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COBPEMEHHBIE ObHOBJ/IEHUA
B HACTPOMKAX IIU-PETYIMPOBAHUSA

Knrouessie crosa: ITV]]-perynmupoBaHue, HACTPOIIKa, IpoLece, GpyHKIus, 06-
paTHas CBA3b.
Key words: PID control , customization, process , function , feedback.

[TponopryonanpHo-uHTerpanbHO-mrpdepennmanpuoe (IIV]1) ynpasnenne sps-
eTcs1 HanborIee PacIpOCTPaHEHHBIM MaTeMATN9eCKIM aIroputMoM. OHO VCIIOIb3yeTCsT st
yTIpaBjIeHNs aBTOMATH3MPOBAHBIMM CUCTEMaMM COBPEMEHHBIX IIPOMBIIITIEHHBIX 1 KOMMep-
YeCKUX IpUIoXKeHmit. 1o cyiiecTBy, sTu Tpy MapaMeTpa IPOIOPLVOHATbHO, MTHTETPATbHOM
U IIPOU3BOJHON COOPAHBI C MIOMOIIBIO HATYMKA, @ 3aTeM UCIONB3YIOTCS IS PETryIUPOBKU
YTIPaBJIAIOLIEr0 371€EMEHTA, KOTOPbII M3MeHAEeT BBIXOJ, ITpoliecca A JOCTVKEH KelIaeMoro
pesyibTaTa. ITOT MeXaHIU3M OOPATHOI CBSI3Y MOXKET ObITh IIPYMEHEH K IIPOCTHIM OIlepali-
SIM, HAIIpVIMep, PeryINpoBaHIe TEMIIEPATYPBL B JOMe C TEPMOCTATOM, TN K 607Iee CTIOXKHBIM,
TAaKMM KaK OCTPOEHNEe CUCTEMBI CTIEXKEHNs U CTabumusarum Ha 60pTy caMoreTa.

B To Bpemsa kax IIV]I-perynupoBaHne 4acTO MCIIONB3YETCA M3-3a €r0 TEXHOJIO-
ITMYHOCTY B MIMPOKOM [iMana3oHe IPMMEHEHUI U YC/IOBUIT SKCIITyaTali, CYIIeCTBYeT He-
CKOJIBKO OOI[UX IIP06/IeM, KOTOpble BOSHMKAIOT B Iporjecce HacTpoiiku ITN]I.

Tak KaK KOMIUIEKCHBIE TIepeMeHHbIE JO/DKHBI ObITh TOYHO HACTPOEHBI /IS JOCTH-
JKeHIA ONTUMAJIbHON IPOM3BOAUTETIbHOCTY YIIPABIAEMOI CUCTEMbI, IPOLeCcC HACTPOIKM
MO>XeT 3aHATb MHOTO BpeMeHM I OIINOOYHBIX NOIBITOK. BO3MOXXHO, MH)KeHepy Ipu ycTa-
HOBKe HeoOX0ofuMo 6yheT oOpamaTbcst K FUCTPUOBIOTOPAM U TIPOM3BOGUTENAM 38 KOH-
cynpTaguAMu. TpyFHOCTb MOXKET BOSHMKHYTD B TOM, UTO ITapaMeTpbl HACTPOJKM i/ KOH-
KPEeTHOII CICTEMBI MOTYT OT/INYATHCS B 3aBMCUMOCTH OT IIPMOPUTETOB CUCTEMBL. B cBA3NM
C 3TUM UHXXeHepY, BO3SMOXXHO, IPHUJIETCs CIelalbHO HACTPanuBaTh IIapaMeTphl Olleparii,
[IOBBICUB IYBCTBUTEIBHOCTb, KEPTBYSL 3P (PEKTUBHOCTHIO MCIOIb30BAHNS SHEPTUM, VI
Hao60poT. [TapamMeTpbl HACTPOIIKY, HEOOXORUMBIE AJIsI JOCTIDKEHIsI KOHKPETHBIX IPHOPH-
TETHBIX 33/1a4, YaCTO TPYAHO OLPeRe/INTh, IO3TOMY UHKeHepy OyzeT He06XOAMMO VCIIONb-
30BaTh MeTof, «IIpennonoxxenne -nmpoBepKa» M0 TeX IIOP, IOKA >Ke/lTaeMblil Pe3yabTaT He
OyneT JOCTUTHYT. DTO MOBTOPSIOLNIICS IIPOL[ECC, KOTOPBIIT sIB/IsieTCsl Hea(pPeKTUBHBIM 1
3abupaeT MHOTO BPeMeHH Y MHXXeHepa.
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Ipyrast pacpocTpaHeHHas pobiema co ctapbimu cuctemamu [TV]]-KoHTposs —
6e30IaCHOCTb. B KPYIIHBIX MPOMBIIUIEHHBIX IPUMEHEHISX, TAKMX KaK IPOM3BOACTBO Ha
aBTOMOOM/IPHBIX 3aBOJAX W/ JIECOIMIKAX, YaCTO MCIOIb3YeTCsT OITACHAsl aBTOMATU3UPO-
BaHas TEXHUKA, KOTOPasi MOXeT ObITh OMACHOI [/Ls1 JIIOfiEN], eC/IV CUCTeMa YIIPAB/IEHNs He
OyneT y4uTHIBATb M3MEHEHMsI B OIEPALIMIOHHOI Cpefie.

PaccMOTpUM 1OTpy30-pasrpy30dHble pabOThI, BO BpeMs KOTOPBIX GOIBIIMHCTBO
MalIVH MCIIO/Ib3YeTCS [ IEPEeBO3KY TAXKENBIX IIPEIMETOB M3 OTHOTO MecTa B ipyroe. bes
[IPaBU/IbHO HACTPOEHHOTO PETYINPOBAHNS HeOOMBILOIT COOI B IIPOLieCCce MOXKET IPUBECTH
K oumM6kaM B paboTe TEXHUKU 1 TIOABEPTHY T ONMACHOCTY SKU3Hb OIIEPaTOPOB .

XOTst 3TM PUCKM YACTO MOTYT OBITh CMSTYEHBI C IIOMOLIbIO BHEIIHUX Mep Ipe-
TOCTOPO>XXHOCTY, TaKMX KaK BBIBECKM, KOBPUKU M OTpaKHeHMs, IpobIeMbl MOTYT IIpO-
[O/DKAaTh BO3HUKATb, €CIM OmacHoe obopymoBaHye He OymeT MMeTb BOSMOXHOCTM AL
aBTOMATIYeCKOTO OTK/IIOYEHNs WM U3MEHEHMs er0 peXknMa paboTsl, KOrjga 0OHAPYKeHO
npepoiBanue. C ycopepiieHcTBoBanneM IIVI]I- TeXxHOMOrMiT HACTPOEK yIpaBIeHNsI CTaIn
HOCTYIHBIMM HEKOTOpbIe (pyHKIIMM, KOTOPbIe MOTYT IIOBBICUTH 6€30IIaCHOCTD IIPOU3BOJ-
cTBa 1 3¢ PeKTNBHOCTD CUCTEMBI KOHTPOJISI JaHHOTO IpOoLiecca.

HepaBro paspaborana cucrema IIV] ¢ aBTOMaTndyeckoit HacTpoitkoil. Hampu-
Mep: KOHTPO/UIep paboTaeT depe3 aBTOMATNIECKYIO IPOLIEAYPY, KOTOpast M3MEHSET 4acTo-
TBI ¥ HAIIPAB/IeHNe BPAlleHNA JBUTATeNA, TEM CaMbIM M3MEHAS €T0 IPOU3BOAUTENIBHOCTD,
KOTOpas 3aBUCUT OT YCJIOBMII HATPY3KM ¥ aBTOMATUYECKM BHOCUT VISMEHEHNA B OIlepaliy-
OHHBIE ITapaMeTPhl Ha OCHOBe cobpaHoil nHbopMany. s JOCTVDKEHNS ONTUMAaIbHOIO
KOHTPOJISL HaJ| IPOL[eCCOM HeoOXOAMMa TOYHAst HACTPOIKA.

PacripocrpaHeHHas ombKa BO3HUKAET, KOIIA MHXXEHeP [lelaeT 9Ty TOYHYIO Ha-
CTPOIIKy IIapaMeTpOB CHUCTeMBI yIpaBieHus. IIpobnemoit siBsieTcss TO, YTO HebOblIoe
U3MeHeHNe OJHOTO IapaMeTpa MOXKeT IOTpe6oBaTh BHECEHNA KOPPEKTUPOBOK B Jpyrue
[1apaMeTpsl, KOTOpbIe He ObUIM HeOOXOMVMBI U3HAYAIBHO.

OQHOI 13 HOBBIX BO3MOXKHOCTEL, II03BOJIAIONIE 0OIerYUTh HAaCTPOJKY, ABIAETCA
«KeCTKas IepeMeHHasA», KOTOpas MOXXeT aBTOMAaTUYECKM BHECTU COOTBETCTBYIOLINE KOP-
PEKTUBBHI B IpyTMe MapaMeTphbl HA OCHOBE M3MEHEHMII B OTHOM MHIVBUYa/IbHOM ITapaMe-
Tpe. B IpakTu4ecKoM NpMMeHEHNN MHXXEHEP MOXKET ClleNIaTh KOPPEKTUPOBKY HAaCTPOIKI,
KOTOpas BbI3Ba/la HEYCTOMYMBOCTD CUCTEMBL. B 9TMX yCIOBUAX «KeCTKas IepeMeHHasd»
HACTPOUT IOMOTHUTE/IbHbIE ITapaMeTpbl X BEPHET CUCTEMY B COCTOSHNE CTaOMIBHOCTH ,
TOMOXKET M30EXKATh KaKMX-TNO0 NOBPEXIEHNIT VIV JaTbHETIIIEN OIMOKL.

JIns COKHBIX IIPOLIECCOB C HECKONIBKMMM YC/TOBMAMM aBTOMAaTHYeCKasA HaCTPOII-
Ka He BCerja ABIAETCA PelleHMeM, IIOTOMY YTO OHA TONBKO CIY>KUT OTIIPABHOM TOYKOM
MCXOIHBIX IIapaMeTPOB, KOTOPble TeXHMKA OyAeT JMCIOIb30BAaTh HA IPOTSDKEHUM BCETO
mporjecca. B 3Tux ClIOXHBIX CUTYALMSAX HEOOXOAMMO, YTOOBI ITapaMeTpbl CUCTEMBI U3Me-
HANCD B IBVYDKEHMM U / VI M3MEHEH/IM HaTPY3KM Ha IPOTSDKEeHUN Beero mporecca. [lpn
3TOM TPAJUIVIOHHBIN METOJ, «YTaJJaTh ¥ IPOBEPUTDH» CTAHOBUTCA YPE3BBIYAITHO CIIO>KHBIM
B IIPOLIECCAX C HECKOJIBKMMM YCTIOBMAMMY, TaK KaK HaTPY3KM M CKOPOCTD IIPOLiecca BAUAIOT
Ha HaCTPOJKY CUCTEMBI, IIO3TOMY ¥ BO3HMKAET BOITPOC O TOM, KaK HACTPOUTD CUCTEMY [/
3¢ PEeKTUBHOTO JOCTIDKEHNSI )KeTTAeMOT0 pe3ynbTaTa. TpafuiOHHAs CICTeMa PellaeT 9Ty
Ipo6/eMy ¢ IIOMOLIbIO HACTPONKM «HabOpa yCUIeHNsI», KOTOPAst MeeT pasIudHble Hapa-
MeTpBL AJIsI PAa3NuuHbIX ycroBuil. KoHTpomtep 6ymeT MEHATHCS OT OZHOTO MHOXKECTBA K
IPYTOMy IIpU M3SMEHEHNN 3aTPYy3KIL.
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Hosas ¢yHKis, KoTOpast obecriednBaeT pelleHne STUX CTIOXKHBIX TpeboBaHuMIi, —
3TO aflaliTMBHAsA HAacTpoViKa. IIoCKONMbKY MMEIOTCA M3MEHEHNA NBVIKEHNA M HaTPy3KM Ha
MPOTAXKEHMM BCErO IPOIecca, aBTOMATU3MPOBaHaA CUCTEMa, OCHAIlEHHAA aflallTUBHON
HACTPOIIKOIL, Oy[ieT MCIOMb30BATh LUK OOPATHOI CBs3M, YTOOBI BHECTU KOPPEKTUBHI B
Ppasnu4YHbIE TapaMeTPhl, €C/IN IPOU3BOLUTEIBHOCTD IIepeceyeT ONPeeNeHHbIN IIOPOT, 4TO-
OBl COXPaHUTD CUCTEMY IIOJ KOHTPOJIEM M JOCTUTHYTh OITUMAIbHOI 3¢ (HeKTUBHOCTI.

9Ta TeXHOJNOTNA, BO3BPAIIAsACh K IIPUMeEpPY C IIOTPy30-pasrpy30uHbIM paboTam,
MTO3BOJINT Ha OIPENENEHHOI MalllMHE TIEPEBO3UTD IIPEAMETHI Pa3IMYHOIO pasMepa I Beca
6e3 He0OXOAVMMOCTY IIOCTOSTHHOI IIEPEHACTPOIKIL M CMOXKET CAMOCTOSITE/IbHO YCTAaHABIIN -
BaTb KO3 QUIIMEHT yCUIeHNs, YTO AACT BO3MOXKHOCTb TEXHIKE OPTaHM30BaTh paboTy Ha
PasIMYHBIX O6BEKTAX.

Anroputmbl IIV]I-perymmpoBanns y>Ke [JAaBHO CYMTAIOTCSA IPOMBIIITIEHHBIM
CTAaHZAPTOM [i/I1 aBTOMATU3aLUM YIpaBleHNA. TaKMMU OHM OCTAIOTCA M Ha CETOfH:A, He-
CMOTPs Ha OIIpefie/IeHHbIe HeJOCTATKI B IIpoLjecce HaCTpoiiku. HemaBHo paspaboTaHbI Ta-
ke pyHKIUY, KaK aBTOMaTI4YecKye U aJallTVBHbIe HACTPOJKY, KOTOpbIe HAaIIpaB/IeHbl Ha
COKpallleHle BPEMEHY HaCTPOMKI U 9aCTO MOTYT CAMOCTOATENbHO IOCTUTaTh MPaBU/IbHBIX
TapaMeTpOB HACTPONMKM /I NAHHON onlepanuu. MHOIMe U3 3TUX HOBBIX BO3MOXXHOCTEI
HACTPOEK COIEPIKATCs B IPOIIMBKE TIEKTPOHUKM . B HEKOTOPBIX CcrIy4yasx fobaB/ieHe Ho-
BOIT (PYHKIIMOHATIBHOCTY MOXeT ObITh 06ecIiedeHa IPOCTHIM OOGHOBIEHNEM TP OIINBKIL.

JInreparypa:

1. Porau B. 5. Teopus aBTOMATMYECKOTO YIpaBIeHNUs: Y4eOHUK i By30B /
B. 4. Porau. — M.: M3pmatenbckuit mom MO, 2008. — 396 c.

2. H. Ulussxosa, E.I. Banuroa «Teopis aBTOMaTHYeCKOrO YIpaBIeHNsI» YaeOHOE MO~
cobue. — Merneys, gumman TOY BIIO «MIYTV», 2008

3. Apantususit IIVI-perymsatop / A. M. Lly6ranse, C. B. I'ynses, B. A. Manaxos,
B. P. OnpinBanr, H. M. bo6pukos // Jatuuku u cuctemsl. — 2008. -Ne 1.-C. 20-23.

4. Kpacnonpyb6er JI.A. ITIpuMeHeHne HOBBIX afJAlTUBHBIX PETY/LITOPOB B CUCTEMAxX CTa-
Oumusanuy CKOpocTu fBuUraresneii nmoctossuuoro toka/JI.A Kpacuony6er// BectHuk
CeBHTY. ABTOMaTH3aius IpoLeccoB 1 yrpasieHue: cb. Hayd. Tp.— CeBacTONONb,
2010. — Bpim.108.— C.213—217.

5. Tompuos, A. C. MeTonbl ONTMMM3ALNA U aJalITVBHOTO YIIPABAEHNUA B MAIINHOCTPO-
eHun : yueb. mocobue / A. C. Tonpuios; BIIV (punuan) BoarI'TY. Borrorpag : V3a-Bo
BonrI'TY, 2009. - 168 c.

6. B. Kmmmenxo, A. A. Cuaes // IIpubopsr u cuctemsl. YIpaBjeHue, KOHTPO/Ib, JUar-
HocTuKa. 2008. - Ne 11. - C. 1-4.



Zbiér raportéw naukowych

IIO[- CEKIIJA 3. Vindopmaruka, BBIYMCINTENbHAS TEXHUKA U aBTOMATHU3ALIVSL.
Konroxos C.JI.
CT. BUKJIaJ[a4
kadenpu indopmaruku i KibepHeTnku,
Xpanau O.B.
CTYZIeHTKa
MAILY im. b.XMenpHULIBKOTO,
M. MemiTomonb

OCOBINBOCTI PO3POBKM B/IOTIB

Krrouoi cmoBa: web-caitT, 670r, 6710r-c1y>(6a, aBTOHOMHUIA 67I0T, €leKTPOHHMIT
KOHTECHT.
Keywords: web-site, blog, blog service, stand-alone blog, digital content.

IMousTTsa ,,610r” Brepiite 6y/10 BUKOpUCTaHe B 1999 p. 3 BUHMKHEHHSIM MepPeXeBUX
XKYPHA/IIB KOXHMII KOPUCTYBadu IIO0OANbHOI MepeXXi OTpMMAaB MOXK/IMBICTh CaMOCTITHO
CTBOPIOBATM €IEKTPOHHMII KOHTEHT 1 HaJaBaTU 1Oro BCIM OGa)aloumM, IO MpPU3BENO
IO 3pOCTaHHsA IXHBOI HOMyIApHOCTI. Bror e saco6oM KomyHikarjii, camomnpeseHTanii i
CaMOBUpaXeHHA 0cobucrocti, iHPoOpMyBaHHA CycHinbCTBa, OpraHisamii memarorignoi
MiATBHOCTI TOIIO.

