JUIsl pacHpenesiCHHs

1o (2) 3HayeHusiMu € ) . B Tabn. 1 moka3aHkl 3aBUCHMOCTH

e®

s dexTHBHOCTH , TIOJYYCHHOH TP HMMHUTAIMOHHOM

@
T »
¢dopmye (2), OT 3HaUCHHMS CYIIECTBCHHOTO TapameTpa .

MOJCIIMPOBAHUU U e paCC‘IHTaHHOﬁ AHAJIUTUYCCKHU T10

Tadauna 1. DdpexrnBHOCTH e.(l}) u esl) CMEIIaHHOTO pacIpe-

JCJICHUS IIEPBOI'0 TUIlA

n 1 2 3 4 5 6
NO) 0,5 0,8 |0,893]0934| 0,955 | 0,968
¥
e(l) 0,507 | 0,626 | 0,704 | 0,791 | 0,843 | 0,890
M
oW | 14 218 | 21,2 | 153 | 117 8

Anamu3 Tabm. 1 TIOKa3bIBACT, YTO IPOLCHTHOC PACXOXK-

1 1
JieHre Mexy 3hGEeKTHBHOCTAMU e(T) u erI) HE MPEBOCX0-
nur 21,8%.
s pacnpeneneHyss NOrPELIHOCTEN JIMHUI MOJIOKEHUS
10 CMEIIaHHOMY 3aKOHY BTOPOTO THIIA TaKXKe OBLIO MpOBe-
JICHO MMHTALIOHHOE MOJEIHMPOBaHUE, NPUYEM 3HAUYCHUS

3¢ PeKTHBHOCTH e o

M » TIOJYYEHHBIE TIPH HMHTAIAOHHOM
(2)
T
KOTOpbIE paccurTansl 1Mo opmysie (3). B Tabi. 2 moka3aHbl

MOJCIIUPOBAHUU COMNOCTAB/LIUCE CO 3HAYCHUAMU e

rAHEK
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(2)

3aBUCHMOCTH 3(PEKTHBHOCTH € ),

2
¥

YeHHS CYILECTBEHHOTO ITapaMeTpa N.

UMHUTALIMOHHOI'O MOJC-

JUPOBAHUS M €, PacCCUNTAHHOW aHAJMTHIECKH, OT 3Ha-

Ta6muna 2. DpdexTruBHOCTH egrz) u e(,\ﬁ) CMEILAHHOTO pacIIpe-

JCJICHUS BTOPOI'O TUIIA

n 1 2 3 ] 4] 5
RG) 0,7 | 0857 |0917 | 0945 | 0,962
(@

62 0576 | 0,670 | 0,752 | 0,825 | 0,867
M

5@ o 177 | 218 | 18 | 127 | 99

Kak mnoka3bIBaeT aHamm3 TaOl. 2, PACXOKICHHE MEKILY
sdpdexrnsroctsmu e$?) n e{? B npouenTHOM oTHOWEHMH

mensbie 22,0 %. [IpoBeneHHOE HMHUTAMOHHOE MOMAECIHPO-
BaHHE IOKA3aJI0 XOPOIIYIO CXOIMMOCTh OIIEHOK (P (EKTHB-
HOCTEH, paCCYMTAHHBIX 110 AHAJIMTHYCCKUM BBIPAKCHUSIM H
TIOJTy9CHHBIX WMUTAIMOHHBIM MOJICIMPOBAHUEM, YTO TIOJ-
TBEPXKIACT KOPPEKTHOCTh AHATMUTHIECKOTO METO/a OLCHKH
3¢ PEeKTUBHOCTH OOCCPBOBAHHBIX KOOPIHHAT, PACCUHTAH-
HBIX METO/IOM HAUMEHBILINX KBaJPATOB.

[lpy MMHUTAIMOHHOM MOJEIMPOBAHUH IIPELYCMOTPEHO
rpaduueckre OTOOpaKCHUS pPACCesiHUST O0OCEPBOBAHHBIX
TOYEK OTHOCHUTEJILHO MaTeMaTHYeCKOro OXHUAaHUs. 3/1ech B
KauecTBe MpHMepa Ha puc. 1 mpuBeneHo paccesHue oocep-
BOBAaHHBIX TOYEK, MOTPEIIHOCTH JIMHUHM MOJMOKCHUS KOTO-
PBIX pacrpeseeHbl 0 CMEIIAHHOMY 3aKOHY BTOPOTO THIIA
C CYIIECTBCHHBIM IapamMeTpoM N=2 (JICBBIII PHCYHOK), MPH-
YeM pacyeT KOOpIUHAT 00CEPBOBAHHBIX TOYEK IPOU3BOAMII-
CsI METOJIOM HaMMEHBIINX KBaJIpaToB,  Ha NPAaBOM PHCYHKE
- METOJJOM MaKCHMAJILHOTO TIPABJIOTIOI00HS.

TakuM 00pa3oM, pe3yibTaThl UMUTALMOHHOTO MOJENH-
POBaHHMS MOATBEPMIN KOPPEKTHOCTh AHAJIUTUYECKHX BBI-
paxkeHunit oueHKH 3P HEKTUBHOCTH 00CEPBOBAHHBIX KOOPIH-
HaT, paCCYNTAHHBIX METOJIOM HAMMEHBLINX KBaJPaTOB IPH
pacrpezieNieHHy TIOTPELIHOCTe! JIMHUIT TTIOJIOKEHHS 110 CMe-
IIaHHBIM 3aKOHaM 00OMX THIIOB.

rAkAT

Puc. 1. O6cepBoBanHbIe ToUkH, TToxydeHHble MHK 1 MMII pu n =2

BreiBoabI

1. TlpuBeneHbl aHAJIMTUYECKUE BBIPAKEHHS IUIOTHOCTH
CMEIIIaHHBIX 3aKOHOB O0OMX THIIOB PACTIPE/ICIICHUS BEPOSIT-
HOCTEH MOTPEUIHOCTEN HABUIALMOHHBIX M3MEPEHUH, KOTO-
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pble SBISIIOTCSl albTEPHATUBHBIMU 3aKOHY pacHpeereHHs
Iaycca.

2. Ionyuenst Ghopmyabl 1y1s OLeHKH 3 deKTHBHOCTH 00-
CEpPBOBAHHBIX KOOPJHMHAT Cy/IHA HPH M30BITOYHBIX M3MeEpe-
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HUSIX, BBIYUCIICHHBIX MCTOIOM HAWMEHBIIMX KBAIpaTOB, B
cllydae, KOr[a MOTPENIHOCTH JMHHKA MMOJI0KCHHUS TOIUHHS-
FOTCSI CMCIIIAHHBIM 3aKOHAM PACIIPEACIICHUS, ¥ PACCUNTAHBI
YUCIICHHBIC 3HAYeHHs Y(PHEKTHBHOCTH B 3aBHCHMOCTH OT
CYILIECTBEHHOTO MapaMeTpa Pacipe/ieIeHHsI.

3. C moMoImpi0 WMHTAIIOHHOTO MOJICIIUPOBAHUS Pac-
CUMTaHbI 3HAUCHUS 3()PEKTUBHOCTH 00CEPBOBAHHBIX KOOP-
JIUHAT CYJIHA, TOJyYCHHBIX TI0 BOCEMH JIHHUSIM TOJIOKCHHUS,

MOTPENIHOCTH KOTOPBIX TMOIYMHSIOTCS CMEIIAHHBIM 3aKO-
HaM pacIpe/IeIeHHsL.

4. OueHkn 2QPEeKTUBHOCTH KOOPIUHAT CyHA, TTOTyICH-
HbIC UIMUTALHOHHBIM MOJICITUPOBAHMSX, U PACCUUTAHHBIE 110
AHAJIMTHYECKAM BBIPAXKEHUSIM, HUMEIOT XOPOILYIO CXOMH-
MOCTb, YTO MOJITBEPIKAACT KOPPEKTHOCTh aHATUTHYECKHX
BBIPAXKCHHI OIICHKH 00CCPBOBAHHBIX KOOPIHUHAT.
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Estimation of efficiency of coordinates of ship at the surplus lines of position, got the imitation design

B. M. Alekseychuk, V. E. Sikirin, D. V. Astaykin

www.seanewdim.com

Abstract. By the imitation design estimation of efficiency of coordinates of ship at the surplus measuring calculated by a least-squares meth-
od is got, in the case when the errors of lines of position submit to the mixed laws of distributing. The values of efficiency of coordinates on
analytical expressions depending on the substantial parameter of distributing are calculated. Estimations of efficiency of coordinates of ship,
got the imitation design, and expected on analytical expressions, good coincidence is had.

Keywords: surplus measuring, efficiency of coordinates of ship, least-squares method, mixed laws of distributing, imitation design.
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Cu(ll) and Ni(ll) p-dycarbonyl complexes as precursors of functional materials
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Abstract. The copper(IT) and nickel(IT) complexes with unsaturated B-dycarbonyl ligands methacrylacetophenon and allyl acetoace-
tate were synthesized and studied. The Cu(ll) complexes were found to have a square-planar structure. The Ni(ll) complexes have a
tetragonal distorted octahedral structure with two water molecules in the axial positions. By means of radical polymerization the
corresponding metallopolymers were obtained and the kinetic of polymerization process was studied by volume dilatometry. The
reactivity of the monomeric metal complexes was shown to be determined by both electronic and structure factors.

Keywords: g-dycarbonyl, complexes, polymers, nanomaterials, thermal analysis.

Introduction. The chemistry of coordination compounds
is one of the major areas of modern science nowadays.
Arousing interest in the metal-containing polymers is ob-
served every year, which is due to their potential applica-
tion in the design of functional materials with desired
properties. The polymerization of metal complexes con-
taining unsaturated substituents is one of the methods for
synthesizing metallopolymers. This route is attractive
since it makes feasible to obtain polymers with uniform
chemical composition in which all functional groups are
bounded to metal ions. However, the polymerization of
coordination compounds has not been studied thoroughly
[1-47, so the research in this area is of great interest.

Metal complexes to be use as monomers should have
relatively high thermodynamic stability and solubility in
organic solvents. From this viewpoint, unsaturated metal
B-diketonates are suitable objects for studying the
polymerization of coordination compounds. Metallopol-
ymers based on them can combine the valuable properties
of B-diketonates with the manufacturability of polymers.
Therefore, the design of new synthetic routes for obtain-
ing such complexes and the study of their structure and
properties is one of the topical tasks of modern chemistry.

The present work deals with monomeric and polymeric
copper(ll) and nickel(ll) coordination compounds with
two unsaturated B-dycarbonyl ligands, namely, methacry-
lacetophenone  (2-methyl-5-phenyl-1-penten-dione-3,5,
mphpd) and allyl acetoacetate (allyl-3-oxobutanoate,
alacac). The complexes were studied using a number of
physicochemical methods including thermal analysis,
absorption, infrared (IR), electronic spin resonance (ESR)
spectroscopy and dynamic light scattering. The polymeri-
zation kinetics of the monomeric complexes was also
investigated by volume dilatometry.

o\/\
T

CeHs

mphpd alacac

(o} o

Materials and methods. Copper(ll) acetate monohy-
drate Cu(CH3COO)2-H,0, nickel(Il) acetate tetrahydrate
Ni(CH3COO),-4H,0, allyl acetoacetate, reagents used for
the preparation of methacrylacetophenone and organic
solvents were of analytical grade. Sodium salt of mphpd
was synthesized from methyl methacrylate and acetophe-
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none according to [5] in a 72 % yield as a yellow crystal-
line substance (melting point 216 °C). *H NMR for
Na(mphpd) (CDCls), & (ppm): 1.98 (s., 3H, CHa); 3.25 (s.,
1H, =C(H)H); 3.62 (s., 1H, =C(H)H); 4.82 (s., 1H, CH);
7.05 — 7.96 (mult. br., 5H, CeHs).

Synthesis of the Cu(ll) and Ni(ll) complexes with
mphpd was carried out by the exchange reaction between
the equimolar amounts of metal (M) acetates and mphpd
sodium salt in an aqueous solution:

M(CH3COO), + 2Na(mphpd) — M(mphpd).
2CH3;COONa.

Synthesis of metal complexes with alacac was per-
formed in a hydroalcoholic solution at pH = 8.5 — 9.0:

M(CHsCOQ), + 2H(alacac) — M(alacac)
2CH3COOH.

The precipitates were filtered off and recrystallized
from benzene at room temperature. One of the special
features of unsaturated metal p-diketonates is that their
synthesis and purification should be carried out at room
temperature because even little heating results in partial
oligomerization, which significantly decreases their solu-
bility. For the same reason the complexes were not puri-
fied by sublimation.

Polymerization was performed at 80°C in dimethyl-
formamide (DMF) during 20 hours in an incubator. 2,2'-
azo-bis(isobutyronitrile) was used as an initiator. The
concentrations of the complexes and initiator were 0,03
and 0,0003 mol-L* respectively. The metallopolymers
obtained were precipitated from solutions by isopropanol.
The polymerization kinetics was studied under the same
conditions during the first 3 hours by volume dilatometry.
The polymerization rate on the initial linear section of the
polymerization curve (Vy), the reduced polymerization
rate (Vreq) and the total rate constant (Ks) were calculated
using the following equations:

+

+

v, = 10Um
MVt
Vred = Vp / Co

Kz :Vred /\/C_l

where U and t are the degree of conversion and the
time for the last point on the linear section of the
polymerization curve, m and M are the mass of the sample
and the molar mass of the monomeric complex, Co is the
initial concentration of the monomeric complex and C; is
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the concentration of the initiator.

Thermogravimetry (TG) and differential thermal anal-
ysis (DTA) were performed on a Q-1500°D type deri-
vatograph (F. Paulik, J. Paulik, L. Erdey system) in the
temperature range from 20 to 500°C (heating rate
5°C/min) in a platinum crucible in the presence of anhy-
drous carrier Al,Os in a static air atmosphere. IR spectra
were recorded on a Spectrum BX Il FT-IR spectropho-
tometer (Rerkin-Elmer) in the range from 400 to 4000 cm"
Lin a KBr tablet. The electronic absorption spectra were
recorded on UV-VIS-IR Shimadzu UV-3600 spectropho-
tometer in the range from 300 to 700 nm. Particle size
determination of monomeric and polymeric complexes
was performed by dynamic light scattering at 25°C on a
ZetaSizer system (Malvern Instruments). Powder micro-
photographs were taken on a Hitachi H-800 scanning
electron microscope. For the Cu(ll) B-diketonates the
ESR spectra were recorded in a chloroform solution at 77
and 293 K on a CMS 8400 spectrometer (ADANI).

Results and Discussion. The coordination mode of the
ligands functional groups to the metal ions was deter-
mined by IR spectroscopy. Table 1 lists the characteristic
IR frequencies of the metal complexes and uncoordinated
ligands. The CO and CC stretching vibrations observed in
the spectra of the metal B-diketonates in the 1560 — 1600
cm? (mphpd) and 1620 — 1640 cm™ (alacac) regions indi-
cate the bidentate-cyclic coordination mode via carbonyl
groups. The higher frequency band is attributed mainly to
a C=—0 stretching and the lower one — to a C=—C
stretching [6-9]. The frequencies of these bands are in-
termediate between the characteristic frequencies of sin-
gle and double CC and CO bonds [8], which indicates the

presence of conjugation in the chelate ring of both lig-
ands. For the metal complexes with alacac the bands of
C—0 and C==C stretching vibrations are shifted to-
wards higher wawenumbers compared to the correspond-
ing mphpd complexes due to the electron density redistri-
bution caused by the oxoallyl substituent. It may indicate
the higher stability of the alacac chelates [7]. The
carbonyl groups are involved in metal complex formation
is evident from the appearance of medium intensity bands
in the region 400-510cm™ due to v(M-O) vibrations [9],
also in this area there are bending vibrations of the chelate
rings [6]. The broad band of coordinated water molecules
presents in the spectra of the Ni(ll) complexes in the 3200
— 3400 cm region.

The medium intensity stretching of the double C=C
bond presented in the IR spectra in the 1600 — 1650 cm™
region is a characteristic feature of 3-diketonates, contain-
ing unsaturated substituents. The disappearance or a sig-
nificant reduction in intensity of this band can be used for
a qualitative characterization of the metal complexes
polymerization. The band in the mentioned region is ab-
sent in the spectra of the Ni(Il) metallopolymers, whereas
a slight shoulder at 1620 — 1630 cm?, indirectly indicat-
ing the presence of only terminal unsaturated groups, is
observed for the Cu(l1) metallopolymers. The C=0 and

C=—=C stretching vibrations for the polymeric complexes
are slightly shifted towards higher wawenumbers in com-
parison with the monomeric 3-diketonates. It indicates the
redistribution of the electron density in the chelate ring
due to the influence of adjacent molecules in the polymer-
ic matrix.

v(MO) Vs(CC) |[vas(CO) [vas(CC) [vs(CO) [v(C=C) [w(C=0) |v(H.0)
+0chel. ring
Na(mphpd) - 1459 | 1411 | 1568 | - | 1677 | 1726
1713,
Halacac - 1360 | 1410 - - 1650 1725
Cu(mphpd)2  |406, 417, 478, 506, 518| 1460 | 1416 | 1554 | 1592 | 1680 - -
Cu(alacac)2 420, 435, 488,530 | 1459 | 1414 | 1529 | 1589 | 1635 | 1715 -
Ni(mphpd)2-2H20| 419, 460, 495, 530 1480 | 1450 | 1554 | 1592 | 1670 - 3435
Ni(alacac)2-2H20 425, 455, 490 1452 | 1410 | 1545 | 1580 | 1625 | 1715 | 3382
[Cu(mphpd)z]n 415, 480 1458 | 1430 | 1558 | 1590 | - -
[Cu(alacac)z]n 410,470 1450 | 1420 | 1536 | 1601 - - 3441
[Ni(mphpd)z]» 410, 485 1460 | 1415 | 1550 | 1505 | - -
[Ni(alacac)z]n 415, 470 1460 | 1420 | 1540 | 1600 | - -

Table 1. Assignments of the characteristic bands in the IR spectra

Thermal analysis was performed in order to determine
the hydrate composition of the B-diketonates under study
and their behavior under heating. There are different opin-
ions regarding the behavior of B-diketonate complexes
under heating in the literature [9-15]. The TG and DTA
curves contain a number of effects associated with the
loss of water, polymerization and decomposition. The
dehydration of the metal complexes with mphpd is known
to occur at rather high temperatures (150 — 250°C) [16].
Since the polymerization takes place in the same tempera-
ture range, on the DTA curves the endothermic effect of
dehydration is often masked by more intense exothermic
polymerization effects. For Cu(mphpd), the endothermic
effect observed in the range of 80 — 140°C is due to the
loss of adsorbed water (weight loss Am = 1,8 %). The

exothermic effect at 158°C can be attributed to the for-
mation of oligomeric structures. The decomposition of the
complexes begins with the loss of one ligand molecule
resulting in the pronounced exothermic effect at 212°C.
Further heating above 350°C leads to the complete de-
composition resulting in the formation of copper oxide.
The decomposition of Ni(mphpd),-2H,0 starts with the
endothermic effect in the 80 — 155°C range, which is due
to the loss of two coordinated water molecules (Am = 6,9
%, Amieor = 7,6 %). The endothermic effect in the range
of 155 — 188°C can be attributed to the melting of the
complex. Further heating up to 500°C is accompanied
with a number of endothermic and exothermic effects
which are due to the decomposition of the organic part of
the complex, which starts with the loss of one ligand mol-
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ecule (Am = 31,2 %, Ampeor = 32,8 %). The complete
weight loss in the temperature range studied is 62,6 %.

The dehydration of Cu(alacac). begins at 86°C and re-
sults in the loss of adsorbed water (Am = 2,1 %). Further
heating in the range of 182 — 352°C is accompanied with
the endothermic effects at 257 and 296°C and the weight
loss of 9,9 %, which is due to the detachment of oxoallyl
substituent of one ligand molecule. The pronounced endo-
thermic effects at 434 and 496°C indicate the thermal
decomposition of the B-diketonate, however, the weight
loss is rather small. Further heating results in the complete
decomposition of the organic part of the complex. The
metal-oxygen stretching vibrations observed at about
500, 600 and 640 cm™ in the IR spectrum of the sample
after thermolysis indicate that Cu(alacac), decomposes to
copper oxide. The bands of these vibrations are shifted to
the short-wave region compared to the spectra of the
Cu(Il) B-diketonate, which indicates the covalent nature
of the Cu—O bonds in the complex.

Thermal analysis of metallopolymers reveals, that they
are thermally stable up to 180 — 200°C, which indicates
their potential use as precursors of film materials.

Electronic absorption spectra of the complexes under
study were recorder in order to determine the shape of the
coordination polyhedrons of the metal ions. In the UV
region (240-280 nm) all complexes exhibit split bands of
the n—m™* transition [9]. The spectra of copper complexes
in the visible region (600-730nm) contain a wide line with
two maxima corresponding to the Big—Asg, and Big—Eq
transitions. The absorption spectra of both monomeric and
polymeric Cu(ll) complexes are similar to the spectra of
square-planar p-diketonates. In the spectra of the Ni(ll)
complexes the charge-transfer band is shifted to ultravio-
let region and both allowed transitions can be observe.

[(Cu(alacac),],

[Ni(mphpd),],

T T T
400 600 800 v,nm

Figure 1. Absorption spectra of some complexes

The band of the 3Ayq — 3T14(F) transition is shifted to-
wards low-frequency region compared to Ni(ll) acety-
lacetonate. It leads to the considerable spin-orbit coupling
of the 3T14(F) and 'Eq states, resulting in the increasing
intensity of the spin-forbidden 3A,; — 'Eq transition and
doublet splitting of the absorption band. Thus, the shape
of the electronic spectra indicates that the coordination
polyhedron of the Ni(ll) ion is a tetragonal distorted octa-
hedron. The inner coordination sphere consists of four
carbonyl oxygen atoms of the p-diketonate ligands in the
equatorial positions and complements with two water
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molecules in the axial positions [12, 17-20]. The absorp-
tion spectra of the monomers and polymers are similar
(fig.1). A slight shift of the main metalopolymers bands in
the shortwave region indicates a weakening bond of the
metal with oxygen.

It is well-known, that from the ESR spectra of para-
magnetic polycrystalline complexes the rhombic, cubic
and axial symmetries can be distinguished. For the axial
symmetry the shape of the ESR spectra depends on the
ground state of the central ion. For instance, if a Cu(ll)
complex has the dy.y» ground state (square plane or pro-
late octahedron), the anisotropic values of the g-factors
obey the following relation: g, > g. > 2.

On the other hand, in the case of the d» ground state
(trigonal bipyramid or oblate octahedron) the relation
between the g-factors will be as follows: g > g1 = 2. As
can be seen from Table 2 and Fig.2 for the Cu(ll) B-
diketonates under study the shape of the ESR spectra and
the parameters calculated indicate the axial symmetry
with the dy..y» ground state. The coordination polyhedron
of the Cu(ll) ion is a square plane, which is in agreement
with the results of the absorption spectroscopy. ESR spec-
trum of Cu(alacac), contains isotropic signal similar to
complexes described in [12].

2000 2500 3000 3500 4000

H, G
Figure 2a. ESR spectra Cu(mphpd)z in CHClsz at 77 K
Complex Jo ao gu Al gL AL
Cu(mphpd)z [2.132 |77 [2.256 [170  [2.070 |30
Table 2. Parameters of the ESR spectra of the Cu(mphpd)2
complexes

Thus, the spectral study revealed the coordination
mode of the ligands and the structures of the coordination
polyhedrons of the monomeric complexes in question.
However, the results obtained do not make feasible to
predict the properties of the metal p-diketonates as mon-
omers in the polymerization reaction.

When the unsaturated double bond is conjugated with
the chelate moiety in ligand molecule, the redistribution
of the electron density due to complexation with the metal
ion increases the bond order of the C=C bond. It leads to
the diminution of the metal complex reactivity compared
to the “free” ligand in the polymerization reaction. In ofr-
der to increase the reactivity, the charge redistribution in
the ligand should be equilibrated. It can be done by using
donor solvents, so the polymerization was carried out in
DMF solutions. The kinetic parameters and kinetic lines
of polymerization listed in Tab.3 and Fig.3 reveal that the
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reactivity of the monomeric B-diketonates depends on the
electronic structure of the central ion and is determined by
both electronic and structure factors.

15000 -
10000
5000
0
-5000 -

-10000 -

-15000 @ |

T T
3000 3500
H, G

Figure 2b. ESR spectra Cu(mphpd)z in CHCIz at 298 K

Ni(mphpd): -
Parameter Cu(alacac)2 (2|F—)|zg )
Vp (%104 mol-L1s%) 0.47 1.34
Vred (x10% s1) 1.56 6.38
Ks (x10° LY¥2-mol"¥2-s1) 2.84 8.16

Table 3. Kinetic parameters of polymerization

In order, to investigate the dispersion of the complexes
under study and to choose the solvent for obtaining uni-
form thin films, the monomeric and polymeric metal -
diketonates were studied by dynamic light scattering in
DMF and chloroform solu-
tions.

Number (%)

Powder microphotographs support this assumption. As
can be seen from the SEM images (fig.5), the structural
units in the monomeric complexes and the polymeric
globules have the size of 10 — 20 nm. The sizes of the
particles in a chloroform solution and in powder coincide,
which makes feasible to use both solutions and powders
of the metallopolymers under study depending on a given
task.

Conclusions. To sum up, the monomeric and polymer-

U,% 2

40 4

30 +

20

10

0 T T T T T
0 20 40 60 80 100 120

T .
140t,min

Figure 3. Kinetic of polymerization Cu(alacac). (1) and
Ni(mphpd)2-2H20

The results have shown that in a chloroform solution
the sizes of the monomeric and polymeric particles are
close to each other (about 10 — 20 nm) and the systems
are monodisperse. In a DMF solution the particles are
within 20 — 50 nm and the systems are polydisperse. At
first glance, the dimension of a polymeric system should
be higher than for the corresponding monomer. However,
the monomer units in polymeric molecules are known to
connect in the long chains, which results in a rather rigid
structure with low entropy. For this reason polymer sys-
tems are prone to self-organization. Therefore, the dimen-
sion of a polymer depends on its structure: about 100 nm
for a polymer twisted into a ball and about 10 nm for a
polymer twisted into a globule. In view of the aforemen-
tioned, the metallopolymers are assumed to have a ball
structure (fig.4).

100 1000
Size (d.nm)

Figure 4. The diagram of distribution by radius of [Cu(mphpd]2]n

10000

ic metal complexes of copper(IT) and nickel(Il) were syn-
thesized and studied by a number of physicochemical
methods in solid state and in solutions. Both monomeric
and polymeric complexes were found to be nanosized. It
was shown that the structure of the coordination polyhe-
drons doesn’t change after polymerization. The polymeric
metal complexes are chemically homogeneous
compounds, which are thermally stable up to 220 °C
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Figures 5. Microphotography of Cu(mphpd)2 (a) and [Cu(mphpd)2]a (b).
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B-Auxapoonmibubie kommiexcbl Cu(ll) u Ni(1l) kak npexkypcopsl pyHKIHOHATBHBIX MATEPUATIOB
A. C. bepexxnunkas, H. b. UBaxa, U. A. CaBuenko, JI. U. ’Kene3nona, E. K. Tpynosa
AHHoTanus. Bbeum cunTe3npoBans! u u3ydeHsl komruiekes! Menu (II) u aukens (II) ¢ HeHachIeHHBIMU -TUKapOOHMIEHBIMHA JIH-
raHfaMi MeTakpowyaneToheHOHOM M ammianeroareraroM. ITokasano, uto xommuiekcsl Cu (II) HMeIOT MmIOCKOKBaApaTHOE CTPOe-
Hue, a kommiekcesl Ni (II) - TeTparoHanpHyr0 HCKaXEHHYIO OKTa3IpHUYECKYI0 CTPYKTYPY C JBYMsI MOJIEKYJIaMH BOZBI B SKBAaTOPHAIIb-
HBIX Mo3ulMAx. IlyTeM panukanbHON MoauMepu3anyy ObIIM MOMTy4eHbl COOTBETCTBYIOIINE METAIONOIMMEPhl X METOIOM AUIATO-
METpUH H3y4eHa KWHETHKa mpolecca mojumepusainu. [lokazaHo, 4To peaknHOHHAs CIIOCOOHOCTH MOHOMEPHBIX KOMILICKCOB Me-
TAJUIOB OMNPeesIeTCs Kak AJIEKTPOHHBIMH, TaK U CTPYKTYPHBIMH (haKTOPaMH.

Kniouesvie cnosa: f-ouxapbonunivl, KOMNIAEKCbL, NOAUMEPbL, HAHOMAMEPUATLL, MEPMULECKUL] AHATU3
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AHHoTanus. PaccMOTpeH NpUHIUI BHEIIHETO YIPaBICHUS POLECCOM PACXOXKACHUS CyI0B U €r0 OCHOBHBIE JocToMHCTBA. [lokazano, uro
OCHOBHBIMU METOZIaMH BHEIITHETO YIPABJIEHHS POLIECCOM PACXOXKICHHUS CYJIOB ABIITIOTCS 00JIACTH OMACHBIX KypCOB COMMKAIOLIUXCS CY-
JIOB M UX OMACHBIX CKOPOCTEH], C IIOMOIIBIO KOTOPBIX BO3MOXKHBI OLIEHKA OMAaCHOCTU CUTYyallU COMMKEHHS M BRIOOP MaHEBpa pacxoxie-
Hus. [Ipu BEIOOpE Ge30MacHBIX KypCoB PACXOXKACHHS CyIOB C MOMOIIBIO 00JIAaCcTH OMACHBIX KYpCOB MPe/UIoXKeHa MpoLieypa ydaeTa Toued-

HOI HaBHUTAIIHOHHOM OITACHOCTH.

Knrouegvie cnosa: besonacnocms cyoogodicoeHus, pacxodicoeHue cyoos npu OnacHom COMUdICeHUY, HewHee YnpagieHue npoyeccom
pacxodcoeniis, 0061aCMU ONACHBIX KYPCOB U CKOpOCMell, MOYedHAs HABULAYUOHHASL ONACHOCb.

Bgenenne. O6ecnieueHre 6€301MaCHOTO PACXOKICHHUS CYIOB
B CHTYalllll OTIACHOTO COJIYDKCHHS TPH IUIABAaHHUHM B CTEC-
HEHHBIX BOJAX SIBISICTCS ONHOM M3 HamOoliee aKTyaJIbHBIX
mpoOsieM OE30IaCHOCTH CYIOBOXKICHUSA. B cBM3M ¢ ATHM
CTECHEHHBIE PaliOHBI IJIaBaHHUsI C OCOOCHHO MHTEHCHBHBIM
JIBIDKCHHEM JUI1 KOHTpOJIS IIpollecca CYIOBOXICHUS U
yIpaBJeHUs] JBM)KCHHEM OIACHO COJIMDKAIOIIMXCS CY/IOB
000pyYZIYIOTCSl CTAHLMSMH YIPABJICHHS JBIXKEHHEM CYIIOB
(CYC), xoTopble MOMKHBI ObITH OCHAIIIEHBI COBPEMEHHBI-
MH CpEICTBaMHU IPENYNPEKICHNUST CTOJKHOBEHHUS CYIIOB,
HCTIONB3YIOMMMHI  CIIOCOOBI  0E30IIaCHOTO  PaCcXOKICHUS
IByX W Oomee cymo. [losToMy mcclieoBaHHE BOIPOCOB
VIpaBIeHHUS CyJaMH, CICAYIONMX OIMACHBIMH Kypcamu
cOmmxeHns, B paiforax koHTpoist CYJIC, yeMy mocBsieHa
HACTOSIIAs CTAThs, SBISCTCA AKTYaJbHBIM U TICPCIICKTHB-
HBIM HAaIpaBICHUCM.

Kpatknuii 0630p nmyoukanmii no reme. B paborax [1-6]
NPEVIOKEHBl Pa3inyHble MOZAENH (hOpMaTU3alMU B3aHUMO-
JIEHCTBHS CYJIOB TIPU PACXOXICHUU M MPOLEAYPbI pacuera
OezomacHOro maneBpa. I[lpumeHeHHe MeToAa HENWHEWHON
HHTErPaJbHON HHBAPHAHTHOCTH TIpeyiaraetcsi B padore [1],
a B paboTte [2] it ormmcaHMs MPOIECcca PACXOXKICHUS HC-
MOJB3YIOTCS METONIBl TEOPHH ONTHMAIBHBIX JTUCKPETHBIX
nporieccoB. Dopmanmzaiys B3aHMOACHCTBHS CYIOB TPH
PACXOXKICHUHN B paMKax Teopud Iu((epeHIMAIBHBIX HIP
npousBouTCs B pabotax [3, 4]. O000IIEHHTO TTOHSITHS B3a-
HUMOJICHCTBHS CYIOB TIPH BOHUKHOBEHHH YIPO3BI CTOJIKHO-
BEHMs TIOCBsIIIIeHa padoTa [5], B KOTOpOit mpeaiokeHa hop-
manmusanus MITTICC-72.

B pabore [6] riyboko M pa3sHOCTOpPOHHE HCCIIEZO0BaHA
mpo0GJieMa TPEIyIPExICHUS CTOIKHOBEHUH CyIOB M Mpea-
JIOXKEH METOJI TMOKHMX CTPaTeruii X pacXOxICHHs, MO3BO-
JSIIOIIUIA (POPMUPOBATH ONTUMAIIBHYIO CTPATETHIO PACXOXK-
JICHUSI CyIHA C HECKOJIKUMH OIACHBIMH ILIEIISIMH C YIETOM
TpedoBanniit MIITICC-72, AMEIOIMMICS HABUTAIIHOHHBIMU
OMACHOCTSMH M HWHEPUUOHHO-TOPMO3HBIMH XapaKTEPUCTH-
KaMH CyJTHA.

Pesynbrarel nccnenoBanus 3)(GEKTUBHOCTH MApHBIX Ma-
HEBPOB PAacXOXKAEHHUS PUBEJEHbI B padote [7], a B paboTe
[8] pacemotpeno ympapieHust TpeMst cyaamu s Oe30rmac-
HOTO pacxokIeHus. Psim ocoOeHHOCTEH 3aadm pacxoxie-
HUS CY/IOB B MOpe OCBellleH B MoHorpaduu [9], B KoTopoii
NPHUBEJICH METOJl NPEAYNpPEeKICHHs CTOJIKHOBEHHSI CYIIOB
MyTeM CMEIIEHHUsI Ha MTapaJUIeNbHYO JIMHHUIO ITyTH.

B paccmoTpeHHBIX paboTax BBIOOP CTpAaTErHH PacXoiK-
JICHUsI CyIHAa TPOHM3BOJUTCS B  paMKaxX JIOKAIBHO-
HE3aBUCHMOTO TPUHITHIIA YIIPABICHHS TIPOIIECCOM PACXOXK-
JICHUSI, KOTOPBIN IpEeIyCMaTPUBACT BO3HHKHOBCHUC B3au-
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MOZEHCTBUA MEXIy CyAaMH TIPU OIIACHOM CONVKCHHH,
OMPEICISIONIECIO UX B3aHMMHOE NOBEICHHE B MPOLIECCE Pac-
XOzeHusd. BzammoneiicTBue cynoB mpenaraercs (opma-
I30BaTh IU(GepeHINATHPHON UIPOH Wi OMHAPHOH KOOp-
JUHAIMEH, KoTopasi, KcTtaTu, peanu3oBada B MIIIICC-72 B
YacT MaHEBPUPOBAHHS CYJOB IIPU OIACHOM COJVIKCHHU.
OnHako, TIpH yIpPaBJICHUH MPOIECCOM PACXOXKICHHUS CYIOB
¢ nomorpio CYJIC ucye3aeT He0OXOIUMOCTh BO B3aHMHOM
COIJIACOBAHMM MAHEBPOB CYIOB MEXaHM3MOM B3aUMOJCH-
CTBUS, T. €. pealn3yeTcsl MPUHIUI BHEIIHEro YIpaBJICHUS
TIPOIIECCOM  PACXO’KACHUSI, HMCCIIEOBAHIE OCHOBHBIX OCO-
OeHHOCTEH KOTOPOTrO COCTaBISeT COACpXKaHNE AAHHOM CTa-
TBU.

Heus. Llens HacTosiel cTaTeu - aHAIU3 METOJOB Ipe-
JYTIPEKACHUS CTOJIKHOBEHUH CYZIOB NPU BHEIIHEM YIIPaB-
JICHUH TIPOLIECCOM X PACXOXKICHHSL.

Marepuajnl 1 Meroabl. [Ipu ynpasiaeHuM mpoLeccom
pacxo>k/IeHNs BHEIIHUH yIpaBiIeHel HaOIl01aeT CUTYaIHIo
cOMMmKeHNs Tapsl CyJI0B M B CIy4ae MOSBICHUS YIPO3BI
CTOJIKHOBEHUSI (hOpPMHUpPYET OOIIYIO0 CTPATETHIO PacXoKe-
HUA U1 000MX CYyZOB, NPERyNpekaasi MX CTOJIKHOBEHHE.
Takum ympaBieHeM MoxeT ObITh, kKak CYJIC, Tak u cyno-
Bast MH(OpPMAIIIOHHAS CHCTEMA, C TEMH K€ BO3MOXHOCTSI-
MH, YCTaHOBJICHHAs! HA KaXXJOM W3 CYJIOB, pelaromas 3a/1a-
Yy KOJUIGKTHBHOTO PACXOXKACHWS W peayM3ylomas IOoiy-
YEHHYIO B pe3yJIbTaTe PEIICHHs WHINBHAYAIBHYIO CTpaTe-
ruto. JIoCTOMHCTBOM TOJTHOTO YIpaBiIeHMs TIPOLIECCOM pac-
XOXKIEHHS BHEIIHMM YIIPABICHLIEM SBISIETCS OAMHAKOBAs
MHTEPIIPETALHS CUTYaI[uH OIaCHOTO COMMKEHUS TIPH BBIOO-
pe MaHEBPOB pacxo’kAeHUs. Tak Kak MpH MOJHOM yIIpaBlie-
HUH B CJIydae OMacHOTO COMIKEHHUsI BHIOOP CTpaTerwu pac-
XOXKICHHS TIPOU3BOIUTCS] HE OTMACHO COMMKAIOIIUMUCS CY-
JlaMH, a BHEUTHUM YIPABJIECHIIEM, TO OTCYTCTBYEeT CHCTeMa
KOOpJIMHALMH, PErJIAMEHTHPYIOIasi B3aUMO/IeHCTBHE OTtac-
HO commkaromuxcs cyaos (MIITICC-72).

B pa6ote [10] mokazaHo, 4TO MHOKECTBO COCTOSIHHIA ITa-
pBl  CONMMKAIOMMXCSl CyJOB LeIeCO00pa3sHO TPEACTaBIISTh
00JIACTBIO ONACHBIX KypPCOB Q. , KOTOpas 0ToOpaxaeTcs Ha

paclIMPEHHOM IUIOCKOCTU KypCOB CYIOB, KaK IOKa3aHO Ha
puc. 1.
I'panuiiamu obnactu Q| SIBISAIOTCS TOYKH KyPCOB CyZI0B

(K;+ K )» YIOBIETBOPSIOLINE YPABHEHHIO:
. vV, .
sin(K, — @) = —Lsin(K,; — 6),
V2

Dd .

a u D - coorBercTBEHHO

e @ = o + arcsin

TICJICHT Y TMCTAaHLMS MEXY CydJaMU,
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D d” NPpEACIIBbHO-A0ITYCTUMA TUCTAHIINA CONMKCHUS CyJIOB.
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Puc.1. O6macts omacHsIX KypcoB Q k CYIOB

Ipn naxoxnennu Toukn (K,, K,) BHYTpH o0nactu
OIACHBIX KypcoB Q. MCTaHLMsA KpaT4yailiero COMmKeHus
D, MEHBLIE NPEENbHO-NoMyCTUMOl uctanmn D, n
cOMMKeHHe CyZOB SIBJIAETCS OINACHBIM. YTPO3a CTOJIKHOBE-
HHsL OTCYTCTBYET, eciu Touka (K;, K, ) HaXOmurcs Ha
rpaHMIE WK BHe obnmactn Q. . Ecnu 11 napel cyaoB Tou-
Ka C NPOrpaMMHbIMH Kypcamu (K14, K 5 ) HAXOAUTCS B
obnacti Q, , TO HEOOXOAUMO NMPH HEU3MEHHBIX CKOPOCTAX
CYJOB H3MEHHUTB MX KYPCBI Ha 3HAUCHU K4, U K 5y, > IPH

KOTOPBIX TOYKa (Kly’ K2y) HC TMPUHAIICIKUT obnactu

OMACHBIX KYpPCOB, & HAXOJUTCS Ha ee Tpanune. [lepexon u3
ToukH (Ko, Kog) o0mactu QB TouKy ( Kiy - sz),

JIOJDKEH COOTBETCTBOBATH MUHUMAJIbHBIM U3MCHCHUAM KYp-
COB CYJZIOB.

B cHTyaumm, Koria OmacHoO cOMKArolIMecs Cy[JHa He
MOTYT HU3MEHSTh CBOH KypC, NPEAYIPEaUTh CTOJIKHOBEHHE
MOKHO M3MEHEHHEM HX CKOpOCTed. B aToM cirydae MHOMXe-
CTBO COCTOSIHMIA Mapbl CONMKAFOLIMXCS CY/IOB CIISAyeT Ipa-
(rgecky mpesicTaBUTh 00ACTHIO OTACHBIX CKopocTelt Q

KOTOpasi aHaJIOTMYHa 00JIaCTH ONACHBIX KYpCOB Q. , C TOH
JVIOb pasHUUEH, YTo Kaxaok Touke (V7,\Vo) MapHBIX

CKOPOCTEH CY/IOB COOTBETCTBYET JMCTAHIMMS KpaT4aiIiero
commkenns Mexy cymamu D, . I'pannna omacHoit 06-
JaCTH CKOpOCTEil, KaxkIas TOYKa KOTOPOH COOTBETCTBYET
JIMCTAHIMK KpaT4aiIero CONMKEHHs PaBHOW MpeneibHO-
JIOTlyCTUMOM TUCTaHIMH, T. €. D i, = Dy, Dopmanmsyer-
cst BeIpakeHnsivu [11]:

sin(K , —0”
2%’ V1*:V
sin(K, —0)

sin(K , —6+)

V) =V. - ,
! 2 sin(K 1 —04)

- . D
rae 9~ = o — arcsin —2-, e*=a+arcsin&-
D D

Ilpu MOCTOSIHHBIX 3HAYEHUAX KYPCOB cynoB K, u Ko

IpaHulbl OIacHoi o0macTu CKOpOCTCﬁ SIBJISIIOTCS JIMHEHHBI-
MU, KaK IIOKa3aHO Ha pUC. 2.
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Puc.2. OGnacTh onacHbIX ckopocteit Q v CyZIOB

[ S S 3 |

Obnacte omacHbIX ckopocTeir Q, CyIOB IO3BOJIIET

OLICHUTh OIACHOCTh MX COJMKEHHS M BBIOpAaTh CKOPOCTH,
obecreunBaronye Oe3zonacHoe pacxoxxaenue. Kak ciemyer
U3 PUC. 2, TIPY HAaYalIbHBIX CKOPOCTAX CY/I0B V,; =18 y310B

uV, =19 y3m0B Touka (V,;,V,)eQ, Hu cOmmKeHue
CYOB OIACHO, Ui OE30MACHOTO PACXOXKICHHUS CIEIyeT
TOUKY (Vly , sz) BHIOpaTh HA IpaHuIe obnacTu Q. , T.C.

CHU3UTH CKOPOCTHU CYIIOB IO 3HAYCHHI V,, =16 Y310B H

V,, =11,5 Y3JI0B.

Pesyabrarel m ux o0cyxneHue. [Ipu ncnons3oBaHun
00I1acTH OMacHBIX KypcoB Q, CyHOB Ui BBIOOpPA MaHEBPa
PacXoxKIACHUA B CTCCHCHHBIX YCJIOBUAX IJIaBaHUSA BO n30e-
JKaHHUHU IIOCaAKH Ha MCJIb HCO6XO[[I/IMO Y4YUTBIBATH HMCIO-
LIMECs B paliOHE MAHEBPUPOBAHUS HABUTAlIMOHHBIE OIIACHO-
ctu. PaccMotpum 3TOT Bompoc Goniee mompoono. [pesro-
JIO’KMM, YTO B palilOHE MaHEBPUPOBAHHS CY/IOB HaXOIMTCS
TOYECYHAs] HAaBUTALMOHHASI OMACHOCTb, KOTOPasi XapaKTepu-

3y€TCs IapaMeTpaMu: IICJICHIraMM U“n(l,Z) C CyJOB Ha

OnacHoOCTb, JUCTAHIHUAMU Dn(l 2) J0 OIIACHOCTHU U TIpe-

JeIbHO — JONMyCTUMOH auctanmped D, ee ImpoXoxueHus.

