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DEVELOPMENT OF THE HISTORICAL AREA CONCEPT IN THE LEGISLATION OF UKRAINE

Icaiiko H. b.

apximeKkmop, acnipanm

Hayionanvhoi akademii 06pazomeopuozo mucmeymesa i apximexmypu
Vkpaina, Kuis

CTAHOBJIEHHSA NOHATTS ICTOPUYHOI'O APEAJIY Y 3AKOHOJIABCTBI YKPATHU

Summary. The article analyzes the formation of the concept of "historical area" in scientific research and
legislative and regulatory documents of Ukraine on the protection of historical and cultural heritage. "Historic
Areas" is a separate specially designated territory of historical and cultural significance with approved boundaries,
which should be considered as a specific object of urban planning in order to preserve the historical or traditional
environment of a historic city. The historical informative content of the city depends entirely on how accurately
the nature of the relationship between urban planning heritage, the natural environment and human life at different
historical stages will be reproduced. Proper definition of the historic area sets the direction and limits of its analysis
and it is by means of a comprehensive approach that the protection of cultural heritage can be ensured in the
context of the modern settlement.

AHoTanis. Y cTaTTi aHaNI3yeThCSI CTAHOBJICHHS MOHATTS «ICTOPUYHUIT apean» y HayKOBUX JAOCIIKEHHSX 1
3aKOHOJIaBUMX Ta HOPMAaTHBHUX JIOKYMEHTIB YKpaiHM 3 NUTAaHHS OXOPOHU ICTOPHKO-KYJBTYpPHOI CHaIIINHH.
IcTopuuHuii apeanm € OKPEMOI CIEHIATbHO BHUIUICHOK TEPUTOPIEID ICTOPHKO-KYJIbTYPHOTO 3HAYCHHS 3
3aTBEPXKCHUMH MEXaMH, SIKa Ma€ PO3MIISIAaTHCS K cnelu(piuHri 00'€KT MiCTOOYIIBHOTO POEKTYBAHHS 3315
30epeKeHHs ICTOPUYHOT0 200 TPaULIITHOTO CepeOBHIIA ICTOPUYHOTO MicTa. [cTopryHa iHpopMaTHBHICTH MicTa
[[IIKOBUTO 3aJIC)KUTh BiJl TOTO, HACKUIBKH TOYHO OyJie BiITBOPCHO XapakTep B3a€MO3B'SI3KiB MICTOOYmiBHOT
CllaJIIMHA, MTPUPOAHOTO OTOYCHHA 1 )I(I/ITTG,Z[i?IJ'ILHOCTi JJIOJUHU Ha piBHI/IX iCTOpI/I‘IHI/IX craliax. HpaBI/IJILHC
BU3HA4YCHHsA iCTOpI/I‘{HOFO apeaily BCTAaHOBJIFO€ HAIPAMOK Ta MEKHU Horo aHaJ'Ii3y Ta caM€ 3a AO0IIOMOI'OIO
KOMIIJIICKCHOI'O Hi,IlXOZ[y MO’KHa 3a0€e3I1eUYnTH O0XOpOHY Ky.]'ILTypHO'l' CllaJIIMHA B YMOBAX CY4YaCHOI'O HACCJICHOI'O
IIYHKTY.

Key words: Historical area, heritage, historical city, urban planning.

Krouosi crosa: Icmopuunuii apean, cnaowuna, icmopuune mMicmo, Micmo6yoysanHsi.

OnHi€r0 3 BAXKJIMBUX IOPUIMYHUAX HOBAILlill 3aKOHY
Ykpaiau "IIpo 0XOpoHY KynbTypHOi CHagmuHHU" €

3alpoOBa/UKEHHST  MOHATTS  "icTopuuHuid  apean'.
IcTopuunuit apeai HACEJIEHOTO MiCIIst
XapaKTepu3yeTbcss  SK  YacTHHA  ICTOPUYHOTO

HaceJICHOT0 MicIls, 1110 30eperiia CrapOBUHHHHN BUTIISL,
po3mianyBaHHS Ta Qopmy 3a0yIOBH, THIIOBI IS
MEBHUX KyJIBTYp a00 IepiofiB PO3BUTKY, a TaKOXK
TPaAMUIMHUI XapakTep CEpedoBHINa — ICTOPUYHO
yCIIaIKOBaHUH BUTIISIL H 00'€MHO-TIPOCTOPOBHH yCTpil
iICTOpUYIHOTO HaceneHoro Micii [4]. [cropuyaHmii apean
€ OKpPEMOK0 CIEI[iaJIbHO BHIIJICHOIO TEPUTOPIEI0
ICTOPUKO-KYJIbTYPHOTO 3HAYCHHS 3 3aTBEPPKCHUMHU
Me)KaMH, sika Ma€ (HIKCyBaTHCS B YC1X 3eMIICBIIOPSATHUX
i MICTOOYmIBHHX JOKYMEHTaX Ta pO3TJISAATHCS K
cnenuigHUHA 00'€eKT MiCTOOYAIBHOTO MPOEKTYBAaHHSI
[4]. 3HayHa yacTHHA TEPUTOPIN ICTOPHYHMX apealtiB, a
caMe: TepuTOopii mam'sITOK Ta iXHIX OXOPOHHHX 30H,
3aIOBIJIHUKH, OXOPOHIOBaHI apXeoJIOoTi4Hi TepUTOopii
HajekaTb 70 3€Melb  iCTOPHKO-KYJIBTYPHOTO
npu3HavYeHHs [8]. V Mexkax MeBHOTO HACEJICHOTO MICIIs
Moxe OyTH BM3HAa4€HO OAWMH ab0 KUIbKa iCTOPUYHHX
apealriB.

Tak sK At caMOOYTHOCTI ICTOPUYHHMX MiCT
3arpo3010 3aBXIM OyJI0 BTpy4YaHHs HOBOI 3a0y/l0BH B
ICTOpUYHE CcepeloBullle, 0COOJIIMBO Y HAIl 4ac, KOJH
icHye Hebe3IeKa Toro, 10 3pocTarya yHIBEpCallbHICTh
MeTOJiB OyIIBHUITBA W apXiTeKTypHUX (opM 37aTHA
MIPU3BECTH JI0 CTBOPEHHS OJHOMAHITHOTO OTOYEHHS,
30epexXeHHs  ICTOpHYHOTO  abo  TpaAHIiitHOTO
CepelIOBUINIA B TAKOMY pa3i MOXE CTaTH BUJIATHUM
BHECKOM Yy CHPaBYy OXOPOHH KYJIbTYPHHX 1 COLlIaJIbHUX
LIHHOCTEH KpalH! 1 TAaKMM YMHOM O/THOYACHO CIIPHATH
30aradeHHIO CBITOBOi KyJIbTYPHOI CIIQANINHN B Taysi
apXITeKTypHOTO Ta MiCTOOYIIBHOTO MHCTEITBA.

Ha mpaBoBOMYy piBHI MTUTaHHS OXOPOHHU 1CTOPHKO-
KYJIbTYPHOI CIIa/IIMHY TI0YAJIN aKTHBHO 1e0aTyBaTHCs
me micas Jlpyroi cBiTOBOi BiliHM. AJle THTaHHS
«ICTOPHYHOTO apeajgy» 4YH HaBiTh «ICTOPUYHOTO
MicTa», SK OKpeMol KaTeropiro, TOAi IIe He
nopyirysaiock. Y 1964 poui, y Beneniancpkiit xaprii
PO KOHCEpBALlil0 ¥ pecTaBpamil0 MaM'sTOK Ta
BH3HAYHHX MiClb, MOHATTA "iCTOpW4HAa mam'aTka"
(mam'sTka, 1110 mijiIArae OXOpoHi i pecraBparii) Takox
OyJio mommMpeHe Ha "MiChbKe UM CiJIbChKE CepeJIOBHIIE,
0 Ma€ XapakTepHI O3HAaKH IIEBHOTO  THUILY
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muBimizoBanocti" [1]. Y 1976 pomi, B yxBami
koHpepernii IOHECKO  momo  "ictopuyHmx
aHcamOmiB", TOHATTI "icTopu4HWil  aHcamOnp"

BXKHMBAJIOCS] CTOCOBHO CYKYITHOCTI Oy/IiBelIb, CIIOPY/I Ta
NPWIETJIOr0 JI0 HHUX BIAKPUTOrO IPOCTOPY, sKa
CTaHOBUTH II€BHY WIJICHICTb 1 € apXeoJIOTiuHOIO,

apXIiTeKTypHOIO,  ICTOPHYHOIO, eCTCTHYHOI0  Ta
COLIOKYJIBTYPHOIO HiHHICTIO [1].
Takoxx  mmrTaHHS  30€peKeHHS  KYJIBTYpHOL

CHAIIIMHN IIe B pPagsIHCBKy A00y pO3IIaganocs
¢daxiBuamu iHCTHTYHIH - HJII Teopii Ta icropii
apxitektrypu Ta w™ictoOynyBanHs (H/ITIAM) rta
Kuis/I/II1ImicToOynyBanns, ne Oymu po3poOicHi
METOAUKH ICTOPUKO-MiCTOOYIIBHUX Ta
NaM'ITKOOXOPOHHUX JIOCHI/DKEHb HACEJICHUX MICIlb.
Ceoro wacy «MeroauuHi  pekoMeHnamii 10
JOCIIIJDKEHHIO 1CTOPUKO-apXITEKTYpPHOrO HanOaHHS B
Mictax Ykpaincekoi CCP» [9] 3amogatkyBanu HU3KY
MOAATBIINX HAYKOBO-METOINYHHX CTYIIH.