B HaykoBuX i momy/sipHUX my6miKauisx HABOAATHCA PisHI BUSHAUEHHS IOHATTSA
,07101”, ajte BCi BOHM 6epyThb 3a OCHOBY TeXHIUHi i KOMYHIKaIiifHi XapaKTEePUCTUKY FAHOTO
cepsicy. Omxe, 61or — ue ,web—caitr (abo posgin web-caiity), siKuit MiCTUTb HaTOBaHi
3aIUCH MYIbTUMEJIIHOTO XapaKTepy, PO3TAllOBaHi B 3BOPOTHOMY XPOHOJIOTiYHOMY
HOPSAAKY, 3 MOX/IMBICTIO 3a/IMIIEHHS KOMEHTApiB /{0 3amNCIB i Iepersaay Oygb-sKoro
3aMICY Ha OKpeMmiit web—cTopinni” [1, 220].

B mpoueci pospo6ku 67101y MOXXHA BUAUIMTY TaKi OCHOBHI eTarm:

1. Bubip i peectparyist fomeHy.

2. Bubip xocTuHry.

3. Bubip 3aco6iB po3pobKu i CTBOpeHHs fU3aiTHY.

4. HanoBHeHHsA KOHTEHTOM ILUIAXOM CaMOCTIIHOTO HANMCAHHSA TEKCTiB, Iepe-
K/Iafiy MaTepia/iB 3 3apyODKHMX CAITiB, y3arajbHeHHs iHdopMalii 3 pisHuX mxepern, 3a-
JTy4eHH: ImpodecillHNX KOIipaiTepiB TOLIO.

5. OnTumisanis g NOMYKOBUX CUCTEM.

6. Onrtumisanis a4 BifBigyBadis.

7. 3anmy4eHH: BiIBifyBauiB i posLUIMpeHH: ayAUTOpii YMTadiB: IPOCYBaHHA B IOLIYKO-
BIIX CHCTEMAX, TEMATUIHIX GOPYMaX, COLIia/IbHIX Mepexxax, 0OMiH IIOCH/TaHHAMMY Ta iH. [2].

brnor Mo>xHa CTBOPUTHM i PO3MICTUTH 3 BUKOPUCTAaHHAM PeCypCiB Ta iHCTPyMEHTIB
6mor-cmy»x6 abo UUIsIXOM CaMOCTiiHOI po3pobku. Bubip mifxony 3ameXxuTs Bif TOTO, sKi
¢byHK1il 6yae BUKOHYBATI PeCypcC i B AKOMY HAIIPsIMKY BiH 6yie pO3BUBATHCSL.

BuxopucranHs 61or-cyx6 f03Bosie BecTn 6710r 6e3 IporpaMyBaHHs i BCTAHOB-
JIeHHS CIIellia/IbHOTO IIPOrpaMHOro 3abesmedeHHA. PasoM i3 Tum, Taki cepBicu MaoTh CyT-
TEBI 0OMeXXeHHSI, 30KpeMa: HEMOXK/IMBO IIEPEHeCTH CTBOPeHMII 6710T Ha iHINNIT XOCTUHT ¥
BUIIAZIKy HeOOXiTHOCTI; 06MeXXeHHsI Ha 00CST 30epexxeHNX FaHUX; AU3alH O/I0TY 3a/IeXXNTh
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Bif cmy>x6u. BpaxoByloun ckasaue, 1eit miaxif BapTo obuparu 61orepaM, siKi He MaIOTh
[OCTAaTHBOI MIATOTOBKM Yy ramysi web—[usaitay, 4jis CTBOPEHHs 3BMYAHUX O/IOTiB HEKO-
MEPLIiIHOTO MPU3HAYEHHS.

CamocriitHa po3pobKa 3 BUKOPUCTAHHM IHCTPYMeHTiB web-TporpaMyBaHHs 50-
3BOJISIE YHUKHYTHU Ha3BaHMUX 0OMeXXeHb, a caMe: SIKICTb [U3aiHY i PYHKI[iOHaTy CTBOPEHO-
ro 6710Ty 3a/1eXUTh Bif MPOQeciiiHOro piBHS PO3POOHNKA, a MOXKINBOCTI 100 PO3BUTKY
i o6csAr 36epeXkeHNUX JaHNUX — Bifl 0OPAHOTO XOCTUHTY, SIKUIT MOXXHA 3MIHUTH y BUIIAJKY
HeobxigHocTi. et miaxin gouinbHO 06MpaTy List po3poO6KY KOMEPIITHUX IIPOEKTIB 3 Be-
JIMKUM 00CSTOM MY/IbTUMERINHOI iHpOopMariil.

Cepen momy/sipHux 6710r-cIy>K6 MO)XHa HasBaTu cepsicu ,,)KuBwmit xypuan”
(www.livejournal.com), Blogger.com, Wordpress.com. KoxxHa 3 Hux Ma€ [OCTaTHBO 3py4Hi
0e3KOIITOBHI IHCTPYMEHT! CaMOCTiiTHOI po3po6KY O/IOTiB, A7IsI BUKOPUCTAHHS AKKX HO-
CTaTHbO 3aPEECTPYBATICS B CrCTeMi. PO3I/ITHEMO OCHOBHI 0COOMMBOCTI X 6710T-CITyXK6.

Jl/1s1 CTBOpEeHHsT aBTOHOMHUX O710TiB BUKOPUCTOBYIOTbCS Oyfb-sKi 3aco6u web-
PO3pOOKN: CUCTeMM IIPOrPaMyBaHH:, CUCTeMH yIpasmiHHsA KoHTeHTOM (CMS), dpeiim-
Bopku (CMF) tomo. Cepen momyniapHux 0€3KOIITOBHUX CUCTEM YIPaBJIliHHA KOHTEHTOM
MoxkHa HasBatu Joomla!, Drupal i WordPress. ITporpamui iHCTpyMeHTH AJIsI PO3POOKU
6710TiB BXOZATh TAKOX i B0 CKIany ¢peiiMBOpKiB, Takux sk: Zend Framework, Fat-Free
Framework, Webasyst, Kohana ra iH.

Ha ocHOBi IpoBeeHOro OI/LIy MOXKHA 3pOOUTI TaKi BUCHOBKIL:

Bu6ip migxopnis i 3aco6iB fist po3pobKu 6710ra 3aN€XXNUTH Bifl IOCTABIEHOI METH i
mpodeciituux yminb aBropa. Ha cboropHi GpyHKIIOHYIOTh IOTY>XHI 6e3K0ITOBHI IIaTdhop-
M, 1110 [O3BOJIAIOTH peaidyBaTi HeoOXigHu QyHKIIOHAT KOPUCTYBadaM, sKi He MAIOTh
crierjianbHOI mifroToBKM. Pazom i3 Tum, HabaraTo Kpauux pe3y/nbTaTiB MOXKHA JOCATTH 3
BUKOPUCTaHHAM IHCTPyMeHTIB web—po3po6xu. B 1boMy BUnagKy BIaCHUK OTPUMYE aBTO-
HOMHWUIT PECYPC, SIKMIT He 3aIEKUTD Bifi 0cOOMMBOCTEN IIaThOpMuL.

B mporeci po3po6xn i migTpumkm 67101y HeoOXifHO BXXUBATH 3aXO0AU 1I0A0 3a6e3-
IIeYeHH;I JI0TO HOIMY/ISPHOCTI B MI06A/IbHIi Mepexxi, HallBaXX/TMBIIINMY 3 SIKUX € MTOLIYKOBa
omnTuMisariis i my6ikariis sKicHOro iH¢OpMaIiifTHOrO HaITOBHEHHSL.

Jliteparypa:

8. MenpHuk M.B. bror sk xaHp iHTepHeT-koMyHiKanii / M.B. MenpHuk // Cuctema i
CTPYKTypa CXiJHOC/TIOB SIHCbKMX MOB: 30ipHMK HAayKOBUX IIparp. Bumyck 5. Bug-Bo:
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IHTEPHET-PECYPC 3 IV CHUIUIIHA ,KOMITIOTEPHA I'PA®IKA”

KimrouoBi cmoBa: HaBuaabHUI [HTepHeT-pecypc, KoM oTepHa rpagika, maxeT
Blender, MeTopuHi MaTepiany, TeCTyBaHHS.

Keywords: educational Web resources, computer graphics, package Blender,
teaching materials, testing.

AKTya/jbHUM 3aBJAHHSM, LIO CTOITh Iepef OCBiTOW YKpaiHu, € GOpMyBaHHs Ta-
KOI OpraHisalilfHOI CTPYKTYpH, siKa 6 3abe3ledyBasia BUXOBaHHA OCOOMCTOCTI, 3[jaTHOI 10
caMOHaBYaHHA i npodeciliHoro po3BuTKy. OZHMM 3 BUpilllaTbHIX YMHHNKIB MO#epHisanii
CUCTEMM OCBITI € CTBOPEHHsI HOBITHIX 3aCO0iB HaBUaHHS, sIKi IIOEAHYIOTb ZOCATHEHHS IIe-
HArorivHol HayK 3 HOTY>KHUMIM MOX/IMBOCTSIMU OOUNMC/TIOBATIBHOI TEXHIKIL.

B cTarTi HaBegeHMIT CTUC/INIA ONUC OH-JIAJH PECYPCY, IPU3HAYEHOTO /1A BUBYEH-
Hs NaKeTy TPUBUMIpPHOTO MofenoBaHHs Blender B pamxax gucunmiinu «Komm'rorepHa
rpadika» s CTYIEHTIB HAIIPsAMY MiATOTOBKY ,,IHpopmaTHKa”

InTepHeT-pecypc CKIafA€TbCst 3 YOTUPHOX OCHOBHUX O710KiB: iHdopMmariiitHoro,
6710Ka aBTOpM3aliii, KOHTPOIBHOTrO 610K i 6710Ka BUK/Iaava.

JIna HaBiranii o caiiTy opraHisoBaHo iBa MEHIO: TOPM30HTa/IbHE i BEpTUKA/IbHE.
Topu3oHTaIbHE MEHIO MICTUTh HOCWIAHHS Ha iHdopManiliHi cropinku: ,,TonosHa”; ,,IIpo
Blender”; ,IIporpama kypcy”; ,Bineoypoxu”; ,lanepest mopeneir”; ,IIpaBuna poboru’;
»YBiilTI”. BepTiKa/IbHe MEHIO BMKOPUCTOBYETBCA LA JOCTYILY O HaBYa/IbHUX MaTepiasiB
3a TeMaMI, @ TAKOXX [I0 KOHTPO/IBHOTO O/IOKY i pO3fiily BUK/Iafava.

Ilepexim mO MPakTMYHMX BIPAB 3 KOXXHOI TeMM 3[iMICHIOETHCA 3a JOIOMOTOI0
nocunanHs «JlabopatopHi poboTI», siKe BIIKPUBAE CTOPIHKY 3 MepetikoM pobiT, KoxeH
IYHKT LIbOTO CIIMCKY € IIOCHIaHHSM Ha BifIIOBIAHY po60Ty. 3aBIaHH [/Is1 TabOPaTOPHUX
poO6IT po3MilieHi Ha OKpeMMx CTOpiHKax (puc. 1).

OcHOBHI 0CO6MBOCTI BUKOPHUCTAHHS PO3PO6IEHOT0 pecypcy:

1. TToBHMI JOCTYII 1O KOMIUIEKCY 3 KOHTPOIBHUM O/I0KOM OTPYMYIOTD Ti/IbKM 3a-
peecTpoBaHi cryxadi.

2. Peectpanio 3filicHIOE aIMiHICTPATOP CUCTEMM, IPU3HAYAIOYN BCIM CTY€HTaM
JIOTiH Ta IIApOJIb JI BXOLY B CUCTEMY.

3. IlimcyMKoBa OLIiHKA € JOIYCKOM [0 3a/IiKy 3 JVICLIMIUIiHY, AKUI IPOBOANUTHCA
B (popMi MiffICyMKOBOTO IIeperisany pooir.

4. BuB4eHH:A Kypcy pospaxoBaHe Ha 1 cemecTp. CTyJeHT MO>XXe CaMOCTilTHO BU-
3HAYATH PEXUM pOOOTH, ajie IOBMHEH JOTPUMYBATHUCS IPpadiKy KOHTPOTIBHIUX 3aXO0HiB.

5. B mpoueci BUB4YeHHs KOXXHOI T€MI CTY[EHT IIOBUHEH BMKOHATU Tab0paTopHi
po6oTi, a TAKOX 3aBAHHSI /11 CAMOCTIITHOTO OIpALIOBAaHHsA 1 IHAMBiAyanbHI 3aBIAHHSL.
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6. KoxxHnit MOZLy/Ib 3aBepIIYETbCA TECTYBAHHSAM, JOITYCK [IO AKOTO CTYHEHT OTpH-
MYe€ 3a YMOBY 37ja4i Tab60paToOpHUX pOOIT Ha MO3UTHUBHI OLIHKIL.

Ilepexin mo TecTyBaHH: 3MiJICHIOETHCSA 3a HOMOMOTOIO IIYHKTY «TecT» BepTHMKa/IbHO-
ro MeHm0. KoykHa KOHTpO/bHA po60Ta CKIAAEThCs 3 15 IMTaHb, sIKi BUOMPAIOTHCS BUMTALKOBIM
unHOM 6€3 TOBTOpeHD 3 6asy JaHyX. KiIbKicTh TeCTOBUX MMTaHb MOXKe 6yT1/[ 3MiHeHa ajiMiHi-
crparopoM Kypcy. ITic/st 3aKiHYeHHs TeCTyBaHH: CTYAEHTY IIOBIJOM/IIEThCA Taka iH(opMaris:
BCBOTO IMUTAHb B TECTi; KUTbKICTh PaBIIbHIX BifTOBifel; HAOPaHO GaJIiB; TTiICYMKOBa OLIiHKa.

TaxkyuM 4MHOM, B XOfIi ZOCTiIKEHH: OTPMMAaHi TaKi OCHOBHI IPAaKTMYHi pe3y/l1bTaTi:

1. PospobeHnii eeKTPOHHMIT KOMIUIEKC METORMYIHMX MaTepiaiB, SIKMIl BKIIIO-
Ja€ BCi KOMIIOHEHTH, HeOOXifHI /s OpraHisaril i KOHTPOJII0 HaBYAIBHOI pOOOTH CTYHEHTa:
Imporpama Kypcy; peKoMeHfalii 3 oprauisarii caMoCTiltHOI po6OTI CTYeHTa 3 BUBYECHHS
makety Blender i kpurepii oniHIOBaHHS [l pe3y/IbTaTiB; 3aBIaHH /151 Tab0OPATOPHMX POOIT;
3aBJaHH AJIsI CAMOCTIIHOI Ta iHAMBiAYyaNbHOI po6OTH; MepesTiK MUTaHb [JI1 CAMOKOHTPO-
JI10; KOHTPOJIbHI TECTH; JOIIOMiXHi MaTepianu.

2. Po3pobieHnii makeT IpOrpaMHOro 3abe3edeHHs I MATPUMKU poOOTH BH-
KJIalaviB i CTYJIeHTiB 3 MaTepia/laMy KypCy, a TAKO>X IIPOBE/IEHHA KOHTPOJIIO 3HAHb.

Jlireparypa:

1. Ocapgunmit B.B. CTBOpeHHs €IeKTPOHHOTO MifpyYHNKa: IPMHLINIIN, BUMOTH Ta PEKO-
menparil / B.B. Ocagunit, C.B. lllapos.— Menitonons: TOB «BumaBHmunit 6yguHOK
MM[]I», 2011. - 120 c.

2. TIpaxos A.A. Blender: 3D-mognempoBanue 1 anuMarysi. PyKOBOLCTBO /ISl HAUMHAIO-
mux. — CII6.: BXB -Iletep6ypr, 2009. - 272 c.
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CREATING THE SIMULATION MODEL OF ONLINE STORE

The article is devoted to the design of imitational model of on-line boutique using the
package of visual modeling Simulink. The system can stay in a variety of states, transitions be-
tween them are under the influence of random factors and precisely defined rules.

Keywords: Simulation model, S-model, modeling, Internet shop, finite-state
machine.

The article is described assembling of the internet shop simulation model using
visual modeling system Simulink.

The purpose of this work is explore the actual process that takes place in the «On-
line Store» that is influenced of random and uncertain factors.

Methods of research. In order to solve assigned tasks we used simulation in visual
modeling system Simulink. We developed a simulation model of online store, which oper-
ates by the following rules: each registered user is allowed to purchase a limited number of
similar products. If the buyer is not registered, it must be redirected to the registration page.
In case of purchase goods the system must take appropriate amount of money from user’s
account.

While constructing the model we take into ac-
count the different possible situations (eg, lack of money
in the account, incorrect password, unregistered buyer,
lack of goods).

Before ordering a product, customer must reg- User
ister and authenticate. For this purpose in the simula- |: ii]
tion model of the online store we developed two finite
automata. Consider a finite automaton, responsible 1 Authorization
for client authentication. Finite-state machine that de-
signed to authenticate the buyer in online shop is shown
in Figure 1.