Yr008I Ipru pacxoKACHUUN n30eKaTh nocaaku Ha MCJIb,
KOXA0C U3 CyJAO0B HOJDKHO n3berath KypCOB YKJIOHCHMA,
3aKIIIOUCHHBIX MCXKAY T'PaHUYHBIMH 3HA4YCHUSIMU KYpCOB

YKIIOHEHUS ngpn) " K§/Sr)w KOTOpBIE PacCUMTHIBAIOTCS C

IIOMOIIIBIO BLIpa)I(eHPIﬁl

D D
S H -
Kg,,31=anl+arcsm N ’Kgp,?l:anl—arcsm n,
n1 n1
. D . D
K$), =0, +arcsin " KO, = q, —arcsin "
Dn. Dn,

B kauecTBe mpHMepa pacCMOTPUM CHTYaLlHIO ONAcHOTO
COMMKEeHNs CyZI0B MPY HAJIMYUH TOUYEYHOW HABUTAIIMOHHON
omacHocTu. lapameTps! cuTyanun COMKEHUS] UMEIOT Clie-

Qyrouye  3HAYCHHUS V1 =10y3., V, =20 ¥3,
D=3vwum, a= 0, D =1 mw, D,=05 mum,
o127, Dn1:2,24 MW, o, =135, D, =1,41 mu-

mm. Curyarust oToOpakeHa Ha puc. 3.
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Puc. 3. McxoaHast cuTyarwsi OIacHOTO COMMKESHHUS

S S SR e e (L [ g A e ) ) o g o 5
A (5 Y W N N N A Y A Y S 5 0 O Y

Puc. 4. O6nacTh HEIOMYCTUMBIX KYPCOB C YUETOM TOYCHHOH
HABUTALIMOHHON OITACHOCTH
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. (5) =39.9° ®) =14.1°
Hbl€ HEAOIMYCTUMbIE KYPChI: Kynl 39,9°, Kynl 14,1°,

s) — ° _ °
K§32—155,8 , Kg/przz—114,2 . O61aCTh OMACHBIX KYPCOB C

Y4€TOM TOYEUHOW HaBUTAIMOHHOW OMACHOCTH IOKa3aHa Ha
puc. 4.
Ipu ciemoBanyy Cy10B HAYATEHBIMH KypCcamu Kl =0

n K, =180c00TBETCTBYIOIIAsA TOYKA, KaK CIEIyeT u3

puc. 4, IpUHAIISKUT 00JacTH ONacHBIX KypcoB. IIpu BbI-
Oope MaHeBpa PacXOXKICHHS CIeIyeT n30eraTb BEIOOpa TO-
YeK, HaXOMSLINXCS MEKIY MapauieIbHbIMUA ITyHKTHPHBIMH
JIMHUSAMU.

BobiBoab1

1. PaccMOTpeH NPHHIMI BHEITHETO YIPABJICHHS MPOLeC-
COM PACXOXKICHHUS CYHOB W IOKA3aHO, YTO IJIABHBIMU €T0
JIOCTOMHCTBaMH{ ~ SIBIISIFOTCSL  OJIMHAKOBash WHTEPIIPETaLlis
CHTyallU OIAacHOrO COJIVDKEHHsI IIpH BBIOOpE MaHEBPOB
pacxokKAeHUsI M OTCYTCTBHE CHCTEMa KOOPMHAIMH, perda-
MEHTHUPYIOIIEH B3aMMOJCHCTBHE OIACHO COIMKAIOIINXCS
CYJIOB.

2. HpI/IBe[[eHI)I OCHOBHBIEC METOAbI OLICHKH OIIACHOCTH
CONIKEHHS CYJIOB M BBIOOpa B CiTydae HEOOXOIUMOCTH Ma-
HEBpa MX pacxoxaeHus. [loka3aHo, 4YTO OCHOBHBIMH METO-
JaM{ BHEIIHETO YIPABICHHUS IPOLIECCOM PACXOXKACHHS CY-
JIOB SIBJISIIOTCS OOJIACTH ONACHBIX KYPCOB COJFDKAOIHXCS
CYIOB U 00J1aCTh X OIACHBIX CKOPOCTEHl, MpIYeM IpUBese-
HBI aHATUTHYECKHE BBIPAKESHUS UX TPAHMII, YTO COCTABIISCT
HAy4YHYIO0 HOBU3HY CTaTbU.

3. Ipennoxxena mpoueaypa ydera TOYEHHOIH HaBHIallU-
OHHOW OMAaCHOCTHU TpPH BBIOOpE OE30MACHBIX KYpCOB pac-
XOXKJIEHUs CYIIOB C IIOMOILBIO OOJIACTH ONACHBIX KypCOB,
no3BoJsItoIasl Oe30macHo Pa3oiTHCh cylnaM 0e3 yrpo3bl
HIOCAJIKK Ha MEJIb.

4. TlokazaHa ILIeJIeCOOOPa3HOCTh HCIIONIB30BAHMS pac-
CMOTpPEHHBIX CIIOCOOOB B BHJC KOMITBIOTEPHON HH(OpMa-
LMOHHOM CHCTEMBI NPU BHEIIHEM YIPABICHHH MPOLIECCOM
PacXOXKICHHUS CY/IOB.
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Warning of collisions of vessels by the methods of external control of process of divergence

I. Burmaka, G. Kalynychenko, M. Kulakov

Principle of external control of process of divergence of vessels is considered and his basic dignities. It is shown that the regions of danger-
ous courses of the drawn together vessels and their dangerous speeds are the basic methods of external control of process of divergence of
vessels, which estimation of danger of situation of rapprochement and choice of maneuver of divergence is possible by. At the choice of safe
courses of divergence of vessels by the region of dangerous courses procedure of account of point navigation danger is offered.

Keywords: safety of navigator, divergence of vessels at dangerous rapprochement, external control of process of divergence, region of

dangerous courses and speeds, point navigation danger.
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AHorauis. [laHa cTaTTa NpuCBsYCHA KIaCTEPHUM CHCTEMaM. ABTOPHU CTATTi PO3TILIHYIH 3arajbHy apXiTEeKTypy KJIACTEPHUX CHCTEM.
Bonu moscHmnm 6a30Bi MOHATTS Ta MapaJUrMH, IO MOB'sI3aHi 3 KOMIT'IOTEPHUMHU KJIaCTEpHHUMHU CHCTEMaMH. ABTOPH 3alpOIIOHYBaIN
METO/] OIIIHKM BY3JiB Y HEOJHOPIIHHUX KJIACTepHUX cucTeMax. [laHumil MeTo] 6a3yeThcs Ha ABOX 3amadax: proof of work ta proof of
trust. ITepmra 3amava cxiamaeTbesl 3 BOX eTariB. [lepmmm erarmoM 3amadi € OTpUMaHHS KOH(ITYpaIiif MporpaMHOTro Ta anapaTHOTo
3a0e3nedyeHHs KOXKHOTO By3Ja B CHCTEeMi. YCl BY3JIH BiIIPaBILIIOTH CBOI KOH(ITryparil eHTpaJbHOMY YIPaBISIOYOMY OO0UYHCITIOBA-
npHOMY B3y (LIYOB), xoTpmii pobus 3amut. Jlani Ha ocHOBI oTpuMaHuX pe3ynbTatiB LIYOB npuiimae pimenns, Oyne By301 3aii-
MaTuch oGuuCIeHHsM 3anadi uu Hi. [[YOB Bimmnpaeise THIIOBY 3aqady By3jiaMm, KOTpi MalOTh HeOOXinHY KoHbiryparmio. 3 oTpuMa-

HUX pe3yJbTaTiB popMyeThes peHTHHTOBa TaONHUILI BY3ITiB.

Knrouosi cnosa: xomn'tomepnuii knacmep, eyzoin, proof of work, proof of trust, saxon Amoara

Beryn. [lns BupimeHHs 3aAad MiABHINEHO! CKIIAQJHOCTI
3a3BUYail BHKOPUCTOBYIOTH OOYMCIIIOBAJIbHI CHCTEMHU.
OOuuncimoBanpHa cucreMa, abo Kiactep — Lie CUCTEMa,
KOTpa CKJIAMAEThCs 3 N-01 KUIBKOCTI OOYHCIIOBAIBHUX
MalllMH, sKi (YHKIIOHYIOTH SIK OJHA CHCTEeMa IJIsi BUDi-
LISHHsI IeBHUX 3a7a4 [2].

3a3BUUail BUAUIAIOTH JEKUTbKA THITIB KIIACTSPHUX CHC-
TeM:

® 00YHNCITIOBAIIBHI KJIACTEPHI CHCTEMU;

® PO3MOJiICHI OOYUCITIOBABHI CHCTEMH;

® CIICTEMH BHCOKOI JJOCTYITHOCTI;

® CIICTEMHU 3 PO3IOATICHAM HaBaHTaKCHHSIM.

Kopotknii orasa my6Jikaniii mo temi

OCHOBHHUM €JIEMEHTOM KOXKHOT OOUMCIIOBAIBHOI CHC-
Temu € obOuncimoBanbHui By30n (OB). YV sikocti By3iniB
MOYKHa BHKOPHCTOBYBATH IEPCOHANIBHI KOMII'FOTEpU Ta
poboui cranmii[2]. V K1acTepHUX CHUCTEMaxX BUIIISIOTH
nBa tuni By3niB: LIYOB ta OB. LlenTpanbhi ynpasisitodi
OOYHCITIOBAJIEHI BY3IIM — II€ BY3JIH, KOTPi Ha3HAYAIOTh
3aadi Ha OOYUCITIOBANBHI BY3JIH Ta YIPABISIOTH HUMH, a
00YHCITIOBANIEHI BY3JIM BUKOHYIOTh KOMAaHIH, SIKi IPHXO-
mate Bing L{IYOB. OGumciroBanmbHI BY3IH AUISThCS Ha
JIeKibKa THITIB B 3aJIeKHOCTI BiJl KOH(]Irypariii sk ama-
paTHOTO TaK 1 mporpaMHOro 3a0e3nedeHHs. 3a apXiTeKTy-
POXO BY3JIiB KJIACTEPHI CUCTEMH AUIATHCS Ha JBa OCHOBHI
THUIIH:

® OJTHOPIHI — Jie BCI BY3JIM MAalOTh OJTHAKOBE amapaTHe
Ta MporpamHe 3a0e3NeyYeHHs, 3aB/sKH [[bOMY BCI BY3JIH
MaroTh OJIHAKOBY ITPOYKTUBHICTb;

® HCOJHOpPIAHI — A€ BCi BY3JH Pi3HOI MarOTh pi3HE

amapaTHe Ta IporpamHe 3a0e3NedeHHs, a OTKEe MAloTh i
Pi3HY NIPOAYKTHUBHICTS.

3a3BUYail BC1 KJIACTEPHI CHCTEMHU Ha eTarli MpOeKTY-
BaHHS MalOTh OJHOPIJHY apXiTEKTypy, aje KOJIM IOCTaE
NHUTaHHS MPO 30UIbIICHHS OOYUCITIOBAIBHOI MOTYKHOCTI
JOAAIOThCS BY3JIM IHIIOI apXiTeKTypu. Takum 4YHHOM,
KJIaCTEpHA CHUCTEMa TEePETBOPIOETHCS HA CHCTEMY 3 HEOA-
HOpIIHAMH By31aMd. BapTo 3a3HauuTH, IO iHOZII Kiac-
TEpHI CUCTEMH CKJIAaJalOThCS 3 JEKUIBKOX OOYHCIIOBAIb-
HHUX CHUCTEM, KOTpI JIOKAJTbHO PO3TAIIOBaHI B PI3HUX dac-
THHAX CBITY.

Line Ta mocranoBKa 3agayi. 3a pi3HUX KOHOIrypamii
pi3HI By3JIM MalTh pi3HY MPOAYKTHUBHICTb, TOMY JUIs
BUpIIIEHHS OJHI€T 3a/1aui pi3Hi By3JIH OyIyTh BHUTpavaTH
pi3Huii yac. 3a 3akoHOM Amaaia [3], sKiio 3agaya po3ii-
JSIETHCSL Ha JIEKIJIbKa YaCTHH, CyMapHUi yac ii BUKOHaHHS
B MapaJieJIbHild CHCTEMi He MOXKe OyTH MEHILE 4acy BUKO-
HaHHS HaiioBuioro ¢parmMeHra. 3a JaHUM 3aKOHOM,
TIPOYKTUBHICTh KOJKHOTO BY3Jla BIUIMBA€ HA MPOIYKTHB-
HICTHh minoi cucrteMu. KiactepHi cucteMu 3 HEOTHOPIA-
HUMHM By3JIaMH, a caMe€ CHCTeMa PO3NOAUICHHS 3a1ad 110
BY3JIaX - HOTPEOYIOTh MMOJANIBIIOTO YAOCKOHAICHHSI.

3agaua “proof of work”. V IIYOB € nBi 6a3u nanux,
mepma 3 skux — e 0aza tunoBux (tasks db) 3amau Ta
BifgmoBize. TumoBi 3amadi 3amal0ThCS  OIEpaTOpPaMU
cucremu. L{YOB o0uncitoe Tumy 3amady Jekijibka pasis i
miCJIs [[HOTO 3aMKCy€e B 0a3y AaHUX IO 3aaady Ta ii pe-
3ynbraT. [HImow 6a30r0 € 6a3a maHux By3idiB (nodes_db),
nie 30epiraeThest iH(OpMAILis PO KOXKHUN BY30JI CHCTEMH.
ApXITeKTypa CHCTEeMH IMoKa3aHa Ha PucyHky 1.

OB OB
NokanbHa mepexa
OB OB
LIyOB
OB l OB
—
7_—’/
Nodes db

Pucynok 1. ApXiTeKTypa CHCTEMH.
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ITepmr 3a Bce, KOXKHUN OOYHCITIOBAILHUN BY30J TTOBH-
HEH IMiATBEPKYBAaTH CBOIO HANIWHICTh Ta MPOTYyKTHB-
HicTh. IS IIbOTO KOXHOMY BY3Jy CHUCTEMH HEOOXiIHO
3aCBIQUUTH CBOIO mpare3natHicts. s mporo I[TYOB
moTpiOHO cdopmyBaTH KpHTepii I BY3JIB, B SKOCTI
SIKMX 3a3BHYail BUKOPUCTOBYIOTH KOH(QITypamito mporpa-
MHOTO Ta amapaTHOro 3a0e3MeucHHS. AJie I[bOr0 BCE K
HEJIOCTaTHbO, HEOOXIAHWI KpUTEpid MpOXYyKTUBHOCTI -
HANMPOCTIIINM CHOCOOOM € BiATIpaBKa THIIOBOI 3ajadi
BY3Jly Ta OTPHMaHHS pe3ynbTaTiB 3amadi. JlaHy 3amavy
MoxHa HazBatu proof of work, koTpa ckiagaeThes 3 ABOX
eTarliB:

e crar iHimiamizamii (initiation step);

e cram oOunciieHHs (calculation step).

Initiation step
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Ha erami imimiamizamii IITYOB Biampasnse 3anmuT Ha
oTpuMaHHS KOHQITryparlii Bil KoxHoro By3na, a OB Bian-
paBisie BiAMOBimb 3 cBoero kKoH(irypariero. Jami ITYOB
mepeBipsie KpUTepil amapaTHOro Ta MPOTPaMHOTO 3a0e3-
MeYeHHS BY3Ja Ta 3alMCye iX B 0a3y MaHUX BY3IiB. |
npuiiMae pilIeHHs MepeaBaTi By30J Ha HACTYIHUH eTarl
YU Hi.

Ha erami o6uucnenns L[YOB Bignparise TUIOBY 3a-
Jady obuncmoBansHOMY By3iy, LIYOB ¢ikcye wac Binmn-
paBlieHHS 337a4i Ta OTpuUMaHHs pe3ynsrary. OB o0unc-
JI0OE TUNOBY 3amady Ta Bimmpaeiase [[YOB. A IITYOB
nepeBipsie pe3ysbTaT Ta 3amucye Horo B 0a3y Bys3IiB.
AnroputM pobotu 3amadi proof of work 300paxkenuii Ha
PHUCYHKY 2.

3anuT Ha OTPUMAHHSA KOHQIrypauii Byana
Lyce BignpaenexHs koHgirypayii Byana 0B
Calculation step
Bianpaska sanavi AnA oGuicneHHs
Lyce Bianpaska peaynbtartie 064MCNEHHA o8

Pucynox 2. Anroput™m po6otu 3agadi proof of work.

KoxxHnii By3071 B KJIacTepHiN CHCTEMi OBUHEH BHKO-
Hath 3amaqy proof of work. fxmo e He 3poOuB, Ha HBO-
ro He MoXke OyTH Ha3HayeHa OOYMCIIOBajJbHA 3ajaya.
Kpim Toro, 3anmaua proof of work moBuHHa moBTOpIOBa-
TUCh 3 TICBHOIO MEPIOAMYHICTIO a00 K y BHMAIKY, KOJH
HEOOXI1THO 3MIHUTH KpUTEPii By3JIiB, KOTP1 HEOOXiIHI 1JIs
cucremu. JlaHa 3ajaya BUKOHYETHCSI TaKOXK y BUMAJKY,
KOJIM JOAAETHCSI HOBA THIIOBA 3a/1ada.

3agaua proof of trust. [Ticins orpumanas iHQOpManii
PO BY30JI MOKHA OOYMCIUTH HaJ(iHICTh KOXHOTO BYy3J1a
(Pn) B 3aexHOCTI Bijl anmapaTtHOro 3abe3nevyeHHs. Y KOx-
HOTO By3Ja € CBiif 3ammc B 0a3i manmx nodes_db, sxwuit
Ma€e HaCTYIHI TOJIs:

® Ha3Ba BY3JIa;

® KoH]Iryparis By3na;

® HaIil{HICTh BYy3IIa, 110 BUPAXOBYETHCS HA OCHOBI 3a-
nadi proof of work;

® BepcCist THITOBOT 3a71a4i;

® yac 00paxyHKy THIIOBOI 3ajaui;

® pe3ysbTaT THIIOBOI 3ajadi;

® 3araJbHNI Yyac 00paxyHKY;

® aKTyaJbHUH 9ac 0OpaxyHKY;

® 3arajbHa KiJIBKICTh 3aa4;

® aKTyalbHA KiUTBKICTB 3aad.

[Tone «Bepcist THUIMOBOI 3a/aui» MOBHHHO CITIBIIA/IATH 3
Bepcieto B 6a3i qannx tasks db. SIkmo BoHa He cmiBmagae,
Ile O3HayYae, M0 BY30J HE BUKOHYBaB 3amady proof of
work i BiH He MO)ke BUKOPHUCTOBYBATHUCH B 3a7adi proof of
trust. Ilicis mepeBipkm Bepcii BimOyBaeThcs mepeBipka
pe3ynbTaTy poOOTH By3ia, SIKWH MOBHHEH CIIBIAJATH 3
pe3ynpTaToM, KOTpWil 30epiraeTbcs B 0a3i  JaHWUX
tasks_db.

KosxHOro pa3y Koimu NpHXOAWTH OOYMCIIIOBAIBHA 3a-
nada, IIYOB po3zpaxoBye, ckinbku 9acy (Tcal) He0OXimgHO
JUTA By3Ja MO0 OOYMCIIUTH HOTo YacTHHY 3aaa4i. KoxHo-
ro pa3y KOJM BY3Jy HaJaloTh OOYMCIIOBAJbHY 3a1ady
ftoro 3aranpHUi 9ac(Total) 301IBIIYETHCS HA Tcal Ta BHpa-
XOBY€ThCS, cKimpkn dacy OB BHTpaTHB Ha MiIpaxyHKH
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(Trun), @ Niotal 301IBLIYIOTh HA OAMHHMINO. SIKIIO BY30I
BUKOHAB TOCTaBJICHY 3a/1a4y JI0 HOro aKkTyaJlbHOTO 4Yacy
(Tex), mo 3aramsHOro 4acy (Ttotal) M0AatOTh Trun, 1 Nex
30UIBIIYEThCS HA OJMHUITIO, MICHsS YOro HEOOXIMHO Bix
3aranpHOro Yacy BiHATH (Tcal). SIKIIO By30:1 HOBHIA, BCi
HacTymHi TOJS (Ntotal, Nex, Ttotal, Tex ) BCTaHOBICHI 3a
3aMOBYYBAHHSAM SIK OJTUHHIII.

3araneHa KiIbKIicTh 3a1a9 (Notal) — 1€ KiIBKICTB 3a1ad,
KOTPY BY30JI OBHHEH OyB BHKOHATH. AKTyalibHa KiJb-
kicth 33724 (Nex) - 1€ KiJBKIiCTh 33724, KOTPY BY30J BH-
koHaB. Ha ocHOBi maHoi iH(poOpMaIii MOKIHBO IMOpaxyBa-
TH HaNIHHICTD By3JNa KJiacTepHOi cuctemu abo “proof of

Tex Nex (1), xe Pn -

™ Tiotat Niotal
amapaTHa HaJiiHicTh By3na (Big 0 mo 1).

Ha ocHoBi proof of trust moxkHa copmyBaTH TakKy
PEUTHHTOBY TAOJHUIIO BY3JIIB, [0 YUM OJIFDKYE PEHTHHT
By3JIa JI0 OJMHUII TUM OLITBII HAMIHHUM BiH €.

Bubipka By3.1iB A1 BUpilIeHHS MOCTABJEHOI 3a1a-
yi.

3 oTpuMaHUX PE3yJIbTATIB i3 MOMEPEAHBOT 3amadi MU
OTpUMAa€EMO TaOJIHMII0 By3JiB. SIKIIO By3JiB HE BUCTAyYae
U1 OOYHMCIIEHHS IIOCTaBJEHOI 3ajadyi, TOAl HEOOXIIHO
BHKOHATH 3amady proof of work, ame 3miauTH KpuTepii
KOoH(}iryparii. SKmo x By3JiB OUIbIIIe HXK MOTPIOHO, TOMI
HEOoOXi/THO BUKOHATH CEpeAHE apu(METHUHE BiIXUICHHS
3a Pyor, 11 4Or0 HEOOXIZHO CKOPHCTATUCH (POPMYIIOKO
X= 1Y% (2), ne x; - ue Py mms i-ro Bysma, n —
3arajibHa KiTBKICTh BY3JiB B TaOJwii, a X - cepegHe apu-
¢bmeTHuHe.

Jani BupaxyBaTH CTaHIApTHE BIIXWIECHHS 3a (OpMY-

JI0K0 0 = ’%Z{‘:o(xi —%)% (3) [1]. BukopucToByioun mpa-

BHJIO 3X CHUTM, KOTpPe CTBEP/KYE, IO MPAKTHYHO BCi 3HA-
YCHHS HOPMAaJbHO PO3MOAIICHOT BHITAQJAKOBOI BEIHMYMHH
nexaTts B Aiamas3oHi {X — 36;X + 30} [1]. Yci Hammi By3H
TaKOX 3HAXOISTHCA B TaHOMY Aiama3oHi. OTxe, HeoOXia-
HO BU3HA4YMTH KoedirieHT K, KOTpHil 3HAXOAUTHCS B Iia-

trust”, 3a Qopmynow Py = P
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nazoni {0.1; 3} i migcraBuTH HOoro B niamazoH {X —
ko; x + ko}. Leit koedimienT HeoOXiqHO 30UIbLIYBATH 3
kpokoM B 0.1 mo TWX Tip, MOKH KiJBKICTh BY3JIB, IO
3HAaXOAWTHCS B 33/IaHOMY [iara3oHi, He Oyme OinbIne Hixk
KUTBKICTH BY3JIiB, SIKi HEOOXiTHI I OOUHCIICHHS 3a/1a4i.
BucHoBku. PeitftunroBa tabmuis (opMyeTbes 3 pe-
3ynpTariB ABoX 3amau proof of work ta proof of trust.
OcHoBa MeTa LUX 3a/a4 - BifCIATH HEHaAilHI By3/n abo
BY3JIM 3 MAJIOIO MPOJYKTUBHICTIO, III0 B CBOIO Yepry 30i-
JIBIIUTH MPOAYKTUBHICTE HEOMHOPITHOI KIACTEPHOI CHC-

Temd. BUKOpHCTaHHS JaHOTO METOAY 3MEHIIMTh 4Yac Ha
00YHCIIeHHsI, 30UIBITNTD MIBUAKICTh Ta HAIIHHICTH BHpI-
meHHs 3amadi. Ha ocHOBI maHOTO MeETOay BCi BY3IH 3
OTHAKOBOIO MPOJYKTHBHICTIO OYAYTh 3aifHATI 00YHCICH-
HsM 3afadi. [le 3HaYHO 3MEHIIUTh Yac MPOCTOI0 CHCTEM,
0, B CBOIO Yepry, € OAHI€I0 3 OCHOBHHX MpoOJeM B He-
OJTHOPIHUX KiacTepHHUX cucremax. [Ipore Bapro 3a3Ha-
YUTH, MO0 CHUCTEMI MOTPIOCH Yac Ta PEeCcypCcH Ui BUKO-
HauHs 3ana4 proof of work ta proof of trust.
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A method for increasing productivity in heterogeneous cluster systems
T. V. Dregalo, V. P. Simonenko, L. V. Dregalo, O. R. Pedorenko, M. S. Soloviova
Abstract. This paper deals with cluster systems. Authors have paid much attention to architecture of these systems. They have also
explained all laws and paradigms that are related to computer cluster systems. The authors propose a new method rating of nodes in
inhomogeneous cluster systems. This method based on two tasks: proof of work and proof of trust. Task proof of work consists of
two steps, on the first server sends requests for all nodes and takes information about software and hardware. After this server makes
the decision if server can use this node for calculation or not. If all is ok, the server starts step two and sends simple task for calcula-
tion. Using a result of the task server makes rating table with nodes, which can be used for calculation.

Keywords: Computer cluster, node, proof of work, proof of trust, Amdahl's law.

MeTon noBBINIEeHHs] MPOXYKTHBHOCTH /IJISI HEOJTHOPOHBIX KJIACTEPHBIX CHCTEM
T. B. [Iperano, B. I1. Cumonenko, JI. B. Iperao, O. P. Ilenopenxo, M. C. CotoBbeBa
AHHOTauus. B crathe paccMaTpHBAIOTCS KIACTEPHBIC CHCTEMBI. ABTOPBI Y/CISUIN OOJBIIOE BHUMAHHE apXUTEKTYPE STUX CHCTEM.
OHH TaroKe OOBSCHIIN BCe 3aKOHBI M MTAPAANUTMBI, CBAI3aHHbIE C KOMIIBIOTEPHBIMH KJIACTEPHBIMU CHCTEMaMH. ABTOPBI IPEIOKUITH
HOBBIH METO/] OLIEHKH y3JI0B B HEOJHOPOHBIX KJIACTEPHBIX CHCTEMaxX. DTOT METOJ OCHOBaH Ha AByX 3amauax: proof of work u proof
of trust. 3amaua proof of work cocTouT M3 ABYX 3TamoB: Ha MEPBOM 3Tale CepBEpP OTHPABISET 3alPOCHl Ha BCE Y3JbI H MOIYYaeT
nH(opMaIHIo 0 IPOrpaMMHOM U ammapaTHOM obecrieueHud. [locie 3TOro cepBep MPUHMUMAET PEIISHHE, MOXKHO JIM HCIIOJIb30BATh
9TOT y3el JuIsl pacyeTa win HeT. Eciu Bee B mopsizike, cepBep HAYMHAET BTOPOH 3Tall M OTIPABJIIeT NPOCTYIO 33/1auy ajs pacyera. Ha
OCHOBE TIOJIyYEHHBIX PE3YJIbTaTOB cepBep (GOpMHUPYET TaOJHIly ¢ PEUTHHIOM BCEX Y3JIOB B CHCTEME, KOTOPBIE MOTYT HCIOJIb30BaTh
JUISL pacyera.

Knrwoueswie cnosa: Komnvromepnulii knacmep, 8y301, proof of work, proof of trust, 3axon Amoaia.
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Abstract. In the article the statistics about emergency situations in 2016 and on the number of existing major hazard in Ukraine were
analyzed. Based on the analysis introduction in Ukraine of the system for remote monitoring in radioactive and chemical dangerous
objects, which includes the use of unmanned aircraft technology was proposed. The research of Ukrainian production "drone" for
civil protection and presents its main specifications of which will depend on the success of implementation of its tasks was held. The
experience of similar systems used for remote monitoring of certain dangerous objects in Britain was analyzed.

Krouosi crosa: monitoring system, civil defense, unmanned aerial vehicle, high risk object, radioactive and chemical danger.

Introduction. Ensuring the safety of society - a complex
scientific and engineering applications, which requires
solving complex problems of organization management,
forecasting and monitoring of natural and manmade
emergency situations (ES).

According to the official website of the State Emer-
gency Service of Ukraine (SESU) in 2016 in Ukraine
were happened 149 emergencies. Of these, 56 - manmade,
89 - natural and 4 - social. Due to these emergencies sit-
uations killed 183 people (including 37 children) and
injured 1,856 people (including 861 children). To the
present amount of emergency shows that the largest num-
ber of people killed and affected by emergencies is
manmade. The total number of emergency situations in
2016, compared with 2015 year increased (148 emergen-
cies situations) and this tendency continues. With the
increase in the total number of emergency in Ukraine and
increase amount killed and injured as a result of man-
made emergencies should focus on new methods and
ways of prevention and detection of accidents with the
release of dangerous chemicals and radioactive substances
in industrial objects.

According to the official report SESU of state supervi-
sion of civil protection in the field of technological securi-
ty for potentially dangerous objects and high risk objects
as of December 2016 were registered in Ukraine 6098
high and 22,924 potentially dangerous objects. In addi-
tion, in Ukraine there are four active nuclear power plants
(Zaporizhska, Rivnenska, Khmelnytska, Yuzhnoukrain-
ska), which has 15 power units with total capacity of
13,880 MW, also in Ukraine carried out the extraction of
uranium ore in the Kirovograd and Central Ukrainian
uranium areas creating additional radiation hazard coun-
try.

Formulation of the problem. Security of dangerous
chemically objects (DCO) depends on many factors, in-
cluding: physical and chemical properties of raw materi-
als, intermediates and products; the nature of the process;
design and safety equipment; the storage and transporta-
tion of chemicals and other factors. Analysis of the chem-
ically hazardous industries shows that their production
lines are small number dangerous chemical items (DCI),
and the larger number of dangerous substances is availa-
ble at the company's warehouses. With the destruction of
the substance is distributed outside the company, causing
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mass destruction of not only the personnel of the object,
but also the population living nearby.

For any emergency phase characterized the emergence,
development and decline hazards. In the dangers chemi-
cally objects may wake several damaging factors - fire,
explosions, chemical pollution of ground and air and
outside the facility - pollution. The main damaging factor
in the accident in DCO is the chemical pollution of the
surface of the atmosphere, which results in destruction of
people in the area of materials.

Events in Romania in 2007 with the release of large
quantities of cyanide in the river water and contamination
from the accident at the mine for the extraction of nickel
"Talvivaara" Finland, which occurred in 2012, forced to
think about qualitative chemical and radiation reconnais-
sance and monitoring in the territory our country as ac-
cording to statistics, in Ukraine there are many dangerous
objects, an accident which can cause chemical and radio-
active contamination. Especially important was the ques-
tion that today, as in Ukraine are sabotage groups that
perform tasks for disabling of civil protection, critical
infrastructure and military installations, as happened at a
military base in Balakleya at the end of March 2017 year,
where multi-site storage of rocket and artillery exploded
(fire) that caused the detonation of ammunition.

In view of the foregoing, the relevance of the study and
monitoring areas around dangerous objects is becoming
increasingly important. However, for qualitative observa-
tion of large areas requires appropriate tools and software
by which to implement effective chemical and radiation
survey as in case of emergencies and to prevent it.

The main material. For this purpose, monitoring and
surveillance in the world gained widespread use of un-
manned aerial vehicles (UAV). UAV - aerial vehicle
which carries the departure and return without the physi-
cal presence of a pilot on board.

With the development of modern technology is gaining
increasingly popular use of drones in various areas of
civil protection - from the area of remote sensing to iden-
tify hazardous chemicals that help in the short term to
assess the state of a large area of the study in terms of
pollution [1, 2].

In Ukraine there is a one prototype unmanned aerial
vehicle that is designed exactly for this purpose - UAV
«Viper SM 3» [3].
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UAV «Viper SM 3» is designed to perform the tasks
assigned to the single state system of civil protection of
Ukraine, namely monitoring and observation of hazards in
the event of emergencies situations. It has a multi-purpose
and can be used for aerial photography areas, with the
purpose of security at a certain perimeter, it is also possi-
ble to use it for monitoring natural and man-made disas-
ters.

Ukrainian unmanned aerial vehicle «Viper SM 3» is
made in an unusual configuration, including rotor unit
located on three separate consoles (Fig. 1), which im-
proves the quality of maneuvering drones, providing it
with good aerodynamics. Sizes of UAV «Viper SM 3» is
quite compact - with length and width of the device 65 cm
(without screws), its height is 20 cm, and provides drones
weight 5 kg. Thus its load capacity is equal to its weight
of 5 kg and at altitudes of up to 2 km. Radius of use
UAVs to 6 km with a flight duration of 20 to 50 minutes
depending on the workload of the unit.

TR L~
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Fig. 1. General view of the Ukrainian unmanned aircraft «Viper
SM 3»

Additionally, the UAV can serve as a carrier of:

- HOES (Hidrostability optoelectronic system) sensor
with high resolution visible range;

- HOES sensor with high resolution infrared range, to
monitor and identify areas of fire in forest areas [4, 5];

- photo fixation optical system with high resolution;

- suspension system of special use (geodetic, radio-
metric, gas analyzed, dosimetry).

Prospects of application UAVSs in civil protection are
obvious, given its characteristics. Although Ukraine in the
implementation of "drones" in professional activities

SESU still under development, it is necessary to consider
and implement the best practices of foreign rescue ser-
vices, which have long been widely used and such types
of industrial monitoring high risk. Also, a big advantage
of using the technology of unmanned aerial vehicle is that
a man or a rescuer is safe, and that is the top priority in
the liquidation of any accidents.

Thus, the British firm ImiTec Limited has developed
and implemented remote monitoring system at high risk
objects «ImiTec RIAS» and «ImiTec AARM».

The monitoring system Airborne ImiTec Advanced is
simple and universal, it has radiation detection antenna
and the ability to fly at low altitude. Unique remote iso-
topic analysis of «ImiTec Radiation isotope analyzer
system (RIAS)» is made of lightweight gamma spectrom-
eter, which uses custom software to process data on radia-
tion. It allows getting high-quality image of radiation. The
system can be integrated into many different platforms,
including ground vehicles and remotely piloted UAV’s.

Remote isotopic analysis of «ImiTec RIAS» is a radia-
tion monitoring system that detects, characterizes and
displays radiological contamination. It has sensors for
data collection, microcontroller and software to interpret
the data and create maps showing the location and intensi-
ty of the radiation radioactive type.

RIAS system can be used to detect radiation at nuclear
energy objects, defense industry, in the mining, in
reconnaissance, and so on. Data collected through RIAS,
include location, calculations, the radiation intensity and
energy, well-characterized danger arose. During the moni-
toring operations, locations and calculations sent in real
time to operators who monitor the results. All data stored
on the SD - card with an option to download the Internet.
Estimates of the extent of zones and radiation generated
maps sent locally on a single central server ImiTec.

The company has also developed a system of
autonomous airborne radiation monitoring system that
uses accessible and universal UAV «ImiTec RIAS» (Fig.
2). Airborne Advanced Radiation Monitoring (AARM) at
low altitude provides radiation detection and can be
adapted to regular monitoring of dangers radiation objects
to respond to nuclear accidents or incidents related to the
release of radioactive substances.

Fig. 2. Universal drones «ImiTec AARM»

AARM has the flight time of 45 min, flight range of 1
km and optimal weight less than 7 kg. Advantages of
AARM are minimal risk for the operator, rapid response
programmed flight trajectory, fast and detailed research.

Conclusions. Given the characteristics discussed in the
article UAV s clear that the prospects for their use are
appropriate and reasonable.

Another important factor that shows the effectiveness
of the technology of UAV’s is their constant improve-
ment. World remote observation constantly modified to
perform effective monitoring, and the introduction of
these technologies in radioactive and dangerous chemical-
ly objects approved in some countries by law. Implemen-
tation of such systems on separate objects according to
the UK Official Site Fire and Rescue Service UK [6]
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prevented the emergence of five emergency situation, the
consequence of which could suffer up to 3000 people.
Therefore, the State Emergency Service of Ukraine
should begin to introduce world experience using obser-

vation systems at high risk objects bearing radioactive or
chemical hazards. In the future it will help reduce the
number of emergency situation and, more importantly, to
avoid human and material losses.
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O0ocHOBaHUE UCNOJIb30BAHUS TEXHOJIOTHI 0eCMUIOTHBIX JeTaTeIbHBIX alMapaToOB, KAK CPe/ICTBA 1eTeKTUPOBAHUS aBapHii
M ABApHIiHBIX CHUTYalMii
A. II. T'aBpucs, A. b. Tapuasckuii, M. 3. Jlappusckuii, P. b. BecesimBckuii
AnHOTanms. B cTathe mpoaHann3npoBaHbl CTATUCTUYECKUE JaHHBIC BOSHUKHOBEHHS YPE3BBIYAHBIX CUTYAIlUi U JaHHBIC O KOJIHYe-
CTBE 0OBEKTOB MOBBIIICHHON OMACHOCTH TeppuTOpun Ykpauubl Ha 2016 roa. Ha ocHOBe MpoaHaIM3UPOBAHHBIX TAHHBIX MPEITIOKE-
HO BHEIpPEHHE B YKpaWHE CHCTEMBI TUCTAHIMOHHOTO HAONIONEHHS HA PAIMOAKTHBHO M XMMHYECKH OIMACHBIX O0BEKTaX, KOTOpas
BKITFOUAET B ce0s UCIIONb30BaHNe OECIIIOTHBIX JIETATENBHBIX anmapaToB. [IpoBeneHo uccienoBanne «0eCIIIOTHAKA» YKPanHCKOTO
MIPOM3BOJICTBA IS BHIMONHEHNUS 3a/1a4 TPaKIAHCKON 3aIIUTHI M €r0 OCHOBHBIC TEXHHMUYECKHE XapaKTepUCTUKU. Kpome 3toro, mpo-
aHAM3UPOBaH OMBIT MCIOIB30BAHHS aHAJIOTHYHBIX CHCTEM MHCTAaHIIMOHHOTO HAOIOICHU Ha OTIACIBHBIX OMMAcHBIX 00bekTax Bemm-
KOOpUTaHHU.

Knrwuesvie cnosa: cucmema HabniooeHus:, 2parcOanHcKas 3awuma, 6ecnuiomublll 1emameibHbll annapam, 00beKknm noGbIUEHHO
onacHocmu, paouoaKmusHoe U Xumuieckoe OnacHoCb.
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300paxeHnb i moBepxoHsb 3a fanumu HJIC
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AHoTamisi. Y cTaTTi po3riIaaaloThcsl METOMOJOTIYHI IPHHIMIH (paKTaTbHO-TEKCTYPHOTO aHaNi3y 300pakeHb Ta JUCKPETHUX MacH-
BIiB KOOPJMHATHHX TOYOK, SIKi BH3HAYAIOTHCS METOJAMH Ha3eMHOTO JIa3epHOTO CKaHyBaHHs. JleTani3oBaHi NMTaHHA YacTOTHO-
KOHTpacTHOI (iIbTparil HaiBTOHOBUX 300pakeHb Mappa-Xinapera. B 3aranbHuX prcax TEOPETHYHO BHCBITIEHI pOTOTpaMMETpH-
YHI acIIeKTH CKaHiB Ta mporeciB ix resampling-y. 3HauHa yBara HagaHa BH3HAYCHHIO (PaKTAIBLHOI PO3MIPHOCTI TUCKPETHOTO OIS
koopauHaTHUX To4oK HJIC 3a METOZOM CHEKTPAIBHOTO PO3KIIAmy.

Knrouosi cnosa: ghpakmanvro-mexcmypHuil ananis, HanieMoHo8I 306padxcents i no08epXHi, Ha3eMHe Jla3epHe CKAHY8AHHA, onepa-

mop Mappa-Xinopema, ¢ppaxmanvua posmipHicmeo.

Beryn. OqauM i3 BaXXJIMBUX NATaHb € KOPEKTHA 1 CTPOTO
HAyKOBO-OOIPYHTOBaHa XapaKTepHCTHKAa IPOCTOPOBOTO
PO3IOAUTY NPUPOJHHUX CTPYKTYp, HANpPHKIAN, CUILCHKO-
TOCIOJAPChKUX  YTiZb. MOJKINBUM BUpIMICHHAM IIi€l
npoOyieMH € 3aCTOCYBaHHS NPUHLMUIIB (hpaKTaNbHOI reo-
mertpii [1, 2].

3a cBOE€I0 CYTTIO (DPaKTABHICTh BPAXOBYE CTYIIHb Op-
TaHI30BaHOCTI MPUPOIHUX CTPYKTYp. Y pe3ynbTati (pax-
TAJIBHOTO aHAN3y KOCMIYHHX 3HIMKIB pi3HOTO MacmTaly
JIOBEICHO JIOUIIBHICTD 3aCTOCYBaHHS TaKOTO IIJIXOLY.
JlocaimKkeHHs BHUKOHAH1 IUTS pizHUX ¢izuko-
reorpadiuaux perioiB Pocii ta [Tompmii, i € ZOCTaTHRO
0OTpYHTOBaHIMU.

B ocTaHHI pOoKH IOCUTH IIUPOKO Ta YCIIIIHO 3aCTOCO-
BY€ThCS Ha3eMHE Ja3epHE CKaHyBaHHs Haipi3HOMaHITHi-
mux 00’eKTiB, 30Kpema, OyaiBedb, apXiTEKTYpPHHUX
maM’THUKIB, CKymenTyp Tomio [3, 4]. dns masepHux
CKaHepiB PI3HOr0 BUPOOHUIITBA BAKJIMBO BCTAHOBIIIOBATU
YMOBH IX ONTHUMAJBHOTO 3acTOCyBaHHS. HeomHO3HaUHOIO
€ IyMKa cepell HAyKOBIIB 1 MPaKTHKIB MIOIO BIUTUBY
TEKCTYPHUX OCOONUBOCTEH HOCHIIHKYBaHHX 00’ €KTIB.
BaxmmBuM Ta akTyadbHUM € THTaHHS iHTerpamii ¢poTo-
rpaMMETPHYHHAX METOJIB y MPaKTHKy HA3eMHOTO Jasep-
HOTO 3aCTOCYBaHHSA. B CTaTTi pO3risiaroThCsi METOHOJIO-
riyHi NpUHUMIHK (PaKTaIbHO-TEKCTYPHOIO aHamlizy 30-
OpakeHb Ta IUCKPETHHUX MAaCHBIB TOYOK, sIKi BH3Ha4a-
I0ThCS METOJJAMU HAa3€MHOTO JIA3€PHOTO CKaHYBaHHSI.

AmHauni3 ocrannix my6Jjikaniii. Ha croronni pisHuMu
¢bipMaMu-BUPOOHUKAMU  PO3pPOOJICHI BHCOKOTOYHI Ta
IIBUIKO/IIF0YI HA3eMHI JIa3epHi CKaHepU TPETHOTO MOKO-
JIHHS, 3aCTOCYBAaHHS SIKMX B 1HKCHEPHO-TEXHIYHUX 3a/1a-
Yax € HaJ3BUYaiiHO nepcrekTuBHUM. OJHAK, HEMae oj-
HO3HAYHOCTI CTOCOBHO TOYHOCTI 1 MOXIIMBOCTEH CKaHe-
piB pi3HHMX BUPOOHWKIB. [l BUpINICHHA IMX IHTAaHb
omy0JIikoOBaHa HHU3KA ITyOJIiKaIii.

Bigznaunmo Taki gocmimkenns [5, 6, 8, 9, 10]:

—Yubyanuer A.I., BammkeB A.b.: «ABtomarmue-
CKO€ COIOCTaBJIeHHE OOJAaKOB TOYEK, IOJyYCHHBIX B
pesynberare HJIC ¢ ucmonp30BaHHWEM OPHUEHTAITMOHHBIX
rucrorpammy, 2008, ¢. 112-119;

— MuxaiinoB A. Il., CunpkoBa M. .. «[Ipumenenue
CTEPEOCKOIIMYECKOr0 MeToja /I HalOiroeHust U oopa-
OOTKM PEe3yJIbTaTOB TPEXMEPHOTO JIa3ePHOT0 CKaHMPOBa-
Hus», ['eonesus u kaprorpadus, 2003, c. 38-41.