Brepme tepmin "icTOpWdHI apeann HaceIeHUX
Micip" OyB 3akpimieHuit y 3akoni Ykpainu "IIpo
oxopoHY KyneTypHOi cmaamman” Big 8.06.2000 p.
MoXHa TpHUITyCTHTH, IO TOsIBA JAHOTO TEPMIHY B
YKpalHChKOMY 3aKOHOJIABCTBI CIIPUYMHEHA BILUIUBOM
MDKHApOJIHUX JTOKYMEHTIB, 30KpeMa, MiKHapoJHOIO
XapTiel0  OpO  OXOPOHY  ICTOPUYHUX  MICT
(Bammurroncekoro xapriewo) Big 1.01.1987 p., sxa
aHTJTIChKOI0 MOBOIO Mae Ha3By Washington Charter
for the Conservation of Historic Towns and Urban
Areas [1]. Tak, y BammHITOHCHKIH XapTil BU3HAYCHO,
II0 BOHA CTOCYETHCS ICTOPMYHHX MICT, BEIHMKHX 1
MalnX, ICTOPUYHHX MEHTPIB 1 KBapTaumiB 3 IXHIM
NPUPOJHUM YHM CTBOPEHUM JIIOJMHOIO OTOYEHHSM,
KOTpi, KpiM BIIaCHUX SIKOCTEH 1CTOPUIHOTO JOKYMEHTA,
YOCOOJIIOIOTh ~ LIHHOCTI, BJACTHBI  TPaJULidHUM
micbkuM 1wmBimizanism [2]. [Ipore, BammHrronchka
XapTisl He Ja€ BU3HAUEHHs 0e310CepeIHbO ICTOPUUHUX
apeaiB HACeJICHUX MICIlb, ajie¢ HABOAUTH IIIHHOCTI, IO
MiIralTh 0X0poHi. Lle — icropuuHuii xapakrep Micta
1 CYKYIHICTh MaTepialbHUX 1 TyXOBHUX CKJIJ0BUX, SIKi
BUPAXaIOTh Horo o0pas, a came:

a) Qopma wmicra, sKa BH3HAYAETHCS MEPEKEIO
BYJIMIIb 1 PO3IUIaHYBaHHSIM Ha JUISTHKH;

b) 3B'I30K MiX Pi3HUMH MICBKUMH IPOCTOPAMH:
3a0y/10BaHNMH, BITbBHUMH Ta 03€JICHEHUMH;

c) ¢opma i BUrIAN cnopyx (BHYTpIOIHIA i

30BHINIHIA), OOYMOBJIEHI  CBOEID  CTPYKTYpOIO,
06'eMom, cTuiieM, MacmTabom, MaTepiaioM, KOJTbOPOM
1 IGKOpOM;

d) 3B's13kM MicTa 3 HABKOJIMIITHIM CEpPEIOBHUIIIEM,
OPUPOAHAM 1 CTBOPEHHMM JIIOAMHOIO; €) Pi3Hi
MPHU3HAYEHHS MICTa, HA0yTi HUM TiJ Yac iCTOPUIHOTO
PO3BUTKY.

VY Ham yac, y HU3ILI Cy4acHHX HAayKOBHX IIpallb,
BYJMI Ta IUIOH IJIKOM IpPUHHATHO OTPUMYIOTh
CTaTyC MaM'sITOK MicToOynyBaHHS. AJle, Ha TyMKy B.
TumodieHko, 30epiraerbcst 3acTapiavii i 3BUYANHMI
O0'eKTHMH MiAXiJ J0 PO3YMIHHS  KyJIBTYPHHX
LIHHOCTEH - MaM'TKOI0 YacTO BBaXKAKOTHCS JIMILE Ti,
SKUX MOXHa TOPKHYTHCS, BIICYTHE PO3YMiHHS TOTO,
10 Take icTopuuHe cepenoBuie. ko 06'ekt Girypye
AK TaM'ATKa MicToOyayBaHHA, TO  MpParHydu

JOTPUMYBATUCh MDKHApOJHHMX CTaHAApTiB, Tpeba
nepexycim npodeciitno anaiisyBaru came npoctip [3].

€. BozuHehKuit TaK0OX 3ayBaXKyBaB, 1110 OXOPOHA
00’€KTiB MICTOOYIIBHOI CHAIIIMHU HE € HaJICKHOKO:
«Ix 36epeKeHHI0 K CAMOCTIHHUX IiTiICHUM YTBOPEHb
MIPaKTUYHO HE NPHUIUIIETHCS YBaru. 3IIHCHIOETHCS
MEPEeBaKHO PECTaBpaIlis i MATPIMKA OKPEMHUX IIHHIX
OyAWHKIB 1 CIOpyH, IO BXOIATH IO iX CKiamxy. B
30epexeHHI KyIbTYpHOI CHAANIMHU 3aJIUIIAETHCS B
cumi  3actapimid  momryuHmE  minxin.  Cyto
MiCTOOYIIBHI SKOCTI JaBHIX KOMIUIEKCIB K IUTICHIX
YTBOPEHb, a CaM€ TEPHUTOPiaIbHO-PO3ILIAHyBaIbHA
CTPYKTYpa, 00pa3Hi i KOMIIO3UIIIIHO-XY/I0XKHI 03HAKH,
00’€MHO-IIPOCTOPOBA T00YJ0BA, BHYTPIIIHI 1 30BHIIIHI
aHcamOneBi 3B’SI3KH, OCOOJNMBOCTI (hOpMyBaHHS 1
(YHKI[IOHYBaHHS BPaxoBYIOThCS Iy’Ke ITOBEPXOBO, a00
B3araiii He BpaxoBYHOThCs» [5].

Y cBorw wuwepry JI. Ilpubera axmeHTye Ha
HEOOXITHOCTI OXOpPOHH MPOCTOPOBOTO  KapKacy
ICTOPHYHOTO MicTa «IIpocTopoBuit yCTpiid
ICTOPHYHOTO apeairy MaTepiabHO BH3HAYaTHMETHCS
TaKUMHU CKJIAJOBHMH, SK JaHAMA(QT, TJIaHyBalbHa
Mepexa Ta 3a0yZoBa pa3oM 3 IaM sTKamm» [6] Ta

IIPOIIOHYE BU3HauYeHHA: «lcropuyHuii apean — Le
ICTOpUYHO  YCNaJKOBaHA  CYKYIHICTb  O0’€KTIB
3a0yI0BH, y TOMY 4YHCII U OCIOHHUX maM’sTOK,

JIOKATbHUX KOMIUIEKCIB Ta aHcaMOJIiB, IaM’SITHUX
MiCIlb, OpraHi30BaHUX TEPUTOPIaTbHOY [7].

[Micns npuiinsaTTs 3akony Y kpainu "IIpo oxopony
KynbTypHOi cmaanman” Big 8.06.2000 poky Oymo
MIPUIHATO PAJ MiA3aKOHHUX aKTiB, a came — [locTaHoB
Kab6inery MinictpiB Bim 13.03.02 p. Ne318 «IIpo
3arBepKeHHs [lopsKy BU3HAUEHHS MEX Ta PeXHUMIB
BHKOPHCTAaHHS ICTOPUYHHX apeaJliB HACEJIEHUX MICIIb,
0OMEeXEeHHsI TOCIOAapChKOl JSUIBHOCTI Ha TEPUTOPIl
ICTOpUYHHX apeajiiB HaceJIeHUX Miclb» Ta Bix 26.06.01
p. Ne878 «IIpo 3arBepmxenHss CIUCKY iCTOPHYHHX
HACEJICHUX MiCllb YKpaiHW», IO B I[LJIOMY CTBOPHJIO B
YkpaiHi npaBoBe M0Jie Ta BUMPAIFOBaHI METOI0JIOTUHI
3acaly sl PO3BHUTKY TEPUTOPIANBLHOTO MPHHIUITY
OXOpOHU TaM’sATOK. Jlo 4ucia iCTOpUYHUX TPUHHSATO
3apaxOBYBaTH MiCTa, BiK SKuX csrae moHax 300 pokis,
a TaKoX yci OOJIACHI IIEHTPH, HE3aIEKHO BiJl iIXHBOTO
BiKY (3 OIIAAY Ha 30CepeKeH] B HUX MICTOOYIIBHI
KynbTypHI 1miHHOCTI). [IpoTe dWiTKUX KpHUTEpiiB
3apaxyBaHHS MICT i, 0COOJIMBO, CEIUII MiCEKOTO THITY
JIO YHCJIa ICTOPUIHHUX MICI[b HE BUPOOJICHO.

BusHaueHHsT TMOHATTS  ICTOPUYHOTO — apeaiy
MICTUTBCSL TakoX B [lopsjiky BU3HAYEHHS MEX Ta
PeKUMIB ~ BUKOPHCTAHHS  ICTOPMYHHUX  apeajiB
HaCeJeHWX  Miclb, OOMEXEHHS  TroCIOAapChKOi
OiSUTBHOCTI HA  TEpUTOpii  ICTOPMYHUX  apeajiB
HaceneHux Micup Bix 13.03.2002 p. Ne 318. 3rigHo
ITyHKTY 6 BkazaHoro Ilopsaky icTopuuHMii apeal — 1e
HAMOLIBII OCBOEHA B MHHYIIOMY 1 moOpe 30epekeHa
YacTMHAa  TEPUTOpil  HACEJNeHOro  MiCIs, 110
BIJIpI3HAETHCS TPAAMLIITHAM XapaKTepOM CepeOBHUILA
1 3HAYHOIO KIJBKICTIO 00'€KTIB KyNbTYypHOI CTIaIINHH
BiJl IHITMX, MEHII OCBOEHHUX a00 MOTaHO 30epemKESHUX
YaCTHUH HACEJIEHOTO MICIIA.

BigmoBigHo mo cr. 1 3akony Ykpainu "IIpo
OXOpOHY KyIbTypHOI cHagmuH{"  TpaaulliiHAN
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XapakTep CepeIoBHIIA — 1€ ICTOPUYHO YCIIaAKOBaHUH
BUIJIAJ ~ Ta  00'€eMHO-TIIPOCTOpOBa  CTPYKTypa
ICTOPUYHOTO HACEJICHOT'O MiCIIs.

[opiBHIOIOYM BH3HAYEHHS ICTOPUYHHX apeayiB
HaceJICHUX MICIlb Y 3aKOHOAABCTBI, 3a3HAYMMO, 110 TI0
CyTi BOHHU HE € CYIEePEWINBIMH, OCKIJIBKH:

e BKa3yIOThb Ha Te, IO iICTOPUYHHUI apean — Ie
YaCTHHA HACEJIEHOTO MICIIS;

e J@aHa YacTMHA HACENCHOTO MiCls ITOBHHHA
BIPI3HATUCS  HASABHICTIO  O0'€KTiB  KyJIBTYpHOI
CHaJIIHY;

e i 00'€KTH KyJbTYpHOI CHAJIIMHH MAaloTh
ICTOpUYHE 3HAYCHHS;

e TaKka YacTMHA HACEJIEHOTro Micls ITIOBHHHA
BIZIPI3HSATUCS TPaIULiHHUM XapaKTepOM CepeJOBHUIIA
(abo x 00'eKTH KyIbTYpHOI CHIAIIIMHKA TTOBHUHHI OyTH
TUIIOBUMHU Ul IIE€BHHX KyIbTyp abo mepiofiB
PO3BHTKY).

