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THE ROLE AND SPECIFICITY OF THE ACCENT IN CLASSICAL ARCHITECTURE
The origins of the formation.

Ceéucmyn Izop Bonooumuposuu.
THowyxkysau kag. meopii, icmopii apximexmypu
Hayionanvuoi akademii obpasomsopuoco mucmeymaa i apximexmypu Yxpainu.

POJIb I CIEHIM®IKA AKIEHTY B KJIACHUYHIN APXITEKTYPI
Burtoxu ¢popmyBaHHs

Summary. The study is aimed at determining the role and specifics of using the compositional means of
accent in classical architecture. The main feature of the use of accent during this period is the stability of its
compositional characteristics and its use as a basic tool in the structure of the architectural form. High plastic and
artistic qualities created on the basis of the order system, as well as the strength of traditions, have identified him
as a symbol in the history of classical architecture.

An accent in a classic period was called to strengthen building prestige, role of main facade and parade
entrance, underline them important position in the general structure of architectural form. It leads to that accent, —
in a classic period of development of architecture was not a second-rate or casual element, but served as a main
composition mean, fixed as a concrete composition structure (formulas), that became the standard of
expressiveness and harmony. Application of this composition mean was a basic traditional decision in classic
architecture (by essence of the classics in architecture).

Found out the followings types of accentual decisions: First and major — on the basis of three-cornered fronton
or attika with addition of portico; Second — on the basis of the arched construction; Combined — combines a fronton
and arch; Additional are portals (with different configurations of cuts and registration), front doors stair, portholes
(gothic architecture), dome, sculptural the plastic arts and other.

AHoraunis. JlociipkeHHs cripsMOBaHe Ha BH3HAUEHHs poiii 1 crielu(iku BUKOPUCTAHHS KOMITO3HILIIHOTO
3aco0y aKIeHT y KIacwyHiil apxitekrypi. OCHOBHOIO OCOONHMBICTIO BHUKOPHCTaHHS aKIEHTY B IIeH mepion €
CTIMKICTh HOTO KOMITO3UIIIITHAX XapaKTepUCTHK i 3aCTOCYBaHHS B SKOCTI 0a30Boro 3aco0y B CTPYKTYpi
apxiTektypHOi (hopMu. BHCOKI TUTacTHYHI Ta XyIO0XKHI SIKOCTi, CTBOPECHI Ha OCHOBI OpJIEPHOI CHCTEMH, a TaKOXK
CUIIa TpaaWIlifi, BU3HAYMIN HOTO SK CHMBOIN B iCTOpIii KITAaCHYHOI apXiTeKTypu. BHsABICHO HACTyIHI BUIA
aKIEHTHUX pimieHb: | (0a30Buil) — Ha OCHOBI TPHKYTHOTO (PPOHTOHY a00 aTTHKA 3 AOAAaBaHHSIM IOPTHKA; 2 — Ha
OCHOBI apO4HOT KOHCTPYKIIii; 3 — (KOMOiHOBaHe) — MOE€AHY€E (POHTOH 1 apKy; 4 (HOAATKOBI) — MOPTaNH (3 Pi3HUMHA
KOH(IrypauisMu 1popiziB 1 ohOpMIICHHIM), MapajHi CXOIH, KPYrJil BikHa (rOTHKa), KYyIMOJ, CKYJBITypHa
IJJACTUKA Ta 1H.

Key words: accent, composition, architectural form, classical style, history of architecture.

Knouoégi cnosa: akyenm, komnosuyis, apximekmypHa popma, KiacuyHull Cmuib, iCTopis apximexmypu.

IMocranoBka npo6/emMu.

HezanexHo Bix ICTOpUYHOTO nepiony
IiIBUILICHHS] BUPA3HOCTI 30BHIMIHBOI popMu OyiBesb
— OJHE 3 HaWBAXIMBIMMX 3aBJaHb 1 BOAHOYAC
NPOLIECIB Y PO3BUTKY apXiTeKTypH. Binmosinaroun
BUMOTaM CBOTO dHacy, KOXKHa €roxa mparHyia o
OHOBJICHHSl  IUIACTMYHOT ~ MOBH  apxiTeKTypw,
BUKOPHUCTOBYIOYHM JJII IOTO HEOOXigHi 3acobm i
npuiiomu. Cepen 6araTb0X MOXKIHUBUX PillleHb IIHOTO
BOXJIMBOIO 3aBIaHHI B JAHOMY JOCIHi/DKEHHI
PO3TIISAIAIOTECS. POJIb 1 OCOOJHMBOCTI aKIEHTY — SIK
3aco00y apXiTeKTypHOi KOMIIO3UIlii, TOKJIUKAHOTO
MOCWJINTH  BUPA3HICTh  apXiTeKkTypHoi ¢opMu Ta
BUJIUIMTH 00’€KT y MichKOMY mpocTopi. He3Bakarouu
Ha aKTHBHE BUKOPUCTAHHS aKLEHTY B apXiTEKTypHii

MIPAKTHIl, BiH HE CTaB IPEAMETOM HayKOBOTO ITOLITYKY
Ta o0rpyHTyBaHHs. [yist OLIBII TIIMOOKOTO PO3yMiHHS
0cOOJIMBOCTEH BUKOPHUCTAHHS aKIEHTY B HOBITHHOMY
¢dopmoyTBopeHHi Ha Mexi XX—-XXIcT. IOUmiapHO
3BEPHYTHUCSI /IO ICTOPUYHOTO JOCBily, a came 10
KJIACUYHOTO TIEPioly PO3BUTKY apXiTEKTYpH — BUTOKIB
ioro BHUHUKHEHHA. JlaHwii ertam Hece B CoOi
BEMYE3HUI  NPAaKTHYHUH  JOCBiL B  €BOJIONIL
30/14€CTBAa. 3BEPHEHHS [0 OCHOB apXiTEeKTypHOI
IisUTbHOCTI, HOTO TeHe3Wcy, MJacTh MOJKIHBICTh
MOBHIIIE MPEJICTaBUTH POJb 1 XapakTep IPOLECiB
PO3BUTKY aKIIEHTY B MHHYJIHX €[10Xax, MOPIBHIBILIH 1X
3 TEHJEHUISIMHU cydacHoro mepioxy. Lle n03BosHTH
3allOBHUTH TIPOTAIMHY B KOMIIO3MILINHIA Teopii,
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JonomMoxe  cOpMYJIIOBaTH  NEPCIEKTHBH  HOTO
3aCTOCYBaHHS B HOBITHIH apXiTeKTypi.

AHani3 ocTaHHIX JocaiIxkeHb i myOJikaniii.

Ha migcTaBi BUBUEHHS KITACHYHUX JIITEPATypHHX
JUKepesl — Tpanb TAaKUX BUYEHHMX 1 IPaKTHKIB, SK
Bitpysiii, Anbbepri JI. B., Binsitona /1. b.,
[Tammamio A., Bione ne ok E. E. Ta in. [1-5], MoxHa
3poOUTH BUCHOBOK, II0 ¥ IIUX TEOPETUKIB apXiTEKTypH
BiZICYTHI HAyKOBO OOIPYHTOBaHI pPeKOMEHMAIii MI0I0
BUKOPUCTAHHS AaKICHTy, BU3HA4YEHHS WOTO poii i
cnenn(iku KOMIIO3UIIiIfHOTO 3aco0y B mMOOymOBI
¢opmu. OpnHak, Ha NPAKTUI HOTO 3acCTOCYBaHHSI
BIZTHOCUTBCS 10 (POPMOTBOPUMX PillI€Hb, IO IIHPOKO
3aCTOCOBYBINCh B  ICTOPHYHOMY  MHHYJIOMY
3oa4ecTBa. Y CydyacHill HayKOBiH JiTepaTypi Takox
BIZICYyTHI Marepiaiyd MIOA0 3asBJICHOI TEeMH, IO
CBIIYHUTH MPO HAYKOBY IMPOTAIMHY B KOMIO3WIIHHIN
teopii. Taka po3OLKHICTH Teopii i MPAKTHKH cTaia
OCHOBOIO BUBUCHHS 1aHOT MPOOIEMH.

®opMyJIIOBAHHA Lijel i 3aBIaHb CTATTI.

MeToro OOCHiIKeHHS € BU3HAUCHHS poIi 1
cnenn(iku KOMIO3HIIHHOTO 3aco0y akmeHT Yy
MiABUIICHHI  BHPAa3HOCTI  apXiTeKTypHOi  (opMu
KJIaCUYHOTrO  Iepioxy  po3BUTKY. Ilepexbaueno
PO3B’si3aHHS TaKUX 3aBJaHb. — BUBYHMTH JITEpaTypHI
JUKepela 1O TEeMi; — IIPOBECTH aHami3 00’ €KTIB
KJIacCUYHOro  mepiomy ictopii — apxiTektypw; —
BU3HAYUTH MPUYMHN BUHUKHEHHS aKLIEHTY; — BUSIBUTH
HOro OCHOBHI TCOMETPHYHI Ta  KOMIIO3HUIIIHHI
XapaKTEePUCTHKH.

OcHoOBHA YacTHHA.

V tpakrarti Bitpysis [1] — y neprmiif, mo xifinma

0 HAC, TEOpPETHYHIM Tmpami 1o apXiTeKTypi
JABHBOPHMCBKOIO apXiTeKTopa, He pPO3IIIAIAETHCS
OKPEMO IOHSATTSI aKIIEHTY, B PO3YMIHHI 3aco0y
aKIEHTYBaHHS  apXiTeKTypu  Ta  IiJBHIICHHSI

BUpasHocTi 1T popm. He BxkuBaroThes iHIII, ONM3bKI 10
HbOIO 32  3HAYCHHSIM  IOHATTSA:  JOMIHAHTa,
KOMIIO3UI[IHAN  IIEHTP, TCOMETPUYHUN  LEHTP,
TOJIOBHHUH €JIEMEHT KOMITO3HIIIT Ta iH.

Ha mepmmii mormsn, I JlakyHa B Teopii
BUKJIMKA€ TIUTaHHSA. AJie 1 MOXHA MOSCHUTH THM, IO
st BiTpyBisi rapMmoHiiiHa BHpa3HICTH apXiTeKTypu
Oyua 3akinaneHa B ()OpMy aHTUYHOI CHOPYIH TpeKaMu
y BUMIIAII opaepHoi cuctemu (3 700 — mo 500 pp. 1o H.
e.) [8, c. 32, 33] i mocsATamack Ha OCHOBI 3aKPIIIICHOTO
B PHUMCBKMI  TIepioJ  YiTKOro  JOTPHUMYBaHHS
KaHOHIYHMX pekoMeHmarii [1]. ¥ 3B’s3ky 3 muM BiH
nuIre: «OJarompruCTOWHICTIO € Oe3OTaHHW BUTIIS
criopyad, TmoOyAOBaHMK 3a  BHIPOOYBaHWMH 1
BHU3HAHUMH 3pazkamm» [1, c. 26]. Birpysiii He mparHe
pPO3’SICHUTH, Ha TMIACTaBi SKUX 3aCO0IB KOMITO3HUIIii
MOXHA JIOCSATTH «OJaronpuCTOMHOCTI», a CTBEPIIKYE,
0 Il OUIIX 3BEPHEHHS 10 JOCBiLy MHHYJIOTO.
Buxonsun 3 TpakTary, TOJIOBHE 3aBAaHHA BiTpyBist sk
BYEHOTO 3BOJAWJIOCS JIO CKPYIyJibo3HOI (ikcamii i
y3araJlbHeHHs BCTAHOBJICHHX JI0 HBOTO 3HaHb Y Taiys3i
apXiTeKTypH, BUPKEHUX B TpaBUiax-KaHOHAX 1
mepemadi  iX  Cy4acHMKaM 1  TIOCIHIiJJOBHUKaM.
ApXITEeKTOPY-TIpaKTHKy JHWIIe NOTpiOHO BHOpaTh
3pa30K OpAEPHOI CHCTEMHU i HEYXWJIHbHO BUKOHYBATH
3a3HaveHi mpaBwia 1o ii moOyzaosi. Ile rapanTysano

SKICHUHM pIBEHb BUPA3HOCTI 1 TapMOHIl CIOpY.IH,
CTBOPEHOT Ha OCHOBI 3aCTOCYBaHHS ICHYIOUMX 3aC00iB
i BJIACTUBOCTEH KOMITO3UIII{, HACAMIIEPENl nponopyii
(MaTeMaTH4YHA MOJIEJIb), @ TAKOXK PUMMY, MACUMaoy,
MEeKMOHIKU, CMAMUKU, CUMEMPIi, KOHMPACMY, HIOGHCY
mowjo. He3Bakaroum Ha IIUPOKE BUKOPHCTAHHS
aKIeHTy Ha TPakTHIi 1 Horo ocoOiaMBYy pONb B
apxiTeKTypi, e 3aCTOCYBaHHA He OyJlo MiAKPIIUIEHO
Teopiero. AKIIEHTYBaHHS ()OPMH BUKOPHCTOBYBAIOCS B
OymiBHHITBI, ane Ha piBHI mpodeciitHoi iHTYimii 6e3
MTOTJIHOJIEHOTO  TEOPETUIHOTO  YCBIIOMIICHHS i€l
BaMBOi TeMH. TOMy HECKIagHO MOSCHUTH (akT
BIJICYyTHOCTI CHELIaJIbHOTO apXiTEKTYPHOI'O TepMiHa,
aJICKBaTHOTO TMOHATTIO «aKUEHT» Yy KIACHYHIN
apxXiTekTypi. MOJMJIMBO, TIpH CTBOPEHHI TBOpPY
apXiTEeKTypH BiH IPOCTO He OYB NOTpideH?

Sk BiZIOMO, CJIOBO aKIEHT IIMPOKO BXKHMBAETHCS B
pi3HEX cdepax KUTTA 1 TiSTBHOCTI JIOAWHU, Y TOMY
YHCIIi MUCTEUTBI 1 apxiTekTypi. BiH sBisie coboro 3acid
(MeTon, MPWHIMNAI), SKWH Ja€ 3MOTY BHIUINTHCA Ha
3aralkHOMY TJIi 1 3BEepHYTH Ha cebe yBary. Ale
TICPBUHHE CMUCIIOBE 3HAYEHHS [[LOTO CJIOBa CBIAYMTH
IIpo OLNBII BY3bKHI CEIMEHT 3aCTOCYBAHHS aKIICHTY.
Tak, MM MOXeMO HOro mnoOaYUTH B TIyMayHHX
CJIOBHUKAX, BOHO BU3HAYAETHCS SIK «HATOJI0C) (B[ JIaT.
accentus) i BKa3ye Ha JIIHTBICTUYHI KOPEHI, OB’ sI3aHi 3
YCHAM  MOBJICHHSM, BHMOBOK, JIaJieKTaMH 1
BUPA3HICTIO MOBH, a TakoX TEOPIEI0 MY3UKH
[6, Tom 1, c. 31]. VY Hal yac TEpMiH «aKIEHT» OTPHUMAB
TIIyMadeHHs, SKE BIONOBiZae WOTO apXiTEKTypHIH
cnenudini. CIOBHUK  «ApXITeKTypHI  TepMiHI»
Besponnoro I1. [1. mae Take MOsACHEHHS: «AKyenm (8i0
aam. accentus — HA2010C) — GUOLIEHHs 0Y0b-1K020
enemenmy, Oemani 6 ApPXIMeKMYpHOMY  Meopi,
nocunennsi tioeo 3uawenns» [7, c. 18]. BigcyThicTh
CIeLiaIbHOTO apXITeKTYpHOro TepMiHa B JaBHUHY
HiITBEP/KYE BHCHOBOK IIpO Te, WIO B Mepiof
3apO/DKCHHSI  KJIACHYHOI  apXiTeKTypu  IHMTaHHS
BUAUICHHS 5KOICh YacTuHH (GopMu He OyIo
aKTyaJIbHAM 1 HE BHCYBAJIOCS SIK CaMOCTiifHa TBOpua
3amada. Hemae cyMHIBY B ToMy, II0 SKOW 11e OyJi0 He
TaK, TO 3 OTJISAY Ha CKPYIyJIbO3HICTh TPEKIB 1 PUMIISTH
y HayKax, OyB Ou 3Hali/IeHHI 1 BBeACHUH B IpodeciitHy
MOBY CYyTO apXiTeKTypHHH TepMiH, a Horo
TPaKTYBaHHIO NPUALTMIM O yBary B KIACHYHHX
TEOPETHYHNX PoOOTaxX. AJle IHOTO HEMAE.

o x sBIsAB COOOK aKLEHT B apXiTeKTypi
KJIAaCHYHOTO Tepiony? SIk BiH BHHUK i SIKy pOJIb TpaB y
(hopMyBaHHI KOMIO3UITIIHOT CTPYKTYypH hopmu?

Tyr HEOOXiIHO MiIKPECIUTH, IO BEITUKOI
pi3HOMaHITHOCTI y BHOOpi 3aC00iB aKIEHTYBaHHS Ha
MTOYaTKOBOMY €Tarli PO3BUTKY KJIACHYHOI apXiTeKTypH
He Oyio. ExBiBaneHTOM akILeHTY y I'peKiB OpraHiqHO
CTaB TaKHH €JIEMEHT, K TPUKYTHHH (GPOHTOH — «(¢pp.)
— 3agepuenns ghacady Oyodieni, nopmuxa, KOIOHAOU. ..»
[7, c. 253], yTBOpEHHi KPOKBaMH JTBOCXHJIO! MOKPIiBIi
(oOpamitennii kapHM30M). Bin 3aBepriye TopIeBi
(dacagum (xpamMy) B TO€IHAHHI 3 KOJOHAJOK —
nopmuxom «(nam.) — HeGeIUYKa KOIOHAOA Nepeo
6X000M 00 OYOUHKY, 3A8EPULYEMBCS PPOHMOHOM ADO
ammuxom, THKOIU NPUKPAWeHa CKYIbNmypow 4u
opnamenmom»  [7,¢.181]. YV  npencraBieHHx
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TPaKTYBaHHSX BKa3yeThCsl HA 00’ €THAHHS ABOX PIZHUX
CJIEMEHTIB,  SIKI  CTaJM  €IMHOI0  3HAKOBOIO
KOMIIO3UIIiiTHOI0 cucTeMoro. [leil HaMOIIbII THIOBUIA
3pa3ok  (QyHKIIOHAJIBHO-KOHCTPYKTHBHOI  CXEMH,
BIJOMUIl 3 MOICTOPUYHUX 4YaciB, IO BUAUIMBCI B
CaMOCTifiHy KaHOHIYHY CTPYKTYpPY €MIIipHYHUM
NUIIXOM. TpUBIaNbHUN YXWI IBOCXHIIOL TMOKPIBIIi,
MPU3HAYCHUH IJIS CTOKY JOIIOBOI BOJH 3 Naxy OymiBIi,
HaOyB 0COOMBOTO 3HAYEHHS, CTABIIH IICHTPOM yBaru
(«By310M») y BCiif KITacCHYHIA apXiTeKTypHiH opwmi,
fioro akmeHToM. Ilpocra, mpakTHYHa TOOyHOBa
JO3BOJIMJIA HE TUIBKA BHUPIMIWTH (YHKIIOHATBHI 1
KOHCTPYKTHUBHI NPOOJIEMH, a i CTBOPUTH JAKOHIYHHH,
SCKpaBUil Xy10KHIl 00pa3 (3a CyKYIHICTIO CKJIQJI0OBHX
BiAMoBigae Tpiagi BiTpyBis 11010 CTBOpEHHS TBOpPY
apxitekrypu [1, C. 28]). He3anexHo Binm rabaputHHX
po3MipiB Bci€i copyau (xpamy), KUIBKOCTI KOJIOH B
MOPTHUKY ¢dopma ($poHTOHY 3aJIMIIanacs
MPOTIOPUIHHOI BCIM IHIIUM YacTHHAM 1 HIJIOMY, 3a
pPaxyHOK 3aCTOCOBYBAaHOTO MOAYJS 1 apu(pMETHIHOI
npornopuii  [1,c.75]. Ha 11 MOHYMEHTaIbHOTO,
CTaTHYHOTO KOMIO3UIIHOTO PillIeHHS, T00Y10BAaHOTO
Ha OCHOBI TOPH30HTAJIFHUX 1 BEPTHKAIBHUX YJICHYBaHb
(hopmu, TpUKYTHA TUHaMIuYHA KOHOIrypauis ppoHTOHY
3HAYHO BHAUINIACS B CTPYKTypi Bciei Oyaisii,
CIPHSIOYH PEaTbHOMY 1 Bi3yallbHOMY 00’ €IHaHHIO
KOJIOH, (DIKCYIOUM CBOE aKIeHTHE 3Ha4YeHHs. BiTpyBsiit
3a3Haudae: «laxke nepexpecHe pO3MAULYBAHHA 060X
wunyie Hadae eapHozo 6udy AK 0axy 306Hi, Max i
sucoxomy ue@y scepeounuy [1, c. 94]. Came mueit
€JIEMEHT, 3aB/ISKH aKTHBHIA TPUKYTHIH reoMeTpHUHii
moOyJoBi, BHIIMUBCA B  3arajbHiIi  CTPYKTYpi
KJIACHYHOTO apXiTeKTypHOT'0 TBOPY 1 HA0YB B icTOpii HE
TLUTBKH MPOBIAHOTO, a i CHMBOIYHOTO 3HaueHHS. CotiJ
3a3HAYUTH, LI0 POJIb APXITEKTYPHOTO aKkleHTy B hopmi
(poHTOHY MOXKEe OYTH 3HAYHO IOCHJIEHA IUIIXOM
BKJIIOUEHHS B MO0 TUMIIAH CKYJIBITYPHOI TEMaTU4HOI
a0 OpHaMEeHTaJbHOI KOMIIO3MILil, IO 3HAYHO
301JIBIIIY€ CHITY HOTO BILUTUBY HA TJISa4iB, TO3BOJISIOYN
CTBOpDIOBAaTH  sICKpaBi  o0pasu 3  BHCOKOIO
iHpOpMaLiHHOI Ta  eMOUIHHOI  e(EeKTHBHICTIO.
(Ilpukmagu pimieHs aHTHYHOTO Tepiomy: (pPOHTOH
Xpamy 3esca B Omimmii, ['pemis (460 p. mo H.e.);
tdponTonu [TappeHona B Adinax, I'peris (447—432 pp.
0 H. €.). 3pa3Kd CTWIIB HEOTPEK i HEOKIACHIIN3M:
(dponTOoH Xpamy Mamnen B [Tapmwki, @panmis (1806—
1842) — apx. Biubon K.; ¢ponron Bpurancskoro
myseto B Jlonmoni (1823-1847) — apx. Cwmepky P.;
¢ponToH ABcTpiiicekoro [lapmamenty y Binwi,
Ascrpis (1874-1883) — apx. I'ancen T.; Ta iH.).
3BemeHHS CHOYaTKy JiepeB’sHuX OynaiBens, a
mizHimre kam’saux (kiners VI er. 1o w. e. [10, c. 37]),
Ha OCHOBI palioHaJbHOI KOHCTPYKTHBHOI CTilKO-
0amKkoBOi CHCTEeMH 1 TOJambplie 11 XyHOXKHE
OCMUCJICHHS Jajad O€3LIHHMHA IOCBiJ, MOKIAACHUN B
OCHOBY  €CTETHMYHO  JIOCKOH&IOI  apXiTeKTypHOI
(opmepHOT) MoJei, 0 MPOiCHYBala 0 HAIUX JHIB.
MoskHa BiJI3HAYUTH, IO Y 3B’SI3KY 3 THM, 10 XapaKTep
aKIEHTy MaB IIPUPOIHE TIOXO/KEHHS 1 hopMyBaBcs He
K CaMOCTIfHMH eNeMeHT, a K OpraHidyHa YacTHHA
mioro (xpamy), BiH HE BHMAaraB CIELiaTbHOTO
TEOPETHYHOTO OOIpYyHTYyBaHHA. [ pernpkuii xpam 3a

CBOIM 3HAUCHHSAM Ta TOOYIOBOIO BiJ IOYATKY
BHCTYIaB aKLEHTOM y NPUPOJHOMY JaHamadTi abo B
pocTopi MicTa. 3 oIy Ha Te, 0 UITICHICTE GOpMHU
CIOpyIM  BHU3HA4aja  XapakTep  KOMIO3MOIi 1
LiHyBaJlacs sSIK BEJWKE JOCATHEHHS 30/14eCTBa, Oyne
3aKOHOMIPDHUM  BHCHOBOK —  TPEKH  aKIEHT
LTeCTIPSIMOBAHO HE BUHAXOAWIIH 1 HE CTBOPIOBAIIH, BiH
CTaB  OpPraHiYHUM  pE3yIbTATOM  IOBCSKICHHOL
OymiBembHOI TPAKTUKHA 1 JIOTIYHUX  TIPOIECIB.
[TinTBEpAKEHHSIM LBOTO € BUCIOBIIIOBAHHS TEOPETHKA
apxitekrypu XIX cr. Bione e [droka B mpari «becinn
PO  apXiTeKTypy»: «OOnum 3 icmomHux nepesaz
2peybko20 Mucmeymea € AcHicmb, abo, Kadicyuu
BUKTIIOYHO NPO APXIMeKmypy, YimKe UpPadlceHHs Memu,
nompebu i mMemooié SUKOHauHs. Achicmb [ sxicmb,
HepO3MYYHi 3I CMAKOM, WO 6AACMUE0 HE MINbKU
KOHCMPYKYIi epeybkux 0Oyoigeiv, 3aedicou npocmi i
3posymini, 6e3 0osnaunocmi i Opexuin [5, c. 53].
«I'pexu Hnacamneped 3axoxani 6 ¢popmy. Bonu
BIOKUOAIOMb 8Ce, WO MOJCE CHPUAMU NOPYUWEHHIO il
2apmoHii i eOHocmi. <...> K He noemu4Ha ya6a epeKd,
B0HA HIKOIU He 3AXONJIOE U020 3a MediCi NPABOUBO20»
[5, c. 54]. Tak, TopueBuii (pacam rpenbKOTO Xpamy B
KIaCUYHIi  apXiTeKTypi CcTaB HOro OCHOBHUM
aKIEHTOM. 3 IIbOTO0 Yacy BCI NpPECTHXHI OyIiBii,
CTBOpEHI B icTopii apXiTeKTypu Ha  OCHOBI
€BPOICHCHKUX  Tpajgulliii, BUKOPHUCTOBYBAIM LEii
«(hipMoBHI 3HaK», IO CTaB aKIEHTOM-CHMBOJIOM,
3pa3KkoM rapMoHiiHOT 100y 10BH GopMHU.