Oco0JIMBO 3HAYMMHUMH 1 BarOMHUMH € JOCIHIIKEHHS
n.r.H. Wynsua P. B. «Teopist i mpakThka BUKOPUCTAHHS
Ha3eMHOTI'0 JIa3ePHOT0 CKaHyBaHHS B 3a/1a4ax iH)KEHEpHOT
reojiesii» (aBTopedepar AOKTOpChKOi auceprartii), Kuis,
KHVYFBA, 28 c.
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BapTo BumimMTH TakoXX i OpWTiHANEHWI HaBUYAIbHUI
nocionuk npogd. dopoxuncekoro O. JI.: «Hazemue nase-
pHe ckaHyBaHHs B poTorpammerpii», JIbBiB, 2014, 95 c.

Meta. Po3riisiHyTH KOHIIENITYallbHI OCHOBHU (ppakTab-
HO-TEKCTYPHOT'O aHaJi3y HAMIBTOHOBHX 300pa)KeHb 1
NOBEPXOHb, JOCIIKYBAHUX METOAaMH TPHUBUMIPHOTO
Ja3epHOTO CKaHyBaHHS.

Buksag ocHOBHOro Mmarepiany

1. ITonepeans o0podka. I[lpu 3acTocyBaHHI MaTepia-
JiB HA36MHOTO JIa3€PHOTO CKaHYBaHHS 4acTO BHKOPHCTO-
ByeThCs AudepeHnianpHuil omeparop Mappa-Xingpera,
SIKUA TIOPiBHAHO 3 TpagumiiHuMH ¢inbrpamu Cobens,
PobGeprca Ta iH. Mae psm mepemar. Omepatop Mappa-
Xinmpera mae i ocobmuBocTi. [lo-mepiie, BiH peaizo-
Bye nudepeHLiaTbHui oneparop, ssKUi BpaXxoBYeE MepIly
abo Jpyry mpoCTOpOBY MOXiAHY 300paxenHs. [lo-apyre,
BiH aJantoBaHuii Ha po0OOTy Ha HEOOXigHOMY MaciiTal-
HOMY piBHI AJIsl TOrO, 100 OIepaTopH, MpU3HAUCHI IS
00poOKH BeMMKUX (PparMeHTiB 300paskeHHS, MOXKHA OYJI0
BUKOPHCTOBYBATH /IS BUABICHHS TPAHUIb HA PO3MHTHX,
3aTeMHEHMX JUISHKaX 300paXKeHHs, 1, HABMNAKH, MPU3Ha-
YeHi A 00poOKH ManuxX (parMeHTiB 300paKeHHS — IS
BUSIBJICHHSI MQJINX €JIEMEHTIB 300pakeHHs Ha ioro 1oope
c(OKYCOBaHUX HiNITHKAX.

Mapp i XingpeT mokasajiu, Mo B HAWOUIBII 3arajbHO-
My BHUIQJIKy IMM BHMOTaM BiAmoBijnae moeaHaHHs Jlam-

naca [7]
— (02 02
ve= ( /0x2 + /6y2)’ @)
SIKHIA 3aTOCTPIOE TPaHUII, i3 3TIAKYIOUYUM (DITBTPOM,
10 33Ja€THCSI TAYCIBCHKOKO (DYHKITIEO

e |(F Y
G(x,y) = exp [( /27102)]'
e 0 — ucrepcis HOpMaJILHOTO PO3IOJLTY.
Perymiorounii oneparop Mappa-Xinapera Mmae BUTTISAA

V3G(r) = _1/1102 (1 _rz/zgz) exp (_rz/zgz): (3)

Jie T — BIJICTaHb JIO JaHOI TOYKH BiJ IeHTpa (HiIbTpa.

Bubip oneparopa V2G-Tunly 3iHCHIOETBCS B OCHOB-
HOMY 32 paxyHOK I'ayCiBChbKOi KpUBOi G.

[IpakTuka 3acTocyBaHHs omeparopa Mappa-Xinampera
MiATBEpAMIa Horo eheKTUBHICTH MU aHAJi3i MaTepiaiB
JIa3epHOTO CKAaHYyBaHHS CHUIBHO 3 IU(PPOBUMHU 300pa-
KEHHSIMH.

2. @oTorpamMmMeTpisi oKpeMoro ckana. Maremaruy-
HOIO OCHOBOIO € PIBHICTH KOOPAWHAT TOYOK CKaHYBAaHHS i
KOODPJIMHAT MITOK KaJibpyBaisHOTO 1ot [3, 5, 6]

F(E,E,E) =0
Fx = Xi — Xj,
Fy = YL =Y

)

(4)

©|V, M. Melnik, N. V. Mulyar 2017
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=12 -z,
ne X;,Y;,Z;— KOOpOWHATH MITOK KaliOpyBaHHS,
Xi, Yi,» Z; — IPOCTOPOBI KOOPIMHATH TOYOK CKaHyBaHHSL.
V niHeapu3oBaHOMY BHUTIISIII PiBHAHHS (4) MaTHMe BH-
DI

n
F=F0+ZALtL+lL=O (5)
1

3BiIlCPI piBHSIHHH IIOIIPABOK MAaTUME BUTTIAM:
n

ZAiti +L =V, (6)
1

nie A; — YaCTHHHI MOXiHI 3a BiJIOBITHUMHU 3MiHHUMH
aF

L™ oy
P03B’s130K cucTeMH piBHAHb MONPABOK BUKOHYETHCS 32
CTaHJAPTHOIO CXEMOI0 METOAY HalMEHIIHWX KBaJApaTiB i
nependavyae OTPUMAHHS MATPHUIll HANPSIMHUX KOCHHYCIB.
CrocoBHO ocoommBocTeit HJIC BoHa Mae Takuii BUTIISI.
x cos(ep — Ap) cos(y — Ay)
A- [y sin(¢p — Ap) cos(y —Ay) |- (r — Ar),
z sin(y — Ay)
r=(2+y?+23)72,

_ y
@ = arctg (;),
x=7% -
Jx2+y?
3. ®oTorpammerpis mapu ckaniB. MareMaTHYHOIO

OCHOBOIO (poTOrpaMMeTpUYHOI Mapu CKaHiB MoOxe OyTH
PIBHSHHS KOMIUIAaHAPHOCTI

(")

1Xs, Y5, Zs, 1)

o= T 2 1 (8)
Xm, Ym, Zm, 1
Xm, Ym, Zm, 1

PiBusinns (8) — HeniHiitHe, TOMY NOTpiOHA Horo siHea-
pusamis. [Ipore, mpu cy4acHiif 0OUHCITIOBANBHIN TeXHiMi
3aMiCTh JIiHeapHu3allii MOKHa 3aCTOCOBYBATH ITepaTHBHE
pacTpoBe NEepeTBOPEHHS KOOPAUHAT XenbMepTa

X 1 —& & x AX
Y[ =m-| ¢ 1 —& -[y + |AY , 9
Z1s, —& & 1 zlg, AZlg, s,

ne S;(X,Y,Z) 1 S,(x,y,z) — napa ckaHiB; m — macui-
TaOHMi KoepilienT; (&x, €y ;) — KyTH Eiinepa B3aeMHOTO
OpI€HTYBaHHA KOOpPIWMHATHUX cucteM S;XYZ ta S,xyz
CKaHiB S; 1.5,.

Y BUNanKy CHUTBHOTO ONpAIfOBaHHS OUTBINE TBOX
CKaHIB (OoTOrpaMMETpHUYHA MOJCIb MOITU(IKYEThCS 32
MIPUHITUIIAMA CAMOKaITIOpyBaHH.

4. Resampling meronrom RANSAC. BbaratouncensHi
nocmimkenns: gokropa Hayk lymeia P. B. [1] miarsep-
I €eKTUBHICTh 3IIMBaHHS OKPEMHUX CKaHIB, OTpUMa-
HUX 3 PI3HUX CTaHIIH, 3 BUKOPHCTaHHAM iTepaliifHOTO
MeToAy HaiOmmx4doi Toukn y moemHanHi 3 RANSAC-
MOJIYJIEM.

Jus peanizanii MeToy 3IIMBaHHS JIa3epHUX CKaHIB 3a
iTepaniiHUM METO/IO0M HAHOIMKYOi TOYKH HPOIIOHYETHCS
BUKOPHCTOBYBATH Cy4acHUI METOJ] MaTeMaTHYHOI CTaTH-
CTHKH, SIKUA IMEHYETHCS B JITEpaTypi K METOA BHOOpPY
BHUIIAJIKOBOI MOCITiIOBHOCTI [5].

Anroputm RANSAC Brnepme Oyiio 3amponoOHOBaHO
Fisher ta Bolles B 1981 p. nms ormiHku mapameTpiB Mojie-
JIeH, naHi Ay AKUX OYyJH CIIOTBOPEHI TPyOMMH ITOMMIIKA-
Mu. PesynapTatu iX AOCHiIKEHb MiATBEPAMIH, IO i
METOJ] € Ha/J3BHYAHHO CTIHKMM 1 32 TEOPETUYHUMH BH-
KJIaJIKaM{d MO>€e MPABUIJIbHO OLIHUTH MapaMeTpu MOJIeli,
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KOJIM KUTBKICTB TpyOmx mommiok mocsrae 50 %. Hessa-
JKaroud Ha icHyrodi momudikarii RANSAC-meToay Bci
BOHU TIPALIOIOTH B IBA KPOKH:

1. T'inore3a. [lepmwii MiHIMaTBEHIHA TECT 32 BHUITAIKO-
BO BHOpaHMMH IAHUMH, 32 SKHMH OJHO3HAYHO BU3HAYA-
FOTBCSA MOJEII.

2. Tecr. IlepeBipka BCi€i MHOXXMHHU TOYOK Ha BiJIIIOBi-
JIHICTB X BU3HAYCHIH B EPIIOMY KPOIIi MOJICIII.

PoGora anroputMy NpHUITUHAETHCS, KOJIH HMOBIpHICTH
3HAliTH Halikpamy KoMOiHAILlil0 J0CsArae IOpOroBOrO
3HAYCHHSI.

KirouoBum Mmomentom pobdotu RANSAC-merony €
BHOIp BUMAIKOBOI MOCHiqoBHOCTI. OUeBUAHO, IO Bipi3-
HUTH TpyOi MOMWJIKH BiX OE3MOMHIKOBUX AAHWUX OJHO-
3HAYHO HEMOJJINBO. SIKIO BUIIAJKOBUM WIEHOM BHOpaTH
3 yci€i MHOXHHH N TOYOK, 32 SIKAUMHU OyIyeThCS MOJENb,
TO 3 TIEBHOIO WMOBIPHICTIO MOXHa CTBEpIKYBaTH, IO
TaKa MOJIeNb € OJIM3BKOIO J0 ICTUHHOI, JJISl IOTO BUKO-
HYyIOTh [] iTepamiid. SIKiio BimomMa HaOJNMKEHA KUIBKICTh
rpyoMXx MOMHJIOK, TO MOXHa OOYMCINTH HMOBIPHICTB, 3
ko0 [ BHOIPOK J03BOJMTH OTPUMATH ONTHUMAIBHY,
Omu3pky 1o ictmHHOI Mozeni. KimpkicTh HEOOXiTHHX
BHOIPOK 3HAXOATh, BUXOASIYH 3 331aHOI IMOBIPHOCTI

p=1-(01-Q0-a9m (10)

Ile p — 3aJaHa HMOBIPHICTB; K — KUTBKICTh TOYOK, He-
o0XigHa Uil OOYMCIICHHS MOJEINi; € — BiICOTOK IpyOmX
HOMIJIOK; M — KiTBKICTh BHOIpoK [5].

BpaxoByroun mnepcrnektuBHicTh Metoqy RANSAC B
OCTaHHI POKH PO3POOJICHO Psiji HOro MoTU(iKaIiii:

Kpok 1. [ToBroputr BuOipky m pasis.

Kpoxk 1.1. Bu6paru ninmuoxuny 3 s enemenris.

Kpoxk 1.2. Bu3nauntn mapameTpu Moaeli 0™ s mo-
TOYHOT MiAMHOKHHH.

Kpoxk 1.3. Buznauntu BiamoBigHicTs T Momeri.

Kpok 2. Buznauutu Haiibuisi BignoBinny T mozens 3
00YHCIIeHUX.

VY cxeMmi BUIUISIOTHCS 1BA OKPEMHX JITOPUTMHU, SIKI K
YTBOPIOIOTH MojndiKalii PH CTBOPEHHI YAO0CKOHAJICHUX
RANSAC-noniOH1X METOMIB:

— BUOIp MiIMHOXHHHY;

— BU3HAYEHHS BiJNOBIAHOCTI MOJIENI BUXITHUM JTaHHUM.

VY camomy RANSAC B sK0CTi anroputmy BHOOpY IiJI-
muOkuHK B3aT0 BUGIp s eneMeHTiB, KoXkeH 3 SKMX
BHOHMPAETHCS 3 OJTHAKOBOIO HMOBIPHICTIO 3 yCi€i MHOXH-
HU TOYOK. A CTYIiHP BiAITOBIIHOCTI MOJEINI i JaHUX BH-
3HAYAETHCS 32 KUTBKICTIO TPYOHX MTOMIJIOK.

DpakTaJbHO-CIEKTPAIbHUI aHadi3. CrieKTpanbHUA
aHawi3 3MIMCHIOETECA Ha OCHOBI Dyp’e-TiepeTBOPEHHS
[11]

M-1M-1 .
D(u,v) = % z z f(Q,j)-exp {—f/[m (ui + vj)}, (11)
i=0 j=0

Jie U,V — MEPETBOPEHHS B i-My Ta j-My HampsMKax.
[Ipu BUKOpHCTaHHI TBOBUMIPHOTO CIEKTPY KOXKHOI BEJIH-
yuan @ (U, V) BiANOBiNae eKBiBaJeHTHE paiajbHe YUCIIO

1
3rigHo chiBBigHOmEHHs 1 = (u? + v?)2 .

JBoBMMipHa CHEKTpaIbHA €HEPreTHYHA IIIIBHICTD Sy
VISl KOYKHOTO XBHJILOBOTO MOMEHTY K; OOYHMCIIOETHCS 3a
(bopmyIoro

n
1
Sy; =ﬁj2|®(u,v)|2, (12)
1
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ne Nj —aucno xoediuientis O (u, v).

V Bumnaaky (ppakTaibHOrO aHaNi3y Ba)KIIMBA HACTYITHA
MIPOTIOPLiHHICT

S2(ky)ooky 77, (13)
ne B =2-H+ Dy, H— dpakranbHa po3mipHicTs, Dy
— TOTIOJIOTiYHA PO3MIPHICTE.

CTOCOBHO (ppaKTaIBHO-TEKCTYPHOTO aHAII3y IOBep-
xoHb 3a gannmu HJIC mpakTwyHe 3acTOCYBaHHS MalOTh
npsiMe i obepHeHe aBoBUMipHE Dyp’€e-TIepeTBOPEHHS, AKi
B CTaHJapTHOMY 3amuci MaroTh Burisiy [1, 2]:

M-1N-1
G = z Z 2 Wy W™ (14)
i=0 k=0
1 N-1M-1
Jpmj
Zk,j = W GanA_;l Wﬂ/r[n]' (15)

metogamu HJIC.
6. Ilpuxaaan 3acrocyBanHs. [y UmocTpanii OIiHOK
(pakTambHOCTI TEONMPOCTOPOBHX CTPYKTYp HPHUBEICHO

naHi, OTpHUMaHi BIIOMUMH BYCHUMMU-
¢dororpammerpucramu [11, 12, 13]. 3a manumu Qpaxra-
JBHOTO aHalli3zy KOCMO3HIMKIB pi3HOro Macmrady

Landsat-TM i MK®-6 otpumani ¢pakTaibHi poO3MipHOCTI
MPOCTOPOBUX CTPYKTYp PO3MOILUTYy MOCIBHHX ILION] C/T
KyJbTYp oKpeMmux perioniB [Tompi i Pocii.

PesynsTatu HaBeneHi B Tabmui 1.

Tadmuus 1. paxranbHi pO3MIPHOCTI IPOCTOPOBHUX CTPYKTYP
PO3MOAITY HOCIBHUX ILTOL C/T KYJIBTYpP OKPEMHUX PETioHIB
Tompmi i Pocii

Perion Pocist TTonpma
Knac Dy D; Knac Dy D;
TTienuns 1,41 | 1,39 |IMmenuns| 1,75 | 1,59
SlumiHb 1,18 | 1,16 |IIpocamni| 1,68 | 1,54
Tlap 0,97 | 0,96 |Tpasu 1,49 | 1,33
IIpocamni + tpasu | 1,79 | 1,67 |Pamc 1,35 | 1,35
Jic 1,47 | 1,45

[ pi3HOTHIIOBHX TEONPOCTOPOBHUX CTPYKTYp OOUMC-

neni ¢pakranphi posmiprocti Df i D; (Df — dpakransha
po3mipHicTh, D; — iHpOpMariitHa po3MipHicTh). Bcei 3Ha-
geHHs Df 1 D; He misi umrcna i OUTBII TOMOJOTIYHUX PO3-
MipHOCTEH Dr, IO OZHO3HAYHO MIATBEPIKYE (HpaKTab-
HICTh TNIPOCTOPOBHX TEOCTPYKTYp Ppi3HHX (hi3uKo-
reorpai4HUX PETiOHIB Ta HEOJHAKOBOI OpraHizawii 3eM-
JIEKOPUCTYBaHHS.

I'eompocropoBi cTpykTypu Tepuropii Pocii Ta [Tomburi
MaloTh pi3HYy (pakTajbHICTh, ;i Pocii — oxHOpinHy, a
s [omemmi, yepe3 HEPIBHOMIpHY TepHUTOpiabHY Tude-
peHIiaIio, — HeOTHOPIHY.

[Ipo BIIMB TEKCTYpHUX OCOONMBOCTEH pi3HUX 3a CBO-
iM TpU3HauYCHHIM OO0’€KTiB MOXKHA CYIUTH 32 pe3yJbTa-
TaMH JOCIPKeHb, BAKOHAHUMU 3a gopydeHHsM |SRPS.

KopoTtko oxapakrepm3yemMo 00’€KTH JOCIIIKECHHS.
[epma moxmens — uepkBa M. BaptOypr. CkaHyBaHHS
3nificHOBamock ckanepoM Riegl LMS-Z390i. B mporeci
BUMIPIOBaHb JUIsl KOXKHOI TOYKH (PIKCYBaJMCh TPU MPOC-
TOPOBI KOOPJIWHATH Ta IHTEHCHUBHICTH BiJOWUTOTO CHTrHa-
ny. JIpyra Mozesb — roTuuHu#i co00p. CkaHyBaHHS BUKO-
HyBaJIoch ckaHepoM Trimble GX mpu IBOX pi3HUX IMOJIO-
KEHHsX cKaHepa. Tpers Moneinpb — rpenpka nepksa Cama-
puHa. CkaHyBaHHS 3IIMCHIOBANIOCH 13 BHUKOPUCTaHHIM
ckanepa Cyrax 2500 3 BockMU CTaHIiH, IPOTE B HpoIECi
o0urciieHs OyJI0 BUKOPHCTaHO TPU HaHOUIBII iHpOpMa-
TUBHI Mozemni. UeTBepra Mozmenb — CepeAHBOBIUHUI 3a-
Mok Benbdennuioc. OCOOIUBICTIO IILOTO 00’€KTA € HasB-
HICTh BEJIMKOI KUIBKOCTI AepeB nepen dacamom (15% Bin
yCi€l KUIBKOCTI TOUOK MOJIEI1), SIKi CyTTEBO YTPYJHIOBAIN
OesnocepeiHb0  oOUMCIIOBaNbHUKA mponec. s orpu-
MaHHs HEOOXiHOT TOYHOCTI TOYKHU JEPEB OYyJIH YCIHILTHO
BiadineTpoBani. CkaHyBaHHS MPOBOAWIOCH JIa3€PHUM
ckanepom Riegl LMS-Z360.

HocmimkyBani 0o0’ektu Oymu pizHOI KoH(irypamii i
CKJIAJHOCTi, 3 CYTTEBO HEOJHAKOBOK TEKCTYPOIO, OJIHAK,
JI0 HAX HE 3aCTOCOBYBAIUCH CIIELialbHi METOJH TEKCTYP-
HOT KOPEeKIIii.

Binmpim meTanmpHI BiTOMOCTI PO AOCIIIKYBaHI 00 €KTH
HaBeleHI y Tabuuii 2.

www.seanewdim.com

Ta6muus 2. BigomocTi mpo gociimpKyBaHi 06’ €KTH

K-c1p IIsuaxicts | TouHICTS,
s .| K-ctb TOuoK B| Kpok cka-
Ne | Hasza 00’exTy Tum ckanepa  |Moneneit oy cxami | veans. o |CKAHYBaHHS, CM/K-CTh
HjC |onroMycra YBAHH, © T/c TOYOK
1 Hepxsa Riegl LMS-Z390i| 4 50000 2,40 11000 | 2,20/25180
M. BaptOypr
2 |Totuunuii cobop Trimble GX 2 60000 3,10 - 5,10/23400
3 rp‘“'cm"‘a HCPKBA | Cyrax 2500 8(3) 110000 1,00 1000 | 0,71/49540
amapuHa
4 | amoxBemb- ool MS-Z360 | 12 110000 2,40 - 2,12/83443
(dheHnuioc
BucHoBku. Po3rmsgHyTI 3arambHi  METOJOJOTIYHI  JaHMMH JIa3epHOT0 CKaHyBaHHS. BHCBiTIIEHI 0co0IMBOCTI

npuHIMnH  udposBoi QimeTpamii Ta QoTorpammerpii
AaepPOKOCMO300paXeHh Ta AapXiTeKTypHUX OyZiBens 3a

KOMIT'IOTEPHOTO ONpAIIOBaHHSI HAJA3BUYANHO BEIUKOT
KUTBKOCTI MacHBiB ITPOCTOPOBUX KOOPAMHAT.

JITEPATYPA
scanning data and least squares 3D surface matching /
O. Monserrat, M. Crosetto // Journal of Photogrammetry and
Remote Sensing. — 2008. — Ne 63 (1). — P. 142-154.

5. lllynen P. B. Teopis i mpakThka BHKOPUCTaHHS HA3eMHOTO
JIa3epHOTO CKaHyBaHHS B 3aja4ax IH)KCHEpHOI reojesii: aB-
Toped. amc. ... A-pa TexH. Hayk: 05.24.01 — reoxesis, doto-
rpammetpis Ta xaptorpadis / ymen P. B. — K.: KuiBchkuit
Hail. yH-T Oyn-Ba i apXiTektypu, 2012. — 32 c.

1. Mempauk B. M. KineskicHa ctepeomikpodpakrorpadis (MoHO-
rpadis) / B. M. Menbuuk, A. B. locrak. — Jlyusk: IIBJ]
“Teepnuns”, 2010. — 460 c.

2. ®enep E. Opakranet / E. Genep. — M.; Mup, 1992. — 260 c.
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4. Monserrat O. Deformation measurement using terrestrial laser
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. Pycun b. II. Cucremu cunTe3y, 0OpOOKH Ta pO3Mi3HABaHHSA
CKJIaTHO-CTpYKTypoBaHuX 300paxens / b.II. Pycun. — JI.:
Bepruxans. — 1997. — 264 c.

.Dold C. Extended Gaussian images for the registration of
terrestrial scan data / C. Dold // ISPRS WG I11/3, 111/4, VI3
Workshop  “Laser scanning 20057, Enschede, the
Netherlands, September 12-14. — P. 180-185.
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B. H. Meabnuk, H. B. Myasip

AHHoTammsi. B cTathe paccMaTpuBalOTCS METOMOJIOTMYECKUE MPUHIUIEI (PAKTAIBHO-TEKCTYPHOTO aHAIN3a M300paKeHUH U JHc-
KPETHBIX MacCHBOB KOOPJMHATHBIX TOYEK, ONpele/sieMbIX METOJaMU Ha3eMHOTO JIa3epHOr0 CKaHWpPOBaHUS. JleTaau3upoBaHBI BO-
MIPOCHI YaCTOTHO-KOHTPACTHOH (DMIIBTPAIMU MOJTYTOHOBBIX M300paxeHuit Mappa-Xuiapera. B o0mux yeprax TeopeTndecku ocBe-

IeHbl  (HOTOTpaMMETPUYECKHE ACHEeKThl CKAaHOB M IponeccoB HX resampling-a. 3HauuTenbHOE BHMMaHHE IIPEIOCTABICHO
OTIpefeNeHnIo (PPaKTaTbHON Pa3MEPHOCTH AUCKPETHOTO MO KoopauHATHBIX Touek HJIC MeTo0M CrIeKTpaabHOTO pa3ioKeHHsI.
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posanue, onepamop Mappa-Xunopema, ppaxmanvnas pazmepHocma.

Methodological principles of fractal-texture analysis of images and surfaces according to TLS data
V. M. Melnik, N. V. Mulyar

Abstract. The article reveals with the methodological principles of fractal-texture analysis of images and discrete arrays of coordi-
nate points, which are determined by ground-based laser scanning methods. Questions of frequency-contrast filtration of Marra-
Hildreth halftone images are detailed. In general, the photogrammetric aspects of scans and their resampling processes are theoreti-
cally covered. Considerable attention is given to the fractal dimension definition of the discrete field of the TLS coordinate points

according the method of spectral decomposition.

Keywords: fractal-texture analysis, halftone images and surfaces, terrestrial laser scanning, Marra-Hildreth operator, fractal di-

mension.
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Abstract. The approach, aimed at determination of the areas of high energy efficiency of energy supply systems (ESS) with cogeneration
heat pump installations (CHPI) of large power and peak fuel-fired boilers (FB) for heat supply systems (HSS), on conditions of optimal op-
eration modes of CHPI, taking into consideration complex impact of variable operation modes, sources of drive energy for steam compressor
heat pump installations (HPI) of large power, with the account of energy losses in the process of generation, supply and conversion of elec-

tric energy, is suggested.

Keywords: area of high energy efficient operation, energy supply system, cogeneration heat pump installation, peak fuel-fired boiler, heat

supply system.

Introduction. In recent years a number of investigations,
dealing with the efficiency of usage combined cogeneration
heat pump installations in thermal schemes of energy supply
sources were carried out [1 — 13]. This technology provides
the application of combined cogeneration heat pump
installations, that enables to reduce the consumption of
natural or alternative gas by 30 — 45 %, as compared with
boiler installations of the equivalent capacity [1], and obtain
cheaper at cost electric energy, as compared with the grid
energy (by 30 — 40 %). Cogeneration drive of HPI
compressors can be provided on the base of gas engines-
generators, manufactured by Ukrainian enterprises.

Publications review on the subject. In research [2 —3]
energy advantages are evaluated and efficient real operation
modes of HPI with electric and cogeneration drives are
determined, with the account of the impact of drive energy
sources of steam compressor heat pumps and energy losses
in the process of generation, supply and conversion of
electric energy to HPI. In research [4 — 5] methodical
fundamentals of comprehensive assessment of energy
efficiency of steam compressor heat pump plants (HPP) with
electric and cogeneration drives, with the account of
complex impact of HPP variable operation modes, peak
sources of heat of HPP, sources of HPP drive energy and
with the account of energy losses in the process of
generation, supply and conversion of electric energy are
suggested. In [5 — 6] scientific fundamentals are suggested
and comprehensive assessment of energy efficiency of steam
compressor HPP with cogeneration drive with the account of
complex impact of HPP variable operation modes, HPP peak
sources of heat, sources of drive energy of steam compressor
HPP of various power levels, with the account of energy
losses in the process of generation, supply and conversion of
electric energy is performed.

In research [7] the assessment of ESS energy efficiency
on the base of combined CHPI are realized, efficient
operation modes of ESS with the account of complex impact
of variable operation modes, sources of drive energy of
steam compressor HPI of various power levels, with the
account of energy losses in the processes of generation,
supply and conversion of electric energy are determined. In
research [8] energy efficiency of ESS, based on combined
CHPI and peak sources of heat (PSH) is evaluated, efficient
operation modes of these ESS with the account of complex
impact of variable operation modes, sources of drive energy
for steam compressor HPI of various power levels, with the
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account of energy losses in the process of generation, supply
and conversion of electric energy are determined. In research
[9] methodical fundamentals are developed, assessment of
energy efficiency of energy supply systems with combined
CHPI and PSH, on conditions of optimal operation modes of
CHPI for heat supply systems is performed, energy efficient
operation modes of ESS with CHPI and PSH with the
account of complex impact of variable operation modes,
sources of drive energy for steam compressor HPI of various
power levels, with the account of energy losses in the
process of generation, supply and conversion of electric
energy, is performed.

In accordance with [8 — 9], optimal distribution of loading
between CHPI and PSH (for instance, hot-water fuel-fired
boiler, electric boiler, solar collectors, etc.) within the frame
of ESS largely determines energy efficiency of the above-
mentioned ESS. Such distribution is characterized by the
share of CHPI loading within the frame of ESS p, that is
determined as the ratio of thermal capacity of CHPI to
thermal capacity of ESS B = Qcrei/Qess. In the paper [8] it is
suggested to realize comprehensive assessment of ESS with
CHPI and PSH energy efficiency by complex dimensionless
criterion of energy efficiency:

Kess == ) Kpsy +B-Kchpr » 1)
where k., - dimensionless criterion of energy

efficiency of peak source of heat within ESS (hot-water fuel-
fired boiler (FB), electric boiler (EB), solar collectors, etc.)
from the researches [8 -9, 11 - 12],

Kpp; — dimensionless criterion of CHPI within ESS

energy efficiency from the researches [2, 7 — 8].

In research [8] spheres of energy efficiency operation of
CHPI of various power levels, obtained on the base of the
research [7] and determined by CHPI energy efficiency
dimensionless criterion K ., » depending on real values of

HPI coefficient of performance ¢r and efficient factor of gas-
piston engine-generator (GPE) r_ .- Energy efficient
operation modes of CHPI correspond to the condition
Keppr = L

Dimensionless criterion of peak source of heat energy ef-
ficiency— hot-water fuel-fired boiler —within ESS ., ,
according to [8], obtained on the base of energy balance
equation for the systems «Sources of electric energy and fuel

— fuel-fired boiler — heat consumer from ESS» with the ac-
count of the impact of the energy sources for peak fuel-fired
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boiler and with the account of energy losses in the process of
generation and supply of electric energy to the boiler (boiler
house). In this case, consumption of electric energy by peak
source of heat in ESS — fuel-fired boiler — is not directly con-
nected with the process of heat generation in the boiler and
the share of electric energy consumption for auxiliary needs
is not great, that is why, it does not greatly influence the val-
veof K,.g, index.

High values of energy efficiency dimensionless criterion
for ESS with CHPI, obtained in [8], confirm high energy
efficiency of such combined energy supply systems. In [9] it
is determined that energy efficiency of ESS with CHPI and
peak fuel-fired boilers almost two times exceeds the energy
efficiency of modern high efficient electric and fuel-fired
boilers, intended for operation in heat supply systems.

In research [11] methodical fundamentals are developed,
spheres of energy efficient operation of ESS with CHPI and
PSH, on conditions of CHPI optimal operation modes are
determined, energy efficient operation modes of ESS with
CHPI and PSH are determined, with the account of complex
impact of variable operation modes, sources of drive energy
for steam compressor HPI of different power levels, with the
account of energy losses in the process of generation, supply
and conversion of electric energy. In research [11] under
conditions of K, 5, >1and Kpgg > Mg and modes of

energy efficient operation of CHPI, areas of energy efficient
operation and energy efficient operation modes of ESS with
CHPI and peak fuel-fired boilers for various power levels
and ESS elements energy efficiency are determined. It is
determined, that ESS with CHPI and peak fuel-fired boilers,
suggested in the research [11], will be energy efficient, if the
share of CHPI loading in ESS will be >04. If this
condition is realized, modern high efficient electric and fuel-
fired boilers will be inferior by their energy efficiency to the
above-mentioned ESS. Under these conditions the above-
mentioned ESS can be recommended as energy efficient
energy supply systems.

In research [12] methodical fundamentals are developed,
spheres of energy efficient operation of ESS with CHPI and
PSH in heat supply systems, on conditions of CHPI optimal
operation modes are determined, energy efficient operation
modes of ESS with CHPI and PSH in heat supply systems
are determined, with the account of complex impact of
variable operation modes, sources of drive energy for steam
compressor HPI of different power levels, with the account
of energy losses in the process of generation, supply and
conversion of electric energy.

In research [12] on conditions of minimal efficiency of
GPE and fuel-fired boiler (boiler house), for ESS with CHPI
of different power levels and peak fuel-fired boilers the areas
of energy efficient operation in heat supply systems, that
corresponds to energy efficient operation modes of ESS and
CHPI with $=(0,32...0,37)...0,63 and Kk, ,,, = L1...1,6

are determined. Under these conditions energy efficiency of
these ESS exceeds energy efficiency of high efficient electric
and fuel-fired boilers.

In research [12] on conditions of maximal efficiency of
GPE and fuel-fired boiler (boiler house), for ESS with CHPI
of different power levels and peak fuel-fired boilers the areas
of energy efficient operation in heat supply systems, that
corresponds to energy efficient operation modes of ESS and
CHPI with $=(0,16...0,26)...0,63 and K., = 1,1...2,1

are determined. The investigated ESS can be competitive
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with modern high efficient electric and fuel-fired boilers in
heat supply and energy supply systems.

In research [13] the areas of high energy efficiency of
ESS with large power CHPI and FB, on conditions of
optimal operation modes of CHPI are determined; energy
efficient operation modes of ESS with large power CHPI and
FB with the account of complex impact of variable operation
modes, sources of drive energy for steam compressor HPI of
large power, with the account of energy losses in the process
of generation, supply and conversion of electric energy are
determined.

In [1 — 13] the authors did not determine the areas of high
energy efficiency of energy supply systems with combined
CHPI of large power and FB for HSS, on conditions of
optimal operation modes of CHPI.

Objective. Aim of the research is the determination of
the areas of high energy efficiency of ESS with CHPI of
large power and peak FB for HSS on conditions of optimal
operation modes of CHPI, determination of energy efficient
operation modes of ESS with large power CHPI and peak
FB in HSS with the account of complex impact of variable
operation modes, sources of drive energy for steam
compressor HPI of large power, with the account of energy
losses in the process of generation, supply and conversion of
electric energy.

Materials and methods. The research contains the
evaluation of high energy efficient operation modes of ESS
with CHPI of large power and peak FB for heat supply
systems. Energy efficiency of ESS with steam compressor
HPI of large power (higher than 1 MW) with cogeneration
drive from GPE was studied. Fuel-fired boiler houses were
provided to be used as peak sources of heat in ESS. The
investigated ESS with CHPI of large power and FB can
completely or partially provide auxiliary needs in electric
energy and provide the consumers needs in heating and hot
water supply. Schemes of the ESS with CHPI and peak FB
for HSS are presented in works [1, 10]. Methodical
fundamentals of energy efficiency evaluation of ESS with
large power CHPI and peak FB for HSS are given in
research [8].

Areas of high energy efficiency of ESS with CHPI of
large power and peak FB for HSS can be determined from
the dependences, suggested in the research [11 — 12], on
conditions of K _,,,, >1and Kg >1 [11]. If the above-

mentioned conditions are realized, the investigated ESS with
CHPI of large power and FB can be recommended as high
efficient energy supply systems that can be competitive with
modern high-efficient electric and fuel-fired boilers in heat
supply and energy supply systems.

In our study the areas of high energy efficiency of ESS
with CHPI of large power and peak FB for heat supply
systems are defined on conditions of optimal operation
modes of large power CHPI on the base of the research,
carried out [7 —8].

Results and discussion. Application of the suggested
approaches, aimed at determination of the areas of ESS with
CHPI of large power and FB high energy efficiency for heat
supply systems will be demonstrated on the specific
examples.

Figs. 1 — 2 shows the results of research, aimed at
determination of the areas of high energy efficiency of ESS
with CHPI of large power and FB in HSS for energy
efficient operation modes of CHPI, based on the results of
the studies [7 — 8]. The values of the dimensionless criterion
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of energy efficiency of ESS with large power CHPI and FB
in HSS is studied for the cases of seasonal variable loading
of CHPI within ESS for optimal values of CHPI loading
share the range of p =0,16...0,63 [14 — 16], that corresponds
to temperature modes of heat supply system operation. As
above mentioned, the areas of high energy efficiency of ESS
with CHPI of large power and FB can be determined on
conditions of ., >1and k.o >1[11]. The research

is carried out for energy efficient operation modes of large
power CHPI with Keppy =11--:2,1 (on conditions of

maximum efficiency of GPE) and with Kepp — L1 1,6

(on conditions of minimum efficiency of GPE), based on the
results of the studies [7 — 8]. The above-mentioned values of
CHPI x,,., energy efficiency criterion correspond to the

values of real coefficient of performance of CHPI within the
limits of ¢r = 2,7...5,4 for CHPI of large power, according to
[8].

Fig. 1 shows the area of high energy efficiency of ESS
with CHPI of large power and peak fuel-fired boiler for HSS,
on conditions of minimal efficiency of GPE and FB.

In the given research, in accordance with [2, 7], the
following values are taken into account: value of GPE
efficiency factor nggoe = 0,31 and value of electric motor

efficiency factor with the account of energy losses in the
control unit of electric motor v =0,9. Fuel-fired boiler

house with 1, = 0,8 is provided to be peak source of heat
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in ESS for these conditions. The value of dimensionless
criterion of fuel-fired boiler energy efficiency will be

KES, = 08.

As it is seen from Fig. 1, the values of complex
dimensionless criterion of ESS energy efficiency are
Kgs =1,01...1,12 on condition on minimal value of

energy efficient criterion of CHPI k., =13; for
operation modes of ESS with x_, , > 1,3 the values of

dimensionless criterion of ESS energy efficiency change
within the limits of Kegs = 1,05...1,304. High efficient

operation modes of these ESS are provided on conditions of
energy efficient modes of CHPI operation with the values of
energy efficiency index i, ,, = 1.3...1,6.

As it is seen from Fig. 1, on conditions of k., >13
and K. > 1[11], dependence, shown in Fig. 1, determine

area of high energy efficiency of ESS with CHPI of large
power and peak fuel-fired boiler (boiler house) for HSS, on
conditions of minimal efficiency of GPE and fuel-fired boiler
(boiler house). On such conditions, the above-mentioned
ESS can be recommended as high efficient energy supply
systems, as their efficiency exceeds energy efficiency of high
efficient electric and fuel-fired boilers. The studied ESS can
be competitive with modern high efficient electric and fuel-
fired boilers in heat and energy supply systems.

i

1,4
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Kess 1,2 f
526
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1,0 , : ; .
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Fig. 1 — Area of high energy efficiency of ESS with CHPI of large power and peak fuel-fired boiler, on conditions of minimal efficiency of
GPE and FB for heat supply systems

Fig. 2 shows the area of high energy efficiency of ESS
with CHPI of large power and peak fuel-fired boiler for HSS,
on conditions of maximal efficiency of GPE and FB. In the
given research, according to [2, 7], the following values are
taken into account: value of GPE efficiency factor ,__,_ =

0,42 and value of electric motor efficiency with the account
of energy losses in the control unit of electric motor
Nep = 0.9. Fuel-fired boiler house with g = 09 is
provided to be peak source of heat in ESS for these
conditions. The value of dimensionless criterion of fuel-fired
boiler energy efficiency will be kF8, = 0,9.

As it is seen from Fig. 2, the values of complex
dimensionless criterion of ESS energy efficiency are
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Kgss = 1,01...1,15 on condition on minimal value of
energy efficient criterion of CHPI K., =13; for
operation modes of ESS with K, ., > 1,3 the values of

dimensionless criterion of ESS energy efficiency change
within the limits of K_. =1,03...1,656. High efficient

operation modes of these ESS are provided on conditions of
energy efficient modes of CHPI operation with the values of
energy efficiency index k., =1,3...2,1.

As it is seen from Fig. 2, on conditions of Kepey > 13
and K. > 1 [11], dependence, shown in Fig. 2, determine

area of high energy efficiency of ESS with CHPI of large
power and peak fuel-fired boiler (boiler house) for HSS, on
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conditions of maximal efficiency of GPE and fuel-fired
boiler (boiler house). On such conditions, the above-
mentioned ESS can be recommended as high efficient
energy supply systems, as their efficiency almost two times
exceeds energy efficiency of high efficient electric and fuel-
fired boilers. The studied ESS can be competitive with
modern high efficient electric and fuel-fired boilers in heat
and energy supply systems.

Science and Education a New Dimension. Natural and Technical Sciences, V(14), Issue: 132, 2017

It is determined, that ESS with CHPI of large power and
peak fuel-fired boilers for HSS, suggested in the research,
will be high energy efficient, if the share of CHPI loading in
ESS will be >0,264...0,421 (depending on various ESS
elements energy efficiency) and the value of energy efficient
criterion of CHPI will be K5, >1,3; that corresponds to

the results of research, shown in Figs. 1-2.
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Fig. 2 — Area of high energy efficiency of ESS with CHPI of large power and peak fuel-fired boiler, on conditions of maximal efficiency of
GPE and FB for heat supply systems

Dependence, shown in Fig. 1, determine the area of high
efficient operation of ESS with CHPI of large power and
peak fuel-fired boiler (boiler house) for heat supply, on con-
ditions of minimal efficiency of GPE and fuel-fired boiler
(boiler house). On conditions of P =0,421...0,63 and
Kcppy = 1,3...1,6 these ESS can be recommended as high

efficient energy supply systems for heat supply, as their effi-
ciency exceeds energy efficiency of high efficient electric
and fuel-fired boilers. Dependence, shown in Fig. 2 deter-
mine the area of high efficient operation of ESS with CHPI
of large power and peak fuel-fired boiler (boiler house) for
heat supply, on conditions of maximal efficiency of GPE and
fuel-fired boiler (boiler house). On conditions of
B=0264...0,63 and K5, = 1,3...2,1 these ESS can be

recommended as high efficient energy supply systems for
heat supply, as their efficiency almost two times exceeds
energy efficiency of high efficient electric and fuel-fired
boilers. The investigated ESS can be competitive with mod-
ern high efficient electric and fuel-fired boilers in heat supply
and energy supply systems. At these conditions the areas of
high energy efficiency of the above-mentioned ESS for HSS
are determined. Under realization of these conditions,
modern high efficient electric and fuel-fired boilers will be
inferior by energy efficiency to the above-mentioned ESS.

Under such conditions, the above-mentioned ESS can be
recommended as high efficient energy supply systems for
heat supply, as even in case of minimal efficiency of GPE
and peak fuel-fired boiler, energy efficiency of ESS exceeds
energy efficiency of high efficient electric and fuel-fired
boilers. This ESS can be competitive with modern high
efficient electric and fuel-fired boilers in the systems of heat
and energy supply.

Conclusions. Areas of high energy efficiency of ESS
with large power CHPI and FB for HSS, on conditions of

73

optimal operation modes of CHPI are determined; energy
efficient operation modes of ESS with large power CHPI and
FB for HSS with the account of complex impact of variable
operation modes, sources of drive energy for steam
compressor HPI of large power, with the account of energy
losses in the process of generation, supply and conversion of
electric energy are determined.

The suggested approach, aimed at determination of the
areas of high energy efficiency of ESS with CHPI of large
power and FB for HSS has a number of advantages:

— it takes into account variable operation modes of ESS
for heat supply during the year with the change of loading
share between steam compressor CHPI and peak FB in ESS;

— it enables to determine areas and modes of high energy
efficient operation of ESS with large power CHPI and FB for
HSS, at which energy efficiency of the studied ESS almost
two times exceeds energy efficiency of modern high energy
efficient electric and fuel-fired boilers;

— methodical fundamentals, suggested in [8], and the re-
sults of research, presented in the given paper, could be used
for the determination of the areas of high efficient operation
of ESS with FB and steam compressor CHPI of large power
for heat supply, with various refrigerants, sources of low
temperature heat and scheme solutions;

— it allows to develop recommendations, aimed at high
energy efficient operation of ESS with large power CHPI
and FB for HSS with different scheme solutions.