Aue BusHaueHHs y [lopsiiky BU3HA4UEeHHS MEX Ta
PSKUMIB ~ BHUKOPUCTAHHS  ICTOPUYHHX  apealiB
HAaCceJICHUX  MiCIlb, OOMEXEHHS  TrOCHOAAPCHKOL
IISUTBHOCTI  HAa  TEPUTOpii  ICTOPUYHUX — apeaiiB
HaceneHnX Micib Bix 13.03.2002 p. Ne 318 monae:

e 1m0 Ie 100pe 30eperkeHa YacTHHA HACEICHOTO
MicCILs;

® 3 3HAYHOIO KUIBKICTIO OO'€KTIB KYJIBTYPHOI
CHaJII1HY;

Ha wiil normsn Take YTOYHEHHS 3MEHIIYE
MOXJIMBICTh BCTAHOBJIICHHS ICTOPHYHHX apeaiiB Ta
30epeeHHST MaJI0 HACHUYCHHUX ICTOPUIHUX MICT. AJKe
HAa/3BUYAMHO BaXKIUBUM, I00 ICTOPHYHE MICTO
PO3IIIsLANIOCS HE JIMIIE SIK KOMITIEKC MaM'siTOK, ajie i
SK JKUBUH OpraHi3M 3 IUTICHUM, PUTAMaHHUM JIHIIE
Homy ICTOPUKO-KYJIBTYPHUM o0paszom,
0COOJIMBOCTSIMU MEHTAJILHOCTI TOIIO.

[IpiopuTeTHUM HAIIPSIMKOM JiSUTBHOCTI B MEXax
ICTOPUYHKX apeaiB ICTOPHYHHUX HACEJIEHUX MICIb €
30EpeKCHHST TPATUIIHHOTO XapaKTepy CepeoBHINa,
30epexxeHHs1 MicToOPMOBHOT poJli  apXiTeKTypHOT
crnagmuay. lle BH3HaYae cripsMyBaHHS MOAAJIBLIOTO
MICTOOYIIBHOTO 1 COIIATEHO-EKOHOMIYHOTO PO3BHTKY

BIIMOBIHUX  HAaceJIEeHHX  MiCllb. BUHUKHEHHS
ICTOPHYHOTO apXITEeKTYPHOTO IPOCTOpPY i
BIINOBiTHOTO 00pa3y TOro0 YH IHINIOTO MicTa -
pe3ynbTat CKJIa{HOT'O B3a€MOTIPOHUKHECHHS
naHaadTHOro Ta ICTOPHUKO-KYJIBTYPHOTO
CepeIOBHIIA.

B yci wacm MicTOOyniBHMKM  HaMarajwcs

MaKCUMaJIbHO BHKOPHUCTATH OCOOJHMBOCTI JIaHAMA(PTY
JUIsL  CTBOPEHHS (YHKI[IOHALHOTO ¥  €CTeTHIHO
NpUBa0INBOTO cepeoBuIna JIFOJICHKOT
KUTTESIIBHOCTI. [cTOpnyHa iHpopMaTuBHICTH MicTa
IIIIKOBUTO 3aJIEKHUTH BiJl TOr0, HACKUIBKM TOYHO Oyne
BIATBOPEHO XapakTep B3a€MO3B'S3KIB MiCTOOYIiBHOT
CHAJINHN, TPUPOJHOTO OTOYEHHS 1 KUTTEMISIIBHOCTI

JIOJMHU Ha PI3HUX ICTOPUYHUX eramax. HanexuTh
BU3HAYHUTUCS 3 THIIOJOTIEI0 ICTOPUYHOTO MICTa,
MPOCTEIKUTH CHICIM(DIYHICT HOTO TUITOBHUX O3HAK Ta HE
00MEKXYBaTUCh HACHUYCHICTIO ICTOPUYHOTO MPOCTOPY.
ToMy mnpaBuWIbHE BU3HAUCHHS ICTOPHYHOTO apeairy
BCTAaHOBJIFOE HANPSAMOK Ta MEXH HOro aHamisy.
OCKiNBKH caMe 3a JOITOMOT0I0 KOMIUIEKCHOTO ITiIX0Iy
MOJKHA 320€3IIeYNTH OXOPOHY KyIbTYPHOI CIIAIIINHU B
YMOBaX Cy4acHOTO HACEJIEHOTO IYHKTY OJHOYACHO i3
MIPUPOTHUM CEpEeOBHINEM, IO BiATOBiTae OCHOBHUM
MTOJIOKEHHAM KOHIIETIIi CTajJoro po3BUTKY. B Tol ke
Yac, CKJIaJHOIII i3 HOTO BCTAHOBJICHHSM Ta OPYIICHHS
BXKC BCTaHOBJICHOTO PEXKHUMY, TATHYTH 3arposy
00'eKTaM KyJIbTYpHOI CIIAIIUHE Y KpalHH.
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AHOMAJII MPUPOJHBOT O PATIOAIIHHOTO ®OHY, SIK IIOITYKOBA O3HAKA
IHOKJIAAIB BYT'JIEBO/JHIB.

Samchuk Iryna
Chernyakov Evgen

ANOMALIES OF THE NATURAL RADIOACTIVE BACKGROUND, AS A SEARCH SIGN OF
HYDROCARBON DEPOSITS.

Abstract. Here we present data about studying of connection between of anomalies of the radioactive
background and hydrocarbon deposits.

Studying of changes of the level of radioactivity over hydrocarbon deposits began at the beginning of the
20th century and still carries on.

Despite the century history, the degree of scientific grounding and general study of this issue is ambiguous,
and it leaves a lot of under-illuminated aspects, among which the main issue is the nature of such anomalies and
their forecasted value for the search for hydrocarbon deposits.

The historical study in the article allows the reader to get different views on the nature of radio anomalies
over hydrocarbon deposits and the evolution of these views, which took place under the influence of the scientific
and technological revolution.

The spread of radiation background anomalies on the territory of the Dnipro-Donets Rift with the binding to
hydrocarbon deposits is considered in this article.

The indicated ways to determine the nature and features of the spread of radiogeochemical anomalies under
different geological conditions will make it possible to use this parameter as a search feature for forecasting
hydrocarbon deposits.

AHoTtanis. HaBogaTecst JaHi M0 BUBYEHHIO 3B’S3Ky MK aHOMANISAMHU paXiallifHOro (OHY Ta IMOKJIaJaMH
BYTJICBO/IHIB. BUBUEHHS 3MiH PIiBHSA PagioOaKTUBHOCTI HAJ[ POJOBHIIAMH BYTJIEBOIHIB pPO3MOYAIOCh HAa MOYATKY
XX cropivyust 1 IPOJOBKYETHCSA IO IHOr0 Yacy. He3Bakaroun Ha TOHAI BIKOBY iCTOpIlO, CTYIIIHP HAYKOBOTO
06rp}IHTYBaHH$I Ta 3arajbHOI BHBYEHOCTI ObOro IIMTaHHA OOCHUTH HeO,Z[HOSHa‘IHI/Iﬁ 1 3agumae Oararto
HEJI0OCBITJICHUX aCIEKTiB, cepell IKUX TOJIOBHUM € MUTaHHS NPO MPUPOIY TaKMX aHOMalil Ta TX MPOrHOCTHYHE
3HAYEHHs JUIs MOMIYKIB TOKJIaAiB BYIJICBOAHIB. BuKianeHuil y CTAaTTi iCTOPUYHMN HapHC J03BOJSIE YUTAuy
03HAWOMHTHUCH 3 PIZHUMH MOTJISIJaMH Ha TPHUPOLY Paai0OaHOMANii Haja MokiagamMd BB Ta eBomoMmio 1ux
MOTJISIIIB, 1O BiI0YyBaJiach MiJji BINIMBOM HayKOBO-TEXHIYHOT PEBOMIOLII. Y CTATTi PO3MIISIHYTO PO3MNOBCIOKEHHS
aHOMaUTii pamiarfiitHoro ¢ony Ha Teputopii JIHIMPOBChKO-/IOHEIBKOI 3amMagiHA 3 MPUB’SI3KOK O POJIOBHIIL
BYTJICBO/IHIB. HaBe/IeH! NMUISXY /U BU3HAYCHHS IPUPOIU Ta OCOOIUBOCTEH PO3MOBCIOKEHHS PadiorOXiMITHIX
AHOMAJIH y pi3HHX I'€0JIOTIYHUX YMOBAX JacTh 3MOTY BUKOPHCTOBYBATH LIeH TapaMeTp K HOIIYKOBY O3HAKY JUIs
MPOTHO3YBaHHS TIOKJIAiB BYTJIEBO/IHIB.

Keywords. Hydrocarbons, Dnieper-Donets Rift, Radiogeochemistry Anomalies.

Kouosi crosa. Byenesooni, /[ninposcero-/{oneybka 3anaduna, padio2eoXimiuni aHoManii.

Beryn. ITocranoBka npo6aemu.

PagioakTHBHICT MOBCIO/IHA: OyAb-Ka MiCLIEBICTh
XapaKTepU3y€eThCS TMEBHUM IMPHUPOIHUM pagiallifHuM
¢onoM. Sk mpaBmiO, WOro piBEHH HEBEIUKHHA 1 HE
MpeACTaBIsie HEOE3MEeKH I 37J0POB's, MPOTE B 30HAX
TEOJIOTIYHUX  PO3JIOMIB  KOHIIEHTpAIlii  TaKoro,
CKa)XIMO, pa/lioaKTHBHOTO €JIEMEHTA SIK PaZoH MOXKE y
Oarato pasiB IEpEBHILYBATH CEPEIHbOCTATUCTUYHE
3Ha4YeHHs. MaJio TOro, IO Ha JOJI0 PaJioOHYKIIIiB

pajoHy mpunagae Oinble MOJOBHHH BCi€l Tiel mo3u
OTIPOMIHEHHS, SIKy B CEpeIHBOMY OTPHUMYE OPTaHi3M
JIFOIMHY BiJl IPUPOJHUX 1 TEXHOTCHHUX PAJiOHYKIIIIiB
HaBKOJIMIIHBOTO CEPEAOBHIIA,

Ha >xamp, 1 JIOJMHA CBOEI TOCIHOJAPCHKOO
TMiSIBHICTIO HEPIAKO MiABUINYE PpiBeHb pajiallii,
HalpuKJial, B npoueci BunoOyTky Hadru i razy. Ilpu
OBOMY PATiOHYKIIIH, SKi MICTSITECS B TIHOMHHHX
BOJaxX 1 TiPCBKUX TOpPOJax, MOTPAIUITIOTH B SIKOCTI
CYNyTHIX cyOcTaHIiii Ha moBepxHIO 3emii. Brache
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KaXydd, Te, [0 BIAKIaJEHHS Ha  CTIHKax
HadTOra3oBOro NMPOMHCIOBOrO OOJaJHAHHS MICTATH
pamioHyKIiIHM, BioMO BXe 3 70-X POKIB MHHYJIOTO
cronitrs. IlinBuileHa KOHUEHTpawlis pagioHYyKIiIiB
XapakTepHa i Ui IpoAayKTiB dinbrparii Baxxkoi HadTH
i cemapamii rasy, 10 HaKONHUYYIOTHCS B (UIBTpaXx,
cemaparopax i BicTiHHUKaX.