OpmHi€l0 3 OCHOBHHX NpPWYHH TOSBHA 1
3aCTOCYBaHHS aKIEHTY B KJIACHYHIill apXiTeKTypi Oyio
HaMaraHHs BUIUIATH TOJOBHUH B’131 B MicTo (Opama)
abo mapamHWH BXiZ B Xpam, Majam, TPOMAICBKY
cnopyay abo OaraTwif JKHUTIOBHHA OymWHOK 1
BIAIMOBITHO TNpHKpacuTH Horo. BitpyBill mnpucBsdye
i TeMi po3.is, B IKOMY JIETIbHO BUKJIA/IAE MPABHIIA
no0Oy10BH TOJIOBHOTO BXoxy B xpam [1, c. 86—87]. Bin
TAaKOXX 3a3Hayae, M0 HEOOXiAHO JOTPUMYBATHUCS
iepapxii B moOym0BI 00 €KTIB Pi3HOIO MPU3HAYCHHS:
«IIponopyii dc i cniemipnicms KOAOH CIOY8AmMuMyms
IHWUM Npasuiam, 4um mi, AKi 6KA3aHi MHOW0 O
Xpamis, 60 00Ha cnpaea — GeaUUHICMb, AKY BOHU
NOBUHHI Mamu 6 Xpamax 602ie, a iHwa — 6UMOHYEHICb
ix 6 nopmukax ma iHwux 6ydienax» [1, c. 105].
Anpbepri JI.-B. — TeopeTmk apxiTekTypu mepiomy
Penecancy TakoXX HOTPHUMY€EThCS ILHOTO IIPAaBHIIA:
«@poumon y npusamuux 6yOUHKAx He NOGUHEH Hi 6
AKOMY GIOHOWLEHHI HAOIUNICAMUCH 00 BeaUYl XPAMY.
Oouax eecmubion 6yoe 6WIAHOBAHUL NIOHECEHUM
hacadom i zionum pponmonom» [2,c. 316]. YV mux
[MTaTaX BKa3y€eThCsl HA BAXKIIUBICTH PPOHTOHY 1 KOJIOH
B 00y/10B1 Xpamy (TOJIOBHOI CTIOPYIN B THIOJIOTIUHIHN
iepapxii) SK €JEeMEeHTIB, IO CHPUSIOTH CTBOPEHHIO
«BENMUY» 1 OJHOYACHO  MIJKPECIIOITh  (PaKT
3aCTOCYBaHHS (DPOHTOHIB y TPOMAJICHKHX 1 KHUTIOBHX
OyIMHKAX JUISl «T1JTHOT0» BUTIISLY.

SIk 3a3HaueHO B TpaKTaTi, cepe] Pi3HUX THIIB
OyxiBens IPOBiAHA OB BifBeAeHA Xpamy — byauHky
Bora — mHaiiBaxnuBimoMy 00’€KTy B KIacHYHIN
KynbTypi. Anpbeprti JI.-b. ctBepmxye: «V ecvomy
300uecmei HeMae Hiuo2o, wo Oinbul nompedysano 6
PO3YMY, mypoomu, cmapanHocmi, HidC CROPYOICEHHS
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ma 03006nenns xpamy. He 6y0y sucnosnosamucs npo
me, wo Xpam, 000pe NPUKpawieHuil, 0e3nepeuHo €
Haubibwiow i nepuwiol npuxkpacorw micma. Aodxce,
no3a CymHieom, xpam € obumennto boecie» [2,¢. 215]. Y
3B’3Ky 3 THM, LIO KyJbT OOriB IPYHTyBaBcsi Ha
IIaHyBaHHI 1 BUMaraB TIIPOBEICHHS YHCICHHHUX
o0psiniB, BUHUKJIA TOTpeda y CTBOPEHHI OCOOIMBOTO
CHUMBOJIIYHOTO TIEPEXOAY i3 30BHIIIHHOTO MPOCTOPY Y
BHYTpIIIHI{, 3 peampHOr0 CBITY JOgeH B
oboxuroBanmid. Lle BimoOpasmiocs Ha ¢GopMyBaHHI i
3aKPIIUICHH] TAKOTO MOHSTTS, SIK «20108HUll (hacao (8i0
nam. «faciesy — nuye) — myvosa wacmuna Oyoieni, 6
OCHOBHOMY IT  306HIWHINL 6ueisnd abo CMOpoHa,
3gepuena enepedy [9,c€.395] (3 00OB’SI3KOBUM
posmMimieHHsM y dacani napagHoro Bxony). Bognowac
NPUKpAIICHUH JIUIITBOIO MTPSIMOKYTHHI IBEpHUH OTBIp
y el nepios He OyB aKkLIEHTOM, a JIMIIE JOTIOBHIOBAB
3araibHe KOMIIO3HWIlifiHe pimeHHs ¢acamy. I[lporte

Anp0epTi, MIAKPECTIOIYH  BAXIUBICTH  TAaKOTO
pimenns, nwmme:  «[lopmux i gecmubronb
npuxkpawaromscs 6xooomy [2, c. 136]. VY mporeci

PO3BUTKY TOPTHK, 3aBEpUICHUH (QPOHTOHOM abo
aTTHUKOM, 3aCTOCOBYBaBCS HE TIJIbKH B KYJIbTOBHUX, a i
IUBUILHUX OYHIBIIAX, aJie BKE HE K YaCTHHA I[IJIOr0, a
B POJIi JIOIATKOBOT'O €JIEMEHTa 0 OCHOBHOI'O 00’ €My
Oynimi (Ilanteon B Pumi, Irtamis (118-128). Ile
OCTaTOYHO 3aKPIlMIIO 32 HUM JIJUPYIOUi TOJIOKEHHS,
3pOOMBIIM CTaHAAPTOM KIIACHYHOI apXiTeKTypu 1
«IITaMIIOM» TPHHAIEKHOCTI 10 TPEKO-PUMCHKOT
muBimizanii. Taka mpakThka Ha0ylda IIHPOKOTO
nomupeHHs Ha Teputopii CepemseMHOMOp’s 1 Beiel
Pumcpkoi iMmepii, 3aBASKM TOMy, IIO CHpHsUIa
MiABUIICHHIO BHUPA3HOCTi, BITI3HABAHOCTI 1 CTarycy
00’€exTiB. JIOBrOMITTSA i€l KOMIO3HUIIIHOT CTPYKTYPH B
apXiTEeKTYpHI NpPaKTHIi TOSCHIOETBCS  YITKICTIO,
JakoHi3MOM 1 Bupasuictio ii ¢Qopmu. Bona He
NpUITycKaja KOXXHOTO pPa3y HOBUX IHJMBITyaJIbHHX
pilieHsp, a Oyia CTaHAAPTHOIO 1 PETENBHO MPONUCAHOI0,
SIBJISIIOYM  COOOK0 KAHOHIUYHWUKM 3HAK-CHUMBOJI, SIKUH
BUMArae HeyXHJbHOTO 3aCTOCYBaHHS.

AHamiz  3pa3kiB  KJIACHYHOI  apXiTeKTypH
AQHTUYHOTO  Tepiogy  MOKa3aB  KOMIIO3MIIHHY
CTaOUTBHICTP BUKOPUCTAHHS aKICHTY B KyJbTOBHX 1
CYCHUIBHO B@KJIMBHX CIIOpyJax HPOTATOM BCi€l
ictopii. HaifOinpmm xapakTepHi O3HAKH i BIACTHBOCTI
aKIICHTIB, MIpeCTaBIICHI B JIOCIIIIPKEHHI,
BiJJOOPaKatOTh OCOOJIMBOCTI €BOJIIOLIHHOIO PO3BUTKY
apXITEeKTypH.

Mo>kHa BuAIIUTH JaBa 0a30Bi  HaNPAMKH
HaiyacTimie BXWBaHI, y PO3BUTKY aKIEHTY B
KJIACHYHOMY IIepiofi icTopil: mepmmii — Ha OCHOBI
TPUKYTHOTO ()POHTOHY, APYTHHA — HA OCHOBI apoOYHOI
KOHCTPYKIIi (1HOMI TX KOMOiHAaIIiT).

[Nepmmit HanpssMOK — CTIMKKHK y yaci, IpelbKHH,
KaHOHIYHMH, Ha OCHOBI TPHUKYTHOro (poHTOHY i
MOpPTHKa, MI0 TMPOMIIOB 4Yepe3 BCIO  icTopiro
apxitekTypu 1 30epir  TepBHHHI  OpHepHi
xapakTepucTuku. TyT akleHT rpaB poJib 3HaKa, IO
BKa3y€ Ha BUCOKHH cTaTyc cropyau (o¢imiiiHicTs) i
CUMBOJII3Y€ TPUHANEKHICTh apXITEKTYpHOTO 00’€KTa
JI0 Tpeko-puMchbkoi Tpaaumii. (ITpukmagym aHTUIHOTO
nepiony: xpam Konkopzaii 8 Arpimxenro, Itamis (VI ct.

1o H. e.); xpam Cerectu, Cunmisi, [Tanis, kinens V crT.
1o H. e.; xpam Ilocetinona B [lectymi, ITamnis, cepeanna
V cr. 10 H. e.; xpam 3eBca B Oximmii, ['perrist (460 p. no
H.e.); [Tapdenon B Adinax, I'pewist (447—432 pp. 1o H.
e.). 3pa3ku OyaiBenb B CTHISX PeHecaHC, KIaCHIM3M,
ammip, HEOIpeK 1 HEOKJIAaCHLU3M MiATBEPIKYIOTh
CTIMKICTB 1i€i KoMmo3umiHoi Mozeni (xpam MajieH B
Mapwxki, ®panris (1806-1842) — apx. Bimbon K.;
Bpurancekuit Myseit y Jlonmoni (1823-1847) — apx.
Cwmepk P.; Oymisnsa Ilapmamenty y Binmmi, ABcrpis
(1874-1883) — apx. 'ancen T.).

Jo miei rpyny MOKHA JI0/IaTH III€ OJUH Pi3HOBUJ
aKIEHTy Ha OCHOBI TpPEKO-pUMCHKOI Tpagumii —
MIOPTHUK, 3aBEPIICHUH aTTikoM. Xo04a BiH i MOCTYIaBCs
aKIEHTY 3 ()POHTOHOM y BHPA3HOCTI, ajie THM HE MEHIII
3aliMaB TiJHE MiCIe B psijly AKIEHTHHUX KIaCHYHHX
piens (noptux Kapiatun y xpami Epexteony Ha
Axporoni, Adiam, ['peris (6:1. 421406 mo H. €.) — apX.
Mmuecukn; manan [lomm 3 ¢onrraHom Tpei, Pum,
Itamis (XVII cr.) — apx. CansBu H.; miBnennnit pacan
Kemncror—xomy (depOimmp), Anrmis (1761) — apx.
Pobepr Apmam: Manmii Tpianon, Bepcans, ®@panmis
(1764) — apx. I'abpiens A.—XK. (pauniit Heoknacumsm;
3aximuuil ¢acany Bepcambcbkoro mnanamy, ®paniis
(1669-1778) — apx. Jlio JI. i Mancap JK.—A. — po3KBiT

6apoko.)

Hpyruii HaIpsIMOK PO3BUTKY aKIEHTY
XapaKTepu3yeThCss BAKOPUCTAHHSIM apoyHOi popMHU —
«Apka (8i0 nam. arcus — oyea) — KpueoniHitine

nepekpumms. omeopy 6 CcmiHi abo nepekpumms
npumiwenns. 3a  ¢gopmoro  pospisnaloms  apKu
HanigyupKyIvHi, cmpinuacmi, nioKo8onooioHi,
Kinenoodioni mowoy [7, c. 24]. TIpo ocobiauBOCTI apoK
AJB0epTi OTIOBiZIa€ B CBOEMY TPAKTATI, MiIKPECITIOI0YN
JOCTOTHCTBA 1[bOI'O KOHCTPYKTHBHOI'O pIllICHHS, ae
OTYCKalOuu MOTO €CTeTUYHEe 3HA4YeHHs [2, c. 96-98]. 3
PO3BUTKOM OY/IiBeJIbHOT IPAKTHKN B PUMCBHKHI MEPioJt
icTopii, 3acHOBaHOI Ha BHKOPHCTaHHI apoO4HOI
KOHCTPYKLIT (CXIIHOTO BIUIMBY, 3allO3M4YEHOi Yy
urymepiB i erpyckis [10, €. 50]), cdhopmyBanocs e
OIHE KOMIIO3HWIliifHEe pIlOICHHS aKIIeHTy Ha OCHOBI
apOYHOTO EJIEMEHTA, IO 3aCTOCOBYBAJIOCS B TIajalax,
TepMaxX, IMBUIPHUX 1 J>KATIOBUX OymiBISIX (Iaarg
Hioxneriana, Crurit, Xopsaris (295-305) — noeanye
MTOPTHK 3 (PPOHTOHOM 1 apKy («CHPIHCHKHIA PPOHTOH»
— cxigauit BIumuB) [8, c. 80-81]; 6a3miika MakceHIlis B
Pumi (307 — micis 312); Tepmu Tpasua (109),
Kapakamm  (212-216), [liokneriana (298-306),
moOynoBani B Pumi, Itamis [12, c. 47-49]; 3axigauit
(dacag Xpamy Mape, Tlapmx, @panris (6apoko, O
1632) — apx. Mancap @.; nanan roctumii, Pum, ITamis
(1888-1910) — apx. Kansaeponi I'.; ronosuuii ¢acan
Benukoro manamy (1895-1900) — apx. [denan A.-O.,
Jlyse O., Toma O.-E.-T. Ta Manuii mnanaiu,
moOynoBanuit st BeecBiTHROi BrcTaBku B [lapoki,
@panuis (1900) — apx. XKupo 11I.; MyHiunnansaui
najnan (B cTHIi ap HyBo), [Ipara Yexist (1905-1911) —
apx. banpmanix A., [Tomieka O.).

Tak camMo 111 KOMITO3UITifiHA cXeMa CTajia IMHUPOKO
BHKOPHCTOBYBATHCS NpH OyAiBHHITBI B’I3HUX OpaM B
micro: Apxka Iamemipu, Cupist (61. 212—-220); Benuxa
O6pama Ilopra Mamxope, Pum, Itamis (1 cr. H.e.);
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B’isna Opama B Pum na Hapopgwiit ruromr, Irtamis
(anTMyHa cnopyama, pectaBpoBana B XVI cr.).
BepmmHOIO 3acTOCyBaHHS apOYHOTO €JeMEHTa €
TpiymdansHa apka — XapakTepHUI THII CaMOCTIHHOTO
AKIEHTHOTO DILIEHHs, IPUCBAYEHOTO IaM SITHUM
BIHICHKOBHM ITOJIisIM 1 TIPOCJIABIISTHHIO TIPaBUTEIB [9, c.
41. 10, c. 50-51] (apka Tibepis B Opamx, [liBnenna
Opanis (6i1. 26 p.); apka Tura (81); apka Cenrumist
ITiBroui (203); apka Koctsarruna (315) — moOynosani
B Pumi, Itamis). Le xoMno3umiiiHe pimieHHS OpTaHiqHO
JOTIOBHWJIO  MOJJIMBOCTI  aKIEHTYBaHHS  TBOpIB
apXiTeKTypH B HACTYIIHHX ICTOPHYHUX Iiepiogax i
3alHsJI0O OJHE 3 TMPOBIIHMX MICHb Yy MpaKTHI
oyniaunTBa (uepkBa Temmbo Manatecriano, PimiHi,
Itamis (1450) — apx. Ansbepri JI.-b. («lle mepma
XPUCTUSIHCBKA IIEPKBa 3  KIACHYHMM  MOTHBOM
TpiymdansHOi apku Ha  ToJioBHOMY  (hacaii»
[9, c. 127]); ranepes Biktopa Emmanyina II, Minas,
Itanis (1865-1867) — apx. Menroui [I.; Toprosi nacaxi
B Hearmomi, ['enyi, TypuHi Ta iH.).

HesBakaroum Ha  pPI3HUIIO  T€OMETPHYHOI
moOyJOBA TpenpKoro (TPUKYTHOTO) (poHTOHY i
PHMCBKOTO (apOYHOTO), SIK aKLEHTH BOHH BUKOHYIOTh
OJTHAKOBY (DYHKIF0O — BHIIJIMTH TOJIOBHY YacCTHHY
apXiTeKTYpHOi (OpPMH, MIABUIUUTH T BHUpPA3HICTH 1
3aKpIUTH 32 CIIOPYJOI0 OCHOBHE TOJIOKEHHS B
MICBKOMY TIPOCTOPI.

VY mpoueci iCTOpUYHOTO PO3BUTKY Iiji BILTHBOM
Oy/iBeNbHUX TEXHOJIOTIH 1 XyI0XKHBO-CTHIICTUYHHX
0COOJIMBOCTEH, 1110 BIUTMBAJIM Ha XapaKkTep IIaCTUKH, 1
BXHBAaHUX  KOMIIO3WIIHHUX  mpuiioMmiB, ¢Qopma
aKIEeHTIB 3MiHIoBanacs. [losBa B KIIaCHYHUX OYHiBIIX
aKIEHTIB, 3MaTHUX ITJCHINTH BHPA3HICTh (pacagHux
pilieHb, BKa3dye Ha Te, IO apXiTEKTOpaM MHHYJIOTO
OyJI0 BaXXJIMBO 3aCTOCOBYBAaTH HEOOXIiTHI 3aCO0H st
CTBOpeHHs1 TapMoHii. Ha psagy 3 OCHOBHMMH
TPaAULIHHUMH CXeMaMH 3 BUKOPUCTaHHIM (ppOHTOHY
i apky, BIIOMHMH 3 JaBHIX-JaBEH, a TaKOXK
KOMOIHOBaHHUMHU PIIICHHSIMH HA OCHOBI 1X MO€IHAHHS
(6apoko), 3044l BHKOPHCTOBYBAIM B KOMITIO3UIIT i
JIOZIATKOBI aKIEHTHI €JIEMEHTH: MOPTAIH 3 Pi3HUMHU
TCOMETPUYHUME KOHQITYypaIisasMi i O(QOPMIICHHSM,
mapagHi cxomw (0apoko), KPYTI BiKHA-TPOSHIU
(roTHKa), KYIOJ, CKyJBITYPY TOIIO.

3 orysiy Ha KIIAaCMYHY OCHOBY BCIX €BPONEHCHKHX
CTHJIIB (BHHATKOM € TOTHKA), iICHY€ MIEBHA CITUTBHICTB 1
MOCTIIOBHICTG Yy  BH3HAYCHHI  KOMIIO3UIIIHHHUX
XapaKTepUCTHK aKIeHTy. Ponp akmeHTy 1 #Horo
BJIACTHUBOCTI B AapXiTEKTypHUX CTHJIAX Ha OCHOBI
KIIACUYHHUX TPAJUIliil pO3MIIAJAIOTECA B OKpeMiit
CTATTI.

BucHoBku.

1. Ha ocHOBI BUBUYEHHS KJIACHYHUX JIITEPATypPHUX
JUKEpeJl TakWX BUEHHMX 1 IPaKTHKIB, K BitpysiH,
AnpOepri, Bunbona, [lamnanio, Bioxe ne [[rok Ta iH.
[1-5], moxHa 3poOMTH BHCHOBOK, IO B TeOpii
apXiTEKTypu O3HAYEHOTo MNepiofy BiACYTHI HAayKOBO
OOTpYHTOBaHI peKOMeHJAIii II0J0 BUKOPHUCTAHHS
aKIEHTy, BH3HAYCHHA pOMi 1 cHemudika mIboro
KOMITO3UIIITHOTO 3ac00y B 00Oy 10BI (HOPMHU.

2. TonoBHUM 3pa3KOM aKIEHTHOTO DIillIeHHA B
yCiX €BPOIEHCHKUX CTWJIAX HAa OCHOBI KJIACHYHHUX

TPAIUIA aHTUYHOCTI (KPIM TOTHKH) aX IO CEPEAMHU
XX cr. € TopueBHil (acan TPEIBKOro Xpamy 3
TPUKYTHUM (PPOHTOHOM 1 HOPTUKOM, HOETHAHUH 3
rapajHIM BXOJIOM, PO3TAalllOBaHMW Ha TOJIOBHil oci
00’emy OyniBii.

3. AKIEHT y KJIacuuHHUH nepiof] OyB MOKJIMKaHUH
MTOCHJINTH BHUPA3HICTB, MPECTIK caMoi OyIiBii, poib
TOJIOBHOTO (pacafy i mapagHOTO BXOY, I IKPECIUTH iX
3HAYYIIICTh Yy 3arajbHIid CTPYKTypi apXiTeKTypHOI
¢opmu. Lle moBoauTE Te, 110 BiH — Y KIIACHIHUH Iepiof
PO3BHUTKY apXiTeKTypH He OyB APYrOpsIHHM abo
BUNAJKOBUM E€JIEMEHTOM, a CIY)XHB TOJOBHHUM
KOMITO3ULIITHAM 3aco00M, 3aikCOBaHUM Yy BHIJISII
KOHKPETHOI KOMITO3MLIIHOT cTpyKTypu (dopmyin),
IO CTaB 3pa3KOM TapMoHii. 3acTocyBaHHS AaHOTO
KOMITO3HLII THOTO 3aco0y OyIo OCHOBHHUM
TPaAULIHHUM PILICHHSIM y KIaCUYHIH apXiTeKTypi.

4. AmHami3 00’€KTiB KJIaCHYHOI apXiTEKTypH
MMOKa3aB KOMITO3UIIHHY CTaOiIbHICTE BUKOPUCTAHHS
aKIEeHTy SK 3aco0y MiJABHINCHHS BHPA3HOCTI (opMH
MIPOTSTOM YCi€i icTopii.

5. BusBiI€HO HACTYIHI BUIM aKIEHTHHUX PIllICHb:

1 (6a30Bmii) — Ha OCHOBI TPUKYTHOTO (PPOHTOHY
a0o0 aTTHKa 3 JOJaBaHHIM MOPTHKA,;

2 — Ha OCHOBI apOYHOi KOHCTPYKIIIT;

3 (koMOiHOBaHMI) — OEAHYE PPOHTOH 1 apKY;

4 (nomatkoBl) —  mopraiu (3 PI3HUMH
KOH(QIrypauisMu popi3iB 1 opopMIIeHHSIM), NapaHi
CXOIM, KpyrJi BikHa (TOTHKA), KyNOJ, CKYJIbNTypHa
IUIACTHKA Ta iH.

AKIIEHT y KIaCHYHIA apXiTEeKTypi — MOPOHKEHHS
KIIACHKH, II€ 1 € caMa KJacuka B HaiACKPaBIIIOMY
(KOHIIEHTPOBAHOMY ) BUTIISII.

IlepcnekTHBM NOJANBIIMX A0CTIAKEHb.

JlocimipkeHHsT TOTIOBHUTh TEOPil0 KOMITO3MIIT B
3arajpHiil icTOpii apXiTeKTypu, y po3nini 3acodu
BUpasHocTi. lle Jonmomoke BKIIOYHUTH — acIeKT
aKIEHTYBaHHS B KOJIO iHTepeciB (axiBLiB (TEOPETHKIB
1 MPakKTHUKIB) y raiy3i apXiTeKTypd Ta B POAMHHHX
BUJIIB MUCTELTB Ta JIM3aiHY.
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STUDY OF THE STATE OF FOREST ECOSYSTEMS

Annotation. Forest ecosystems of the Shepetivka district of Khmelnytsky comprehensively affect the
environment, stabilizing many indicators that improve environmental conditions, biodiversity is preserved,
deposited carbon, and stabilizes the district's ecological situation. In the forest cover of Ukraine, which is 15.9%,
the total forest cover of the territories occupied by the State Enterprise (SE) "Shepetivka Forestry™ is 20.95%:
Polonsky district n — 15.9% and Shepetivka district — 26%.

The species composition is dominated by pine plantations, which occupy 41% of the forested area, oak
plantations — 28%, birches — 15%, alders — 9%, other breeds — 7%.

The total stock of wood at the “Shepetivka Forestry” State Enterprise is about 7.7 million m®, where
coniferous trees - 4.2 million m3, hardwood - 2.1 million m?, softwood - 1.43 million m3. The average stock per
1 hais 4.1 md. Plantation area of artificial origin is about 60.3% of the area covered by forest vegetation of lands.
The forest-covered area of 32840.3 hectares of phytomass of SE forests "Shepetivka Forestry" is 5224891 tons,

where 2604235.8 tons of carbon are accumulated.

However, the analysis of potential productivity of forest areas of SE "Shepetivka Forestry" is only 55.3%.
The indicator shows a significant reserve in use potential productivity, which requires the more efficient use of
forest areas and improving the quality of forests, increasing their productivity and biological stability.

Key words: forest, ecosystem, biodiversity, carbon deposition, forest cover, plantation restoration, bio

productivity.

Forests play an essential role in shaping the carbon
balance atmosphere and in the maintenance of
biodiversity.

The oxygen production capacity of forests and, at
the same time, their potential carbon sequestration and
protection from atmospheric pollution by carbon
dioxide gas is directly proportional to the productivity
of forests and the longevity of their preservation in the
form of living natural components. A person's ability to
significantly influence the area, structure, and
productivity of forests makes them a convenient tool
for mitigating the greenhouse effect. A sustainable
ecosystem's main parameters are the constancy of
species composition, closed cycles of substances, and
relatively constant bio productivity [1].

Sozological analysis of biodiversity shows forest
ecosystems' uniqueness for conserving rare and
endangered plant species [2].

However, forest plantations are significantly
affected, especially when intensive climate change
[3, 4].

The total area of forest belonging to the forest fund
of Ukraine is 10.4 million hectares, including 9.6
million hectares covered with forest vegetation. The
forest cover of Ukraine is 15.9%. But despite enough
small wooded area, Ukraine ranks 9th in Europe in
forest area and sixth place in timber reserves.
Conditions for afforestation in Ukraine are extremely

heterogeneous, so forests are unevenly distributed
throughout the country [5].

Forests are the most common and valuable than
other vegetation types and all categories of the planet's
natural resources. Nowadays, they cover about 5.5
billion hectares or 38% of the land surface. The biggest
of them are areas located in Asia, South and North
America. There are few forests in Europe, only about
6% of the territory. The most forested European
countries are Sweden and Finland, where forests cover
about 70% of the region.

The territory of Podillya is represented by three
typological forest regions, in particular: fresh, moist,
and raw lumps. The most common are oak forests,
which vary from 91.4% in the Vinnytsya region to
53.4% in the Khmelnytsky region [6].

We set out to study forest ecosystems by example,
the Shepetivka district of the Khmelnytsky region. To
achieve the goal of the study, we have provided several
tasks for the implementation:

e to study based on literature sources, scientific
developments, materials SE "Shepetivka Forestry" and
to make our own research on the state of forests
ecosystems of Khmelnytsky region;

e to get acquainted with the structure of
"Shepetivka Forestry" State Enterprise;

e to study methods of control over storage and
use forest products and prevention of illegal logging;
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e to explore the provision of needs in their
standard landing materials for artificial afforestation of
forest areas;

e to determine the scope of reforestation
measured on non-forested vegetation;

e to calculate the degree of use of potentially
covered productivity forest vegetation of forest areas;

e to determine the features of hunting
management;

e to evaluate the forests of Shepetivka forestry
as elements of nature protection territories;

e to select the amount of deposited carbon in the
phytomass of forest plantations.

The research object was the State Enterprise
"Shepetivka Forestry's" forest plantations, a structural

unit of management forestry and hunting of the
Khmelnytsky region.

The clarification of all items mentioned above was
provided by statistical processing of research materials,
work with regulations and technological maps,
inventory documents, fundamental indicators of forest
management of the enterprise.

The total forest area of the state forest fund of
"Shepetivka Forestry" State Enterprise is 35959.3 ha.
The general forest cover of the territories occupied by
SE "Shepetivsky forestry "is Polonsky district — 15.9%
and Shepetivka district — 26%.

The average age of plantations is 57 years, with
young animals occupying 13.9 % and ripe and overripe
farms in total — 7.2%.

Species composition of wood species is quite
diverse (Fig. 1)

Species composition of plantations of SE
""'Shepetivka Forestry*

m Other breeds

m Alder

Fig.1. Species composition of plantations of SE "Shepetivka Forestry"

The species composition is dominated by pine
stands, which occupy 41% forest area, oak plantations
— 28%, birches — 15%, alders — 9%, other breeds — 7%.