Under conditions of K., > 13 and K. >1 and

modes of energy efficient operation of CHPI, areas of high
energy efficiency and high energy efficient operation modes
of ESS with CHPI of large power and peak fuel-fired boilers
for heat supply, for various ESS elements energy efficiency
are determined.
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It is determined, that ESS with CHPI of large power and
peak fuel-fired boilers for HSS, suggested in the research,
will be high energy efficient, if the share of CHPI loading in
ESS will be §>0,264...0,421 (depending on various ESS
elements energy efficiency) and the value of energy efficient
criterion of CHPI will be Kepp, > 13

On conditions of =0,421...0,63 and Keppr = 1,3...1,6

ESS with CHPI of large power and peak FB, on conditions
of minimal efficiency of GPE and FB, can be recommended
as high efficient energy supply systems for heat supply, as
their efficiency exceeds energy efficiency of high efficient
electric and fuel-fired boilers. On conditions of
B=0,264...0,63 and K., = 1.3...2,1 ESS with CHPI of

large power and peak FB, on conditions of maximal efficien-

cy of GPE and FB, can be recommended as high efficient
energy supply systems for heat supply, as their efficiency
almost two times exceeds energy efficiency of high efficient
electric and fuel-fired boilers. The investigated ESS can be
competitive with modern high efficient electric and fuel-fired
boilers in heat supply and energy supply systems.

If this condition is realized, modern high efficient electric
and fuel-fired boilers will be inferior by their energy
efficiency to the above-mentioned ESS for heat supply.
Under these conditions the above-mentioned ESS can be
recommended as high efficient energy supply systems for
HSS, as their efficiency almost two times exceeds energy
efficiency of high efficient electric and fuel-fired boilers.
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Oo0s1acTH BBICOKOW 3Hepr03(l)(l)eKTﬂBHOCTI/I CHUCTEM 3Hepr0cna69|cemm ¢ KOIr¢HEPaAllHOHHO-TEIVIOHACOCHBIMHU YCTAHOBKAaMH 00J1b-
10# MOIHOCTH U MUKOBBIMM TOIUIMBHBIMHU KOTJIAMH B CHCTEMAX TeNJIOCHAOKEHUsI

O. I1. OcraneHko

AnHHoTauus. [IpeasoxkeH MoAXo Mo ONpeencHUo 00acTel BRICOKOH 3HEProapeKTUBHOCTH cucTeM dHeprocHatkenus (CD) ¢ koreHe-
PaLOHHO-TEeIUIOHACOCHBIMU ycTaHOBKamMu (KTHY) GoJblioii MOIHOCTH W MUKOBBIME TOILTMBHBIMU KoTiamu (TK) st cucrem Teruio-
crabxenust (CT), mpu yclnoBUsIX ONTUMAIBHBIX peskUMOB pabotel KTHY, ¢ yuerom KOMIUIEKCHOTO BIMSHUS IEPEMEHHBIX PEKIMOB pado-
ThI, HICTOYHUKOB TPUBOIHON SHEPTUH UL TTAPOKOMIIPECCHOHHBIX TEIJIOHACOCHBIX ycTaHOBOK (THY) Gompiioif MOIIHOCTH, ¢ y4eTOM Io-
Tepb SHEPIUH P TEHEPHPOBAHHH, CHA0KEHNH 1 IPe0Opa30BaHUH SIEKTPHIECKOH SHEPTHH.

Knrouegvie cnosa:. obnacme 6blCOKOU dHEp2OIPHEKMUBHOCIU, CUCEMA IHEP2OCHAOIICEHUS, KO2EHEPAYUOHHO-MENTIOHACOCHAS

YCMAaHoeKa, NUKOBBIUL MONTUBHBIL KOMET, CUCeMA MenoCHabICeHUs..
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Abstract. In this paper, we solve the problem of increasing the efficiency of usage gel-forming compounds (GFC) during extinguish-
ing fires, which is carried out by a dedicated remote (about 10 meters) supply of compact or spray GFC jets with trunks spray into the
space above/before the hearth fire so that moving on pre-calculated the trajectories of the drops of compact or atomized jets constitut-
ing GFC initially not in contact with each other, and a spent (at the time they reach the space above/before the fire hearth) are mixed,
there is a mechanical and chemical interaction between them, in which they are being deposited in layers, liberally coat the surface of

the burning objects, locating and stopping combustion.

Keywords: gel-forming compositions, pilot plant, fire fighting, remotely.

Introduction. Over the past decade the number of fires in
Ukraine was not reduced and for the current period it is
about 70 thousand fires per year. In this regard, the devel-
opment and introduction of new methods of extinguishing
agents and their delivery remains relevant. Currently, the
most common extinguishing agent is water. [1] It is avail-
able, relatively inexpensive and versatile. However, there
is a significant disadvantage in relatively large losses due
to runoff from the slope (vertical) surfaces of burning
objects, which significantly reduces its fire-extinguishing
efficiency and leads to additional costs from the water
damage to the floors below it. Significantly reduce the
loss of fire extinguishing agent, incidental or consequen-
tial damages, it allows the usage of gel-forming com-
pounds (GFC) [2, 3], which are firmly good on inclined
and vertical surfaces, which in comparison with using
only water, significantly reduces the loss of quenching
substances related with their runoff.

Analysis of recent research and publications. Mod-
ern GFC consists mainly of two separately stored compo-
nents and simultaneously supplied. One of them is a gel-
ling solution of alkali metal silicate. Other - solution sub-
stances that interact with silicates to form a stable non-sag
gel. The gel on the surface of the object creates an extin-
guishing flame retardant layer, which prevents the spread
of combustion. This feature of the GFC necessitates the
usage of nonstandard means of storage and supply, in
particular installations like AUTGOS and AUTGOS-P
[4]. They are used as a framework ready frame of insulat-
ing mask "Drager" company. For frame mounted two
plastic containers with 8 liters and can of compressed air.
To install AUTGOS used cylinder capacity of 2 liters, and
for installation AUTGOS-P cylinder (ICH 6.8 -139-300)
with 6.8 liters. In order to ensure constant pressure in the
containers with the components of GFC equal to 0.3 MPa,
using reducer direct action. The apparatus AUTGOS-P,
compressed air is supplied to the same dispensers pressure
of 0.3 MPa. It is in both plants by flexible hose with an
internal diameter of the system (5-8) mm.

Developing the idea of studies [2, 3, 4] in terms of ex-
tinguishing fires using GFC AUTGOS type structures, it
can be stated that they do not always provide the localiza-
tion and liquidation of fires in distance (about 10 meters)
fire fighting. [5] Disadvantages AUTGOS installations
and AUTGOS-P arise from the fact that their usage is not
regulated data ballistics two jets of water solutions of
GFC components [6, 7], which a priori related to the
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synergistic effect of mixing jets constituting the GFC.
Moreover, their mixing is carried out by spray-hold barrel
in manual mode, ie, "By eye" estimated the spatial posi-
tion of the trunks of spraying, which aim at the seat of fire
approximately to the same orientation arbitrarily imple-
mented jointly filing streams CRP components fire-
fighting facility.

In other words, the use of plants and AUTGOS AUT-
GOS-P without proper tactical and technical provision
does not exclude the error of premature gel formation of
drops in motion bitstream GOS to the fire. As a result of
untimely drops to form the mixture is not frozen gel will
fall “precipitated” the approaches closer to the fire
fighting project, and the effectiveness of supply GFC with
these plants will decrease.

Goal. In connection with the above stated, the purpose
is to improve the efficiency of the usage of GFC in dis-
tance (about 10 meters) fire fighting. Through construc-
tive ensure targeted remote supply of compact or spray
jets GFC trunks spray into the space above/before the
hearth fire so that moving on pre-calculated trajectories
drop GFC components initially not in contact with each
other, and on the decline (at the time they reach the space
above / front of the hearth fire) are mixed, between them
there is a mechanical and chemical interaction in which
they are being deposited in layers, abundantly cover the
surface of the hearth burning objects, locating and stop-
ping combustion.

Materials and methods. The problem is solved with
the help of which we developed installation AUTGOS-M,
which is designed to extinguish fires and protect neigh-
boring hearth fire facilities with liquid phase fire extin-
guishing agents, in particular - aqueous solutions of GFC,
and can be used for research purposes when creating
instructions to users of autonomous remote fire extin-
guishing installations (tactical and technical support).

AUTGOS-M comprises a base frame, where installed:
two containers with components of GFC, compressed air
cylinders with visual indicators of pressure control in
tanks, which are combined reducer of direct action. With
that, contained in tanks, pressurized air, each GFC com-
ponent, thanks to the connection of flexible hose system is
supplied to the fire-fighting facility with two-spray trunks
with one tap for their opening and closing, which is asso-
ciated with a single or joint submission GFC components.
In addition to the support the frame is set to spray-guided
device trunks on fire fighting facility with verification at
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the corners of the elevation, yaw angles, height and width
of the base of a symmetric placement and fixation spray-
trunks.

Figure 1 shows a plant designed AUTGOS-M static
components with its elements:

Step 1

Lo

a)

It is understood that step 3 is characterized by the fact
that there comes a time when the translational velocity of
the particles (droplets) of binary stream along the coordi-
nate axes OY become close to zero values. Then their
movement is carried out either by the free-fall path to the
location on a horizontal surface firefighting objects or
stops when a binary stream meets on its way obliquely
arranged burning objects. It is in this third step solutions
both GFC components expedient form on/before the
hearth fire as a gel drops mixture of two components.

Nevertheless, all three phases are external ballistics
compact or atomized jets of aqueous solutions and there-
fore allow prediction of its movement in space by compu-
tational methods [8].

Obviously, in both variants of this problem is easy to
find the optimal (rational) Lo distance, and the corre-
sponding pair of angles o1 and oy at which elevation ex-
tinguishing efficiency will be achieved well. In some
cases (Figure 2a) mixing the components of GFC, it is
desirable to carry out at the end of the third stage of the
flow path; other (Figure 2b) - the second end (at the be-
ginning of the third) stage [9].

Results and discussion. Tactical and technical support
activities and fire-rescue in these cases is as follows:

1) Determine the extinguishing facility with located at
a level (above/below) the cutoff type AUTGOS-M instal-
lation shafts;
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Fig. 1. General view of the installation AUTGOS-M: 1 - frame
installation carts; 2 - The tank with the aqueous compounds of
the GFC; 3. - compressed air cylinders; 4. - reducer with pres-
sure indicators (gauges); 5. - system of connecting flexible
hoses; 6. - Two spray trunk; 7. - Device for putting trunks on
fire-fighting facility.

One use of tactics installation AUTGOS-M as outlined
in Scheme example (Figure 2) and determines a focus
feeding fire sputtered bitstream GFC component of one
point two-gun barrels aimed at the hearth elevation at
different angles o1 and o by pre-calculated trajectories of
their movement. Whence it follows that the process of
moving undrowned jets (GFC components) is naturally
divided into three stages: Stage 1 - injection of compact
parts make up the GFC in the atmosphere; Stage 2 - the
free movement of dividing jets; Step 3 - Contact with
object extinguishing sprayed jets of GFC.

b)
Fig. 2. supply schemes in the hearth fire of two mutually independent sprayed jets bitstream GFC-gun barrels aimed to focus on the
independent motion paths for extinguishing burning objects: a) arranged on a horizontal surface; b) arranged perpendicularly or
obliquely towards the binary stream jets

2) Same trunks spray installation "AUTGOS"-M
placed and fixed using a special installation device to the
starting position with distance Lo from the epicenter of the
fire;

3) Exhibit according to the calculation of the elevation
angles ol and a2 trunks in relation to the horizon;

4) Simultaneous opening of cranes barrels of spray
given the same initial exhaust velocity Vo jets were both
GFC, which to a certain pressure flow of these trunks.

As already mentioned setting can be used in the devel-
opment of tactical and technical provision ( "firing" of the
table) by examining the tactical and technical characteris-
tics of processes of remote supply of water and gelling
binary formulations (trajectory, area lesions and others.)
Under different operational conditions means the verify-
ing the location of parameters and fixing the trunks of
spray due to the presence in the installation of a special
device. Then, using the derived table "firing" setting is
used to extinguish fires in practice.

This unit has been tested (Figure 3) in conducting nu-
merous experiments, including the extinguishing of model
fires of Class A, allowing gain sufficient experimental
material for constructing the corresponding mathematical
models and develop them tactical and technical support.
Some of the design decisions AUTGOS-M is already
protected by patents of Ukraine, and the plant itself is
adopted for usage in the educational process.
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3. The basic tactical and technical characteristics of the
extinguishing solid flammable materials with the use of a
pilot plant AUTGOS-M remote firefighting gel-forming
compositions.

4. Proposed tactical techniques filing GFC on fire
fighting, using the type "AUTGOS" installations

Conclusions. 1. A pilot installation AUTGOS-M re-
mote binary extinguishing gel-forming compositions.

2. Proven order of operations regulated in creating tac-
tical and technical maintenance of the new installations
AUTGOS-M
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Pa3paboTka ycTaHOBKH /ISl GMHAPHOI 10Ja4M re/1eo0pa3yoIUX COCTABOB Ha 00beKThI MOKAPOTYLICHUS
K. M. Ocranos, 1O. H. Cenunxun, B. B. CpipoBoii
AHHoOTauus. B faHHOW cTaThe pelaercs 3ajada MOBBILECHHS 3()(GEKTHBHOCTH HCIOJIb30BAHHUS Ieeo0pasyrolnX COCTABISIOMINX
(I'OC) npu nokapoTymeHNH, KOTOPOE OCYIIECTBISIETCS 3a CUET IeJIeHaIPaBIeHHON AUCTAaHIIMOHHON (TTopsiika 10 MeTpoB) momadm
KOMITAKTHBIX MK pacibUieHHbIX cTpyil [OC CTBOJAME-pacBUIMTENSIME B IPOCTPAHCTBO Ha//TIepes] 04aroM mokapa Tak, 9To JBH-
XKYIIMECs 110 3apaHee PacCYMTaHHBIM TPASKTOPHSM Kallld KOMIAKTHBIX MM pacHbUICHHBIX CTpyH coctaBisitomux ['OC BHavane He
KOHTaKTHPYIOT APYT C JIPYroM, a Ha u3jere (B MOMEHT JOCTHXKEHHsSI HMH MPOCTPAHCTBA Ha/Tepe]] 04aroM moxapa) CMEIIHBarTCs,
MEXTy HIMH IPOUCXOIUT MEXaHHIEeCKOe U XMMHUECKOE B3aHMOJIEICTBHE, B Pe3yJIbTaTe KOTOPOTO OHH, OCAXK/IAsACh B BHIE CIIOEB,
OOMJIBHO TIOKPBIBAIOT MTOBEPXHOCTD TOPSILIMX OOBEKTOB, JIOKAIU3YS M NPEKpaIliasi TOpeHue.

Knroueswie cnos: ceneobpasyioujiie cocmasyl, ONbIMHASL YCMAHOBKA, NOHCAPONYULeHUe, OUCIAHYUOHHO .
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AHHOTAanMs. PaccMOTpeH NPHHLMI JIOKAIbHO-HE3aBUCUMOTO YIPaBJICHUs MPOLeCCOM pacxoxaeHus. [TokazaHo, 4ro s Oe3omac-
HOTO PAaCXOXJCHHS CyI0B HEOOXOMMMa KOOPUHALMSA X MAaHEBPOB PACXOXKICHHUS € TOMOLIBI0 0000IIEHHOr0 GUHAPHOTO KOOPANHA-
Topa, KoTopsIM siBisiercss MIITICC-72. TlpennoxkeH cnocod cuHTe3a MOJHOM CTPAaTeTHH pPacXOXICHHUS ONEPUPYIOIIETro CyAHA, KOTO-
pas IpexycMaTpuBaeT HaJIW4Me BTOPOH IETH B CHTYallMH OIIACHOTO COMMKEHMS W YYUTHIBACT BO3MOXKHBIC BapHAHTHI Pa3BUTHS CH-
Tyaryu cOMMKEHHs ¥ TpeOOBaHHUS CHCTEMBI OMHAPHOH KOOpANHAIINY.

Knrouesnie cnosa: 6ezonacnocms cy0080HCOeHUs, NPOYECC PACXOHCOEHUS CYO08, TOKANLHO-HE3AGUCUMOe YNpasieHue, cucmema

OUHAPHOU KOOPOUHAYULU.

Bgenenune. IIpu omacHOM CONMMKEHHUU CYZIOB, KOT/AA M-
CTaHIMS KpaTdaliero cOJMXKEHUS MEHbIIE IMpeaeibHO-
JIONTYCTUMOHN JMCTAHIMH, BOSHUKAET CUTYallMOHHOE BO3-
MYIIEHHEe, KOTOPOEe KOMIICHCUPYETCS MAaHEBPOM PacXOXK-
neHnss. OCHOBHBIM TPHHITUIIOM YIIPABICHHS IIPOIECCOM
PacXOXKACHUS CYAOB SABISETCA JIOKAIbHO-HE3aBUCHUMOE
yIOpaBJieHHE, CYTh KOTOPOTO 3aKII0YacTcs B KOHTPOJC
KaXIbIM U3 CYAOB TEKYIIEH CUTYaIluu COMIDKEHHS U MPH
HAJIMYUA CUTYallMOHHOTO BO3MYIIEHHS €r0 KOMITCHCAIIHS
MIPOU3BOIUTCS MaHEBPaMU OOOMX CYIOB, IPUYEM BHIOOD
MaHEBpa PacXOXICHHUS MPOM3BOAUTCS KAXKIBIM M3 HHUX
He3aBucUMO. s oOecrieueHus Ge30MacHOCTH Tpolecca
pacxokIeHus: HeoOXoJMMa COTIaCOBAaHHOCTh MaHEBPOB
PacXOXKICHUsI CYAOB, T. €. MX KOOpPIHMHAIMS, MO3BOJISIO-
Iasi yBeJIMYMBAThH JUCTAHIMIO KpaTyailero cOMmKeHus.
[MosToMy 1t BBEIOOpa CTpATETHH PACXOXKACHUS KaxIoe
U3 CyIOB JOJDKHO YYHTHIBATH TPEOOBaHHSA CHCTEMBI KO-
OpIHMHAIMNH, KOTOpasi B HACTOSIIEE BPEMs pealn30BaHa B
MIIIICC-72.

KpaTtkuii 0030p ny6aukanuii no teme. B padore [1]
pacCMOTpPEHbl MPUHIMIBL  JIOKAJbHO-HE3aBUCUMOTO U
BHEIITHETrO YIPAaBJICHHUS MPOLECCOM PACXOXKICHHUS OMACHO
COMMKAIOLIMXCS CY/IOB, @ TAKXKE MPUBEJICH aHAJIHU3 METO-
JIoB uX peanm3anuu. IlogpoOHOe MccaeI0BaHNE METOIOB
JIOKJIbHO-HE3aBUCUMOT'0 YIPaBIICHHs IPUBEIEHO B pabo-
Te [2], @ Al paCXOXKIACHUS OMEPHUPYIOIIETr0 CYyIHA C He-
CKOJIbKHMH OTACHBIMH LENSIMH TPEIIOKEH MeToX (op-
MHUpPOBaHHSA THOKHX CTpaTeTWH pacxoxkIeHus. Bormpocs
ydeTa HaBUTAIMOHHBIX OMACHOCTEH W WHEPIHOHHOCTH
CymHa TPH BBIOOpE CTPATETHH PACXOXKICHUS CyAHA
OCBeIIeHBl B paborax [3, 4]. B3aumoneiictBue cynos B
CUTYaIl ONAaCHOTO CONFKCHHS M BHIOOP CTPAaTErHH pac-
XOXKACHUS! /ISl PEIYIPEKIACHUSI UX CTOJKHOBEHHS pac-
CMOTpeHBI B pabote [5]. Onucanue mporiecca pacxoxe-
HUS CyJIOB B TepMHHaX Iu(QepeHnrnaTbHO aHTarOHH-
CTUYECKOW UTPBI MpeIoxkeHo B padote [6], a B pabore
[7] npenyokena SKCTpeHHAs] CTPATETHs PACXOXKICHUS B
CUTYyallUl 4Ype3MepHOro cOnmkeHHH cynoB. Beibop on-
TUMAIILHOTO CTaHJAPTHOTO MaHEBPA PACXOXKACHHUS Mapbl
CyJZIOB pacCMOTpeH B padore [8].

AHanuzupyemble padOThl BHOCAT 3HAYUTEIBHBIN BKJIA]T
B TEOPHUIO PEIICHHS ITPOOJIEMBI MPEAYNPEXKIACHHUS CTOJIK-
HOBCHHUI CyIIOB, OJTHAKO TPU (POPMHUPOBAHHH CTPATCTHH
PacXOXKICHUsSI OHH HE HpeJyCMaTPUBAIOT pa3jiMuHbIE Ba-
PHAHTBI MPOTEKAHUS Tpoliecca COMMKEHHUsI U PacXoxKe-
HUS CyJIOB, YTO CHIDKaeT 3(PQEeKTUBHOCTH CTPATETHi pac-
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XOXJICHUsI, KOTOpPBhIe (OPMHUPYIOTCS PEKOMEHIYCMBIMU
METOJaMU.

Heas. Llenpro HACTOSAIIEH CTAThU ABISCTCS (POPMHPO-
BaHME CTPATETMH PACXOXKACHHS CyIHA NPHU JIOKAJbHO-
HE3aBUCHMOM YIPABICHUHM C YYETOM BO3MOXHBIX BapH-
AHTOB Pa3BUTHS TpoIiecca CONMKCHUS C HENbI0 U Tpebo-
BaHUI CHCTEMBI OMHAPHOHN KOOPIMHAIIIH.

Marepuagbl 1 MeToabl. [Ipy noKanbHO-HE3aBUCUMOE
YOpPaBJIECHUU NPU MOSABICHUH CUTYALMOHHOTO BO3MYILE-
HUSL () MEXIy CyJaMHU BO3HUKAaeT B3auMojieicTBue Bz, B
pe3ynbTate KOTOpPOro MNpPOTrpaMMHBIA yYacTOK OTHOCH-
TENbHOIO JBMXKEHHS C CUTYalMOHHBIM BO3MYILEHUEM
TpaHC(HOPMHPYETCS B OTHOCHUTEIBHYIO TpaeKTopuio 0e3
CUTYallMOHHOTO BO3MyLIeHUsl. OHO MPOTHO3UPYET MOBE-
JIeHUE COMMKAIOIUXCA CYJOB B IPOIIECCE PACXOXKACHUS U
npexmnoiaraeT GOpMUPOBAHHE COTIIACOBAHHBIX MAaHEBPOB

M; u M, KaKIOMYy U3 B3aUMOJCHCTBYIOIIUX CYIOB,
KOTOpBIE OOECIEUMBAET YBEJIMYECHHE JUCTAHLMU Kpat-
yaifiero cOMMKEHMs MEXAYy CyldaMH [0 BEIHYMHbI
D , TIPEBOCXOJISIIYIO TPEICIIEHO-TOIYCTUMYO JIH-

crannuio Dy, T. €. D

miny

. Ilpu »TomM cTparerus
miny = D, p TP

M moxer comepkaTh MaHEBP PACXOKIECHHS KAK OTHOTO,
Tak u obomx cymoB. B3ammoneiicteue Bz MoxxeT OBITH
(hopManIn30BaHO CIIEMYIOUIMM 00pa3oM:

M=Bz(R),

rie R =(a , D, V1, Ky, V2, Ky) - BexTOp HavyasbHOM
CUTYaI[H CONMKEHHS, KOTOPBIM XapaKTepU3yeTCs COOT-
BETCTBEHHO MEJIEHIOM, JUCTAHIIUEN MEKTY CyqaMHu, a
TaK)KE MapaMeTpaMH JIBHKEHUS CYJI0B;

M = (m,, m,,) - CTPaTerHs PaCXOkICHHS.

B3aumoneiictBue cynoB Bz MoxHO uHTEpmpeTHpO-
BaTh, KaK OMEPATOp WM OTOOpaKEHUE MapaMeTpPOB CUTY-
aryu CONMKEHUS BO MHOXECTBO IapaMeTPOB CTPATErHu
pacxoxaenus M, mpuuem Bz cocromm u3 omeparopa
Crd koopauHanuu MaHeBpPOB M orepaTopa Prm pacuera
1apaMeTpOB MAHEBPOB M OCYIIECTBIISIETCS C IMOMOIIBIO
KOOpAMHATOpPa Cg(Bz), BXOAOM KOTOPOIrO SBIISETCS

BeKTOp R, a BBIX0JIOM - curHaiubl cygam 6, u 0, , kak
moka3ano Ha puc. 1. CurHaimsl ei COJICPXKUT KOOPAWHU-
pYIOLIMii CUTHAT Y M CHTHAJ CBS3H LLj, IpHYEM KOOP-

AVHHPYIOIIHE CUTHATBI 7Yj IPEANNCHIBAIOT MOIMHOXE-

CTBO KypCOB YKIJIOHEHHUSI Ka)XX[JOTrO CyAHA, 00ecIednBaro-
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IIAX COTJIACOBAaHHOCTh MAHEBPOB PACXOXKIEHMS, 8 CHUTHA-
Bl CBA3U |Lj colepKaT HMH(POPMALMIO KaXkKAOMY CYIHY O
IIPOTHO3UPYEMOM MOBEACHUU Apyroro cyaHa. IIpu 3tom,
My =72 u g =71.

Kaxnaplili U3 KOOpIUHHUPYIOMIMX CHTHAIIOB 7Y COAEp-

JKUT TpU COCTABJIAIOMIME: O HAJIUYUU IMMPUOPUTETA, TPEI-
MUCBIBACMOT'0 KOOPAWUHATOPOM, U CUT'HAJIbI, PCTIIaMCHTU-
pyromue B3aPIMOI[eﬁCTByIOHIHM cydaM BO3MOXHOCTbH
YKIIOHCHHS BIIPABO U BJIEBO.

Ucxons us curnana 0; u sektopa R, kaxnoe u3 B3a-

UMOJICHCTBYIOMUX CynoB Cj IpOH3BOANT BBIOOP MAaHEB-

pa pacxokaeHus M; H3 AOMYCTHMOIO IOAMHOMKECTBA
KypCOB YKJIOHEHHS, KOTOPOE PEriIaMeHTUPYETCs] KOOPIH-

HHUPYIOIIAM CUTHAJIOM 7 .

CO@?)

£

el
|

TIpouece packoE0eHEA

Puc. 1. [TpuHIun J10KaabHO-HE3aBUCUMOTO YITPABICHUS
MPOLIECCOM PACXOMKICHUS

Pe3yabTaThl M HX 00cy:xkaeHue. PaccmoTrpuM curya-
L0 OTACHOTO CONMKEHHs OINEpPUPYIOLIEro cygHa Cp ¢
nenpto C, MpH HAIUYUM B PallOHE IIaBaHHUSA TPETHETO

CyaHa C3 . CremeHr OIacHOCTH CUTyalluu COMMKEHUS

XapaKTepPU3yeTcss MATPULIEH CUTYalMOHHOTO BO3MYIIE-
anst W ={w;;} [1], xoropas umeer Bu:

0 W12 13 1
W = (1)21 O (D23 ! ( )
W32 W31 0

rae (Dij - CUTYallMOHHOC BO3MYIICHHEC, KOTOPOC Xa-

PaKTEpU3yeT YPOBCHb OIIACHOCTH CTOJKHOBCHHS IIapbl
CyaoB Ci uc i

Tak Kak IO yCJIOBHIO Ha4aJbHOHM CUTyallMu cyfa C; u
C, cOmMKAIOTCS OMNAcHO, T. €. Dnin12 < Dy, TO 3Haue-

HUSl CUTYallHOHHBIX BO3MYIIEHHH (D15 U (D91 HE PaBHBI

Hymo. Cie0BaTeNbHO, MEXIY ITUMH CyJaMH BO3HHKAET
B3aMMOJIEHiCTBHE, KOTOpOE MPEANHCHIBAETCS OWHApHBIM

xoopmuHatopoM Cgq (BZ) , (MIIIICC-72 B wactu manes-

PHPOBaHHMS CYJOB IIPU PACXOKACHHUM), U CyJa IPeanpH-
HUMAIOT COTJIACOBAaHHBIM MaHEBP PAcXOXIEHHUs, odecre-
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YUBAIONINI OOpalieHne 3HAYCHHWH CUTYaIlMOHHBIX BO3-
MYIICHUH (019 ¥ M1 B HYIIb.

ITpu sToM KoopaunaTop Cq (Bz) , ucxons u3 otnocu-
TENbHOMN TO3HINK CyIoB C; M C, M HX CTarycoB Sty u
St,, mpeanuceIBaeT B3aNMOJCHCTBYIOIIM CyHaM KOOp-

JVHHUPYIOLIME CUTHABI Y1p U Ypq . OTH CUTHAJBI OIpe-

JETSIOT UX TOBEJCHUE B MPOLECCE PACXOKACHUSA, Mpea-
MUCHIBAs KAXKAOMY M3 HUX B3aUMHbIE OOS3aHHOCTH, UTO
MO3BOJISIET CYAaM NPOU3BECTU BBIOOP CTPATETHU PACXOXK-
JICHUd, TIPU peaau3alliu KOTOpOi OJHO U3 CyJIOB cOoXpa-
HSIeT CBOU MapaMeTphl JBM)KEHUS, B TO BpeMsl Kak BTOpoe
CYZIHO BBINOJTHSIET MaHEBpP PACXOXKACHUs Wi 00a cyaHa
MPEIIPUHIMAIOT COTJIaCOBAaHHbIE MAaHEBPBI PACXOXKIe-
HUSL.

Tak kak B palilOHe IPENOJaraeMoro MaHEBPUPOBAHUS

HAaXOAUTCs CyIHO Cj3, TO, KaK BUIHO U3 MAaTpUIbl CUTYa-
tmornoro BosmymieHuss W (1), BOBHHKAIOT CHUTYyalldoOH-
HBIE BO3MYIICHHH (13 =W3; H W3 = W3y . Crnenosa-
TebHO, 0600WIEeHHBIH KoopauHatop Cq(Bz) B pac-

CMaTpUBaeMOH CHUTyallud CONMDKEHUs HOMHMO Yqp H
Y21 GopMHUpyeT Takxke KOOPAMHUPYIOUIUE CUTHAIBL Y13,

Y31, Yp3 H Y3y, 3HAUEHHA KOTOPBIX ONPENEIAIOT
CTPYKTYpPY IHOJHOHN CTpaTeTHH PACXOXIEHHUs ONEpUPYIO-
utero cynHa Cq . Ilox monHO#M crpareruweit nmoapasymeBa-
€TCsl COBOKYITHOCTh BO3MOXKHBIX AJIbTEPHATHBHBIX dacT-

HbIX MAaHCBPOB YKJIOHCHHSA CyJAHA Cl B 3aBUCHUMOCTH OT

3HAYCHMI pcajin30BaBIINXCS CUTHAJIOB KOOPJAWHAIUU ’Y”

W TCKYLICIO pa3BUTUA CUTyalluU commxenus. Ecnu 3Ha-
YCHNUE CUTYAallMOHHOI'O BO3MYIIEHHUA 13 OTIIMYHO OT

HYyJs, TO CyaHy Cq; OT KOOpJHMHATOpa CO(BZ) agpecy-
I0TCS CUTHAJIBI KOOPAUHAIMU Yqp U Yq3, KOTOpbIE MOTYT

MPENHUCHIBAT €My OJMH THIT MaHeBpa (Y1, =1, yi3=1

wm Yy, =0, y;53=0), 1. e. ykIOHATECA WM COXpaHSATH
HEU3MEHHBIE MapaMeTpbl IBUXKECHUS, WIN K€ OHH MOTYT
NPOTUBOPEYUTH APYr APYry (y,, =1, vy;3=0 mm

Y1, =0,v,3 =1), T. €. OTHOBPEMECHHO OZHOMY M3 CY/0B
YCTYIaTh JOPOTY, a OTHOCHUTENBHO APYroro COXPaHSITh
HEU3MEHHBIMH KYPC U CKOPOCTb.

Ecnu peannzyroTcs coriacoBaHHbIE KOOPAWHUPYIOIINE
CHTHAIIOB 7y, =1 U y;5 =1, TO Onepupyrouiee CyjHo

Cq IOJDKHO YCTYHHUTh OOpOry cynaM Co U C3 MaHEBPOM
pacxoKIIeHusl, KOTOPBIH MOXKET peain30BaThCsl MO0 00-
IIMM MaHEBPOM JJIs OOOWX CYAOB, WIH JBYMS IIOCIENO-
BaTEJIbHBIMA MAHEBPAMU I KaXI0r0 U3 HUX.

IIpy KOOPAMHHUPYIOIMX CHTHANAX v, =0 # y,5, =0,
KOTOpPBIE NPEANUCHIBAIOT ONEPUPYIOLIEMY CYIHY COXpa-
HSITh HEM3MEHHBIMU KypC M CKOPOCTh OTHOCHUTEIILHO 000-
uxX cynaoB C, u C3, ONEPHUPYIOIIEE CYIHO BBIIOJHSAET

JaHHOE TPeOOBaHUE MPU YCIOBUH, YTO 00€ LETH BBIIOI-
HSIOT TIPEeITMCaHHbIe MaHEeBPHI YKIOHEeHUS. Eci jxe X014
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ObI OlHA M3 LENICH HE YCTyMaeT JOPOTY ONEpUpPYIOLIEMY
CyIHY, TO OHO CIEIYeT MOCTOSHHBIM KypCOM H CKOpO-
CTBIO JI0 HEKOTOPOTO MOMEHTA BPEMEHH, MOCIIE KOTOPOTO
BBIHYK/IEHO COOCTBEHHBIM MaHEBPOM IIPEOTBPATHTH
BO3MOXKHOE CTOJKHOBeHHE. Ecim e KOOpIMHUpYOLIHe
CUTHAJIBI NIPOTUBOpEYAT JIPYr IpPYyTry, TO ONEPHPYIOIIee
CyIHO INPEANPHHUMAECT MAaHEBP PACX0XKJICHUS B HyJIEBOU
MOMEHT BpPEMEHH, KOTOPBIH sIBIsAETCS OE€30MacHBIM ISt

obeux cynos Cy» u C3. B mpouecce dpopmuposanus mou-
HOIl CTpaTeruu PacXoXICHHUs OTEPUPYIOIIEe CYTHO YUH-
THIBACT 3HAYCHHE CHTYALMOHHOTO BO3MYLICHHS o3 U
OpH OTIMYHH €r0 OT HyJs - TAaKKE U KOOPIHHHPYOIIHE
CHTHAJIBL y,, H Yy, -

B kauecTBe mpuMepa paccMOTpuUM (HOPMHPOBAHHE
MOJTHO# CTpaTeruy PacxXOXkICHHS OMEPUPYIOLUIHM CYIHOM

B Cliy4dac HavaJIbHOM CUTyallun CGHH)I(CHI/IH, KOoTOpas Xa-
PAKTCPU3YCTCA CICAYIOIIMMU MNEPEMCHHBIMU: IapaMeT-

paMH JBIKCHHS OLEPHPYIOWIEro cyaHa Cq - K, =244 °,
V; =20 y3n10B, enu C, - K, =52°, V, =18 y310B,
uemn C3 - K3 =332 °, V3 =27 y31I0B; OTHOCHTENIBHOM
nosuumedt  a,, =238° d;, =5 MU, @, =176

di3 =476 wMwm, o0,3=115° d,;=50 Muib.

Hauvanpnas cutyarus cOmmkenus cygoB C;, Cop m Cg

MOKa3aHa Ha pHC. 2.
ITo McxomHBIM MaHHBIM OBUIM PacCUMTAHBI AUCTAHIIMU
KpaTyaiiiero cOmMmKeHus CyaoB: Dy =0,0 MU,

Dpings = 0,0 MHIH, D03 =0,9 Mummn. Tak kak Bce

TpU CONMKAIOIIUECS Cy/IHA SBJSIFOTCS CyJJaMU C MEXaHH-
YEeCKUM JIBUTATeNIeM, TO UMEIOT OJMHAKOBHIN cTaTyc. Ko-
OPIAMHATOP C YYE€TOM HX OTHOCHTEIBHOTO MOJIOXKECHHUS
dopMHUpyeT KOODAMHUPYIOIIME CHUTHAIBl Y4, =0,

Y21 =1, v13=0, y3; =1, vp3 =11 y5, =0.

Cz

Puc. 2. HayanpHas cuTyanust COMMKEHNS CyI0B

B 1aHHOM mnpuMepe KOOPAMHHUPYIOLIHE CHIHAJBI
Y1, =0 u y;53=0 sBusoTcs cornacoBaHHBIMH, Clea0-
BaTeNIbHO, €Clik cyna Co W C3 BBINOJHSIOT MPEANUCaH-
Hble KOODJMHATOPOM MaHeBpbl ykiaoHeHus D,(1) wu

D5 (1), To onepupyromee cymHo C; DOIKHO COXPAHATH
HCU3MCHHBIC l‘IapaMeTpLI JBHKCHMUA, peaHI/ISySI CTpaTe-

rmio D, (0) . Korza xotst 651 01Ha U3 Heseil He ycTymaer
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JIOPOTy OMEPUPYIOIIEMY CYJHY, TO OHO CIELYET MOCTO-
sHHBIM KypcoM i ckopocteio D) (0) 1o momenta Bpe-
MeHH 1, MOCIe Yero COGCTBEHHBIM MaHEBDOM PACXOdk-
JEHus 61 (t) npemoTBpamaeT BOSMOXKHOE CTOIKHOBE-
Hie. B 1aHHOM IpEMepe MOMEHT BpeMEHH { ompeensi-

€TCA YMCHBIICHUCM JUCTAHLIUN d12 n d13 JI0 3HAYCHUM

d12 =34 Mumu u d13=2,9 MWIH. B 3TOT MOMEHT

BPEMCHH OINEPUPYIOIIee CyIHO Cq peaau3yeT YacTHYIO

CTpaTeruio 51 (t) , KoTOpasi 3aKII0YACTCI B YKIOHCHHUU
C; Ha Kypc Kyy =286 °, B pe3yJibTaTe 4ero oHO 0e3-

OMacCHO PacxoJuTcs ¢ HesiMu Co U C; Ha PaCCTOSIHUSX
Dpinie =17 MUIM U D ;013 =1,0 MHIH.

Takum obpa3om, 0000ImIast BBEIIICH3IOKEHHOE, B pac-
CMOTPCHHON HAYaJIbHOW CHTYalUH CONMKEHHS IOJHYIO

ctpaternio D, omepupyromero cygHa MOKHO 3amucath
CIICAYIOIINM 00pa3oM:
D, (0), ecrm y,, =0, v,3,=0, D,(1), D3(2);
D, =1D; (0), ecmt v,, =0, v,53=0,D,(0), D3(0), t<t;
D, (t), ecm y,, =0, y,53=0,D,(0), D3(0), t>t.

OOpaimaeM BHHUMaHHE Ha CIEIylomee OOCTOSTENbCTBO:
€CIIM JIBE NEPBBbIC YAacTHBIC CTPATETHH HE MperyCcMaTpH-
BalOT MaHEBPUPOBAHMSA OTNEPHUPYIOIIETO CyIHA, TO PeaH-

3aIMM  4acTHOH crtpatermu D, (t) TpeOyer BHauane

YKIIOHEHHUsI CyqHa Cq C MpPOrpaMMHOI TpaeKTOpUU JBH-

JKEHHs, a Tocyie 6e30IIaCHOTO0 PAcXOKACHUS, - €ro BO3-
BpallleHHs K HA4YaJIbHOMY PEXXHUMY JBIKCHHUS.

TakuM 00pa3oM, NMPENMyIIECTBOM IIOJIHOH CTpaTeruu
OIEPHUPYIOLIETO CYAHA ABISETCA Y4eT BO3MOKHOIO M3Me-
HEHHUS Tpolecca CONKEHHS C LEJSIMH U TPEIBAPUTEIb-
HO c(hOpPMHPOBAHHBIE YACTHBIC MAaHEBPHl YKJIOHEHHS,
IIpeyCMaTPUBAIOIINE Pa3IMYHbIE HCXOIbl MEHSIOLIEHcA
CUTyallun COJNMXEHHS, MHOXKECTBO KOTOPBIX 3aBHUCHT OT
JISUCTBYIOILEH CHCTEMbI OMHAPHOI KOOPJMHALIHH.

BriBoabI

1. PaccMoTpeH TOpUHOMI  JIOKAJIBbHO-HE3aBUCHMOTO
yIOpaBIEHUS MPOIECCOM PACXOKACHHUS U IIPHUBEJCHA
(dbopmanuzaiys B3auMOAEHCTBHUS CYJIOB IIPU BO3HHKHOBE-
HUU CUTYallUOHHOTO BO3MYILEHHS.

2. [Toxa3zaHo, 4TO AJIs1 O€30IIaCHOTO PACXOXKAEHUS CY-
JIOB HEOOXO/IMMa KOOPJMHAIMS UX MaHEBPOB PacXoXKie-
HUSI ¢ TIOMOIIBIO 0000IIEHHOTO OMHAPHOTO KOOPAWHATO-
pa, xotopsM sBisieTcas MIITICC-72. Koopaunarop ana-
JM3UPYET CUTYAIHIO OIIACHOTO CONMIKEHHS U (hOpMHUpPYET
CUTHAJIBI KOOPAWHAIINH B3aMMOJACHCTBYIOMIMM CyJaaM, Ha
OCHOBAHUHU KOTOPBIX IPOHCXOANUT BEIOOP COTIIACOBAHHBIX
MaHEBPOB PaCXOXKICHUSI.

3. Ilpemnoxken crnocod CHHTE3a IOJHOW CTpaTreruu
PACcXOXIEHHUS ONEepUPYIOMIETo CyaHa, KOTOpas Ipery-
CMaTpHBaeT HaIW4Me BTOPOH LeTU B CUTYyal[UH ONAcHOTO
COMIKEHMsI M YYUTHIBAET BO3MOXKHBIC BAPHAHTHI Pa3BHU-
THSL CUTyalluM COMMKEHUs M TpeOOBaHWS CHUCTEMBI OH-
HapHOW KOOPJMHAIMY, YTO COCTaBIAET HAYYHYIO HOBM3-
Hy craTbu. [IpuBeneH npumep (GOPMUPOBAHHS HOIHOU
CTpaTETUH PACXOXKACHUSL.
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Choice of strategy of divergence at the locally-independent management of vessels in the situation of dangerous

rapprochement
E. N . Pyatakov, S. S. Pasechnyuk, T. Y. Omelchenko

Abstract. Principle of locally-independent process control of divergence is considered. It is shown that for safe divergence of vessels

coordination of their maneuvers of divergence by the generalized b

inary coordinator which CollReg is needed. The method of syn-

thesis of complete strategy of divergence of operating ship, which foresees the presence of the second target the situation of danger-
ous rapprochement and takes into account the possible variants of development of situation of rapprochement and requirement of the

system of binary coordination, is offered.

Keywords: safety of navigator, process of divergence of vessels, locally-independent management, system of binary coordination.
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BnuimB yMOB 0TpUMMAHHSA MOCIBHOI0 MaTepiaay HA 0I0OCHHTETHYHY 3JaTHICTH
npoayuenty pudoduiaBiny Eremothecium ashbyi

B. 1O. Honimyx*, O. M. Iyran
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AnoTauis. JlocrimkeHo 3MiHy Gi0CHHTETHYHOT 31aTHOCTI ackominera Eremothecium ashbyi 3a 1Boma mokasHUKaMu: HAKOIIHYEHHS PHOO-
¢naBiny Ta 6iomacu. Y 3B’S13Ky 3i 3HIDKEHHSIM piBHsI OI0CHHTE3y BiTaMiHy B2 3arpornoHOBaHO BHKOPHCTaHHS YIBTPa(ioineToBOro onpomi-
HEHHS MIIIENIF0 JUTS TiJIBUIICHHST O10CHHTETHYHOT 3/JATHOCTI. BCTAHOBIICHO BiK Ta KUIBKICTh IOCIBHOIO MaTtepialry, 0 BHOCUTHCS Y epMe-
HTAIlii{HEe CepeIOBHILIE, SIKi BiATIOBIIal0Th HAHOLIBIIOMY HAKOIIMYEHHIO puOodIIaBiHy Ta GioMacH.

Knrouosi cnosa: pubognasin, Eremothecium ashbyi, nocienuii mamepian, 6iomaca, 8ix iHOKVIamy.