When creating this finite-state machine we
used two Constant blocks, a Combinatorial Logic, | ewlser |:: ::]
which we called «Password”, “Login” and “Authorisa- -
tion”. Block Combinatorial Logic, named Authorisation, 1 Registretign
has the peculiarity that its input can receive only one
signal, that means that he should receive information newFass
about both blocks, so it is necessary to combine these
signals into one. It uses the Mux (mixer) block. When
configuring the truth table block “Authorisation” we set Figure 1 — Finite-state machine
table parameter record [0; 1; 1; 1] of the output signal, inat responsible for customer

in the Truth table. authorization (fragment model)
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Figure 2 — Checking current account (fragment model)

Thus, in order to buyer could use online store service, about getting an informa-
tion about a particular commodity in this store, results of the registration and authorisation
blocks shoud be equal 1. For receiving results of these procedures we use unit Product, after
completing registration and authentication, the client has access to the online store goods.
While creating a simulation model we takes into account necessity of checking user’s bal-
ance. This is shown on the S-model snippet (Fig. 2).

This model can serve as a basis for developing more complex simulation models of
online store. We think that developed model has a promising practical application in variety
of commercial situations.

We can be concluded that the result of working an online store depends on the
availability of goods and money on the account of the buyer, the buyer registration and her
authorization on the website. Asystem is subject to significant influence of random factors
such as quantity, price, account balance, and many others.

List of Literature Resources
1. barpunosckuit K.A. VIMUTaL[MOHHBIE CUCTEMBI IPUHATUA SKOHOMWYECKUX pelleHni1 /
K.A. barpunosckuii, T.V. Konnuk, M.P. Jleuncon - M.: Hayka, 1989. - 165 c.
2. Cxpunbhuk LI ExoHomivyna kib6epHeruxa: Koncmekr sexuiit. IT yactuna. ITonrasa:
IMontHTY, 2009. - C. 24 - 30.
3. Cuerxos H.H. ViMuranonHoe MOIeMpoBaHe 9KOHOMUYECKIUX IIPOLECCOB: YueOHO-
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USAGE OF CLASSIFICATION MODEL CONCEPTS
IN LEARNING SYSTEMS AND IMPLEMENTATION OF THEM

This article is about usage of classification models in studying and its program imple-
mentation. Significant part of it dedicated to a short view of classification models, its features
and advantages, previous researches that have been done by scientists in this sphere. After that
authors explore different ways of keeping classification tree in storage. One of them is usage of a
typical relational database and the second one is to use graph-based database.

There is a detail characteristic describing positive and negative features of each ap-
proach. After all, authors make small conclusion and talk about some prospects for further
researches.

Keywords: classification model concept, teaching system, graph database, relation
model, subsumption, part-whole.

In science, cognition begins from collation of given object with others, detec-
tion similarities and differences, formation of the class structures, their characteristics
and interconnections. Usage of the classification models in the world when data volume
doubles every year is very important because it gives us opportunity store accumulated
data with minimal fragmentation, and in addition to this supports the data with de-
scriptive visualisation. Classification problem also solves during studying inasmuch as
human brain meet a need of ordering obtained information. Classification model makes
it possible to fast and accurately structure accumulated information, which is very im-
portant while studying.

A lot of scientists researched problem of classification analisis: Solov'eva E.A, Li-
ubishchev A.A., Timiriazev K.A., Vilkins D. But there are many untouched spheres in which
we could apply classification model concept. Firstly, it is interactive training systems and
online encyclopedias.

We had a problem of choosing optimal way of logic presentation classification in
performance terms. Information about added concepts and relations between them as well
as about students, which added them should be stored in the database.

When implementing this task was a choose between relational and graph model.

Relation model can easily and densely store tables which unconnected with classi-
fication tree, specifically tables with students, teachers, departments, courses, and so on, and
establishing different relations between them [1]. In this case relational database appeared
ineffective for storing tree-like data structures, because additional fields were used for pro-
viding possibility walking between tree levels [2].

Graph database is the most natural (intuitive) representation of tree-like structure
classification. This model is perfect for describe and store information about the concepts
and students in the nodes of the graph, in contrast to the relational model, which focuses on
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storing the relationships between them. Each concept can be related to other concept either
part-whole or subsumption relation.

While developing graph representation, were difficulties to create relations between
entities (relational databases do it easily), because in the graph node we should also store
information about student, which established part-whole relation or subsumption relation.
This problem can be solved by adding reference key in the link between concepts nodes. But
this kind of resolving decreases clarity and naturalness of the stored information.

Implementation of the classification models concept using graph representation
has shown good performance compared to relational database [3].

Thus, concept of the data classification model is perfect for training, because it
allows human rapidly organize information by using image visualization. Storing of those
models is well implemented in graph-oriented databases, because they allow to provide in-
formation directly in the form of a tree, eliminating the need to create extra fields and pro-
viding fast work.

Given classification model concept can be used as base when creating different on-
line teaching systems, online encyclopedias and other software products, in which present
natural classification.

Based on developed scheme of storing classification model was implemented
teaching system for databases course, which uses during studying appropriate course in the
KNURE, software engineering department. Suggested scheme can be used as help for creat-
ing teaching-information systems for similar courses, which knowledge domain naturally
classifiable for structuring knowledge and stimulating students self-learning.

List of Literature Resources
1. Joe Celkos. Trees and Hierarchies in SQL for Smarties, 2nd Edition. Morgan-Kauf-
mann.: 2012. - 296 p.
2. A.B. Manukos. OpueHTupoBaHHbIe rpadbl B Pe/SIIMOHHBIX 6asax faHHbIX: JJOKIagbl
TYCYPa, gexkabpn 2008 r. Tomck. .2, Ne2 (18).
3. Ian Robinson. Graph Databases. Sebastopol:O’Realy, 2013. - 209 p.
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“GlobalsDB Entity Framework” is an Object/Global Mapping framework for well-
known database from Intersystems. As you know, the Globals database is powered by an
extremely efficient multidimensional data engine. The exposed interface support access to
the multidimensional structures — providing the highest performance and greatest range of
storage possibilities.

GlobalsDDb is very useful for applications that work with “big data” and there are
more and more these applications nowadays [1]. .Net framework with C# programming lan-
guage makes creating and maintenance of applications very easy for developers. Therefore,
easy using Intersystems GlobalsDb in .Net applications is actual task. Intersystems provides
library that gives access to GlobalsDb API from .Net applications [2] but creating applica-
tions is still time-consuming.

So, main purpose of Entity Framework for GlobalsDB is to ease working with
GlobalsDb. Core of this framework is InterSystems.GlobalsDb.dll. Described framework
provides a lot of useful functions, such as Object/Global Mapping, LINQ to Globals and
makes interaction with GlobalsDb simple and seamless.

At first, you need to download GlobalsDb installation tool for Windows and .Net
from official web site. After downloading, execute tool and follow by instructions. After
that you need to start installed service. After changing current directory, start the service
by command “globals start”. You can shut down service by similar command “globals stop”
After running GlobalsDb service, you can use Entity Framework for GlobalsDB by adding
reference to GlobalsDbFramework.dll in Visual Studio’s solution. GlobalsDb Entity Frame-
work usage is deiscribed there.

Table<TEntity> class represents an entity that is used for create, read, update, and
delete operations. Restriction for the Entity — it must be a class. In this class you can declare
public properties which correspond to the entity. Note that in database stored only those
properties, which meet following requirements:

1. Property declared as public property (Auto-Implemented property).

2. ColumnAttribute applied to the property (it must be stored in a database).

There are some rules for applying ColumnAttribute in Entities:

1. Entity must declare at least one primary key with IsPrimaryKey property of
ColumnAttribute.

2. Only integral types supported as DbGenerated column.

3. Only one DbGenerated column is allowed.

4. Either DbGenerated primary key or custom primary keys are allowed

If these rules are not met, EntityValidationException will be thrown. If entity has
identity key, framework will generate it, insert entity to database and set its value to column
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that marked as identity key.

Abstract class that provides connection to database. You need to create derived class
with set of Table<TEntity> public properties or fields for getting access to database data.

Demo - application, named “UniversityInfo’, represents simple CRUD application
which provides information about universities and its faculties. You can get information
about cities or countries. Application declares complicated data model. Of course, com-
plication of this model can be reduced, but model was created in that way intentionally, to
demonstrate capabilities of framework.

Data model of application consists of 4 entities (Country, Faculty, University and
Town) which forms complex hierarchy. When you create a new instance of every class, de-
rived of DataContext, framework performs following operations:

1. They get all public fields or properties of derived class, which declared as
Table<TEntity>, via reflection.

2. They validate every TEntity type, according to rules for column attributes. This
validation performs EntityValidator class. This class also uses EntityTypeDescriptor class, which
provide some information of TEntity, obtained by reflection. As you know, reflection is very
consume a lot of machine resources, so EntityTypeDescriptor uses a cache of obtained data.

3. If validation is passed successfully, framework will instantiate every field or
properties, which have been obtained at stage 1.

Framework store action in memory, using pattern Command. Actions are stored in
order of method invocation, because this order is important. When customer invoke con-
text.SubmitChanges() method, framework obtain queue of actions and apply them. This
approach gives capability to add transaction functionality to framework. Every action with
data, except reading, performed as transaction with exclusive lock. That’s why every action
are thread-safe.

If you want to update or delete entity, you must to pass entity by parameter to the
corresponding methods. Therefore, you need to obtain entity by LINQ. As example, you
need to delete entity, which has specific id. You must obtain this entity from database and
then pass it to the DeleteOnSubmit method. This approach gives such advantages, as capa-
bility to change or delete entities, which can be obtained by complex select expressions. As
example, we can delete country, which has number of towns, greater than 10 or which has
specific town.

In this article was described most interesting features of our application.

Literature:

1. Cachés Application Server. Caché and .NET / WebSite Intersystems Corp.: http://
www.intersystems.com/our-products/cache/tech-guide/chapter-3/#cache-and-net. -
01.03.2015.

2. Intersystems Caché: Globals API gus .NET.. www/ URL: http://writeimagejournal.
com/?tag=globalsdb - 10.04.2015
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I1O/]- CEKLI/A 13. TexHnKka B CelTbCKOX03A1ICTBEHHOM IIPOM3BOJICTBE.
CemupHenko I0.1.
KaHIMJAT TeXHMYECKMX HAYK, HOLIEHT
CyMCKOT0 HallMIOHaTbHOT'O arPapHOTO YHUBEPCUTETA,
Cymbl
Cemupnenko C.JIL.
KaHAMTIAT TeXHNYECKUX HAYK, JOLEHT
CyMCKOT0 HallMIOHaIbHOT'O arPapHOTO YHUBEPCUTETA,
Cymbl

VICCJIENOBAHUE ®U3NKO-MEXAHUYECKUX
CBOJVICTB COJIOMBI KAK TOII/IUBA

Annomauvus

O0HuM U3 AnvMePHAMUBHBIX BU008 MONTUBA SIBNIAEMCS CONOMA 3EPHOBLIX KYIIb-
myp. C yenvio onpedeneHusi C60LICME CONIOMbL 8 PYTIOHAX, NPEOHA3HAMEHHOTI OIS U3201M08-
TIEHUST IONTIUBHBLX 2PaHy/6puKenos, nposedeHvl UCCIE008aHUA PPAKUUOHHO20 COCNABA U
enaxcrHocmu. B pesynomame npogedentvix UCCe008AHUI YCIAHOB/IEHO, IO UCHONIb308AHUE
CoToMbL O7IST NOTIYHeHUS TONIUBHBIX 2PAHYTL/GPUKEOB 803MONCHO MOMLKO NPU ee npedsapu-
MeNbHOM U3MeNbHeHUY, a U320MO06IeHUe 2PAHYT/GPUKEMOB U UX CHUeaHUe B03MONCHO Oe3
npedsapumenvHoil CywKY NpU UCHONL308AHUY 8 KAYECTNBe MECINHO20 MONAUBA.

KnroueBbie cmoBa: TOIVZINBO, CbIpbE, COIOMA, q)paKLU/H/I, YaCTuUbl, BIA)XKHOCTD,
[IpecCoBaHMe, CYIIKa, TPAHY/IbI, OPVKETHL.

Keywords: fuel, raw, straw, fraction, particles, humidity, pressing, drying, granules,
briquettes.

C NOBBIIIEHUEM LIEH Ha 3HEPTOHOCUTENHN, OTPAaHUUEHHOCTHIO TPAAULIMOHHBIX HC-
TOYHUKOB SHEPTHH BO3HHKAET HEOOXOIMMOCTb B PEIICHHH BOIIPOCOB PallMOHAILHOTO HC-
MOJIb30BAHUS YHEPTOPECYPCOB U 3aMEHBI TPATUIIMOHHBIX JOPOrOCTOSIIUX BHIOB TOILUIUBA
HAa aJIbTePHATUBHBIE BUIBL.

OCHOBHBIM 3aIIacOM a/IbTePHATUBHOIO TOIUIMBA SIB/IETC 61MOMAacca, HOTydeH-
Hast B OOJIbLIEN CTENIEHN KaK OTXOMBI CEMbCKOXO3SIICTBEHHOIO MPOM3BOACTBA. Bompocst
HepepaboTKy 6MOMacChl MMEIOT GOTIBIIYIO aKTYaIbHOCTD, CBA3AHHYIO, B IIEPBYIO O4Yepeib,
C TeM, ITO C TOUKY 3peHus1 O1M3Heca IpaHy/Ibl/OPUKETHI U3 6MOMACCHI SIB/LIIOTCS TOBAPOM,
TOTJ}a KaK OTXOJ[bI CE/IbCKOTO XO3SIIICTBA, MPECTAB/ISIONINE OCHOBHOM 06beM 6110Macchl,
TOBApOM IIPAKTUYECKN He SAB/IAI0TCA. BBICTPHI POCT IjeH Ha UCKOIaeMble BU/IbI TOIUINBA,
CTpeM/IeHVie MUHUMM3AIUY TPAHCIIOPTHBIX PACXOMIOB, YCUIEHNME 9KOIOTUIeCKMX TpeboBa-
HMIT TaKKe IIOBBIMIAIOT MHTEPEC K TeMe MepepaboTKM OMOMACChI PACTUTEIBHOTO IIPOC-
XOXX[JeHUs B TBEPLOe TOIIMBO [2].

I1o naHHBIM, OCHOBAaHHBIM KaK Ha JIUTEPATYypPHBIX HCTOUHHUKAX, TAK U HAa PE3YNIbTa-
TaX cCOOCTBEHHBIX UCCIIEJOBAaHN, OTHIM U3 TEXHHUYECKH JTOCTYITHBIX JUISl HCTIOB30BAHHS B
9HEpreTUKe BUAOB OMOMACCHI TS MIPEANIPUSTHI arporpoMBIIICHHOTO KOMIUIEKca YKpau-
HBI IBJISIETCS COJIOMA 3€PHOBBIX KyIbTyp. Tak, B 3aBUCUMOCTHU OT IJIOLIAJEH BhIpaIiuBa-
HUS U YPOXKaITHOCTH 3€PHOBBIX, JKOHOMUYECKHUI YHEPreTHUECKUIl NOTECHIMAN COJIOMBI Ha
Vrpanne MoxeT gocturars 9,1 mute T (B 2011 roxay), 4To SKBHBAJIICHTHO 3,8 MJIH M® ra3a Uin
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Ta6bnuua 1.
PacnpeneneHve no gpakuusim conombl, NpeaHa3Ha4eHHON A5 U3rOTOBNEHUS TOMMBHbBIX
6puKeToB

Konu4yecTso 4acTU4eK CONoMbl Macca yacTu4ek conombi
®pakuyuu, Mx10-°
wr. % krx10- %

<100 16 15,0 0,5 2,7
101-200 42 43,0 45 248
201-300 22 24,0 5,1 28,0
301-400 14 10,0 3,8 20,9
401-500 8 5,0 2,6 14,3

6onee 500 5 3,0 1,7 9,3

0Kk010 7,0 MIIH T ymist B rof [4].

B HacToAEe BpeMA UCIONB30BaTh COMIOMY KaK TOIIMBO JOCTAaTOYHO II€TIECO0-
6pa3HO: 13 OTHOCUTE/IBHO [IELIEBOTO ChIPbs, KOTOPOE OCTAETCs HOCIe YOOPKI 3epHOBBIX,
MIOTy4aeM 3KOMOTMYECKM YMCTOe TOIMBO. OfHAKO CTefyeT OTMETUTDb, YTO COIOMA, Kak
¥ KaXXABIN BUJ| TOIUIMBA, MMeeT PAJ HeOCTATKOB, CPefyl KOTOPLIX HOCTAaTOYHO BBICOKAS
B/IQXKHOCTD U Pa3HbIl (PaKIMOHHBI COCTAB.

st 9 pexTMBHOTO MCIIONDB30BAHMS COTIOMEHHOI 61IOMACCHI B KAY€CTBE TOIUINBA
Heo6XO/IMMa COOTBETCTBYIOLIAsI €€ IOTOTOBKA — CYILIKA, U3Me/IbYeHNe, TPAaHy/IpOBaHe/
OpuKeTHpPOBaHME, YTO MOBBICUT HUSIIYIO TEIIOTY CCOPAHISL, YBEMUYUT K03 PuLyeHT mo-
JIe3HOTO [IeVICTBIS KOTENbHOM YCTAHOBKY, CHUSUT PACXOf, YCTIOBHOTO TOIUIVBA U BHIOPOCHI
3arpAsHALMMX BellecTB. OCHOBHBIM HEOCTATKOM COOTBETCTBYIOIIEN IOATOTOBKY TO-
IUIMBA SIB/ISIETCS CEPbE3HOE IMOBBILIEHNE CTOMMOCTH TOIINMBA, U, COOTBETCTBEHHO, cebe-
CTOMMOCTH IIPOU3BOAVIMOI SHEPTUM, YTO CBA3AHO C [JOCTATOYHO CTIOXKHOII ¥ 9HEPTOeMKOIf
TEXHOJIOT Vel IIPOLIeCCOB CYLIKY, M3MeIb4eHN, IpeccoBanm [1].