The distribution of areas and reserves of forest
areas covered with forest vegetation by groups of
forest-forming species presented in tab. 1.

Table 1
The distribution of areas and reserves of forest areas covered with forest vegetation
by groups of forest-forming species
Indicator _ Groups of breeds _ thal
conifers hardwood deciduous conifers
Stock, millionm 3 42 2.1 14 7.7
Percentage on stock,% 54.6 27.3 18.1 100

The total stock of wood at the Shepetivka Forestry
State Enterprise is about 7.7 million m*: conifers — 4.2
million m?, hardwood — 2.1 million m?, softwood — 1.43
million m®. The average stock per 1 ha is 4.1 m?
Plantation area of artificial origin is about 60.3% of the
area covered by forest vegetation of lands.

The average stock per 1 ha of forested land is 234
md, the average annual increase — 134 thousand m?, the
total average increase per 1 ha — 4.1 me.

Much of the research is devoted to the calculation
of accumulation forest carbon ecosystems. Given the
importance of forest stands as the leading natural
carbon deposition systems, we have performed
analyses regarding its volumes.

According to research by P.l. Lakida, A.Z.
Shvidenko, D. G. Schepaschenko, R. D. Vasylyshyn,
AM. Belous, I. P. Lakida, L.M. Matushevich [7,8] on
average total phytomass is 159.1 tons of dry organic
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matter (79.3 tons of carbon) per 1 ha of forest areas
covered with forest vegetation.

From the total area of forests of the state forest
fund of SE "Shepetivka Forestry", 35959.3 hectares,

the forested area is 32840.3 hectares or 91.3%. We
determine the deposited carbon in the phytomass of
forests of SE "Shepetivsky Forestry" tab. 2.

Table 2
Carbon deposited in the phytomass of SE "'Shepetivka Forestry"
General
General phytomass on Carbon Carbon
Forest covered area, ha phytomass
on 1ha t under study on lha, t total, t
’ territory
32840,3 159,1 5224891 79,3 2604235,8
Thus, on the forest-covered area of 32,840.3 Dynamics of development of the system

hectares phytomass of forests of SE "Shepetivka
forestry" is 5224891 tons, where 2604235.8 tons are
accumulated carbon.

"Electronic wood accounting” — EOD polling stations
of Khmelnytsky region, presented in Fig.2.

MNumber of factories

P — 1|
73 247
187
1 2 3 4 5 B 7
2010 2011 2012 2013 2014 2015 2016

2593
273
8 9
207 2018

10
2019

Fig. 2. Dynamics of development of the system "Electronic wood accounting"

Analysis of the dynamics of development of the
system "Electronic wood accounting" — EOD indicates
intensive implementation and use. Yes, in three years:
from 2017 to 2019, the implementation intensity was
109.4% at polling stations. System Electronic wood
accounting helps to quickly see the current time
remnants of forest products at each felling in terms of
species and assortments, which affects the
environmental and economic use of wood and
prevention of poaching.

To meet the needs of its standard landing materials
for artificial afforestation areas after continuous felling,

permanent and temporary forest nurseries exist —
particular attention is paid to the procurement of high-

quality seeds.

Our study found that during 2020, 2289 kg of
forest seeds were harvested: common oak — 2000 kg,
red oak — 156 kg. Seeds of Scots pine were 50 kg, ash
— 30 kg, black walnut — 13 kg, walnut — 40 kg.

3.7 thousand seedlings were grown in forest
nurseries. Volumes reforestation measures on lands not
covered with forest vegetation and logging of the audit
period presented in table 3.



EEST_ East European Scientific Journal #3(67), 2021 13
Table 3
Volumes of reforestation measures on non-forested vegetation lands and loggers of the audit period, ha
Categories of forest areas
Breeds, logging of the audit period
designed for not covered with forest solid and Total, ha
restoration vegetation main use reconstructive
felling
1. Forest crops:
Scots pine 75,9 11111 49,9 1236,9
Ordinary oak 45,8 258,2 304,0
Total 1217 1369,3 49,9 1540,9
2. Natural update
Scots pine 98,8 118,7 - 2175
Ordinary oak 232 4,7 - 279
Birch 0,2 - - 0,2
Black alder 20,1 116,8 - 136,9
Total 1423 240,2 - 3825
Final total 264,7 1609,5 49,9 19241

According to the analysis in the conditions of SE
"Shepetivske LH" the natural renewal was observed:
Scots pine on an area of 217.5 hectares, of which: on
logging of the primary use 118.7 hectares; birch

hanging on uncovered forest vegetation areas — 0.2 h a,
black alder 136.9 ha.

We set ourselves to determine the degree of
potential use productivity of forest areas covered with
forest vegetation — the results in Table 4.

Table 4
The degree of use of potential forest land productivity covered by SE "'Shepetivka Forestry"
. The area of forest parts S :
. Basic . covered with forzst Average stock per hectare The degrge of utilization of the potent!al
orest-forming . productivity of forest areas covered with
breed vegetation, of forested forest areas, m3 forest vegetation in %
ha
actual actual optimal
Pine 13443 290 560 51,7
Fir tree 1522 212 310 68,0
European 23 50 60 83,3
larch
Red oak 105 116 200 58,0
Oak 9194 223 438 52,1
Hornbeam 167 191 260 734
Ash tree 36 168 430 39,0
Birch 5066 157 270 58,1
Black alder 2916 177 370 478
Linden 21 233 400 58,25
White acacia 18 146 250 58,4
Black poplar 309 198 580 33,9
Other breeds 20 70 190 36,8
Total by the 32840 234 442 55,3
enterprise:

The degree of use of potential productivity
covered by forest areas of the "Shepetivka Forestry"
State Enterprise is only 55.3%, i.e., the forest's
biological potential is used by almost half. This
indicator shows a significant reserve in potential
productivity, which requires the more efficient use of
forest areas and improves forests' quality, increasing
their productivity and biological stability.

Forests are affected by several abiotic, biotic, and
anthropogenic factors, under the influence of which the
growth of wood decreases, there is a partial or complete
loss of crowns, drying of individual trees, and
plantations.

Annual volumes of forest protection measures
(2019) planned and carried out:

forest pathological examination on an area of 6.0
thousand hectares and spraying of nurseries on 12,5
hectares; for this purpose, 11 points of forest protection
organized and carried out measures to promote forest
protection. Also, biological measures were used for
protection: producing 500 artificial nests and equipped
with 500 feeders.

The area of the fixed hunting grounds makes
26532 hectares.

Mostly forests. Wetlands only 1212.8, and field —
459.2 hectares. In the enterprise's lands, there are such
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species of animals as elk, wild boar, roe deer, beaver,
hare, fox, badger, otter, forest marten, American mink,
European protein. Of the birds — grouse, pigeon,
chicken, coot, various species ducks and waders

Carrying out of biotechnical actions is a basis of
conducting forestry farms. They account for the largest
share of costs (Fig. 3)

Landscaping hunting grounds

1.83%

Hunting rzcords animals

1 ~yza
3,22%

Other expenditures

Ns EaEs
_'_‘:5:'4:\

Fodder distnibubion

A
33 400

Protection from animal
= hunting

35,85%

Fig. 3. Expenditures for biotechnical measures of SE "Shepetivka Forestry"

More than a third of the costs is for protection
from animal hunting — 35.83% and fodder distribution
— 33.4%. The least accounted for — hunting records
animals, — 3.25% and landscaping hunting grounds is —
1.83%.

Based on the results of the assessment, the activity
is evaluated and planned farms, shooting rates for the
next hunting season are determined, decisions are made
on the need for a partial or complete ban on hunting for
a particular species, the dynamics of the number of
animals is persistent (Fig. 4).

Roedeer
Boar

Elk

Brown hare
Beaver
Beech marten
Forest marten
Musquash
Otter

Brock

Fox

Squirrel

407

0 100

200
Number of species

300

400 500

Fig. 4. The number of hunting animals of SE "Shepetivka Forestry," section Malovan forestry

The forestry management is deliberately
restraining the number of hunts to speed up the number
of animals in the forestry lands to the optimal. At
present the territory of SE "Shepetivka Forestry"
Malovan Workshop already has 407 roe deer, 121 wild
boars, 24 moose, and also the brown hare — 331, the
beaver — 225, the stone marten — 33, the forest marten
— 119, muskrat — 127, otter — 18, badger — 25, fox — 50,
squirrel — 348.

A result of the fight against poaching during 2019
— 20 people who violated hunting rules were detained
(protocols and rulings are issued on violators according
to Article 85 Part 1 of the Administrative Code of
Ukraine — 11 866.00 hryvnias).

The regional landscape park "Malovanka" is
located on the territory of "Shepetivka Forestry" with
16915.3 hectares, which occupies the part of
Shepetivka and Polonsky districts.
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A relatively unchanged natural landscape about 80%; for the region, this indicator is — 11.9%, for
dominates the park. The forest cover of the territory is  the Shepetivka district — 29.2% (Table 5).
Table 5
Lists of territories and objects of the ecological network
Name Location Arr]ea,
a
On the territory of Shepetovsky district, State
Landscape Park "Malovanka" Enterprise "Shepetivskoe forest 16915,3
economy" Malyovanske and Polonskoe forestry
Kupinsky On the territory of Shepetovsky district, State
(hydrological reserve of Enterprise "Shepetivskoe forest 12,00
local significance) economy" Klimentovitske forestry 44/13
. . On the territory of Shepetovsky district, State
English oak (natur?rlnbtz;tﬁr;:::gel)monument of local Enterprise "Shepetivskoe forest 9.10
P economy" Kamyankiv forestry 55/13
. . . On the territory of Shepetovsky district, State
Liznyavsky (general construction and zoological Enterprise "Shepetivskoe forest 422,00
reserve of local importance) . .
economy" Romaniv forestry 37-40

The territories and objects of the ecological
network of local significance located on the lands of SE
"Shepetivka Forestry" include:

Kupinsky Hydrological Reserve with an area of 12
hectares. This is a sphagnum swamp that supports the
Tsvitokha River's hydrological regime, with rare
swamp vegetation from the Red Book: clownfish and
rare for Khmelnytsky region - andromeda multi-leaf.

The general zoological reserve Lyznyavsky (422
hectares) is also an exciting area with a fatty floral
composition; habitats for beavers, muskrats, wild
boars, moose, and foxes are found.

More than 9 hectares are occupied by the genetic
reserve of high-yielding oak plantations about 100
years old.

Conclusions. The versatility of the SE
"Shepetivske Forestry" is a necessary condition for
ecologically balanced management farms. This is
economical logging and comprehensive reforestation
measures, combating illegal logging, implementing
electronic timber accounting, and increasing forest
productivity, hunting management, and care for natural
objects reserve fund.

Forest ecosystems of the Shepetivka district of
Khmelnytsky complex affect the environment,
stabilizing many indicators that are due to this
environmental conditions improve, biodiversity is
preserved and stabilized the district's ecological
situation. 2604235.8 are deposited in the phytomass of
forest ecosystems tons of carbon.

However, the analysis of the use of potential
productivity covered by forest the vegetation of forest
areas of the Shepetivka Forestry State Enterprise is only
55.3%. The indicator shows a significant reserve in
potential productivity, which requires the more
efficient use of forest areas and improving the quality
of forests, increasing their productivity and biological
stability.
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SYNTHESIS OF THE MANEUVERING TARGET COORDINATE DETERMINATION ALGORITHM
ON THE BASIS OF APPLICATION OF THE INTERACTIVE MULTI-MODEL ADAPTIVE
FILTERING TECHNIQUE

Abstract. The article presents the method of synthesizing the algorithm to determine the maneuvering target
coordinates, building the appropriate state space model to apply the interactive multi-model filtering techniques,
aimed at improving the evaluation accuracy of the target’s motion parameters. Coordinate determination algorithm
including accelerated evaluation filter and interactive multi-model adaptive filter band consisting of N filters; each
filter in the filter band performs evaluation of the target’s motion parameter with each acceleration value around
the evaluated acceleration value. The target coordinate determination system is simulated through target fake

creation, algorithm implementation and error evaluation.

Keywords: Target, Maneuverability, Interactive multi-model, Kalman filter, Adaptive filtration.

1. INTRODUCTION

There are many methods of building a kinetic
model of the target, with a suitable model for a
particular movement [3, 6]. In the general case it is not
possible to choose a suitable model during the
evaluation process as well as represent different types
of maneuvering of the target. Therefore, using the
Kalman filter algorithm with a specific model to
synthesize the target coordinate determination system
leads to an increase in the follow closely error when in
fact the moving target does not match the selected
model [5].

There are many adaptive filtering techniques that
can be used in determining maneuvering target
coordinates. Single-model adaptive filtration techniques
often have a simple filter structure, however the error at
the time of model transfer and the error reduction time is
large [2]. In addition, defining thresholds to switch
between models is often imposing. With the multi-model
filtering technique, although more complex in structure,
it avoids the selection of the maneuvering moment
detection threshold as well as the smaller evaluation
error compared to the single-model filtering technique
[1,3].

Kalman filters are widely used to evaluate a
target’s position, speed, and acceleration. However,
when the maneuvering target the evaluation accuracy
will decrease. To fix this, adaptive techniques are used.
Adaptive techniques such as input evaluation, state
space expansion [4, 5]... although the algorithm is
simple, itis difficult to determine maneuvering moment
detection threshold. Multi-model adaptive filtering
techniques fix this disadvantage. Therefore, the article
presents the application of interactive multi-model
adaptive filtering technique to synthesize the
maneuvering  target  coordinates  determination
algorithm. Multi-model adaptive filter is used to

1 P
pijk—1) = C-—jpijlii(k -1,,j=1...,N

improve the evaluation accuracy of the target’s
maneuvering parameters from the acceleration
parameters provided by the Kalman filter.
2. INTERACTIVE MULTI-MODEL
ALGORITHM
Considering the linear step-jumping system
represented by the model [3, 4]:

x(k) = FIM(k)|x(k — 1) + wlk — 1, M (k)]
)

z(k) = H[M(k)]x(k) + vk, M (k)] @

Inside, M (k) - model “at time k”, it acts during the
period of sampling cycle, ends at k. Hypothesis that, at
time k, the system belongs to one of the N models:

M(k) € {M;}" ; x - the state vector at time k; z -
J)j=1

measured value vector; F - state transition matrix; H -
measurement matrix; v, w - The central Gaussian white
noisy is not correlated

With the interactive multi-model evaluation
algorithm, at time k, the state evaluation is calculated
on the basis of the state combination of N filters, with
each filter using the first condition mixed from the
models. The algorithm takes the following form:

- Assign the first conditions:

+ pi, G,j=12,...N: Probability of model
transfer, ie probability, at (k — 1) the model is in mode
i and that k is in mode j. This probability is assumed to
be invariant over time.

+ u;(0): Model probability at the time of
initialization.

- Calculate the mixing probability, that is, the
probability at the time (k — 1) appears the it"* model
and the time k appears the j* model:

6 = Yimpii(k—1),j=1,...,N 3)
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- Calculate the first condition for the j*" filter:

+ Initial state: 2% (k — 1) = ¥j_; #'(k — Dpyj(k — 1);j=1,...,N (4)

+ Correlation of initial evaluation error:

PY(k — 1) = Xy (k — D{PI(k — 1) + [#'(k — 1) — 29 (k — D][2'(k — 1) — 2% (k — D]}

j=1,..

- Perform filtering algorithm for j* model with
initial conditions have been mixed.

N (5)

- Calculate the rational function for the j¢" filter:

(k) = N [z2(k); 27k lk = 1;2% (k — 1]k = D], 57 [k, P (k — 1]k = 1)]] (6)

It mean 4;(k) = N[e/(k); 0;S/(k)], inside,
N[ ] - Gaussian distribution density function, e’/ -
tracking error of the ;" filter, S/ - correlation of the e’
tracking error.

- Update j** model probabilities:

(k) = %A]-(k)c'j; ¢ = Yo, A;(k)¢; @)

- Combination of state evaluation and error
correlation matrix:

2(k) = Ljoa ®/ (lu;(k); P(k) = ey i (R){P! (k) + [£7 (k) — 2(I)][% (k) — £(k)]"3 ®)

3. STATE SPACE MODEL OF THE
TARGET
To evaluate position, speed and acceleration, the
Singer model is often used [1, 2, 5]:

01 0 0
xa(t)z[o 0 1]xa(t)+ 0|wa(®) (9)
0 0 —a 1

Inside, x, = [@ @ @] - location coordinates,
speed and acceleration of the target; w, (t) - the central
Gaussian white noise with intensity ¢?; a -
maneuvering frequency.

The time discrete model of model (9) has the form:

Xqo(k +1) = Fx,(k) +wy(k) (10)
1 T B

Inside, F,=(0 1 B,; with
0 0 ps

Pr=(aT —1+e ) /a* B =1 —e ")/ a; 5 =
e ®T; T - sampling interval. The process noise

correlation matrix is determined by:

0 0 O
0, ~ [0 0 0 l;a‘f =0g%(1—-e™*)
0 0 o2

Seeing that if maneuvering frequency « and fixed
maneuvering intensity o2 are selected, the follow
closely accuracy of the coordinate components will
decrease as the target performs different maneuvers.

Assuming known target acceleration, then the
target model can be described in terms [3]:

x,(k + 1) = Fx, (k) + G(u(k) + w,(k)) (11)

Inlside; x,(k) = [pk) @)™ u(k) = ¢(k);
_ A V)
Fv‘[o 1]'6_[ T ]

Gw, (k) - The process noise correlation matrix is
determined by:

0 07 2 \witn 2 i -

Q, = [0 TZ] of, with ¢f intensity of noise
wy, (k)

Seeing that, when using model (10) to perform
Kalman filtering algorithm, we will get an evaluation
the target’s state, including the acceleration component
(k). The evaluation accuracy is highly dependent on
the actual movement of the target.

The main idea here is that, the target acceleration
used in model (11), u(k) is determined to be in a range
around the value of the acceleration (k) rated by
using model (10). That is, choose the specified
acceleration range ,_, and form a set of values for the
acceleration
{gk) ¢(k) + & @ (k) £ &-1)/2}, in which
each acceleration value is separated by a distance &, =
g/N — 1. With the assumption, the observation channel
can only measure the position component, we receive a
state space model for the combination of the maneuver
target tracking system as follows:

- The model uses the evaluation of coordinate
parameters:

xi(k + 1) = E,x, (k) + Gl (k) + wy (k)),
i=12...N (12)
z(k) = Hyx,(k) + v(k);H, = [1 0]

- The process equation using acceleration
evaluation:
Xq(k+ 1) = Fyxo (k) +wy(k)  (13)

z(k) = Hoxq(k) + v(k);Ho =[1 0 0]
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Inside, z(k) - observations received at time k; H,,,
H, - matrix of observations; v(k) - the observed
channel noise, assumed to be the central Gaussian
white noise with the correlation matrix Q, = o2; 02 -
channel noise intensity observed.
4. TRACKING ALGORITHM TO

MANEUVERING TARGETS
J’C\a(o) = [(ﬁo (ﬁo

- Calculate the state predictions at time k:

4.1. Kalman filter algorithm for acceleration
evaluation filter

Applying Kalman filter algorithm [6, 7] for
acceleration evaluation filter according to the model
(13).

- Assign the first value:

Pl P(0,0) = E[(x(0) — E[x(0)]) X (x(0) — E[x(0))']

¢ )=k =)+ TPk — 1) + f1p(k — 1)

(k) =@k — 1)+ Bk — 1)

(14)

¢~ (k) = Psp(k — 1)

- Calculate the a priori error correlation matrix:

Py (k) = Pyy(k — 1) + 2T Py (k — 1) + 2B, Py (k — 1) + T?Pyy(k — 1) + 2T By Py3(k — 1) + BEPs3(k — 1)

Piy(k) = Pip(k — 1) + TPyp(k — 1) + (By + TBy) Pys(k — 1) + BoPis(k — 1) + B1 S, P33(k — 1)

Py (k) = Py (k)

Prz(k) = P31 (k) = BsPy3(k — 1) + TBsPp3(k — 1) + B1f3Ps3(k — 1) (15)
P (k) = Pyy(k — 1) + 23,Py3(k — 1) + B Ps3(k — 1)
Py3(k) = P3(k) = B3Po3(k — 1) + B2 B3Ps3(k — 1)
P33 (k) = BiPs3(k — 1) + o
- Calculate the Kalman amplification matrix:
(09 = 22 9 - 0 - B s
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(k- 1) R (k-1) wk-1)  pk-1) R(k-1)
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First condition mixer
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P(k - 1) P (k - 1)
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Kalman filter 1 Kalman filter N

A 4 A 4
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Figure 1. General block diagram of maneuvering target tracking system
- Calculate the state evaluation at time k:

(k) = ¢~ (k) + Ky (k) [z(k) — ¢~ (k)]
P(k) = o~ (k) + Ko (K)[2(k) — ¢~ (k)] (7
¢(k) = ¢~ (k) + K3 (k) [z (k) — ¢~ (k)]
- Calculate the posterior error correlation matrix:
Py (k) = [1 = Ky (k) 1P1 (k) Pra(k) = Py (k) = [1 = Ky (K)]Piz (k)
Py3(k) = P3; (k) = [1 = K1 (K)]Pi3(k); P2 (k) = Py, (k) — Ky (k)Prz (k) (18)
Pa3(k) = P3p(k) = Py3(k) — Ky (k) Pi3(k); P33 (k) = P33(k) — K3(k)Pr3(k)
4.2. Building a filter to evaluate maneuvering - Assign the first condition: p;;, i,j = 1,2,...N,
target coordinates on the basis of interactive multi- 1, (0).
model algorithm
Applying interactive multi-model algorithm for

model (12), which uses Kalman filter algorithm for
each filter, received the following algorithm:

- Calculate the mixing probability: ;) ;(k — 1),
i,j =1,...,N according to the (3).

- Calculate the first condition for the j& Kalman
filter:

Pk = 1) = ) ¢k = Dy (e = 1)

i=1

@Y (k= 1) = X1y @' (k — Dpy(k — 1)
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P (k= 1) = Tiy sy (e = D[PEy Gk = 1) + (@' (k — 1) = ¢ (k — 1))?] (29)
PY(k—1) = Z iy (k = D[Pl (k = 1) + (@' (k = 1) = 9% (ke = DI($' (ke = 1) = $° (ke = 1))]
PY(k—1) =P (k- 1)
Yk —1) = iuiu(k — ) [Pl = 1) + ('t = 1) = §V(k — 1))]

- Perform filtering algorithm for j* model with mixed first condition:

PIk) = @Yk — 1) + T (k — 1) + T*uw/ (k — 1)

¢ (k) = ¢% (k — 1) + T/ (k — 1) (20)
- Calculate the a priori error correlation matrix:

P (k) = Pyo(k — 1) 4 2TPyyo(k — 1) + T2Pyp0(k — 1)
P (k) = Pypo(k — 1) + TPy (k — 1) (21)
PR (k) = Py (k)
P/ (k) = P),o(k — 1) + T20?

- Calculate the Kalman amplification matrix:

. -J , -Jj
K (k) = 9 ] () = 225

Pl (O)+0Z’ P (l)+a2 (22)
- Calculate the state evaluation at time k:
B = 97 (k) + K] () [z(k) — 9~ ()]
@) = ¢~ (k) + K] (k) [z(k) — ¢~ (k)] (23)
- Calculate the posterior error correlation matrix:
P (k) = [1 = K{ (0] (k)
Pl (k) = Py (k) = [1 = K ()], (k) (24)

P, (k) = By, (k) — K] (k)P (k)
- Calculate the rational function for the j* Kalman filter:
ej(k) = z(k) = ¢~/ (k — 1) (25)
Sj(k) = H,[F,P/(k — 1)F" + Q,]H; + Q,
Sj(k) = Pl,(k = 1) + 2TPL(k — 1) + T?Pl,(k — 1) + o7 (26)

1 1 2
exp(— e’ (k
W p( 25;(k) j ( ))

A;(k) =

(@7)

- Update j* model probabilities:

u(k) = 24,05 ¢ = Thoy 4000 (28)
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- Combination of state evaluation and evaluation error correlation matrix:

B (k) = Xj=1 ¢’ (u; (k)

o(k) =

j=1 @’ (O (k) (29)

Py (k) = Zu,(k){ 500 + 07 (0) - U017}

Py (k) = Pyi(k)

= Y1 ()P (k) + [97 (k) — @ (0)][¢7 (k) — ()]}

(30)

Pa) = ) w0 {PAC0) + (G0 - $ 0]}
j=1

5. SIMULATION RESULTS AND ANALYSIS
To simulate, the target is fake created in the
horizontal plane and the follow-up is done in the x
coordinate.
* Creating fake targets with the following

parameters:
- Target speed: V,, = —400(m/s?);
- Normal acceleration: j,, = —@jjp, + Up;
a; = 0,5(1/s);
Owhent < 5s
100when5s <t < 10s
Uy (m/s?) =< Owhenl0s <t < 15s

—100whenl5s <t < 20s
Owhen20s < t < 25s

- Channel noise intensity observed: o2 = 10(m?)
* Parameter of the acceleration evaluation filter:
a =0,5(1/s); 62 = 0,1(m?/s*)

* Parameter of the interactive multi-model filter:
02 =0,03(m?/s%)

+ Number of filters; N = 7

+ The acceleration range is around the evaluation
value; e = 40(m/s?)

+ Probability of the model state transition:

{0 ,9wheni = j
Pij Z10,1/(N — 1) = 0,0167wheni # j/ /=
1,...,N

+ Model probability at the time of initialization:
pj=1/N=0,1429,j =1,...,N

* Sampling frequency: 16Hz

The evaluation error of the position, speed of the
acceleration filter and the interactive multi-model filter
is shown from figure 2 to figure 7.

«10* Evaluate the position of the acceleration filter

26 T

I
x10*

Observe

2.118

2.116

o

e —

Real

amaf

Evaluate

L L L L il
9.9 9.92 9.94 9.96 9.98 10

X [m]

Time [s]

Figure 2. Evaluate the position of the acceleration filter
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Figure 3. Evaluate the speed of the acceleration filter
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Figure 4. Evaluate the location of the IMM filter
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Figure 5. Evaluate the speed of the IMM filter
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Location evaluation error
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Figure 6. Location evaluation error

Speed evaluation error
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Figure 7. Speed evaluation error

From the simulation results, it is found that the
tracking system using interactive multi-model
algorithm significantly improves both position error
and speed when the target is maneuvering.

6. CONCLUSIONS

The target tracking system is synthesized on the
basis of the acceleration evaluation filter and the
interactive multi-model filter with small tracking errors
in both position and speed in case of maneuvering
targets.
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INCREASING EFFICIENCY OF INFORMATION SYSTEM OF COMPLEX SECURITY OF
BUILDINGS PROTECTION

Tepenmuves Anexcanop Anexcanoposuu

O00KMOp MEeXHUYECKUX HayK, npogheccop,

Kuesckuii nayuonansHulii ynueepcumem cmpoumensCmea u apXumexmypbl,
Kues, Yxpauna

T'opoamrwoxk Eezenuii Bhaoumuposuu

KaHouoam mexHu4eckux HayK, OOyeHm,

Kuesckuii nayuonansHulii yHugepcumem cmpoumenscmsed U apxXumexmypul,
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cmapwiuii npenodasamesnb,

Kuesckuii nayuonanvhulil yHUGepcumem cmpoumenbCmed u apXumeKmypbl,
Kues, Yxpauna

bopoovina Bumanuii Bumanvesuu

acnupaum,

Kuesckuil nayuonansHulil yHugepcumem cmpoumensCcmed u apXumexmypbi,
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HOBBIIIEHUE Y®®EKTUBHOCTUA HHO®OPMAIIMOHHOMN CUCTEMbI KOMILJIEKCHOM
BE3OITACHOCTM 3AIIMTHI 3IAHUIA

Summary. A method is proposed to improve the efficiency of the information system for the safe operation
of building protection. The method of ethalless estimation of values of safe operation parameters of buildings is
considered. The received recommendations allow to ensure long-term and reliable safe operation of buildings by
means of timely forecasting and use of models and methods to increase efficiency of information system of
diagnostics of technical safety of buildings.