AHani3 ocTaHHiX JocaiTxeHb i my0aikaniii.

Ictopis BUKOPHUCTAHHS MPUPOJHBOTO
paniarmiitHoro (oHy, SK IOIIYKOBOI O3HAKH HAsBHOCTI
POIOBHII BYTJICBOIHIB Y JiTEpaTypi 3ycTpidaeTbcs
nmounHatoun 3 1928 poky [1, 2], ane minkoM WMOBipHE
iCHyBaHHS OUIBII paHHIX 3rajyBaHb, SIKi He OyIu
BiJIOMi aBTODY.

HesBakarouun Ha Te, 1110 MEpIi JOCIIKESHHS 110
BUBUCHHIO  3B’SI3Ky  pagiamiiiHoro  ¢oHy 3
Ha(TOra30HOCHICTIO HaJeKaJM PAISHCHKUM BUCHHM,
PO3BUTOK Ta IIMPOKE 3aCTOCYBaHHS Yy NpaKTHLI
nmomykoBux poOiT BoHn otpumanu y CIIA. Tak, y
1973 poui AMEpHKaHCHKAM INaXTHUM YIIPABIiHHIM
Oyno BumaHo mupKyisip 8579 [3], ne 3pobieHo orisig
237 craredf, sKi CTOCYIOThCS BHBUCHHS TaMMa-
BUIIPOMIHIOBAaHHS SK IIOIIYKOBOI O3HAKW HAsIBHOCTI
noknaaiB ByrieBoaHiB (BB) Ha rimbuHi. 3a marnMu
aBTOPIB CTaTel, BUSIBHMJIOCH HACTYIHE: HMOBIPHICTb
MO3UTHBHOTO  pe3yjbTaTy  MpH  3aCTOCYBaHHI
OTHCYBAHO{ MONITYKOBOI 03HAaKH cArae 85%.

V 3rapaniii my6mikanii 1928 poky [1, 2] 06’ekTom
JociikeHHs 0yimo Maiikornceke Ha)TOBE POIOBHIILE,
e M0 JBOX MpoQiIix, 3a IONOMOTOK 10HI3YIOYOi
KaMepH IPOBOJIMINCE BHMIPIOBAaHHS PaliOaKTHBHOTO
monst. B pesynprati polit, Hax mOKIamoM Ha(TH
IIHYpKOBOTO THITY, OyJ0 BCTAQHOBJICHO ITiJJBHIICHHS
paniatiitHoro ¢oHy, ki OyJu mo3a MexaMu MOKITHBOT
MOXHOKH OOYUCIICHHSI.

[TomToBXoM Jyisi MOYATKy IIUPOKOMACHITaOHHX
POOIT 3 pO3pOOKHK PaIiOreOIOTYHIMX METOIIB MOMIYKY
BYIJICBOJHIB CTAJIO BIIPOBAHKEHHS y MPAKTHKY POOIT
o0J1a/IHaHHS Ha OCHOBI CUMHTWIISIL{IHUX JITYUIIbHUKIB.
Kananceki  nocninuuku [4] HaBomsTh JaHi 3MiH
panianiiiHoro ¢poHy 1o aepo-raMmma-pajioMeTpHIHOMY
npodimo, SKUH TepeTHHae Ha(PTOBE POIOBHIIC
Redwater (Kanama). Y cBoiif HactymHiii po6oti [5]
OIIH 13 TOCIITHUKIB OMMUCY€E CHOCTEPEKECHHS TUITHKA
3HWKEHHS panianiiiHoro (oHy, mo choiB mamgae 3
MPOEKIIEI0 EHTPAIBLHOT YaCTUHN HA(TOBOTO MOKJIALy
Ha JICHHY TIIOBepXHIO. BomHowac 3 TmMm, uid 30H
O0JIIMYBaHHSI POJIOBHINA, XapaKTEPHUMHU € HaBIIaKH,
HApOCTaHHS 3HAYEHb PaliOaKTHBHOCTI. BUHHWKHEHHS
TaKuX CBOEPITHUX pamiariitaux aHOMaJIii
MOSICHIOBAJIOCH SIBUIIEM nudy3iiHOTO
TPaHCIIOPTYBAaHHS ~ BOJOPO3YMHHOTO  pajilo 3
TIMOMHHUX TOPU3O0HTIB 10 JeHHOI moBepxHi. Poib
€KpaHiB y IbOMYy TIpOILECi BIABOJMIACH, caMe
MOKJIaJaM BYIJICBOJHIB, Il MOSICHIOBAIO IOSIBY
obyacTeif  BIHOCHOTO  3MEHIIEHHS  3HAYeHb
PaIioaKTHBHOCTI HaJl pOJIOBUILIAMH.

VY HacTynHi POKH paJi0aKTHBHOIO 3HOMKOIO 0YII0
OXOIUICHO TOHAJ TPUALATH HadTora3oBHX 00’€KTIB,
posramoBannx Ha Teputopii CIIA 1 Kanamn.
PesynpTaTl cBimuwiId, 1m0 OiMBIICTh 3 HUX, TUM YU
IHIIM YHHOM, TIPOSBILIIOTH ce0e y pamioreoXiMidHuX
MOJISX.

Ha tepuropii Papsiacpkoro Coro3y, 0HO4acHO 3
3aKOPAOHHUMHU JTOCTI THUKAMH, TaKOXK
MPOJOBXKYBAIACH POOOTH 3 OIIHKH €()EeKTUBHOCTI
paniomerpuyHoi  3WomMku. {18 TPOTHO3YBaHHS
BYTJIEBOJJHEBUX POJOBUIL JTOCIIIPKEHHS ITPOBOAMIHCS
HaJ BIIOMHUMH POJOBHIIAMH Ha(TH 1 razy 3aXigHOro

TypkmeHicTaHy, Hwmxaboro IMoBomx’s Ta
IlepenkaBkaz’s. IlapamensHO 3  BHMIPIOBaHHAM
pamioaKTHBHOCTI 1 KOHIEHTpamid pamioaKTUBHHIX
€JIEMEHTIB 3IIMCHIOBAJIOCS BUBYEHHS pany
TeOXIMITHUX XapaKTePUCTHK TTOBEPXHEBUX
BIAKJIaIEHb, aHaII3yBaINCS 0co0IMBOCTI
reoMop(oJIOTiYHO] Ta JITOJIOTiYHOT OyJOBU TEPUTOPIH.
By  3poOneHuil  BaxJIMBMHA  BHCHOBOK, IO
pamioaKTHBHI ~ aHOMAJil  HAJ  BYIJICBOJHCBUMH
MOKJIaJaMd € OKPeMHUM  BHUIIAJKOM  3arajbHOI

enireHeTHYHoi TpaHchopmallii reoXiMiuHUX MOJIB [6].
Y mpoueci pobit 3 00poOKM  OTPHUMaHHX
MaTepialiB Ta pO3pOOKH palioaKTHBHUX METOIIB AJIS
TIOUIYKY POAOBHII HaTH Ta ra3y, SKi MPOBOAUINCH y
nabopatopii pamioreoximili Ta i30TOIMHOTO aHAIi3y
BCECOIO3HOTO HayKOBO-JIOCHIHOTO IHCTUTYTY SAEpPHOT
reo¢pizukn 1 reoximii (BHIUAIT), Oynmm orpumani
(¢akTHYHI MaHHI TO TPOBEACHMX HA3eMHHX 1
aeporamma-3HoMOKax, 3TiHO 3 SIKUMH IPOAYKTHBHI Ta
HEMPOIYKTUBHI AaHTHUKIIIHAII IICHTUYHO TMPOSBISIIOTH
cebe B MMOJISIX PO3MOIITY BUIIPOMIHIOBAHHS NPUPOTHUX
panioakTHBHUX eneMeHTiB. Cupalodnch Ha MaTepianu
raMMma-KapoTaxy TJIHOOKHX CBEpJIOBHH Ta JaHi
JITOJNIOTIYHOTO CKIIAAY IOpin, OyJ0 TOKa3aHO TICHY
KOPeJLAIif0 MK 3HAYCHHSAMH pPaTiOaKTUBHOCTI Ta
TPaHyJIOMETPUYHNAM CKJIazoM mopin. IIpu mpomy mist
BCiX cTparHrpaiYHAX TOPHU3OHTIB CIIOCTEPIiraiach
CTilKa TeHJCHIIis Y 301IbIIICHHI CTYIICHIO ITiCKYBaTOCTI
CKJICIIIHb YCHAJKOBAaHWX IAHATH 3 OJHOYACHUM
3pOCTAaHHSIM TIIMHACTOCTI HAa KpHWJIaX, 10 BiJOMBAIIOCS
Ha XapakTepi po3moaury pamionykmiais. Tooto,
301IbIIEHHS 3HAYCHHSI paianiitHoro GpoHy Ha KpHiax i
3MEHIICHHS] Yy CKJICNiHHIA 4YacTWHI  BIAIOBiZae
rpaHyJIOMETPUYHIM MMOKa3HUKaM CKiiaay ropin [7].

TakuM 4MHOM, TPaKTyBaHHsS palioreoXiMiuyHOTO
METOMy [JOCHIPKeHb, SK MPSMOTrO IOIIYKOBOTO
METONy, SIKMH TOBHHEH BKa3aTH HA HASABHICTh YU
BIJICYTHICTh TOKIANy BYTJICBOAHIB y Haapax (0e3
3BKaHHA Ha TeOJOTiYHI OCOONMBOCTI OyHOBH
TepUTOpii) MPUBEJIO 1O ANCKpEMTAlii I[bOr0 METOAY
Ha JOCHUTH TpuBanuii yac [8, 9].

[Touarok BIZIPOJKCHHS porpam
pamioreoxXiMidHUX JOCTiPKeHb posmodaBcs y 80-X
pokax XX cropivus. ¥ CHIA Oymm omyOGmikoBaHi
pe3yJsibTaTi nepeinTepnperanii ramma-
CIIEKTPOMETPUYHHUX JIAHUX 1O HA(PTOra30HOCHHX
IUIOIIAX, OTPHUMAaHUX B paMKax peaiisalii IporpaMu
NURE Ta iHmmx aeporeodizuunux po6it [9, 10-12],
3nilicHeHi Ha3zeMHI ramma-pagiomerpuuni [9, 13] Ta
panoHoBi 3iioMku [14]. Po3riasiHyTO mHUTaHHS 3B'S3KY

PamioaKTHBHUX aHOMaIii 3 eIreHeTUYHOI
kapOoHatm3amiero mopix [15], mpoanamizoBaHO
XapakTep  B3AaEMOBITHOCHH  MDK  HPHPOJHUMHU
panmioakTHBHUMH ~ eneMmeHTamu  [9, 16, 17].