C 1enbio OIpefieNieHNs CBOMCTB COJIOMBI, ITpeJHa3HAuYeHHON [I/Is1 M3TOTOBJICHN
TOIUIVBHBIX TPaHy/1/OpUKeTOB, ObIIN MPOBEfEHBI UCCIEROBAHNMS (PPAKIMOHHOTO COCTaBa
¥ BTQXKHOCTH.

Iliist onpenenenus GpakUMOHHOIO COCTaBa COIOMBI IO J/IMHE YaCTHUL] C PY/IOHOB
COTIOMBI OTOMPAJINCh IO TPU IIPOOBI He MeHee 5 KI. VI3 0ToOpaHHBIX P06 BBILEISIN [0 TPK
HaBecky 1o 0,5 KT kaxjasA. B Kaxpoil HaBecke usMepsnu noppsan He medee 300 yactuy u
pacIpesensany X COOTBETCTBEHHO Ha 1ecTb ¢paxumit: (0-100)x107 M, (101-200)x107 M,
(201-300)x10 1, (301-400)x107 M, (401-500)x 107 M, 6071ee 500x107 M.

JJIMHY 9acTUI] COMOMBI M3MEPA/IM C TOYHOCTBIO +1x107 M. Bemrunny nnTepBana
YTOYHSA/IN MOC/Ie MPEAbIAYIINX MICCTIENOBaHMIA.

Pe3ymbrarsl H3MepeHuit pPaKIMOHHOTO COCTaBA COTOMEHHOIT OHMOMACCHI 3aHOCH -
nu B Taom. 1.

Pacnipenenenne dacTuiy ComoMbl mo (pakumsM IOKas3aao, 4TO0 BO (pPakKLuio
(0-100)x10~ M BXOAWIN IIPEUMYILECTBEHHO VM3MeIbYeHHBIe UCTbA pacTeHuil. Opaxuys
6oree 500x10~° M coCTOs/Ia, B OCHOBHOM, U3 Lie/IbIX pacTeHnii. Iloutu TpeTsb comomsr (28,0
% 110 Macce) Bxopyia Bo ppakiuio (201-300)x107 m.

Kak BugHO n3 Tabm1. 1, pasmep dpaxumit comombl He O3BOJISET UCIIONB30BATH €€
IUIsE MU3TOTOBJIEHMS IPaHy//OpUKeTOB 6e3 IpeBapUTeIbHOTO N3MeTbUEHI.

[t ompeneneHusT BIaXHOCTM COMIOMBI IIPOOBI OBUIM B3SATHI B PasHBIX MeCTax
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Ta6bnuua 2.

BnaxxHoCTb pynoHOB CONOMbI, NPeaHa3HA4YeHHON A5 NoNyYeHns 6pUKeToB

Mopaa- Macca Macca Macca OTHOCK-
KOBbIif Macca cra- | Macca cTaKa"__ CTaKaHYUKOB | UCNAPEH- CbIpoi TenbHas

KaH4YUKOB, | YNKOB C CbIPOi . .

Homep krx10-3 CONOMOiL Krx10-3 C CYXOM CONO- | HOW BOAbI, | CONOMbI, BIAXXHOCTb
npo6bl ’ Moif, krx10-% | krx10-® krx10- conombl, %
1 22,4 30,8 29,2 1,6 8,4 19,05

2 224 30,9 29,2 1,7 8,5 20,00

3 22,3 30,5 28,9 1,6 8,2 19,51

4 22,4 30,6 28,9 1,7 8,2 20,73

5 22,1 30,2 28,5 1,7 8,1 20,99

6 22,0 30,3 28,4 1,9 8,3 22,89

7 22,4 30,7 28,8 1,9 8,3 22,89

8 22,1 30,2 28,3 1,9 8,1 23,46

9 22,4 30,7 28,7 2,0 8,3 24,10

10 22,2 30,6 28,6 2,0 8,4 23,81
CpenHee |- - - 1,8 8,28 21,74

KpaﬁHI/IX HIVDKHUX py}IOHOB, KOTOpPbIE€ XPpaHU/IVICh HA OTKPbITOM Bosnyxe 10 HABE€COM B T€-
JYeHIe TPeX MEeCSLEB U ObUM Hanmbosee BIaKHBIMU. [Ipo6bI OTOMpPay C TAKMM PacyeToM,
4TO6BI OHM KaK MOYKHO ITOJTHEe XapaKTepr30BaIn AaHHy0 6romaccy. Ompenessii Macco-
ByIO BJIAJKHOCTD COJIOMbI KOJIMYE€CTBOM BOIbI B BEIIECTBE B IIPOLIEHTAX OT HepBOHa‘IaHbHOﬂ
MacChl BIaKHOTO BellecTBa. PesynbraTsl MCCef0BaHNIi PUBELEHDI B Tabm. 2.

Macca orobpanHoit po6bl OblTa TaKOM, YTOOBI MOXXHO OBIIO IPUTOTOBUTH He-
06x0/1MMO€e KONMIeCTBO HaBecOK. Ileper ompereneHneM BIaXKHOCTH COTOMBI CTeO/IN pac-
TEHUII ¥ VX COCTABJLAIONINE M3MeIbIIIN BO ¢ppakiuio (7-10)x107 m. V3MenbueHHYIO COMO-
My TIoMela/Iin B IIpEABApUTE/IbHO B3BEUICHHDBIE a/TIOMMHNEBDIE CTAKAHYMKN U 3aKpbIBaIN
KPBIIIKaMI. 3aKpbITble HABECKM YIIAKOBbIBA/IN BO BJIATOHEIIPOHMUIIAEMBIN MaTepuan. Bpe-
M1 XpaHeHsI HaBeCOK Iepef MCIapeHreM BIark COCTABIIIO0 He 6omee 4,32x10% c.

CpepHsist BIaXXHOCTb COZIOMBI cocTaBisieT 21,74 % (cM. Tabm. 2). ITockonbky co-
JIOMa, KOTOpasi COXpaHAeTCA HOIr0e BpeMs IOfL IelICTBIEM BHEIITHEl! Cpefibl, UMeeT He Of1-
HAKOBYIO BJIAYKHOCTDb B CBOEM CJIO€, ¥ 3TO PACXOXK/IeHUe MO>KeT ObITh 3HAYMUTE/IbHBIM, /L1
ee BBIPaBHMBAHIA UCIIONb3YIOT, KaK IPaBUJIO, IPOLECC CYMIKM. DTOT IPOLecC 110 CBOMM
XapaKTEpUCTUKAM ABIAETCA OOHUM U3 CaMbIX 9HEPro3aTpaTHbIX B TEXHOIOTUIECKON enn
M3TOTOBJICHUA TOIVIMBHBIX 6pI/IK€TOB. HO:—)TOMy, 1A yMeHI)IIIeHI/IH JHEpro3arpar Ha CyIHKy
u obecriedeHns: PAaBHOMEPHOTO PacIpefie/ieHNs] BIaTH HaMU TIPefIaraeTCsi OrPaHNIUThCS
Ha HOHI‘OTOBI/ITeHbHOﬁ CTagum K IIpeCCOBaHMNIO 3aMeHO CyIHKI/I Ha riepeMelInBaHne, KOTo-
poe nIpoxXoanT NIpn N3MENIbYECHNN COIOMbBI I MEXaHNYECKOM IIPE€CCOBAHMN, KOTI'Ia B CIIpeC-
COBAaHHOM MOHOJINTE CTAJIKMBAKXTCA B/IA>XKHBIC U CyXI/Ie YaCTUIIbI.

Kak nokasanu uccinenoBanmnsa, MMHNMA/IbHOE CHVDKEHME BIIAJKHOCTY COTIOMBI ITpU
u3MebaeHny cocrasysieT 2 %. Ipy 6puKeTMpOBaHNY MUHUMAIBHOE CHIDKEHIE BIaYKHO-
cTu 6puKeTa, KOTOPBIIT BHIXOAUT 13 MATpuiibl mpecca — 1 %. To ecTh, BIaXKHOCTh TaKOTO
OpukeTa 6yIeT OT/IMYATHCS OT BIAXKHOCTH COIOMBI He MeHee, 4yeM Ha 3 %. VsroTosnenne
6pI/IKeTOB Ipn TAKOM BTAXKHOCTU BO3MOXXHO, TEM 60Hee, YTO C IMOBBINICHMEM BJ/IAXKHOCTU
COTIOMBI 10 16 % W[eT CHIDKEHMeE YebHOI pabOoThI IPECCOBAHNS, B CBSI3M C TeM, YTO BjIara
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urpaet possb wiacTuuKaTopa u BKyLIel XupkocTu. Kak mokasanu ucciefoBanus, yBe-
JIMYeHNe BIaXXHOCTH 0 20 % Masio yBen4nBaeT yaeabHyo paboTy npeccosanus. Ho mpu
[a/IbHElIIeM YBeMNYeHNI BIAXKHOCTU BOJIAa UTPAeT PONIb TeId, KOTOPOe PAaCKINHMUBAET U
IIPOTUBOJEIICTBYET YIUIOTHEHNIO MaTepuaa, feas ero 6ojee yIpyruM, YTO MPUBOJUT K
YBEIMYEHMNIO Y/ie/IbHON PabOTEL.

CpepHsist BIaXXHOCTb OPMKETOB 13 COIOMBI CAMBIX BJIAXKHBIX PYIOHOB OyAeT co-
craB/iTh MeHee 20%. [Tpu oxmaxaeHnn 06pasOBaHHBIX OPUKETOB MOXET 00eCIIednBaThCs
CHIDKeHIE BIXHOCTH eltle Ha 2 %. Takum 06pasoM, BIaXXHOCTb TOBAPHBIX OpPUKETOB OyHeT
COCTAB/ATh 17%, YTO SB/IAETCS JOIMYCTUMBIM [JIs1 CIO/IB30BAHMS B Ka4eCTBE MECTHOTO
TOIUIVBA, TaK KaK [yIs 06eCIedeH s Hafl/TeXaIlero CKUIaHNs BIAXHOCTb COMOMBI JO/DKHA
cocTaBATh He 6omee 20-25% [3].

Cnmcok muTepaTyphi:

1. Bakapmxues P.O. Texuiute 3abe3reueHHst BUKOPUCTAHHS COMOMM Ha €HePreTIdHi 1ini
/ PO. bakapmxues, O.O. Tpoinbka // Bicauk Ykpaincpkoro BipginenHsa MixHapopgHoi
akafieMii arpapHoi ocsitu. — 3anmopixoxs: HBK Intep-M, 2013. - Bum. 1. - C 157-162.

2. Kanernix I.M. HaykoBo 06rpyHTOBaHI Ta MpaKTU4Hi MAXOAM BUKOPUCTAHHSI COTOMU
Ta POCTMHHMX PELITOK Y cimbcbkoMy rocnogapctsi / .M. Kanetnik, B.M. Bynrakos,
I.B. Ipunux // 36ipHuK HayKOBMX Ipalb BiHHMIIBKOrO HAI[iOHA/IBHOTO arpapHOro
yniBepcurety. Cepia: Texniuni Hayku. — 2011. - Ne 9. - C. 62-68.

3. Cewmipnenko C.JI. Jocnimkerns cyuiku coom stroi 6iomacu / C.JI. CemipreHxko // Bicuux
XapKiBCbKOTO HaIliOHaJIbHOTO TEXHIYHOTO YHiBEPCUTETY CilIbCbKOTO TOCIOfApCTBa:
(TexHIYHMII CepBic MAIIVH I POCIMHHNLTBA). — 2012, — Bum. 121. - C. 256-261.

4. Cewmipnrenko C. JI. 3HMXeHHs TEXHOT€HHOTO HaBaHTaKeHHA Ha JOBKI/I/IA 3a paXyHOK
YIOCKOHA/IEHHsI TeXHOJIOTIT yTitisarii 6iomacu: aBToped. Auc. Ha 306y TTS HayK. CTY-
IeHs KaHM. TexH. Hayk: crrenl. 21.06.01 «Exosoriuna 6esneka» / C. JI. CemipHeHKo. —
Cymn, 2014. - 23 c.
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I1O/]- CEKLIJ/A 13. TexHrKa B CeTbCKOX03A1ICTBEHHOM IIPON3BOJICTBE.
Tapyc I.A
Accucrent kadenps! «BullJIP» acnupant
Pynosa E.M.
ITOKTOp CebCKOXO3AICTBEHHBIX HayK, Ipodeccop
OTBEOY BIIO «bpI'V»
Ipe6enrok A.JL
Kananpar cenbcKoX03ANCTBEHHBIX HAYK, HOLIEHT
OTBEOY BIIO «bpI'V»

CTPYKTYPA U TO/IS IVTOIIA AU
BBIIEJIEHHBIX VI TIOTEHIIVIA JIBHBIX JIBITII2
B OBIIEMN IVTOLIAIV APEHTHOJVI TEPPYTOPVY IIPYIAHTAPbSI

KiroueBple cioBa: MaloOHapyIIeHHbIE JIECHbIE TEPPUTOPIN, TePPUTOPU, IIOAb
Keywords: intact forest landscapes, territory, area

K 3apayam mcciefoBaHusA OTHOCATCA aHanus cocrosHuAa MJIT B mccnemyemom
mepuone, GaKTOPHI, BIMIIONNE HA €70 COXPAHHOCTD, CIIOCOOHOCTD COXPAHITb OCHOBHBIE
9KOJIOT0-01OIOrNYeCcKIe, CPefo-3alUTHbIe GYHKIUM U P STOM PAL[IOHAIBHO VCIIONb-
30BaTb JIECHBIE PECYPCHI.

B ycnoBMAX MHOTOJIECHBIX PajlOHOB IpefHAa3HAYeHHbIX [JIA SKCIUTyaTaumu (3a-
TOTOBKU JPEBECHOTO CHIPbs) OCOOEHHO OCTPO BCTAET BOIPOC COXpaHeHMs pparMeHTOB
KOPEHHBIX eCTeCTBEHHBIX JIECHBIX MAacCUBOB. MeXIYHapORHOI OOLIeCTBEHHOCTBIO U B
YaCTHOCTM HEIPAaBUTENbCTBEHHBIMM 3KOMOIMYECKUMI OpPTaHM3alVAMU JaHHbIE TeppU-
TOPUI BBIJC/ICHBl B MaJIOHapylLIeHHbIe JlecHble Tepputopuu (MJIT) - memocTHbIe Teppu-
TOPUU JIECHON 30HBI pa3MepoM 6osree 50 ThIC. T, He MMEIOIINe BHYTPU MOCTOSHHBIX I10-
CETIeHNIA, NEeMCTBYIOIUX TPAHCIOPTHBIX KOMMYHMKALMII, HE 3aTPOHYThle MHTEHCUBHO
XO3SAMCTBEHHO IeATeNbHOCTHIO [1].

O61as IomAab BCex BbIeIeHHbIX noTeHnanbubix JIBIIL 2 cocrasnser 6onee
5 mtH. Ta (TouHee - 5 265 499 ra), mnn HeMHOTUM 6071ee 20% BCeit CCTIEROBAHHOI TepPH-
Topuu (TouHee — IpuMepHO 21,2 %).

ITo nMeroIMIMCA TaHHBIM Ha Hanbojee KPYIHbBIX CepTU(UIIPOBAHHBIX IPeIIIpH-
SATUSAX HAOMIOJAeTCs CIefyIolast KapTUHa.

Ob6uas mromazgs MJIT mo OO0 «C3JI rpym» 3anumaer 111399, 97 ra, uto co-
crasisaeT 35,1% OT mwomagy mecocsipbeBoit 6asnl (317322 ra).

Bcero mo OOO «TCJIK» mnoutags MJIT cocrasnset 415633,9 ra, mpu o61ielt mro-
aay apeH/lyeMbIX JTeCHbIX yyacTKoB 1098820,2 ra. B pesynbrare mnomagu MJIT sanuma-
10T 37,8% OT 0611jell IIOIaAY IECOCBIPbEBOIT 6a3bl MPERIPUATHSL.

Bcero no 3A0 «JIJK UTVYIPMA» momanb cepTuNIPOBAHHBIX JIECHBIX YIaCT-
KOB cocTaBisieT 690063,8 ra, mpu obert mwiomaay MJIT 18540 ra. B pesynbrare mioragu
MIIT sanumMaror 2,69 % oT 0611ell IIOLaAN IECOCBIPbEeBOIT 6a3bl IPENIPUSITHL.

CregyeT OTMETUTH, YTO Hambojee ONTUMAIbHBIM COOTHOIIEHMEM IIIOLIAAN
MIIT x obielt miomany apeHgHoI 6a3bl He JO/DKHO mpeBbimath 15 — 18%, 4to mo-
3BOJIUT JI€CO3aTOTOBUTENBHBIM HMPERIPUATASIM PUTMUYHO PaboOTaTh B paMKax ycTa-
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Ta6bnuua 1.
OCHOBHbIe XapakTepUCTUKM BblaeneHHbIx MaccmeoB J1BIML 2 Ha TeppuTopum Mpuanrapbs (no
JaHHbiM A. A. AneiHukoBa u gp.)

Yucno Makcu- CymmapHas
Muxumans- CpepHsas

KOHTYpOB MalbHas nnowanb Bcex
Tun maccuBa Has nno- nnowiagb

AaHHOro anb (ra) nnowagb (ra) MaccUBOB [1aHHO-

THNa u (ra) ro tuna (ra)
TeMHOXBOIHbIE (BpPeBOCTOM
¢ npeo6nagaHuem enu u 63.3 1018 549 585 25495 1606 212
NUXTbI)
Cmewantble (C npeobnapa- | o 2060 287713 |24378  |2120 841
HWEM FIMCTBEHHbIX NOPOJ)
CmewanHbie (c yiactuem | 4, 2420 072145  |48076  |1538446
COCHbI 11 TMCTBEHHWLbI)

HOBJIEHHOII PAaCUeTHOIl JIeCOCEKN 1M He HapyLIaThb OCOOBIN PeXMM Ma/lOHAPYIIEHHBIX
JIECHBIX TEPPUTOPUIL.