AnHotauus. [Ipeamaraercs MeToH, CBsS3aHHBIA C TOBBIICHHEM J()(OEKTUBHOCTH WHHOPMAIMOHHON
cUCTeMBbl 0€30TMacHOM JKCIUTyaTalliy 3alUuThl 3MaHui. PaccMoTpeH Meron 0e33TajJOHHOW OIEHKH 3HAYeHUI
nmapaMeTpoB 0Oe3omacHOW paboThl 3maHui. [lomydeHHbIE pPEKOMEHIANMH TO3BOJSIOT MOJYYUTh BO3MOXKHOCTD
obecrieyeHnsT TONTOBPEMEHHON M HaAe)KHOW O€301acHOW SKCIUTyaTalli 3JaHUM 3a CYET CBOEBPEMEHHOTO
MIPOTHO3MPOBAHUS W HCIIOJB30BAHHUS MOJIEICH W METOJNOB MOBBIMIEHUS d()PexkTHBHOCTH HHPOPMAITMOHHOMN
CHUCTCMbI JUAarHOCTUKH TEXHUYECKOH 0€30I1aCHOCTH 3[13}11/112.

Key words: information system, improvement of efficiency, diagnostics, technical condition, complex security,
protection.

Knroueswie cnosa: uH¢0pMa14u0HHa}Z cucmema, noevluieHue ad)¢ekmugﬂocmu, ()uaZHocmuKa, mexHuvdeckoe
COCMOsAHUE, KOMNJIEKCHAA 6630naCHOCI’nb, 3awguma.

Introduction. work is increasing due to the physical and moral wear
Diagnostics of the technical condition of complex  of buildings, equipment and reconstruction of
safety of buildings is highlighted as an important area  enterprises, the activation of new construction in areas
of construction production. The volume of this type of  of old development, the reconstruction of low-rise
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buildings, higher prices and changes in property
ownership.

The problem of diagnosing the technical condition
of buildings is considered in the state as socio-
economic, which requires significant scientific and
technical events. The selected area of research is in line
with Cabinet of Ministers Decision No. 409 of 05 May
1997 on ensuring the reliability and safe operation of
buildings, structures and engineering networks and
Cabinet of Ministers Order No. 100-r of 01 March 2004
on measures to strengthen control over the design, new
construction, reconstruction, overhaul and operation of
houses and structures.

Assessing the technical state of complex building
safety is one of the most difficult tasks in the market of
intelligent assessment and decision-making systems.
The difficulty lies in a large number of factors that
influence the assessment, which are quite difficult to
formalize. The task of diagnosing the technical state of
complex safety of buildings is solved by experts using
linear methods of statistical analysis.

Information support would help to improve the
efficiency of the survey process and reduce the risk of
biased decision-making, thus resolving questions on
the processing of survey materials. Of course, experts
will make the final decision, but the presence of an
information system for integrated security of
management buildings will increase the professional
level of making such decisions.

Analysis of literature data.

Scientific sources were studied on the study of
theoretical foundations for the construction of
information technologies for diagnosing complex
technical systems and analytical support for their
functioning, obtained by famous domestic scientists,
including Terentyev AA., Kievskaya K.1.,
Goncharenko T.A,, Gorbatyuk le.V.,
Grigorovsky P.E., lack of a unified methodology for
building an information system for diagnosing the
technical state of complex safety of buildings; Lack of
models and methods for improving the efficiency of
integrated building safety that would enable the
effective operation of information systems for
diagnosing the technical state of buildings safety, to
ensure high accuracy of decision-making regarding
their condition; the absence of a single information
database that would make it possible to compare the
results of diagnostics of the technical state of safety of
buildings, observe the dynamics of aging, and
systematize conclusions about their condition.
Therefore, the solution of these tasks is relevant and
makes it possible to ensure long-term and reliable safe
operation of buildings by timely forecasting and using
models and methods to increase the efficiency of the
information system for diagnosing the technical state of
safety of buildings [1, 2].

Ensuring long-term and reliable operation of
buildings due to timely forecasting and use of
information system for diagnostics of their technical
condition of complex safety of buildings is an urgent
theoretical and technical and economic problem, which

requires application of effective solutions at all stages
of life cycle of buildings [3].

This approach can find practical application in
organizations that maintain the operability of the state
of complex building safety.

Purpose and objectives of the study.

The aim of the study is to develop an information
system for improving the efficiency of the system for
diagnosing the technical condition of buildings, which
will increase the efficiency of the survey process and
improve the quality of decision-making on safe and
reliable building management.

To achieve the objective of the work, analyze the
current state of the problem of using information
systems to improve the safety of buildings. The main
tasks have been identified and ways to solve them have
been chosen. On the basis of which to develop an
integrated method of non-ethalonic estimation of
parameters of the technical condition diagnostics
system and proposed complex methods for predicting
state disturbance and determining pre-emergency
situations of complex safety of buildings [5].

Method of ethalless estimation of safe building
operation parameters.

A new method is proposed for ethalless estimation
of the values of the safe operation parameters of
buildings, which requires instead of a procedure for
comparing an object with a standard for ordering a
sample of a plurality of objects. It is assumed that based
on the database of the information system, it is possible
to build the laws of distribution of the analyzed
parameters.

Note some properties of ordinal statistics used in
further constructions [4, 6].

Let the distribution function F(x), considered by
the general population, be continuous almost
everywhere. The sample elements from this general set
X1, X2,..., Xn are obtained as sequential values of the
measured time series of any parameter. by changing the
original location of these elements according to their
growth (or decline), we get the series: X1<X2<...<Xp.

In this case, elements x; represent i are order
statistics in the sample of the volume n from the general
population. In such an approach, the general population
is a complex of random variables.

When using ordinal statistics to process data, it is
not necessary to construct a dynamogram in its standard
form — in the form of a closed curve. Data are
temporary data tips {xi} inherently similar to
oscillograms. In practice, rank ordinal statistics can be
calculated in any time series, have a characteristic
position of extremum. Taking into account the random
component of the measured values of the voltage-time
dependence can be represented in the form:

F(t)=6(t) =),

where F(t) — is the voltage at time t; 6(t) — is a
function describing the change in voltage over time;
&(t) — is the noise component of the measurement, has
a generally arbitrary distribution.

Using rank theory to recognize a change in the
dynamogram is convenient in that this approach avoids
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the difficulties associated with constructing an
objective scale of absolute load values, since this
parameter is significantly variable.

In the following constructions, the rank of
measurement is understood to mean the number R(F;),
which acquires this measurement in an order of growth
of a number of values at k<i<k+n, where n — is the
sample size. Kendel showed that when analyzing
dependence, it is convenient to use statistics

S(n) = Z?z_ll ;'1_1 5,:1':

latFi > F]
0 atF; = F;
-1 atFl- < F]

6,:]' =

7

where F;, Fj — measurements by time series of
voltage, j<N.
Rank correlation coefficient

28
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allows you to draw conclusions about the degree
of monotonicity of a dependency F(t).

At k=1, monotonic values
characterizes a monotonic drop.

A series based on the use of information system
databases, considered as time series, showed that in
most cases these series are characterized by a whole set
of characteristic local extremes of the function F=F(t).
This violates the monotonicity condition of the function
defined by Kendall statistics [5, 7].

In the work, it was shown that the first Kendall
statistics can be supplemented if there is reliable a priori
information at the coordinates of local extremes that
separate areas of growth or decline of the function.

This is achieved by using the identity N=2n (for
even number of measurements and symmetric location
of extremum point).

Indeed, if you split a sample of measurements into
first and second observations, then the value

grow, k=-1

S, =85M 5@,

and second order Kendel rank correlation
coefficient
25(n)
k,=————
nn—1)

will quantify the nature of the time sequence
change {F(t)}.

Analysis of the function shows that if {Fj}
monotonically grows from F; to F, and monotonically
decreases from Fn.1 t0 Fonn, then the value of k; will
exactly equal +1. This does not play a role in how
quickly the values of F; grow or decrease with height i.
It is only important that the extremum falls on the point
number n.

Non-parametric correlation methods and
regression to assess the status of the complex
building safety diagnostic system.

There are two groups of related observations
X=(X1, ..., Xm) @nd Y=(y1, ..., Ym)-

If there are doubts about the applicability by Gaus
of the data distribution model (and they are, in most
cases, unfounded), then some alternatives to the least
squares method can be used to evaluate the relationship
between the Y and X variables. The real content of these
measurements is the order in which objects are built
according to the degrees of expression of the measured
feature. The sequence number of a number in such a
sorted list is called its rank [9, 10].

It is necessary to assess the degree of influence of
sign X on the degree of severity of response Y. If there
is no such influence, then a fair zero hypothesis Ho
about the independence of ordinal signs. The solution
to this problem is sought based on the measurement
ranks.

We describe the mathematical setting of the
problem.

Let each i-th dimension be assigned a pair of
natural numbers (r1, s1), where r1 — is the rank x; among
the numbers (X1, ..., Xm), and s; — is the rank y; among
the numbers (yi, ..., Ym). At the same time, we assume
that there are no repeating values among the series of
numbers X and Y, so the transition to the ranks of
questions does not cause.

If the features X and Y are interconnected, then the
sequence of ranks ry, ro, ..., n affects the rank sequence
S1, S2, ..., Sm; Otherwise, the order among Y is random
with respect to the order among X. Therefore, the
central point of discussion of the hypothesis of Hy is to
estimate how much the ranks si, Sy, ..., Sm are exactly
possible (that is, exactly probable) with any order of
numbers ry, ra, ..., rm. The second important point is the
choice of the measure of similarity of two sets of ranks
[11, 12].

A rank correlation coefficient based on the fact
that the proximity of these two series of numbers
reflects the value:

S= erril(ri - Si)zi

which varies from 0 if the sequences are
completely identical, to

when the rank sequences are completely opposite.
Normalized to maximum value, Spearman rank
correlation coefficient
6S

m3 —m

p=1-

varies from +1 up to -1 and accepts the extreme
values in case of full predictability of one rank
sequence on another. Note that the value of S does not
depend on either the first sequence number or the sort
order.

Another rank correlation coefficient, known after
M. Kendall's work, as a measure of similarity between
two rankings uses the minimum number of
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permutations that must be made between neighboring
objects in order to turn one ordering of objects into
another.

The Kendall K statistics are calculated as follows.
Related observations are built in order of X sign growth
and its rank s; is determined for each yi value. On the
sequence of ranks sy, Sz, ..., Sm, the number of inversions
is determined, that is, violations of the sequence order.
For example, with m=4 and a sequence of ranks {4, 3,
1, 2}, we have the number of inversions (the essence is
Kendall statistics) K=3+2=5, where 3 — is the number
of inversions for the number 3 and 2 — is the number of
inversions for the number 3. The least possible value of
K=0 is obtained with a complete match of rank
sequences, most K = m(m — 1)/2 of all with their
complete opposite.

The Kendall rank correlation coefficient is a
statistic normalized to its maximum and varies within
the same limits as the Spearman correlation coefficient:

4k
=1 Ey—
Kendall's 7t statistics are equivalent to p

Spearman's both in capacity and in fulfilling basic
assumptions. Usually, however, the numerical values p
of Spearman and t Kendall are different, because they
differ both in internal logic and in the way of calculus.
More importantly, the Kendall and Spearman statistics
have different interpretations: if the Spearman
correlation coefficient can be considered as a direct
analogue of the Pearson correlation coefficient
calculated by ranks, then Kendall statistics are rather
based on probability calculations (expressed more
accurately, the presence of differences between the
probability of closely spaced observed data for two
quantities is checked).

If the data has many matching values, then it is
better to use the third rank statistics t-criterion that,
according to interpretation and calculations, is
equivalent to Kendall statistics, except that matches are
explicitly taken into account in rationing. In short, T is
the difference between the probability that the rank
order of two variables coincides, minus the probability
that it does not coincide, divided by one minus the
probability of coincidences.

To check the assumption that there is no
connection between the features, you need to calculate
the sample value of any rank correlation coefficient and
compare it with the critical value for a given
significance level. The null hypothesis Ho should be
rejected if the value of the coefficients T or p modulo
obtained in the experience exceeds the critical one.

Critical values of rank criteria can be found from
tables, or calculated from approximate formulas, which

are based on the fact that at Ho and with increase 11
distribution of random variables p =vm —1 and

_ |9m(m+1) .
= ’72(2m+5) asymptotically approaches the standard
normal law N(0, 1).

Discussion of the results of the study on
methods of improving the efficiency of the
information system for safe building management.

Analysis of the measurement results shows that for
a fairly long period of time the location of local
extremes on the dynamogram remains unchanged,
although in the time intervals between the coordinates
of these extremes there are quite significant variations
in stresses.

However, over time, the technical condition of the
building changes, which, as a result, is accompanied by
a change in the type of dynamogram and the
coordinates of the corresponding local extremes. Aging
of buildings can be characterized by a temporary vector
of stable direction. As a result, it can be assumed that
the second-order Kendel statistics will undergo changes
with the deterioration of the technical condition of the
building.

Analysis of these results shows that the prediction
of changes in the technical condition of buildings by
only one parameter is not reliable. On the contrary, the
change in the k; parameter — Kendel statistics
characterizes all stages of building operation and
changes in the mode characteristics of their operation.

Analysis of the research results shows that
parameter k; is a very sensitive indicator characterizing
the change in the level of technical condition of
buildings.

Note that the boundary value k, separating one
characteristic state of the bearing structure from
another is k»=0.5.

Thus, the second-order Kendel statistics can serve
as a diagnostic criterion for making judgments of the
"yes"/"'no" type about the level of technical safety of
building operation.

Note at the same time that interval estimates of k»
index for "no defects" system state and "presence of
developed defect" overlap completely, which indicates
low sensitivity of k, parameter directly to defect
development.

On the other hand, a hopping change in Kendel
statistics when the load-bearing structures come out of
the state of "stable daily load, there are no defects" —
indicates a high sensitivity of the k. parameter to the
moment of changing the level of threshold technical
safety of the building operation.

Conclusions.

1. Studies show that high variability of
measurement values and changes in the conditions
surrounding  buildings do not allow reliable
comparisons of measured values suitable for expert
assessment of changes in the technical state of
buildings.

2. The value of the voltage, which is characterized
by a high level of noise, is usefully processed using the
methods of the theory of ordinal statistics, which allow
to process data without constructing scales of absolute
estimates. To determine the level of operational safety
of buildings, a point estimate can be used - the second-
order Kendel rank correlation coefficient, the change in
the value of which to a critical value of k.=0.5 indicates
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a change in the threshold level of safe operation of the
facility.

3. Boundaries have been defined and prospects for
the application of the proposed methods for improving
the efficiency of the information system for integrated
building security have been described. The result is
methodological recommendations for improving and
modernizing the operating algorithms of existing
information systems for complex building security.

4. The results of the work are the basis for further
scientific research in the direction of deepening the
means of intellectualizing the processes of increasing
the efficiency of the information system for diagnosing
the technical state of complex building safety.
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Hecmepenko C.B.

Kanouoam mexn. nayx ,0oyenm,

Jloyenm kageopu ximii ma inmeepo8aHux mexnonoii
Xapkiecbko2o HAYIOHATLHO20 YHIgEPCUMEMY

Mmicvkozeo eocnodapcmea im. O.M. bexemoga

NEPCIIEKTUBU BUKOPUCTAHHS IHI'IBITOPIB JIJIS1 NIJIBUILIIEHHSI KOPO3IMHOI
CTIMKOCTI HEMEHTHOI'O KLJIBISI OBCAJTHOI KOJIOHU HA®TOBUX POJOBMUIIL IPAKY

Abstract. The issues of reasonable choice of protection against corrosive action of hydrogen sulfide and
carbon dioxide on external surface of casing column of Iraqy oil fields are considered. Factors of influence on
corrosion destruction of cement ring obtained from Portland cement are analyzed and ways to increase corrosion
resistance of cement stone in aggressive hydrogen sulfide medium due to use of inhibitors are considered.

Disclosed is a complex inhibitor composition obtained on the basis of bottom residues of a monoethanolamine
plant. Prototypes of modified cement stone were obtained and its protective properties with respect to steel rod
were tested in simulated aggressive medium.

According to comparative analysis of mechanical, physicochemical, and electro-chemical properties of
cement stone, obtained from a Portland cement grout modified with a new inhibitor, its effectiveness in the
condition containing H2S and SO, is shown.

AHoTanis. Po3rnsHyTi NMUTaHHS OOIPYHTOBAHOTO BHOOPY 3aXMCTY BiJ KOPO3iHOrO pyHHYBaHHS Bif
CIPKOBOJIHIO Ta JBOOKHCY BYTJICIIO 30BHIIIHROI MOBEPXHI 00CamHOI KOJMOHW A HadTOBHX pomoBwml Ipaky.
[IpoanamizoBani (akTopu BIUIMBY HA KOPO3iiHE pPYHWHYBaHHS [IEMEHTHOTO KiJbIA, OTPUMAHOTO 3
MOPTIAHANEMEHTY Ta PO3TIIAHYTI NUIAXH IIOAO MiABUINEHHS KOPO3iHHOI CTIMKOCTI IEMEHTHOTO KaMEHIO B
arpecHBHUX CIPKOBOJHEBUX CEPEIOBUINAX 3a paXyHOK 3aCTOCYBaHHS 1HTi0ITOPIB.

3anponoHOBaHUN CKJIAJ KOMIUICKCHOTO IHTiOITOpY, OTpPHMaHHMA Ha OCHOBI KyOOBHX 3alIUIIKiB
MOHOETAHOJIaMIHOBOi ycTaHOBKM. OTpHMaHi JOCHiIHI 3pa3ku MOANW(IKOBAHOIO IEMEHTHOTO KaMEHI0 Ta
MpOBeJieHI BUMPOOOBYBaHHS HOr0 3aXWMCHUX BIACTHBOCTEH TO BITHOMIEHHIO JO CTAJBHOTO CTPHXKHA B
MO/ICJIbOBAHOMY arpeCUBHOMY CEPEOBHIIII.

3a IaHMMH TOPIBHSUIBHOTO aHaNi3y MeXaHIYHUX, (I3MKO-XIMIYHHX, Ta eJIEKTPOXIMIYHHUX BJIACTHBOCTEH
[[EMEHTHOTO KaMEHIO, OTPHUMAHOT0 3 MOAM(DIKOBAHOTO HOBHM IHTIOITOPOM TAMIIOHAXKHOTO PO3YUHY 3
NOPTJIaHALEMEHTY , I0OKa3aHo Horo e(heKTHBHICTB B cepepoBuiiax mo MicTats HoS ta CO».

Keywords: corrosion inhibitor, modification, speed, hydrogen sulfide, protective properties, cement ring,
casing

Kuouosi  cnosa: incibimop roposii, mooughikayis, weuoKicms, CipKO80OeHb, 3AXUCHI GIACMUBOCHII,
yemenmue Kinvbye, 06caoHa KOJIOHA

IHocraHoBKa npoodemMu. [Ipobnema
MOJIOBXKCHHS TEPMiHY pOOOTH HA(QTOBHX CBEP/IOBUH B
ymoBax koposii mix BmumBom HoS Tta  COp

3axucHy (YHKIIIO [IEMEHTHOTO KaMEHIO MOXKHA
MiABMIMTA [UITXOM  3aCTOCYBaHHS 100aBOK —
1HT101TOPIB 10 IEMEHTHUX CyCHeH3ii [5,6].

OaratoriaHoBOrO. PoJIb TaMITIOHAQ)XKHOTO KaMEHIO B
3aTpyOHOMY MPOCTOPi HA(YTOBUX CBEPIJIOBUH TIOJISTAE
Yy BHUKOHaHHI HACTYNHHMX IH)KEHEpHHX  3a7ady:
po3'eMHaHHS TPOAYKTUBHUX IUIACTIB, TepMETH3allis
MDKKOJIOHHOTO TPOCTOPY; 3aXHCT MeTaly oOcalHHX
KOJIOH BiJl arpeCHBHOTO BIUIMBY IUIACTOBHX (IIIOi/IB
[1,2].

[ligBUIIECHAS SKOCTI LEMEHTYBaHHS OOCaJHUX
KOJIOH Ha()TOBMX pOJOBHII B YMOBAaX arpecHBHHX
IUTACTOBUX  CepeloBHI] Ipaky €  aKTyaJbHOIO
npobinemoro. OmaMM 31 nUMAXiB 11 BHUpimIEHHSI €
MiBUIICHHS CTIHKOCTI OTPUMAHOTO IIEMEHTHOTO
KibIrsa[3,4].

Metoio po6oTu Oyio po3poOka e(heKTHUBHOTO
iHTiIOITOPY KOpO3il I BBENCHHA B TaMIIOHAKHUM
PO3UMH 3 TIOKPALICHOI0 3aXHCHOIO [Ii€I0 TIPOTH
arpecuBHUX (QUIFOTNIB HAPTOBUX IJIACTIB, IO MICTATh
H>S ta CO2 Ta gocnimKeHHs 3aXUCHUX BIACTHBOCTEH
OTPUMAHOTO IIEMEHTHOTO KaMEHI0 B arpeCUBHOMY
CepeIOBHIIIL.

AHaJi3 pe3yJibTaTiB momnepeaHix AOCJTiI:KeHb.
JudysiiiHO TpoHMWKAOYi B TaMIIOHAXXHUH KaMiHb
MJIacTOBI (UIFOIAM MPU3BOMAATH 10 PO3BUTKY B HHOMY
JECTPYKTUBHUX 3MiH, IO MOPYIIYIOTH CTPYKTYpY i
MIIHICTh, @ TaKOXX OOYMOBIIOIOTH BTpAaTy KaMEHEM
Hioro 3axucHoi QyHkimii. Tak B pesymbrari nudysii
KHCJMX Ta3iB 3HAYHO 3HIKYyeThCsl pH mopoBoi pianHu
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KaMEHIO, 10 4YacTo BimOyBaeTbcs 0e3  HOro
pyiHyBaHHs. B pe3ynbrati BiiOyBalOThCS HOTIpIICHHS
3aXMCHHUX BJIACTUBOCTEH IIEMEHTHOTO KaMEHIO, IO
BU3HAYAETHCS Y INJIBHUIICHHI LIBUIKOCTI KOpO3ii
30BHINIHKOT TOBEPXHI 00CAJHUX KOJIOH MPH TOMY, IO
IUTICHICTH IIEMEHTHOTO KiJIbIis 30epiraetbes. Skmo pH
MOPOBOTO cepeloBHINa 3HIWKyeTbcs no 11,8-11,5
MIACHBHUH CTaH 00caJHUX TPyO B IEMEHTHOMY KaMeHi
MOPYIIYETHCS.

[HribiTopr TOHINAIOTBCS HAa TPH TPYHOH B
3aJIeKHOCTI BiJl TOTO, HA SKi JIAHKU B JIAHIIO31 KOpPO3ii
BOHH BIUIMBAIOTH OLIBIIO0 Mipoto [5,6]:

- peareHTH, SKi JI€3aKTHUBYIOTH ab0 3B'A3YIOTh
PCUOBHHH, IO MPU3BOIATE 10 Kopo3il (amst arpecii HoS
IIC PCUYOBHHY, 3/IaTHI 10 HOrO HeHTpaizallii);

- pearcHTH, 3JIaTHI BIUIMBATH Ha UIBHIKICTh
KaTOJTHUX 1 aHOJTHUX TIPOIICCIB;

- peareHTH, IO YTBOPIOIOTh IUTIBKH CTamil
agcopOmii-gecopOii (IHriGiTOpH MITIBKOBOTO THITY).

Cepen  mpakTHYHHX  CcHocoOiB  XiMigHOI
MoIU}iKaIil TAMIIOHAXHUX PO3YHHIB IS ITi IBUIICHHS
KOpO3iffHOi ~ CTIMiKOCTI OTPHUMAHOTO  IIEMEHTHOTO
KaMEHIO BIJIOMO BHKOPHCTaHHS COJIel 3aii3a Ta
¢noropearenty T-66 [7,8]. Ilpu 1upomy ciig
BpPaxOBYBaTH, IO OOpOOKAa TaMIIOHAKHUX PO3YHHIB
(ioTopeareHTOM He MOKe 3a0e3MeYrTH eeKTUBHOTO
3aXUCTy HOBOYTBOPEHOTO KaMEHIO BijJl arpecHBHOT ii
HoS ta CO2, ockinbkM 3axucHa (YHKIsS peareHry
obOMexeHa Horo 3/1aTHICTIO 70 mornmuHaHHs HoS.

BBeneHHst coiell TpHBaJEHTHOrO 3amiza 3
pospaxyHnky 40-500 kr / M® B BoJy 3aTBOPIiHHS TaKOX
HE CHpHse BHPIMICHHIO 3aBJaHHA ITJBHIICHHS

KOPO3iiiHOT cTilf-KOCTi KameHIo, ToMy 110 3anizo (Fe*®)
€ OKHCIIOBAYEeM 1 IHIIIaTOPOM TIPOLECY Ie-PeXoy
cyibdigHol cipku B cynb(artHy 3 JOAATKOBUM
po3ButkoM koposii I Buxy [7,8].

HeratuBHum  ¢dakTopoM Takox €  pi3ke
30UIBIIEHHS PEOJIOTIUYHUX IapaMeTpiB IEMEHTHHX
CYCIICH31H, 110 MPU3BOIUTH 10 301IBIICHHS MMOKA3HUKA
ix BomoBMicTKOCTi. OCTaHHE OOYMOBIIIOE 3HHKCHHS
MIIIHOCTHHX BJIACTUBOCTEH OTPUMAHOIO IIEMEHTHOTO
KaMEHIO 1 MiIBUIIEHHS f0ro ra3onpoHukHocTi [7,8].

Crmoci6  XiMiyHOi  OOpOOKM  TaMITOHAKHHX
po3umHiB,  pospobmenmii  [9,10], mepenmbauae
MoTrrepeIHI0 00pOoOKY BOAW 3aTBOPIHHS iHTIOITOpOM
BUCOKIIIIYO1  ¢pakmii BHUpOOHMITBA MOpdoITiHA
(BOBM), sixmii ipeacTaBisie COO0K OPraHOKOMITIEKC
BOJIOPO3YMHHUX IOJIieNIeKTpoiTiB. [Jlannii iHTi6iTOpP €
CKJagHAa CyMIIl OPTaHIYHUX CIOIYK 3 TOJIIPHUMH
TpymaMy, IO  MICTATh: IMKIIYHI 1  JTiHIKHI
nosiaMinoedipu, MOTITIIIKOI, 3aTUIIKA MOP(OITiHY Ta
iHmi cmomyku. Bin 3abe3medye BHCOKY COpOIiiHY
3[aTHICTh PEareHTy Ha IEMEHTHHX YacTWHKax NpH
HOro BBEJECHHI B TAMIIOHQ)XHUHM PO3YMH B KUIBKOCTI
0,6— 2,5% Big Macu LEMEHTY.