Beryn.  Eremothecium ashbyi, suminenwit Guilliermond
M.A. vy 1935 poui 3 KOpoOOUOK OABOBHHKY, Ha SIKMX BiH
MIAPa3NTye, € OTHAM 3 BiIOMUX MPOIYIEHTIB pHOOQIaBiHy,
SIKUH BUKOPHCTOBYETHCS Y TIPOMHUCIIOBOCTI TSl OI0TEXHOJIO-
rivHOro OTpMMaHHs BiTaminy By. E. ashbyi smaren mo mo-
HaJCUHTE3y puOO(dIaBiHy, SKU € OJHMM i3 HalBaXKIIHBI-
LIMX POCTOBHX (haKTOPIB JIIOAUHY 1 TBapuH. DraBoHONpOTE-
{HM TpalOTh BaXJIMBY POJIb Y METa0O0Ii3MI KIIITHHU. AKTHB-
HUMH TPyIaMy OUTBIIOCTI (hIIABOIPOTEIHIB € HEKOBAICHTHO
3B’s3aHi (raBiHOBI KoakToph — (PIaBIHMOHOHYKICOTHT
(OMH) ta ¢uasinaneninaunykieotun (OPAJ). E. ashbyi,
OJIMH 3 HebaraTboX MPOIYLEHTIB, 31aTCH HAKOMUYYBATH JI0
30% DAL Bix 3aranpHOI KUTBKOCTI ()IaBiHIB, IO CHHTE3Y-
1oTbest. 3a jonomororo E. ashbyi moxHa otpumyBaru sik
KOpMOBHI pHOO(]IaBiH, TaK i, MPH 3aCTOCYBAHHI MEBHHUX
METO/IIB BUJIJICHHS Ta OYHCTKH, PHOO(IIABIH MEJUYHOTO
NPU3HAYCHHSL.

Koportkmii orasix myouikauiii 3a Temoro. [Ipu 3nxiiic-
HEHHI TMIMOWHHOTO KyJbTHBYBaHHS CTaH IHOKYJSTY Mae
BEIIMKE 3HAYEHHS JUISl CUHTE3y 1 HAaKOMUYEHHs! 0l0JIorivHO-
aKTUBHHMX PEUOBHMH. 3a3BHyaii JUIsl 3aCiBy BUPOOHHYOTO Ce-
PEIOBHIIA TIPH TIMOMHHOMY CHOCO01 KyJBTUBYBAHHS TOCIi-
BHUI MaTepial TOTyIOTh TaKOX TIHOMHHUM criocoboM. Eta-
T OTPUMAHHS MOCIBHOI KYJIBTYpH HACTYITHI: 1) OHOBIICHHS
BUXIJHOI KyJIbTYpH HAa arapu3oBaHOMY CEPEeIOBHILI; 2) BHU-
pOLLyBaHHS KyJIbTYPH Ha PIIKOMY CEpelOBHUILI B KoJibax Ha
Kauili; 3) KyJbTHBYBaHHs MPOAYIEHTa B iHOKyIsiTopi. [Toci-
BHa 1032 MPY 3aCiBi NIMOMHHOIO KYJIBTYPOIO 3a3BHYai Mopi-
BHSIHO BeJmKa - Bin 1 1o 25%. s npoxyuenry E. ashbyi y
MyOIKAIiSIX HABOITHCS CYNICPSWIHBI IaHI.

Tak, y poGoti [1] Oy0 HOKa3aHO, IO IS JTOCSATHEHHS
MakCHManbHOI mpoxykTuBHOCTI E. ashbyi Guilliermond
1935 no pubodmaBiHy 3aciB (epMEHTALIITHOTO ITOKHUBHOTO
CepeloBUI[a TOBUHEH MPOBOIUTHUCS —CBOKEHIPOPOCIHMH
criopamu tpuba. Y poboTi [2] 3a3HavaeThesl, mo GioCHHTE3
pubodIaBiHy OIHAKOBO TPOTiKae Ha (hepMEHTAIlITHOMY
CepEIOBHIII, 3aciTHOMY 1-3 TOOOBOIO KYJIBTYpPOIO MPOIyIIe-
HTy. PekoMeHIOBaHa KUTBKICTh MOCIBHOTO Matepiamy, II0
BHOCHTBCS Y TOXKHUBHE CepenoBwiie, cranoButh 0,75 — 2%
[3]. MIpote cyuacHi aBTOpH y CBOIX JOCTIKEHHIX BUKOPHC-
TOBYIOTh BEJIMKI 00’€MH TIOCIBHOTO Matepiary: HaidacTiie
5 [4] Ta 10 % [5]. Kpim mociimkeHHs BIUIMBY SKOCTi HOCIB-
HOTO Matepiany Ha GiocuHTe3 pubodIaBiHy, JOCTIHKYBaBCS
BIUTMB CTaHy ITOCIBHOTO Marepiaixy Ha yTBOPEHHS KOMIIOHE-
HTIB e(ipHO1 oii, 110 nponykyetses E. ashbyi [6].

Mera. Jlociiant yMOBH OTPUMAHHSI TIOCIBHOTO MaTtepi-
any Eremothecium ashbyi Guilliermond F-340 B akTuBHOMY
cTaHi, siki O 3a0e3meuyBaay HalBHILy OIOCHHTETHYHY 3/aT-
HICTb ITaMy-TIPOYIICHTY.
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Marepiaau Tta meroau. OG’ekTOM HOCTiIKeHHS OyB
Eremothecium ashbyi Guilliermond F-340, otpumanwmii 3
Bceepociiicbkoi KOJEKIIii HPOMECIOBHX MIKpPOOpPTraHi3MiB
(TaKCOHOMIYHE TOJIOKCHHS BIAMOBIMHO N0 MIKHAPOHOL
6a3u cucremaruku rpudis CABI Bioscience Ta 6a3u gaHux
CBS Database of Fungal Names, nanuii rpu6 BijgHeceHuit 10
Eremotheciaceae, Saccharomycetales, Saccharomycetidae,
Saccharomycetes, Saccharomycotina, Ascomycota, Fungi
(7).

[Tam rpuba 30epirany Tmpu KiIMHATHIA TeMIepaTypi Ha
CKOILICHOMY arapu30BaHOMY TJIFOKO30-TIEIITOHHO-
apixmxoBomy (I'TI) cepenoBumi cknamy (y %): Timoko3a —
1,0; merrron — 0,3; mpixkmxoBuii ekctpakt — 0,5; arap — 2,0.

I'mubunne xynbruByBanHs E. ashbyi wa pimxomy T'TIJ]
cepenoBwii 3aiticHIOBaH TipH 28°C mpoTarom 6 aid y KOHi-
YyHUX Koj0ax 3 50 MJ cepemoBHIA B YMOBaX IOCTIHHOIO
niepeMilyBaHHs Ha opOiTaibHIl Kayanmi 31 mBuakictio 180
obeprie/xB. CepenoBuia y Koj0ax iHOKYJIFOBAIUCH MOIIC-
peaHbo oTpuMaHoro Ha pinkomy I'TI/l cepenoBuIi KyabTy-
POIO Pi3HOTO BIKY Ta Y Pi3Hii KUIBKOCTI.

KinbkicTs 6ioMacy BU3HAYAIM BATOBUM METOIOM ITicis il
BIIUTUICHHST BiJl KyJIbTYypaldbHOI PiIMUHU (DUIBTPYBaHHIM Ta
BHUCYIIIyBaHHsI J10 cTanoi Macu ipu 105°C [8].

Bwmict pubodraBiny y KyabTypanbHIH piluHI BU3HAYAIA
CIIEKTPOPOTOMETPHYHO Tpr A = 450 HM TiciIs MonepeaHbO-
ro rigpomizy ®@AJ] 1o ®PMH mnporsirom 12 rogun y 10 %
TXO[8, 9].

Jnst nocrimkeHHs: BBy Y D-0poMiHEHHsI HA CUHTE3
pubodiaBiHy BUpOILIEHY Ha LILUILHOMY TIOKMBHOMY CEpeJio-
BuIi KyneTypy Eremothecium ashbyi zaciBamu B ko6 Ha
100 v 3 pigkum ['TIJT cepenoBuiiieM, KyJIbTUBYBAIH 3 100U
Ha kavani rpu 180 06/xB npu 28°C. Ilicnst yoro KynbTypa-
TBHY piguHy BianeHTpudyroBysamu mpu 3000 006./XB mpo-
TsiroM 10 XB. 3 HACTYITHUM IIPOMHBAHHSAM CTEPHIILHOIO JIHC-
THJIBOBAHOIO BOJOI0, TAKMM YMHOM OYyJIM OTpHMaHi BOJHI
cycriensii Mirerniro KynpTypu Eremothecium ashbyi.

Bojna cycniensist npoaynieHTy abo KyJabTypa IpOoJLyLeHTy
y CEPENOBUILI KYJILTUBYBAHHS 110 3 CM° PO3JIMBAIHMCS Y Ya-
mxu [etpi. CycneHsis po3NoALIAEThCS 10 THY YallKd TOH-
kM 1mapom TosiwHO0 0,1 Mm. Yarmku [etpi momirmanm Ha
BifcTaHi 25 cM Binm mkepena Y®D-poMeHiB (Jlamma Oakre-
putaaas 15W Electrum G13 A-FG-0495) i 3uimManu kpu-
IOIKM B MOMEHT BKJIIOUCHHS CeKyHaoMipa. Yepe3 3amaHi
npoMiKKH "acy (1, 3, 5 XBUIMH) YaIIky 3aKpHUBaJIM KPHIII-
KaMH 1 ONPOMIHEHY KyJbTypajbHY PIAMHY 1 BOJHY CyCIIeH-
3it0 minerntiro Eremothecium ashbyi 3acisanmu B xkon6u Ha 250
em® 3 pigkum [T cepenosumiem y kinbkocti 5% [8, 10].

PesyabraTn Ta ix o6rosopennsi. Ha nepmomy erami
MATOTOBKU MOCIBHOTO MaTepiany 3/iHCHIOIOTh OHOBJICHHS
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BHXIJTHOT KYJbTYpH Ha arapu3oBaHuX cepenoBuimnax. Ocki-
JIBKU ITaM-TIPOAYIICHT € JOCHTh HECTAOUIHLHUM TIpH 30epi-
TaHHI, OCHOBHOIO BUMOTOIO € PO3CiB KYJITYpH Ha MIUIbHI
CepeloBHIIa, Ta BiOip KOJOHIH, 3a0apBIeHHX Y SICKPaBO
JKOBTHI KOJIp, SIKi i BUKOPHCTOBYIOTHCS IS TIOJAJIBIIIOTO
OTPUMaHHS ITOCIBHOTO MaTepiay.

HesBakaroun Ha MOCTIHHY MIATPUMYIOUY CEJEKII0 TIpH
KyJIbTHBYBaHHS IITaMy Y JIaOOPaTOPHUX YMOBax IMPOTSTOM
3 pOKIB crioCTEPIraJiocst MOCTYIIOBE 3HAUHE 3HIKEHHS PiBHS
HAKOITMYEHHs pHOOQJIaBiHy Ta BIANOBIJHE 30UIbLICHHS PiB-
HS HakonuueHHst Oiomacu (puc. 1). 3HMKEHHS KUIBKOCTI
pubodIaBiHy mpu 30UTBIICHHI KiTBKOCTI 0iOMacd MOXHA
TIOSICHUTH TiCHHM 3B’SI3KOM OioCHHTe3y (piaBiHiB 3 0OMIHOM
ITypYHIB.
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Puc. 1. biocunres pubodasiny (a) Ta piBeHb HAKOIIIYEHHS OioMa-
cu (6) mrramom E. ashbyi F-340 nporsirom 3 pokis
(mocroBipHicTb BimminHOCTEH p<0,05)

3HayHa BTpaTta IITaMOM 3IaTHOCTI IO CHHTE3y prOoQIa-
BiHy (OUtbIIe HiX Ha 90%) mpU3Bena A0 HEOOXiTHOCTI TO-
OIyKy CIIOCOOIB IIBUINCHHS PIiBHSA CHHTE3y pruOodIaBiHy
[ITAMOM-TIPOYIICHTOM. 3 JITepaTypHUX JDKEpes BiIOMO,
1110 TIOHAICHHTE3 prubodaBiny rpudom E. ashbyi y npupon-
HHUX YMOBaX 3/iIICHIOEThCS SIK 3aXMCHA PeaKlis Ha I Co-
HIYHMUX ynbTpadioneToBux npomeHiB. Tomy Hamm Oyno
3aIIPOINIOHOBAHO 3/iiicHIOBaTH Y D-0NpOMiHEHHS POIYIICH-
Ty JUIsl TIIBMILEHHS CUHTE3y puboQuasiny. Pesymbraru
NPOBEJICHHX JIOCJTIPKEHb HaBeIeH] Ha puc. 2 Ta 3.

OrnpoMiHeHHS KyJIbTYPaIbHOI PITMHHA HPOLYLIEHTY HPH3-
BOJIUTH JI0 30UTBIICHHS CHHTE3y prOodaBiHy Ha 72-74%,
ONPOMIHEHHA  BOJHOI  CYCIEH3ii  MiNemilo  ImTamy-
TIPOAYIIEHTY - 110 30UIbIIeHHS cHHTE3Y Ha 80%.

Ha HakormueHns Oiomacu Y®-onpoMiHEHHS BIUIUBY
Maike He 3IIHCHIOE, BIIMIHHOCTI MIXK ITOKa3HUKAMH HaKo-
MMYEHHsT 010MacH HE € CTATHCTUYHO 3HAYUMUMU.
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Puc. 2. biocunres pubodasiny mramom E. ashbyi F-340 micst
Y®-onpomiHeHHS
(KP — xynbrypansHa pinuaa, BC — BogHa cycniensis minernito) (j1o-

CTOBIpHICTh BiiMiHHOCTE# p<0,05)

Konuenrpauis pudodaasiny, mr/am®
ny
o

KOHTPOIb

3a pe3ynpTaTaMy MPOBEACHHUX JOCITIIKEHb 3aIPOIIOHO-
BaHO JIOAATH JI0 TEXHOJIOTIYHOI CXeMH OTpHMaHHA pubo-
(maBiHy cTaAio yIeTpadiorseToBOro ompoMiHEHHS OCIBHO-
TO Matepiaiy i 30UTBIIEHHAS BUXOIY PHOO(IIaBiHy.
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Puc. 3. Hakormuennst Giomacu ramom E. ashbyi F-340 micnst Y-
OTIPOMIHEHHS

Pesynbratu (epMmeHTallii, OTpuMaHi IpH BHUKOPHUCTaHHI
MOCIBHOTO MaTtepiajly pi3HOro BiKy, HaBeieHi B Tabm. 1. 3
HaBEeJICHUX IaHWX BHJHO, LIO0 CHPHATIMBHUM JUISl HAKOIHU-
4yeHHs] puOOoQUIaBiHy BHUSBHJIOCS BUPOIYBAaHHS MOCIBHOTO
Marepiany npoTsiroM 3-4 n1i6. MiKpOoCKOIYHIMIA aHami3 Imo-
Ka3aB, IO y e MOMEHTY MiIeniii Tpuba mpeacTaBIeHHH
rihaMu, 0 CHIIBHO PO3POCIHCS, 3 BEJIMKAM YHCIIOM BaKyo-
Jeil Ta YNCIIEHHUMH BKJIFOUEHHSIMH, 110 BIATIOBIZAE CTaIlio-
HapHill (a3l pocTy KyabTypH. IMPOTe HAHOUIbIIA KUTBKICTH
OioMacH OTPUMYETHCS TIPH 3aCiBi CEPEIOBHINA THOKYIIITOM
BiKOM 6 11i0.

Tadauns 1. Bonms nepiony KyIbTHBYBaHHS ITOCIBHOTO MaTepialy Ha Oi0OCHHTETHYHY aKTHBHICTh IPOAYIEHTY pHOO(IaBiHy

Tpusainicts BuporyBanss | Konuentpauis pudoguasiny Ha 6| KonieHrparyist 6iomacu Ha 6
TociBHOTO Marepiaiy, i | 100y KynbTuByBaHHs, Mr/iM° | 100y KyJIbTHBYBaHHSL, I/M°

1 11£0,44 2,02+0,078

2 11,1+0,36 1,46+0,038

3 21,05+0,97 1,92+0,087

4 21,73+0,43 1,9340,085

5 16,45+0,77 2,55+0,077

6 18,46+0,89 2,68+0,111

(mocroBipHicTh BimmiHHOCTEH p<0,05)

Hait6inpmmit piBeHs HakoMUeHHS pubo(iaBiHy OyB MOCATHYTHH y THX BapiaHTax, e BHOCHWIN B (hepMEHTaIliiHe cepe-
JIOBUIIE TTOCIBHUI MaTepian y KimbkocTi 1% Bix #oro o6'emy (Tabi. 2), mo criBmajgae 3 JiTepaTypHUMH JaHUMH PO HE0O-
XiJJHICTb BUKOPHUCTAHHS HEBEJIMKOTO iHOKYJIATY, a OT I HAKOITMYECHHS BEJIMKO{ KUTBKOCTI Oi0MacH Kparie BHKOPHCTOBYBATH

5% mociBHOTO MaTepiany.
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Taéauns 2. Brums KUTbKOCTI HOCIBHOTO MaTepialy Ha Oi0CHHTETUUHY 3[aTHICTh IPOAYLEHTY pubodiaBiny
Kinbkicts BHecenoro | Konuentparist pubodmasiny Ha 6 |  Konrenrpariis 6iomacu Ha 6
TIOCIBHOTO Marepianry 1100y Ky/IETUBYBAHHS, MI/IM® 1100y KyJIGTHBYBAHHS, T/IM°

1% 21,87x0,7 1,92+0,079
5% 18,46+0,57 2,68+0,124
10% 17,74+0,97 1,91+0,078

(mocroBipHicTh BimmiHHOCTEH p<0,05)

BucnoBkn. BeraHoBneHo, 1o il MIATPUMKH KYJIBTYpH
Eremothecium ashbyi B akTiBHOMY CTaHi, Ha TIepIIIOMY €Ta-
TTi MATOTOBKH TIOCIBHOTO Matepiaiy, HeoOXiTHO 3/iiicHIOBa-
TH TATPAMYIOUY CENEKIIif0, BiIOMPalour Il TOJANBIINX
JIOCITiKeHb HAaHOUTBII MIrMEeHTOBaHI KOJIOHIT MPOIYIICHTY.

3 MeToro 30UThIIeHHS OI0CHHTETHYHOI 3AaTHOCTI IITaMYy-
MIPOIYIICHTY 3aIlPOIIOHOBAHO 3IMCHIOBATH YABTpadioneTo-

BE ONPOMIHEHHS MILENi0 Iprda, 10 NPU3BOAUTH 0 301Ib-
mIeHHs cuHTe3y prdodiasiny Ha 70-80%.

BcraHoBnieHo, 1m0 HaHOLTBIIOMY BHXOIY pHOOQIIaBIHY
CrIpusie BUKOPUCTAHHS MOCIBHOTO MaTepiany y Bimi 3-4 i
Ta y KinbKocTi 1%.
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Influence of reception conditions of seed material on biosynthetic capacity of riboflavin producer Eremothecium ashbyi

V. Polishchuk, O. Dugan

Abstract. There was observed a change in the biosynthetic capacity of Asomycetes Eremothecium ashbyi two parameters: accumulation of
riboflavin and biomass. Due to the decrease in the level of biosynthesis of vitamin Bz, there was proposed the use of ultraviolet irradiation of
mycelium to increase biosynthetic capacity. There were defined the age and number of seed material, which was imputed into the fermenta-
tion environment. These esteblished parameters are related into the largest level of riboflavin and biomass accumulation.

Keywords: riboflavin, Eremothecium ashbyi, seed material, biomass, inoculum age.

Binsine ycJIOBHH TOJydeHHs TOCEBHOTO MaTepHaja Ha OUWOCHHTETHYECKYI0 CIOCOOHOCTH MpPOAYIEeHTa puoodiaBuHa

Eremothecium ashbyi

B. 10. Honnmyxk, A. M. Iyran

AnnoTtanus. VccnenoBaHo M3MeHeHHEe OMOCHHTETMYECKOH crocoOHOCTH ackommiiera Eremothecium ashbyi mo aByM mnokasaremsim:

HaKoIUIeHHe prbodiaBiHa 1 GoMacchl. B CBSI3M CO CHI)KEHHEM YPOBHsI OHOCHHTE3a BUTAMUHA B2 MPEUIONKEHO HCIIONB30BaHHE YIIbTpa-

(1oneToBoro OOIyUeHHs] MULISIUS JUIs TIOBBIIICHUsS OMOCHHTETUYECKON CIOCOOHOCTH. YCTAHOBIICH BO3PACT M KOJMYECTBO IOCEBHOIO

MaTtepHaa, BHOCUMOTO B ()epPMEHTALIMOHHYIO CPE/Ly, COOTBETCTBYIOLINE HAMOOIBIIEMY HAKOILUICHHIO pUOO(IIaBUHA 1 GHOMACCHI.
Knroueswie cnosa: puboghnasun, Eremothecium ashbyi, nocesnou mamepuan, buomacca, 803pacm uHOKYIamd.
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Amnotanist. [Ipy npoBeneHHi JaHOTO JOCHIIDKEHHs OyI0 BU3HAYEHO Ta PO3IIITHYTO OCOOIMBOCTI MiHIMI3aLlii OyneBux (QyHKIH st Moze-
JIFOBaHHSI MPOILIECIB, 1110 He (PopMalti3yroThesl. bymno po3riaHyTo MiHiMi3aliio KiHIIEBUX aBTOMATIiB Ha OCHOBI BEpIIMHHOI MiHiMi3awii. Buxo-
JISTYM 13 3alPOIIOHOBAHOTO ATOPUTMY MiHiMi3alii, IPY OTPHMAaHHI ONTHMAJIBHOTO CHOCOOY KePYBaHHS 3pYYHO BUKOPHUCTOBYBATH IOTOY-
HHUI TICEBIOONTHMAIIBHUIT PO3B’SI30K, YIOCKOHAICHHH IIUIIXOM 3aCTOCYBAHHS BIAIIOBIITHOI CYKYITHOCTI METO/IiB JIOKQJIFHOTO TTOLIYKY. 3a-
TIPOTIOHOBAHWH AITOPUTM BEpPIIMHHOI MiHIMI3allil KiHI[EBUX aBTOMATIB Ja€ MOKJIMBICTH IIPOBEIEHHS YeproBOro KPOKYy METOJIy TiJIoK Ta
MEX, a TaKOK J03BOJIAE HAJAIUTOBYBATH MPIOPUTETHICTH CKIAIOBHX, SIKI BIUIMBAIOTH HA KEPYBaHHSA B COLUANBHIN iHXKEHepil BU3HAUCHOI

cepu.

Knrouosi cnosa: minimizayis 6ynesux (hyHKyiil, HeOemepMiHOBaHUL KIHYesULl asmomam, COYIOIHICEHePIs, MOOETOBAHH S, NPOYECU, o

He PopManizyiomucs, eBPUCIUYHUL ANCOPUMM.

Beryn. 3 noyatkoM opmyBanHst iHDOPMAIIHHOTO CYCIILIb-
CTBa, CTaJIO CHO, L0 JUIs 0araTbOX YIPaBIiHCHKUX 3aBAaHb
HEMae JIOCTaTHHO MPOCTOr0 MATeMaTUYHOTO arapary, IIo
JIO3BOJIIE OOPOOIIATH OTPHMAaHi COIIabHI JaHi, BU3HAYATH
HAWOLIBII 3HAYFMI 3 HUX, 1 IPOBOJWTH OLIHKY e(heKTUBHOC-
Ti ynpasminss coiiymoMm [1]. ToMy BaJIMBUMH ChOTOHI
CTaNM IUTAHHA JOCII/DKEHHS PI3HUX MaTeMaTHIHHX METO-
IIiB IPUIATHHUX JJIsI BAKOPUCTAHHS B COLIIOIHXKEHEPIi, B TOMY
YHCITi, MiHIMi3aIii OyIIeBIX (QYHKITIH.

Bynesi GpyHKIIT TpaAUIIIHO BUKOPUCTOBYIOTHCS B SIKOCTI
MareMaTHYHUX MOJeJied BHPIILICHHS PI3HUX COLIATbHUX
3a/1a4, a TaKoX IS MPOTHO3YBAHHS Ta MPOBEACHHS OLIHKH
SIKOCTI Ta €(PEKTUBHOCTI MEBHOI MisUTBHOCTI JIFOICTBA B Tid
Y 1HIIH cepi.

[Mpouenypa miHiMizawii OyneBux (YHKLIH, 5K TPaBHIIO,
3aCTOCOBYETBCS Ha E€Talll JIOTTYHOTO CHHTE3Y JUIS OTPHIMAaHHS
HAOYHOTO TPEACTABIICHHS PE3YJIbTaTiB Ta X OLUHKH TpH
BHUPIIICHHI COIAIbHAX 3a/1a4.

ComianbpHa IHKEHEpIisi — € METOJIOM YIPABIiHHA disMA
JFOMUHN Oe3 BHKOPHCTAHHS TEXHIYHHUX 3ac00iB. Merton 3a-
CHOBaHMH Ha BMKOPUCTAHHI «CIAOKUX MICIb» JIFOJCBKOTO
(bakTopa 1 BBaXKa€EThCs Ayxe pylHiBHMM. HaituacTime corri-
albHY I1HXXEHEPil0 PpO3IIISIAIOTh SIK HE3aKOHHHH METO.
oTpuManHs iHdopMarlii, mpote 1e He 30BciM Tak. CorlaibHy
IH)KEHEpil0 MOXKHa TaKO)XK BHKOPHUCTOBYBATH 1 B 3aKOHHHX
IUISIX, 1 HE TUTBKH /ISl OTpUMAaHHS iH(opMaILii, a 1 Jyst 3/~
CHEHHS il KOHKPETHOIO JIFOIHOIO.

AHaJi3 ocTaHHIX HocaiTKeHb. [IpoBiBIIN aHAi3 OCTaH-
HIX JOCIIDKEHB 1 TyOITiKamii, il 3a3HAYUTH, IO IMOHATTS
«COLIOImKeHepisn» 3'IBUIOCS NocuTh HaBHO, B 20-40-mx
POKIB MHHYIIOTO CTOMITTS. TepMiH «comioimKeHepis» abo
«IHKUHIPUHTY BU3HAYAETHCS SIK COIABHE PETYIIOBAHHS 1
KOHTPOJIb PI3HUX OPraHi3allifHUX CTPYKTYp IS BUPIIICHHS
coliaIbHAX 3aBJaHb. [IpuKIaaHi JOCITiHKEHHS B il o0ac-
Ti TIPOBOZIATHECS B PI3HUX HANpPSIMKax, 30KpeMa B TOJITHII,
MeHemKMeHTi 1 T.11. [2]. OmHak Ha JaHumit 9ac He iCHye Ma-
TEMaTHYHOTO arapary g HoOyJOBH JIOTiYHOI CTPYKTYpH
BiIOOpy HAHOLIBII 3HAYYIINX TMApaMeTpiB YIIPaBIiHHSA, a
TaKoXX BIJCYTHI METOJM BH3HAUECHHs €(PEKTUBHOCTI yIpaB-
JIHHS COLiOIHKMHIprHroM. CaMe TOMY BHpILIIEHHS TOCTaB-
JICHOI 331241 € MPAKTUYHO HEOOXITHUM JITS TIOAAITBIION PO3-
POOKH TEOPETUYHNX OCHOB METOOJIOTIT OIIHKH e()eKTUBHO-
CTi COLIOIHKMHIPHHTA.

Jnst po3B's3aHHs 33124 MiHIMI3allii 3aCTOCOBYIOTh METO-
I 3aKOHIB Ta TOTOXKHOCTEH areOpH JIoTiky, MeTon KBaiiHa,
meton Knaitna-Mak-Knacki, meron breiika-ITopernpkoro,
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Mmeton kapt Kapho (miarpam Beiiua), a Takox MeTos iMIuTi-
KaHTHOI TabJuii Jorivaux GyHkuii (merox Keaitna) [3, 4].

B poGotax [1,5] posrismaeTbcss MOXIMBICTB 3aCTOCY-
BaHHA MAaTEeMaTHYHOTO arapary MiHiMizallii HeleTepMiHO-
BaHMX KIHIICBUX aBTOMATIB B OIIHIN €()EKTUBHOCTI YIpaB-
JHHS COIOIMKUHIPHHTOM. HemeTepMiHOBaHNM KiHIIEBUM
aBromatoM (HKA) Ha3mBaeThes m'stipka Buny: K = (Q, %, 9,
S, F), ne Q — mesika ckiHUCHHa MHOYKHHA CTaHiB (BEPILIUH), X
— andasiT, MO PO3MIIAAAETHCSA, O — QYHKIIS IEPEXOiB BU-
sy O: Qx (Zu {e}) >2Q (e— mopoxse cnoo, 2Q — Oy-
nean MHOXHHH Q), SCQ — MHOXHHA CTApTOBUX CTaHIB
(BxomiB), FEQ — MHOXWHA iHATBHUX CTaHIB (BUXOIIB).

INoxiOHI aBTOMATH € HAUIPOCTIIINM TPUKIIAIOM TaK 3Ba-
HUX PO3Ii3HaBayiB, SKi BAKOPHCTOBYIOTHCA B Pi3HUX chepax
Teopii popmanbHUX MoB. HKA 3HaxonsTh HMpoke 3acTocy-
BaHHSA B IIporpamax OOpOOKM BEJMKUX MAacHBIB TEKCTY i
PO3Mi3HaBaHHsI MOBH, IIPU MOOY/IOBI JIEKCHYHUX aHANi3aro-
piB, omuci i Bepudikallii MOKIMBUX CUCTEM, L0 CKIIAAl0Th-
CsI 31 CKIHYCHOTO YHMCJIA CTaHIB 13 3aaHMMH IEPEXOaMH
MiK HEMH [5].

Mertor0 JOCITIIKEHHS € BA3HAYEHHS OCOOIMBOCTEN Mi-
HiMizarii OyrmeBHX (YHKIIH IS MOICIIOBAHHS IIPOIECIB,
10 He (hOpMaTi3yIOTHCSL.

Buxiag ocHoBHOro matepiamy. B sxocti miHIMizanii
OyneBux (YHKIIHA 1 MOJCITIOBAHHS He(pOpMarTizoBaHUX
MPOLIECiB  PO3TTITHEMO MiHIMI3alil0 KIHIEBUX ABTOMATIB,
OCKUJIbKH, HANMPOCTIIIMM KOMOIHALIIfHM aBTOMaTOM MOK-
Ha BBKATH CXEMHY peai3allito 0yab-a1Koi 0ys1eBoi (yHKIIIL.
AugaiTé BXOIB, CTaHIB 1 BUXO/IiB ABTOMATIB 3aIa0ThCS SIK
3BUYaliHI MHOXKMHH, HANPHKJIAJ, NEPEesiKOM 1X €JIEMEHTIB.
OyHKIIT nepexo/iiB i BUXOIB Oy/Ib-SIKOTO KiHIIEBOTO aBTO-
Mata MOXYTb OyTH 3a/IaHi, 30KpeMa, y BUTJIII MaTPHII Ta
rpagigHo.

3amava MiHiMi3allii aBTOMAaTa 3BOAUTHCS JI0 TIOIIYKY HOTo
MiHIMaJILHOI (popMH (MiHIMAJIBHOTO aBTOMaty). MiHiMab-
HHUH aBTOMAT — II¢ aBTOMAT, 1[0 Ma€ HalMEHIIy MOXIIMBY
KUTBKICTB CTaHIB 1 peayizye 3amaHy (YHKIUIO BHXOIIB. A,
ockitbkit HKA BHKOPHCTOBYIOTECS B Pi3HUX 00J1aCTsIX, 30K-
pema, B CHHTAaKCHYHHX, JISKCHYHHX aHali3aropax, TecTy-
BaHHI IPOTPaAMHOT0 3a0e3Me4YeHHs] Ha OCHOBI MoJieTIeH 1 T.11.,
JUTst O11BIT €(peKTHBHOTO BUKOPUCTAHHS KiHIIEBUX aBTOMATIB
B pi3HUX 001acTax HEeoOXigHO, Mmo0 mpobieMa MiHIMI3aIli
KIiHIIEBUX aBTOMATiB BHpIlIyBajacsi B pealbHOMY Yachl 3
PI3HOKO KUTBKICTIO 3MIiHHUX. [IJIs1 IIBOTO HEOOXiTHO BUKOPH-
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CTOBYBATH €BPUCTUKH 1 3aCTOCOBYBAaTH €BPUCTHUUHI aJlrOpH-
TMU ISl BUPIIICHHS 33124 JUCKPETHOIT ONTUMI3aIlii.

B 3anexwnocri Bin popmu npencrasiendass HKA MoxarBo
po3rIsaaTH pizHI cnocodbu ix miHiMizarii. To6To MokeMo
PO3ITAATH BEPIIMHHY MIHIMI3aIlif0, MYl MiHIMAIBHY
KUTBKICTh BepIInH, a00 AYyroBy MiHIMI3alilo, MalO4Yd MiHi-
MaJIbHY KUIBKICTb IyT. Takos iCHye Iie OAWH BapiaHT MiHi-
Mi3allii — 30psSHO-BUCOTHA, Lie 33/1a4a MOOYAOBU KiHIIEBOTO
aBTOMATa, 1[0 Ma€ Cepe/l BCiX MOMY €KBIBAJICHTHUX MiHIMa-
TIbHY BKJIAJICHICTH omepaltii «3ipka Kmii» [6].

B nanomy nochipkeHHi OyIeMo po3risaaTi OCOOIUBOCTI
Minimizanii HKA Ha npuknani came BepIIMHHOT MiHIMi3ail.
JIist mocsSTHEHHs TOCTaBJICHOI METH HEOOXiHO BHPIIINTH
MIUTaHHS 100 3HAXO/KEHHS ONITHMAaJIbHUX pileHb. Hexait
MaeMO TPSMOKYTHY MaTpHIo, 1mo 3amoBHeHa O ta 1. Ha-
3BEMO «OJIOKOM) JIesIKY BH3HAYCHY KUIBKICTh PSIIKIB Ta CTO-
BITYHMKIB, SKIIO Ha BCIX IX MOXJIMBHX IIEPETHHAX MAaEMO
€NIEeMEHT 1, MPUIOMY JITaHY MHOKHHY HE MOXKIIHBO JIOTIOBHH-
TH IHIIMMH PSIIKAMH 9M CTOBITYMKAMH, HE MOPYIINBIIN IO-
MEepesHbOro mpaBwiia. TOAl «IOIMYCTHMHUM PO3B’SI3KOM»
HA3MBA€ETHCS MHOYKMHA OJIOKIB, SIKi MEPEKPHBAIOTH BCI €lie-
MeHTH | B 3a/iaHiif MaTpuIll, a «\ONTUMAIBHIM PO3B’SI3KOM»
- JIOIYCTUMHIA PO3B’SI30K, 1110 MICTUTh MIHIMAIbHY KUIbKICTH
Takux OnokiB. Hanpukiam, maemo Matpuiiro (tadi. 1):

Taoauns 1. Matpuiis BXiJHUX JaHHX

X Y Z M
A 0 0 1 1
B 1 0 0 1
C 1 0 1 1
D 1 1 1 1

B naniii MaTpuIii MaeMo Taki OJIOKH:
a={4,B,C,D}u{M}
ps=1{AC, D}u{Z,M}7
5={B,C,D}u{x,|v|}
p=1{C,D}u{X,z,M} ’
y={D}u{X,Y,Z,M}_,

@)

HaBeneHi OJIOKM € JOIYCTUMHMMM DPO3B’SI3KaMHU. A I
y

TIOKPUTTS BCIX €IEMEHTIB 1 I0CTaTHBO JIHIIIe: B Sl
TOMY BOHH € ONITUMAJILHUMH PO3B’I3KaMH.

Jnst npoBezieH s MiHIMi3allil pO3IIIsIA0THCS €BPUCTUYHI
ITOPUTMH, TOOTO aJNrOPUTMH, SIKi B KOXKEH BU3HAYCHHI
MOMEHT pOOOTH MarOTh ONTHUMaJbHE PIllIEHHsS came Ha Ja-
HUH MOMeHT yacy. OTxe, JUisi IPOBE/ICHHS EKCIIEPUMEHTY,
HaM HEOOXiIHO BHOpATH OJIOK 3 MAKCHMMAJIBbHOK KUTBKICTIO
€JIeMEHTIB 1, sIKMii He BBIMIIIOB 10 MHOYKHHH B)K€ BUOPAHUX
OJIOKIB.

st cTBOpEHHS aropuTMy peastizaliii BepIIMHHOI MiHi-
Mizanii OyneBnx (pyHKOiil 1l MOZEIIOBaHHS MPOLIECIB, 110
He (opMati3yoThCs OyJ1eMO 3aCTOCOBYBATH METO]I TLJIOK Ta
Mex [7].

Hexait ko)XHy KOMIpKY BXiJJHOT MaTpHIli O3HAYMMO KO-
(I’ J), Hexau S

OpJIMHATaMU — KUTBKICTh eJeMeHTiB 1 B

panky !, c(i) _ KUTBKICTh €JIEMEHTIB | B CTOBITYHKY ).
Tomi opep>xumo:

1. st xoskrof mapu (- 1) | sika mictuts enementy 1, min-
paxyemo 3HaueHHs QyHKIIT:

F(i, i) = 6(D(s(). D(C()) | )
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e G(x,») ra DK _ nesKi QyHKIII, o0 0OMparoThes 3a
JIOTIOMOTOF0 TEHETHYHHUX ANTOPUTMIB, IPHUOMY BHITIA (y-

HKII{ ) Harepe]] HeBiIOMUA, a 1Mpo (QYHKIIIIO G(x. »)
BIJIOMO JIMIIIE T€, 1110 BOHA € 3POCTAIOUOIO.

2. OyHKmil R(X HalaMo BUTILLY:

D(x)=e ™) L pN(x—1) 72 + Pox+1 Q)

e N _ PO3MIPHICT TAONHII BINMOBITHUX CTaHiB. Takuii
BUIIS (QYHKIIT a00 OMM3BKHI 10 BKA3aHOTO TEX € Pe3ylib-
TAaTOM POOOTH F'€HETHYHOIO AJITOPHTMY.

3. I3 MHOXWHH OTpUMaHUX OJIOKIB BHOEPEMO TaKky mapy
($:C) | st sixoi Ppe3yJbTyI0Ya pEHTHHIOBA CyMa JIOPIBHIOE
BEJTYMHI 2 F(Si ’Ci), qe Si€S:GieC dynxuis F
[I0 OTPUMYETHCS 3TIMHO (2), € MAKCHMAIbHO MOKITHBOIO.
Po3minryemo oOpaHuii 010K B pe3yIbTyIOTy MHOKHHY.

4. EnemeHTH, sIKi BBIIIITM B 0OpaHwMit Ha Kpomi 3 ONOK,
BIIMITHMO crielianbHuM 4YuHOM. Lle poOurtecs mis Toro,
mo0 1aHI eNeMEHTH HE BpaxXxOBYBAINCH IPH OOpaxyHKY
F(Si.Ci ), aJie BXOJWIHU JI0 OyIIb-KOr0 HOBOOOpaHOTro 0J10-
Ky. ToMy, TIpy TOBTOPHOMY BHWKOHaHHI 1-3 KpoOKiB, maHi
€JICMCHTH B)KE Ha BBAKAIOTHCS BiIMIYCHUMIL.

5. Kpoku 1-4 moBTOproemMo 10 THX mip, KOsk OyayTh Iie-
perisiHyTI BCl KoMipku. BiamiTumo, 1m1o GJIOKH, SIKUM Hajie-
JKUTb X04a O 0JJHA KOMIpKa, SIKa HE Ma€ «CYCIiIIiB» TI0 BEPTH-
KaJli Ta TOPU30HTaTI, 00OB’SI3KOBO OYyIyTh BpaxoBaHi JIO
IIYKAaHOI MHOXKHHH, OCKUIbKH, 3TiTHO BUIIIARY GYHKUIT (2),
X pe3yJbTyroua cyMa IpsMye€ JI0 HECKIHYEHOCTI.

BuOunparoun K0>XHOTO pasy pO3AUIHHHI eIeMEHT JUIT Me-
TOAY TUIOK Ta MEX, PillleHHS MPHHMAEThCSI Ha OCHOBI JEKi-
JBKOX MOJKIIMBHX BapiaHTIB 1 KOKEH 3 IIUX BapiaHTIB KUIbKi-
CHO OLIHIOETBCS JEKITBKOMa MPEAUKTOpaMHU (HesaJeKHa
3MiHHa, IPOTHO3YIOYHI TTapaMeTp).

PosristHeMo 3acTOCYBaHHS OMICAHKX BHUIIE BapiaHTIB all-
TOPHUTMIB KJIacTepU3aLlii CUTYyallii st METO/1y TlIOK Ta MEX.
Knacrepusaiiisi MpOBOIUTHCS Ha MHOXHHI IMig3amad Jyist
TOro, MO0 MICHIs peatisalii OMHOr0 KPOKY METOJy TUIOK Ta
MEX Ul PO3B’s3KY JIEsIKOi Miji3aziadi 3acTOCyBaTH BHOIpP
TOTO K caMoro ejnemeHty. [l 3acTocyBaHHs 3BHYAMHMX
ANTOPUTMIB KJIacTepU3allii HeoOXiTHO HAa MHOXKHHI I [3a1a4
BHOpaTH METPUKY HACTYIIHUM YHHOM: Hexalhk X Ta Y

MHOXHHH, TIpUUoMy " =X Y] g N=[XOY] g

KICTh €JIEMEHTIB MEPETHUHY Ta 00 €IHAHHS JAHUX MHOXKHH
BiANOBIAHO. OTXKE, METPUKOIO MAaTHMEMO MHOXKHHY BHUIJISI-

Q(X,Y)=1-1
1y N
AHAaNOTIYHO IS BU3HAYCHHS METPUKU Ha MHOXKHHI OJI0-

KiB MiI3aad po3rIITHEMO: HexXait 21 _ MuoxuHA KOMIPOK

MATpHII TepIIoi mia3anadi, siki MaroTh 3HAYCHHS 1, Z2 _
AHAJIOT1YHA MHOXKUHA JUIS PYTol Mif3amadvi, TOAl B SKOCTI

METPHUKH YTBOPUMO MHOKUHY Q(21:22) .

OTxe, Ha OCHOBI PO3TJIIHYTOTO BHILE Matepiany, chop-
MYJTIOEMO JITOPUTM, SIKHH OTMHCYE 3ampONOHOBAHKMN TTiJIXi/T
JI0 3a/1a4i MiHiMi3anii OyneBuX (YHKIUH JUIsI MOJETIOBAaHHS
TIPOIIECiB, MO He (OPMaNI3YIOThCS, TOOTO 10 BEPIIMHHOI
MiHIMi3a11l KIHIIEBUX aBTOMATIB:

1. Ha nepmiomMy Kpoli BH3HAa4aeMo 3ajady i3 CIHCKY
mi3anad, s sIKol OOUpaEMo PO3IUTBHUMA €IEMEHT, a Ui
OTPHMAHOTO €JIEMEHTY PEeali30ByeEMO OJMH KPOK METOIY
TUJIOK Ta MEX, IPUYOMY aJrOpUTM MpOLEecy BHOOpY po3-
JIJIGHOTO €JIEMEHTY JUIsl OZIHOTO KPOKY METO/Ia TLIOK Ta MeX
TEX € OKPEMOIO 3a/1a4elO0.
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2. Jlpyruii KpoK MOB'SI3aHHM 3 KIIACTCPH3AL[EI0 CHTYAIIIH.
Criouatky, pu (GopMyBaHHI JIiBOI 3a/1a4i, HEOOXIHO BU3HA-
YUTH, 3 SIKOIO CaMe TPABOIO 33/1aU€t0 BOHA € CIOPiTHEHOIO —
BU3HAYAEMO TApy <TiBa-TIpaBay, IPH 4OMY, SKIIO BHOHMpa-
€TBCSI PO3B’SI30K (PO3MINbHII €IEMEHT) IUTst OMTHI€T 3 HHX, TO,
M0 MO>KIIMBOCTI, IIeff PO3B’S30K BHUKOPHUCTOBYETHCS 1 B iH-
. JIaHuil anropuT™ MpaIoe MOCHUTH IIBUIKO, OCKUTEKH
PO3IUTHHUI EJIEMEHT B3KE 00OpaHo.

3. JlaHmit KpoK 1ae MOMIUBICTh TEHEpAIlii YeproBOr0
posninbHOrO enemeHty. Ha BiaMiHy Bim kpoky 1, Takwmii
€JICMEHT TIOKH 110 HE € PO3IUTBHUM Hi JUIS KO miI3amayi ta
1 caM aJIrOpHTM BIZTIOBIHOI TeHEpallii € YiTKO 3aJIeKHUM
BiJI KOHKpPETHOI 3amadi. TpeTiii KpOK BUKOHYETHCS 32 JIOTIO-
MOTOI0 (OKaJIIOHMX» AJTOPUTMIB i BHIAIKOBOTO BHOOPY,
MPUYOMY BiH 00OB'SI3KOBO J1a€ pe3yiIbTart.