Ha ocHOBaHMHM ajroputMa M NPOBENEHHBIX MCCIETOBAHWI OBUIM OIpee/IeHbl
pononHuTenbHble yaacTky JIBIIL, cooTHOIIEHME KOTOPBIX IPEACTABIEHO Ha PUCYHKE 1.

B Tabmune 2 mpemcTaBIeHbl pe3ylIbTaThl MCCIENOBAHUI IO BBIABICHUIO OINTH-
MajIbHOTO COOTHOWIEHMA pa3nu4HbIX TuIoB JIBIILI B 9KcITyaTallIOHHBIX JIecax.

Ha ocHOBaHMM [aHHBIX TAOMUIBI MOXHO CeIaTb CIENYIOLIMe BBIBOAbL jeca
BBICOKOJI IIPMPOOOXPAHHOI IIeHHOCTY JO/DKHBI 3aHMMATh OT 5 0 20 % oT 0beii mwio-
a1 7IECOCBIPbEBOIT 6a3bl IIPEAIPIUATIS, 3aHMMAIOIIETOCs JIECO3arOTOBKOIL. VIMEHHO 9TO
[IPOLIEHTHOE COOTHOILIEHIE O3BOIUT COXPAHUTh 0COOO LieHHbIE B 9KOJIOTMYECKOM I/IAHE
IIPUPOAHbIE TaHAUIADTEL U MO3BOIUT MPEAIPUATHIO paboTaTh 6e3 CHIDKeHNst oObeMa 3a-
TOTOBOK U 6€3 CyII[eCTBEHHbIX 9KOHOMIIECKIX ITOTEPb.
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PucyHok 1. — NMpoueHTHoe cooTHoweHune JIBIML, BbigeneHHoe B pe3ynbsraTe uccrneaoBaHuim
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Ta6bnuua 2.
CooTHoLueHne pasnuyHbix Tunos JIBIL, B akcnnyataumoHHbix necax MpuaHrapbs [2]

BoisepeHo |Boigenedo | Pekomenpyemoe coo-
ucenepno- | necoy- THOLLEHHE B NPOLIEHTaX
Tun NBAL BaHUAMM | CTPOMCTBOM | OT 3KCNyaTaUUOHHOIM
(% ot (% ot nnowanu
akenn. akenn. MUHUMAanb- | MaKCU-
nnowagy) |nnowaapu) |Hoe ManbHoe
BNy 3 Mo coxpaHeHnto Tvna neca 1,343 3,170 1,1 3,5
BML, 4.1 | 3awunTHble NONOCHI BLOMb PeK 1,583 0 1 2,5
NBMLU 4.1 | 3awnTHbIe NONOCHI BAOMb PYYbeB 1,738 0 0,5 2,5
JIBML 4.1 | 3awmMTHbIE NONOCHI BAONbL A0POT 1,545 0 1 2,5
JIBML 4.1 | 3awumTtHble nonockl BOKpyr 6onoT, 03ep | 0,413 0 0,1 2
JIBML, 4.2 | cKnoHbI 0,272 0 0,1 2
JIBMU 5 | arogHuku 0,553 0 0,2 2,5
Wtoro 7,435 3,170 4 17,5
JInteparypa

1. Tpe6eniok A.JL, Tapyc V. A. TIpo6/eMbl ZOCTYIIHOCTY JIECHBIX peCypcoB./ AKTyalbHbIe
po6IeMbl JIECHOTO KOMILIeKca /of obuieit pemakuueit E.A. ITamdunosa. CoéopHmK
HayYHBIX TPYAOB II0 UTOTaM MEXIYHAPOLHON HAayYHO-TEXHUYECKO KOH(epeHIMN.
Boinyck 39. - bpsauck: BIVITA, 2014. - ¢. 198 -199

2. Psicun JLIL, CaBenbeBa JL.V. STanmoHHbIe /leca, MX 3HaUeHMe 1 KpuTepuu Boibopa //
bot. xypn. 1980. T. 65. Ne 1. C. 133-140.
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IIOJ- CEKLI/A 14. YnpaBieHue IPOeKTaMy U IIPOrpaMMaMI.
Henucos B.A.
HayKOBUII CIIIBPOOITHUK
IHCTUTYTY 3aranbHOI eHepreTMKU
HAH Ykpainn, m. Kuis

OIIHIOBAHHA TA TIPOTHO3YBAHHA ITPOLECIB PO3IIOBCIOIXEHHA
HOBITHIX TEXHOJIOTIVI B EHEPTETUIII

Krrouosi cnoBa/Keywords: foBroctpokosuii mporsos / long-range forecast, cra-
nmit po3BUTOK / sustainable development / BumagkoBa, iMOBipHiCHa, feTepMiHOBaHa CKJIa-
moBa / random, probabilistic, deterministic component.

Pospobka [OBrOCTPOKOBMX IIPOTHO3iB MpOLECiB pPO3MOBCIO/PKEHHs HOBITHIX
TEXHOJIOTit B eHeprerutii morpebye [1] BpaxyBaHHsA BHYTpIlIHIX KOH(IIKTIB B3a€EMOZii
PI3HUX I/IbOBMX YCTAaHOBOK, TEHMIEHIIiI1 POSBUTKY Pi3HUX Cep eHepreTUKN, BIUIMBY iMO-
BipHicHUX i BunagkoBux ¢akropis. 3 iHIIOro 60Ky, TiIbKYU M pO3MIMPEHH] YacOBUX pa-
MOK IIPOTHO3HUX PO3POOOK MOX/INBO ChopMymoBaTy i BCebiIHO POSI/LIHYTU 06’ €KTUBHI
IpOTHPiYYA MK KOPOTKOCTPOKOBUMMM IIi/TbOBMMM YCTAaHOBKAaMM IOJITMKM (iHaAHCOBOI
crabimisamil, Bubopom iHCTpyMeHTIiB ix peasisaiil i 3aBEaHHAMM CTaJOr0 PO3BUTKY B
OimbIn BifgmaseHilt mepcrieKTuBi, SKi MOBUHHI BKIKOYATY aHATI3M KOMIIPOMICIB TOTOYHOI
€KOHOMIYHOI TIOMiTUKN, IPOCTOPOBO-9aCOBMX, MiXKITOKOTIHHMX, MiXKI'a/Ty3€BUX PO3MiHiB,
3aXO/¥ BifTIOBIFHOCTI CHOTOAHINIHIX BTpaT i MailOy THIX mpuiOaHsb.

BeskoMIrpoMicHi BapiaHT! PO3BUTKY, Opi€HTOBaHi a0 Ha MaKCHMAIbHO MOXX/IN-
Be fieMII(DipyBaHH: MOTOYHMX HETaTHBHUX HACTIIKIB, a00 Ha MAKCUMaJIbHI BUTPATK B iM's
MaitOy THbOrO, MOKYTb OyTH OHAKOBO TYIVKOBUMMU 3 TOYKHU 30PY HEPCIEKTUB CTAJIOrO
PO3BMUTKY. AHajIi3 KOHQIIKTHUX CUTYaLil Ta OL[iHKa MOXX/IMBMX HAC/Ii/IKiB Pi3HMX KOMIIPO-
MiCiB Yy paMKax JOC/Ti/PKEHb JJOBTOCTPOKOBOTO ITPOTHO3Y JO3BO/IAIOTH IOCTABUTH 3aBJaHHA
MIOIIYKY NPUITHATHOTO BapiaHTy IPOLECIB PO3IOBCIOJKEHHA HOBITHIX TEXHOJIOTI B eHep-
reTHI, AK MOMITUKNA KOMIIPOMICY, 10 Y3TOJKy€ TAKTUYHI Ta CTpaTeriyHi MpiOpUTETH.

Skuio saymmInaTics Ha piBHI y3arajibHeHVX (HOPMY/IIOBAHD i He YTOYHIOBATH KOH-
KpeTHi pillleHHs B ITpoljeci o6y[oB1 BiAMOBIZHOIO CLieHapil0 PO3BUTKY, TO ICHYE Ay>Ke Be-
VKA IMOBIPHICTD IIpeBaTOBaHHs JOOPOMICHNX HESIBHUX TilI0Te3, HEKOPEKTHOTO y3arajb-
HEHHA 9aCTKOBOTO Pe3y/bTaTy, HEBUIIPABJAHOTO 3BY>KEHH ITPOCTOPY MOXK/IMBYX BapiaHTiB
PO3BUTKY HOAIit, 0TiKYy (GOpMyBaHHA eKOHOMIYHMX i eKONOriYHNX HacmipKiB. [IpeTensii Ha
IPOCTOTY i HAOYHICTD, AK IIPABWUJIO, IPUSBOJATH IO TOTO, 10 TIO3UTUBHII €KOHOMiYHMIA Ta
eKOJIOTIYHUI TICYMOK peai3alil TVX 4 iHIINMX 3aX0fiB eHepro3bepe)keHHs BUSHAYAEThCS
HesABHOIO TiII0Te3010 IIPo Te, 1[0 BiANoBifHe pilleHHA € eeKTNBHUM B CIITY JIOTO y3romKe-
HOCTI 3 IIOTOYHOI0 EKOHOMIYHOIO CUTYaIIi€l0 Ta MO3UTUBHOI B3a€EMOJI 3 iHIIMMY elleMEHTaMMI
eHepreTIYHOI Ta eKOHOMIYHOI HOJITHKY, YCIiX crerdivHo afleKBaTHOTO BapiaHTY IIPUCBO-
I0€TbCsL OYAb-sIKOMY pIllIEHHIO IIpY HesSBHOMY IPUIYLIEHHI IIPO JOT0 afieKBaTHICTb, a TO-
JIOBHE NUTAHHS, 1[0 TaKe aJleKBaTHa MOJIiTMKA CTOCOBHO KOXXHOIO KOHKPETHOTO pillleHHA il
PO3poOKM Ta peastizallil 3a/IMIIAETHCA 3a paMKaMy po3IyAfy. OTke, yCTaHOBKa Ha IIPOCTOTY,
HAOYHICTh a00 MPUITYLIeHHA NIPO {HTYITUBHY ACHICTh MeXaHi3My 06epTaeTbcs Hebe3IeKOI0
HEKOPEKTHOTO y3araJibHeHHA KOHKPETHOTO Pe3y/bTary.
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Oco6mBOCTI TOTOYHOI PMHKOBOI KOH IOHKTYPM IIOPOMKYIOTD Taki IiIboBi ycTa-
HOBKI Y cdepi TeXHONOriYHOI NOMITHKM, fAKi, K IPaBUIO, He 30iraloTbcs 3 LOBrOCTPO-
KOBUMM CTpaTeriYHMMU mpiopureTamu. TuM camMmm [ecTabimisyloTbCst BiATBOPIOBA/IbHI
IIporiecy B iHHOBaniltHiN cdepi, 1ka cTBOpIoe yMOBU /i iHTeHCn(iKaLii pO3BUTKY Ta Iix-
BMIIIEHHS e(DEeKTUBHOCTI.

JocnigHuK MOJIeNIoE peanbHy eHePTeTUYHY CUCTEMY, ITPAIIOI0YM 3 PiSHOTO popy ii
OIMCaMI — IKICHUM 1 KiTIbKICHUM, 5IKi 1 € 06’ €KTaMu aHaIi3y i IPOTHO3Y.

ITporHo3yBaHH: SIB/SIE COOOI0 PO3BUTOK HASBHOIO OMUCY 00’€KTa eHEPreTHKI,
eKCTPaIoJIALio JI0To B 4aci Ta eKOHOMIYHOMY i TeXHOJIOTiYHOMY pocTopi. OCKinbkM pi3Hi
TOCTIIHUKY MaOTh Pi3Hi OMUCHU TOrO X 00’€KTa (CHucTeMN) — IPOrHO3, PO3PO6IEHNIT OF-
HI€I0 TPYIOI0 [OCIIFHUKIB, 6e3mocepenHbO He MOXKe OYTH HMOPIBHAHHUIL 3 BiXHMOBiHMM
IIPOTHO30M iHIIOI ZOCIIFHNIIBKOI TPYIM i He MOXe OYTU KOPeKTHO iHTepIpeTOBaHUIl B
TepMiHaX TOTO OIVCY, SIKMIT XapaKTepHMII /15 aIbTePHATUBHOI MOfieni 06’exTa. AHaIiTHY-
Ha JaCTMHA JOC/TiPKEHHA B CYKYITHOCTI 3 IIPOTHO3HYUM CLieHapieM 3ajja€ aKTya/IbHUI OIINC
06’eKTa MOJETIOBAHHS, A OT)Ke, | 0OMeXXeHHs Ha KOPEKTHY iHTepIIpeTalilo OTPYMAHNUX pe-
3Y/IbTATiB.

B 3ajjayax OLiHIOBaHHA Ta IPOTHO3yBaHH:A MOBENIHKYI 06’exTiB [2], B TOMY YMCTIi
CICTEM Ta IPOLECIiB eHePreTUKY, 110 MAIOTh CIiel[u(ivHi BIACTUBOCTI Ma€ 6YTU BIUKOPH-
craHmit Habip O03HaK, sIKi BU3HAYAIOTh OCHOBHUII 3MiCT 06’ekTa. B 6inbinocTi gocmimkeHnb
IIPY MOJI/TIOBAHHI peanbHNUX 00 €KTIiB Ta CUCTEM €HepreTUKY MOXKYTh OyTHU BUAiTEH] Taki
iX OCHOBHI CK/JIafIOBi: leTepMiHOBaHa, iMOBipHICHA, 4MCTO BUIA[KOBA. B 3ameXHOCTI Bif
CTyIIeHA BIUIMBY Ti€l YM iHIIOI CK/Ia/I0BOi, MOXXHA TOBOPUTY ITPO MEBHMUI TUII MHOXVH Jja-
HMX, I[0 BUKOPMCTOBYETHCS IIPU MOJENOBaHHI. X04a TaKuil MOAI € IpUONIuU3HUM, IpK
OLHIOBaHHI 06’€KTy HOCII/PKEHHsT pO3YyMHO 06MpaTu O3HAKM, [/IS SIKUX MOXIIMBE 3MEH-
LIeHH: Y/CTO BUIIAJIKOBOI CK/IaZIOBOI, OLiHIOBaHH: iMOBipHICHOI CK/IaIoBOI i MaKCMMaJIbHe
30i/1blIIeHHS TeTepMiHOBaHOI CK/Iafl0BOI.

KonkpeTnsanisa mifxoxis 1o peanisalii IporHo3yBaHH:A B 3HaYHiil Mipi 3a7eXXNUTb
TAaKOX Bif 0COOMMBOCTEN CUCTEMM, L0 TOCITiIKYEThCA. OcobnuBe Miclie 3aiIMalOTh 3aadi
MOJIe/II0BaHHs 06 €KTiB a60 CICTeM, B SIKUX BXiJHI Ta BUXIJHI TapaMeTpu € AVCKPETHUMU
L[{/IOYNC/IOBUMY TOCTIZOBHOCTSIMY, TAKMX HAMIPUKIIAJ, SIK KiNbKiCTh O/IOKIB FeHepyHunx
KOMIIaHil, TOIIO.

IMocunmanns:
1. Kcenodontos M.IO. TeopeTideckyte v IpyK/IafHbIE ACIIEKTHI JOITOCPOYHOTO IIPOTHO3N-
poBanusi / MakposkoHoMudeckue uccnegosanus / IIpo6memer npornosuposanust. 2007.
2. Heitpomepexi B 3afauax Bigo6paxenHs . / [Enextponunmii pecypc]. Pexxum gocrymy:
http://www.victoria.lviv.ua/html/neural_nets/Lecture5.htm#prognoz.
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IIOM- CEKIIMA 15. XuMmudeckye TEXHOTOT .
Taranosa B.A.
KaH[U/aT TeXHNYECKUX HayK,
moueHT Kadenpsl
“ITporjeccsl 1 anmaparsl XMMUIECKO TeXHOMTOTUI
bamakoBCKOro MHCTUTYTA TEXHUKH,
TEXHOJIOTUU U YIIPaBIE€HNA
IInmuxunpze C.A.
TOKTOP TEXHNYECKUX HaYK,
CTapIINIT HAyYHBII COTPYAHUK, HOLEHT Kadeapst
«broTexHMYecKye ¥ MEAMUIMHCKIE ANIIIAPAThl ¥ CCTEMBbI»
CapaToBCKOro rocylapCTBEHHOTO
TEXHIYECKOTO YHIBEPCUTETA
nmenn larapuna 10.A.

MOJITOTOBKA METAJIMYECKUX U3TEIUN IIPU ITIPOU3BOICTBE
PESVIHOTEXHUYECKWX U3TEIUI

B cTarbe moxasaHO 3HAYMTENbHOE YBENMYEHNE IPOYHOCTHU CBA3M PE3UHDI C METa-
JUIOM ¥ YCUJIMA OTPbIBA P MCIIONIb30BAHUI TEPMOOKCUIPOBAHMA.

TepmookcupgupoBanue, afres3us, 06paboTKa, TEXHOIOTWsI, UCIIBITAHS

enpro HACTOAILIETO MCCIEJOBAHNA ABIAETCA NOATOTOBKA META/UIMIECKUX U3Tie-
ymit (apMaTypbl) METOIOM OKJC/IEHNS UX IOBEPXHOCTeIl Ilepell HaHeCeHNeM aiTe3VBHBIX
C/TO€B W/IN 3alIITHBIX TIOKPBITHIA.