3 ypaxyBaHHSM pillICHHS TOCTaBICHOI B poOOTI
METH MU BBaXXa€MO OLTBII e€(EeKTHBHUMH iHTiOITOpH
JIpyTO1 1 TPEThOT IPyNH, OCKLUITBKH 3aXUCHUH €PEeKT ITIX
peareHTiB 3aJIe)KHUTh HE BiJl HEHTpastizallii KHCINX ra3iB
("epes 3MeHIIeHHS BMiCTy J0OAaBKHM HEHWTpaii3aropa B
TaMIIOHA)XKHOTO KaMeHI J[aHU# mpolec MIBUAKO
3aKiHYUTHCA), a Bix GOpMyBaHHS aacopOmiiHOT MiITHOT

IUIIBKM Ha MeTtaneBiii moBepxHi Tpyo . L{1o 3axuchHy
IUTIBKY MOXYTh JaTH PEYOBHHH, IO HPEICTABISAIOTH
COOOF0 OpraHivHi CIIOJIyKH 3 BHCOKOI aJICOPOIIHHOI0
3MATHICTIO. Y MOJIEKyJIax TakuX 3'€JHaHb € IOJSPHI
TPyl 3 aKTUBHMMH aToMaMu. B pesynbrarti
BUHHUKHEHHS CHJIHOT KOBAJEHTHOTO 3B'S3KYy CBOIM
MOJISIPHAM ~ KiHIIEM MOJIEKYJH TaKoTo iHTiGiTOpy
ancopOyeTbcss Ha MeETaJeBilf MOBEpXHI 00CagHHUX
KOJIOH [5].

[TiBKOYyTBOPIOBATBHI iHTi0ITOpH - e
MTOBEPXHEBO-aKTUBHI ~ PEYOBHHU (ITAP), o
BiJIPI3HSIOTECS TEBHUM KOMIUICKCOM ITOBEPXHEBUX 1
00'eMHUX BJIACTUBOCTEH, SIK1 TEXHOJIOTIYHO
peari3yloThcs, B OCHOBHOMY, Ha Mexi mnozainy ¢a3
EJICKTPOJTIT-MEeTaJl. 3axucHa  1is  iHTiOiTOpIB
BHU3HAYAEThCS MM  KOMIUIEKCOM  BJIACTUBOCTEH,
TOJIOBHUM  4YMHOM, 3JaTHICTIO JIO  CTBOPEHHS
0COONHMBOTO CTPYKTypHO-MeXaHiuHOTO Oap'epy abo
3aXHCHOTO LIapy Ha MOBEPXHI METally, SIKHH 371aTHHN
€KpaHyBaTH METAJICBY MOBEPXHIO BiJ arpecuBHOTO
BIDHBY Qurroiny [11].

®i3nKo-XiMiUHI BIACTHBOCTI Camoro iHTibiTopy
a00 HOro KOMITO3UIIIH, YMOBH IX XIMIi9HOT CyMiCHOCTI 3
MOPOBOIO PIJMHOIO Ta IHII YAHHHWKK BIUIMBAIOTh HA
peanizauito iHribiTopamu cBoei 3aXUCHOI (YHKIII.
OOrpyHToBaHuii miaxix a0 BuOOpy iHriOiTOpY 1
pO3poOKa TEXHOJIOTIT HOr0 BUKOPUCTAHHS MOXJIMBHI
TUIBKY 3 ypaxyBaHHAM CYKYITHOCTI 0aratbox (hakTopis.
Jlyis BHINICHHS MMOCTaBJICHOT METH MaKCHMAaIbHOI
peamizamii 3axwmcHOi (QyHKIIT iHTIOITOPY Tpeba
BpaxOBYBaTH HE TUIBKH OIWH HOTO aHTUKOPO3iHHMI
e(eKT m00 IIEMEHTHOTO KaMEHIO 1 MeTaly, ajie i Bech
KOMIUIEKC ~ BJACTHBOCTEH, SKi  XapaKTepU3yloTh
TEXHOJIOTIYHICTh. TeXHOIOTIYHI BUMOTH JI0 iHT10iTOPIB
BU3HAYAIOTHCS YMOBAMH IIPOBEJICHHS TaMIOHAKHHX
poOiT. THTiGITOp MOBHHEH MAaTH HU3BKY TEMIICPATYpy
3aCTMI'aHHs, HEBUCOKY B'S3KICTb 1 MaTh TrapHy
PO3YHMHHICTB Y BOJHUX CEPEAOBHIIAX.

Bunisiennss He BHpilleHHX paHille YacTHH
3arajbHoi mnpo6Jjemu. [lompu icHyBaHHS BEJIHMKOI
KUTBKOCTI 1HTIOITOPIB KOpO3ii, mpobieMa 3axucTy

30BHIIIHBOI  TOBEPXHI  00CagHOl  KOJIOHH, IO
po3ramoBana Ha  rmbmHi  2000-3000M B
Ba)XKKOJIOCTYITHOMY ~ CEpPEIOBHINI €  aKTYalbHOIO,

0COONMBO TMpH ICHYBaHHI JEKUIBKOX arpeCHBHHX
(akTopiB, K BHCOKO MiHepalli3oBaHa IUIACTOBA BOJA,
nist HoS ta CO», Temneparypa. Hamu npornonyerbest
3aCTOCYBaHHS KOMIUIEKCHOTO iHTiOITOpY, IO 31aTHUI
AK HEWTpaji3yBaTH BIUIMB arpecUBHUX (PaKkTOpiB TakK i
CTBOPUTH 3aXMCHMH IIap Ha [OBEPXHi, IO
MePEIIKO/KAE TPOHUKHEHHIO arpeCMBHUX areHTiB 10
BHYTPIIIHBO{ TOPOXHUHU IIEMEHTHOTO KUIBIIS.

Metoan JAOCIIKeHHS: 3arajbHOHAYKOBI
(aHaui3, 3iCTaBICHHS, y3aralbHEHHS, CHCTEMATH3allis)
JUISl BUBYEHHSI HAyKOBUX JKEPEJ; KOHKPETHO-HAYKOBI:
METO/I MOPIBHAJIBHOTO aHalli3y. 3pa3ku TaMITIOHA)KHOTO
pO3uUMHY 3ajaHoro ckmaxy Qopmysanmu. Posmipn
3pas3KiB OTPUMAaHOI0 LIEMEHTHOTO0 KaMEHIO CTaHOBHJIA
120x40%20 mm. IIpu dopmyBaHHI ZaHUX 3pas3KiB B
LEHTPi 3pa3Ka BCTABISIN KPYTJIMH CTPHKEHb 31 CTai
45. NiameTp 3pa3ka cTajli CTAaHOBHB 4 MM.
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OuiHKy 3aXHCHOI (DYHKILIIT OTPUMaHUX PEarcHTiB B
TaMIIOHQ)XHOMY PpO3YMHI Ta YTBOPEHOMY KaMeHi
MPOBOJIMIIM, BH3HAUYalOUM CTYIiHb 3aXHCTy MeTany i
MIBUAKICTH KOPO3ii, KOPUCTYIOUUCH MOJIAPHU3aLiHHIM
[12] i rpaBiMETpUYHUM METOAAMHU. 3aXHCHY JitO
BuUMiproBanmu micias 60 ni0 ekcrmo3ulli B IUIacTOBIH
BOJI.

Hnsa ominku (Pi3MKO-XIMIYHEX 1 MeXaHIYHHX
XapaKTePUCTHK JTOCTIiTHAX 3pa3KiB
BHUKOPHCTOBYBAJINCH CTAHAAPTHI METOM BUIIPOOYBaHb
JUISL TAMIIOHAXKHUX KOMIO3uIiii [13,14].

Bukaang ocHoBHoro martepiany. Ha rpanmmi
noxiny ¢as imribitopu xoposii y Burmsa [1AP
3HW)KYIOTh TOBEpXHEBUH HaTsr. [Ipu posmomini Ha
TpaHULI TOALTY PIAKKUX 1 TBEpIUX (a3 BOHU BUSBISAIOTH
KOMILIEKC KOJIOiAHO-(Di3UIHUX BJIACTHBOCTEH,
HEOOXIHUX JUIsl peaiizarii cBo€i 3axucHOI (QyHKII.
3BiJCH BMIUIMBA€E JIOTIYHUA BHCHOBOK, mo sk ITAP
1HT10ITOpH KOPO3il 31aTHI BUABIATH 3aXHCHY (QYHKIIIFO
HE TIIBKH IMIONO MeTany. BOHM THOBHHHI 3axHIIATH
TaKOX 1 KPUCTAJIOTiAPAaTH TaMIIOHa)KHOTO KaMEHIO.
Taky nmit0 MOXe MpOSBIATH iHTIOITOPH, 3HATHI IO
azcopOrii sIK Ha MeTaJeBiil MOBEPXHi, Ta 1 Ha TIAPATHUX

HOBOYTBOPCHHSIX  TAMIIOHAXXHOTO  KAMEHIO 3
(hopMyBaHHSIM  BIOPSIKOBAHOI IIUIBHOI 3aXUCHOT
TUTiBKH.

IIpu cipkoBomHEBIH Ta BYIJIEKUCIOTHIM KOpO3il
Opyd  BIUIMBI Ha TigpaTH MiHEpaliB HOPOBOTO
cepeloBHUINA 3i 3HIDKEHUM pH B leMEHTHOMY KaMeHi
BinOyBaeThCS JCCTPYKTHBHI 3MIiHH, TIOB'S3aHi 3
OCa0NCHHSAM KPHCTAJIIYHOTO Kapkaca. 3 MeETOIo
3aXMCTYy  yTBOPEHOTO  ILIEMEHTHOTO  KaMEHI0 1
30BHIIIHBOI METaJIIYHOI TOBEPXHI 00CATHUX KOJIOH BiJ
KOpo3ii TOmIyK 1iHTIOITOpY TPOBOOUBCS HAMH Yy
BIJITIOBIZTHOCTI 3 HACTYITHUMH BUMOTaMHU:

- BUCOKHI CTYIiHb 3aXHCTy METaly;

- CyMICHICTh 3 JYXHUM  CEPEJOBHUIIEM
TaMITIOHA)KHOTO PO3YHHY-KaMEHIO;

- BHCOKa cOpOuiifHa 3[aTHICTh 3 (OpPMYyBaHHIM
3aXMCHOTO €KpaHy, 130JII0I0Y0r0 KpPUCTAJIOTiIpaTiB
TaMITOHA)XKHOTO KaMEHIO Bij JIi1 TOpPOBOTO CEPEAOBHIIIA,
o 3MiHroe pH i XiMigHHHN CKTam;

- 30epeKeHHS 3aXUCHOT dyHKIii B
TEpMOOAPUYHMX YMOBaX CBEPIUIOBHH HA TPHBAIWI
nepiosn vacy.

Ha ocHOBI copMynpOBaHMX TPHUHIUITB HAMHA
OyB po3poOieHuii ckiaj ais 0OpoOKH TaMIIOHAKHHUX
PO3UMHIB, IO BKIIFOYA€E B c001 iHTIOITOPH I Ty KHUX
Ta HEWTPAJIBHUX CEPEIOBHII] — HITPIT HATPIIO, a TAKOXK
iHT10ITOpPH KUCIOTHOI KOPO3ii — ypOTPOIIiH, 3aUIIOK
KyOoBuii MoHoeTaHo1amiHoBHii (KMA). Kpim Toro
A0 CKJIAAy TAMIOHAKHOTO PO3YMHY J0AaBAIHU
eTHJICLTIKAT, TiIPOITi3aTH SIKOTO JIETKO 3MIIIYIOThCS 3
BOJIOIO B OyJb-SIKHX CIIIBBiIIHOIICHHSX 3 YTBOPEHHSIM
OJHOPIZHMX  CTIMKMX  pO34MHIB. BukopucranHs
KPEMHIHOpPTaHIYHUX  CIOMYK  3HAYHO  3HHMXKYE
MOPYBATICTh  IIEMEHTHOTO KaMEHI0O 32 PpaxyHOK
yTBOpEHH! rixpodobuux mriBok [15-18].

3aqumok Ky0OBHii MOHOETAHOJAMIHOBHH
(KMA) yTBOpIOETHCA NPH OYMIIEHHI KOKCOBOIO
ra3y MOHOETAHOJAMIHOM BiJ JBOOKHCY BYIJIeHIO i
cipkoBO/IHIO Ha cTalil pereHepauii MOrIMHAIBHOIO

po3unny . 3rigno TY ¥ 24.1-00190443-062- 2010
MOKJIMBE 0r0 BUKOPHCTAHHS B AIKOCTI iHridiTopy
KOpo3ii.

JlaHuii TpOAYKT MICTHTh aKTHUBHI aMiHHI Ta
KapOOKCWJIBHI TpyNH aToOMiB, IO IIPU HasBHOCTI
HEOpraHiYHUX KOMIIOHEHTIB, a TaK0X YPOTPOHiHY
MAroTh €(eKTWBHI 3axXWCHI IDIBKHA B CIa0OKHCIHX
cepenoBumax [19,20]. Bimomo, mo amiHHI CIIOTYKH
MOJKYTb YTBOPIOBATH CHHEPTETHUYHI CYMIIIli 3 HITPUTOM
HaTpito [21].

Jns BHUpIMIEHHS IIOCTAaBICHOI METH IPOBEACHO
JOCIIKEHHS 3 OLIHKH 3aXMCHUX BIACTUBOCTEH PsIy
IHTIOITOPIB - A30TOBMICHHX CIIONYK: (hopMambaerin,
B®BM , yporpomin, katamin u AHII-2[22 ], KMA.
Ouinky 3axucHOi (YHKLII 3a3HaYEHUX PEarcHTIB B
TaMIIOHQ)XHOMY PpO3YMHI Ta YTBOPEHOMY KaMeHi
MIPOBOMIIM, BH3HAYAIOUM CTYIiHb 3aXUCTy MeTaly i
IIBUJKICTE KOPO3ii, KOPUCTYIOUNCH MOJAPU3AIHHAM
meronoM [12]. Huxye HaBOOUTHCS XapaKTEpUCTHUKA
OCHOBHHX BJIACTUBOCTEH 3a3HaueHHWX iHTIOITOPIB i
OTPHUMAaHUX Pe3yNbTaTiB BUNPOOYBaHb IX 3aXMCHOI il
(puc.1-2,1abn. 1-2).

Binpm BHCOKa IUTOMA MIOBEPXHS
HOPTIIAHIIEMEHTY BUMAarae BBEJCHHS B TAMIIOHAXHU I
PO3YMH OUTBIIOT KUIBKOCTI 1HTIOITOPY, HIXK HEOOXiTHO
JUIL TAMIIOHAXXHUX MatepiaiaiB Ha 0a3l NUIaKiB, IO
BIAPI3HSIOTHCS O1bII rpyoum MIOMEJIOM.
BcraHoBneHO, MmO MOPTIAaHALEMEHTHUH KaMiHb 3
IHT1I6ITOPOM Ma€ TiIBHUINCHUI KOSOIIIEHT KOPO31HHOT
criiikocti. Yepe3 ciabKy IHTEHCHBHICTH IIPOIIECIB
Kopo3ii B iHriOOBaHOMY KaMmeHi 3a 3  MicsAmi
BUNPOOYBaHb HE BUSBICHO 3MiH CTPYKTYpH 3 BTPATOIO
MEXaHIYHHUX BIACTHBOCTEM.

IemenTHH#1 KaMmiHb Oe3 iHTIOITOpY B3aemomie 3

cipkoBojHeM akTuBHime. lle ckopim 3a  Bce,
00yMOBJICHE  HAKOMWYEHHSIM  BEJIHMKOi  KIIBKOCTI
cynb(paTHUX CIOJIYK B  HOro  BHYTPILIHBOMY
cepelloBUINi, 1O 3a 3 Micsusd BHIPOOYBaHb
IIPU3BOJHUTE J0 HOr0 NOBHOI'O PyHHYBaHHS.

OTxe, pe3ysbTatu MPOBEACHUX HaMu
eKCTIEPUMEHTAIbHAX ~ JOCII/DKEHb MiATBEPKYIOTh

rimoredy e(eKTHBHOCTI 3aTBOPIOBAHHS IIEMEHTHHX
CyCIieH31H KOMIUIeKCHUMH OaraTtoyKIlioHATEHUMHI
IHTIOITOpaMH 3 METOI0 OTPUMAaHHSA TaMIOHAXKHOTO
KaMEHIO 3 ITiIBUIICHOO CTIMKICTIO IPOTH KOPO3ii .

[ToHMwKeHHs TYCTHHU TaMIIOHQ)KHOTO MaTepiaity
Hajgae M mepeBary NpH BUKOPUCTaHHI B yMOBax
MPOBEACHHS TEXHOJOTIYHUX OIepamii Ha BEIMKHX
rmbnHax a0o0 TpH iCHyBaHHI AUISTHOK 3 BHCOKOIO
CXWIIBHICTIO 10  TOTJHMHAHHS,Alle  BHACIIIOK
30UIBIICHHS TOPHCTOCTI YTBOPEHOTO IIEMEHTHOTO
KaMEHIO cIIpHse OiTpIIOMY TPOHUKHEHHIO arpeCUBHHUX
¢GuIoifiB, 0 HETaTUBHO  BiOOpaXaeTbcs  Ha
AHTHKOPO3iHHIX BIACTHBOCTSIX [7] .

B sxocti mportoTHily, SKMA Mae  CXOXIi
TEXHOJIOTIYHI 1 TEXHIYHI SIKOCTI € BHUKOPHCTAaHHS
MOPTIAHALIEMEHTY, Y CKJIaJli SIKOTO BUKOPHCTOBYIOTh
BHUCOKOKIMIIsYi (ppakmii BUpoOHUIITBA MOPQOTiHY B
cywmirii 3 Na;COsz ta H20 [8],

IlemeHTHI KaMeHb,0TPUMAHUI MPHU TY)KaBiHHI
TaKOTO PO3YMHY Ma€ BUCOKY (IFOTIOMPOHUKHICT,IIO
,B CBOIO 4epTy,00yMOBIIOE 1Or0 HEBUCOKY KOPO3iHHY
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Pucynox 1

[IBunKicTh KOpO3ii MeTalTy BiJl BMICTY iHri0iTOPIB
B (¢uipTpari i3 LEMEHTHOi CycCHeH3ii, HacHYeHOl
CIpKOBOJIHEM Ta IBOOKHCOM BYTJICLIO

B®BM, 2- Karanin, 3- ®opmaasaerun, 4 -
AHII-2, 5 - Yporponus, 6 — KMA ,7- KMA

+yporponun +HITPIT HaTpism + ermiciiikat*)
[IBuakicTe KOpo3ii MeTany 0e3 BIUIMBY iHrIOITOpPY
cknanae 1.57 r/(m? * rox.)

[¥y)
=

[ — )
[ I = R |

Crynine 3axuery meraay,%
E
=) =

0 0,5 1

Bwmict pearenty, % o,

— 2
— 3
—
— 5
— 6

7

L3 2 25
Pucynox 2
Jnst  po3mupeHHs ~ o0jacTi  3aCTOCYBaHHS

iHTi0iTOPIB B
Hacu4yeHo1

OdexTuBHICT 3axucHO  mil
¢umpTpari i3 LEMEHTHOi cycreHsii,
CIPKOBOJIHEM Ta IBOOKHCOM BYTJICIIIO

1-B®BM, 2- Karamin, 3- ®opmaabaerua, 4 -

MOPTJIAHALIEMEHTY B YMOBAaX arpecUBHOTO BILIMBY
CIDKOBOZHIO 1  JBOOKHCY  BYIJIELIO  HaMH
3alpONIOHOBAHMN OPHIIHANBHUN CKJIaJl TaAMIIOHAXHOT

AHII-2, 5 - YporponuHn, 6 — KMA, KOMITO3MLiT, sKa Ticias  TyXaBiHHA  HaOyBae
7- KMA +yporponuH +HiTpiT HaTpin +  HeoOXiIHMX BJIACTHBOCTEH 3aBIIKH MiJABIHHOMY
eTHJciTikar 3aXUCTy — iHTiIGiTOpHOMY 1 TiApodooHOMY [13].
Tabmums 1
Pe3yabTaTi BU3HAYEHHS 3aXUCHOI il iHTi0iTOPiB B IeMEHTHOMY KaMeHi
Tun Bwicr inri6iTopy(KMA-koMIuIekc) B Brpara macu meraziesoro . EdexruBHicTh
R . 3paska B IEMEHTHOMY KameHi,| .7 .
iHTi0ITOPY KOpO3il LIEMEHTHOMY po34uHi, % Mac. - 3axucHOI ail, %
be3 iHriditopy - 48,2 -
AHII-2 1 49 4 Hemae 3axucty
Karanin 1 55,3 Hemae 3axwucrty




East European Scientific Journal #3(67), 2021 33

BOIIM 1 13,2 72,6
KMA (koMmuiekc) 1 74 84,6
Tabmuws 2

ITopiBHSAIBHI pe3yJbTaTH BUNPOOYBaHHS HA CTIHKICTh 10 KOpo3ii HeMoaihikOBAHOI0 TAMIIOHAKHOTO
KaMeHI0 i MoaugikoBaHoOro iHrigiropom Ha ocHoBi KMA

YMoBu BunpoOyBaHHsi| [lapamerpu ieMeHTHOro KaMeHIO Micist 3-X MiCsIIiB BUIIPOOYBaHb
JToGaBKa Cey . B KHCJIOMY CEPEIOBHIII
MHEGI B BOZIOIIPOBITHI B0 (H;3 +COy)
Tun nementy Topy Temmne- Tuck,
MaC. ‘;A) parypa, °C|  MIla | Mexa mitmocri npu |  Meska MiHOCTI IpH Ii%eq();;?ﬁlﬁgT
Burini, MIla purini, MIla OpO3IH
criiikocTi, Ko
[IIT- 100 - 75 30 9,14 pYHHYBaHHS -
[1[T-100 1 75 30 8,09 8,66 1.06
Ile  oOymoOBieHe  TPHUCYTHICTIO  KUIBKOX  3aXHUCHOro Oap’epy Ajis MOJANBIIOrO HNPOHUKHEHHS

CKJIa[JOBHX: THIJICHIIIKATY, cynepmuiactudikatopy C-3,
YPOTPOIIiHY, HITPITYy HATPilO Ta OpraHidyHOI JOOABKH -
KyOOBHX 3aJIUIIKIB IMPOIECY MOHOETAHOJIAMiHOBOTO
CIPKOOYHINEHHS KOKCOXIMIYHOTO BUpOOHHMIITBA [13].
KomruiekcHa — 3aXxMcHa i 3alpoONOHOBAHOT
KOMITO3UIIiiT  0OyMOBJIeHa 0arato  CHpSIMOBaHUM
BIUIMBOM KOMIIOHEHTIB pPELENTypH Ha BUKIUKA
arpecUBHOrO CEpeloBHIIA. BHaCHiOK 3MEHIICHHS
NPOHUKHEHHS BHCOKO MiHEpai30BaHOI IIacTOBOL
BOJM, SIKA& MICTUTh XJIOPUA-IOHW, SIKI aKTUBHO
PYHHYIOTH CTPYKTYpY MiCJsS TBEPAIHHS pO3YHHY,
TIPOIIECH HEeHTpaizallii KHCIUX CIOJIYK (CIPKOBOJCHB
Ta BYIJICKUCIIHI Ta3) BiMOYBarOThCS OLTBII €PEKTUBHO,
YTBOPIOIOYM HA 3O0BHINIHIA TOBEPXHI IEMEHTHOTO
KaMEHIO 3aXHCHOI IUTIBKM, II0 BHKOHYIO pOJb

BOJHOTO PO3YMHY Yy  BHYTPIIIHIO  CTPYKTYpY
LIEMEHTHOTO KaMEHIO, IO € 3aloODKHUKOM HOro
nmojanpmioro  pyiHyBaHHsA.  KyOoBi  3ammmku
MOHOETaHOJIaMIHOBOTO CIPKOOYHINECHHS
KOKCOXIMIYHOTO BHUpOOHMITBA 1o TY VYV 24.1-
00190443-062-2010, sxi BBeACHI J0 pEHENTYPH,
HIJICHJIIOIOTh 3aXHCHII e)eKT BHACIHIIOK YTBOPEHHS B
pe3yJbrari Jerpazaarii LIMPOKOTO CHEKTPY
aminocronyk [20 ].

CkJaJ JOCHIKYBaHUX TaMITIOHQXXHHX PO3YMHIB
UL BHOOpY ONTHUMAaJbHOTO CKJIaay HaBeleHHH B
tabymmi 3[13].

Po3paxyHkn mBHIOKOCTI KOpo3ii Merama i
3aXMCHOI Mii IIEMEHTHOTO KaMEHIO Iicias Horo
TBEpIiHHS BU3HAYaH 3a opmynamu [13].

Ta6muus 3

Cxkaag 1ocaigHux 3paskiB, MoaugikoBanoro kommiekcoM KMA, TAMIIOHAKHOTO PO3YUHY TA 3aXMCHA Jist
OTPUMAHHX HA /i0ro 0CHOBI 3pa3KiB IEMEHTHOI0 KAMEHIO

KoMITOHEHTH KOMITO3MLIiT

BMiCT KOMITOHEHTIB Y JOCTIAHUX CyMIIIax y
MACOBHX BIJICOTKAX,%o

| Il 1l
[Moptnananement , cynepruiactudikarop C-3, ypoTportiH, HITpiT 99 985 98
HATPIO, BOJIA, CTHICUTIKAT )
Ky00Bi 3a/1IIIKH MOHOETaHOJIaMIHOBOTO CIPKOOYHIIICHHST
. 10 15 20
KOKcoximiuHoro BipoOHuiTea (KMA)
. Enekrpoximiuna 92 94 92
k! 0
Saxucna 101, % Tpasiverpirsa 68 67 67

*J[st pearenty BOBM 3axwucHa aist (%) exekTpoxiMiuHa/rpaBiMeTpHyHA, BiAMOBIAHO, ckiana 62/54 [8]

AHaJi3 OoTpMMAaHUX pe3yJbTaTiB. PesynbraTu
BUNIPOOYBaHb  3pa3KiB  IEMEHTHOIO  KaMEHIO,
OTPUMAaHUX 3 TaMIOHAXHUX  PO3YMHIB, MiCIS
€KCIIO3HIIii B IJIACTOBIH BOII, sIKa MICTHTB CIPKOBOJICHB

0,042% 1 Byrrekucimii ra3z - 0,045% mpu
temnepatypi 95°C, npuseseni y Tabnuui 4. 3aranbHa
MiHepasizamisi TiactoBoi Boaum ckiamana 200r/m , B

TOMY YHCIi, BMICT XJIOpHA-i0HIB OyB Ha piBHi 125 1/11,
a moka3Huk pH=6.1 oxguHUIII.