4. Kpok amst ZOTIOMDKHOI 3af1adi, SIka BUKOPHUCTOBYE Me-
TOJ TUIOK Ta MEX JIMIIE U MOOYIOBH MaKCHMAaJbHO Ha-
6mmxeHo1 ToOyoBH (BUOOPY) PO3ALIEHOTO eneMeHTy. [lpu
TakoMy BHOOpI PO3JUIBHUI €leMeHT (PO3B’SI30K) MOXE He
OyTH ONTHUMAJBLHUM, OCKUIBKH UIS TIOJAIbIIOT poOoTH OY-
JIyTb MOTPiOHI BC MOXKIINBI (TIOTEHLIHHI) PO3IUIBbHI eleMeH-
TU. J{aHu# KPOK € HEOOXITHAM B 3B 53Ky 3 THM, IO 3arpo-
MOHOBaHi AJITOPUTMH JAIOTh KAl pe3yJIbTaTH MPH JOCHUTh
BEJIUKHMX PO3MipaX, OCKUIBKH TCHEpAllis BCIX MOTCHI[HHUX
PO3IITBHUX €JIEMEHTIB HE IPOBOAWTHCS [0 BUKOHAHHST
TIEPIIOrO KPOKY aJlTOPUTMY.

Crix BiMITHTH, IO 3alPOTIOHOBAHWUN AJITOPUTM € JIO-
CHUTh 3pYYHHUM Ta MPAKTUYHUM 1 TIPW TapajieibHil peaiza-
mii. [Ipyu YoMy mapanenbHa peaizallisi 3aCTOCOBYEThCS Ta-
KO 1 TIpr BHOOP1 4eproBoi Mmimzanadi 3a pisHUMH KPHTEPis-
M [8, 9].

BucunoBku. IIpu npoBeneHHI TaHOTO JOCTIHKEHHS OyII0
BU3HAYCHO Ta PO3IVIIHYTO OCOOIMBOCTI MiHIMi3arii OymneBrx
(GYHKLINA JUIsT MOJIETIOBaHHS TIPOLIECIB, 1O He (opmMaizy-
10TbCsl. B sikocTi Takoi MiHIMI3awii Oysio 3amporoHOBaHO
PO3TJISIHYTH MIHIMI3aI[if0 KIHIICBMX ABTOMATIB, OCKUIBKH,
HAWPOCTIIIIAM KOMOIHAIIITHUM aBTOMAaTOM MOYKHA BBAXKATH
CXeMHY peaitizamiro Oyp-sKkoi OyneBoi (yHKIi. 3acTocy-
BaHHsA HKA € mocuTh akTyaJbHUM TIPH MIPOBEACHHI JOCIi-
JUKCHb B COITIOIEKEHepii, OCKUIbKM, KePyBaHHA TYT TiCHO
TIOB’s13aHO 3 0a3aMM JaHMX BEJMKUX Po3MipiB. Takox akry-
ATBHAM € TIPaKTHYHE 3aCTOCYBAaHHS PI3HUX BapiaHTIB €BpHU-
CcTHUHHUX anroputMiB MiHiMizamii HKA Benmmkux po3mipis.
Buxosau i3 3aIpOTIOHOBAHOTO AITOPUTMY MiHIMi3arlii, pu
OTPUMaHHI ONTUMAIBLHOTO CHOCO0Y KEpYBaHHS TAKOX 3pY-
YHO BHKOPHCTOBYBATU MMOTOYHMI HCCB[[OOHTI/IM&HI)HI/Iﬁ
PO3B’S30K, YIOCKOHAJICHHH [UISIXOM 3aCTOCYBAHHS BiJIOBI-
JTHOT CYKYITHOCTI METO/IIB JIOKAJTBHOTO TIONIYKY. 3aporoHo-
BaHHU{ anropuT™ BepiunHHOI MiHimizanii HKA nae moxu-
BICTh TIPOBE/ICHHSI Y€PrOBOTO KPOKY METOJIy I'JIOK Ta MEX, a
TAKOXX JO3BOJIIE HAJIAIITOBYBATH MPIOPUTETHICTH CKJIANO-
BUX, SIKi BIUIMBAIOTh HA KEPYBAaHHSA B COLIANBHIN iHKEHEpil
BH3HAYCHOI chepu.
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Implementation of vertex minimization of Boolean functions for modeling non-formalized processes
V. N. Rudnitsky, I. V. Myronets, V. G. Babenko, T. V. Myronyuk, S. V. Sysoienko
Abstract. In this study were identified and discusses the features of minimization of Boolean functions for modeling non-formalized pro-
cesses. The minimization of finite automata was considered on the basis of vertex minimization. Proceeding from the proposed minimization
algorithm, in obtaining the optimal control method, it is convenient to use the current pseudo-optimal solution, improved by applying the
corresponding set of local search methods. The proposed algorithm for vertex minimization of finite automata makes it possible to carry out
the next step of the method of branches and boundaries and also allows you to prioritize the components that affect the management of social
engineering in a well-defined field.

Keywords: minimization of Boolean functions, non-deterministic finite automaton, social engineering, modeling, non-formalized process-
es, heuristic algorithm.

Peasin3anusi BepIIMHHOI MUHUMU3AIMH Oy/1eBbIX QYHKIMIA 11 MO/l TMPOBAHUS He()OpPMAIN30BAHHbIX MPOLECCOB
B. H. Pyauunxuii, . B. Mupownewn, B. I'. Baéenko, C. B. CbicoeHko
Annotanus. [Ipn npoBeneHny JaHHOTO MCCIIEOBaHUs OBUTH OMpPEeIeHB! U PacCMOTPEHBI OCOOCHHOCTH MHHUMHM3AIMY OYIIEBBIX (YHK-
LM 1T MOAEIMPOBAHHUS POLIECCOB, KOTOPbIE HE (POPMATM3UPYIOTCA. BBIIO paccMOTPEHO MUHUMH3ALIMIO KOHEYHBIX aBTOMATOB HA OCHOBE
BEPILIMHHON MHHUMH3aMH. VICXOI U3 MPEUIOKEHHOTO alrOpUTMa MUHUMHU3ALHH, TIPH HOJIy4eHHH ONTHMAIBHOTO CHOco0a yIpaBieHUs
YI00HO HCIONB30BATh TEKyIIee IICEBIOONTHMAIBHOE PEIICHHE, YCOBEPIIEHCTBOBAHHOE ITyTEeM IPUMEHEHHSI COOTBETCTBYIOIIEH COBOKYII-
HOCTH METOJIOB JIOKJIBHOTO IMOMCKA. [IpeyioyKeHHbIH alropuT™ BEpIIMHHONW MWHHMM3AK KOHEYHBIX aBTOMATOB JaeT BO3MOXKHOCTBH
MPOBEACHUS OUEPE/HOTO IlIara METO/a BETBEH U IPaHMIL, a TAKKE MO3BOJIACT HACTPAUBAaTh IIPHOPUTETHOCT COCTABIIIOIINX, KOTOPBIE BIIH-
SIOT Ha YIPaBJICHUE B COLMAIBHON HHXEHEPUHN YETKO ONPEIENICHHON Chepsl.

Knroueewie cnoea: munumusayus 6yneguix QyHKyull, He0emepMuUHUpO8arHHbIll KOHEUHbIT A8MOMAM, COYUOUHINCEHEPUS, MOOETUPOBaHLe,
HeQOPMANUZ0BAHHbIE NPOYECChL, IEPUCIIUYECKULL ANCOPUMM.
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J10 po3paxyHKy Ha CTIMKICTb NPY/KHUX AHI30TPONHUX 000JI0HOK 00epPTAHHS
B TPMBUMIpPHIi MOCTAHOBII NPU 0CLOBOMY CTHUCKAHHI
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AHoTauis. 3anponoHOBaHMHN MiIXiJ A0 peatizallii 3ajadi TPHBUMIPHOI CTIHKOCTI TOBCTOCTIHHUX aHI30TPOIHUX 000JIOHOK 00epTaH-
HS M Ji€I0 OCBOBOTO CTUCKAHHS. [ MPEACTaBICHHSA MOMIMBOCTI HPOIIOHOBAHOTO MiIXOAY, CTOCOBHO BCTAQHOBJICHHS BEIMYHH
KPUTHYHNX HaBaHTaXXEHb, IO 0a3yeThcsi Ha BUKOpUCTaHHI mpouexypu ByOHoBa-I'ambopkiHa Ta YHCETPHOMY METOAI TMCKPETHOL
OpTOTOHANI3ALI] TPOBEAECHO PO3PaXyHOK IMITIHAPUYHOI aHI30TPOITHOI OOOIOHKHU 3 Marepiaiy, XapaKTepUCTHUKH SIKOTO ONUCYIOThCS
OJTHI€IO IUIOLIMHOIO MPYXKHOI cuMeTpii. JloCmimKeHo 3aJIeKHICTh BEIMYMH KPUTHYHUX HaBaHTA)XEHb BiJl KyTa MOBOPOTY T'OJIOBHHUX
HaIpsIMiB IPY)KHOCTI TaKOTO Marepiaiy BiIHOCHO JIiHIH TOJOBHUX KPUBU3H KOHCTPYKIil. Pe3ynbraTn mpeacTaBieHi y BUMISIAL Tpa-

¢ikiB Ta mpoBeaeHUH X aHai3.

Knrwowuoei cnoea: cmitixicms, moscmocminui aHi3omponHi 000I0HKU, MPUSUMIPHA NOCAHOBKA

Beryn. AHIZ0TpONHI TOBCTOCTIHHI 0OOJIOHKH 3 KOMITO3H-
TiB IIUPOKO BHKOPUCTOBYIOTHCS y Halpi3HOMaHITHIIINX
KOHCTPYKILISAX cy4acHol TexHiku. Halvactime ymoBH ix
eKCIUTyaTalii Taki, 1o B OOOJIOHII BHHUKAIOTH HAIpy-
JKEHHsI CTHCKaHHS, 1[0 MOXYTb JIOCATaTH KPUTUYHUX Be-
suund. i Hanpy>keHHS MOXKJIMBO BIAIIYKATH 3a MOIEpe-
JTHBO TIPOBEJICHUMH EKCIEPHUMEHTAIBHIMH JIOCHIHKEH-
HAMH a00 3HAWTH PO3PaXyHKOBHM HUIIXOM. B Oimbpmrocti
pO3pOONEeHNX, Ha JaHWUM Yac, METOAWK TNPHHMAETHCS
CTPYKTYpHa i/easi3aliss KOMIIO3UTY 3aBASKHA YOMY MaTe-
pian Mae TpH IJIOIIMHM NpYXHOi cuMmertpii. OnHak, mpu
BUTOTOBJICHHI OOOJIOHOK, HAaNpHKIaZ, HaMOTYBaHHAM
BUHHKAE eEeKT aHI30TpOIIii, 10 € HACIIAKOM PO30iXKHOC-
Ti MK HamnpsIMKOM apMyBaHHS Ta OCSIMH KOOPJHMHAT 000-
noHKH. ToMy BUHHMKa€e HEOOXIJHICTh B po3poOLi METO/IB
PO3B’SI3Ky 3a1ad CTIHKOCTI OOOJIOHOK 3 KOMIIO3UTHHX
MarepiaiiB i3 BUKOPUCTAHHSIM OUIBII 3arajbHOi MOJeli
KOMIIO3UTY 3 HAIMEHIIINM PiBHEM CHMETpIii MaTepiamy.

Cxopouennii orasa myo aikaniii mo Temi. Ha ocHoBi
JIBOBIMIPHHX TEOpil 3a/1a4a CTIIIKOCTI TOHKUX aHi30Tpo-
MHUX 00OJIOHOK JIETalbHO JoCIipkeHa B poboTi [1]. o
CTOCYETBCSI TPUBHUMIPHOI MOCTaHOBKH, TO PO3PAXYHOK
Harpy>XeHo-/1e()OPMOBAHOT0 CTaHy Ta CTIHKOCTI TOBCTOC-
TIHHUX aHI30TPONHUX KOMIIO3UTHUX OOOJOHOK Majo JIo-
CIIKEHUH y 3B’SI3KY 13 CKIIQIHICTIO MOOY/I0BH aHATITHY-
HUX Ta YHCEIIbHUX METOAIB PO3paxyHKy TaKUX TPUBHMIp-
Hux cucteM. OnHAK HEOOXIMHO 3ayBaXKHTH, IO JUISI 130T-
POIMHUX 1 OPTOTPOMHUX OOOJOHKOBHUX KOHCTPYKINH TaKi
JOCITiKEHHS TIpoBeieHi: B pobotax [4, 5, 8] mocmimxena
CTIMKICTh IWIIIHAPIB MPH PO3MOAUICHOMY 30BHIITHBOMY
THCKY Ta OCBOBOMY CTHICKaHHI, a B [2, 3] po3mmsHyTHit
Harpy>XeHo-1e()OPMOBaHUI CTaH OPTOTPOITHHUX Ta aHI30-
TPOITHUX IHJIIHIPIB MPH 30BHIIIHIX JisX.

MeTor0 mpencTaBiIeHOI POOOTH € PO3B’SI30K 3amadi
CTifiKOCTi aHI30TPOITHUX OOOJIOHOK 3 KOMIIO3UTIB Ha OC-
HOB1 TPUBHUMIpPHOI Teopii mpy>kHOCTI [7/] 3 BHUKOpHCTaH-
HSIM 3aJie)kHOCTEeH [6] mpu BH3HAYEHHI JOKPHUTHYHOIO

Harpy)keHo-epopMoBaHoro crany. OTpuMaHi TPUBUMI-
PHI PO3B’S3KH 3MOXYTh CIYI'yBaTH €TajJOHaMHU B po3pa-
XYHKax Ha CTIHKICTh, YNCETbHUMH METOAAMH, 0O0JIOHKO-
BUX KOHCTPYKLiH OUIbII CKJIaJHOT FreOMeTpii.

Marepiaaun Ta metoau. {1 npukiany, po3risiiatoTh-
Csl IPYXHI aHI30TPOITHI 000JIOHKH, BIAHECEHI O IMIIIH/I-
puuHOi (KpUBOJiHilHOT) cucTeMu KoopauHar I, Z, 6.
Bici I Ta @ € noaspHEMH KOOPAMHATAMH KOJIOBOIO II0-
MIEPEYHOTO Mepepi3y MUIIHAPa, Z — HOPMaJbHA JI0 IHOTO
nepepi3y BiCbh, IOYATOK SKOI CIIBMAAAE 3 LEHTPOM OCHO-
BU. Martepian KOHCTPYKINI Mae OIHY IUIOIIMHY MPYXKHOT
CHMeTpil, 110 00YMOBJIEHO OBOPOTOM TOJIOBHHX Hampsi-
MIiB MpPYKHOCTI MOYAaTKOBOI'O OPTOTPOITHOTO Marepiaiy
BIZTHOCHO OCi Z pO3IIIsiIyBaHOi CHCTEMH KoopauHAT. ['e-
OMETpist IMITIHAPa BU3HAYAETHCS JOBKUHOIO TBipHOI L, a
TakoXX pagiycamMu BHyTpimHboi R; Ta 30BHimmHBOI R,
HIOBEPXOHb.

B HemniHiiiHiil Teopil npyxHOCTI [7] yMOBH piBHOBaru
eNIeMeHTa, NPH BHKOPHCTAaHHI LITIHAPHYHOI CHCTEMH
KOOPAWHAT, 3BOAATHCS IO TPHOX PIBHSHb:

06 1| . 0 (A 0 (a N .
%:—F[Urr +r5(rzr)+£( &)—599 +rFr]1

or 1. 0 (. 0 [~ .
%:_F[Trz+r§(o—zz)+£(792)+r':z:}1

or, 1. N 0 (A 0 (.
%:_?[7r6+79r+r5(720)+£(066)+”:0} 1)

ne F,F,,Fy — npoekuii BEKTopa MUTOMHX 00’ €MHHX
CHJI Ha HaINpPsSMKH JOTHYHHUX JI0 KOOPJAMHATHUX JIHIA T,
z, 0; 6, T— NpoeKLUil HApyXXeHb Ha BiCl NMPUUHATOT
KpUBOJIHIHHOI CHUCTEMH KOOpAWHAT 10 AedopMyBaHHS
o6ooHKH [7].

ITpu oMy JsiHeapu30BaHI KOMIOHEHTH Aedopmartiit
Ta KyTH TOBOPOTY OOOJIOHKH TIOB’s3aHi 3 i mepemieH-
HSIMH TaKHMH 3aJI€XKHOCTSIMU

e —% e —lau_g_;_iu e _aur
) Y0 r " LA
ouy 1ou, ou, au, ouy 1 1 ou,
89 =—+——= =—Tt4+2 8rg=—2—=Uy+——L.
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Tyt u,, Uy, U,— HEepeMillleHHs TOYOK LMIiHApa Y Ha-
npsIMKax ocedt z, €, r BiAMOBITHO.

CHiBBiZIHOIICHHS y3aralbHEHOTO 3aKOHy ['yka, w10
MOB’A3yIOTh KOMIIOHEHTH JedopMalliii Ta HampyKeHb,
IIPU TIOBOPOTI OCEH OpTOTpOTii BIZTHOCHO OC1 Z , 3amuiie-
Mo Tak [6]:

€22 =810 T812009 + 130 r + 16720
€rr =130, T8230g +38330r +836729
€ro =8447Trg 84571,

oo = 81207; + 822009 + 830 + 86770
€20 =160 Ta26009 + 8360 r +866720
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3)

€z =A457rp + 55Tz
1o HAIPYKEHHS

0B’ s13aHi 3

3ayBaKuMo,
O221 969 Orrr T20:Tr6 Trz
Gy Cpor Orrs T20:7r0,Tr; B (1) 32 TOMOMOTroOI0 CIiBBif-

nowmens [7].B (3) a; (i, ] =16) — MeXaH{4Hi KOHCTAHTH

MaTepiany, o Ma€ OAHY IUTONIMHY MPYKHOI CHMETpii,
3B’S30K SKHX 3 KOHCTaHTaMH Marepiaiy, 4ui Bici opTo-

!

Tpomii CHiBIAZAIOTh 3 KOOPAMHATHUMHU @;j, 3aIMLICMO

BigmoginHo [6]:

ay, =af; cos? z//+(2a{2 +als )cos2 wsin? y+ab, sinty ;

/

a,, =ap cos? a//+(2a1’2 +aé6 )0052 wsin? z//+a{1 siny ;

/ / / / / in2 2. .
alz =3djn +(a.11 +apy — zalz —dge )Sln v COS™ v ,

/

Agg = aé6 + 4(a{1 + aéz - 2a{2 —agg )cos2 gysin2 v,

Qg = [2a§2 sin? y — Za{l cos® y + (2a{2 + aée Xcos2 w —sin? W)Jcosy/sinw ;

Ayg = [2a£2 cos? y — Za{l sin? y — (Za{Z + aée Xcos2 w —sin? y/)]cosz//sinz// ;

/

aj3 = a{3 cos? c,u+a£3 sinZy ; Ay = a§3 cos? w+ags sinZy ; azg = 2(a§3 —a{3)cosyxsin¢// ;

/-
833 =833,

ayy =ajy, cos? y+alssin? y; agg =alg cos? y+aj, sin®y ) a45:(af14—aé5)coswsiny/, (4)

Jie I/ — KyT [IOBOPOTY TOJIOBHUX HAIPSMKIB IPYKHOC-
Ti IONEPEeTHBEO BOJOKHUCTOIO OPTOTPOIHOTO MaTepiary
BIJTHOCHO OCi Z MpPUHHATOI CHCTEMH KOOPJIHHAT.
CHiBBiZIHOIIICHHS y3arajJbHEHOro 3aKkoHy ['yka, s
MarepiaiiB 3 OJHIEI0 IUIOUIMHOI MPYXHOI cumerpii (3),
3amuIIeMo B 00EpHEHOMY BUTJILAL [2], SIKM BUKOPUCTAE-
MO TIpH po3B’si3Ky cuctemH (1):
072 =bi1€7; +bioege +bigesp +C100
720 =P16822 +D26800 +De6€20 +C30r
€z =8457rp +85571;
Top =128z +b228gp +D268,9 +C20

0oy 1

rr = €187 —C2€p9 —C3€79 +C4O Yy
€rp =8yTrg +as57rz1  (5)
ne by (i,j=126), ¢ (i=14) — XapaKTepUCTHKH, 1110
BU3HAYAIOTHCS 3 BHKOPUCTAHHSM MEXaHIYHUX KOHCTAHT
a;; (i, j =1,3,5,6 ) marepiany obosonku [2].
Jist po3B’si3Ky 3aj1a4i CTIHKOCTI HMITHIPUYHUX aHi30-
TPOIHUX OOOJIOHOK, 3TiJHO 1O CTATHYHOIO KPHUTEPito

Eitnepa, mpoBenemo niHeapusariro cucremu (1), 3ammca-
HOI BIIHOCHO ITOXIJIHMX 3a 3MIHHOIO I :
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OTpHUMaHi BiMOBIIHO IO METO/ Iy 3aMpOMOHOBAHOTO B [6].
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1 0 6u9
Lo l+%, % |l (6
r r] 770 oz (6)

BigHOMWeHHs st fedopmanii €,,, €4, €, (2), orpuma-
€MO CHUCTEMY PiBHSHb CTIHKOCTI JIJISl aHI30TPOITHUX M-
HAPUYHUX 00OJIOHOK:

3amiHro0un B (6) HaNPYXEHHA O,,, Ogy, T,y iX BU-
pasamu (5) 3 ypaxyBaHHsM (2) i, BAKOPHCTOBYIOYH CITiB-
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OnHuM 3 HaIpsIMIB PO3B’SI3KY OTPUMAHOT TPUBHUMIPHOT
3aga4i (7) € MOXKJIMBICTh Y IIEPETBOPEHHI 11 B OJTHOBUMIp-
Hy, JJsI 4Oro CKOPHCTaeMOCh mpouenypor byOHoBa-
lanbopkiHa. Y BIANOBIZHOCTI 3 HEIO, PO3KIANEMO BCi
(GYHKIIT y TPUTOHOMETPUYHI PO 32 KOOPIHHATOIO Y3-
JTOBXK TBIPHOI IWTIHApPA Z Tak, 00 BOHU 3a0BOJIbHSIH
KpalloBUM yMOBaM Ha TOPILAX 00OJIOHKH

=Uu 0= 0,
a TaKOXX BPaxyeMoO MEPiOAWYHICTh (PYHKIIH 32 KOJO-
BOIO KOOPAHHATOI 6 :

on(r,z,0)= %ojlk%ojo[yl,pk (r)coskd + yi, . (r)sin k@]sin InZ;
m=1k=

_ 0
Oy =—05, U;

0,(rn2.0)= 5 3 [yz,pk (r)coskd+ Y,y (r)sinke]coslmz ;
0

m=0k=

7r(r,2,0)= §lk§0|:yg’pk (r)sink&+ V4, (r)cosk@]sin InZ;
m=1k=

u(r,z,0)= §1k§o[y4’pk (r)cosk + Vi, (r)sink@]sin InZ;
m=1k=f

o0

u,(r,z,0)= mz—:oéo[ys’pk (r)cosk& + y&, . (r)sin ke]cos InZ ;

ug(r,z,0)= miiléo [ye, ok (r)sinkd + y§., (r)cosk@]sin Imz (8)

[licas pesikMX MaTeMaTUYHHX MEPETBOPEHb Ta PO3Ii-
JICHHS 3MIHHUX B PiBHSHHsX (7) 3a JOITOMOTOO CITiBBiJI-
HOIIEHb (8), OTpUMaeMO HECKIHUCHY CHCTEMY 3BUYalHUX
Iu(epeHIliaTbHIX PIBHSIHD CTIHKOCTI B HOpPMANBHINA (o-
pmi Komi:

Y 1)y, T(r)=t; (),

dr ©)

ac

o . . . . . o/ oyl oyl . oyl \
y:{ylrpkry2:pkxy3vpka4vpkaSvpka6rpkrylvmkavakvy?wmkaQ Y Ye

— poO3B’s3yroda BEKTOp-QYyHKINs. HeHyahoBI eneMeHTH
MaTpHIi T(I’) npuseseHi B podoTi [9].

Peasizamis orpumaHoi cuctemu piBHAHB (9) mpu rpa-
HAYHUX YMOBaX Ha BHYTpIWHIA = R; Ta Ha 30BHiWHIA

r =R, moBepxHsX 000JIOHKH

(10)
MPOBOIUTHCS 3 BUKOPHUCTAHHSAM YHCEIHLHOTO METOIY

JIMCKPETHOI oproroHamizauii [3]. AJroput™M po3B’s3Ky

3aadi CTifikocTi 000JIOHOK O00epTaHHS, IO 3HAXOIATHCS

O =Tr; =719 =0

ou
—L =asgry; +agstrg——— (7)

oz
I Ti€I0 OCHOBOTO CTUCKAHHS, Peasli30BaHUI Yy BHIIISI
HaKeTiB NpuKiIagHux nporpam s [1K.

PesyabraTi Ta ix o6roBopenns. B skocri TecTyBaH-
Hsl Ta peaiizalii MOXKJIMBOCTEH 3alpONOHOBAHOTO ITi/IXO0-
NIy PO3TJITHEMO CTiIMKIiCTh, IPU OCbOBOMY CTHCKAIOYOMY
HABaHTAXXCHHI, MIWIIHIPUYIHOI 0OOJOHKH, YTBOPEHOI Ha-
MOTYBaHHSM, 3 TAKUMH F'€OMETPUYHUMH Ta MEXaHIYHUMHU
XapaKTePUCTUKAMU: pajiilycaMd BHYTpILIHBOI R; =0.59 M
Ta 30BHINIHBOI R, =0.61M IOBEPXOHB, JOBXKUHOIO TBIp-

cr

HOi L=12wMm, E, =1900 MIla, E, =1200 MIla, o,
E, =450MIla, G,y =300MIla, G, =G4 =230MIla,
v,0 =015, v;=03, v,,=007. Ha puc. 1 npuseneHi

. cr cr
rpadiku B 0CSIX O, — , e O, — KPUTHYHE 3HAYCHHS

OCbOBOTI'O HAIIPY>KCHHA 000JIOHKH 3 TBUHTOBUM apMyBaH-
HAM KYT AKOT'O BU3HAYA€THCSA BEIUYUHOIO I/ . HpI/I HbOMY

CyliibHa KpuBa | OTpHMMaHa NpPH BUKOPHUCTAaHHI Teopii
Kipxroda-Jlssa [1], kpusi 2 Ta 3 BimnosigawoTh 3amporo-
HOBaHOMY MIAXOAy, ajie 3 oTprMaHa 0e3 ypaxyBaHHS B
CIIBBIJTHOILIEHHAX NPYXKHOCTI (3) KOHCTaHT MaTepiaiy
a1, Aog, g5, A5, TOOTO OOOJIOHKA € OPTOTPOIHOIO.

7

Puc.1. 3anexHICTh OCBOBUX CTHUCKAIOUMX HANPYXKEHb BiJ KyTa
MOBOPOTY HANPSIMKIB IPYXHOCTI MaTepiairy
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BucnoBku. Otpumanuii po3s’sI30K 3a1a4i CTIHKOCTI M-
JIHIAPUYHUX OOOJIOHOK 3 ypaxyBaHHSIM aHi3oTporii, 00y-
MOBJICHOI HasIBHICTIO O/IHI€T IUTOIMHN NPYXKHOT CHMETPIi.
JloKpuTHYHUI Harpy>XeHO- 1e(OPMOBAHUI CTaH ONHCY-
€TbCS HAa OCHOBI BHKOPHCTaHHS 3aiexHocTedl [6].
Po3p’s3yroua cuctema nudepeHIiaTbHIX PiBHSIHB CTii-
KOCTi OTpMMaHa Ha OCHOBI TPMBHMIPHHX CIIiBBiTHOIIECHB
Teopii mpyxxHOCTI. J[7s 3a10BOJIEHHST KpaHOBUX YMOB Ha
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TOPLSAX  BHKOPHUCTOBYETHCS
lampopkina.

Ha mifi ocHOBiI mocmimkeHa 3aJeXHICTh KPUTHIYHUX
3HAYCHb OCHOBHX CTHCKAIOYHMX HAIPY)XKEHb BiJl HAIPSMKY
apMyBaHHS CTIHOK OOOJOHKW. BuaHo, mo orpuMmani 3a
3alPONOHOBAHNM IIAXOIOM pE3yIbTaTH xo0pe y3ro-

npouenypa  byOHoBa-

JUKYIOTBCS 3 BH3HAUYEHWMH Ha OCHOBI KJIACHYHOI Teopii.
Ile mo3BOJISIE BUKOPUCTOBYBATH PO3POOJICHY METOIHUKY
MIPU PO3PaXyHKY TOBCTOCTIHHUX LUIIHIPUYHUX KOHCTPY-
KIii, e JTBOBUMIpHI MiIXOAW NPU3BOAATEH 110 HaOIIKe-
HUX PE3yIbTaTiB.
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To calculation on stability of elastic anisotropic shells of rotation in three-dimensional statement at axial compression
M. P. Semenuk, V. M. Trach, A. V. Podvornyi
Abstract. Approach to realization of a problem of three-dimensional stability of thick-walled anisotropic shells of rotation under the
influence of axial compression is offered. For representation of a possibility of the offered approach, on establishment of sizes of
critical loadings, Bubnov-Galerkina based on use of the procedure and a numerical method of discrete orthogonalization calculation
of a cylindrical anisotropic shell from material which characteristics are described by one plane of elastic symmetry is carried out.
Dependence of sizes of critical loadings on an angle of rotation of the main directions of elasticity of such material concerning lines
main curvatures designs is investigated. Results are presented in the form of schedules and the analysis is carried out them.

Keywords: stability, thick-walled anisotropic shells, three-dimensional statement

K pacueTy Ha yCTOIYHBOCTBH YNPYIrUX aHM30TPOINHBIX 000J1049eK BpallleH!sI B TPEXMEPHOii MOCTAHOBKE NPH 0CEBOM CKATHH
H. I1. Cemeniok, B. M. Tpau, A. B. IlogBopHbIii

AnHoTauus. TIpewiokeH MOAXOJ K peal3alliy 33/aud TPEXMEPHON YCTOHYMBOCTH TOJCTOCTEHHBIX aHM3OTPOIHBIX 000J0YEK
BpAIleHHs O] AEHCTBUEM 0CeBOro cxaTus. [l MmpelcTaBIeHUs] BO3SMOXKHOCTH NPEUIaraéMoro MoJaxoAa, 10 YCTaHOBICHHIO BEJH-
YMH KPUTHYECKHX HArpy30K, OCHOBAHHOTO Ha MCIIOJIb30BaHUH Tpouenypsl byOHoBa-I"anepkiHa U YMCIEHHOM METOJe AUCKPETHOM
OPTOTOHAJIM3AIMY MPOBE/ICH pacyeT LHJIMHAPUIECKOH aHU30TPOITHOW 000JI0UKM U3 MaTepuaia, XapaKTepUCTUKH KOTOPOTO OIHUCHI-
BAIOTCSI OJTHOI TUIOCKOCTBIO YHPYroi cMMMeTpHH. VccienoBaHa 3aBUCHMOCTh BEIMYMH KPUTHUYECKUX HArpy3oK OT yrila I0BOpOTa
[JIaBHBIX HANpPaBJICHHUH YIPYrOCTH TAKOr0 MaTepHalla OTHOCHTENIBHO JIMHHMII TJIaBHBIX KPUBHU3H KOHCTPYKLHMH. Pe3ynbTaThl mpes-
CTaBJICHBI B BUJIe TPa)MKOB 1 MPOBEJICH UX aHAIH3.

Knroueswle cnosa: ycmoiiuugocmns, moicmocmeHHbie AHU30MPONHble 000I0UKU, MPEXMEPHAsL NOCMAHOBKA
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Hcnonb3oBaHue BUPTYaJIbHBIX 00J1acTell NPH MUIABAHUHU CY/IHA
B CTECHEHHBIX BOJAX

A. H. Boakos, A. A. T'osiukos, A. 0. Byiaraxos

Hammonansusiii Yrusepcurer «Onecckasd Mopcekas Axagemusi», Onecca, YkparnHa
Corresponding author. E-mail: burmaka-mob@ukr.net
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AnHotanus. [lomydeHs! aHAMTHYECKHE BRIPOKEHHS NPE0oOPa3oBaHUs TPAaHUIIGI O€30MacHON 00acTH C MPOCTPAHCTBA OTHOCHTEIBHOTO
JIBIKEHHUSI B MIPOCTPAHCTBO MCTUHHOTO JBIKEHMs. [IpuBeneHs! pe3ynbTaThl HCCIEOBAaHUs CBOICTB BUPTYaIbHBIX 00JIacTell, MO3BOISIO-
IIMe UCHIOJB30BaTh UX B Iporiecce pacxoxaeHus. [IpeanoxxeHa nporeaypa 0ToOpaKeH s BUPTYaIbHBIX 00acTell Ha S1IEKTPOHHOM KapTe U
paspaboTaH crocob pacxoXIEeHUs CyJHA C HECKOJIBKIMH OITACHBIMH IIEJISIMH TIPH HAJIMYUHY MEIIAIOIINX CYJI0B U HABUTAIIMOHHBIX OIIACHO-
CTeH, OTIIMYAFOIIMICS HATJISTHOCTBIO, OTIEPATUBHOCTEIO ¥ IIPOCTOTOM.

Knrouegvie cnosa: 6esonachocms mopennasanus, npedynpesicoenue CmoiKHO8eHUs CY008, GUPMYanbHas 00aacmb, NPOCMpancmed om-
HOCUMENbHO20 U UCIUHHO20 OBUIICEHUSA, PACXOJICOCHUE USMEHEHUeM KypCa.

BBenenne. Mopckue cyna 3HAYMTENBHYIO YacTh CBOETO
SKCIUTYaTall[MOHHOTO BPEMEHH paboTaloT B CTECHEHHBIX
BOZIaX, MO KOTOPHIMH IOHHMAIOT PadOHBI, TJE IIHPHHA
CBOOOIHOTO IPOXOJa ISl CyIOB OTpPaHMYCHA B HABHTAIU-
OHHOM OTHOIICHUH OMACHOCTSIMH, WJIM HHTCHCUBHBIM CYJIO-
xo7cTBOM. K IUIaBaHMIO B CTECHEHHBIX BOAAX OTHOCHTCS
IUIABaHUE B TPOJIMBAX, KaHalax, IIXepax, pekax, BOMM3H
noOepexbsi M HAaBUTAIMOHHBIX ONAcHOCTEH, B paloHax ¢
YCTAQHOBJICHHBIMH ITyTSIMH, CUCTEMaMH pa3JieJIeHUs IBIKE-
HUS U T. 1.

OCHOBHBIMH OCOOCHHOCTSIMU IUIaBaHUSI B CTECHEHHBIX
BOZIaX SIBJISIFOTCS: MAJIBII 3aac BOJBI O] KUJIEM, B Pe3yIib-
TaTe 4ero MHOTHE CyJa CTaHOBATCS 'CTECHEHHBIMH CBOEH
ocankoi"; OrpaHHYEHHOCTh OE30IIACHOTO CYAOXOAHOIO
MIPOCTPAHCTBA, OJIN30CTh HABHTAIIMOHHBIX OMACHOCTEH, pe3-
KO€ OTpaHMYEHHE BOSMOKHBIX OTKJIOHEHHMH Cy/IHA OT JINHUN
3a/IJaHHOTO IyTH, 9TO TpeOyeT MAaKCUMAJIbHO TOYHOH HAaBH-
raiyy U TpeOyeT PacXOKICHHsA CyA0B HA MUHHUMAIIBHBIX
TPaBEP3HBIX PACCTOSHUSIX; COYETAaHHE "TpaH3UTHOro" IBU-
KEHHUSI CyJIOB BJIOJIb Y3KOCTH C NEPECEKAIOINMHU €ro MecT-
HBIMU cyJiaM# (OCOOEHHO B paiioHax MapOMHBIX MEpEnpaB)
M 4YacToe CIIeJJOBaHWE MaJIbIX CYJOB KypcaMH, OTIIMYHBIMU
OT PEKOMEHJOBaHHbIX.

B cuny 3TuX 0cOOEHHOCTEH IPY TIABAHUY B CTECHEHHBIX
BOJIaX TPEOYIOTCS OCOOCHHO BBICOKAs TOUHOCTH, YETKOCTb,
6e301MO0YHOCTh, OBICTpOACICTBHE BCEil CHCTEMBI yIIpaB-
JIeHWs1 IBIKeHNeM cyqHa. OCHOBHBIE 33/1auK - HaOJTIo/IeH e,
HAaBUTALWsl, TPEAYNPENICHUE CTOJKHOBEHHH - JIOJDKHBI
peraTbest OJHOBPEMEHHO M B3aHMOCBSI3aHO.

B ciydae onacHOTo COMMKEHHS CyZI0B B CTECHEHHBIX BO-
Jlax TpH BHIOOpE MaHEBpa PacXOXKICHUS OIEPHPYIOIINM
CYZHOM IIOMHMO OIIaCHOM IIeJIM HEOOXOJMMO YUYHTHIBATH
MEIIAIoUIMe CyJla ¥ HaBUI'Al[MOHHBIE OMACHOCTU B paiioHe
MaHeBpupoBaHHs. CyIIECTBYIOIIME METOJ/bl OJHOBPEMEH-
HOT'O Y4€Ta OIACHBIX LIEJIEH M HaBUTaLIMOHHBIX ONIACHOCTEH
HOCSIT QHAJIMTUYECKUH XapaKTep U SIBIISIFOTCS TPOMO3KUMHU
u ManosddexruBapiMa [1-3]. TlosTomy cyimecTByeT HE0O-
XOJIMMOCTh Pa3pabOTKK OINEPaTUBHBIX M HATJISAHBIX METO-
JIOB MPEYTIPEXKICHUS CTOIKHOBEHHH CYJIOB TP TUIABAaHUH
B CTECHEHHBIX BOJIax.

Kpartkuii 0630p my6ankaumii mo teme. B padorax [1-
3], B 4aCTHOCTH, PacCCMOTPEH BOMPOC y4eTa UMEIOLINXCS B
palioHe TIPE/CTOSIIET0 PACXOXKACHUS HABUTAIIMOHHBIX
omacHocteil. [Ipuuem B paGote [1] mosydena mporemypa
OILIEHKH BO3MOXXHOCTH PACXOKJICHHUS Cy[IHA C OTAcHOM Iie-
JBI0 M HAIMYMM HABHUTAIIMOHHOM OIACHOCTH, JUIS Yero
MOJTyYEHO YCIIOBHE CYIIECTBOBAHWMS MHOYKECTBA IOITyCTH-
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MBIX MaHEBPOB PAaCXOXKICHUS C YYETOM HaBHIaI[MOHHBIX
onacHocTei. PasHple THIBI HABUI'AIMOHHBIX OINACHOCTEH
(ToyeuHasi, IMHEIHO pacmpesieNieHHas | T.11.) popMani3oBa-
HBI B pabote [2] u mpeasoxkeHsl Hpoueaypsl BeiOOpa 0e3-
OIIaCHOTO MaHEBpa PAaCXOXKICHHMS I KOKIOTO THIA HABH-
TallMoOHHBIX omacHocTed. B pabore [3] mpenmnoxkena anamm-
THYECKasi INpOLeypa y4era HAaBHTAIMOHHBIX OINACHOCTEH
NPH JOCTHKEHHH BO3MOYKHOTO IOBOPOTa CyIHA Ha Kypc
BBIXOZIa B CTOPOHY NPOTPAMMHON TPACKTOPHHU JIBHIKCHUSL.
AHam3 TNpeYIoKeHHBIX TPOLEeIyp B YKa3aHHBIX paboTax
NOKa3aJl, YTO MX pealu3alysi B CyIOBBIX HaBHIAIIMOHHBIX
cHCTeMax NOTpeOyeT 3HAYMTENIbHBIX YCHIMH U 3aTpar s
aNmMpOKCUMAIIMK TPaHUIL HABUTALMOHHBIX OMACHOCTEH.

B pabore [4] obpamaercst BHUMaHHe Ha HEOOXOAUMOCTh
(opManM3aIMK B3aHMMOJICICTBHS CYIOB B CHTYaLlld OIac-
HOro COJIIDKCHVS M TOKa3aHO, YTO OCHOBHBIM CIIOCOOOM
OIHMCAHWs B3aMMOJICHCTBHS Maphl OMACHO COMMKAIOLINXCS
CYJIOB SIBISICTCS OWHAPHAsT KOOPAMHALWS, KOTOpas Peaus3o-
Bana B MIIIICC-72, mpudem B 1aHHOH paboTe MpeaokeHa
ux ¢opmanuzanus. Bompockl OMHAPHOW KOOPIAMHALMK H
Mepa ux 3G (HEeKTHBHOCTH PacCMOTPEHSI B padoTa [5, 6].

B cutyanusx upe3MepHOro CONMXKEHHs CYJIOB IpaBHIIa-
Mu MIITICC-72 ux B3aMMOJCHCTBHE HE KOOPIMHUPYETCS,
OJIHAKO, JUISl TPEIYIPEXICHNUS] UX CTOJIKHOBEHHI B paboTe
[7] mompoOHO paccMOTpEHBI 3KCTPEHHBIE CTPATErHH pac-
XOJKJIEHUsI, CTPYKTYpa KOTOPBIX 3aBHCHT HE TOJILKO OT OCO-
OCHHOCTEW CUTyally COMVIKESHUSI, HO U OT TIOBEJCHHUS LIeIN
B IPOLIECCE PACKOKICHUS.

CrienryeT 0TMeTHUTB, 4TO B pabote [3] npemiaraercst HaBu-
TallMOHHBIC ONACHOCTH YYHTBHIBATH IIYTEM HCIIOIB30BAHUS
9NIEKTPOHHBIX KapT, HA KOTOPBIX OTOOpa)kaTh MPOLIECC pac-
xoxaeHus. Takoil monxon sBISETCSl NEPCIEKTUBHBIM U B
HACTOSIILIEH CTaThbe MpeyIaraeTcs 0OCYKIEHHE ero UCIIOIb-
30BaHUsI TIPY TUIABAHUH CY/IOB B CTECHEHHBIX BOJIAX.

Heasb. Lenpio HacTosIIel CTaThbU ABJISETCS aHAU3 HC-
T0JIb30BaHUS BUPTYaIIbHBIX 00JIACTEH, C TOMOIIBIO KOTOPBIX
BEIOOP 0E30MaCHOTO MaHEBPa PACXOXKIICHUS OCYIIECTBIISIET-
Csl C YUETOM HaBHUIAI[MOHHBIX OMACHOCTEH.

Marepuasbl 1 MeToAbL. B pabote [8], ykasbiBaercs, 4to
Ge3onacHast 00JIaCTh Cy/lHa 33/1a€TCsl B IPOCTPAHCTBE OTHO-
CHUTEJIBHOTO JBWIKEHMS OIpeJie]IeHHOH (Hrypoi, rpaHuna
KOTOpOHM 3ajaeTcss OTHOCHTENBHO IENM M TOKa3aHO, Kak
TIPOU3BOJIUTCS TIPe0Opa3oBaHKE TPaHUIBI 00JIaCTH U3 TPO-
CTPaHCTBA OTHOCHTENHLHOTO JIBW)KEHUSI B MPOCTPAHCTBO HC-
THHHOTO JIBIKeHUs. TloNoxkeHe ToYeK rpaHuiibl Oe3orac-
HOIl 00JIaCTH B HPOCTPAHCTBE OTHOCHUTENILHOTO JIBMXKCHHS

3aJ1al0TCA yrjlaMH 0, a PaCcCTOAHUA OTPE3KaMH D OTHOCH-
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TENTFHO CyZIHA, HAXOMAIIETrocs B HadaJsie KOOPANHAT.

IIpocTpaHCTBO MCTHHHOTO ABWDKEHHMS, KOTOpOE OToOpa-
JKaeTcsl Ha OOBIYHOW WIIM 3JICKTPOHHOW KapTe COACPIKUT
HaBHMTallMOHHBIE OIIACHOCTH, OJHAKO 00JaCcTH 0€30I1aCHOCTH
e He MOTYT UMETh (opMy, 33JaHHYIO B MPOCTPAHCTBE
OTHOCHTEJIEHOTO JBVKEHUSL.

KonkperHast Touka rpaHHIBI O€30MacHO 001acTH, CBS-
3aHHAs C IIENTbI0, MOXET OBITh TOCTUTHYTA CYJIHOM B IPO-
CTPAHCTBE OTHOCHUTEIILHOTO JBMKCHHS, CCIM OTHOCHTEIb-
HBIH Kypc OyZIeT paBeH HAIpPaBICHHIO 0. M TOYKa OyIeT Jo-

crurHyta uepes Bpems t=D/Vy;, rre Vot - OTHOCHTEIB-

Hasg CKOPOCTb. YKa3aHHOE YCIOBHME IOCTIDKEHUS KaXIOH
TOYKH TpaHuUIIbI Oe30MacHo obacTy.