OCHOBHBIMI HEJOCTATKAMI M3BECTHBIX CIIOCOOO0B ITOATOTOBKY META/UINIECKIIX U3[ie-
it TIepefl HaHeCeHVeM afiTe3VBHBIX (K/IeeBBIX) C/IOEB I M3TOTOBJICHNEM Pe3VHOTeXHITIeCKIX
UB[ENNIT SB/LIOTCS GOJIbIIIe SHEPTrO3aTPaThl HA HATPEB, MCIO/Ib30OBAHIE [IOIOTHUTETBHBIX
YCTPOJICTB J/IA TeHepalyy IieperpeToro Iapa, HusKas afire3MoHHasA IpOYHOCTb [1].

TexHM4ecKNI pe3ynbTaT 3aK/I0YAETCA B YBEIMYEHNM IPOYHOCTH CLIETUICHN 13-
He/Vii U3 YePHBIX MeTaJUIOB C Pe3UHOI Ipy By/IKaHM3auuu [2].

YKa3aHHBII TeXHUYECKUIT Pe3y/IbTaT IOCTUTAeTCA TeM, YTO B Pa3pabOTaHHOM CIIOCO-
6e MOArOTOBKM METa/UIMYECKIX M3HE/NII IPY TIPOU3BOACTBE PE3NHOMETA/UINYECKVX U3eTIit
Iiepef; HAHeCEeHNeM aJire3VBHOTO CTI0sT, BKITIOUAIOIeM 00pabOTKy MeTa/lIM4eCcKoil IOBEPXHOCTH,
COITIACHO IIPeJIaraeMoMy PeLIeHIIo, 00pabOTKy MeTa/UINIeCKOl TIOBEPXHOCTI OCYIECTBIISIOT
ITyTeM OKUC/IEHNA B cpefie Bo3fiyxa Ipu Temmnepatype 220...240°C B tedenne 20...30 MuH.

Cripbe B BUfI€ TMCTOBOIO MaTepuana cTaab Mapky 0,8KI IOCTyIaeT Ha CKIaf U
Y4aCTOK HOATOTOBKYM apMaTypsl. Jlajiee cTanbHbIe TUCTHI TOABEPraloTCsi pyOKe Ha 3arOTOB-
K11 HeOOXOAVMBIX Pa3MepOB IIPYU IOMOLIY [VIBOTHHHBIX HOXHILL

V3 moAroTOB/IEHHBIX 3arOTOBOK M3rOTaBNIMBAIOT KapKachl Ca/JIbHUKOB METOLOM
HITaMIIOBKM Ha IITaMIIOBOYHBIX Ipeccax KJJ 2128 63 .

ITocre M3rOTOB/IEHNSI KAPKACOB X 3aTPY)XAIOT B 000POTHBIE eMKOCTH (60UKM) 1
TPaHCIIOPTUPYIOT Ha YYaCTOK IIOATOTOBK) apMaTYpBhl.

boukn ¢ xapkacamu, ¢ MOMOIIBIO KpaHa, 3arpy>karT B MammHy MP 150, rge mpo-
UCXOOUT UX 00e3)XVUpYBaHUe B MepXIOpITIWIeHe Ipu TeMIeparype 63...73°C, nMKki co-
crasyser 30...40 MUHYT.
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Ob6esxupeHHble KAPKAChI M3B/IEKAOT 13 MAIIIMHBI I [TEPECHINAIOT B IPSIMOYTO/IbHBIE
MeTa/I/In4ecKue AMMKY, 3aTeM IPOBOMAT IPOLECC TEPMOOKCUMPOBAHMNA, @ UMEHHO: TPaB-
JIeHVe ¥ BBICOKOTEMIIepaTyPHOe OKCUApPOBaHMe. TepMOOKCHApOBaHMe IPOXOANT B TEP-
mouikagax E240 ¢upmsr « BINDER», npu Temmeparype 220...240°C ¢ uukmiom 25...30 mMu-
HYT, I7i€ 3aTOTOBKM ITOKPBIBAIOTCA OKCUTHBIM CIOEM.

Jlamee 3aroTOBKM TPaHCIOPTUPYIOTCA Ha y4acTOK aBTOMATMYECKOVW HaMa3Ku
TpyHTa 1 HaHeceHus afresuBHoro cnos gpupmsl “Henkel” B ycranoBkax mapku MAH co6-
CTBEHHOT'O OPUIMHAILHOTO MCIIONTHEHNA.

ITepssriit cnoit rpynra “Chemosil” 211 VG1 - 8 munyT 30 cex; BTOpOI C/I0it ajire-
3usa “Chemosil” 222 VA - 5 MunyT 40 cek. Taxoke IPOBOAMINCH aHA/IOTMYHBIE VICIIBITAHNA
¢ uanecenueMm apresusa «Cilbond» ¢upmbr “Chemical Innovations Limited” (Aurmus),
nepsslit coit rpynra “Cilbond” 12E, Bropoit cnoit agresusa “Cilbond” 80 ET.

17151 OLIeHKY YCU/THSE OTPBIBA META/UIMYECKUX 06PasIioB ObI/I IIPOBEeH MOfIeIbHbIIT
9KCIIEPUMEHT, B KOTOPOM 00pasLbl U3 CTAIU B BUfE ISITAKOB fUAMETPOM 25 MM C IIIOC-
KOJI TIOBEPXHOCTBIO C OJJHOJM CTOPOHBI M BBICTYTIAIOIEN YacTbI0 C OTBEPCTUEM C JPYTOi
CTOPOHBI /1 IPUCOENVHEHNA K VICIIBITaTEIbHOMY CTEH]IY, OKUCTIANN B Cpefie BO3AyXa Ipn
temieparype 220...240°C B Teuenme 25...30 mMuHyT. JJajsee Ipou3BOIMIOCH HaHECEHNE
TPYHTa U afire3ynBa.

K mogrotoBmeHHBIM TakuMm o6pasom obpasiaMm B CIleuaabHON mpecc-popme
[IPOU3BOAMIOCH KPEIUIeHIIe Pe3VHBI CIIOCOOOM By/IKaHM3auuu mpu temueparype 175°C B
TeyeHne 7 MUHYT U JABIEHUM B TUAPOCKCTEME IIPeCCa BYIKAaHU3aUMOHHOro 100 Kr/cm’.
CreunasnbHast mpecc-popMa yCTpoeHa TakuM 0Opa3oM, 4To [jBa 0Opasiia yCTaHAB/IMBA-
JIMCD TTIOCKMMM ITOBEPXHOCTAMM IPYT K APYTY Ha pacCTossHuM 2 MM. B nponecce BynkaHu-
3aIUM PACCTOSIHME MEeX/Y 00OpasiaMi 3aIo/MHsIOCh MOf AaB/IeHIEM Pe3MHOBOI CMEChIO
K70-3060 1a ocHOBe nsonpenosoro kayuyka CKI-3.

OueHKa afire3sMOHHOI MPOYHOCTV COESMHEHWIT KOHTPOJIBHBIX OOpasIjoB w3
pesunbl K70-3060 1 meTasia BbIIOTHEHA HAa YHUBEPCAIbHOI UCIIBITATENbHON MalnHe VP
5082-100. ITpy sTOM Ompenenanoch ycumie, HeoOX0oaMMoe IJIs pasfielleHNs CTIOeB Pe3VHBI
U MeTaJl/Ia, CKOPOCTh IlepeMellleHNs MOABYKHOrO 3axBara 100 MM/MuH. PesynbraTsl mc-
CIeOBaHVisI IpuBeneHbl B (Tabm.1).

AHanus NpuUBeNEeHHBIX pe3y/lIbTaTOB CBUJETEIbCTBYET, YTO a/iIl€3MOHHAsA POY-
HOCTb CLEIIEHVsI PE3UHBI C METAJUIOM IIPU paspbiBe MOBbILIaeTcs ¢ 43,79 krc/cm® (Ges
TepMOOKcUaupoBanns) 1o 80,44 krc/cm® (¢ TepMooKcupupoBanuem). Takum o6pasom,
OKJICHaA IIJIEHKA, T0/TyYaeMas Ha U3JIe/INAX U3 YEPHBIX METAJIJIOB 110 IIPE/IaraeMOMY CIIO-
coby, ob6/aaeT BHICOKOI MIPOYHOCTHIO CLEIUIEHNSI K OCHOBHOMY META/UTY I afiTe3MBHOMY
MIOKPBITHIO.

Bpemsa tepmookcupuposanusa B TedeHue 20...30 MMH AB/IAETCA ONTUMAIbHBIM
IJIA TIOATOTOBKY U3JENNIA Tlepe] HaHeCEHMEM IOKPBITHA, YTO IOATBEPXKIEHO Pe3yIbTa-
TaMV UCIBITAHUI, IPefCTaBIeHHbIMY B (Ta6m.1). IIpu MeHbleM mmyn 60/bllieM BpeMeHU
06pabOTKM Ka4ecTBO IOATOTOBKM MeETA/UIMYECKON IIOBEPXHOCTYM K HAHECEHNIO CIIEI[V-
aJIBHOTO aATe3VBHOTO (K/IeeBOro) CI0S CHYDKAETCH, YTO BUIHO IO CHIDKEHUIO IPOYHOC-
TU CBA3Y PE3VHBI C METAJUIOM 3a 3asB/IAEMbIMM TPAHMUIIAMI, ¥ HA/IMIMIO MaKCUMaTbHOTO
yCUIUS OTPBbIBA B CEpeIHE 3asIB/IsIEMOTO AManasoHa BpeMeHn obpaborku. [IpuseneHHbIe
B Ta6/1.1 pe3y/mbrarhl HOIy4eHbI IpK 06paboTKe M3aemmit mpu TeMueparype 240°C, ogHaxo
6/1M3K¥e pe3y/IbTaThl ObUIM MIOMTYYeHBI AT fUaa3oHa TeMueparyp 220...240°C.
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Ta6bnuua 1
Pe3yneraThl ucnbiTaHnin 06pasLoB Ha aare3MoHHY MPOYHOCTb

Bpems TepMoOKCHAMPOBaAHMA 06pa3La, MUH
Ne n/n | HaumeHoBanue nokasarens be3s Tepmo- 10 25 50
OKCHANPOBAHUA
1 MpoYHOCTb CBA3M pe3m{n{4u c MeTg?nom, 43.79 76.37 80,44 7658
Krc/cm? ¢ HaHeceHuem “Chemosil
» MpoYHOCTbL CBA3M DGSI/I:Ib.I c MeT”annom, 41,34 74.95 80,04 74,34
Krc/cm? ¢ HaHeceHmem “GCilbond
3 Mnowaab N0OBEPXHOCTH, CM? 4,91 4,91 4,91 4,91
4 Yeunue 0TpbIBa, Kre 215 375 395 376
YacTtuyHoe oro- |[[1o Mo Mo
5 XapakTep paspyLueHus
NIeHMe MeTanna | pesnHe | pesnHe | pesnHe

BI)IBOJII»I: 1) IIpenjIo>KeHa NpMHONIINAIbHAA TEXHOIOTMYECKaA CXeMa ITIOATOTOBKIU
META/VINYECKNX KapKacOB METOAOM TEPMOOKCUAVPOBAHNA;

2) IIOKa3aHO 3HAYMTEIbHOE YBEIMYEHNE IPOTHOCTN CBA3YM PE3NHDBI C METAVIOM U
ycunns OTpblBa IpU MCIIO/Ib30BAHNN TEPMOOKCUAVPOBAHNA.
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IMPROVING THE SPECTRAL COMPOSITION
OF PWM VOLTAGE IN DEVICES FOR NUCLEAR MAGNETIC RESONANCE

Keywords: probing voltage, nuclear magnetic resonance, pulse-width modulation,
inverter.

INTRODUCTION

When probing by nuclear magnetic resonance (NMR) to obtain the most complete
picture of the structure and properties of molecules, harmonic signal s(t) (the Hann’s signal)
[2] amplitude-modulated by the law 1+ cos(Qf) should be used. The study [4] shows the
prevailing efficiency of usage of switch-mode of converters with pulse-width modulation
with subsequent filtering to obtain such a signal. After filtration spectrum of probing voltage
should contain three harmonics with frequencies ©g, ®y +€2, ®g —€ with amplitudes
Ao, Ag / 2, A 0/ 2 respectively, where ©; is nuclear magnetic resonance frequency. In this
regard to obtain the necessary information by sensing, the Hann's signal S(f) is subject to
strict requirements (harmonic composition, frequency stability, etc.). It is important to be
able to adjust the amplitude of the harmonics spectrum. Therefore the choice of method of
forming probing voltage with adjustable amplitude is rather urgent task.

Methods of forming PWM voltage

The research needs probing signals with high output pulse power - dozens of
kVA. Therefore, for its formation pulse width modulation is used. To improve the spectral
composition of output voltage and to adjust the amplitude APWM is used [1]. Functional
diagram of the converter for nuclear magnetic resonance is shown in Fig. 1. Power part is
a multilevel inverter (number of levels — 3 or 5), at the output of which the APWM voltage
filtered using a resonant filter is formed.

When forming probing voltage, the frequency of modulating function is
1+cos(Qt)  fyop =Y 2n=T143KTY | when the frequency of modulated function is
fyy=©g/2n =500k [6]. Fig. 2, a shows a modulating voltage (Umod) and the voltage
sweep (Us) with frequency equal to the frequency of modulated voltage. Fig. 2, b, c shows the
PWM voltage formed at the output of the inverter and voltage obtained after filtration.

Output voltage specter consists of three harmonics with frequencies
0y, Oy + €, g —Q with amplitudes A 0 AO / 2, AO / 2 respectively, and harmonics with
multiple and combinative frequencies. Transducer resonance filter (fig. 1) is adjusted to
modulated voltage frequency, that is frequency sweep. During nuclear-magnetic research,
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Figure 1. Functional diagram of the converter for NMR
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because of temperature and pressure change in well, parameters of filter and transmitter

Figure 2. Receiving probing voltage by PWM

elements may change. So, resonance characteristic of transmitter will disfigure. Therefore,
output voltage specter will change if transducing frequency is unchangeable. To avoid this
phenomenon frequency conversion adjustment is used. However, each sensed material
has a Larmor frequency f; , which determinates nuclear magnetic resonance frequency.
Therefore there are limits to regulate the frequency [3]. More appropriate way is to change
the amplitude of the main harmonic of PWM signal to save required ratio of main harmonics
after filtration — Ay, Ag/2, Ag/2.

Application of modulating function 7+c0s(Qt) does not allow to change the
amplitude of individual harmonics. Therefore, it is suggested to use the sum of three
harmonics (fig. 3.) as an envelope instead of 1+ cos(Qt) :
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Figure 3. Receiving probing voltage using PWM method with envelope w(t)

w(t) = Ay -[cos gt + m/2cos(wgy + Q) + m/2cos(wy — Q)] =

1
= a1 Ccos wpt + a, cos(wy + Q) + a3 cos(mg — Q)X W)
1 ol +ay 0 3 0

where ®g - the carrier frequency, equal to the frequency of nuclear magnetic
resonance, €) - frequency modulation, m- coeflicient of modulation (for modulated
sequence of Hann m =1), Ay - signal amplitude.

The study [6] shows that for the calculation of frequency spectrum of a sequence of
modulated pulses with signal 4 + B'sin )¢ it is possible to use the double Fourier series:

1 < . < .
F(x,y)= 5 Ay + Z Ay, cosny + B, sinny + Z A,,cosmx+B,, sinmx +

X n=1 m=1 (2)
+ Z‘T ZIAW, cos(mx +ny)+ B, cos(mx+ny),

2m2m

where 4, =— I IF (x,y)cos(mx + ny)dxdy ,
217 0%

2n2n
B, =— I jF (x, y)sin(mx + ny)dxdy
21 4%
1 21 27 ) 1 21 A+B siny .
Ayt By =5 [ [ FOy)e ey =—— [ [ He/™ ™ dsdy,
T % oo x=A+Bsiny (3)

H - amplitude pulses. After trigonometric simplifications frequency spectrum
described by the expression:
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Figure 4. The spectral composition of probing voltage: a) when biasing the frequency
conversion below the resonant frequency of the contour; b) when adjusting the amplitude of the
side harmonic

F(t)= g—f+ﬁsm9t+2—smmwt+z z (=1 sin [(me +nQ)t —mA| (4)

m=1 m= In—fw

The spectrum contains coefficients 4, B of modulating function. If 4 + Bsin Q¢
in the limits of integration is changed into a signal w(t), within the expression A + jB, ,
we will get the expression that describes the frequency spectrum of the modulated sequence
of pulses, containing coeflicients &y,8p,83. Thus, by changing weighting coefficients
a,,8p,a3 we get the ability to change the amplitude of the individual harmonics in the
spectrum of the output PWM signal.

Simulation results in the environment Matlab\Simulink show that during the
adjustment of amplitudes of side harmonics in modulating function we can achieve the
right balance of amplitudes of the main and side harmonics (fig 4, a, b).

As it is shown in Fig. 4, the amplitude of the harmonic with frequency (®g — Q)
is 0.4 of the amplitude of main harmonic. By increasing the amplitude of the harmonic
in modulating function S(f) spectrum goes to the necessary and the amplitude of this
harmonic will be 0,48 of the main.

CONCLUSIONS
To reduce probing voltage distortion when changing the settings of the filter and
emitter the amplitude of the side harmonics needs to be adjusted.
To regulate the amplitudes of the side harmonics it is advisable to use modulation
with three harmonics.
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FUTURE OF NAVIGATION ACCORDING TO CNS/ATM CONCEPT
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Introduction

From the year of the first Wright brother's flight to nowadays demand in
transportation by air was increasing dramatically. A lot of conflicts and crashes occurred,
because of big amount of aircraft in the air and poor air traffic service. Initially, human
factor was regarded as a main problem of this. That'’s why new procedures were developed
and a lot flight crews and Air traffic controllers were retrained to decrease the impact of
human factor in aviation. But this step gave results only at the beginning. Generally, problem
was not solved. In the beginning of 80", ICAO (International Civil Aviation Organization)
recognized, that it was not enough of those technical capabilities, which existed on that time.
Another words, navigation, communication and surveillance means didn’t meet the demand
of aviation society. After this, CNS/ATM (Communication, Navigation, Surveillance /Air
Traffic Management) concept appeared.