B xoni mpoBeneHHsI eKCIIEpUMEHTIB HaMu OyiH
BHU3HAYCHA ONTHUMalbHa KIJIbKICTh  KOMIUIEKCHOT
JN00aBKM 710 TaMIIOHa)KHOTO PO34nHy. SIK BuaHO 3
Tabmuup 3 14, 3aNIpONOHOBAaHNH TAMIOHAKHUN PO3UHNH
31 ckiagoM [ micist TBepAiHHS BUABIISAE HAIHHI 3aXUCHI
BJIACTUBOCTI BiJl KOPO3ii y1st cTami 45.
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Tabnuus 4

PesyabTaTn BHNIpo0yBaHb 3pa3kiB MOAM(IKOBAHOI0 TAMIIOHAKHOT0 PO3YHHY Ta OTPUMAHOIO HA HOro
OCHOBIi lIeMEHTHOr0 KameHio [13]

. MIIHICTh TIPY BUTHHI, Bono-
Pearenr y Po3zriu- . L
CAMIOHAKE I'yctuna, HicTs MTla, yepe3 2 100U Ty>KaBiHHS BizIi- B/
a gganiOMy KA o 50°C, 75°C, 100°C, | senns,
P 20 MIla 30 MIla 40 MITa M
BOBM 124 0,20 08 10 18 55 0,45
IIporoTun
KMA-xommexe 1,23 0,19 09 1,0 2,0 55 045
(cximam I Tabm.3 )

3a3HaueHUH e(pEeKT MOKHA MOSCHUTH BHCOKOIO
aJCOpOIIHHOI0 Mi€f0 KOMIIOHEHTIB 3alpONOHOBAHHUX
iHTiOiTOPiB  TpWM  cyMicHilt  mii  pasom 3
rizpoodizaropom. HeobOximHo  BimmiTHTH, IO
JN00aBKM 1HTIOITOpPIB MPaKTHYHO HE BIUIMBAIOTH Ha
OCHOBHI TEXHOJIOTIYHI BJIACTUBOCTI TaMIOHAKHOTO
pO3UMHY 1 OTPUMAHOrO Ha #Oro OCHOBI IMiCIsA
TBEPIiHHS [IEMECHTHOTO KaMEHIO.

JonaeanHs iHTiOiTOPY B KibKocTi 1.5-2% mo
CKJIaay TamImoHaxkHoro po3uuny (ckman II 1 ckman 111
JTUB. TAONHUITIO 3) HE HEeCe CYTTEBHUX 3MiH B 3aXUCHY Jif0
OTPHUMAHOTO IIEMEHTHOTO KaAMEHIO.

BucnoBku.1.IIpoBenennii anami3 eQeKTHBHOCTI
BUKOPUCTAHHS JOMIMIOK iHTIOITOpiB KOpO3ii B
TaMIIOHR)XHUX PO3YMHAX Ta CHOpMyIbOBaHI BUMOTH
MO0 TMTOKPALICHHS IXHBOT Jil.

2. Po3poOmneHnii HOBUI CKNIaJ KOMIUIEKCHOTO
iHri0iTOpY KOpO3il Ui IOKpallleHHs KOpo3iiiHoi
CTIMKOCTI TaMIOHAXXHHUX PO3YMHIB OTPUMAaHUX Ha
OCHOBI MOPTJIAHAIICMCHTIB.

3. PesynbraTn BUIIpoOyBaHb 3pa3KiB IIEMEHTHOTO
KaMEeHIO, OTPUMaHMX 3 MOJIM(IKOBaHNX TAMIIOHAKHUX
PO3UMHIB KOMIUIEKCHUM IHTIOITOpOM Ha OCHOBI
KyOOBHX 3aITUIIKIB MOHOETaHOJIaAMiHOBOTO
CIPKOOYHIIICHHS KOKCOXIMIYHOTO BHPOOHHUIITBA
(KMA), ypoTpomiHy, HITpiTy HATpifo 3 T00aBKOIO
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MOKAa3HUKH KOpO3iiHOT CTIHKOCTI IPOTH
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DECISION MAKING IN AN EVOLUTIONARY SEARCH FOR HEAT PUMP FILM
SOLAR COLLECTOR

AHHOTanusi. B craThe wu3nararoTCs pe3ysbTaThl MCCIEAOBAHUS COBMECTHOM pabOThl COJIHEYHOTO
KOJUIEKTOpa IUICHOYHOTO THIIA M TEIJIOBOro Hacoca. llenbio paboThI SIBISIETCS MONydeHHE Oe3pa3MEpHBIX
KPUTEPHEB M MaTEeMaTHYECKOH MOJIENM COJIHEYHOTO KOJUIEKTOpAa IJICHOYHOTO THIA, a TAKKE ONTHMHU3AINS
COBMECTHOI pabOThI COJTHEUHOTrO KOJUIEKTOpa IJICHOYHOIO THIMA U TEIUIOBOTO HAacoca THIA «Boja-somay. s
JOCTHKEHUSI TIOCTABJICHHOW €M IPOBEICHO 3KCICPHUMEHTAIbHOE HCCIECJOBAHHUE COIHEYHOTO IIEHOYHOTO
KOJUIGKTOpa ¥ TOJy4eHa €ro MaTeMaTH4YecKas MoJeNb C 0e3pa3MepHBIMH IapaMeTpamMu (KpUTepHsAMH).
ITocTpoena maremaTHuecKast MOJENb B3aUMOAEHCTBHS COJIHEYHOr0 KOJUIEKTOpA IJIEHOYHOIO THUIA U TEIJIOBOTrO
Hacoca THIA «BOJAA-BOJAA» B BUAE I'MIAPABIMUYECKONW LEMH C PErylupyeMbIMH MapaMmeTpaMu. BeigeneHs! nBa
KpUTEpUsl PabOTHl CHUCTEMbI: NEPBBIH KPUTEpUil - BeJIMYMHA TEIUIOBOW SHEPTUH, MCIOIb3YEeMOH s
TEIJIOCHA0KEeHNUS], BTOPOW KPUTEPUH - BEJIMUMHA 3aTPaT MEXaHWYECKOW SHEPriH Ha IIPUBOJI TEIJIOBOTO Hacoca.
HccnenoBanus nokasaniu, 4To BbIIEICHHbIE KPUTEPUH MPOTUBOPEUUBLL. [103TOMY 3a1a4a NpUHATHS PELIEHUH 110
COBMECTHOIl paboTe COJHEYHOTO IIJIGHOYHOIO KOJUIEKTOpa M TEIUIOBOTO HAcoca pacCMaTpUBallach Kak
JIBYXKpHUTepHanbHas. HOBBIM BaXKHBIM pe3ylbTaToOM pabOTHl sBIsAeTCd (DOPMYIHMPOBKA 3aHadyd TMPHHATHSL
pemeHnii UIs pacCMaTpUBaeMON CHUCTEMBI KaK MHOTOKPHTEPHATBHOHM 3a/a4dl C HCIOJIB30BAaHHEM OWHApPHBIX
OTHOIICHUH BBIOOpa M (QYHKIMM HPEATIOYTEHHS MPU BHIOOpE pEUIeHHs, a Takke pa3pabOTaHHBIE aITOPUTMEI
SBOMIOLMOHHOIO TIOMCKa, KOTOpBIE OOECIeuMBarOT pemeHne chOpMyIHPOBAaHHOW 3alad4d MU CXOAUMOCTb
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HUTCPALMOHHOTO IMOMCKAa K HMCKOMBIM PCHICHHUAM C BEPOATHOCTHIO 1. 3HauuMOCTH NOJIY4YCHHBIX PE3YyJIbTaTOB
COCTOUT B pa3pa60TaHHmX METOoaax MHOFOKpPITepHaJ'ILHOﬁ OIITUMH3ALIUN COBMECTHOM pa6OTLI COJIHCYHBbIX
KOJIJICKTOPOB MJICHOYHOT'O TUIIA U TCIIJIOBBIX HACOCOB TUIIA «BOJAa-BOJa». YucneHHble PE3YJIbTAaThI IOKAa3aju, 4YTO
HCCMOTpPA Ha CYIIECTBECHHO 0oJie HU3KHE KalUTaJIbHBIE 3aTpaTbl Ha CO3AaHUC TIIJICHOYHBIX COJIHEYHBIX
KOJUJICKTOPOB IO CPAaBHCHWUIO C JPYIMMHU COJIHCUHBIMU KOJUIEKTOPpAMU, pa60Ta IJICHOYHBIX KOJUICKTOPOB
COBMECTHO C TEIUIOBBIMHM HAacOCAMH OO0O€ECIIEYMBAET JA0CTATOYHO BBICOKHC IOKAa3aTCJId IMOJTYUYCHUA TEIIOBOM
SHEPTrHUHd IS TeIUIOCHA0KEHUS IpH HeOOBIINX 3aTpaTaX MEXaHUIEeCKOH SHepTHH (FITH SJICKTPUIECKOH YHEPTHU
TIPUBOJIA).

Abstract. The aim of the work is to obtain dimensionless criteria and a mathematical model of a solar film
collector, as well as optimization of the combined operation of the solar film collector and the ‘water-water’ type
thermal pump. To achieve the aim set the experimental research of the solar film collector was performed and the
mathematical model of it was developed with dimensionless parameters (criteria). The mathematical model was
plotted of the interaction between the solar film collector and the heat pump of ‘water-water’ type in the form of
a hydraulic circuit with the controlled parameters. A new important result of the work is a formulation of the
solution accepting problem for the system under study as a multi-criterial problem with the use of the binary ratios
of selection and the preference function during the solution choice. Also significant are the developed algorithms
of the evolution search, which ensure the solution of the formulated problem and convergence of the iteration
search to the sought solutions with a probability of 1. The significancy of the obtained results consists of the
developed methods of a multi-criterial optimization of the combined operation of the solar film collectors and
‘water-water’ thermal pumps. The numerical results showed that the operation of the film collectors combined
with the heat pumps ensure fairly high values in thermal energy obtaining for the heat supply upon small expenses
of the mechanical energy (or the drive electric energy).

Knrouesvie cnosa: ucnonwv3osanue CoOaHeyHoll oHepeuu, cucmemHblil AHAIU3, NJEHOYHbBI KoJ1ekmop,
mennosotl Hacoc, MHO2OKpumepuaibHas onmumusayus.

Keywords: use of solar energy, system analysis, film collector, heat pump, multicriteria optimization.

BBEJIEHUE.

JlaHHas cTaThsi OTHOCHTCS K MCIIOJIB30BAHHUIO
COJIHEYHOW OJHEpPruM IJsl UeNield TerIoCHaOXKeHusI.
W3BecTHBI pa3nuyHble KOHCTPYKIHM  COJHEYHBIX
KOJUIEKTOpOB. OOCTOSITENBHBIII 0030p COJIHEYHBIX
KOJUIEKTOPOB U MX NPUMEHEHMsI MOXKHO Haiitu B [1].
[lmockuit  KOJJIEKTOp  COCTOMT M3  DJIEMEHTa,
MOTJIOMIAIOIIETO COJHEYHOEe H3NydeHne (abcopOep),
MIPO3PAYHOTO MOKPBITUS U CIIOSI TEIUIOBOW HM30JIALINH.
AOGcopbep CBsi3aH C CHCTEMOH OTBOJa TeIia U
nepegayn ero mnoTpedburenaMm. KoHcTpykumsam u
O0COOEHHOCTSIM ~ PabOThl  IUIOCKUX  KOJUIEKTOPOB
MOCBSIIIEHO OONBIIIOE KOJUYECTBO PabOT, Hampumep,
[2].  Hdobutecs  moBbIuEHHS  3(PPEKTUBHOCTU
WCTIONIb30BaHMS COJIHEYHOH SHEPTHM MOXHO 33 CUET
YMEHBIICHUS! TEIUIOBBIX TOTEph B  pe3ysbTare
WCTIONIb30BaHMS Pa3JIMUHBIX METOJIOB: MCIOJIB30BaHUS
MOIXOMANINX PadOYHX KUIAKOCTEH B KoJurekTope [3];
UCTIONIb30BaHME IUIACTMHOK TpadeHa it abcopOepa
KOJUIeKTOpa [4]; HCIOJIb30BaHKME IIOJIOKHUTEIHLHOTO

s dekra WCTIOJIb30BaHUS HaHOXXUIKOCTEH:
B3aMMOJCHUCTBHS OKCHJQ AQIIOMHHUS C  BOJIOH,
B3aMMOIENCTBUS OKCH/JIa Meau c BOJIOH,

B3aUMO/IeicTBUSI cepebpa ¢ BOIOH, OKCHJIa KPEMHUS C
BOJIOH [5]; MCTIONB30BaHWE MOPHCTHIX MATEPHUANIOB C
MHUKPOIIOpaMH M HaHOYacTH4YeK [6]; MCHOIBb30BaHUE

XPOMHPOBAHHBIX ~ TEPMUYECKUX  HOKpwITHH  [7];
MHOTOCJIOHHOTO ~ CTEKJIIHHOTO  HOKpbITHS  [8];
UCIIOJIE30BAaHUE  OTpaKalommux peduektopoB  [9];

TrepMEeTHU3allui WK CO3AaHUs B KOJUICKTOPAX BAKyyMa
[10].

Nznoxennoe HaIpaBJICHUE COBEPHICHCTBOBAHUA
COJIHCYHBIX KOJIJIEKTOPOB OCHOBBIBAJIOCH Ha

HUCIIOJb30BAHUU TEX WM HWHBIX JOIIOJHHUTCIBbHBIX
OJICMCHTOB KOHCTPYKIMHW WX MaTepuaioB IJid
noBbiIeHHs 3P (EeKTHBHOCTH PabdOThl KOJIEKTOPOB.
OTO HampaBJIeHHE COIPOBOXKIAIOCH YBEIHICHUEM
3aTpaT Ha CO3[JaHHE IUIOCKHX KOJDICKTOPOB H HX
CTOMMOCTH. AJIIBTepHATHBHBI MOJIXOX COCTOHT B
CO3MaHWHM  JCHICBHIX  KOJUICKTOPOB,  KOTOpBIE,
BO3MOXKHO,  TpOWTphBalOT B  3(pdekTuBHOCTH
KCITOJIb30BAaHUS COJTHEYHOM OHEPIUU, HO BBIUTPLIBAIOT
B KaNWTaJBHBIX 3aTpaTax Ha TemJIocHaOXeHue.
XapakTepHbIM HPUMEPOM pealn3aluu MOoA00HOTro
AIBTEPHATHBHOTO  IOJXOAa CIyXXaT  COJHEYHbBIE
KOJUIEKTOPBI HU3KO0i1 cronmoctu [11].

3neck nepeaaya COTHEYHON SHEPTHH MPOUCXOTUT
K TIOTOKY JKHJKOCTH, IBIDKYIIEMYCS MEXIY IBYMS
IJIOCKUMH MTOBEPXHOCTSIMHU (TIeHKaMm) 0e3
HCTIONB30BaHUs TPYOOK BHYTPH KOJUIEKTOpAa 3a CYET
Yero JIOCTUTASTCs HU3Kasi CTOMMOCTH KoJutekropa. [lpu
9TOM HCIIONIB3YETCS ABE MPO3pPAuHbIC JJIS CONHEYHBIX
Ayded  TIOBEPXHOCTH, MEXKAYy KOTOPBIMH  €CTh
BO3AYIIHAs MPOCIONKA JUIS CHIDKEHHS TEIUIOBBIX
noreps. B HIKHEH yacTu KoJIeKTOpa IpenoiaraeTcs
TETUTOBAsT N30JISIHUL.

PaccmaTpuBaeMblii B TaHHOW CTaThe COJIHEUHBIN
KOJIJIEKTOP OTJIMYaeTCs OT Kojutekropa [11] Hammanem
TOJBKO OJHOW TPO3payHOil IMOBEPXHOCTH, a BOJA
JBIDKETCSl TI0 TIOBEpXHOCTH abcopbepa B BHUIE
CBOOO/IHOTO TEUEHMS — IJICHKU BOJIBI, TIO3TOMY 3/1€Ch
HCIONB3YeTCSl TEPMHUH «IUIEHOUHBIA  KOJJIEKTODPY.
Mexy HNOBEPXHOCTBIO ILICHKH BOABI M MPO3pavyHON
MOBEPXHOCTBIO KOJUIEKTOpA MPEANoIaracTcsa HajJuuue
BO3IYIIHOTO 3a30pa. Cxema CONHEYHOro KOJUIEKTOpa
JIAHHOMW CTaThH MpeCTaBlieHa Ha puc. 1.
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1) exodunou nampyook,

2) gbixodnou nampyook,

3) pacnpedenumeins HCUOKOCM,

4) abcopbep conHeuHo2o uznyyeHus,
5) nuenka sHcuokocmi,

6) MenaoU3oIAYUOHHBIU MAMepPud,
7) ceemo-npo3pauHas HOBEPXHOCHb,
8) so30yuinbLl 3a30p,

9) Hakonumeib HCUOKOCHIU.

Puc. 1. Cxema ucczze()yeMoeo NJ1€HOYH020 COJIHEYHO20 KOleKmopda.

METO/JbI, PE3YJBTATBI U OBCYKJIEHHUE.

Jnst paccMaTpHBaEeMOTO COJIHEUHOTO KOJUIEKTOpa
MPOBOJAMIINCH  HKCIIEPUMEHTAIbHBIE  HCCIICAOBAHUS
¢ peKTUBHOCTH €ro padoThl INpU  H3MEHEHUH
OCHOBHBIX TMapaMeTpoB. B KkadecTBe u3MepsIeMBIX
napaMeTpoB  paboOThl  KOJUIEKTOpa IMPHHHUMAJUCH
Cleflylole MapaMeTpbl:  pPacXol BOABI  uepe3
KOJUIEKTOP, TEMIIEpaTypa BOJbI Ha BXOJIE B KOJUIEKTOD
U TeMmIeparypa Ha BBIXOJE M3 KOJUIEKTOpA,
TeMIlepaTypa Hapy>KHOTO

BO3/yXa, IUIOTHOCTh  TEIUIOBOTO  IOTOKa,
MaJafolIero Ha KOJJIEKTOP COJIHEYHOTO H3IIydeHHUS;
BEJIMYMHA BO3JYIIHOTO 3a30pa MEXIy BOJISHOMN
IUICHKOH M NpO3padHOl MOBEPXHOCTHIO KOJUIEKTOPA.
BrixonHOM mapaMeTp — BEIMYMHA TEILUIOBOIO MOTOKA,
[IOJIyYEHHOI'0 HAarpeBaeMoil B KOJUIEKTOPE BOJOU.
Pe3ynbraTel 9KCHEPUMEHTOB B HAPYXKHBIX YCIIOBHSX
Juist T. JIHerp mpuBe/ieHb! B Tabuuie ctathu [ 16, ¢. 12].

rae AT — pa3HOCTh TeMMepaTyp BOABI MEXIY
BXOJOM M BBIXOJOM COIHEYHOTO KOJIEKTOpPa, Trop—
TEMIIEpPAaTypa HAPY:KHOTO BO3AyXa. TemmepaTypHbIH
KOMIUIEKC XapaKTepHU3yeT BIHMSHUE TeMIepaTypHBIX
napaMeTpoB Ha paboTy KOJUIEKTOpa.

hZ
P2 =+ 2

rae h — paccTosiHHEe MEXKIY TPO3PaYHOIt
U cOpOUpyIoIIei MOBEPXHOCTIMH,
F — miomaae copOupyronieil mMoBepXHOCTH.
Bropoi#i xommiekc Xapaktepusyer (usndeckue
[apaMeTpsl COJHEYHOTO KOJIIIEKTOpa!
_ CBQA-G-AT

®)

3 qconF

rae Cpoy — TEIIOEMKOCTH BOIBI, GG — pacxof

HHH MOJECIMPOBAHUA pa60T1,1 COJIHEYHOTO BOXIBI, oy~ UHTCHCUBHOCTH COJTHEYHOU paaunanuu.
KOJIICKTOpa HCII0Ib30BAJINChH 6e3pazMepHbIe Tpertuii Ge3pa3MepHbIil KOMIIEKC XapaKTepU3yeT
KOMILIEKCHI (KPUTEPHUH): 3¢ (GEeKTHBHOCTh  COJHEYHOTO  KoJuiekropa.  Jlis

KOMIUICKCa p3 NOJydceHa CJICAYyHollass SMIMPHUYICCKAA
P = AT (]_) 3aBUCHUMOCTb:
TrioB
f(p1;p2) =051 —0.295 - p; + 0.0027 - (1 — p,) + 3.5 pZ — 0.23 - (1 — p,)? 4
PeSyJ'IBTaTBI OKCIICPUMEHTOB IIJICHOYHOT' O IIOABJIACTCA  JKCJIAHHUC HCIIOJIB30BAaTh  INJICHOYHBIC

KOJIIEKTOpa B Oe3pa3mepHOl (opMe MpesICTaBICHBI B
cratbe [16, c. 13].

Kax NI0Ka3anu JKCIIEPUMEHTAJIbHBIE
HCCJICIOBAHUS COJIHEYHOTO KOJUIEKTOpa IUICHOYHOTO
TAIIa, OH HNMCECT TMTPUCMIICMBIC 3HAYCHUA cBOCH
3¢ PEeKTUBHOCTH TIPH HEOOJBIINX TEMIEpaTypax BOJbI
B IUICHKE M NOHIKEHHBbIE 3Ha4eHHs 3(PQeKTHBHOCTH
IPY TIOBBIMICHHBIX 3HAUYEHMSIX TEMIIEpaTypbl BOJBI B
IUICHKE  KoJuleKTopa.  [lodToMy,  ecTecTBEHHO

COJTHEYHBIE KOJIJIEKTOPEI BMECTE C TETIJIOBBIM HACOCOM,
TaKk YTOOBI IUIEHOYHBIE KOJUIEKTOPHI paboTaiy mHpH
HEBBICOKMX TEMIIEpaTypax BOABI B KOJUIEKTOpE, a
TEIUIOBOM Hacoc obOecrneuwBail OBl JIOBEIACHHE
TEMIepaTypbl TOJaBaeMOW BOABI JI0 HYXHOTO
3HaueHus. ViMeeTcs 1enblii psijt HayYHbIX Pe3yJIbTaToB,
IZle UCCIeIyeTcsi COBMECTHas paboTa COJHEYHBIX
KOJUIEKTOPOB M TEIJIOBBIX HacocoB. Haubonbiimit
HHTEPEC MPEACTABISIIOT pabOTHI, 1€ pacCMaTpUBAETCs
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paboTa TEMJIOBBIX HACOCOB B YCJIOBHAX OTKPBITHIX
BOJSHbBIX Gacceiinos [12, 13].

TermnoHoCHTETH (Boma) c

Ha puc.2 npencraBneHa cxema  paOoOThI
COJIHCYHBIX KOJIJICKTOPOB INICHOYHOI'O  TUIla u
TCIJIOBOT'O HACOCa THUIIa «BOJA-BOOaA.
1 = 10 — HyMepanus y3J70B THPABIMYECKOM 1IeTH.
Puc.2. Cxema cosmecmnoi pa60mbl COJIHEYHbIX KOJIEKMOopoe6 U menjioeo2co Hacoca.
HavyaJIbHOM
T6 = C1+D1*(T3-T4), (5)

TEMIIEPATypOMd MOCTYNaeT B y3€d 1 COJHEYHBIN
KOJUIEKTOp TwieHouHoro tuna (SK), mocie HarpeBanus

NOIy4aeM  TEIUIOHOCHTENb B y3me 2 ¢
COOTBETCTBYIOIIMMH  XapaKTCPUCTUKaMHU,  Jaliee
TEIUIOHOCUTENb  BXOOUT BO BHEIIHUM  KOHTYp

terioBoro Hacoca (HP) B y3ne 3, oxnaxmaercs 10
HY)KHOW TemrepaTypbl B y3ie 4 M BO3Bpamiaercs K
cucreme (SK) B y3en 1. Buyrpennuit xonryp (HP)
HayMHaeTcs B y3Jie 5 ¢ HayajdbHOM TeMmmeparypoil
TEIUTOHOCHUTEINS, 332 CUET SHEPTHH TCIIOHOCHUTENS OT
BHEIITHETO KOHTYpa TIPOUCXOTUT HarpeB
TEIUTOHOCHTEINS | TIOJIyYaeM HarpeTyr BOIy B y3ie 0,
KOTOpas mepenaeTcs 0aKy-aKKyMyJsiTopy B y3en 7. B
HIDKHEH Touke Oaka-akkyMyJsTopa B y3ie 8
MPOUCXOTUT OTOOp OXJAXKIECHHOTO TEIUIOHOCHUTEIIS.
Y3151 9 1 10 cXxeMbI COOTBETCTBYIOT IOAa4e M BO3BPATy
TEIIOHOCHUTEIS (BOJIBI) ISl IIOTPEOUTEIS.

Hast MaTeMaTH4eCKOro MOJICTTUPOBAHHUS
COJIHEUHOTO KOJUJIEKTOpa, paboTaroliero ¢ TerioBbIM
HACOCOM, MOXXHO  MCIOJIb30BaTh  IOJYYEHHYIO
MaTreMaTHYeCcKyIo MOJIelNb B Oe3pazmepHoii popme (1)-
(4. A nmng  MareMaTHYecKOro  MOJCIHPOBaHUS
TEIUIOBOTO  HAacoca THIA «BOJAA-BOIA»  OyIeMm
UCIIONB30BaTh  PEe3yNbTaThl  JKCICPUMEHTAIBHOTO
HCCIICIOBaHMA, KOTOPBIE UMEIOTCS B JmTepaType. [lo
HalleMy MHEHHUIO, JJIs 3THX IIesieli Hanboliee IOAX0IAT
pe3yIbTaThl HCCIIeIOBAHMS B3aUMOJCHCTBUS
TEIJIOBOTO HAacoca THIIA «BOJA-BOJIA» C OTKPBITHIMHU
BojoemMamu, Hampumep [12, 13]. Ha ocHoBanum
pesynbratoB [13] momydena mpocTas SMIMPHYECKas
3aBUCHMOCTb:

rne 73, T4, T6 — BenuuuHBl TEeMIepaTyp B
COOTBETCTBYIOIIMX Y3JIaX THIPAaBIMYECKOW IIeNMH Ha
cxemMe puc. 2, a KO3()(OHUIMCHTH PETPEeCCHOHHOMN
3aBHCUMOCTH UMeIOT 3HaueHusa C1 = 32.5; D1 = 1.07.
3navyeHne kod(dduimenta mpeoOpa3oBaHUS SHEPTUH
JUIsL TEIJIOBOIO Hacoca Mo pesynbraraM [13] mMoxHO
OTIPEAEINTH B BUJIC YPAaBHEHUS PETPECCUH:

COP = 5.75-0.107*(T3-T4), (6)

Hcnonp3yss MareMaTHYeCKWe BBIPOKCHUS IUIS
IUICHOYHOTO colHeuHoro koiurektopa (1)-(4) m
TEIJIOBOTO Hacoca TUMa «Boja-Boaa» (5),(6) MOXKHO
HOCTPOUTh ~ QJITOPUTM  BBIYKMCIEHHS  BBIXOJHBIX
GYHKIMHA 7SI CHCTEMbI  «COJIHEYHBIA IUICHOYHBII
KOJUIEKTOp + TeruioBoi Hacoc» puc.3. E1 — 3nagenne
NOJIE3HON TEIUIOBOM 3HEPrUM, KOTOPYIO IIOIYy4aroT
HOTPEOUTENH CUCTEMBI TEIJIOCHAOKEHUSI OT CHCTEMBI
COBMECTHOI pabOTBl «COJIHEYHBIH KOJUIEKTOp +
TeIIoBoH  Hacoc», E2 — 3Hadenme  3arpar
MEXaHUYeCKOW YHEPTUH Ha MPUBO]] TEIIOBOTO HACOCA.