TepMomIOMiHECIIEHTHE paliOMETPUYIHE KapTyBaHHS B
3HaYHUX  00’€Max  TPOBOAUTHCA TPU  OIIHII
HadTorasoHocHocti psny mwiom KHP [9, 18, 19].
JlocmigHO-METOOMYHI  Ta  MOIIYKOBI  poboth 3
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3aCTOCYBaHHSIM PaZioaKTUBHUX METOJIB MPOBOJSTHCS
B Pocii [20-22], I3paini [9, 23, 24] ta Iuaii [9, 25].

PesynpraT 1UX JOCHIIKEHb MiATBEPIKYIOTh
HasBHICTb Pali0aKTUBHUX aHOMaJIii HaJl POJAOBHILIAMHU
HapTM TAa Tazy, a aBTOPH  JOTPHUMYIOTHCS
enireHeTHYHOI (yCIaJKOBaHOI) MPHUPOAU IOPYIICHb
CTPYKTYPH pamioreoxXiMiqvHux moiiB. OmHaK mporpec y
po3yMiHHI Tporiecy (OpPMYBaHHS pPalioreOXiMigHIX
aHOMAIIIHl 3aJMIIACThCI HENOCTATHIM. Y OLIBIIOCTI
cTaTe [arThCd IIOCWIAHHA Ha BIIOMI MOZIEI
BUHUKHCHHS aHOMAJIBHUX €(eKTiB, a00 BHOCATHCS B
HUMX He3HayHi 3MiHu [9].

[MuraHHA NpPUYMH BUHUKHEHHS TaKUX aHOMalid
3aJIMIIAETHCS. OJHO3HAYHO HE PO3KPUTHM 1 IOCHTh
JIICKYTHBHHM.

Ha Tepuropii micnsipaAsHCBKOTO MHPOCTOPY
CUTyallisl  YCKJIQJHSEThCI i€ W  HasIBHUMH
OOMEKEHHSIMH JIOCTYIy 10 MaTepialiB JOCIiIKEHb
(OLIBIIICTh TEONOTIYHHUX 3BITIB MHUHYJIHX POKIB Mae
rpud «uIA  CIy’)XOOBOTO  KOPHCTYBaHHA»  abo
«CEKPETHOY, 1110 HE € aKTyaJbHUM Ha TEHEpilIHii Jac).

BupinenHss HeBuUpilleHMX paHille 4YacTHH
3arajbHoi npooJemMu.

Ha Tepuropii JHinpoBcbko-/{oHebKO1 3amatuH
(JA3) nocnimxeHHs paJioaKTHBHOCTI IPH MOIITYKaX Ha
Ha(dTy 1 ra3 nmoB’s3yBajJKCh Ha caM Iepes 3 IPOrHO30M
POZOBUILl YPAHOBOI CUPOBHMHU JUIsl PO3BUTKY sJIEPHOI
npoMucioBocTi. [InTaHHS TeHETHYHOrO 3B’SI3KY MiX
IOHI3yIOYMM  BHIIPOMIHIOBAaHHSM Ta  IOKJIaJaMHu
BYTJICBOJIHIB 3arajioM He OyJ0 MpiOPUTETHUM, X0da i
3ycTpidaeTbest y ¢GoHmoBux 3Bitax Jlykamina O.JL,
TokapeBa b.Jl., byrenko B.H., BpaxkoBa B.A. Ta
IHIIHX.

3arajoM BHBYEHHSM 3B’SI3Ky  T'€OXIMIYHHMX
aHOMAaNi{, y TOMY 4YHCIi 1 paTioreoXiMivyHUX, 3
MOKJIaJaMu BYIJIeBOHIB 3aiimanuch Cyspko B.T.,
Bbarpiit 1.JI., Tnmagyn B.B., Tposnos O.M., [{umban
0.0., Kosumkos A.O. Ta immi. Y KOMIIJIEKCHI#
METOJMIII TPOTHO3YBAHHs IOKJIAIIB BYIJICBOIHIB
NPUIIOBEPXHEBUMH METOJAMH POJIb PajioaHOMalii
JOCUTh HEOJHO3Ha4yHa. Sk MOXHAa CyAuTH 31
3po0JIEHOTO 'y TepIIii dYacTWHI CTaTTi aHali3y
JMOCTIKeHb 1 IyOJiKamii 3HAaYeHHS ITOKa3HUKIB
paniamiitHoro (oHYy HaJ pPOIOBHIIAMH BYTJICBOIHIB
3MIHIOIOTBCS, allé HE 3aBXOU 3pO3yMiIo y Oik
30UTBIIICHHS Y1 3MCHIIICHHS, BiJl JOHOBHX MOKAa3HHKIB.
Y mexax JHIpoBchKo-J{0OHEBKOT 3aaINHA ICHYE .

Buxkiax ocHOBHOro MaTepiasy 10C/TiKeHHS.

B mepiomr 3 2003 poxy mo 2012 pik
CHiBpoOITHUKAMH  BifaiTy | eoJoro-mpoMuCIIOBHX,
TiPOTEONIOTIYHNX Ta Ta30T€OXIMIYHUX JOCIiIKEHb
(TOrrm YKpaiHCbKOro HayKOBO-IOCIIiTHOTO
IHCTHTYTY MIPUPOIHIX rasis (YxpHAII a3)
MPOBOIMIIUCH ICPBUHHI PaTiOMETPUYHI JOCIIKEHHS,
CIpsIMOBaHI Ha BHSBJICHHS TEXHOTEHHO MiJCHICHUX
JUKepeNl  10HI3yI0YOro  BHUIPOMIHIOBAaHHS,  SIKi
NOTEHIIfHO  MOXYTb  BHHUKarTh B  Hporeci
eKCIUTyaTalil poaoBHIII.

[Tpu Tpan3wurti daroinis (BuOiH — midToBa KOTOHHA
— doHTaHHa apmarypa — UUIeld yCTaHOBKH
KomruiekcHoi miarorosku ra3y(YKIII')) B 3anexxHOCTI
Bil XIMIYHOTO CKJIamy BOJA, MiHepamsamii Ta
TepMOOAPUIHUX YMOB, Pa/IiOAKTHBHI PEUOBHHH, SKIIIO
BOHH € y CKJIaji (Iroiny, HAKOMUIYIOThCS Ha PI3HHX

eJleMeHTax 00JIaJlHaHHs — Bil HACOCHO-KOMIIPECOPHHUX
TpyO 1O €MHOCTEl 3 CHPOBHHOIO Ta CYIIyTHBO-
npomucioBumu Bogamu (CIIB).

O6namryBanns  YKIIIT  3pilicHioeTbest 13
3aCTOCYBaHHSM BEJIMKOI KIJTBKOCTI CEMOpaIiiiiHoro
o0JlafHaHHS, TEIUIOOOMIHHUKIB, PI3HUX €MHOCTEH
(KoHIeHcaTy, BOIH, IHTIOITOPIB Ta iH.), pO3/iTbHHUKIB,
TpyOOINPOBOIIB 3MIHHOTO Tiepepidy, 3 BYy3JIaMHu
3’€IHaHb, 3aIliPHOI0 apMAaTypoIo Ta iH. TakuM YUHOM,
TEXHOJIOTIYHA cxema M ATOTOBKHA razy  Jo
TPAHCHOPTYBaHHA € JOCHTh CKIIQAHOIO BuHacmimox
IBOTO iCHY€E 0araro JIOKaJbHUX TIISTHOK 1 €JIEMEHTIB,
J€ MOXYTh BIAKIagaTUCs Ta HAaKOIMMYYBaTHUCS
panioakTHBHI ped4oBHHHU. €I1MHA cXeMa TOYOK BUMIpY
HE MOJXE JIOCHTh IOBHO BiJOOpasUTH KapTHHY, IO
CKJIaaeThes B Mexkax ogHoro YKIII. Hamu Bu3HaueHi
00’€KTH, HA SKHX HAKONMHYCHHSA PaJiOaKTHBHUX
PEYOBHUH € HaWOiIbII BiporigtHuM. Jlo Takux 00’€KTiB
BIIHOCATHCS ~ HACTYIHI:  BXiHI  TpyOONpOBOIH
CBEPJJIOBHH, CEHapaTopy, pO3IUIIOBavi, €MHOCTI
HaKONMMYCHHS CHpPOBHUHM Ta, ocobmmBo, CIIB. Ha
KOXKHOMY eJIEeMEHTi 00J1aTHAaHHS BUMipH BUKOHYIOTBCS
y IeKimpKOX Toukax. Okpema yBara HaJa€ThCS
BXITHUM TpyOOIpOBOJaM A0 00JIaJHAHHS, eIIEMEHTaM,
Ha SIKMX BIIAQIITOBYIOThCS TPYOW DI3HHUX JiaMeTpiB,
JHHIAM €EMHOCTEH, cemaparopiB Ta po3aitoBadiB. B
LIJIOMY K BUMIpH NPOBOAMINCH Ha BCId TepUTOPIi
npomucioBux Maiinanyukie YKIII. B cepeanbomy Ha
tepuropii YKIII" BukonyBanocs 50-60 BuMipiB, B TOMy
YHCIi, 3 METOI BHU3HAUYCHHS MOXKJIMBHX JIOKAITBHHIX
3a0pyaHEHh B PE3yJbTaTi PO3JIMBIB TPHU IPOMUBII
oONagHaHHS Ta IHIIMX TEXHOJIOTIYHUX OTIepallisx.
®oHOBI 3HaYCHHS BU3HAYaIHUCs 3a Teputopicto YKIIT
Ha BijicTaHi 2-3 M BiJl OTOPOXKU.

I[lpu gocmimkeHHSAX, SKI MPOBOJMIKCS Ha
eKCIITyaTalli iHUX CBEpJUIOBUHAX, BUMIpH
3niificHIOBaNMCS Ha (OHTAaHHIM apMmarypi, BUKHIHHX
Tpybomnposoaax, nuieridax YKIII, ta 6ins ambapis. B
cepenHpoMy ompanpoByBanioch 10-15 Touok s
KOKHOT CBEpJIOBUHH.