Future air navigation system

First steps in studying and analyzing of existed technologies and facilities, which
were in use, gave the conclusion, that those technologies had a lot of disadvantages, which
unable to maintain the further increasing of air traffic flow and development of aviation in
general. There are some disadvantages:

« their limited usage, because of limited propagation of radio signals;

« difficulties with implementation and maintaining of stable operation of those

system;

« limitations of voice communications system.

CNS/ATM committee made a conclusion that these systems have been exhausted
by themselves. Improving of these system will give small effect. Thus, future airnavigation
system have to use principle new kind of system to satisfy demands of aviation society. It was
decided, that there is only one vital solution, it is using of satellite systems in aviation. At the
same time, systems which work in VHF (Very High Frequency) band and SSR (Secondary
Surveillance Radar) method will remain in usage, where it is appropriate and convenient.

Changes in the field of navigation

Modern Air Traffic Service based on such navigation systems and facilities as:

« INS (Inertial Navigation System);

« NDB (Non-directional beacons);

« VOR (VHF Omnidirectional Radio);

o DME (Distance measuring equipment);
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« Partly satellite navigation in remote areas.

As it was mentioned above, according to CNS/ATM concept the satellite systems
will be used to provide navigation to almost all aircraft in the air, no matter where it will
operate (en route flight, terminal area, landing stage).

In the base of future navigation system lies GNSS (Global Navigation Satellite
System), which consist of one or couple of constellation of satellites, on-board receivers
and different kinds of augmentation systems, which indented to provide RNP (Required
Navigation Performance) for aircraft at a particular stage of flight.

Most important data (positioning data) comes to GNSS from two constellation of
satellites:

- GPS(Global Positioning System)- satellite system, which was developed by USA
for military purposes, but now presented for civil usage.

- GLONASS (Global Navigation Satellite System) — Russian satellite system, which
also gives positioning service for military and civil users.

European Union created its own satellite system GALLILEO, which was conceived
as an alternative to the dominant position of GLONASS and GPS, but it is not implemented
yet, because of problems of testing and launching of satellites.

But positional data, which is provided by the satellites for aircraft in move, is
not precise. It is depend on position of satellites, position of GPS (GLONASS) receivers,
meteorological conditions and other factors. That is why different kinds of augmentation
systems were developed. There are three wide area augmentation systems deployed now in
the world: WAAS, EGNOS and MSAS.

WAAS (Wide Area Augmentation System) — system based on GPS and designed to
provide level of integrity, availability and accuracy corresponding to the requirements of the
basic aircraft systems for all phases of flight, even the approach under I-st category of ICAO,
primarily on the North American continent and partly in the North Atlantic.

EGNOS (European Geostationary Navigation Overlay Service) - system use
additional satellites, which increase coverage, give information about integrity of the work
of satellites and transfer the corrective amendments, which increase accuracy to the level
corresponding to the requirements of precision approach for I-st category of ICAO.

MSAS (Multi-functional Satellite Augmentation System) - because of sharply
increase of traffic flow over North Pacific in the beginning of 2000®, Japan initiated the
creation of their own augmentation system. MSAS performs aeronautical and methodological
functions, provides flight crews and air traffic services by automatic dependent surveillance
information and provides both voice and data transmission. As an element of a wide-
complement GPS, MSAS emits a GPS-like signals and transmits control information
integrity, information correction, the composition of which is similar to WAAS and EGNOS
systems.

There are also smaller augmentation systems, which are intended to improve the
accuracy of navigation data directly in the areas, where it is most important, in terminal
areas and during landing. Today landing procedures are performed using the instrumental
landing systems, which is has to be installed for each runway. It is very inconvenient and
expensive. With the development of satellite navigation we can solve this problem using
LAAS (Local Area Augmentation System). This system can provide landing for all categories
of ICAO. Advantages of LAAS:
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« arelatively small part of the equipment can reduce the costs to support approach
and landing in bad weather conditions;
o it permits the landing of the aircraft in the radius of 55 kilometers under the
I-th ICAO category and potentially under other categories, which makes this
system more cost-effective than other technical means, which are designed for
one runway;
« characterized by flexibility to implement the approach profile with variable
geometry that minimizes the flight distance and amount of fuel.
The first tests of this system showed that precision of this system is 0.39m in
horizontal plane and 0.85m in vertical plane. So, we see that this system is very effective.
Conclusion
One of the biggest priorities in aviation is safety. We cannot guarantee the safety
of passengers and goods with the obsolete equipment. By using the satellite navigation
now and in future we can solve the problem of technologies incapability and continue its
development in safe manner.
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SEKCJA 21. FIZYKI I MATEMATYKI.
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HYIN OYHKI NN BECCEJIA

Annomauvus

B 0annotl cmambve cny4awmcs c60iicea KopHeli ypasHeHus, cooepiausezo QyHK-
yuu Beccens. JJlokaszamo, 4mo KOpHu ypasHeHUs OelicmeumenvHole, NPOCHIble, CUMMEMPUYHDL
OMHOCUMETNLHO HYISL U He UMEIOM KOHEeUHbIX NPeoenvHbiX moyek. JJokasano, 4mo QyHKyus
Beccens nepsoeo poda umeem cuemnoe MHOXeECHE0 Hysell U 6ce peuteHus ypasHerus beccens
ABAIOMCS KONEOTIOUAUMUCS HA NOTIONUMENLHOLL OCU.

Kniouesbpie cioBa

Hynu gyukium Beccerns, pyukius Beccers, 06bikHOBeHHbIE And depeHIanbHbIe
yPaBHEHI, CYeTHO® MHOXKEeCTBO HYJIell

Keywords

The zeros of the Bessel function, Bessel function, ordinary differential equations,
countable set of zeros.

YcTaHOBUM CrIelyIoIye CBOJICTBA KOPHEN ypaBHEHNA.

af,(w) + Buf, (1) =0, (dopmyna 1)

mea =0, = 0,a+ = 0.(IIpu
[ = () mony4um cBoticTBa Hynelt byukiuu Jy (x).)

Teopema 1. Kopuu ypasuenns (¢.1) mpu v > —1 peiicTBuTenbHbIe, IPOCTHIE,
KpOMe, OBITh MOXKET, HY/IS1; OHU CUMMETPUYHBI OTHOCUTEIBHO HY/ISI 1 HE IMEIOT KOHEYHBIX
IIpefie/IbHBIX TOYEK.

HoxkasatenbcTBo. IlycTh KopHU ypaBHeHNA (¢.1) ABIAOTCA KOMIUIEKCHBIMM 4JC-
mamn. V3 onpeneneﬂmg g)VHKI_U/H/I Beccensa [1]

]v (_X) =

2k+v

)

L KT +ky+1D\2 (@opmy1a 2)
=0

u  Bewecrtrewwoctu raMMa-GyHkiyu  I(a)  Opu BelleCTBEHHBIX 4
crenver, uro Jo(E) =L (¥)- Orcona OpM  BEWIECTBEHHBIX & U [ uMeeM

af,(@) + Bi). (D) = af,(w) + B, ().

BennynocnenHeropaBeHCTBa, ec/ i -KoperbypaBHeHMs1 (. 1), To A TakKe IBIAI0TCS
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1
eroxopem. Ectupt, = fI,rononarass pasenctse [, X/, (#{_1 x)_fv (?l’) dx = 0,4y # U,

H1= I Hz = I nonyunm npotuBopeune:
1 _ 1
0= f xJ, Gx)jv (%x) dx =f x UV (%x)r dx.
0 0

[ostomy p? = p?, T.e M160 (L — BelecTBeHHOe, 60 [ = @ — YUCTO MHUMOE
41CTI0, 4 — BelljecTBeHHOe. ITocmenHuit cry4ail HeBO3MOXeH, TakK Kak B cuny (¢.2) n I'(a)
> 0 mpu a > 0 umeem

: ja\" N 2k 2k
k=0

CumMmetpust KopHelt ypaBHeHus (¢.1) otHocuTenbHO Touku |t = 0 u oTcyTcTBIE
KOHEYHBIX IIpeJie/IbHBIX TOYEK C/IefyeT U3 C/IeAYIONIero IpefCcTaBIeHI:

af, + B, (W) = p [(a+ B f,(1®) + 2812 £, ()],
f,; (&) — nenas GyHKIMsA, 3aaHHAS PAKOM

(—1)ks*

¢ 22k (k+ v+ DR
=0

fo ) =

" 13 TOro GaKTa, YTO MHOXKECTBO HYJIei LIeJI0ll PYHKINY He MOXKeT MMeTb KOHed-
HYIO NIPeJIeNIbHYI0 TOYKY.

ycTb piy > 0 — xopenb ypasnenus (¢.1) kpatroctu 1 = 2. Torja cripaBeBbI
paBeHCTBa:

al,(po) + Pl (1te) = 0,
2
aly(po) + BUu(o) + toly (o)) = —B (P»o _%)_fv(#o) +af, (1) =0,

KOTOpbIe pACCMOTPUM KaK CUCTEMY OTHOCUTENBHO [y, (flo)

u Jo(to) ¢ onpenenurenem 8 = a? + B2(u2 — v?). Vs JaHHON CHCTeMBI MMe-
em: a) ecmut § = 0, 70 [, (o) =], (115) = 0 u B cuTy TeopeMbl eIMHCTBEHHOCTH pellle-
Hus 3agaun Komu s ypasuenus (1) dynkuyus [, (1) = 0 (rak kak TouKa Ho He 0COo-
6ast 15t HETO), YTO HEBO3MOXHO; 6) ecu & = 0, To 310 Bo3MOXHO TOMBKO TIpH § = 0 n
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0 <y, = vl

6 =0 gant x_ z_ 2
HeM — = /T /{5 ¥ IOACTAaBMM B IeEpBOE ypaB-

)= (Z-1)Ew

W3 paseHcTBa

HCHIUE CUCTEMBI. Torna IIOTy4IMM , IIpn PaBEHCTBO
fc,l Xy (uox)dx = 0,3 KOTOpOro cenyet, u4to [, (fox) = 0 Ha [0,1], 2 9TO HEBO3MOXKHO.
BosHMKaeT BOIIPOC O CyIIeCTBOBaHUM KOpHell ypaBHeHus (¢.1). 3mech paccmo-
Tpum ciy4ait > 0. T e. mokaXkeM cyijecTBoBaHMe Momyneit pyHkumm Beccens [, (x) nep-
Boro poga mpu v = 0.
Teopema 2. Oynxyus Beccenst nepsozo poda [ (), v = 0, umeem cuemnoe mroxce-
cmMeo Hy7neli, c1e008amenvHo, 6ce peuleHUs YpasHeHus Beccenist A6AA0MC KONEOMOUUMUCS

(ocuunnupyrowumu) 6 npomexcymse [0, +92),
INokasaTenbcTBO. YpasHenue Beccens samenoit dpynximm ¥ (X) o dopmyre

1
y[x) =z(x)x =2 NIPUBOJYM K BUJY

2 — 1f4
zZ'(x)+{ 1 - z(x)=0. (bopmyna 3)

B ypaBuenun (b.3) xoabduient mpu Z 6osblie efUHNIBI IPH v < 1/4 y
menbme emnunsl mpu V2 > 174 IToatomy, cpaBHMBas vpaBHeHMe (b.3) ¢ VDaBHeHN-
em W' (x)+u(x) =0, o6mee pellieHne KOTOPOro u(x) = Asin(x++¢), e A u
) — MpOM3BOJIbHBIE [IOCTOSIHHbIE, MIMEE™ CUETHOE MHOXECTBO HYJIell, IIpUIeM PacCTOsi-
HIfe MEKIy COCEHUMI HY/ISMU PAaBHO '~ Ha OCHOBAHUM TEOPEMBI CPABHEHMS U3 Kypca
06BbIKHOBeHHBIX Ay depeHInanpHpLy vravweun 12 1 3, §10] mony4uum, 4to GyHKuUMs
z(x) U, COOT®AT TRAIHQ, (byHKum{ ¥ x) =Jv (x) VIMEIOT CYeTHOE€ MHOXXECTBO HYJIEN B
npomexyT_: L2 %) 3 paccrostme Mexy cocemumu mynsamu 6onpire T ipu v > 1/2
v menpine  npy _ > 1/2. Ecrm v > 1/2, 10 paccrosme mexty coceHuMu HYIsMu B
TOYHOCTH PaBHO . DTOT (aKT OUeBIU/EH, TAK KaK COOTBETCTBYyMoMLIas ¢yHKuusa beccens

|| 2 .
uMeeT BUL, flgz (x) = — Sinx.

B cnygae X — +9% xoaduumesnr npn z B ypasHenu (¢.3) crpemurcs K 1,
II03TOMY IIPY JOCTaTOYHO OONBIINX X PaCCTOSHME MEXAY COCeNHUMIY HY/LIMM pelIeHNi
ypaBHenus (b.1) kak yrogHo 61M3KO K 9MCTY Z, T.e. KOTeOaTeNnbHbI XapakTep QyHKImit
Beccens [, (%) mpu Gompimix z mpubmmkaeTcs K Kone6aTenbHOMY XapakTepy ByHKIM
Sinx, Ha ocHoBaHuu TeopeM 1 1 2 ONOXNTETbHbIE HYTN ByHKIIMN ], (x) MOxHO mepe-
HYMEPOBATD B MOPAAKE BO3PACTAHMUA: [,y <= Myz <ooo << MUy <. e

CrpaBen/iBo ClIefyoliee yTBep>KaeHe.
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Teopema 3. Yncnosoii pan

1
— (popmyna 4)
F.::j_"uvk
CXOLUTCA.
JoxasarenbctBo. CpaBHuM ypaBHeHue (¢.3) ¢  ypaBHeHueM

u"(x) + 2u(x) = 0, u ospmem ero peleHne ii(x) = Sinﬁx; IIOJIOKUTEIbHbIE HYNIN

mk x2 = 1_ 12
KoTOpOro onpenensoTcs papencreom Xx = =,k EN.Tlpn ™ =4 BBITIOMHAETCS

1)2—

L=
o |

HepaBeHCTBO 1 —

= 2.Torga mo Teopeme cpaBHeHms [2] mns mo6oro Hary-
X

2 2
= v
panbHoro K = Ky, rge HarypanbHOe 4MCIIO kg taxoso, urto Hoe, 4 , OTPe30K

[Moieg Mok +2) ] COIEpXKUT KaK MMHMMYM JBa HyIA QYHKIUK 1(x). Orcropa clepyer,
k=k,

4YTO NPU BCEX

1
Hogrezy — Hok = NG TT. (popmyna 5)

PaCCMOTpI/IM psin B neBoit yacTy (¢.4) 1 IPEACTABUM €ro B CIIEAYIOI[EM BUfe:

o 1 1 -1
— = —+ Z + Z . (Qopmyna6)
Z Hok 3:: P'i(kukj kzl#f-(mzk— 1)

k=1 k=1 k=1

B cuny ouenxu (¢§.5) umeem:

Tk Tk
Poties2k) = ok, T \TE’ Pkt 2k-1) = Hutkp-1) T E

Torpa 13 nocnegHNX HepaBeHCTB U (¢.6) momydnm

il{ 1+i 1 +i 1
e Al k)’ k\*

k=1 (#u;co + MTE) k=1 (#u(;co—u + MTE)
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k kq
- 1 4 1 a
— 4+ — — o0
= 2 2 2
T k
k_iﬂvk k=1

Berpaxxaro 671arofapHOCTb CBOEMY HaydHOMY pykoBoputento Cabumosoii FO.K

Cnmcok muTepaTyphi:
. Jle6enes H.H. CreunanbHble (I)yHKuMM 1 ux npwioxenusa. - M.-JI.: Ousmaraut,
1963 - 360c.

. CaburoB K.B. ®Oyukimonanbusle, fuddepeHinanpHble 1 MHTETpaIbHble ypaBHe-
HuA. — M.: Beicin. mk., 2005. - 671c.
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I1O/]- CEKIIVA 6. MaTteMaTuka.
Tutosa IOnusa AnexcaHgpoBHa
CrygenTka 3 Kypca
(UBMKO-MaTeMAaTNIeCKOro (aKymibTeTa
Crepmmramakckoro ¢umana
bamxknpckoro TocymapcrBennoro YausepcureTa,
r. CrepuTamak

HAYAJIPHO-TPAHUYHAA 3ATAYA VI BOJIEE OBIIETO YPABHEHUA
TNMITEPBOIMYECKOTIO TUITA

AHHOTAIINA

B Oannoti cmamve npusedem o6usyto cxemy memooa pazoeneHus nepemerHoix Ons
peienuss HauAnbHO-2PAHUYHOTL 3a0adu 07 YpasHeHUs eunepbonuueckozo muna, 6onee 06-
14e20 N0 CPABHEHUIO C YPABHEHUEM CHIPYHDI.

Kniouesbpie coBa:

HavanbHo-rpaHnyHas 3a/ja4a, ypaBHeHUe IUIepOOIITIecKoro TUIIA, METOJ, Pasfie-
TIeHUs IepeMEHHBIX, 3afa4a [llTypmana-/Inysuis.

Keywords:

Initial-boundary value problem, hyperbolic equation, method of separation of
variables, Sturm-Liouville.