Pacuerst E1 w E2 mnokasamm, 4TO BIIOJIHE
norudHoe TpeboBanne E/—max u E2—min siBusiercs
MPOTHBOPEYNBBHIM, a WMEHHO, TIPH YBEIHICHUU
MOJIE3HOW TEIDIOBOW JHEPTHH S  MOTPeOUTEINs
YBEJIMYHUBAIOTCS W 3aTPaThl MEXaHWUYECKOH (Win
SIIEKTPUYECKOM SHEPTHU U HA000POT).
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Puc. 3. Aneopumm pacuema 8v1x00HbIX PYHKYUL cuCmeMbL ““CONHEYHBII KOUIEKMOP — Menjiosot Hacoc”.

El - 3HayeHue IOJIE3HOW TEIUIOBOM HSHEPTHH,
KOTOPYIO  IONy4YalOT  IOTPEOMTENH  CHCTEMBI
TCIUIOCHAOKEHHST OT CHCTEMBI COBMECTHOW pabGOThI
«COJIHEYHBIN KOJUIEKTOP + TEIUIOBOM HACOCY;

E2 — 3nayeHue 3arpar MeXaHMIECKOU SHEPTUU HA
OPHBO/]] TEIJIOBOTO HACOCA,;

QSUI’I — MHTCHCUBHOCTDH COJTHCYHOT'O U3JIYyUCHUS,

Qheat — pacueTHas TydncTasi SHEPIusi;

F — myommaae MOBEPXHOCTH KOJUIEKTOPA;

Cv- TemI0eMKOCTh BOJIBI,

V(i) — 06beM BOAIBI B 1 TOUKE;

Tinit — wHavanpHas Temmeparypa BOABI B
COJIHEYHOM KOJUIEKTOPE;

Tfinal — xoHeuHas Temmeparypa BOIBI B
COJIHEYHOM KOJUIEKTOPE;

Tsurface  —  Temmeparypa  IOBEPXHOCTH
KOJUIEKTOPA,;

Ti — Temmeparypa BOMIBI B i y3Ji€ THAPABINIECKOM
LTI,

dT — pasHuLa TeMIEpaTyp BOIBI;

P1,P2,P3 — Ge3pa3mepHBIE KOMIUICKCHI,

0 — TOKa3aTenb YCTAHOBHMBIIECTOCS COCTOSIHUS
THIPaBINIECKON LETIH;

0lim — Toyxe mpeseNbHOE 3HAYCHHE;

COP -  koaddumuentr  mpeobOpaszoBaHHs
TEIJIOBOI'0 HAcoca.

Jnst  moucka 4HUCIIEHHBIX pELICHHH 3ajadu

ONITUMM3AIIMHU HCIIOJIb30BaJINCh AJITOPUTMBI
9BOJIIOIMOHHOTO Tmoucka [15], HO B oTiaMume OT
N3BECTHBIX IBOJIONMOHHBIX ITOPUTMOB

ONITHMU3AIINH, T HCIOJIB3YIOTCS [eJIeBble (PYHKIHH,
HaMH  TIPEIJIOKEHO  HCIOJIb30BAINCH  OMHApHBIC
GyHKOMKA U1 GOPMYJIMPOBKH M alTOPUTMHUYECKOH
peanM3aliy rpolecca norcka. B rakom ciydae 3agada
ONITHMU3AIMN MOXKET OBITh IPE/ICTaBIEeHa KaK MOUCK
HanOoJiee  MPEANOYTUTENBHOIO  PEHICHHS UL
OMHApHOTO OTHOILIEHHS BbIOOpPa RS BHa:
Peuienue X npeanoururensHee Y, eciau

XRsy = (E2 (X)< E2 (y) or E2(X)>= E2limitd ) and E1 (X)> E1Yy) @)

WJIN B BUJIC

XRsy = (E1 (X)> E1 (y) or E1(X)>= Eljimied ) and Ez (X)< E2Y) (8)

AJIFOpI/ITM OBOJIFOIMOHHOT'O ITOMCKAa UMEET BU/.

Xjy = S(G(Xj,._,)),

rue: X - MHOKECTBO HaunboJiee
MPEANOYTUTEIBHBIX PELICHHI 0 OTHOIICHUIO BRIOOpA
Rs k-ro mara wrepaumu Ui j-0if  BeTBH
IBOJIFOIIMOHHOTO MPOIECCa,

Xijk-1— 1o xe camoe mis (K-1) — ro mara urepanuy,

k=12,..n  j=12,...,Ng, (9)

G(X) — pyHKIHMS reHepalmuy, KOTopast HOpOKIeHa
OTHOIIICHHEM TeHepalnu Rg,

S(X) — ¢yukims BbIOOpa, KOTOpasi MOPOXKICHA
OTHOIIICHHEM BBIOODA:

S(X) = {x € X/Vy € [X\S(X)], xRsy} (10)
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Ha puc.4 mpexacraBnena paspaboTaHHas cxema
sBoirounonHoro  amroputma  (7)-(10)  mowmcka
ONTUMAJIBHBIX PEIIEHUH [ CUCTEMBI «COJIHEYHBIN
KOJUIEKTOp + TemIoBoil Hacoc», a Ha puc. 5-6

®

2 |

4

<>
<>

rpa(bnqecxoe npeaACTaBJICHUC UTCPALIUOHHOI'O MOUCKA
OIITUMAJIbHBIX peHICHI/Iﬁ npu BapbUpOBaHUU
Tpe60BaHHﬁ K UICKOMbBIM PCIICHUAM.

I — Hauano noucka,

3 2 — cenepanus BOIMONCHBIX Pelenul,

- 3 — gbiyucienue gyuxyun El, E2,

4 — gblbOP NPEONOUMUMETLHLIY PetteHUl,

5 — 8ce gemeu 380U,

6 — BbIYUCTEHUE HOBLIX NAPAMEMPOE NOUCKA,
7 — ycnosue okoHYanus noucka,

& —oKoHUaHUE NOUCKA.

Puc. 4. Dsonroyuonnwiil nouck ¢ Qyukyueil 6b160pa 6 sude nPeonoumeHus.

BBIBO/IbI.

CdhopMyupoBaHsI HOBBIC
napaMmeTpsl (xpurepun), XapaKTepU3yolue
(hyHKIIMOHHPOBaHUE MJIEHOYHBIX COJIHEYHBIX
KOJJIEKTOPOB c OJIHO CBETONPO3pavyHOil
noBepxHocThlo. [lomyueHa HoBas MareMaruyeckas
MOJIeNTb paOOTHI TUIEHOYHOTO COJTHEYHOT'O KOJUIEKTOpa
¢ moMOIIBI0 Oe3pa3MepHBIX KpuTepueB. IlocTpoeHa
MaTeMaTHUYeCcKasi MOJIENIb CHUCTEMBI B3aUMOICHUCTBUS
IUICHOYHBIN COJIHEYHBI KOJUIEKTOp + TEIIOBOM
Hacoc» B  BHAE THAPABIMYECKOM  memu
perynupyeMbIiMu apamerpamu. [lokazano, 9To 3a1aua

6e3pazMepHbIe

«IJICHOYHBIA  COJIHEUHBIH
Hacocy» JIOJDKHA
MHOTOKpPUTEpUAIIbHAS.

ONTUMHU3AIIUNU CUCTEMBbI
KOJUIEKTOP + TETJIOBOM
paccMaTpuBaThCs Kak
[MocTpoeHsl  OWHapHBIE  OTHOWICHWS  Hambolee
MPEIIOYTUTEIFHOTO  BBIOOpPA I ONTHMH3ALUU
paccMaTtpuBaeMoi CHCTEMEBL. Pa3paboTaHbl alrOpUTMBI
3BOJIIOIHOHHOIO TIOMCKa HauboJiee
MPEIIOYTUTENFHBIX ~ PEIICHUH Cc(hOPMYIHPOBAHHON
3aJa4r OIITUMH3AlHUH, KOTOpLIe MOXHO HCIIOJIB30BaTh
IpU JPYIUX COYETAHUAX «COJIHEYHBIH KOJUIEKTOp +
TEIJIOBOM HACOCH»
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Puc. 5. Ilouck maxcumyma gpynxyuu E1 npu oepanuuenuu na gynxyuio E2<=20.
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Puc. 6. louck munumyma ¢yuxyuu E2 npu oepanuvenuu na gpynkyuro E1>=90.

APPENDIX 1 (TPUJTOXKEHMUE 1)

Fig. 1. Scheme of the investigated film solar
collector (1-inlet, 2 - outlet, 3 — liquid distributor, 4 —
absorber of solar radiation, 5 — liquid film, 6 — heat-
insulating material, 7 — light-transparent surface, 8 — air
gap, 9 — liquid accumulator).

Fig. 2. Scheme of joint operation of solar
collectors and a heat pump. (I — 10 — numbering of
hydraulic circuit units).

Fig. 3. Algorithm for calculating the output
functions of the system “solar collector - heat pump.
(E1—value of the useful thermal energy that
consumers of the heat supply system receive from the
system of joint operation "solar collector + heat pump",
E2 — value of the mechanical energy consumption for
the drive of the heat pump, Qsun — intensity of solar
radiation, Qheat — calculated radiant energy, F —
collector surface area, Cv — heat capacity of water, V
(i) — water volume at i point, Tinit — initial water
temperature in solar collector, Tfinal — final water
temperature in solar collector, Tsurface — collector
surface temperature, Ti — water temperature in i node
of the hydraulic circuit, dT —the difference in water
temperatures, P1, P2, P3 — dimensionless complexes, &
— the indicator of the steady state of the hydraulic
circuit, 0lim — also a limiting value, COP — the
conversion factor of the heat pump).

Fig.4. Evolutionary search of preferred solutions
(1 — start, 2 — generation of solutions, 3 — calculation
of E1, E2; 4 — selection of solutions, 5 — all branches of

evolution? 6 — calculation of search parameters, 7 —
condition of end? 8 — end.

Fig. 5. Search for the maximum of the function E1
with the restriction E2 <= 20.

Fig. 6. Search for the minimum of the function E2
with a restriction E1> = 90.
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TECTHPOBAHMUE ITPOI'PAMM HA S3BIKE ITACKAJIb, UCITIOJIB3YIOIINX
JUHAMMNYECKYIO ITAMSITD

Novikov M.D.

TESTING PROGRAMS IN PROGRAMMING LANGUAGE PASCAL THAT USE
DYNAMIC MEMORY

AHHOTal.ll/lﬂ. CraTbhsl SABIIAETCS TIIPOJOJDKEHUEM CEPUHN CTaTeﬁ, IIOCBAIICHHBIX CUCTEME aBTOMATHYCCKOTO
TeCTHpOBaHUS mporpamMm Ha Ilackame, paspabaTeiBaeMOil Ha (paKynbTeTe BBHIYHCIUTEIBHOW MATEeMAaTHKU M
knoepHeTrkn MI'Y um. M.B. JlomoHOcOBa. B crarse ommchIBaroTCS OCOOCHHOCTH TECTHUPOBAHUS IPOTPaAMM,
HCHOJIB3YIOIMIUX JUHAMUYCCKYIO MaMATh U PCaTU3yIOMINX 06pa60TKy CJIOKHBIX CTPYKTYP AAHHBIX — CIIMCKOB U
JABOUYHBIX ACPCBHCB.

Abstract. This article continues the series of articles devoted to description of the automated program testing
system that has been developing at the faculty of Computational mathematics and cybernetics of Moscow State
University. Some peculiarities of testing Pascal programs using dynamic memory and processing linear lists and

binary trees are described in the article.

Kniouesvie cnosa: szwvix Ilackans, mecmupylowue npocpammvl, NPOSPAMMUPOBAHUE, UHDOPMAMUKA,
ouHamMu4ecKue cmpykmypobl OaHHbIX, OUHAMUYECKAs NaMaMb, JUHElHble CRUCKU, 080UUHbIE 0EPEBbAL.
Key words: programming language Pascal, testing programs, programming, computer science, dynamic data

structures, linear lists, binary trees.

BBeaenue.

Cuctema  aBTOMAaTH4ECKOTO  TECTHPOBAHMSA
nporpaMMm (manee — Cucrema) paspabaTeiBaeTcsl Ha
¢axynprere BMK MI'Y ¢ 2017 rona u npeiHa3sHadeHa
JUId TIPOBEPKH MPaBHUIBHOCTH pabOThI MporpaMM Ha
sa3b1ke [lackanp, cocTaBIeMBIX CTYAEHTaMM IEPBOTO
Kypca ¢akynpreta BMK B pamkax mnpakTHKyma IO
nporpamMMupoBannio Ha OBM. 3a OCHOBY B3STHI
3aJaud U3 IBYX Y4eOHBIX mocoOwmii: 1) u3 yd4eOHOro
mocobust [1], B KOTOpOM cOOpaHO HECKOJIBKO COTCH
337124 Ha pa3JINuHbIe TeMbl, HAUMHAS C TAKUX MPOCTHIX
TeM Kak ‘YcloBHBINA oneparop’ u ‘Oneparopsl HUKIa’
W KOHYas CIOXHBIMH TeMamu ‘Crimcku’ u ‘JlepeBbs’;
2) u3 yueOHOro mocobust [2], KOTOpOEe COIEPIKUT
pa3nUYHbIC CJIOXHBIE 3aJaHUS IO MPAKTHKyMy Ha
OBM. O6 0co0EHHOCTSX HANUCAHUSA M TECTUPOBAHU
mporpaMm u3 riaB 3 — 15 mocobus [1] paccka3siBaercst
B paboTax [3], [4] u [S5]. JaHHast ke cTaThs MOCBSIIIEHA
TECTHUPOBAaHUIO MPOrpaMM, PEaTH3yIOMHX 00paboTKy
CIHCKOB M JepeBbeB (TmaBbl 16 m 17 mocobus [1],
3aanue 2 u3 nocoous [2]).

Oco0eHnHocTH 32124 HA 00pa00TKY CNIMCKOB H
JAepeBbeB.

3agaun Ha 00paboOTKy
JAHHBIX — CIHMCKOB M JI€PEBbEB - MPEANONAraroT
HCIOJIb30BaHUE  JUHAMUYECKOH  mamsatd OBM.
Boznaukaer mpobiemMa KOPPEKTHOTO HCIIOIB30BAHUS
3TOI MaMATH, T.€. HEAONYIIEHHUE TaKUX MOCIEICTBUM
€e HeNpPaBWJIFHOTO HCIOJB30BAHUS, KaK ITOSBICHHUE
BHCSIYMX CCBUIOK M yTEUKY IAMSTH B IIpoIiecce paboThl
nporpaMMbl. Hampumep, mnporpaMma, —cTposimias
ciucok u3 N symeMeHTOB, JOKHA OOpaTUTBCS K
npouenype New BbineneHnss NaMaTH I1OA  OAWH
aneMeHT cnucka poBHO N pa3s.  AHajOruyHO

CJIOKHBIX CTPYKTYD

IporpamMma, yZAajisfomas M3 CIHCKa KaKue-Tu0o
9JIEMEHTHI, JOJDKHA OOpaTUTBCS K  IpoLeaype
ocBoboxmenust mamsatu DisSpose cToibko pas, CKOIbKO
9JIEMEHTOB CIMCKa yaansercs. B cTyaeHueckux
nporpaMMax — JlaHHOe — TpeOOBaHME  4acTo  He
coOmromaeTcsi, a HMEHHO: co3gaeTcsa  OoJblie
JMHAMHMYECKUX JJIEMEHTOB, 4eM TpeOyeTcs, U He Bce
JAAHAMHWYCCKUE DJICMCHTDI YAAJIAIOTCA. Takue ommnoku
He  (UKCHPYIOTCS B TIPOIECCE  BBIIOJHEHUS
MpOrpamMMbl, T.e., HECMOTpS Ha HENPaBWILHOE
WCIIONIb30BAaHNE JUHAMHYECKOH MaMATH, BBIIACTCS
BEpHBIN OTBET.

3ameuanne. Ecam, Ha000poT, co3maeTcsi MEHbIIE
JUHAMUYECKUX JJIEMEHTOB, 4YeM TpeOyercs WIn
YAaJATCA JIMOIHUE JOJIEMCHTBI, TO 3TO 0OBIYHO
MPUBOJUT K HEBEPHOMY PE3yIbTAaTy MM BO3HHUKAET
ommOKa neproa BeinonHenus Runtime Error.

Peanuzanus NPOBEPKHU NPaBUJIbHOCTH
HCTNO0JIb30BaHNUS IMHAMMYECKOI MaMSITH.

I[aHHI)IC I TIPEACTABIICHUA JIMHEWHBIX CITMCKOB
W JBOMYHBIX JIEPEBbEB MOI'YT OBITh OIHCAHBI
crieayrommM obpazom ([1], c. 155, 171).

Cnucok:

type Tlist="Telem; Telem=record data:Tdata;
next: Tlist end;

Jepeso:

type Ttree="Telem; Telem=record data:Tdata;
left, right: Ttree end;

B kauectBe Tmma Tdata wmoryTr  OBITH
HCIIONIb30BaHbI JIFOOBIE TUTBI JaHHBIX: real, integer u
T.JI.

[TpuBenem npouenypy, Co3AaIOIIyI0 CIUCOK u3 N
anemenToB (N>0 — koHCTaHTa):

procedure create_list(var L:Tlist);
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L
EESY

var r:real; i:integer; p:Tlist;

begin

for i:=1ton do

begin

read(r);

if i=1 then begin new(L); L".data:=r;

L~.next:=nil; p:=L end

else begin new(p”.next); p:=p”~.next; p”.data:=r;
p~.next:=nil end;

end;

end;

Ipomemypa New
npotexyps! poHo N pas.

IIpuBenem Jnanee npumep IIPOLEAYPHIL,
HETpaBUIILHO 00pabaThIBaroleli criucok. PaccMoTpum
3amauy 16.29 x) w3 [1], B KoTopoii TpeOyercs
COCTaBUTh MPOLEAYPY, OCTaBIAIOINYID B 3aJaHHOM
CIIMCKEC U3 TIpymnnbl HNOAPAA CTOAIHUX OAWMHAKOBBIX
JJIEMCHTOB TOJIBKO OAMH 3JICMCHT.

procedure remove_equal(L:Tlist);

var p,r:Tlist;

begin

if (L=nil)or(L".next=nil)then exit;

p:=L;

while p.next<>nil do

begin

r:=p”~.next;

if pMdata=r~.data then begin p”.next:=r*.next
end else p:=p”.next

end,;

end;

B sroit npoueaype N3MCEHAOTCA JIMIIb CChLIJIKH Ha
JJIEMCHTbBI CIIMCKa, HO JJIEMCHTHI, CTaBIIUEC
HCHYXXHbIMHU, HE  YyJaJIAROTCA. Tem HC MCHCEC,
IIpoLeaypa BCeraa BblJACT IPaBUIIbHBIN PE3YJIbTaT.

J1g  KOPPEKTHUPOBKM IpPOLELYpPbl JIOCTATOYHO
BCTaBUTH ormeparop Dispose(r) mocie u3MeHeHUs
CCBUIKHM .

procedure remove_equal(L:Tlist);

var p,r:Tlist;

begin

if (L=nil)or(L".next=nil)then exit;

p:=L;

while p™.next<>nil do

begin

r:=p”~.next;

if pM.data=r~.data then begin p”.next:=r".next;
Dispose(r) end else p:=p”~.next

end;

end;

IIpobrema cocToMT B TOM, YTOOBI Ha OJTare
BBIIIOJIHEHUSI TECTUPYEMOM IPOLENYpPBl CO3JaHus,
06pa6OTKI/I " yAaJICHUA CIIMCKa WU ACPEBA IPOBEPUTH
KOJIM4ecTBO BbI30BOB mpouenyp New u Dispose. B
onMceiBaeMoii CucremMe 3To pCajin30BaHO CJICAYOIIUM
o0pazom.

Kaxapiii Be13oB mpouenypsl New(p) u Dispose(p)
3aKJII0UaeTCs B OJIOK THIIA:

Begin inc(s); New(p)/Dispose(p); end;

BBI3BIBACTCSI TP paboTe

1)
re S — chenuaigbHas IiIo0ajbHas MepeMeHHasd,
OTIMICaHHAas BHE mporenyphl. [lo okoHUYaHWUU pabOTHI

MIPOLIEAYPHI TIPOBEPSIETCS, COBMAJIAET JIM KOJIUYECTBO
obpamrenuii k mpouenype New wnm Dispose ¢
TpeOyeMBbIM.

B yueOHbix mocobmsx [1] u [2] 3amaum Ha
00paboTKy CIMCKOB U JIEPEBbEB CTABSTCS CIICIYIOIINM

obpazom.

1) Hatmcates  mpouemypy  Wid  (QYHKITHIO,
00pabaThIBAOIIY IO 3aIaHHYIO JTUHAMHAYIECKYIO
CTPYKTYpPY (Tpebyercs HaITucaTh TOIIBKO

MOIIPOTpaMMy 0€3 OCHOBHOTO OJIOKa).

2) Harmicats TOSTHYO IPOTpaMMy, CO3IAIONIYIO 1
00pabaTHIBAIOIIYTO CITUCOK MIIN IEPEBO.

B ciyuae 1) Cucrema 1006aBisieT K TECTHPYEMOit
npoueaype Win GYHKIHHA OCHOBHOW OJIOK, B KOTOPOM
CO3JAIOTCSl MCXOMHBIE JAHHBIE Uil IIPOLEIYPHI
(pyHKUIMM) ¥ OJHOBPEMEHHO  TOJCYUTHIBACTCS
TpeOyeMoe KOJIMYECTBO OOpallleHHH K Ipoleaypam
New wu Dispose mnpu ee BBINOJIHEHHH. 3aTeM
BEI3BIBACTCS TECTHpyeMas mporenypa (HyHKIus) U 1mo
OKOHYAaHHUH €€ pPa0OTHl TPOBEPSECTCS KOJIUIECTBO
Bb130BOB nporienyp New u Dispose.

B cmygae 2) Cucrema 3akiIrodaeT TECTHPYEMYIO
MporpamMMy B IPOILEAYPY; K TECTUPYEMOI porpaMme
JNOOAaBIAIOTCSL  OMEpaTOpbl  IOJCYETa  KOJIMYEeCTBa
Bb130BOB nporieayp New u Dispose (1). ®opmupyercs
TaK)K€ OCHOBHOW OJIOK, M3 KOTOPOTO BBI3BIBACTCS
TecTUpyemas Iporpamma.

IIpuBenem mnporpamMMy (C KOMMEHTapHsAMH),
KoTopass Oyzaer cdopmupoBana CucTeMoil IS
TECTHPOBAaHUS MPHUBEICHHOW BHIIIE MPOIEIypHl K
3amade 16.29 k).

{Cucmema 6cezoa Oobasisem Kk 060U
mecmupyemoi  npozpamme Ui NOONPOSPAMMeE
OUpexmuebl KOHmpOJia onepayuii 6800a-8bl00d U
SHAUEHUU 02PAHUYEHHBIX MUNO8.}

{31+ R+}

{Hmena Odonornumenvuvix  nepemenHvix, 8
KOMOPbIX NOOCUUMbBIBAEMCS KOIUYeCm80 00paeHul
k ¢ynxyusm New u Dispose sadaromces cayuatinvim
00pazom 01 NPeOOMBPAUEeHUST BO3MOICHBIX KOJLIUZULL.
B oannoti npoepamme umena obosznauenvt kax abcdef u
xyzdef.}

var abcdef:integer;

{Hobasnsemcs  onucanue  munog
UCHOIb3YEMbIX MECMUPYeMOl npoyedypoil.}

type Tlist="TNode;

TNode=record Data: real;

next: Tlist end,;

{B mecmupyemoii npoyedype éce obpawenus x
ynrxyuu  Dispose(r) samensiomes ma onepamopwvl
begin inc(abcdef); dispose(r) end;}

procedure remove_equal(L:tlist);

var p,r:tlist;

begin if(L=nil)or(L".next=nil)then exit;

p:=L;

while p~.next<>nil do begin r:=p”.next;

if p~.data=r~.data then begin p”.next:=r".next;

begin inc(abcdef);

dispose(r)end

end

else p:=p”.next end,;

end;

OAHHbBIX,
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{Cucmemoti popmupyemces ocnoenoit 61ox. B nem
cmpoumcs cnucok (uucno 1E20 osnauaem kowuey

6800a) u 00HOBDEMEHHO noocuumvléaemcs
KOAUYecmeo noopso CMOoSIUUX 00UHAKOBLIX
onemenmos  (m.e.  KOMUYECWBO  HEOOXOOUMbIX
obpawenuii  x  npoyedype Dispose  npu  ux

nocnedyrouem yoanenuu). Ilocie s3mozo gvizvieaemcs
mecmupyemasn npoyedypa. Ilo okonyanuu 6vinoaHeHus
mecmupyemoui npoyedypvl NPoOU3BOOUMCsA Neyams
DPe3VIbMUpPYIoOuie20 Cnuckd, e2o yoaieHue u npogepKa
NpAsUIbHOCMU KOaudecmea obpawjeHull K QYHKyuu
Dispose.}

var L,p:Tlist;

xyzdef:integer;

qg,r:real;

begin

read(r);

if r=1E20 then L:=nil else begin new(L);

L~.next:=nil;

L~.data:=r;

p:=L;

end;

if L<>nil then repeat read(q);

if g=1E20 then break;

new(p”.next);

p:=p”~.next;

p~.data:=q;

p~.next:=nil;

if r=q then inc(xyzdef);

r:=q until r>=1E20;

remove_equal (L);
npoyeoypul

p:=L;

while L<>nil do begin write(L".data:1:3," );

L:=L".next end;

if abcdef<>xyzdef then  write('HeBeproe
KOJIMYECTBO obpatenuii k mpoueaype Dispose');

L:=p;

while L<>nil do begin p:=I".next;

dispose(L);

L:=p end;

end.

PaccmoTpum  Temepb  ciaywaid, Koraa HaJo
TECTUPOBATL IIOJIHYIO IIpOrpaMMy, HCIIOJIb3YIOIIYIO
JMHAMU4YecKyto namsaTh. [lpuBeaem mnporpamMmy c

[IBvizo6  mecmupyemoti

KOMMCHTapUsIMH, KoTopas OyzmeTr cdopmupoBaHa
Cuctemoil 1y TecTUpOBAaHHMS TaKOW  MOJHOM
MPOTPaMMBI.

{Cnyuaiinoim  obpazom  3adaiomcs  umena
OONOTHUMENbHBIX — NEePeMEeHHUbIX, 8  KOmMOpbIX
noocuumvi8aemcss  Koauvyecmeo  obpawjeHuii K

@pynxyuam New u Dispose e npoyecce pabomvl
mecmupyemoil npospammol’y

var abcdtfl,abcdtf2:integer;

{Tecmupyemass npoepamma 3axmouaemcs 6
npoyeodypy, uMs  KOMOPOU MAaKyce  3a0Aemcsl
CYUaiHbIM 00pazom}

procedure PPPPPP;

{$1+R+}

{30ecv pacnonoscena mecmupyemas npoepamma,
6 Komopou kadxcooe oopawerue k npoyedype New u
Dispose zameneno na 6ok (1)}

{Ocnosnoii 6nox, popmupyemviti Cucmemoii }

begin

abcdef1:=0;

abcdef2:=0;

PPPPPP;

{Tax xax mecmupyemas npocpammunas eounuya
npedcmagniem coboil ROIHYIO NPOSPAMMY 8 KOMOPOil
cozdaemcs u 06pabamvleaemcsi CHUCOK UNU 0epeso,
Mo NO OKOHYAHUU 0OPAbOMKU OAHHAS OUHAMUYECKAS
cmpykmypa  001dcHa  Ovimb  yoanewa. Tloamomy
xonuuecmso obpawenuti k ynxyusm New u Dispose
00JIICHO cognadamy.}

if abcdefl-abcdef2<>0 then write('HeBepHoe
KOJIMYECTBO oOOpaleHnii k mpomexypaM New wu
Dispose")

end.