JlocnmipkeHHsT BUKOHYBQJIUCh Ha  POJOBHIIAX
BYTJICBOAHIB ra3omnpomucioBoro ympasniaas (['T1Y)
«lebemuakarazBuao0yBanas», a y 2012 p. Oymo
BHKOHaHO  oOCTexkeHHS Ha  o0’extax  [TIY
«[lonraBarazBugo0yBaHHI. Bcboro 32  wac
MpOBEACHHS POOIT OynO BHKOHAHO BUMIpH Ha 52X
poaoBUILIAX, K1 HaJIeXKaThb Iy
«lebenuakara3Buao0yBanas» Ta Ha 10 pomoBumax
I'TIY «llonTaBara3BumoOyBaHHS». 3a pe3yibTaTaMu
poOiT Oyno BcTaHOBIEHO 19 pomoBHII, HA eleMeHTax
MIPOMHUCIIOBOTO  OOJIaAHAaHHSA  SKUX  3a(iKCOBaHO
M ABUAIIEHU I piBeHb 30BHIIITHEOTO raMmma-
BHITPOMIHIOBAHHA 31 3HAYCHHAMH IO HAOJMKAIOTHCS
abo nepeuiyots 50 MKP/r, npu HopMi pubaM3HO 10
MkP/r.  Jlo  Takux  pOJOBHI  BiJHOCSTHCS:
Jpyxento0iBcbke Ha(TO-Ta30KOHAEHTHE POJIOBHUINE
(HI'KP), Tammuisceke HI'KP,  BesmoniBchke
razokonaencarie pozposunie (I'KP), Hapixusucbke
HI'KP, IOmiieceke HI'KP, CkBopuisceke HI'KP,
Bumnisceke I'KP, TTiBHiuHO-Kopo6ouknncrke HI'KP,
bepesisceke HI'KP, €sreniBchke I'KP, AbGaziBchke
I'KP, Koteneecbke [I'KP, Omimnsinceke I'KP,
Hosotpoinpke TI'KP, Tamsmprke T'KP, f06myHiBChKE
T'KP, Martsiisceke 'KP, Cemenniceke I'KP.
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IIpu  mpoctopoBii  Bizyamizawmii  00’€KTIB
(moOynoBi KapTH pO3TallyBaHHS AUISHOK), HA SIKHX
3aikcoBaHl MiJBUIICHHS pIBHS BUIPOMIHIOBAHHS,
JOCHTh  YITKO  HPOCTEKYETHCS  3aKOHOMIpPHICTh
pO3TalIyBaHHs 3a3HAYCHUX OO’ €KTIB 1032 MEKaMu
PO3IOBCIO/KEHHSI HI)KHBOIIEPMCHKUX ~TalOreHOBHX
mopix. OO6’ekTn BHOYTOBYIOTHCS HHU3KOIO IO 30HI
BUKJIMHIOBAHHS TIOPil MHUKHUTIBCHKOI CBITH HI)KHBOI
nepMi Ta y 30HaX PO3BUTKY PO3PUBHHUX IMOPYLICHb
(Koreneceke I'KP, bepesiceke I'KP, Aba3iBchke
I'KP, CemenniBcske ['KP). Ile Moxe omocepenkoBaHO
CBIIUUTH TIPO TEHETHYHHH 3B S30K IiABHIICHOTO
pamianiiHoro  (GoOHy  pOJOBHIN 3  CYIYTHIMH
IUTACTOBUMHU  BOJAMH, SKi € CEpelor  Mirparil
pO3YMHEHOro  pajoHy. Bimomunm  dakrom €
MOiIBUIICHANA BMICT paJoHy Yy JDKepenax, IIo
po3TamoBaHi B 30HI BIKPUTHX MNaJ€030HCHKUX
CTpyKTYp (Kypoptu M.CnaB’sHCbKa 3 paJlOHOBUMH
BOJaMH), LIO HANEKATh OO E€JHHOTO apTe31aHCHKOro
OaceifHy 3 CYITyTHIMH BOJaMH POIOBUII BYTJICBOIHIB,
ne Oynu 3adikcoBaHi MiTBUINEHI MOKa3HUKH (POHOBHIX
3HAYCHDb PaTI0aKTUBHOCTI.

[TigTBEepmKCHHSIM MOKIIHBOCTI ICHYBaHHSA 3B 3Ky
panmioaHOMaliil 3 MIrpamiero pO3YMHEHOTO PAJOHY €
«ocobnuBa»  cUTyamiss 3 POJOBHIIAMH Yy
HIDKHBOIIEPMCBKO-BEpXHbOKAM STHOBYT'LIbHOMY
ra30HOCHOMY KOMIUIeKci. Binomo, mo mnepeBaxHa
OUTBIIICTS POJOBHUII, MPUYPOUYCHUX OO MOPIA I[HOTO
KOMIUIEKCY ~HE€ Ma€ BOJHOI  CKJIaJoBOi  Ta
riapoarHaMIYHKX 3B’S3KiB 3 OTOYYIOUHMH HOPOIaMH,
Yepes 10 Ha HUX He OYJIO BCTAHOBJICHO ITiJBHIICHUX
MOKA3HUKIB pajialiitHoro oy mix gac OypiHHS.

KpiMm Toro, Tpum  BHBUCHHI  NPHUPOAH
pamioreoxiMiYHUX aHOMANid  CHiJi  BPaxOBYBaTH
(hakTop BMICTY BIIBHOTO pajgoHy Y TIOpoIax

KOJICKTOPIB Ta MNOKPHIIOK. Tak, Ha OpPUKIA, IS
MICKOBHKIB BMICT PaJIOHy B CepPeIHbOMY J0OpiBHIOE 133
Bx/m3, a quis rimH Bxke carae 200 Bx/me.

BucHoBKm.

HaBeneni ¢aktu BKa3yloThb Ha HEOOXIJHICTbH
MOJIAJIBIIIOTO PETEIBHOTO BUBYCHHS MUTAHHS 3B SI3KY
panioreoxXiMigHUX aHOMAaJTii 3 MMOKJIaTaM#
BYIJICBOJIHIB, HI0 MOXE OYTH BHKOPHUCTAHO JIJIs
pPO3pOOKH TPUHIMIIOBO HOBOTO METONY MOIIYKY
noknaxie BB. Sk Oymno 3a3HaueHO BUIE, BaXXITUBUM
(akTopoM AN aHAMi3y 3HAUCHHS ~ITOKa3HHUKA
pamioreoximMiuHOi  aHOMamii € TeoJOriyHa  Ta
TiJpOreoJioriuHa CHUTYyallisi Ha KOXHIH KOHKpETHIH
JUISHII HAAp, 10 MTOTpedye KOMIDIEKCHOTO MiAX0Iy Ta
BHUKOPHUCTAHHS 00YNCIIOBATIBHOT TEXHIKH.

CyyacHui piBE€Hb PO3BUTKY KOMII IOTEPHOI
TEXHIKH Ta MPOrPaMHOI0 3a0e3MeUYeHHs Ja€ 3MOry 3a
JIOTIOMOT'0K0 TPhOX BHMIPHOTO MOJCIIOBAHHI Ta
nmapajierabHOl CTATUCTUYHOT 00pOOKH BETMKUX MAaCHBIB
iHpopmarii [26-33] 3AIiCHUTH CITIBCTAaBJICHHS TaHUX
[0 aHOMANisSX IOBEPXHEBOrO pajialiifHoro ¢oHy,
TIMOMHHUX aHOMAJIsIX (BUSBJICHUX 110 CBEPUIOBHHAX),
Jitosyorii Ta TEKTOHINI HAa(TOra30HOCHUX PAHOHIB i
BUIUTUTH 3aKOHOMIPHOCTI, [0 BKAa3YIOTh HA HASIBHICTh
MOKIaiB ByryieBoAHiB. CrmpomieHa cxema 00poOKH
MOXITHAX HECTPYKTYPOBAHHUX MAHUX MOXE BUTJISLIATH
HACTYIIHAM YWHOM: HaOyTi Wi Yac CIOCTEepeKeHb
CTaTUCTUYHI JIaHi 3a IOTIOMOTOI0 METOJiB CHHTE3y Ta
inTepnossimii (kaprorpadiuni meromam, SQL-3ampocw,

00YHMCIICHHS CepeiHIX 3HaYeHb, palOHYBaHHs, OanbHa
OIIIHKA, CTATUCTHUYHHUIA aHAJi3, KOPEISALIHHUA aHaTi3,
TOWIO) TIEPETBOPIOIOThCS Ha €AMHY 0a3y NaHuX sKa
CKJIaJJa€THCSA 3 OJTHOPiAHOT CTPYKTYPOBaHOI
iHpopmarii. s iHpopMaris 00po0IsETHCS
AQHATITUKOM 3 BUKOPUCTaHHSM €TAJIOHHUX 00’ €KTIB Ta
CTBOPIOETHCSI  «mIa0JOH 3aKOHOMIpHOCTEH» 3MiH
3Ha4Y€Hb, 110 BIANOBIJAa€ HAABHOCTI Ha MaHIN MUISHI
MoKJIay BYyTrieBoaHiB. Ha manomy eram poGotu
Ba)XXJIMBUM € BPaXyBaHHS BCiX HAsSBHHUX T'€OJaHHUX Ta
BH3HAYCHHS TAKUX KOE(]IIi€HTIB B3a€MO3B’SI3KIB MiX
HUMH, IO MOXYThb BHKPHBISITH 9H CIIOTBOPIOBATH
OTpUMaHi pe3yJbTaTH. SIK MpHUKIaJ MOXXHAa HABECTH
3MEHIIECHHS 3a(iKCOBaHMX 3HAY€Hb PaJli0aKTHBHOCTI
HaJl CKJICMIHHAM MOKJIaJy 4epe3 JITOJOTIYHUHA CKiaj
MAcTKU: 30UIBIICHHS TNIMHUCTOCTI HA KpHIax — Ja€
30UIbIICHHS 3HaY€Hb (DOHY, a IICKOBUTICTh CKIICTIIHHS,

HaBNaKW, TNPUBOAUTH OO 3MEHIICHHS (DOHOBHX
3HAYCHb.
B  momampmomy  po3pobneHmii  «mabioH

3aKOHOMIPHOCTE» MOXKHA Oy 1e BAKOPUCTOBYBATH IS
MIPOTHO3Y MOKJIa/1iB BYTJIEBOIHIB HA TEPUTOPISIX, IO HE
JOCTaTHRO BHBYCHI OypiHHSIM 1 TakuM YHHOM
3MEMICBUTH TOIIYKOBO-PO3BiAyBAbHUN TMPOIEC Ha
HadrTy i ras.