PaccmoTpum ypaBHeHMe
2

S+ Lu=f(x0) ey

8 mwwmmanpe @ =D X (0,T), rge D - obmacts mpocrpanctea R™ Towek
X = (X1,%5, e, Xp), N = 1, ¢ nocTaTouno IIANKOI rpaHuLen S; u(x, t) - yckomas dyHK-
Oous;

) 8
Lu = —div(p(ogradw) + g(u= - Y =—(p(5=) +qu, ()

e p(x) € ct (ﬁ), q(x) € C(ﬁ), puyeM

p(x) =p, = const >0, q(x)=0 npux €D, (3)
¥ IOCTaBUM CTIEAYIOLIYIO 3a/iady.
HauanbHo-rpannynas 3agava. Haittu B o6mactu ¢ penrenne u(x, t) YpaBHEHUA
(1) w3 xmacca C2(Q), YEOBJIeTBOPSIIOLee HadaIbHBIM YCTIOBUAM

u(x,0) = @(x), u:(x,0) = ¢¥(x), x €D, (4)

U TPaHNIHOMY YC/IOBIIO

=0, 0=t<T, 5)

e f(x, ), @(x), W(x), @(X) - 3apanHbIe TOCTATOYHO IIASKIE byHKIMY, IPY 3TOM
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a(x)=0Ha S, (6)

du .
—— — NIPOM3BOJHAsA 110 BHELIHEV HOpMa/In Nk TIOBEPXHOCTH S,

anN
Bravase paccMOTpMM Hada/JIbHO-TPaHMYHYIO 3afady i ypaBHeHus (1) mpu
f(x,t) = 0, T.e. 11 OZHOPOFHOTO VDABHEHMS
Uy + Lu= 0. (7)
[na noctpoenus pemenus 3agaun (7), (4), (5) mpl npumenuM Metopi Pypee, T.c.
pelieHnsa ypaBHeHUA (7), yIOBIETBOPSIONIYe TPAHNYHOMY yCI0BUIO (5), 6ymeM McKaTh B
BIJle IPOVI3BENEHNA

wu(x, t) = X(x)T(t). (8)

IMopcrasnasa BeipaxeHye (8) B ypaBHeHUe (7) 1 pasfie/isia epeMeHHbIe, IIOTyYiM
ypaBHEHMA: "

T'"i)+AT()=0,0<t<T; )

LX(x) —AX(x)=0, xe D, (10)

npudeM QYHKINA X(x)s cny (5) BO/DKHA YIOBIIETBOPATH KPaeBOMY YCIIOBUIO

AX (x)

?+a(x])([x)=0, x € S. (11)

3apgauy (10), (11) HasbiBatoT 3amaveit Lltypma-JInyBumis, vwm ceKTpaIbHOI 3a-
maveit ans auddepennmanbHOro oneparopa L. ITa 3aada cOCTOUT B HAXOK/IEHUM BCEX
TeX 3HaYeHUII mapaMeTpa A, Ipu KOTOPIX ypaBHeHMe (10) nMeeT HeHy/IeBbIe pell 4iud B
obmactu D, ynosnersopsoniue Hynesomy rpanmdanomy ycnosuto (11). Te snaverns *, mpu
KOTOpBIX 3a7ada (10), (11) uMeeT HeTpUBUAIbHbIE PELIEHNSI, HA3BIBAIOTCS COOCTBEHHBIMM
3HAYEHMSIMI, @ COOTBETCTBYIOLIIE M HETPUBMA/IbHbIE PElleHIsT — COOCTBEHHBIMMU (PyHK-
uysamu 3amaun (10), (11).

OpnHOMY U TOMY e COOCTBEHHOMY 3HAYEHMIO MOXXET COOTBETCTBOBATh HECKOIIb-
ko cobcrennbix Gynkumit Xy (x), X, (x), ... , Xy (x). Torna ux nuHeitHas KOMOUHALMS
T, X, (x) Taxke sBnseTcs COGCTBEHHOI (YHKIMel, COOTBETCTBYIONIEN TOMY e
COOCTBEHHOMY 3HAUEHUIO. JTO [O3BOIAET PACCMATPUBATD TOIBKO JIMHEIHO He3aBUCHMBIE
cobCcTBeHHBIe (DYHKIMY, COOTBETCTBYIOLIME JAHHOMY COOCTBEHHOMY 3HadeHuio. Yucio
JIMHETHO He3aBUCUMBIX COOCTBEHHBIX (DYHKLMII HasbIBa€TCS KPATHOCTBIO (PaHTOM) CO-
OTBETCTBYIOILIETO COOCTBEHHOTO 3HaueHMst. MHOXeCTBO BCeX COOCTBEHHBIX 3HAUEHUIT 3a-
maun (10), (11) Ha3BIBAIOT €€ CEKTPOM.

Pewrenne 3agaun (1), (4), (5) 6ymem uckars B Buge

+ oo

u(e,t) = Z w, (DX, (), (12)

k=1

rne & (93 _ ponman OPTOHOPMUPOBAHHAS CHCTEMA COOCTBEHHBIX (YHKI[WIT 3a-
paan (10), (11),
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u, () = J‘ ulx, )X, (x)dx. (13)

D

ITycrp U(x, ) - peurenne 3apgaun (1), (4), (5). Anddepenunpyst o6e yactu paBeH-
cTBa (13) gBa pasamo t mpu t = () ¥ yunTbiBad (1), momyunm

w,(t) = f{f(x, t)— Lw)X, (x)dx = —f LuX, (x)dx + f flx, )X, (x)dx =
D D

D

=— f ul X, (x)dx + f flx, )X, (x)dx =

D
=—1, f uX, (x)dx+ f flx, )X, (x)dx = A, u, (D) + f.(0), (14)
D D

rme

£ = [ reox@ax 15)

W3 (14) nonyuaem auddepeHIanpHOe ypaBHEHNE OTHOCUTETBHO HEU3BECTHOTO
koadunmenta uy, (t) pama (12):

uy, (t) + A u (1) = fi (). (16)

W3 paBenctsa (13) u (4) HalijleM Ha4aIbHbIE YCIOBUA:

ue = [ ut 0%, ax = [ pCox O = g, (7
U = [0 00X W = [ PXWax =, (18)

MerofoM BapMalMy NPOV3BONBHBIX ITOCTOSHHBIX ITIOCTPOMM pellleHMe 3ajadn
Ko (16)-(18):
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t
1
u,, (t) = @, cosp,t+ %sinpkt+;ffk (T)siny, (t — 1)drt. (19)
e e
[}

Tenepp mopcrasnas (19) B (12), HaiijeM QopmanbHOe pellleHMe HavaabHO-
rpaHm4Hol 3agadn (1), (4), (5) B Bume CyMMBI psAfa

+ o

1 |
u(x, t) = Z — [Uy Py cOS g T+ Py ST +
kzl#k
t
+ [ fe@sin e - Danx, @, 20)
[i]

rae [ Pru Ve OIIpefie/IAI0TCA COOTBETCTBEHHO 10 ¢popmynam (15), (17), (18).

Teopema. Ilyctp BomonHsA0TCA yenmosuA (3) u (6). Torma ecnmu cymjecTByeT pe-
urenre 3agaun (1), (4), (5), TO OHO SIB/IAETCS €UHCTBEHHBIM 11 (POPMAIBHO OIIPENesIeTC
psmoMm (20).

IoxkasatenbctBo. [TycTb cymecTsyioT iBa pemenys U1 (X, £) nUz (X, t) navambro-
rpanmanoit sapaun (1), (4), (5). Torga ux pasnocts Uz (%, 1) — U (x, 1) = u(x, t) apuser-
sl pelleHreM ofHOpopHo 3anaun (1), (4), (5), rme p(x)=vx)=0,f(x)=0.B 197044
atoro us pasercts (15), (17), (18) cnenyer uro, fi. = 0, @, = Y, = 0. Orcrona Ha ocHo-
BaHuu paBeHCTB (19) u (13) mpu mobom t € [0, T] noayunm

f ulx, )X, (x)dx=0, kel (21)

D

W3 paBencTBa (21) B CHTy IONTHOTBI CUCTEMBI {X;. (x)} B mpocrpanctee L, (D)
Bbrtekaet, uto W(¥X, t) = 0 nourn scropy B o6mactu D ou mo6om t € [0, T]. Tockonbky
dynxrma U(X, t) wenpeppisra va @, ro ulx, t) =0 Q.

Berpaxkato 671arofapHOCTb CBOeMy Hay4HOMY pykoBoputeno Cabumosoii FO.K.
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SEKCJA 24. NAUKI CHEMICZNE.(XMUMWYECKHUE HAYKHN)
IIO[- CEKIIJA 1. Ananutudeckas u pusnyeckas XUMms
Koponesa E. B.
CrypenTka 4 Kypca
Open6byprckuit [ocynapcTBeHHbIT YHUBEPCUTET
r. Open6ypr, Poccus
ITonomapesa II. A.
Crapumit mpernofiaBatesb Kadempbl XUMUN
Openbyprckuit [ocynapcTBeHHbIT YHUBEPCUTET
r. Open6ypr, Poccus

3ABUCIMOCTDb PABHOBECHBIX ITAPAMETPOB 9KCTPAKII M
B CUCTEMEIL, - TB® - UBOOKTAH - NACL OT PH BOTHOW ®A3bI

Vo, B OCHOBHOM B BUJIe COEMHEHMIT, HAXOIUT JIOBOIBHO LIMPOKOe IIpUMEHEHME.
Ero mpopykTbl UMeIOT 60/IbIII0e 3HAYeH e /IS YAOB/IETBOPEHYsI HY)X]I JIIOfIell, HaPOJFHOTO XO-
351/ICTBA M OY€Hb YACTO SIBJLAIOTCSA lepuIMTHBIMUL. B CBA3M € 9TUM Ba)KHOE 3Ha4YeHNe MEET I10-
160p 3bPEKTUBHBIX METONOB BBIE/IEHNS ITOfjA 113 PA3/INIHBIX BelecTs [2]. OnHuM 13 Takux
METOJIOB SIBJIETCSI IKCTPAKLINS, KAK CAMBIIT JOCTYITHBLIA ¥ LIMPOKO MCIOIB3YeMBblit CII0CO0.

Llebio JaHHOTO MCCIEOBAHNA ABILATIOCH U3ydeHye BauAHNA pH BogHoI (a3pl Ha
PaBHOBECHBIE ITapaMeTPhI IPOLecca SKCTPAKLUH 104a 13 BOJHBIX pACTBOPOB C Pa3IN4YHON
MuHepanusanyeit kommnosuiyeit Tb® - n300kTaH.

OKCTPAKLMIO ITPOBOAVIIN 13 MOJIE/IbHBIX PaCTBOPOB J10fja C Pa3IMYHBIMU yPOB-
HAMU pH, 3HaueHMe KOTOPBIX OCTUTAIOCH 33 CYET MOAKUCIEHN X PACTBOPOM COJLAHOM
KMUCIOTHI (KOHLeHTpauyst 1 Monb/m) U ¢ GOHOBOI KOHIlEHTpauyell XIopup-uoHos 0 u
1 Monb/n. OCTaTOYHYIO0 KOHI[EHTPALINIO 107a B padHATe OIIPENeIsI MeTOZOM 00'bEMHOTO
aHa/IM3a C CAHTYIMOJLAPHBIM PacTBOPOM TUOCY/Ib(aTa HaTpUA.

C opr
0,02 7
22
0,015 1
1
0,01
0,005
A
L C BoaH
0 T T T 1
0 0,00002 0,00004 0,00006 0,00008

PucyHok 1 — N3oTepma skcTpakumm nopa us cmecn 10 % TB®D B n3ookraHe
1 — pH=1,09; ¢(l,)=83,058 mr/n; ¢c(Cl)=0 mone/n; D=213,76
2 — pH=1,06; ¢(1,)=104,14 mr/n; c(Cl)=1 mone/n; D=229,23
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C opr
0,03 7

0,025 .
0,02 1

0,015
0,01 7
0,005 - o

C BomH

0 T T T T 1
0 0,00004 0,00008 0,00012 0,00016 0,0002

PucyHok 2 — M3otepma akcTpakumm noga ns cmecn 10 % TBD B M300KTaHe
1 —pH=2,09; c(l,)=164,211 mr/n, ¢(Cl)=0 monk/n; D=162,53
2 — pH=1,98; ¢(1,)=139,573 mr/n, ¢(Cl)=1 mons/n; D=133,9

Iliist onpenenenus koo uineHTa pacupeneNeHns i CTeIeHN U3BIeIeHns ObIIo
M3y4EeHO PaBHOBECHE MTPOLlecCca SKCTpaKIMM Jiofa B MHTepBae sHadyeHnii pH or 1 mo 3.

Ha puc. 1 mpepncraBnena usoTepmMa SKCTPAKIUY JOfja U3 UCCTIERYEMO CHCTEMbI
npu pH=1,09 n pH=1,06.

M3 puc. 1 BugHO, 4TOo KOo3adduriments! pacmpegenenus D, paBHbl 213,76 u
229,23 cOOTBETCTBEHHO.

ITo aHa/MOTMYHON MeTOAMKe OBUIO MCCIIEHOBAHO PaBHOBECUE SKCTPAKLUU IIPU
pH=2,09 n 1,98 m1s pacTBOpOB Iiofia ¢ KOHIeHTpanueit 164,211mr/n u 139,573 mr/m.

C opr
0,025 1
2
0,02 N
1
0,015 A
0,01 7
0,005 A .
C BomH
0 T T T T )
0 0,00002 0,00004 0,00006 0,00008 0,0001

PucyHok 3 — N3oTepma skcTpakumm nopa us cmecun 10 % TB®D B n3ookraHe
1 — pH=2,98; c¢(l,)=123,19 mr/n; ¢c(Cl)=0 mons/n; D=207,64
2 — pH=3,05; ¢(l,)=128,778 mr/n; ¢c(Cl)=1 mons/n; D=210,36
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240 b

220
200
180
160 -
140

120 4
pH

100 T T T T
1 1,5 2 2,5 3

PucyHok 4 — 3aBrcuMocTb KosdhduLmeHTa pacnpeeneHns oT BennynHel pH
1 — ¢(Cl-)=0 monb/n; 2 — ¢(Cl-)=1 monb/n

Msorepma aKkcTpakUumy npefcTaBieHa Ha puc. 2. [TonydeHHble 3aBMCHMMOCTH TI0-
3BOJISIIOT ONpPeReNUTh KOIPPUIMEHTHI pacrpeneNeHusi sl TaHHOM CUCTEMBI, PaBHBIE

Ta6nuua 1
PaBHOBECHbIE napamMeTpbl 3KCTpakymnn
KoucTantbl pacnpepenenus iopa B cucteme 12 - NaCl - H20 - 10% Tb® B usookrave
oH [CI-1=0 monb/n [CI-]=1 monb/n
D R, % D R, %
213,76 97,63 229,23 97,44
162,53 97,68 133,9 96,31
3 207,64 97,22 210,36 97,53

162,53 1 133,9.

IIpn skcTpakuyum pacteopa Jopa, npu pH=2,98 m 3,05 M KOHLEHTpauuu
123,19 mr/n u 128,778, Habmogaotcs KoapPUIeHTs! pacpeneneHus pasHbie 207,64 u
210,36 (puc. 3).

INonyyeHHbIe TAHHBIE TTO3BOJIAIOT CAENaTh BHIBOK O TOM, 4TO M3MeHeHMe pH Boj-
HOIT CPefibl B PaCTBOPAx C 6€CCOMIEBBIM U COEBBIM (POHOM B JAHHOI CMeCH SKCTPATeHTOB
OKasbIBaeT HEKOTOPOE BIIsIHIE HA K09 duimeHT pacnpenenenus (Tabn. 1 u puc. 4).

Ecnu mcxomute M3 TPENIONOKEHNS, YTO J/IEMEHTHBIN 1107 HAaXOOUTCS B 0be-
ux ¢asax B eAMHCTBEHHOI opMe, TO paBHOBeCUE MOXKET ObITh OXapaKTePM30BAHO KOH-
cranToit pactipenenenus K . CrefoBaTenbHo, IS KAK/[OTO MPOIECCa MOXKHO PacCINTaTh
usMeHeHne sHeprun [ub6ca [1]. OHa [y Bcex cIyuaeB HAMHOTO MeHbIIe HY/LI, IO9TOMY
9KCTPAKINA MOXKET PacCMAaTPUBAThCA KaK IpocToe puandeckoe pacrpesielieH1e 1 IpoTe-
KaTb CaMOIIPOM3BOJIBHO (Ta0I. 2).

3uavenns koaduienta pacipeneneHns B mpegenax ot 133 o 230 u usMeHeHus
1306apHO-M30TepMIYIECKOTO NOTEeHIIMaNa B mpefenax -13,5 no -12 x[[x/Monp cBUeTeNb-
CTBYIOT O CMJIbHOM CMEILEH!M PaBHOBeCKs BIpaBo B peakuun I, (Boxn.) <> I, (opranmy.)
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Ta6bnuua 2

3Ha4deHne aHeprui Moé6ca ans pacTBOPOB C Pas3nNnYHbIMU YPOBHAMK pH
¢(Cl-) 0 1
pH=1 -13,20 -13,37
pH=2 -12,52 -12,05
pH=3 -13,12 -13,16

(3].

B pesymbrare MOXXHO He/aTb BBIBOL O TOM, YTO KO3 UIMEHT pacipefeeHns
MeHsIeT CBOe 3HaueHMe B 3aBucumocty ot pH cpenpl. [Ipy BBefieHUM COMM C KOHIIEHTpa-
nueit ¢(Cl)=1 monb/n, HabmIOfaeTCsA YXyAlleHNe U3BIedeH s JIofia U3 BOJHBIX PaCTBOPOB.
AG<<0 pna Bcex cmydaes. CrefoBaTeIbHO, MOKHO CUMTATh, YTO SKCTPAKIUA — 3TO MPO-
cToe ¢pusnIecKoe pacupeyeneHue.
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