3akJ0yeHue.

JlaHHas MeETOMWKA TIPOBEPKH HCIIOJIB30BAHHUS
JMHAMHYECKOW MaMATH MO3BOJIKIIA OBICTPO BBISBIIATH
nmro0ble  OMMOKHM, CBA3aHHBIE C  HENPaBWIbHBIM
UCIIOJIb30BAaHMEM STOHM MaMSATH MPU 0OPabOTKH TaKHX
CIIOHBIX CTPYKTYP JAHHBIX, KaK CIIUCKH U JEPEBBS.
Meroauka Tmokazana CcBOIWO 3(GQPEKTUBHOCTh NpPHU
TECTUPOBAHHHU CTYJCHYECKUX IPOrPaMM.
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ON THE CONVERGENCE OF SPECTRAL EXPANSIONS FOR LAPLACE OPERATOR WITH
DISCONTINUOUS COEFFICIENT IN A CLOSED DOMAIN WITH DISCONTINUITY POINTS
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Tpugponenkoe Bnaoumup Ilemposuu
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O CXOJMMOCTHU CHEKTPAJIBHBIX PA3JIOKEHUM JIJ151 OIEPATOPA JIAILJIACA C
PA3PBIBHBIM KO®®UIMEHTOM B 3AMKHYTOM OBJIACTHU, COAEPKAIIEN TOUKH
PA3PBIBA

Summary. The article shows that for Laplace operator with a discontinuous coefficient and Dirichlet problem

for a closed domain of dimension N = 2 and for sufficiently smooth functions, the presence of a discontinuity
does not affect the convergence of spectral expansions in a closed domain containing discontinuity points.

AnHoTanus. B cTathe mokassiBaeTCs, YTO I onepaTopa Jlarmiaca ¢ pa3psiBHEIM K03()(MUITHSHTOM | 3a1a4K

Jupuxie 1 3aMKHYTOH 00s1acTé pa3MepHocTH N = 2 1 71t IOCTaTOYHO IIaAKUX (QYHKIMH HaJIU4IHe pa3phiBa
HE OKa3bIBACT BIMSHUS Ha CXOAMMOCTh CHEKTPAIBHBIX PA3IOKEHUN B 3aMKHYTOH 00J1acTH, COAep KalIe TOUKH

paspbiBa.

Key words: Laplace operator with discontinuous coefficient, localization principle, spectral decomposition

of function.
Knrouesvie cnosa:
CHEeKMpPanbHOe PA3N0diCeHue QYHKYUL.

IIycte N -mepHas oOmacte g c¢ rpaHuueit I’
pasOuBaeTCd HEKOTOpOIl Jexaiiedl BHYTpH Hee
3aMKHYTO# moBepxHocThio C Ha JBe mogodiacta gq,
nexamtyto BHyTpu C, n g,. Paccmorpum B (g + 1)
CIIEIYIOIIYIO 331a4y Ha COOCTBEHHbIE (DYHKLIUH:

kidAu+Au=0,x€ g

k,Au+Au=0;x € g, (1)
ou ou
Ulc_g =1U ky,— =k,— ‘ulp =0
|C 0 |C+01 1 anlc_o 2 an C+0’ |I"
k;, uw k, - TOJOXHUTEIbHBIC ITOCTOSIHHBIC.

CumBonsl € —0 u C+ 0 o3HauarT mpeneabHbIE
3HAYEHUSI COOTBETCTBEHHO C BHYTPEHHEW M BHEIHEH
CTOpPOHBI MoBepXHOCTH C 110 OTHOIIEHHIO K 00JIacTH
g1, C,T € C** (a > 0).

Ompenenenne.  Knaccuueckoil  coOCTBEHHOM
byukuueii 3anaun (1) HaseiBaercs GyHkus u(x)

onepamop Jlannaca c¢ paspuleHbiM  KOIDpuyuenmom,

npuryun Jaoxkaiuzayuu,

1) u(x)=zo;

2) u(x) € C'(gy + C) A C*(gy);

B)u(x) € C'(g, +C +T) AC*(gy);

4 ulx) eC(g+1D);

5) u(x) npu HEKOTOPOM A YIOBJIETBOPSET BCEM
ycioBusaM 3agaun (1).

W3 paboter [1] u3BecTHO, uTO 3amava (1) umeer
JCKPETHBIM CHEKTpP, COCTOSIIMNA M3 MOJOXKHUTEIbHBIX
COOCTBeHHBIX 3HaueHWH A, (C eIMHCTBEHHOH
OECKOHEYHO  YAAJIEHHOW  TpeJeNbHOM  TOUYKOM),
KOTOPBIM COOTBETCTBYET IT0JIHAsi OPTOHOPMHPOBAHHAS
cuctema B L,(g) cobcrBeHHBIX (yHKIMHA Uy, (X).
[Mpuuem, »Ta cucTema CcOBHNAJAET C CUCTEMOM
00001IeHHBIX cOOCTBEeHHBIX (GyHKIMHA 3amaun (1) (B
OOBIYHOM CMBICTIE, YIOBIETBOPSIIOIIUX HEKOTOPOMY
HHTETPATBHOMY  TOXIECTBY). B  pabore [2]
MOKa3bIBaJIOCh, 4TO, eciidi N = 2 wim N = 3, Haiuuue
MTOBEPXHOCTH pa3pbiBa KO3 UIMEeHTa HE BIUAET HA
BBINOJIHEHNE NPUHIOWIA JOKAIU3alUd B 007aCTsIX
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"manékux" OT MOBEpXHOCTH pa3pwiBa. To ecTh mpu N =
2, 3; ycnous B kmaccax C.JI. CoGoseBa npoOHOTO
NOpsSJKa, NPH  KOTOPHIX  BBINOJHEH NPUHIWI
JIOKJIM3AIMU JUIS CUCTEMBbI COOCTBEHHBIX (YHKIIMH
3amaun (1), B oOmacTsax (2, HE COAEPKAIIUX TOUCK
MOBEPXHOCTH pa3phiBa KOXPQHUIMEHTa, OCTAIOTCS
TOYHO TaKHMH K€, KaK M A1 OOBIYHOTO orepaTopa
Jlarmmaca (3amaua Aupuxie). [Tpuaém, ecii yBennanTh
WIM  TOKa3aTelb  TJIAaJKOCTH,  WIM  WHIEKC
cymmupyemoctu kiaccoB C.JI.CoGoineBa npoOGHOTO
nopsiika B obmactu {2 (ycmosus B.A. NibuHa), TO psin
®ypbe 1o cobcTBeHHBIM pyHKIMAM 3a1aun (1) Oyzmer
PaBHOMEPHO CXOJMThCA K pasjlaraeMoi (yHKIHMH Ha
mobom kommakte K € 2. IIpy N =5 B pabote [2]
npuBeIEH NpUMep QyHKINH, CKOJIb YTOTHO TIAaaKOH B
00nacTé g ¥ QUHUTHOIM OTHOCUTEIBHO ATOM 00J7acTH,

oOparmaromieiics B HyJIb B HEKOTOPOH mojo0mactu {2 C
g1, pian @ypbe o coOCTBEHHBIM QyHKIMAM 3amaqu (1)
KOTOpOH pacxoguTrcss B HEKOoTopod Touke f2. B
HAcTOsImeH  paboTe  OOCYXKIAITCS  BOIMPOCHI
CXOAMMOCTH  CHEKTPAJbHBIX  pa3jOkKeHHH 1o
COOCTBeHHBIM (QYHKIUAM 3amaun (1) B 3aMKHYTOI
obsiactu g (B TOM 4YHMCIie U HAa HOBEPXHOCTH Pa3phiBa
koa(dunuenta). Ecnu N > 5, To yka3aHHBIH BBIIIIE
MIPUMEP TOBOPUT O TOM, YTO JUISl CKOJIb YTOJHO IIIaAKOH
B 00JacTy g M GUHUTHOW (PYyHKINH TAKyIO CXOAUMOCTh
rapaHTHpoBaTh HeNb3s. OmHako, ecmu N = 2, To s

JOCTaTOYHO TNagkux (QyHKIMH B obiactu g
CXOAMMOCTb  CHEKTPAIBHBIX  Da3NIOKEHHH 110
coOcTBeHHBIM  (yHKImsIM  3amaun (1)  Oymer

paBHOMEpHOW B § K TakuM (yHKUMSAM. A HMMEHHO,
CTIpaBeINBA TEOpEMA!

Teopema. Ilycts N = 2; f(x) € Wité(g); €>0; flp=0; I', C € C**, (a >0). Torma psn Dypse
¢byukuun f(x) mo cobcTBeHHBIM GYHKIUIM {Uy, (X)}n=; 3amaun (1) cxoautes K f(X) paBHOMEPHO B 3aMKHYTOI

obnactu g.

ﬂ OKa3aTCJIbCTBO.

BBeném runp0epTOBEI IPOCTPaHCTBA

W5 (g) = W5 (g1) ® W5 (g.);a >0

1o = I lwson + 1F lwson

° i u u
Wi (g) = {u € W2 (9); ulc—o = ulcros k1%|c—o = k2%|c+oi ulp = 0}

O06o3naunm yepes L oneparop Lu = {

kiAu; x € g4
k,Au; x € g,

o

U3 pabotsl [5] u3BecTHO, uTO Omepatop L ocymectsiuseT romeomopdusm u3 W,z (g) B L,(g) u cymecTByroT

Takue nocrosiuabie C;, C, > 0, 4to

Co [, (L) dx < NIf Iz, < Co f,(LF)" dix; VS € WE(9) @

Hcnone3ys paBeHcTBO IlapceBans, momyyum

[, dx = Sy ([ (LF) un(x)dx)?(3)

[ wn@dx = | ka@n) wn@dx+ [ ko@f) wGdx =
g

91

92

[rpumenum Bropyto popmyity I'puHa k kaskioMy U3 HHTEpBaJIOB. [I0BEpXHOCTHBIE HHTETPAIIBI COKPAILAIOTCS

B CHJIy YCJIOBUM CONPSIKEHUS |

=f fkiA un(x)dx+f fkoAu,(x)dx = —J- flnun(x)dx—f fAyup(x)dx =
g1 92 91 92

=1, fgfun(x)dx = —Anfns e fr = (f, un (%)) 1,9 “)

U3 (2), (3), (4) cnenyer, uto Vf € W,2(g) cyumecTBytoT KoHcTauTsl Cy, C, > 0, He 3aBUCSIIHUE OT f, TaKHe,

4qTO:

C 82 2f7 < Wf I, < o B A2f2 (5)
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Jnst  panbHe#niero Joka3aTenbCTBa HaM  IOHAJOOMTCS METOAMKA HMHTEPIONSILMU TI'MIbOEPTOBBIX
npoctpaHcTB. Mbl OyneM paccmarpuBath eé€ 1o JInoncy. IlycTh B BelleCTBEHHOM I'MJIbOEPTOBOM MPOCTPAHCTBE
o oo
H,, 3a/1aHb1 OJTHAst OPTOHOPMHUPOBAHHAs ccTeMa GyHKuMi {1;}72, 1 HEyObIBAKOIIAs YMCIIOBAs MOJIOKHUTETbHAS
NOCIENOBATENbHOCTE  {V;}72; €  €/IMHCTBEHHOH  mpenenbHOH — Toukod  GeckoHeuHoctb. [l
0: 0<0 <1 ob6o3HauuMm mpoctpancTBo GyHKuMH Hg = {u € Hy| Z;"zlvﬁ (W, )}, < »}. Torma Hy -
THIB0EPTOBO POCTPAHCTBO CO CKAISIPHBIM IIPOU3BEICHHEM

© 6/2 o) 6/2
W)y, = (X520 2y, 1) ol D71 Vj 2 (p, ,uj)Hoyj)Ho U OpPTOHOPMHPOBAHHBIM  0a3HCOM

[ee]

{1/‘.9%.#1} . IlpoctpanctBa Hy HempepblBHO U IUIOTHO Bioxkensl B Hy. Ilox cumBosiom [Hy, Hylg Oymem

J j=1

NOHUMATh MHTEPIIOALMIO pocTpancTB Hy u Hy mo JInoHcy, TO ecTh Takoe THILOEPTOBO MPOCTPAHCTBO, UTO:

[Hy,Holg = D(A'™9); 0<6 <1, rne A - HeKOTOpHIil IMHEHHBIH CAMOCONPSKEHHBIH TIOJOKHTETbHBI

orepaTop, IeCTBYIOIIUiA B pocTpancTe Hy, ¢ obnacteio onpeneneuust Hy u [Hy, Hylo = Hy; [Hy, Hyl1 = H,.
Jlemma 1. [Hy,Hylg =Hi_g; 00 <1,

Joka3zatenbCTBo
PaccmoTpum cnenyromuii onepatop A
co 2
M= 35209 (u, ) ghtys A:Hy - Hy;,  D(A) = H,.

Omepatop A siBIsieTCs] CaMOCOTPSDKEHHBIM, TaK KaK OH, BO-TIEPBBIX, CHMMETPHIECKHH Ha 00acTH CBOETO
onpeznenenus H,, motHo# B H,

0

(Au,v)y, = ZVJ-I/Z (u, llj)Ho.“sz(U’ ) Ho M
j=1 j=1 Hg

= 252092 @ ki, (0 1)y = (W AV Vu,v € H,

u, BO-BTOpwlX, R(A) =H,. B camom genme: BO3bMeM Mpou3BONbHYIO ¢yHKIMIO Vv € Hy. Torma
-1/2
v = X721, 1) m, - Paccmotpum dymKImIO § = Y74 v / (AN TE

-1/2 .
Tornas € Hy; (S,tidny = Vi - Wtiduy k=1, 2, .. As = X5o,(, ) lj = V-
AHAJIOTHYHO JOKAa3bIBAeTCS TOJNIOXKHUTENIBHAs ONpeAereHHocTh omepatopa A. Omeparop A umeer B H,

/2

. Lo 1/2 1
OPTOHOPMHPOBAHHBIN 0asuc U3 COOCTBEHHbIX (QYHKUME f;: Ap; = v; / Wj, TA€ V;'" - COOCTBEHHOE 3HAYCHHE

omepatopa /A, oTBedaromiee cOOCTBEHHOH QyHKuMM ;. M3 onpejeneHus CHEKTPAIbHOTO Pa3oOKEHHs
CaMOCOMPSIKEHHOTO oNepaTopa cieayer, uro: u € D(A79) «

© 1/242(1-8 2 _yo .,1-6 2 _ 2
T (v 2O, u g = 25 v (Wi, = lullh,_, < oo Jemma nokasana.
Ilepeiinem Temepp K KOHKPETHOMY BBIOOpY mpocTpaHCTB Hy. OTMeTHM cHauyana, 4To (YHKIUH
u v
v, = \/ﬁ (Tme a - HeoTpHIaTeNbHast KOHCTAHTA, 3aBUCSIIast OT oneparopa /A) 00pa3yioT OpTOHOPMHUPOBAHHBIN
n
o

o
6asuc B W,'(g). lpuuem, ckanspHoe npoussenenue B W,'(g) MOXKHO BBECTH Tak, 4TOOBI BBHIIOJNHSIIOCH
o

paBenctBO: (U, Uy,) °1( : = U+ )W Uy, YUE W,'(g) cm. [3]. Otcrona u u3 pasenctsa Ilapcesans
w5 (g

o

crestyert, uto 3 Takue KOHCTaHThl by, b, > 0, uto Yu € W,'(g)

bullull?e, < B At un)?, ) < byllul, (6)
w3 (9) w5 (9)
O06o3Haunm yepes Hy cienyrolee mpocTpaHCTBO (QYHKITHNA
Ho = {ul u €W (g) AT A (uvph, <o} 0<0<1 (7)
Wzl(g)
Torpa Hy - THIB0EepPTOBO NIPOCTPAHCTBO co CKQJIAPHBIM IIPOU3BENECHUEM
W vy, = (Z;’;l/lf/ % (u, V) o Vi /1]-9/ % (v, V) o v, U OPTOHOPMHUPOBaHHBIM  0a3ucoM
w3 (9) Wi @ g
Vj .
e . Hcmome3yst (6), ompeneneHne NpOCcTpaHCTB Hy, MOXHO CcHOPMYIHPOBaTH MO-APYTOMY
Jj

j=1
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Ho = {u| u € W'(g) A2y A0 (w,u))i, ) <} 0 <6 < 1. U3 (6) crenyer, uto Hy = W4 (g). Tenepe,

ecin B iemme 1 onoxuts Hy = W, (g), 10 [Hy, Hylg = Hi—g; 0<60 < 1. (8)

Bocronp30BaBIiCE ONpeaesieHneM MpSIMOM CyMMBI IIPOCTPAHCTB M W3BECTHBHIMHM HHTEPIIOSIIUOHHBIMU
cBoiicTBamu npocTpancTB CobosieBa APOOHOTO MOPSAKA, MOXKHO JI0Ka3aTh CIEAYIOIIYIO JIEMMY.

Jemma 2. [W2(g), W (9)]e = WE%(g); 0<6<1cm.[6].

[Tocne mpojenaHHON NMOATOTOBUTEIBHOW PabOTHI janee Mbl OyneM HMCHONB30BaTh Teopemy JlmoHca 00
MHTEPIOSALIUH.

Teopema JIuonca. ITycts X, Y nBa runs0eproBbix npoctpancTBa X C V; X TI0THO B ¥ U HENPEPHIBHO B HETO
BiokeHo. Ilycte X; u Y; japyras mapa runb0epTOBBIX NMPOCTPAHCTB C aHAIOTHYHBIMM cBoiicTBamu. IlycTb
L(X,X;)AL(Y,Y;) - MHOXECTBO BCeX JHMHEHHBIX HEIPEPHIBHBIX OINEPATOPOB B COOTBETCTBYIOIINX
npoctpanctBax. Torma, ecnu omeparop h € L(X,X,)AL(Y,Y;), to heL([X,Y]g, [X1,V1]g) 0<O <1
(cm. [4]).

3ameuanne. B Hamem cirydae omepartop /4 Beerza OyIeT onepaTopoM BIOKSHHUS.

[TpuBeneM HECKOJIBKO CIIEACTBUI U3 ITOH TEOPEMBI U JIeMM 1, 2.

Crencteme 1. Vv € [Wz(9), W (@le = IlvI> o o < T X5, 2457007
Wz (a), W} (9)la

o

T,>0;, 0<60<1 v,=(WuUy),g (B Teopeme JlMoHCAa HyXKHO TIONOKHTb X; = Wz (9),
Y, = Wl(9), X = H,, Y = Hy = W,}(g) u Bocnionbzosatses (5), (6), (7), (8)).

Cresersue 2. [W2(9), W5 (9)]o < [WZ(9), W3 (9)lo = WZ0(g); 0<0<1.
Caenctsue 3. Mcxons m3 00X CBOWCTB HHTSPIOJISIIHOHHBIX TIPOCTPAHCTB (CM. [4]), BRITEKAET, YTO:

[H%_g, Hole = [H1:Ho]%+£: [H1, Hola . = [H1:H0](1_9)(%+8)+9 = H%_g_g(%_s);

0<e<1/2; 0<6<1.

Cuencraue 4. Beenem runb0epToBbI IPOCTPaHCTBA

oo

° ou du du
Wi (g) = {ul ue Wi(9); ulr = %h‘ = Ulc_o = Ulcso = %|c—o = £|c+o =0},

Wye(g) = {ul ue W)'(9); ulr = ulc—o = ulcso = 0}.

oo

Otmerum, uto 3ambikanue W2 (g) no nopme W, (g) cosmamaer ¢ Wyk.(g) (cm. [6]).
Toraa crpaBeaauBO CIEAYIONIEE YTBEPKICHHE:

W 2% (9), W 2% (@]e =W 235 (9);1/2<6 <1,

rgeW 23c% (9) = (ul ue W 9(9); ulr = ulc—o = ulcyo = 0}.

I[J'IFI JA0Ka3aTeJbCTBA 3TOI'0 YTBEPIKACHUA HYKHO IIPEACTABUTDH

W23 (9) =W 23 (91) ®W 235 (92), W @3¢ (9) =W 2% (91) ® W 23 (g2), 1€

° 2 5 du
W 23 (g1) = {ul u€W;(g1); ulc—o =0; %k‘—o = 0}

N du

0 du
w ?% (g2) ={ul ue sz(gz)i Ulcro =ulp = 0; %|c+o = %h = 0}

M BOCIIOJB30BAaThCS M3BECTHHIMH HHTEPIOJSAIMOHHBIMU  CBOMCTBAMH mpocTpaHcTB W 2% (g;) wu

W23 (g)i=1, 2;(em. [6], [7]).
CrnenctBue 5. M3 cenctus 4, cootHomenui (5), (6), (7), (8) 1 MHTEPHONSAIMOHHON TEOPEMBI CIIETYET, YTO

vv € W 2279 (g) cupaBennupa onenka
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21121 bp2 <A, ||v||W2 6y 1/2<6<1; A >0 vV Up)pgy n=12,..

(B MHTEpNONALMOHHON TeopeMe HyXHO cuutaTh, uto X = W 23, (9), Y =W 21, (9); X, = Hy;

Y, = Hy =W 23 (9)).

Tenepp mepexonuM K HEMOCPEICTBEHHOMY IOKa3aTeNbCTBY TEOPEMBL. TeopeMy MOXKHO NOKa3aTh I
nocratoyHo Manoro € > 0. U3 cxonumoctr psina @ypoe ¢pynkiuu f(x) no cooctBeHHbM QyHkumsam 3anaun (1)
B L,(g) x ynkunu f(x) 10CTaTOYHO NPOCTO 10KA3aTh PABHOMEPHYIO CXOAUMOCTB B § paccMaTpruBacMoro psja.
Jus aToro Bocnonbayemcsi kputepueM Konm. HyxHo ycraHoBHTS, uTO Ve > 0 3 HOMep k TakoH, 4TO AJIst TIOOBIX
HOMEPOB

NyuNy N, 2 Ny 2 k= |82, fu,(0)] < & Vx € g; ©)
fo= (s W@ iyyn=1, 2, ..

Bo3bMeM npousBosbHyIo GyHkmmio v(x) € [W 2% (9), W 23 (9)]s; 0 < 6 < 1. Torna

o] 2—6 >
Ty Y=1 A = [en 1, v (v, un(x))Lz(g)] = ||U|| W—‘Zc(g) W-’%(g)] (10)
C npyro#t CTOpOHBI
IVl o wotare = [0 2 2 TellVllyig), wicgne= [remma 11 = = Tollvllgz-e., =
Tz(”v”WZz 0y T ||v||W22 9(92)) > [Teopema Biioskenus i npoctpancts C.JI.CoGonera mpu
N =2]=T;llvllcgy; Th T2 T3> 0. (11)
U3 (10) u (11) cnenyer, uto Vv (x) € [ ¢ (9), W 2(9Ple (0 <6 < 1) cpaBeuBa oleHKa
||U||g(g) <SP Yma A5l vi p>00<6<1 (12)

Bosbmem B kauectBe v(Xx) ¢yHkuuio v(x) = ZgiNl falln (x). DTa Qynkuus npunagiexur W 22. (g)
(cm. [5]). Torna

T A0 vE = T 20 (0 un ()] ) = Tnia, O SE 0<6<1 (13)

osromy u3 (12) u (13) cnemyer, 9To A TOTO, 9TOOBI [OKa3aTh (9), AOCTATOYHO YCTAHOBHUTH CXOAUMOCTH

pama ¥, 2279 £2 nna kaxoro-uuGyms 8 € [0, 1).
on

Bo3bMeM npousBonbHyo Gyskimo h(x) € W2 (g)uh|, = 0 = 5, = Mlc-o = hlcso = 0. CnenosarensHo,

h(x) e W 2379 (g9), 1/2<6 <1 (cum. [7]). Boumcium xodddummentsr ®ypee h, ¢ynkumu h(x) no
coOcTBeHHBIM (pyHKIMAM U, (x) 3anaun (1). [Ipumensis Bropyto Gpopmysty I'puHa o obnactsim g, u g,, NOIYyYUM

ho= bt 5 ), [a"” U, (s) ds (14)

C, > 0; [%

~2
rae  Yneihy < Gl >

ou
W2(g)’ ”c =k P, le—o — kz% lcso. Ilpumenum ciencrtBue 5.

Iosmryuum oneHky

Xn=177 < Gl C; > 0. (15)

Ww2(g)’

OF

— |r = 0. Ee koappunnent dypoe F, mo

Tenepsb Bo3bMeM Npou3BosIbHYIO QyHKIMIO F € Wi (9); Flr = on

cucreme {u, (x)}n=1 B TOUHOCTH onpeaenseTcs popmyoi (14)

1~ oF o B
Fo= Rt fC [ancun(s) ds; Yo F2<GlIFIGz .,y C:>0;  (16)
oF oF
% c = k1%|c—o _k2%|c+o
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Kpowme Toro, B crity nzBectHbIx TeopeM C.M.Hukosbckoro o cienax cymectByeTr GpyHkuus F Takas, 4To

FeWw - PN aF
FeWi(g)nwf™0(g);1/2<6 <1,F|p ==

|r=ﬁ|c—0=p|c+o=0

|A||W2 2g) = C4||F||W 29y Ca > 0; (17)
[ | = 5ele-0 = ka5 leor
Hostomy F € W 2229 (g) u mia nee cipaseuBa onenka (15)
s <GPl 5, (18)
Torna, yuutsias (14), (15), (16), (17), (18), s ucxonHoit GpyHKIUM F BBINOIHSAETCS HEPABEHCTBO
i BB S GlIFIl g Cs > 0. (19)
O6o3Hauum 6 = 6 — %; § <0<l 0<d< § Torma usz (19) cuenyer, uro VF(x) € W2(g);
oF
Flr = F | = 0 cnpaBennuBa oreHka
Z;T:llz FZ < CSHF”W (g) (20)
HyCTI:. §d=c¢. CHOBa  NpUMEHUM MHTEPIONISIIIMOHHYI0  TEeopeMy (X = {F|F e W2(g),

F|r=_|r—0} Y = W:’% 9); X1=H%_£i 1A

cieactBus 3 (B 3TOM  CIIGACTBUH  HYXKHO
[Hl_g HO](l -&) — Hl_g - E)(— E)

+E_g2
St RS KIA pen,

B3ATb

410, Henonb3ys (12), (13),rme 8 = 1 + % -

= H,). Torma u3 (20), (6), HHTEPHOISIIIUOHHON TEOPEMBI,

WHACKC  uHTepnomsiuuu Oy =1—¢ wu

He__2), nomyunm, uto Vf(x) € W 23 (9); 0 < & < 1/2 cxonurcs pan
2

82, 1 JOKa3bIBaCT TCOPEMY.

3ameuanue. Yucno € B Teopeme yopath Helb3s. Tak kak GpyHkius u3 kiacca W3 (g) npu N = 2 He 06s13aHa
OBITh HENpPEpHIBHON W I0ITOMY HE MOXET ObITh PaBHOMEPHOH CXOAMMOCTH K Hed B g paga Dypbe 1o

HETIPEPHIBHBIM COOCTBEHHBIM (PyHKIHAM 3amaqu (1).
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