SBJIACTCS. ONpPENENAIIUM Ul ee IpeoOpa3oBaHUs B
MPOCTPAHCTBO MCTHHHOTO IBMXKEHMS. B mpocTpaHCTBE HC-
TUHHOTO JIBWKEHUSI HAIpPaBIECHUIO 0L COOTBETCTBYET MCTHH-
HOE HallpaBJIeHNE IBWKEHUA CyIHA f, a BpeMs JOCTIKEHHS
TOYKH OCTAETCS] HEM3MEHHBIM, TIO3TOMY:

Vv
L:_OD!

ot
rme V, - ckopoctb cyzHa.

@

B pabGote [3] mokazaHo, 9TO OTOOpaKCHHE MHOXKECTBA
OTHOCHTEJIGHBIX HANpPABJICHUH 0L B MHOXXECTBO HCTHHHBIX
HaIlpaBJICHUH /3 ONMCHIBAETCS 3aBUCHMOCTHIO:

B = a+arcsin [p™sin (K.-a)]
rne K, - kype nemu.

@

IlosToMy KaXkmo¥ TOYKe TPaHHUIBI OE30ITacCHON OOJIaCTH
CyZiHa, 33JaHHOM B IPOCTPAHCTBE OTHOCHUTENBHOIO JIBHIKE-

HUS NOJBIPHBIMU KOOpAHWHATaAMU D n a, COOTBETCTBYECT
TOYKa IpaHylbl B MPOCTPAHCTBEC HUCTUHHOI'O JABWKCHHA C

nonspabME koopuHatami L i 8. MuoxectBo Touek ¢

TIOJAPHBIMEA  KOOPMHATAMH L u [ COCTaBJseT TpaHUILY
0e30MacHoOil 00NacTi B MPOCTPAHCTBE HCTUHHOTO JIBUYKE-
HUsI, KOTOPAsi HA3bIBAETCS BUPTYAJIbHOM 00JIACThIO.

Paccmotpum ciydaid, korya Ge3omacHasi 001acTh UMeeT
(hopMy Kpyra B IPOCTPAHCTBE OTHOCHTEILHOTO JIBHKSHUS, B
9TOM Cilydyae ypaBHEHHE €€ IpaHHIbl MOXXHO 3aIlucaTh B
apaMeTpPUICCKOM BHIC:

x=Dysing, y=Dy cose (¢ < (0, 360) ),

rne Dy - mpenensHo-momycTHMas IMCTaHIMA KpaTdaii-
LIEro COJMKEHHS.

C yueToM mejeHra ¢, ¢ CyIHa Ha LIeJb U AUCTAHIUH

D0 MEX[y CYIHOM U LEeJbIo, TOUKHU ( X, Y ) TpaHuIs! Oe3-
oracHoi obnacTy MpeoOpasyroTCs B MONSAPHBIE KOOPAUHATHI

( D , @), a 3aTeM ¢ nomotpio Beipaxeruit (1) u (2) Gpopmu-
pyeTcs TpaHWIA BHUPTYAIBHOW OONACTH B IPOCTPAHCTBE
nctuHHOTO nBWkeHus. Ha puc. 1 mokaszanel Oe3omacHast
00J1acTh, CBSI3aHHAs C LETBI0 M nMeromast GpopMy Kpyra, a
TaKkXe COOTBETCTBYIOIIAsl €l BUPTyajbHas obmactp. [lapa-
METpPBl HAYaIbHON CUTYallMH CONDKCHUS MMEIOT 3HAUCHUS:
D,=3,5 mum, a,=350°, K,=75°, K.=105°, V,=20ys3,
V.=17y3, Dq=1wmmmL

PesysnbTarel M ux ob0cyxaenue. IIpu uccienoBanuu
BUPTYaJIbHBIX O0JIACTEH YCTaHOBJIEHBI CIEAYIOLIHE MX OC-
HOBHBIE CBOWCTBA, KOTOPHIC CIEAYET YIUTHIBATH TIPH BBIOO-
pe 6e30macHOro MaHeBpa PACXOKICHHUS CyIHA:

1. Ilpu cOMMKEHWN CymHA C IENbI0, KOT/a JAUCTAHIHS
KpaTJauIrero cOMMKEHWMsS MEHBIIE 3aIaHHOW MpeesbHO-
JIOIYCTUMOMW TUCTAHIMH, TPH3HAKOM OIIACHOTO COMMDKEHMS
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ABJISIETCS TIOTIAJaHNE TEKYILEro yJacTKa IPOrpaMMHOIT Tpa-
€KTOPUH JIBHKCHNUSI CyJHA B BUPTYaJIbHYIO O0JIACTh LIETIH.

2. JluctaHmusl KpaT4auIero CONMKEHHsI Cy[THA C Orac-
HOH 1Ie7IbI0 OyZeT paBHA 3aJaHHOM MPeaeNb-HO-I0ITyCTHMOMN
JUCTaHLUH, €CJIM TEKYIIUN y4aCTOK MPOTrpaMMHOM TPaeKTo-
pUH IIBIDKEHUSI Cy[HA SIBIACTCS KacaTENbHBIM K TPaHHMIIC
BUPTYaJIbHON 00J1acTH.

3. PaBeHCTBO IUCTAHLMK KpaT4yaiIlero cOMMmKEHUs Cy-
Ha C LIEJIBI0 U 3aJaHHOM NpenenbHO-IOMYCTUMOM AUCTaH-
LMK COMKEHUSI COXpaHsAeTCs NPH CIEIOBAHUU CyIHA IO
KacaTeJIbHOM K TPaHULe BUPTYaIbHON 00JacTH IO MOMEHTa
KpaT4aiiiero cOMmKeHusL.

=11
50
40
an

2n

-60 -50 -400 -30 -20 10 D 10 20 30 40 50 B0
Puc. 1. OrobpaxxeHne 6e3omacHol 001acTH KpyroBoi GpopMbl

[TosTtoMy st BEIOOpa MaHEBpa PacXOXICHHs HE0OXO-
IrMa pa3paboTka MPOLEypbl OTOOpaXKEHUsS BUPTYaTbHBIX
o0acTei 1enell Ha YIEKTPOHHOM KapTe U X M3MEHEHHUE BO
BPEMEHH TpPH 3aJaHHBIX [apaMeTpax JBIKCHHs CyIHA H
LEJTH.

B kauecTBe npumMepa pacCMOTPHUM HAYAITBHYIO CHTYALUIO
COMMDKEHNUS CyJiHa C TpEMS LCJIAMUA TIPU HAJTMIWK HaBUTallu-
OHHBIX OINACHOCTEH, TPaHMIBI KOTOPHIX HMMEIT (HOpMBI
OKPY>KHOCTH, JUTHIICA U IPAMOYToiIbHUKA (pHc. 2). [Tprudem
Ha PUCYHKE MO0Ka3aHa HyMepalus Lenel U uX BUPTYalbHbIX
obnacTel, a Take O0ToOpakeHa MPOrpaMMHAs TPASKTOPHS
JIBWOKEHHS CyJJHA, KOTOpasi COCTOUT M3 JBYX y4acTKoB. [Ipo-
rpaMMHasi TPAeKTOPHS MPOJIOKEHA MEXTY JBYMS HaBHIa-
LMOHHBIMH ONACHOCTSIMHL.
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Puc. 2. VcxomHast cUTyanyst OacHOTO COMKEHUS
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Tak Kak TEKyUIM y4acTOK IMPOrpaMMHOM TPAaEKTOPUHU
JIBI)KCHUSI Cy[IHA TIEPECEKacT BUPTyallbHbIE 00JACTH IENeH
21 1, TO COMDKEHNs C TUMH LEISIMH SBISETCS OIACHBIM.
VYuuThIBasi, YTO ONACHOCTH CTOJKHOBCHHUS BO3HUKACT PaHb-
Ie C Leblo 2, He0OXOMMO BHaYaje BBHINOJIHHUTH YKJIOHE-
HHE OT 3TOH LIeNM. AHAJIM3 MCXOIHOM CHTYally MOKa3bIBa-
€T, YTO NpU YKJIOHEHHWH IO KacaTeJIbHOH K BHPTYaJIbHOU
00JacT enu 2 BJIeBO BO3HUKACT OMACHOCTH TOMaJaHusl Ha
NIEPBYIO HABUTALIMOHHYIO OITACHOCTB, KOTOpast nMeeT Gopmy
Kpyra, a IpY YKJIOHEHHH BIIPaBO IO KacaTeJIbHOM CyIHO
YUCTO TPOXOJWT OTHOCHTENHHO HAaBHTAIMOHHBIX ONAacHO-
CTeN.

IlosToMy BEIOMpaeTCs TEpBBIA YYacTOK YKJIOHCHUS
BIpaBo Ha Kypc 115°, xak mokazaHo Ha puc. 3. IIpu 3TOM
MIEPBBIN Y9aCTOK YKJIOHEHHS SIBIIIETCSI KACATEIbHBIM K BHP-
TyansHOH obOiacty menu 2. CyIoHO CIEeOyeT 3THM KypcoM,
TOKa He COTM3UTCSI MUHUMAJIFHO C LIEJIBIO 2, B TOT MOMEHT
CY/IHO BHIOMpaeT BTOPOM y4acTOK
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Puc. 3. Bribop mepBoro y4actka yKIOHEHHs

YKJIOHEHUSI KacaTeNbHbIA K BUPTyaJbHON 001acTH LieiH 3
U crenyeT KypcoM 126°, kak mokasaHo Ha puc. 4, ¥ mpo-
JIOJDKAET CJIeJJ0BaTh B HANPABJICHUHU [IPOTPAMMHOMN TPaeKTo-
pun nerkeHus. [Ipu JOCTIKEHHH TPOrPaMMHOI TPaeKTo-
pHH JABIDKCHHS CYIHO IOBOPaYMBAcT Ha Kypc BTOPOTO
Y4acTKa U JANbIIE CISIYeT HM.

Takum 00pazoM, 0TOOpaxasi BUPTyaJbHBIE OOJACTH Iie-
Jeil Ha BIEKTPOHHOM KapTe, MOYKHO OLICHHBATH OMACHOCTB
cOMIKEeHHsI C HUIMHU ¥ TIPU HEOOXOIUMOCTH BBIOMpPATH 0e3-
OlacHbIe KypChl YKIOHEHHS C y4€TOM MMEIONIMXCSI HaBHTa-

IMOHHBIX OTIACHOCTEHA.
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Puc. 4. Beibop BTOporo y4acTka YKJIOHEHHS

BoiBoabI

1. TTomyueHbl aHATUTUYECKHE BBIPAKEHHS IIpeoOpa3oBa-
HUS TPaHMITBI 0S30IIACHOM 00JaCTH ¢ MPOCTPAHCTBA OTHOCH-
TCJIbHOT'O ABMKCHUA B IPOCTPAHCTBO UCTUHHOT'O ABMKCHUA,
obecrieurBas (POPMHPOBAHUE BHPTYAIHLHOM OOJIACTH IICNH.
[puBenen npumep (HOpMHUPOBaHUS BUPTYaIbHOM oOnacTu
JUTs Oe30TIacHO 00IacTH, UMEIOIIEH popMy KpyTa.

2. TIpuBeneHsI pe3ynbTaThl MCCICIOBAHUS CBOHCTB BHp-
TyaJIbHBIX OOJIacTeH, MO3BOJIAIOMINAE UCIIONB30BaTh MX JUIS
OLICHKH OMACHOCTH COJIKEHISI BCTPEYHBIX CYIOB U BBIOOpa
0e30IacHBIX KYPCOB PACXOXICHHS C YYETOM HaBHTAIHOH-
HBIX OMACHOCTEM.

3. IlpemioxeHa mpouexypa 0TOOpaXeHHUs BUPTYaIbHBIX
obnacTell Ha ANEKTPOHHOM KapTe M M3MEHEHHE HX B 3aBHU-
CUMOCTU OT BPEMEHH M NapaMETpPOB ABMKCHUS CyJ/iHA U
neneit. PazpaboTan crocod pacxoxIeHUs CyJTHa ¢ HECKOJIb-
KUMM OTTaCHBIMU HEJIIMU TIPU HATMYNH MEIIArOIIUX CyJ10B U
HABHUTAIIMOHHBIX OMACHOCTEH, OTIMYAIOIINICS HATJISIHO-
CTBIO, OTIEPAaTHBHOCTBIO M TPOCTOTOH. [IpuBenmeH mpumep
BBIOOpa 0e30TacHOM CTpaTEeTHH PACXOXKICHUS TIPH COIIDKE-
HUH CyIHA C TPEeMs IESIMHU ¥ HATMYUH B paliOHE TIaBaHUS
HECKOJIFKX HaBHTAIMOHHBIX OMTACHOCTEH.
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Br100op MaHeBpa pacxo:kIeHus CyJHA N3MEHEHHeM Kypca ¢ OMOUIbIO 00J1aCTH
He/IOMYCTHUMBbIX IAPaMeTPOB JABUKEHUSA
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AnHoTanus. [ cutyanuii cOMDKeHNs CyJHa ¢ KaKUM-JIHO00 00BEKTOM MpelIoKeHa IPOoLeTypa OLCHKH OITACHOCTH COMDKEHMS C TIOMO-
I1IbO 00JIACTH HEZIOMYCTUMBIX ITapaMETPOB ABIKEHNUA CyHa. Eciu ckopocTh cyiHa GoJIblie CKOPOCTH LIEMH, TO TIPH OTTACHOM COIMKEHHH C
MIOMOLIBIO YIOMSIHYTOH 0OJIACTH MOXKHO BBIOpaThb MaHEBD PacXOXKACHMS M3MEHEHHEM Kypca CylHa. B ciydae, korma cKopocTb CyaHa
MEHBIIIe CKOPOCTH IIeJIH, PACCMOTPEH CIoco0 ompenesieHnst Kypca YKIOHEHHS CyIHa JUIS TIPeIyNpeXXIeHNs] BO3MOKHOTO CTOJIKHOBEHHSL.
IMoxazaHa peanu3anys npe;IaraeMbIX IPOLEIyp C ITOMOIIBI0 KOMITBIOTEPHOH IIPOTpaMMBI.

Knroueewie cnoea. OesonacHocms cy0080x4cOeHUs, Npedynpexcoenue CmoaKHOSeHUs cy0os, 00aacib HeOONYCMUMbIX Napamempos,

OYEeHKU onacHocmu C6ﬂu9i(,‘eHuﬂ, pacxoofcz)enue U3MeHeHuem Kypca.

AKTYyaJIbHOCTB HccienoBanus. Hanpasnenuto coepiieH-
CTBOBAaHUS BOIIPOCOB OIIEHKH CHTYAIlU ONACHOTO COIMKe-
HUSA WM TIPEAYNPEXICHHUS BO3MOXKHOTO CTOJIKHOBEHHS IIO-
CBAILEH psift padoT [5-8], BEINOJIHEHHBIX B HOCIESIHHIE IO
®opMHpOBaHHIO TMOKUX CTPAaTEruil pacxoKACHHS B 3aBH-
CHMOCTH OT 3HA4€HMS CHUTYaI[MOHHOTO BO3MYILEHHUS IOCBS-
mena padora [5], a B pabGote [6] paccMoTpeHa peasm3arius
OTIPE/ICJICHHOTO TUIIAa B3aNMOJICHCTBUS Cy/JJOB B CIIydae BO3-
HUKHOBEHMS CHUTYAIIMOHHBIX BO3MYIIEHHH Pa3IMYHOTO TH-
ma. DKCTPEeHHasl CTpaTerys PacXoXKICHUS B CUTYyaIlUH dpe3-
MEpHOTO CONMMKEHIH CYIOB MpeIoxKeHa B padote [7].

B pa6ote [8] uccrenoBana npobiaemMa BEIOOpa ONTHMAITh-
HOM CTPYKTYpbI CHCTEMBI OMHAPHOW KOOpIMHALIMN B3aHMO-
JIEHCTBHSL TIapbl OIIACHO COMMKAIOIIMXCA CYAOB TPH pac-
XOXJeHnn. JIOMUHHPYIOIIEH XapaKTePUCTUKOW CHCTEMBI
OWMHApHOW KOOpAMHAIIMKM B paboOTe TNpPUHATA COIJIACOBAH-
HOCTb, WJIM KOOPANHUPYEMOCTh MaHEBPOB OIMACHO COMMKa-
IOIIUXCS CY/IOB, MPENNPUHAMAEMBIX JUIsi 0E30MacHOro pac-
XOXKIEHHMS, IPUYEM B Ka4eCTBE OLICHKU KOOPANHHUPYEMOCTH
MaHEBPOB CYJIOB TP PacXO’KAEHUH BbIOpaHA CKOPOCTh H3-
MEHEHHS TUCTAHIUU KpaTJaiiero cOMmKeHNs B 3aBUCHMO-
CTH OT MaHEBpa PacXOXJICHHS CY/IOB.

AnamupyeMble paboThl BHOCST 3HAUNTEINIBHBII BKJIA/I B
TEOPHIO PEIICHUS NPOOJIEMBI MIPEIYIIPEKACHHUS CTOJIKHOBE-
HHUH CyJOB, OHAKO OHH HE COJIEpXKaT PEKOMEHIAIHH I10
OIlepaTHBHOMY BBIOOpY MaHEBpPOB pacxoxieHus. B mocnen-
Hee BpeMsl TIOSBIIINCH MCCIIEJOBaHMS 110 1pobieme odecrie-
YyeHHs 0e30MacHOTO PacXOXKAEHMS CYIOB METOJaMHU BHEIII-
HETO YNPAaBJIEHUS C UCITIOJIb30BAHUEM HEJOIMYCTHMBIX 007a-
creil KypcoB min ckopocrteil cynos [9]. Ilpemsaraemsiii
MOAXO/ K PEIICHUIO MPOOIeMBl MPEAYTIPEKIECHHUS CTONKHO-
BEHUsT ~ CyJIOB  IIeNecoo0Opa3HO  HCIOJiB30BaTh U
TIPH JIOKAJIbHO HE3aBUCHMOM YTIPABJICHUH IPOIIECCOM pac-
xoxzaeHus [9] ¢ HCToNIb30BaHHEM HEIOIyCTUMBIX 00NacTei
MIapaMeTpoB JIBIKEHHS CyJIHA, KOTOPBIE MOTYT OBITH peaiu-
30BaHbl C MOMOIIBKD KOMIIBIOTEPA B BHUJE OINEPAaTHBHOI
TIpOLIe/Typhl BEIOOpa MaHEBpa PACXOXKICHHS CyAHA. JTOMY
BOIIPOCY MOCBSAILEHA HACTOSIAS CTAThsL.

Henblo HacTosIEN CTAaTbU SIBISETCS PACCMOTPEHHE
TMPOLIETyPHI OIIEHKH OMACHOCTH COMMKEHMS CyIHA C LEIbI0
4, B Cilydae HEOOXOIMMOCTH, BHIOOp CYJHOM MaHEBpa pac-
XOXKIEHHUS M3MEHEHHEM Kypca C ITOMOIIBI0 00JIaCTH HENOo-
ITyCTUMBIX [TApaMeTPOB ABMKCHHUS Cy/IHA.

Ecnm npu cOmmkeHnn cyaHa ¢ HEblo AUCTAHIUS KpaT-
qaiiiero  cOmmkeHnss min D MeHblle  MpeaeNbHO-
JIOMyCTUMOH JAUCTaHIMKM dy, TO CONMMKEHHE SIBIACTCS

omnacHbIM. Tak Kak 3HauyeHHe min D 3aBHCHT OT IIeJICHra Ha
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Lenb O U AUCTaHIMM D MeXIy CyIHOM U LEIBbIO, a TAKXKe
OT NapamMeTpoB JBIKEeHHs cyaHa (Kypca K, ckopocta Vi)

u nenmu K, , V, [5], To npu 3agaHHBIX 3HAYCHHsIX o, D,
K, u V, CyIIeCTBYeT MHOXKECTBO COUCTAHUI IIAPaMETPOB
IBIKeHUs cyqHa Ky U Vi, IPH KOTOPBIX UMEET MECTO He-
paseHcTBO Min D<dy. Ecim coueranna K, n V; paccmar-
puBath, Kak To4dku ( Ky, V;) KOOpIHUHATHOH IJIOCKOCTH
Ky =V, TO 001acTh Qg, M KaXIOH Toukd (K., Vi)
KOTOpOH BBINOJIHAETCS. HEPAaBEHCTBO min D<dy, Oyzem
Ha3bIBaTh 00JIACTHIO HEJIOMYCTUMBIX IIAPaMETPOB JABIDKCHHSA
Cy/IHa.

OuesuziHO, TpaHuIel 00nacTn g SBJIAETCA COBOKYII-
HOCTb Touek ( Ky, V), Ul KaXKIo# U3 KOTOpoi gocTuraet-
¢ paBeHCTBO min D=dy. YuuTbBasd, 4To JaHHOE paBEH-
CTBO JIOCTUTAETCsl MPH OTHOCUTEIBHOM YKJIOHEHHU CyJHA
KaK BIPaBO TaK U BJIEBO OTHOCUTENILHO HATpPABIICHUS IIe-
JIeHra, TO MMEETCs JBE IPAHMIIbI, KOTOPblE OTPaHUYMBAOT
0071aCTh HEJIOITyCTUMBIX NTAPaMETPOB JIBIKEHUS CyAHa Q.
B atom ciydae ecnu Touka ( Ky, V4 ) IpUHALIEKUT 00na-
cTH Qg , TO COMIDKEHNE Cy/IHA C LENIBIO SIBJIETCS ONACHBIM,
Tak Kak min D < dy. B mpotuBHOM citydyae npu cOMmKeHUH
OIACHOCTb CTOJIKHOBEHHS He Bo3HuKaeT. Haiinem anamuru-
YecKoe BbIpaKEHHUE Ul IpaHUI] 00aactu Q. s aToro B
paBeHCTBO min D =dy clefyeT NoACTaBUTh BbIpaXKEHUE JUL
min D [5]:

ADsin(o—Kgi) =dg,

rme Ky - OTHOCHUTENBHBIN KypC; A - OTHOCHUTEJIbHOE

YKJIOHEHHUE, 3HaK KOTOPOro OOECIeUMBAET HOJIOKUTEIILHOE

3HayeHue min D .
OueBHIHO:

K ., =a-arcsin

94 .
ot D

dg.

OO003HAYUM 1y = o - arcsin B 3aBucumocTH OT 3HaKa

A(£) mody4um:
dg

y(1,2) =oFarcsin
W3 BeIpaxenus (1) ciemyer:
—tv@2)
WK B pa3BepHyToM Brje [9]:
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VysinKy — VosinK, siny(1:2)

VjeosKy — V08K, oo, (1:2)

oK gt =

W3 mosmy4eHHOTO BBIP)KCHUSI HECJIOXKHO TTOTYIHTH ypaB-
HEHUsI TpaHUIl 00JIacTH )y, CBSA3YIOIMX Kype cyaHa Kj ¢

€ro CKOpPOCTBIO V; , IIPH KOTOPBIX CIPaBEIIMBO PABEHCTBO
min D=dy, mpuyeM a1 COMDKEHHA Cy[JHA C LENbIO Ha
BCTPEUHBIX Kypcax:
i _,@
Vosin(K, —v+7) , (2)
N1
i _.,@
Vosin(K, —y+™) , (3)
V1
TIPU 3TOM HEOOXOIMMO YYHTHIBATH OTPAHMYCHUS HA 3HA-
4yeHus1 ckopocTu cyaHa V. Tax mpu pacdere rpanuis! (2)

Kﬁ) = y(l) + arcsin

Kﬁ) = y(2) +arcsin

; 1
Vlzvzsm(Kz—y( ) ), a B cioydae pacuera rpaHuisl (3)
; 2
V= Vosin(K, —vP) .
C nomoIpo 00JaCTH HEJOIYCTHUMBIX MapaMeTpoB JIBU-
’KCHHS CyIHAa Qy MOXKHO OLCHUTb, SBISCTCS JIH OTACHBIM

cOKEHHE Cy/HA C 1eNbio. J[JIs 3TOro I0CTaTOvHO MpoBe-
PHUTh TPUHAUICKHOCTh TOYKU C MAPAMETPaMU JIBHKCHUS
cyaHa (K, V;) obmactn Q4. Ecmm (K, Vj) e Qy, 10
CONMKEHHE SIBISIETCS OMACHBIM, B TIPOTUBHOM CITy4ae Cy/IHO
U 1esb commkaroTes 6e3omacHo. B ciayuae omacHoro conu-
KCHHSL ¢ [IOMOIIBIO o6mactu €2y MOXKHO BBIOpAaTh MAaHEBp
PACXOXKIICHUS W3MEHCHHEM Kypca Cy[IHa MpH HEH3MCHHOU
ero ckopoctu. TakoMy MaHeBpy COOTBETCTBYeT TouKa ( Ky ,
V, ), HaX0[SIasAcCs Ha rpaHuLe oonacTu Q.

OTMeTHM  clefylomiee NPHUHIUIHAIBHOE O0OCTOATENb-
crBo. Kak ykaseiBaercs B pabore [9], B 3aBHCHMOCTH OT

COOTHOMICHHS CKOpocTeii cyaHa Vi M nemn V, npu u3Me-
HEHHUH Kypca cyHa K; BO3HHKAeT 0COOEHHOCTb M3MEHEHUs
OTHOCHTENEHOTO Kypca K. B cmysae V, >V, Bennunna

Kot

Ky
yeHni! K;, MO3TOMy IpH U3MEHEHHM Kypca K; OTHOCH-

NEPBOM IIPOU3BOIHON IOJIOXKUTEIIbHA [Tl BCEX 3HA-

TeNbHBIN Kypc K MOKET NPUHMMATh JIIOObIE 3HAUECHHUS OT
0 no 27. Econ ke V) <V, 0TOOpa)keHHE MHOKECTBA OTHO-

CHUTCJIBHBIX KYpPCOB B MHOXXCCTBO MCTHUHHBIX KYpPCOB CyJHa
HC ABJECTCA OAHO3HAYHBIM, TaK KaK IICpBas IPOU3BOAHASA
Koy
oKy
TeJbHBIN 3HAKH, T. €. KAXIAOMY OTHOCHUTCIBHOMY KYpPCY,

KpOME SKCTpEMaJIbHBIX, COOTBETCTBYET J[Ba 3HAYEHHS HC-
THUHHOTO Kypca CyIiHa, a X U3MEHEHUH Kypca K; cyaHa B

MOXECT UMCTh KakK HOHO)I(I/ITGHBHblﬁ, TakK U OTpula-

JguarnazoHe or O 10 27 oTHOCUTeNnbHbIA Kypc Ky Oyzmer
NIPUHUMATh 3HAYEHUS W3 JMara3oHa [Kotmin , Kotmax]:

MIPUYEM:
V;
Kotmin = *+ Ko 7arcsin—; H
Y]
Kotmax = T+ Ko +arcsin —2

ITosToMy BBIOOp MaHEBpa PacXOXKICHUS H3MEHEHHEM
Kypca IpH OTTaCHOM COJIM)KEHUH CY/IHA C LIEIBIO C TOMOIIBIO
obmactu )y BO3MOXKEH B CUTYyaruy, korna V; >V, . B ciy-
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yae V; <V, HUCNONb30BaHUE 001acTh (4 I BeIOOpa CyI-

HOM MAaHEBpa YKJIOHEHHs OT ONACHOM LENHM HE SBIETCS
KOPPEKTHBIM, TaK KaK HE BCE OTHOCHTENBHBIE KypChI MOT'YT
OBITH JOCTHTHYTHI H3MEHEHNEM Kypca cynHa. [lostomy mpu
V; <V, a1 BbIOOpa MaHEBpa PAacXOXkKIECHUS M3MEHEHHEM

Kypca MOYKHO HPEJUIOKHUTH CICYIOIIYIO MPOLIEAYPY.
ITogMHOXKECTBO OTHOCHTENLHEIX KYpcoB Mnly , pH Ko-

TOPBIX COJMKEHHE CY/IHA W IIE]M OMACHO, OTPAHUYCHO 3Ha-
dg

YCHUAMU u

Kot* = y(l) = a —arcsin

9.

K;t = y(2) = a+arcsin T.e. Mnly = [Y(l) ’Y(Z)] B

CBOIO OYepenb, MOIMHOXKECTBO BCEX BO3MOXKHBIX OTHOCH-
TENBHBIX KypCOB YKIOHGHHA IPH V) <V, ONpENeIcTCs

otmin- Kotma
CsI MOJAMHOKECTBO OTHOCHUTE/IbHBIX KypcoB Mn3; , KOTOpOE

HOAMHOKECTBOM MnZ,; =[K Mk Ecnmu nmeert-
OJIHOBPEMEHHO YJIOBIIETBOPSAET yclnoBuAM Mn3, € Mn2,,
54 Mn3Ot & Mn]ot, TO B Ka4e€CTBE€ OTHOCHUTEILHOI'O Kypca
yKIoHeHHs Koy, MOXKET ObITh BBIOpaH JIF000H OTHOCHTENb-

HBIA KypC MOJMHOMKECTBA Mn30t’ T.C. Kotye MnSOt. Ilo

BBIOpAaHHOMY Koty MOXHO HaWTH COOTBCTCTBYIOLUMI HC-
TUHHBIA Kype cyana Ky, [9].

Pe3ysbTaThl U uX obcyskaenne. [IpeanoxxeHHas npore-
Jypa OLIEHKH OMAacCHOCTH COJIVKEHUSI Cy/iHA C LIEJIbIO U BBI-
00p MaHEeBpa PACXOXKICHUSI YKIIOHCHHEM C TIOMOIIBIO 00J1a-
et Qg B caydae V) >V, , KaK H NpoLeAypa ONpeacICHUs
Kypca yKIOHeHus cynHa Ky, npu V; <V, OBbLTIH pean30-

BaHBI Ha KOMITHIOTEpE B BUJIE TIPOTPAMMBI, YTO 00ECIICUIIIO
OIIEPaTHBHOCTh W TPOCTOTY PEIICHUS ITOCTABICHHOW 3aj1a-
qu. IToxaxxem (opMupoBaHue 001acTH Qy UII CUTyalluH

cOmmkenns ¢ mapamerpamu (puc.l): o=128°, D=35 mu-
mi, Kq=100°, Vj =22 y3ma, Ky =350, V, =17 y3ros,
dg =1 M.

C momortnpio ypaBHeHUH (2) # (3) KOMITBIOTEpHOI Ipo-
rpaMMOii OBLIH PAacCYUTAHBI TPAHULBI 00JIACTH HEHOIYCTH-
MBIX [IapaMeTPOB JBIKEHUS Cy[Ha (), KOTOpas MOKa3aHa

Ha puc. 2

AN

.

Puc.1. Curyauus commxenns npu Vq >V,

CEAFSK EHME CHO08 OFLACHOE Dmin= 011

z a = a 10 1z 14 18 18 O zz 2a 26 28 30 32 33 36

Puc. 2. Onenka onacHOCTH CUTYaIMH COMVIKESHHUS C TOMOIIIBIO

obmactn € 4
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OO6mnacTh 3a/1aHa B CHCTEME KOOPIUHAT MTapaMeTpOB JIBH-
xenus cyaHa. Kaxnas touka (K, V;) mapamerpos nsu-
KEHHSI Cy/IHa, KOTOpasi HAXOJUTCS. MEXAy I'paHNIIaMU 00a-
cru )y, xapakTepusyercs [MCTaHIMeH Kpardaiiiero
commkenns MiN D MenbIueii npenensHO-0MyCUMON 11-
crauuun 0y ¥ cBUAETENBCTBYIOLIEH 06 ONacHOM COMKe-
Hnu. Tak 11 paccMaTpuBacMOro IpuMepa, TOYKa C
HavaJIbHBIMM Tlapamerpamu IBwkenns cyma (Kq=100°,

V=22 y3na), HaXOMIIIASCS HA TIEPECEICHNH COOTBETCTBY-
IOLIMX TOPU30HTAJIbHOW W BEPTUKAIBHOW JMHUM, NpPUHAM-
nexur obnactu Q g, mpuaem MiN D=011 mum, uro

CYIICCTBEHHO MECHBIIIC 3HAYCHUS d d-

Ka
10

310
za0
250
2zn
1ao0
160
130
100
70

a0

10

340
o
zan

250

220 CBENWHEHKME CHO0B ONACHOE Dmin=0.11

130
o

2 4 B @ 10 12 14 16 18 20 22 24 P6 28 30 32 34 36

Puc. 3. Beibop kypca ykiioHeHus cyiHa Kly npu Vj >V,

[TosToMy BO3HHKaeT HEOOXOAMMOCTH ONPEACIHTH Kypc
YKIIOHEHUS Kly cynHa, npu kotopom MIiN D nocturaer

3HadeHns d d » IS 94ero CHoBa olpartaemcst k obmnactu Q.

B nporpamme ¢ nomoriipo JiHeliku npokpytku (Scroll Bar)
OPENyCMOTPeH HHTCPAKTHBHBIA BBOA Kypca YKJIOHEHHS

Kly CyJiHa, B peE3yJibTaTe 4€ro rnoMumMoO HWHJUKAIlMA BBO-

JHUMOI'0O 3HAYCHUA Kly NPOUCXOAUT HN3MCHCHHC ITOJIOXKE-

HUSI TOPM30HTAJIBHON JIMHUH B 3aBHCHMOCTH OT 3HAUCHUS
Kly- Beoxg K 1y TIPOMBBOMTCS JIO TEX II0p, [IOKA TOPH30H-

TalbHAS JIMHUS HE NOCTHTHET IPaHMUbl obmactH £y, Kak
TNOKa3aHO Ha puc. 3. B paccMaTprBaeMOM NpHMeEpPE IPaHHIIA
obmactn )y pocrturaercs Ipu K1y=126°, IpH  3TOM
min D=1 must. Takum 06pa3soM, BBEsI HCXOJHBIC Mapa-
METpBI CUTyalli CONMKEHNUS B OMICHIBAEMYIO KOMIIBIOTEP-
HyI0 TIpOrpaMmy, MoJydaeM Tpadudeckoe H300pakeHHe
obmact Q24 u nomoxenne toukn (Kq, Vi) HavanpHbx
HapaMeTpoB JIBMKEHUS Cy/HA. BU3yallbHO OLiEHHBaeM MpH-
HaJJIC)XHOCTh TOYKH oOnactu {2y ¥ JeaeM BBIBOJ O HAJIH-

YUH OTIACHOCTH COMIKEHUS] K HEOOXOJMMOCTH BBIOOpA Kyp-
ca yKJIOHEHUs cyiHa. B cimydae HeoOXoIiMocTH iepemertie-
HUEM TIOJ3YHKA JIMHEHKH MPOKPYTKA COBMEIIAeM TOPH30H-

TAJIHYIO JIMHHIO C BbIOpaHHOW rpamuieil obmactn Qg

N0JIy4ast Kypc YKJIIOHEHUS CyAHA.
Jns BeiOopa Kypca YKIOHGHHWSI CyAHA TPU OMACHOM
CONMKEHNU C TIEBI0 B CITydae V] <V, paccMoTpuM ciie-

JIYIOIYIO0 CUTYalrIo COMMKEeHUs: o =106°, D =30 Mwm,

Ky =45", V, =15 y3ma, K, =317°, V, =20 y3nos, dy =1
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M. CuTyanyst CONMKEHUS MToKa3aHa Ha puc. 4, 3HaUCHHUE
min D =0,34 mumnm.

Puc.4. Curyanus compkenus mpu Vy <V,

I'paduueckne MpencTaBIeHUs MOIMHOMKECTBA OIMACHBIX
OTHOCHUTENBHBIX KypcOB Mnl, ¥ TIOJAMHOXECTBA BCEX BO3-

MOJKHBIX OTHOCHTENIBHBIX KypCOB YKIOHEHHMs Mn2; B cu-

CcTeMe KOOpIWHAT OTHOCHTEIBHBIX KypCOB M CKOPOCTEH
CyZIHa, TTOJIyYEHHBIE C MTOMOIIBIO KOMITBIOTEPHOI MpOorpam-
MBI, NTOKa3aHbl Ha pUc. 5. I'paHuiel moaMHOKECTBA Mnly

HE 3aBHCAT OT CKOPOCTH CyAHa M paBHBl Kg=87° H
*

Kot =125°, Ha puc. 5 oHM IpeAcTaBIeHbl TOPU30HTAIBHBIMU

napasenabHpIMUA THHUAMH. TTonMHOXKECTBO Mn2,, OrpaHu-

YCHO SKCTPEMAJIbHBIMH OTHOCUTCIIbHBIMH KypCaMU K otmin

1 Kotmax » KOTOPBIE H3MEHSIOTCS B 3aBUCUMOCTH OT BEJIH-
unHel  V, /V,, mocturas mpu Vi =15 y3moB 3HaucHHIA

Kotmin
CHTEIBHBIM KypcoM K o= 99° 1 ckopoctsio cyana Vi =15

=89° u Kogtmax =185°. Touka ¢ Ha4aNbHBIM OTHO-

Y3JI0B IpUHAICKUT Mnly, .

Kot

347
317
287

257

187
167
137
107

2 4 8 1m 12 14 16 18 20 22 P24 26 Z& 30 32 34 36

Puc.5. Onenka onacHOCTH HAYaJIbHOW CUTYAINH COMKEHUS TIPH
Vl < V2

Tak kak Ky <K TO YKJIOHEHHEM CyJIHA BIEBO

otmin >
HEBO3MOKHO YBEIMYUTH Min D 10 3HadeHns dgy . I[TosTomy
BBOJIOM 3HAUCHUS Kypca YKIOHEHUs CyHa Kj,, TOBOPOTOM
BIPaBO € IMOMOLIbIO J'II/IHGf/iKI/I TMPOKPYTKU HU3MCHSIEM BECJIU-

YUHY OTHOCHUTEJIBHOT'O Kypca Koty 1 TOJIOKCHHUE TOPU30H-

TaJIbHOM JIMHUMU, COOTBCTCTByIOIlICﬁ €My, 10 T€X IIOp IIOKa
HEC COBMECCTHUM €€ C BerHeﬁ I‘paHI/Illeﬁ K;t IIOAMHOKECTBA

Mnl, , KaK Ioka3aHo Ha puc. 6. M3 pucyHka BHUIHO, YTO
*

Koty =Kt =125°. Ilpn 3TOM BBOAMMOE 3HA4YCHHE Kypca

YKIOHeHHs cyaHa coctaBuio  Kq,=109°, a 3Hauenue

min D =0,99 mMumm.
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Puc. 6. BoiOop kypca yrioHenus cyasa Ky mpu Vq <V,

Taxum obpasoM, B ciydae V) <V, Hpoleaypa OLEHKH
OIIAaCHOCTH CONWKEHMsl CylHa C LIeJIbI0 M BbIOOpa Kypca
YKIIOHEHUS CyIHA, Peali30BaHHAas B KOMIIBIOTEPHOH IIPO-
rpaMMe, TO03BOJIIET OIEPATHBHO BM3YalbHO OLIEHUTH OIlac-
HOCTb CHUTYaI[ii COJVDKEHHS U B CIydae HEOOXOANMOCTH C
MOMOIIBIO JINHEMKH MPOKPYTKU SJIEMEHTApHO ONPENEIHNTh
KypC YKJIOHEHH, TIPH KOTOpoM min D=dy.

BoiBoabl. [TomydeHbl aHATMTHYIECKUE BBIpaKeHUS (Hop-
MaJn3aniy 00IaCTH HEOMyCTHMBIX apaMeTPOB ABVKCHHS
CyIlHa, C IOMOIIBIO KOTOPOH BO3MOXKHA OIIEHKAa ONAacHOCTH
cOMMKEHNS CyJJHA C [ETBI0 U BEIOOP MaHEBpa PacXOKICHUS
M3MEHEHHEM Kypca Cy[HAa B CHTYallM, KOTZa CKOpOCTB
cyznHa OONbIIE CKOPOCTH LENH, YTO SBISIETCA HAYIHOH HO-
BU3HOW wHccnenoBanus. JIIs CHTyalMH, KOTAa CKOPOCTBb
CyAHa MeEHBIIE CKOPOCTH LN, MpEeIoXKeHa Mpoleaypa
BBIOOpa Kypca YKJIOHEHHS! CyAHa I8 HPeaylpesKICHHs
CTOJIKHOBEHHMS C LEJIBI0, UCHOJIb3YS MOJMHOECTBA OIac-
HBIX OTHOCHTEJIBHBIX KypCOB UM BCEX BO3MOXKHBIX OTHOCH-
TEJIBHBIX KypCOB C YYETOM OTHOIICHHUS CKOPOCTEH CynHa U
LIETIH, KOTOPasi TAKKe COAEPIKUT HAYIHYIO HOBHU3HY B T€Ma-
THKE NPEIyNPEXICHNs CTOJIKHOBEHHUA Cy0B. [Ipennoxena
peanm3anys MpPEeUIOKECHHBIX HPOLELYp C MOMOIIBI0 KOM-
MIBIOTEPHOH NMPOTPaMMBI U TIPUBEJEHBI TIPUMEPHI OIpeee-
HUA Kypca YKIOHEHHUS CyIHa TIPU €T0 COMDKEHNH C LETbIO.
O0ocHOBaHa OIIEPAaTHBHOCTD M MIPOCTOTA OIIEHKH OIACHOCTH
cOJmKeHHs1 1 BBIOOp MaHeBpa ykioHeHus cyana. [Ipenso-
JKCHHBII KOMIIBIOTEPHBI BApUAHT pPEaU3alid paccMOT-
PEHHBIX TPOLEAYp LeaecooOpa3sHo HCIOJB30BaTh B Mep-
CIICKTHBHbBIX HABUT'alITMOHHBIX I/IH(I)OpMaLlI/IOHHI)IX CHUCTCMaAX.
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Choosing the maneuver of vessels rapprochement by course alternation with the help of unacceptable parameters of movement

Ye. L. Volkov

www.seanewdim.com

Abstract. The paper focuses on the problem of choosing the maneuver of vessels rapprochement by course alternation with the help of un-
acceptable parameters of movement. For getting effectiveness in such kind of situations the paper suggests the way of calculating the degree
of a danger in the case of vessels rapprochement taking into account unacceptable parameters of movement. Such kind of calculation is
based on the data of vessels speed, the determining the alternation course of the vessels and choosing the maneuver of vessels rapprochement
by course alternation. The paper illustrates the applying of the suggested procedure with the help of the computer program.

Keywords: maneuver of vessels rapprochement, the field of unacceptable parameters, calculating the danger of vessels rapprochement,
rapprochement by course alternation
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M CTIOCOOBI CHUKEHHS €€ BeJIMYMHbI

N. 1. Bopoxooun, 10. B. Ka3zak, B. B. Ceepun

Haumonansueiii Yausepcurer «Onecckas Mopckas Akanemus», Ozecca, YkpanHa
Corresponding author. E-mail: burmaka-mob@ukr.net

Paper received 20.06.17; Revised 26.06.17; Accepted for publication 28.06.17.

Annoranus. [Ipeuioxkena nponenypa onpeaeacHus BEIUYUHbI BEKTOPUAIBHOM MOrPEIIHOCTH IOBOPOTA CyJHA, BOSHUKAIOMIAs U3-3a 110-
TPENIHOCTH MEPEeKIaAKu Tepa Py U 3aBUCSINAs OT BBIOPAHHON JMHAMHUYECKON MOJENM BPAILATENBHOTO IBIDKEHUs CydHa. IlomydeHsl
AQHAJIUTUYECKUE BBIPAXKEHUs Il OLEHKH BEIWYMHBI BEKTOPHAIBHON MOTPEIIHOCTH IS ABYX AMHAMHYECKHX MOJENeH BpallaTelbHOro
JIBIDKEHUSI Cy/lHa U TIPUBEJEHbI YUCICHHBIC IpuMepbl. [Ioka3aHo, 4TO cyMMapHasi BEKTOpHalbHas IOTPELIHOCTL IOBOPOTA B CIIydae Hc-
TOJIL30BAHKS MOJIESIM BTOPOTO HOPsIIKA B YETBIPE pa3a MEHBIIIE, YeM IPU MPOCTEHINeH TMHAMIYECKOH MOJEIH.

Knrouegvie cnoga: 6ezonacnocme cyooeodicoens, GeKmMopuanbids nogpeuHoCcns noopoma, OUHAMUYECKAs MOOelb 8PaamenbHO20

08UDICENUS], NOZPEUHOCMb NEPEeKIAOKU Nepa pyJis.