Kpim Toro, mpouec po3poOku omnucaHoi BHIIE
METOJMKH 3 TIOIIYKY «IIa0JOHY 3aKOHOMIipHOCTE
JacTh 3MOTY OUTBII TTHOOKO 3pPO3YyMITH 3B’SI30K MiXK
BYTJICBOIHCBUMH CKYITYCHHSIMU Ta
pamioreoXiMIYHUME aHOMAIiAMH, IO (IKCYIOTBECS Ha
MOBEpXHI. AJDKe, SK BUAHO 3 MAPO3NUTY «AHaMI3
OCTaHHIX JOCIIHKEHb 1 MyOuTiKanii» Ha JaHUH MOMEHT
me He icHye copMOBaHOTO PO3YMIHHSA CYTi IIOTO
SIBHINA, a caMe siBHmIe Oesrnepedyno €. CkiaamHa ¢iznka
Mporecy po3naay Ta PpO3MOALTY PaiOaKTHBHHX
€JIEMEHTIB, Ta, SIK HACJIIOK, MIEPETBOPEHHS (ha30BOro
CKJIay BYTJICBOJHIB (paaioiiiz) moTpedye MpoBeaeHHS
MK TUCIUTUTIHAPHAX reoJIoro-paaiodisuuHuX
JIOCITIIKEHb, 1[0 3MOXKYTh JaTH PO3YMIHHS MPOIECIB.

JlirepaTypa

1. US. Bureau of Mines, Radiometric
exploration for oil (translated from a Russian paper),
USBM Circular 6072,1928, pp. 13-18.

2. borosnenckmit JL.H. Pagmomerpuueckas
pa3Benka HedTH // VI3BecTHA WHCTHTYTA TPUKIATHON
reo¢pmsukn BCHX CCCP. — 1927 — Bpm.3. — C.113-
122.

3. Armstrong, F.E., and Heemstra, R.J.,
Radiation halos and hydrocarbon reservoirs: a review,
U.S. Bureau of Mines Information Circular 8579, 1973.

4. Lundberg H. Isford G. Oil prospecting with
the radioactive method // World Petroleum. — 1953 —
June 2. — P.40-42

5. Lundbcrg H. Low radia[ion ovcr oil liclds //
()il and (Gas Journal. 1956. V. 54.

6. AnexceeB ®.A. Pagmomerpuueckuii MOHCK
Hed)TH, COCTOSIHME Pa3pabOTKM METOJa M OIBIT €ro
npumeHenus: // Pa3Benka m paspaboTka ITOJIE3HBIX
nckomaemsIx: Tpynel Bcec. HaydHO-TEXH. KOH(}. 1O
MPUMEHEHWIO  PAaJMOaKTUBHBIX W  CTaOMIBHBIX
HU30TONOB U M3JYyYEHUH B HAPOJHOM XO35AHUCTBE U
Hayke. — M.: ['ocronrexusnar, 1958. — C. 51—56.



.|
[EESY] |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(49), 2019 11

7. Anexkcee ®.A., Torrux @.I1.,, BopoObeBa
B.A. 3aKOHOMEPHOCTHU B pacnpeauieHun
PaAnOAKTUBHBIX 3JIMMCHTOB M C€CTECTBECHHOI'O0 raMma
HOJIsl pajMOAaKTUBHBIX oOyacTeil (K Bompocy O MpHU
poze pagMOMETpHYEeCKUX aHoMaiud) //  Tpyambl
BHUUAIT. — M.: Heapa, 1968. — Bem.2. — C.3-122

8. Davidson M.J. On the acceptance and
rejection of surface geochemical exploration // Qil and
Gas Journal. — 1994. — June 6. — P. 70-76.

9. Cobones U.C. MeToapl paguoreoOXuMuu MpH
HA3eMHBIX ITOMCKax MECTOPOXXKICHUN HEPTH W rasa
/VI3BeCTHSI TOMCKOTO ITOJIMTEXHUYECKOIO HWHCTUTYTaA —
2007. T.311. Nel ¢.90-96

10. Morse J.G., Rana M.H. New perspectives on
radiometric exploration for oil and gas // Oil and Gas
Journal. — 1983. — June 6. — P. 87-90.

11. Sanders D.F., Tompson C.K. Integrated
exploration improves wildcat success (Part I) // World
Oil. — 1987. — September. — P. 36-45.

12. Sikka D.B., Shives R.B.K. Radiometric
surveys of the Redwater oil field, Alberta: Early surface
exploration case history suggest mechanism for the
development of hydrocarbon — related geochemical
anomalies / Applications of geochemistry, magnetics,
and remote sensing, D. Shumacher and L.A. LeSchak,
eds., AAPG Studies in Geology Ne 48 and SEG
Geophysical References Series Ne 11. —2002. — P. 243—
297.

13. Collins B.l., Tedesco S.A., Martin W.F.
Integrated petroleum project evaluation — three
examples from the DenverJulesburg Basin, Colorado //
Journal of Geochemical Exploration. —1992. — Ne 43, —
P. 67-89.

14. Morse J.G., Rana M.H., Morse L. Radon
mapping as indicators of subsurface oil and gas // Qil
and Gas Journal. — 1982. — May 10. — P. 227-246

15. Kilmer C. Radiation lows over productive
areas seen as soil geochemical phenomenon // Oil and
Gas Journal. — 1983. — July 25. — P. 179-184.

16. Saunders D.F., Burson K.R., Branch J.F.,
Thompson C.K. Relation of thoriumnormalized surface
and aerial radiometric data to subsur face petroleum
accumulations // Geophysics. — 1993. — V. 58. — Ne 10.
—P. 1417-1427.

17. Cobones U.C., Mepkymos B.Il., PuxBanoB
JLII. Hekoropble METOOUYECKHE AaCMEKThl NOHUCKOB
MeCTOpO)K,I[eHI/Iﬁ He(bTI/I Hra3a paauoreoOXuMnu4CCKUMHn
metozamu // T'eonorust u oxpana Heap. — 2004, — Ne
2(11). - C. 57-65.

18. Siegel F.R., Hu Decheng, Vaz J.E., Wang
Zaiming, Viterito A., Areal thermoluminescence
radiometric survey of Shengping oil using buried
dosimeters // Oil and Gas Journal. — 1989. — July 3. — P.
53-57.

19. Wang Z., Qin D., Zhuang G., Zha Z., Wang S.,
Shen W., Cai G. Ap plication of thermoluminescence
dozimetry in the exploration for oil and gas using
Chinese GR200 LiF (Mg,Cu,P) TLD // Radiation
Protection Dozimetry. — 1993. — V. 47. — Ne 1/4. — P.
323-326.

20. Jlazapes @.J]. [IporHo3upoBaHue CKOIICHUI
Yrii€BoaopoaoB 110 JaHHBIM KOMIIJICKCHBIX
asporeo(pM3MUECKUX HCCIENOBaHUK (HAa TpUMepe

3anagHoit yactu EnuceiiXaranrckoro nporu6a): Jluc.
... KaH1. reoi.-MuH. HaykK. — Tomck, 2001. — 130 c.

21. Cobones WU.C., PuxpanoB JLII., Jlamenko
H.I'., ITapoBunuax M.C. IIporaosupoBaHue U MOUCKU
MeCTOpO)KZ[eHI/Iﬁ He(l)TI/I H rasa paguorcoxXxuMmnicCKuMu
metonamu // I'eonorust Hedtu u raza. — 1999, — No 7-8.
—C. 19-24.

22. Cronbon MMaperrun K J. O
LenecooOpa3HoCcTH KOMILIEKCUPOBAHUSI
JINOTCOXUMHYCCKNX MOMCKOB 3aJICKEH YTiI€Boa0poa0B
¢ ceifcMOpa3BeJOYHBIMH PA0OTAMU HA TEPPUTOPUHU
Tomckoi obnactu /! T'opHOTeomornieckoe
obpazoBanue B Cubupu. 100 ser Ha ciryxOe HayKH U
npousBojcTBa: Marep. MexnyHap. HayuyHo-TexH.
KOH(l)., ceKnuAa «["eonornueckoe u TOpHOC
obpazoBanue. ['eonorust Hedt u raza». — Tomck,
2001. - C. 264-265.

23. Siegel F.R., Chen R., Vaz J.E., Mathur V.K.
The integrated radiation environment at well sites — an
adjunct to petroleum exploration // Oil and Gas Journal.
—1997. — October 6. — P. 91-96.

24. Yanaki N.E., Ashery D., Kronfeld J. Careful
analysis reveals root cause of gamma ray anomalies //
World Oil. — 2000. — October. — P. 81-83.

25. Reddy A.S., Rao N.V. Radiation anomaly
correlation helpful in KrisnhaGodavari basin // Oil and
Gas Journal. — 2002. — April 15. — P. 38-42.

26. Johnson C. R., Moorhead R., Munzner T.,
Pfister H., Rheingans P.,and T. S. Yoo, Eds., NIH-NSF
Visualization Research Challenges Report, IEEE Press,
ISBN  0-7695-2733- 7, 2006, http://vgtc.org/
wpmu/techcom/national-initiatives/nihnsf-
visualizationresearch-challenges-report-january-2006,
doi: 10.1109/MCG.2006.44.

27. NSF  Blue Ribbon Panel Report on
Simulation-Based Engineering Science (J. T. Oden, T.
Belytschko, J. Fish, T. Hughes, C. R. Johnson, D.
Keyes, A. Laub, L. Petzold, D. Srolovitz, and S. Yip),
«Simulation-Based Engineering Science», 2006, www.
nd.edu/~dddas/References/ SBES_Final_Report.pdf.

28. NIH-NSF Visualization Research Challenges,
http://erie.nIm.nih.gov/evc/ meetings/vrc2004.

29. Pascucci V., Laney D. E., Frank R. J., Gygi F.,
Scorzelli G., Linsen L., and Hamann B., «Real-time
monitoring of large scientific simulations», SAC, pp.
194—198, ACM, 2003, doi: 10.1.1.66.9717.

30. Davidson S. B. and Freire J., «Provenance and
scientific workflows: challenges and opportunities»,
Proc. ACM SIGMOD, pp. 1345—1350, 2008, doi:
10.1.1.140.3264.

31. Freire J., Koop D., Santos E., and Silva C.,
«Provenance for computational tasks: A surveyy,
Comput. Sci. Eng, vol. 10, no. 3, pp. 11—21, 2008, doi:
10.1109/ MCSE.2008.79.

32. FreireJ., Silva C. T., Callahan S. P., Santos E.,
Scheidegger C. E., and Vo H. T., «Managing rapidly-
evolving  scientific ~ workflows», International
Provenance and Annotation Workshop (IPAW), LNCS
4145, pp. 10—18, 2006, doi: 10.1.1.117.5530.