Beenenue. IIpy mnaBaHuM B CTECHEHHBIX palOHax CyIHY
CITlelyeT yIOep)KUBaThCs HA 3a0JIarOBpEMEHHO BBIOpaHHOM
MIPOTPaMMHON TPaeKTOPHH IBWKEHHS, KOTOpas obecredu-
BaeT €ro OE30IacHOe CIIeIOBAHIE OTHOCHTEIHHO HABHUTAIU-
OHHBIX ornacHocTei. [Ipu 3TOM HenpepbIBHO OCYILECTBIISAET-
Csl KOHTpPOJb MeCTa CyAHAa OTHOCHUTEIBHO NPOTpaMMHOI
TPaeKTOPHUHU U MEPUOTMIECKH KOPPEKTUPYETCS €ro Kype JUis
MHHHUMM3AIUH OTKJIOHEHUH 00CEpBOBAaHHOTO MECTa OT Ipo-
IPaMMHOTO IyTH. BiusiHHEe HEM30€XKHBIX NOTPENIHOCTEH
o0cepBali U CUUCIICHUS, a TaK)Ke BO3MYLIAIONMX (aKTo-
POB, BeJeT K TOMY, YTO HCTHHHOE TMOJIOXKEHHE Cy[HAa HE
COBMAJAeT ¢ MPOrpaMMHON TPACKTOPHEH, BCIEICTBUE YETO
U BO3HUKAET CITy4aliHasl MO3ULIMOHHAS BEKTOpPHAJbHAS II0-
rpemHoCcTh. Hanudue Takol MOrpeHoCTH MOXKET OBECTH,
HaIrpuMep, K Iocafke CyJHa Ha Melb WM K JyrOd HaBHIa-
IIMOHHOW aBapwu. 1103TOMy OIHMM M3 acHeKTOB, CIOCO0-
CTBYIOIIMX IIOBBIILICHHIO OE€30MacHOCTH CYIOBOXKICHNS,
SIBIICTCS. CHIDKCHUE BEJIMUMHBI TO3UIIMOHHO MOTPEIIHOCTH
CyZiHa, YeM YMEHBIIAeTCs PUCK BOSHUKHOBEHHS HaBHTaAIU-
OHHOM aBapUHHOCTU.

Kpatkuii 0630p nmy6auxammii mo teme. Poct rpyso-
TIOTbEMHOCTH COBPEMEHHBIX CYJOB JUIsl OOEcIieYeHHsT HX
0e30IacHOro IUIaBaHus, Kak oTMevaercs B paborte [1], BBI-
3pIBa€T HEOOXOMMOCTH TPUMEHEHHsI YCOBEpIICHCTBOBAH-
HBIX KOMITBIOTEPHBIX CHCTEM, B KOTOPBIX HCIOJB3YOTCS
CpeZCTBa MPOTHO3a IBIKEHHS CYJIOB, YCHEUIHO MPUMEHSB-
necs B TeUYEHHE AJIUTEIBHOrO BPEMEHH, OJHAKO OTIMYa-
IOIIKecs YIPOIIECHUEM MOJieNiel POTHO3a JBHKEHHS Cy/IHA.
Yka3aHHOE 0OCTOSITEILCTBO OIPAHMYMBAET MX HCIIOIH30Ba-
HHE B YaCTH HEME/JICHHOTO OTOOPaXXEHHs JBIKEHHS CyIHA
IIPY W3MEHEHUsI IOJIOKEHUS Pyl U 0O0pPOTOB JBHUTATEIS.
TpeOyemasi TOUHOCTh peATM3ALNH KPUBOIMHEHHONW Tpaek-
TOPUM [BIXKEHHA CyJHa MOXeT ObITh oOecreueHa Oosee
YCOBEPLIEHCTBOBAHHBIMH IIPOTHO3HBIMH MOJEIISIMU JIBUKE-
HUS Cy/IHA.

Bormpocam uaeHTH(OUKAINY CYIOBBIX MOJIEICH MaHEBPH-
POBaHUM, KOTOpPBIE SBISIIOTCS KIIIOUOM K HCCIIEIOBAaHHIO
MaHEBPEHHOCTH CYJIHA, IPOEKTUPOBAHUIO CUCTEM YIpaBie-
HUsl JBIDKEHUEM CYAOB U Pa3BUTUIO CHCTEM YIPABIICHUS
CY/IOBBIMH TpEHa)kepamH, MocBsiieHa padora [2]. B nanHoii
paboTe Ha OCHOBE aHANM3a THAPOANHAMIKH CyIHA CHOPMHE-
pOBaHa HeNWHEHHAs MOJETh MaHEBPHPOBAHUS CyaHa. Teo-
pUAd MACHTU(HKAIMK CHCTEM HCIIONB3yeTCs U OLECHKU
MapamMeTpoB MOJIENH, ISl pacueTa KOTOPBIX MpelsIaracTcs
AITOPUTM, OCHOBAHHBI HA PACIIMPEHHOHN TEOpHH (GHIbTpa
Kanmana. [Ins nosydeHus BXOAHBIX U BBIXOAHBIX JaHHBIX
CHCTEMBI, KOTOpble HEOOXOAMUMBI JUIsl MACHTH(HUKALMK T1a-
paMeTpoB 3KCHEPUMEHTA, HCHONB30BAIUCh LUPKYIUA U
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3Ur3aro00pa3HbIi MaHEBp, KOTOPBIC BHIIOIHSIIOTCS HAa UMH-
TaTope yrpasieHns cyrHoM. C MOMOIIBIO 3TOTO ajropuT™Ma
YCTPaHSIOTCS TIOTPELTHOCTH, BHECCHHBIE BO BpeMsI TIpoIiecca
A3MEPEHIISL.

B pabote [3] aBTOp paccMaTpuBaeT MHTEILIEKTYaIbHYIO
CUCTEMY NMPOTrHO3UPOBAHNA ABMKCHUA CyJHA, KOTOpast UMH-
THpYeT Tpolecc 0OyueHHs aBTOHOMHOIO OJIOKa yIpasiie-
HUSl, CO3JAHHOTO C IMOMOIIBIO MCKYCCTBEHHON HEWPOHHOM
cetd. biok ympapneHus HaOMIOZACT BXOMHBIC CHUTHAJBI U
BBIYUCIISICT 3HAYCHHS TPEOYEMBIX MapaMeTPOB MaHEBPHPO-
BaHWM CyJHA B CTECHCHHBIX Bojax. OCHOBHOI 3aaueii cu-
CTEMBI SBIIETCS HETIPEPHIBHBIN KOHTPOJI> HAaBUTAIIMOHHBIX
MapaMeTpoB CyAHA W MPOTHO3 MX 3HAYCHHH TIOCIE Ompene-
JICHHOTO WHTEpBaJia BpeMeHH. Pe3ylpTaT IpOorHo3upOBaHUs
MOXET HCTIOJIH30BAThCA, KaK MPEIyNPEKICHAE CYIOBOIHUTE-
JIs O BO3HHKAOIIEH yrpo3e.

B pabote [4] ocBeraercst Bonpoc pa3paboTKu HHPOpPMA-
I.lI/IOHHOﬁ CUCTEMbI MMUTAITMOHHOTO MOJCIUPOBAHUA JBU-
KECHUA CYyOOB CO CJIOKHBIMU JUHAMHUYCCKHMU MOICIISIMU,
KOTOpBIC YUUTBHIBAIOT Yrojl KJIaJKH Hepa pyjst B 000pOThI
JIBUTaTess. YKa3blBaeTCs, YTO JaHHAs CHUCTEMa IO3BOJIUT
00ecreunTh HOBBIM THII IUTAHMPOBAHUS MAHEBPOB CyAHA U
KOHTpOJIb pealn3aliy 3aJaHHOTO MaHeBpa. B mporecce
MaHEBPHPOBAHMUS MPEITYCMOTPEHO OTOOpaKCHUE 3aIAHHOTO
MaHEeBpa OJHOBPEMEHHO ¢ (DaKTHIECKUM JBH)KCHHECM CyIHA
W C WHAWKAOUEH TPOTHOZUPYEMOW TPACKTOPHH, KOTOpas
OTIpeNIeNseTCS PEATbHBIMUA BXOJHBIMHU JTaHHBIMH OT JaT4H-
kOB cynHa. Cielyer OTMETHTb, YTO TaKas CUCTeMa pellaeT
IpSMYIO 3aady OTOOpaXXeHHs INPOTHO3MPYEMOH TpaeKTo-
puM 10 33JaHHBIM IIapaMeTPaM MaHEBpa, XOTs aKTyaJlbHOI
SIBIISIETCS1 0OpaTHas 3a/1a4a ONpEAeNIeH s TapaMeTpOB Tpe/I-
CTOSILLIET0 MaHEBpa M0 3alaHHOM IIPOrPaMMHOM TPaeKTOpUU
JIBUYKEHUS C YYETOM JAMHAMUYECKOW MOJENU MPOrHo3a JBu-
JKeHUs cyqHa. [lo TMHAMHYIECKOH MOJEIH pacCUUTHIBAIOTCS
TIapameTphl II0OBOPOTa CY/IHA, a MOCJIe €ro 3aBeplICHUs BO3-
HHUKAaeT BEKTOpHAJIbHAsI TOTIPEIIHOCTH MOBOPOTA, BEJIMYHHA
KOTOPOH B ONPEIEINISIONIeil Mepe 3aBHCHUT OT CTETICHH aJIeK-
BaTHOCTH JIMHAMUYECKOH MOJIEN PeabHOMY KPUBOJIMHEH-
HOMY JIBIJKEHHIO Cy/IHA B TIPOLIECCE MAaHEBPA.

OreHKa BIMSHUS TTO3UIIMOHHOM MOTPEIIHOCTH CyJHA Ha
HaBUTAI[MOHHYIO 0€30MaCHOCTh BIIEPBBIE PACCMAaTPUBAJINCH
B pabote [5], mpuyueM yUuTHIBAJIACh TOJBKO TMO3WIMOHHAS
BEKTOpHUaJIbHasl MOTPEIIHOCTh OIpEeICHNs] MecTa Cy/Ha.
JlanpHelIee pa3BuTHE 3TOTO BOMPOCca TOYYUIIo B paboTax
[6, 7], mpuaem B pabote [6] 06OCHOBaH KpHTEpHii HABUTa-
IIMOHHOW O€30IacHOCTH, a B paboTe [7] pacCMOTpPEHBI pa3-
HBIE TIOIXOABI K OIEHKE BEpPOSTHOCTH Oe3aBapHiHOTO IUIa-
BaHWsI Cy/HA TI0 3a[aHHOMY CTECHEHHOMY MapIIpyTy U HO-
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Ka3aHa WX JKBHBAJICHTHOCTh. B aHammupyembpix paborax
JUIA OIICHKW HaBUTAITMOHHOW O€30MacHOCTH YYHUTHIBACTCS
TOJIBKO TTO3UIIMOHHAS TIOTPEIIHOCTD MPH CIICAOBAHUH CYAHA
Ha TOPSMOJMHEWHBIX Y4acCTKaX HPOrPaMMHON TPAaeKTOPHUH.
OpHaKo MMOMIMO TO3WIMOHHOW ITOTPENTHOCTH TPH IUIaBa-
HUM B CTECHEHHBIX BOJIaX CIEAYET TAKXKE YUUTHIBATH U BEK-
TOPUAJIbHYIO MOTPELIHOCTh IOBOPOTA CYIHA.

Iean. Llens HacTOsIIIEH CTAaThU - OMMCAHUE MEXaHU3Ma
BO3HUMKHOBEHHUSI BEKTOPHAJIBHOM MOIPEIIHOCTH MOBOpPOTA
CyJlHa U OLIEHKA €€ BO3MOXXHOM BEJIMYHHBL.

MarepuaJsl 1 MeToasl. [Ipyu noBopoTe cyaHa BEKTOpH-
ajbHas MOTPENIHOCTh OTHOCUTENBHO MPOTHO3UPYEMOW TOY-
KM BBIXOJ]a Cy[IHA HA HOBBIM KypC MOXET INOSBUTHCS U3-3a

HOTPELIHOCTH MePeKIIaKu fepa pyas AP wix morpeniso-

CTH B ONpENEeNICHHH MOMEHTa BPEMEHH Hadaja IMOBOPOTA
[8]. PaccMOTprM BEKTOPHAITBHYIO MOTPELIHOCTD S, KOTOpast
BOZHHMKAeT W3-3a IOTPEIIHOCTH IEpeKIaJKU Tepa pyis

APy . st atoro obparnumest x puc. 1. Ecimm yron kmamkn
pymst By He CONEpPIKUT MOTPELIHOCTH, TO K KOHILy MaHeBpa

[OBOPOTA CY/IHO OKQXKETCsl Ha HOBOM Y4ACTKE IIPOrPaAMMHOMA
TPacKTOpUU B TOYKe M M BEeKTOpHallbHas MOTPEIIHOCTH S
OyJeT OTCYTCTBOBATh.

Y

Puc. 1. BekropuansHas HOTPENIHOCTD S

B cirydae Hamuuwst orpernsocta AP , Ki1aaka mepa py-

a1 coctaBur yroin By +AP ) u B 3aBepuicHHE MaHEBpa,
KorJIa cystHo ket Ha kype K y » OHO OKa3bIBACTCA B TOUKE

N. ITorpemHocTs S onpenernsiercs: Benumunuoit orpeska MN ¢
KOOpJWHATAMU X U Y:

X=Xy — XM B Y=YN —YMm @
Tae XM Hu yM - KOOpJIMHATHI TOUYKH M, XN H yN -

KOOPpAWHATBI TOYKH N.
O"IGBI/IL[HO, BCJIMYHHA BeKTOpHaﬂbHOﬁ TIOrp€HIHOCTH I10-

BOpoTa S =\/(XN —xm)? +(Yn —Ym)? -

JUti OLEHKH BEIMYMHBI TIOTPELIHOCTH S HEOOXOAUMO
HaliTH ee COCTaBIMIONIHE X H Y, KOTOPBIC ONPENEIIIOTCS
JIMHAMHUYECKON MOJIEIBIO BPALIATEHHOTO IBIKEHUS CY/IHA
npu moBopote. B pabote [9] aHanm3upyroTcs IMHAMITIECKHE
MOJIENIM BPAIATENIHHOIO JIBMKEHHUsI CY/IHA C Pa3HOU Crele-
HBIO AJIEKBATHOCTH PEAILHOMY IPOLECCY MOBOPOTA. 371eCh
e JUIsl JEMOHCTPAIMU MeXaHU3Ma (POPMUPOBAHHS BEKTO-
PUAIBHOMN TOIPEIHOCTH S PACCMOTPUM JIBE HAarOoJIEe Tpo-
CTbI€ MOZEJIN BPpAIATEIIbHOTO JABMXKCHUA CyIHA.

IpuBeneM MpOCTENIITYO AUHAMUIECKYIO MOJIEIb [IEPBO-
IO MOPSIZIKA, KOTOPAs OMMCHIBAET IIOBOPOT CYJIHA C TIOCTOSH-

HOM1 yTJI0BOM CKOPOCTHIO U XapaKTepU3yeTCs CIEAYIOIIIM
ypaBHEHHEM H3MEHEHHS Kypca:

K=k o Pk
rae kw - ko3 purmerT 3 exTHBHOCTH PYIISL.

OueBuHO, ¢ ydeToM obo3HaueHus K o By =2a o HAaH-
HOE ypaBHCHUE MMEET CIICIYIONIee PEIICHHUE:

K=Ky, +a,t, )
MpUYEM UIUTCIIBHOCTD IMIOBOPOTA Cy/IHA
AK
T=—,
Ko Bk

rie AK =K =K.

Paccmotpum ciydaif, korja HoBOpOT Cy/iHA IPOTHO3UPY-
ercs 1o OoJee afeKBaTHON peaTbHOMY MPOLECCY OBOPOTa
JVHAMHYECKOH MOJENH BpAIaTEIbHOIO JBIKCHUS CyIIHA,
KOTOpast OIHCHIBaecTCA () (pepeHIMATBHEIM ypaBHEHHEM
BTOPOTO MOPSI/IKA:

T 1 K+ K =k Q)Bk ’

rme 11 - TOCTOSIHHas BPEMEHH, XapaKTepH3YOoIas
UHEPLIMOHHBIE CBOKMCTBA Cy/IHA.

Penrenne mpuBeneHHoro auddepeHnnansHOro ypaBHe-
HUS IMEET CJIeTYIOLIHI B

K=K, +o,t-T; (@, —o,)[1-exp (-t/T,)] ©))
rmje W, M O, - COOTBETCTBEHHO HAauaJIbHOE 3HAUCHHUE
YIIIOBOM CKOPOCTH TTIOBOPOTA M YACTHOE PEUICHHUE MCXOITHO-
ro uddepeHIMaIbHOTO ypaBHEHHSL.

[ToBopoT cyaHa comepkuT ABe (Basbl KIaJIKu mepa pyJis.
Ha nepBoii daze, B HauaabHBIH MOMEHT BPEMEHH IPOU3BO-
IUTCS TIEPEKIIaziKa Pyt Ha Yyroil Py ¥ pynb yIep)KuBaeTcs

B TAaKOM TOJIO)KEHHH B TeueHHe MHTepBaia Bpemenu Af, .
3areM pyib MEpeKabIBaeTCsl HA MPOTHBOMOIOXKHBINA OOPT
Ha Ty € BEJIMYMHY U TAaCUTCS WHEPIMS MOBOPOTa CyJHA B
TeueHue nHTepBasa Bpemenu At , no ucreueHuo KoToporo

CYZHO BBIXOJWT Ha 3aJaHHBIN KypcC, YIJIIOBas CKOPOCTH MO-
BOpoTa oOpamiaercs B Hylb, a Iepo Py NPHUBOAUTCA B
JIaMeTPaJIbHYIO IJIOCKOCTh CY/IHA.

Ha mepsoii ¢a3e moBopoTa HayalbHOE O, M YCTaHO-
BHBILEECS] (), 3HAYEHUs YIJIOBOM ckopoctH: ®,= 0 u
o =kK,Bx=2a,-.

B stom cityuae Beipaxenue (3) mpruoOpETaeT Clie My Oz
BUJI:

K=K +a,{t-T;[1-exp(-t/T)]1}. &

Ha Bropoii (hase moBopoTa NPOUCXOAUT MepeKiIaika pyis
Ha MPOTHBOTIOJIOXHBIA GOPT Ha yron - B ¥ MpoHCXOaUT
ofepKuBaHue cymHa. [ 3Toi (a3pl MOBOpOTa 3HAYCHHUE
TEKYILETo Kypca:

K=K +a,{T,[2-exp (-At, /Ty) 1[l-exp(-t/T;) ]-t}. (5)

HNurepBaisl BpeMenn Aty u At BBIUHCISIOTCS € y4eTOM
TpeboBaHMIT TOBOPOTA HA 3aJaHHOE IpupanieHne Kypca AK,
a Taroke oOpalieHne B HyJIb YIIIOBOH CKOPOCTH Ha MOMEHT
BpPEMCHHU BBIXOJIa Ha HOBBIM KypC U aHAJIMTUYCCKU BBIpAXKa-
€TCsl CTIeYIONIM 00pa3oM:

AK=K (At) +K(AD);  (6)
(D(Atk At)=0. (@)
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VYpaBHenue (6) ¢ ydeToM BoipakeHui (4) u (5) npuHIMa-
eT BUII
AK =a {At, — T [1-exp (-At /T) ] }+a,{T, [2—exp (- At /T 1)] X—>
[1—exp(—t/T,) ]-At},
M3 KOTOPOTO MOJydaeM BBIPAXKEHHE pacueTa METOJ0M

IIPOCTBIX UTEPALIU:
Aty =T [1-exp (- Aty /T;)] +At=T; [2—exp (- At (/T ) ][1-exp (-At/ T;) 1+ AK / &,

8

B kauecTBe HayaJbHOrO NPHUOIMKEHUS NMPHHUMAeM (ng
npocreiiweii moxemn At, =AK /a .

W3 ypaBuenust (7) ¢ y4eTOM YTIIOBBIX CKOPOCTEil Ha BTO-

poit ¢dase moBopora Wy = a,[l-exp(-At, /T) ] 1

O, =—4a, NoIy4yum:

[2-exp (- At /T D] =exp(-AUT,) -
JlorapumupyeM 00e 4acTH HOCIEIHErO YPABHECHUS
At=T;1n [2—exp (At /T )] -
[Tocnensee MONy4EHHOE YpaBHEHHE IO3BOJIACT CBS3aTh
nepementsie At u At yem obecrneunBaercs UTepanoH-

HOE BBIUHCIICHHE IMTENBHOCTEH Kax a0l u3 (a3 moBopora
CyZHa, a TaKKe JJIUTEIBHOCTH MOBOPOTA T C OJHOIO 3aJaH-
HOTO Kypca Cy/iHa Ha JpyTOu.

PesyabTatel M uXx o0cyxaenue. Haiinem BelpaxeHUs
U pacuera koopAauHaT Todek M u N B 3aBUCHUMOCTH OT
PacCMOTPEHHBIX AMHAMUYECKUX MOJEIECH BpallaTe/IbHOTO
JIBIDKEHMs CyAHa. B ciydae mpocreiineil TUHaMHYECKOR
MOJIENH C YUETOM BhIpaxkeHus (2) KoopAUHATHI TOUKU M !

T T T .
Xm = JV,sin[K, +a, t]dt=V,sin K, [cos (a,t)dt+V,cosK, [sin (a,t)dt’
0 0 0

Ym :EV0 cos (K, +a,t)dt=V,cosK, fcos(amt)dt—v0 sin K, }sin (a,t)dt ”
0 0 0

Taxk kak

T
sin (a,t dt:—icosa t
w (O]

o

(3

= —i[cos a,t-1]

T
[0} ®

T 1 .
=—sin a,t

T
cos (a,t dt=isinat
(O] (O]
o o aco

W

TO C y4eToM a,t=AK " K, +AK = Ky , OKOHYa-
TEJIbHO TTOJTyYHM:

V,
&—(cos K, —cos K )’

Xy =—2—
k [ B k
—Vio(sin K, —sin K,)"-

Ym k [ B k Y °

aHAJIOTMYHO HAXOJIMM KOOPAUHATHI TOUKH N:
XN :V—O(cos Ko —cos K, )’

kKo Br+ABk)
V, . .

YN e (sin Ky —sin K) -

Ko Br+ABK
CornacHo (1) cocrapmstrolnye X U Y BEKTOpHAJIBHOH TI0-
TPELIHOCTHA IPUHUMAKOT B!

Vo _ . 1r 14
*= K (o5 Ko —cos K Br+ABW) Bk]
Vo - R
Y= kw (Sln Ky —sh KO)[ (Bk+ABk) Bk]

Vuwureisas, uto B K>> AP K 1

-V,
X=—"2-(cos K, —cos Ky )AB
oPk

©

y:LOZ(sin K, —sin K )AB -
km k

B cnygae omnmcaHus BpalaTelbHOTO IBIDKCHUS CyTHA
TP TTIOBOPOTE BTOPOM TMHAMUYECKOW MOJEIBIO KOOPIWHA-
TBI TOYKH M oTpeniessIFoTCst BBIpaKSHUSAMU:

Aty At _
xm = [Vosin Kdt+ [V,sinKdt, (10)
0 0
Atk At _
Ym = [Vocos Kdt+ [V,cosKdt (11)
o 0

npuueM B BeIpaxkeHusx (4), (5) u (8) mnpumens-
eM ac\) =k [ B k*
AHAJNOrNYHO HAXOIATCA BBIPAKEHHUS )11 KOOPIMHAT X

u Y Touku N, Tomeko npu ux pacdere 1o dopmyiam (10)
u (11) BoiOupaem 3Hauenue a, =k (B g+ ABy) - Hpu

pacdyeTe KOOpIAWHAT OIpPEACICHHBIC HWHTETPAJbl, KOTOPbIE
BXOJAT B 3TH ()OPMYJIbI, HE BBIPAKAIOTCS B 3IEMEHTAPHBIX
(GYHKUMSX M MX 3HaYEHUS] HAXOJATCS METO/IaMH YUCIICHHO-
TO UHTETPUPOBAHUSL.

IIpousBeneM KOJMYECTBEHHYIO OLEHKY BEJIMIMHBI BEK-
TOPHAIBHON MOTPEIIHOCTH MOBOPOTA S B 3aBHCHMOCTH OT
BBIOpAHHOM MOJIENM TPOTHO3a MOBOpOTa cynHa. JlomycTum,
CyaHO crenyer co ckopoctbro V=20 y3lI0B KypcoMm

K ,=15° u Bbinonuser nosopot Ha kype K y =105°. Yron

HepeKyIaiKy nepa pyist BbiOpaH B =15° u cyIHO BBINOIHSA-
€T MOBOPOT C YIIOBOM cKopocThlo A, =k, B =2,7
rpajy/c ¢ MOCTOSHHON BPEeMEHU T1=10,23 ¢ [10]. IIpu nepe-

KJIaJike pyis Obla JOoIylleHa norpemHocts A3 =1°. Pac-

CUHMTAEM BEKTOPHAIBHYIO MOTPELIHOCTh S B CIIy4ae MPOTrHO-
3a MOBOPOTA 10 NPOCTEHIIIeH MOJICIH TIEPBOTO TTOPSIIKA, s
4ero Bocrosb3yemes Beipakenusmu (9). IepeBomst rpamyc-
HYIO MEpY B PaJIMaHHYIO U BBIPAXKast CKOPOCTh CYIHA B M/C,
paccuuThIBAEM MPOCKIMU X U Y BEKTOPHAIBHON MOTPEIIHO-
ctu S:

x=——0o14 20 (1,225)0,1745 = —-17,80 M,
0,262 -0,1745 - 2,7
- -0514 -20 (0,7071) = —10,27 M-
0,262 -2,7

[TponomKkuTenbHOCTH MOBOPOTA paBHA T=33,3 C, a BeJU-
YKHa BEKTOPUAJIBHOM MorperHocTy cocrapisier S =20,6 M.

[Tpu 3THX Ke UCXOAHBIX JAHHBIX IIPH IPOTHO3E TOBOPOTA
CyIIHa 110 TMHAMHYECKOH MOJIEIN BTOPOT'O HIOpsIKa BHAYasIe
METOJIOM MPOCTBIX UTEPALMi ObLIN PACCUNUTAHBI TIPOJIOJIKH-

TEJBHOCTH 1IepBOii U BTOpoii (a3 mosopota cyauna Aty =38
¢ u At=7 ¢ ¥ TPOIOIDKHUTENBHOCTRIO MOBOpPOTa T=45 C.
UYncieHHBIM HHTETPUPOBaHUEM ObLIH ONpeeNeHbl KOOp IH-
Hatel Toukd M: Xy, =348 M u Yy, =235 M, a Tawke Koop-

maHatel Toukn N Xy =333 M, YN =222 wm. Tlpoeximm

BEKTOPHAIBHOI mMorpemHocTd X =-15 M, y =-13 M, a mo-
rpemtaocTh S =19,8 M.

Crnemyer OTMETHTh, YTO peallbHOC 3HAYCHHE BEKTOpPH-
QJIBHOM MOTPEIIHOCTH 3HAYUTEILHO OOJbIe, YTO 00yCiaB-
JIMBAETCs OTIIMYMEM PEaIbHOM YIIOBOH CKOPOCTH ITOBOPOTA
Cy[Ha OT 3HAYCHHI, PACCUYMTAHHBIX C MOMOIIBIO MOJIENEH
nporHo3a moeopota cyana. Tak, B pabote [9] ykasbiBaercs,
YTO OBLIH BBITIOJTHEHBI HATYPHBIC HAOIIOACHUS TPACKTOPUI
MOBOPOTA Cy/IHA, Ha 0a3e KOTOPHIX MPOU3BOJIMIOCH HMHUTA-
IIMOHHOE MOJIeTMpOoBaHusi moBopota Ha 90° u ObLIO ycTa-
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HOBJIEHO, YTO MPH HCIOIb30BaHUH JUIsl IPOTHO3a KPHBOJIH-
HEHHOTO y4YacTKa MaTeMaTH4eCKON MOJEIHM C MOCTOSHHOU
YTJIOBOH CKOPOCTBIO TPACKTOPHAsSI MOTPEIIHOCTD, T. €. MakK-
CHMaJbHOE PACXOKICHHE SKCIEPUMEHTATBHOW M MOJCIb-
HOW TpaekTopuii, cocraBwia nopsaka 150 ... 200 m, s
MOJIEJH BTOPOTO TIOPsIIKA 3Ta BEIMIMHA cocTaBma 35 ... 40
M.

Takum 00pa3oM, B NPHBEICHHOM IpPUMEpE 3HAYCHHS
BEKTOpPHAIBHOM MOTPEIIHOCTH, paCCUMTaHHBIE IIPH IPOTHO-
3e MOBOPOTA Cy[HA MO NpOCTeHIeil MoAenu MmepBoro Imo-
psIKa U MOJENIM BTOPOrO MOpsIKa, HE3HAYMTEIHHO OTIIU-
YaroTcs JPYyr OT JApYra, OJHAKO C YYETOM peaibHOH KpHUBO-
JIMHEHHON TPaeKTOpUM MOBOPOTa CyMMapHasl BEKTOpHAb-
Hasl TOTPEIIHOCTh B MEPBOM CIIydae IPOTHO3a MOXKET J0-
craraTh 10 220 M, a cIydae IpOrHo3a MOBOPOTa 0 MOJEIN
BTOPOTO Topsizika - 10 60 M, T. €. IPUMEPHO B YETHIPE pasa
MeHblre. CremoBaTenbHO, Ul IPOTHO3a MOBOPOTA CyIHA
MPEINOYTHTENHHO MOJIB30BATHCS MOJEIBI0 BTOPOTO TOPSII-
Ka.

BoiBoabl

1. Iomy4eHa mpoueypa ONnpeieeHUs] BeIUIUHBI BEKTO-
pHAIBHOM TMOTPENTHOCTH TMOBOPOTA CyAHA, BO3HUKAOIAs

W3-32 MOTPEITHOCTH B MEPEKIAIKe Tepa PyJIsl H 3aBUCSIIAs
OT BBIOpaHHON JWHAMUYECKOW MOJENH BpamaTeIbHOTO
JIBYDKEHUS CyITHA.

2. [Inst OLCHK! BIMSHUS JUHAMAYECKOW MOJIEIH Bpara-
TENIFHOTO JBIDKEHMS CyIHA HAa BEJIMUYWHY BEKTOPHAIBHOM
TIOTPEIIHOCTA TIOBOPOTa TIPUBENCHBI [IBE IHHAMUYCCKUE
MOJIEINTH, OTIMCHIBAIOIINE U3MEHEHHE Kypca CyIHa MPH MOBO-
poTe, U MO3BOJIAIOLINE TIOYYUTh OCHOBHBIE XapaKTEPUCTH-
KU TIOBOPOTA.

3. Tlomy4yeHsl aHAIMTUYECKUE BBIPAXKEHUS IJISI OLIEHKH
BEJIMYMHBI BEKTOPUATBLHON MOTPELIHOCTH TIOBOPOTA Cy/IHA B
3aBUCHMOCTH OT TMOTPEIIHOCTH TEpeKIaKy mepa pyss s
JBYX IMHAMHAYECKHX MOJENe BPAaIIaTeIbHOTO ABMIKCHHUSA
CyZiHa ¥ IPHBE/ICHEI YHCIICHHBIC TIPUMEPEI.

4. Tloka3aHO, 9TO CyMMapHasi BEKTOpPHAJIbHAS ITIOTPEI-
HOCTB TIOBOPOTA Cy/IHA B CIIydae MPOTHO3a BPAIATEIIHFHOTO
JBWKEHUS 110 TPOCTEUIIEH NUHAMUYECKON MOAEIH MOMKET
nocturats 110 220 M, a caydae IporHo3a MoBOpOTa 0 MoJIe-
JI1 BTOPOTO Mopsiaka - A0 60 M, T. €. MPUMEPHO B YETHIPE
pasza meHblile. PekomeHayeTcs Ajs MpoTrHO3a MOBOPOTA CYII-
Ha UCIIOJIb30BaTh MOJIEb BTOPOTO TIOpsKA.
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Abstract. Procedure of determination of size of vector’s error of turn of ship is offered, arising up from the error of position of helm and
depending on the chosen dynamic model of rotator motion of ship. Analytical expressions are got for estimation of size of vector’s error for
two dynamic models of rotator motion of ship and numeral examples are resulted. It is shown that total vector’s error of turn in the case of
the use of model of the second order in four times less, than at the simplest dynamic model.

Keywords: safety of navigator, vector’s error of turn, dynamic model of rotator motion, error of position of feather helm.
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Abstract. The publication provides analysis of stability of the synthesized control algorithms, proves availability of stability margins in
partially invariant systems sufficient for practical implementation. We propose an algorithm for selection of parameters of the stabilization
controller, which facilitates minimization of maximum error during stabilization of the tangential velocity of the spacecraft center of mass

while ensuring adequate stability margins in the system.

Keywords: Space probe (SP), stabilization controller (SC), on-board computer (OC), gyro-stabilized platform (GSP), propulsion system
(PS), angular velocity sensor (AVS), operating device (OD), space vehicle (SV), feedback (FB), control actuator (CA), control system (CS),

angular stabilization (AS), center of mass (CM)

Introduction. The thriving space technology is characterized
by an increasing complexity of the tasks to be solved by
modern space vehicles (SV). The efficiency in solution of
such tasks significantly depends upon technical characteris-
tics of the on-board systems ensuring the functioning of the
spacecraft. In particular, the flight control profile of the
spacecraft, its power performance, dynamic and accuracy
characteristics largely determine the type of tasks to be
solved and the quality of their solution by a specific space-
craft.

In some cases, when using a control system built accord-
ing to the principle of program control (the "robust trajecto-
ries” method) the efficiency of task solution is much influ-
enced by the accuracy of the spacecraft stabilization system
in the powered portion of flight. This concerns, for example,
the trajectory correction phases during interplanetary and
transfer flights, when the rated impulse execution errors
during trajectory correction resulting from various disturbing
influences on the spacecraft in the active phase, greatly affect
the navigational accuracy. Hence, reduction of the cross error
in the control impulse on the final correction phase during
the interplanetary flight, facilitates almost proportional re-
duction of spacecraft miss in the "perspective plane”. For
example, in some space probes (SP) like Deep Impact [1, 2]
and Rosetta mission [3, 4] reduction of cross error by one
order during the execution of correction impulse (for modern
stabilization systems this value shall be 0.5 m/s) results in

reduction of spacecraft miss in the "perspective plane” from
200 to 20 km. Such reduction of the miss accordingly in-
creases a possibility of successful implementation of the
flight plan, as well as the accuracy of the research and exper-
iments conducted.

Besides improvement of the navigational accuracy, reduc-
tion of spacecraft stabilization cross errors in the active
phase, it also results in lower total characteristic velocity of
corrective impulses, and, consequently, in reduction of fuel
required for the correction. So, when the correction speed
impulse reaches 30 m/s reduction of cross error during the
correction maneuver results in proportional reduction of the
required characteristic velocity during the next correction.
The data referred to in [5, 6] show that improved accuracy of
roll stabilization in the active phase by one order results in
reduction of total characteristic correction velocity for Mars
interplanetary probe (Mars-96, Russian Federation) from
about 20 to 2 m/s, which corresponds to fuel savings ap-

proximately by 30 kg, or to increase of the payload mass by
4%0. Due to the relatively small weight of modern scientific
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instruments (about 3-8kg), even such seemingly small

increase of payload weight can significantly extend the pro-
gram of research and experiments implemented by the
spacecraft.

Objectives: to solve the task of significant increase in
stabilization accuracy of center of mass tangential velocities
during the trajectory correction phases when using the "rig-
id" trajectory control principle.

Since the time of the active phase in correction maneu-
vers, which is to be determined by the required velocity
impulse, shall not be clearly determined in advance, and
quite limited, and because a guaranteed approach enabling to
estimate the accuracy, is always used in practice for solving
the targeting tasks, we shall understand the maximum dy-
namic error of the transition process as concerns the drift
velocity of the spacecraft to mean the accuracy of the space-
craft center of mass movement stabilization.

Subject of research: The center of mass movement stabi-
lization system in the transverse plane, which is used during
the trajectory correction phases.

In order the control actions could be created during the
spacecraft trajectory correction phase, a high-thrust service
propulsion system with a tilting or moving in linear direction
combustion chamber shall be used.

Technique. Functioning of the spacecraft movement sta-
bilization channel in the transverse plane is based on the
feedback principle, and together with the spacecraft this
channel forms a closed deviation control system. We can
consider two channels in this control system: an angular
stabilization channel and center of mass movement stabiliza-
tion channel (Fig. 1).

The angular stabilization channel facilitates angular posi-
tion of the spacecraft when exposed to disturbing moments.
The center of mass movement stabilization channel is to
ensure proximity to zero of normal y and lateral z velocities
of the spacecraft under the influence of disturbing moments
and forces. In most of the known (model) spacecraft stabili-
zation systems [7-9] the control signal in the center of mass
movement stabilization channel is generated according to
proportional plus integral control law based on the measure-
ments of tangential velocity of the center of mass y(z) and
its integral-linear drift y(z). In the angular stabilization
channel, the control signal shall be generated in proportion to
the spacecraft deviation angle in the transverse plane 9(y)
and the angular velocity of the spacecraft rotation in this
plane 9(y).

©)|N. Zosimovych 2017
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The required dynamic accuracy of stabilization of tangen-
tial velocities in this system shall be achieved through the

of mass movement stabilization are stiff, the coefficients k,
and k, shall be necessarily significantly increased [7].

Center of Mass Stabilization Channel

choice of the gain in the stabilization controller
K. K, Kg,K; If the requirements to the accuracy of center
Disturbing
Force

v

Element
Dynamics

f

Disturbing

Moment

PV,

Y

ky+ky
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@) > Element
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+——P»| Control Actuator =

Fig. 1. Functional diagram of model spacecraft stabilization

However, if these coefficients are increased up to desired
saturation, the system shall loose its motion stability, and
further improvement of the accuracy of the spacecraft center
of mass movement stabilization shall be impossible when
this method of control is applied. This can be explained by
the fact that the increase in the gain values in the center of
mass movement stabilization channel results in improved
performance of the channel, and the frequencies of the pro-
cesses occurring in it become close to the frequencies of the
angular stabilization channel, which fact enhances interac-
tion of these two channels and makes it impossible to signifi-
cantly improve the stabilization accuracy of the spacecraft
center of mass tangential velocities in the control system
concerned.

Results and Discussion. To improve the correction accu-
racy, the following additional algorithm shall be used in
practice [9, 10]. The position of the steering control (turning
PS) at the end of the previous active phase shall be memo-
rized and set in its original position before PS is activated
during next correction. The improvement of accuracy in this
case shall be achieved by partial compensation of the main
disturbing factors: eccentricity and thrust misalignment in the
propulsion system already in the initial moment of operation
of the propulsion system. This algorithm is based on the
assumption that eccentricity and thrust misalignment in PS
change slightly towards the end of the active phase during
the previous correction, and PS setting before a new active
phase sets in progress, ensures that the thrust vector goes
approximately through the center of mass of the spacecratft,
thereby considerably offsetting the disturbing moment.

A similar algorithm was applied in the stabilization sys-
tem of the Apollo spacecraft [11]. For its implementation,
the control system was complemented with a so-called com-
pensation circuit of thrust misalignment influence. The pur-
pose of the referred circuit was to form a component to offset
the total control signal so that the thrust vector could pass

approximately through the center of mass at zero output
signals from the correction filter.

The two main elements of the thrust misalignment com-
pensation circuit are (Fig. 2) a summing register, which is
responsible for control signal offset in the correcting filter,
and a digital low pass filter, which tracks composite signals
from the stabilization system. The difference between the
offset and output signals shall be entered into the summing
register every 0.5s in order to slowly correct control errors
caused by thrust misalignment. The initial value of the offset
signal shall be entered into the summing register once, before
the correction starts, and based on the information on the
results of the previous correction, or shall be determined
from special tables, which specify dependence of the posi-
tion of the center of mass from the spacecraft configuration.

The stabilization systems of Titan 11IC, Kosmos-3M
launchers also used subsystems tracking the center of mass
positional history, and providing the thrust vector's passage
through the center of mass [12].

It should be pointed out that the process of implementa-
tion of the described algorithm is confronted by a number of
challenges:

e Difference in disturbing factors (moments and forces)
during the previous and subsequent corrections results in
additional errors in the stabilization of the tangential veloci-
ties of the spacecraft center of mass.

® Due to the limited time of the active phase, deactivation
of PS during the previous correction may occur even before
the completion of the transition processes in the stabilization
system, and as a result, the system will remember the devia-
tion of the steering control, which was not final.

Besides introduction of additional control algorithms,
there are other ways to increase the accuracy of the center of
mass movement stabilization. It is a commonly known fact
that one of the ways to achieve high accuracy in automatic
control systems, is to use the so-called invariant theory [13-
15]. The theory was developed by G. V. Shchipanov (1939),
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a Soviet scientist, who formulated the task "on compensation
of external disturbances” [16]. Now, thanks to research con-
ducted by the Soviet scientists G.V. Shchipanov, B.N. Pe-
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trov, V.S. Kulebakin, A.l. Kukhtenko and others the invari-
ant theory represents a developed approach in the general
theory of automatic control.
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Fig. 2. Block diagram of the compensation circuit of thrust misalignment influence in the Apollo spacecraft

One of the problems inherent in the synthesis of invariant
control systems, is the ability for the implementation of such
systems in most cases through the use of the deviation con-
trol principle, as the simplest one and most widely used in
practice (Fig. 3). The publications [17-20] consider the pos-
sibility of constructing an invariant deviation control system
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with one adjustable parameter including an inertial element
and a servo control with feedback. The general provisions of
the invariant theory prove that no absolutely invariant system
can be implemented in this case because this requires that the
circuit with feedback should have an infinitely great gain.
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Fig. 3. The Lunar Module Digital Autopilot Design (from MATLAB library)

As a rule, most invariant control systems are based on the
use of the information about external influences. Such con-
trol systems belong to the class of combined regulatory sys-
tems. In particular, the combined systems constitute the
majority of invariant systems [21-27].

There is still another method to enforce implementation of
invariance conditions without application of combined regu-
latory techniques [28]. This method is based on the dual-
channel principle, which means that in order to ensure the
absolute invariance of some adjustable value towards exter-
nal influence, invariance with respect to the above influence
should be ensured between the point of influence application
and the measuring point. To implement such a system, it is
necessary that two influence distribution channels should be
present in the controlled element.

However, the referred task, i.e. stabilization of the space-
craft center of mass movement in the active phase provides

no possibility to measure disturbing influence, and the two
influence distribution channels exist in the controlled ele-
ment only for one of the disturbances, namely, for the dis-
turbing moment. Therefore, this publication proposes a way
to build a highly accurate stabilization system. We suggest
that the requirements to comply with the conditions of invar-
iance should be replaced with conditions of partial invariance
when considering implementation of the invariance system.
This method shall enable the synthesis of a highly accurate
stabilization system, where the drift velocity of the spacecraft
is a partially invariant value in respect to the disturbing mo-
ment and forces influencing the spacecraft in flight.

The concept of partial invariance in this case means that
the invariance conditions for drift velocity shall be met re-
garding external influences themselves, and not their deriva-
tives.
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Meeting the conditions of partial invariance significantly
reduces interaction between the angular stabilization chan-
nels and the center of mass movement stabilization channel,
which is present in the known (applied in practice) stabiliza-
tion systems [12, 27, 29-34] and does not allow significant
improvement of stabilization accuracy of the spacecraft drift
velocity.

In order to improve the accuracy of the synthesized algo-
rithms, we propose the application of self-configuring ele-
ments, which turn the operating device and X-axis of the
spacecraft at angles recorded at the end of the previous active
phase before a new active phase begins. The use of the above
self-configuring elements in the synthesized invariant algo-
rithms produces the maximum effect in increasing of the
dynamic accuracy of tangential velocities stabilization as
compared to similar techniques in the existing systems. This

is due to the fact that the dynamic error of drift velocity in
the synthesized algorithms, shall be largely determined by
the initial conditions of the transition process due to the
partial invariance of the algorithms proposed, which with the
help of the mentioned self-configuring elements, can ap-
proach the values corresponding to the established mode as
close as possible.

Conclusion. The publication provides analysis of stability
of the synthesized control algorithms, proves availability of
stability margins in partially invariant systems sufficient for
practical implementation.

We propose an algorithm for selection of parameters of
the stabilization controller, which facilitates minimization of
maximum error during stabilization of the tangential velocity
of the spacecraft center of mass while ensuring adequate
stability margins in the system.
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