33.Silva C., Freire J., and Callahan S. P.,
«Provenance for visualizations: Reproducibility and
beyond», IEEE Comput. Sci. Eng., 2007, doi:
10.1109/MCSE.2007.106.

I0O.M,,



12 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(49), 2019

[ |
EESY| |

HAYKU O 3EMiJiEE

3axapenko B.C, Kniwowenkosa E.C.,
benozepos A.A., /[3anapoe C.A.

Mypmanckuii I'ocyoapcmeennwiii Texnuueckuii Ynugepcumem,

Kageopa mopckozo Heghmezazo8o20 dena,
Mypmanck, Poccus

K BOITPOCY O CYHIECTBOBAHUMU COJIAHBIX TUATINPOB B APKTHUKE C ITIO3UITUN
PUDOTOI'EHE3A

Zakharenko V. S., Klyushenkova E. S.,
Belozerov, A. A., Japarov S. A.
Murmansk State Technical University,
Murmansk, Russia

ON THE EXISTENCE OF SALT DIAPIRS IN THE ARCTIC FROM THE PERSPECTIVE OF
RIFTOGENESIS

AHHOTAIUs. ABTOPBI pPacCMaTPHUBAIOT BO3MOXKHOCTh CYIIECTBOBAHHUS COJISHBIX AMAIHPOB B APKTHKE C
no3unun pudTorenesa. JlokazarenpHas 6a3a OCHOBaHA HAa CONOCTAaBICHHH JaHHBIX MOPCKOH celicMOpa3BelKH U
rpaBHpa3BeIKH C HEOTEKTOHMYECKUMH CTpyKTypamu bapenneBo-Kapckoro menbga, 1adopaTopHOro omsita u

MAaTEMAaTHICCKOTO MOJACIIUPOBAHUS.

Abstract. The authors consider the possibility of the existence of salt diapirs in the Arctic from the
perspective of riftogenesis. The evidence base is based on a comparison of marine seismic and gravity data with
the neotectonic structures of the Barents-Kara shelf, laboratory experience and mathematical modeling.

Krouesvie cnosa: Coaanvie cmpyxkmypul, bapenyeso-Kapckuii wiensgh, ouanupel, Apkmuxa, HeomekmoHuxka

Keywords: Salt structures, Barents-Kara shelf, diapers. Arctic, neotectonics

ApKTHKa SBJISE€TCS TIJaBHBIM pPErHOHOM Ui
MOTIOJIHEHHSI  PECYpCHOW  0as3bl  yIIIEBOAOPOHOTO
celpbss P® u mpuBiekaeT BHUMAHUE YYEHBIX BCEX
ctpan. C yderoM 3TOrO, TpeOyercs IUIaHOMEPHOE
HCCIIeIOBaHNe 0CaJJOYHBIX GacceitHOB,
PacToOJIOKEHHBIX B apKTUYECKOHl  aKBaTOPHH.
3HaunTeNIbHAs YaCTh MHPOBBIX HE(QTSIHBIX M Ta30BBIX
MECTOPOXKJIEHNN pacloNaraloTcss B 30HAX COJSTHO-
KyHOJNbHOM TeKTOHUKHU. COJISIHbIE JUATIUPBIL, ABISIOTCS
HE TOJBKO 3JIEMEHTaMU CTPOCHUSI HE(TErazoHOCHBIX
paspe3oB, HO U BaXHbIM IOMCKOBBIM IPH3HAKOM
3aneranus HedTtn Ha TiayOune. Hamuume costHBIX
CTPYKTYp B ApKTHUECKOM mIeib(de, a 0COOEHHO HX

MMPOUCXOKICHUC, 0 CHux nop ABJISICTCS
JUCKYCCUOHHBIM.
Jlo TociemHero BPEMEHH  TOCIOJCTBOBAja

«IaryHHas» TOYKA 3pEHUS] HA MPOUCXOXKIECHUE COJeH
MyTEeM BBIIAPHBAHUS B MEIKOBOIHBIX OacceiHaX B
ycIoBHAxX xapkoro kimMmata. C 3TOH TOYKH 3peHHUs
CYIICCTBOBAaHHUE COJITHBIX JHANTUPOB B ApPKTHKE
HEBO3MOXKHO. 3aTeM, MOSBWIHCH JOKa3aTeIbCTBA O
NPUYPOYCHHOCTH  COJICHOCHBIX  OTJIOKCHHHA K
nepudeprun ATIAHTHYSCKOTO OKEaHa U COBITAJICHUAC HX
BO3pacTa CO BpeMEHEeM Hadajia pacCKpBITUSI OKeaHa, TO
€CTh CBSI3b C HAYaNbHOW CcTajgueil pudToreHesa
(BonattiE., M.Ball, C.Schubert, 1970, CashmanK.V,

1985, Txunopunze H.M 1982, 1987, Bep6a M.JI. 2003
uap.) .

C no3umuii  pudroreHesa  CylIeCTBOBaHHUE
COJISIHBIX TUITUPOB B ApKTI/IKe HC TOJIBKO BO3MO>KHO, HO
U MOXET SBJIATBCA AOIIOJIHUTCIBHBIM ITOMCKOBBIM
NPU3HAKOM CYIIECTBOBaHUS He(TH Ha rITyOuHe.

Llenp Hamiero WCCIEAOBAHUS: PACCMOTPETh
Mo/ieIi (POPMHUPOBAHHUS COJISIHBIX TUAITUPOB U UX CBA3b
C HE(TSIHBIMH JIOBYIIKAMH.

3agaun:

1. Ha paznuuHbIX npuMepax B MUPOBOM MPAaKTHKE
paccMOTpeTh  CBSI3b  COJICHOCHBIX ~ CTPYKTYp €
HE(QTAHBIMHU JIOBYIIKAMH.

2. PaccmoTpers TOHCKOBBIE Teo(U3NIEecKHe
MPU3HAKU COJIEHOCHBIX CTPYKTYP.

3. IIpoBecTn 1ab0paTOPHBIHA OTIBIT,

MOJICTPYIOMIHHA (HOpMHUpPOBAHUE CONSTHOTO AUAMUPA.

4. JIns moATBEpXkKAEHHUS PE3yJbTaTOB IMPOBECTU
pacdeTrsl U maremarudyeckoe mojenupoBanue B 10O
«Wolfram Mathematics».

1. I'eonozo-2eo0puzuueckuit ananus

Bcero B mupe BoiieneHo 19 rito0aibHBIX CONSHO-
HAQTUIHBIX Y3JIOB, CYIEP-THTAHTHI W3 KOTOPBIX:
IIpukacnuiickui, MekcukaHcKui, BocrouHo-
Cubupckuit  u  Cpeam3eMHOMOPCKUN  OacceiHbI
conepsar 10 2,5 M km° coneii (puc.1).
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Puc. 1. Cxemamuuecxas Kapma KpynHetux coasHO-HaAQmMUOHbIX y3]106 mupa. [1].

B xome paboTbl MBI HM3YYWJIM 30HY COJISHBIX
JManupoB B ceBepHOM 4vacTtu akBaTopuu Kapckoro
Mopsi. Ha cymecTBoBaHME CONSHBIX JTUANIPOB B
JTAHHOM palioHe BHepBBIe yKa3eiBald Bepboa MUJL. [2], a
1o ceficMHUYEeCKHM IaHHBIM BbLAenmI Hukummue (1o
JTAHHBIM Hedreraza), 6e3 JIOTIOTHUTEIbHOM

apryMEHTALUH U C OOBSCHEHHEM TeHe3Hca Coyed C
JIATYHHOU TIO3UITUH.

Takum oOpa3zoM, JokazarenbHas KOMILICKCHAs
0asza: CBsI3b C TIPaBUKOH, pPU(TOreHE30M, a TaKxKe
naboparopHbie

MOJECJIMPOBAHUE 4 OIIBITHBI

NPOBOJMJINCH ABTOPAaMH BIIEPBBIC, YTO JIENAeT OTY
paboTy aKTyarsHOH.

Paccmotpennsie nporu6 Ypaanuesa-BoponnHa n
MeraBan HanuMBKMHA YHHKaJlbHBI TEM, 4YTO B HUX
mpenenax — IOHPOKO  PasBHT  IPOLECC  COJISTHOW
TEKTOHUKH, KOTOPbIC H300PaXEHbI B BHIC Pa3THIHBIX
00pa3oBaHuii U GopM: TUATTHPOB U COJISHBIX TOAYIICK,
cTpykTyp THna rollover u mTokoB (puc. 2). Takum
obpazom, MOBBILIAETCS MEPCIICKTHBHOCTD
MECTOHAXOXKACHUS HE(MTSAHOW 3aJeKH B JAHHOM
paiioHe.

Puc. 2. Ceticmuyeckuii npoguns 6 cegeproii uacmu Kapckozo mops (npoeub Ypsanyesa-Boponuna u mecagan
Hanuexuna).

B mnouckoBoll reom3mKe OCHOBHOW IIEJIBIO
SIBJISIETCSI BBISIBJICHHE MOTEHINAIBHBIX HE(TEra3zoBbIX
CTPYKTYp — JIOBYHIEK. 31€Ch IIMPOKO HCIOJIB3YyeTCs
KOMILIEKC, BKJTIOYAIOIIIH BBICOKOTOYHYIO
rpaBUpa3sBeIKy MU CEHCMOpa3BeIKy OTPaKCHHBIMU

BosmHaMu. Haubosee MpOIyKTHBHO NEHCTBYET TakKoi
KOMIUIEKC, KOTJla B pa3pe3e HcclelyeMoi o0sacTi
pa3sBUTBl MOIIHBIE COJITHOKYIIOJBHBIE CTPYKTYPBI

(puc.3).
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OTNOXEHUS: 1-NeCcHaHO-TMUHUCTBIE (5=2,4r/cM ), 2-ConeHocHble (5=2,15r /o™ )-
MoBepxHOCTL CONK:3- N0 AaHHLIM CelcMopasseaky; 4- BbivucneHHasn nytem nogbopa.
Kpuebie cunsl Tsokectu: 5- HabnioaeHHas (8 peaykuum bByre); 6- pacyerHas.

Puc.3. Ilpumep xomniexcuposanus epasupazeeoku u ceticMopazeeoku npu usyyenuu peibeda coieHoCHoU
Moy, 20e OUAnuUpy coomeemcmsyem epasumayuOHHbIl MUHUMYM.

I[lo  pesympraTaMm  TEONOTO-TEO(PU3IUIECKOTO  MPUYPOUCHHOCTHIO K OOKOBON YacTu pu(TOBOM 30HEI
aHAM3a MOXHO CIeNaTh BBIBON, 4YTO JHAMUpPbl, (puc.4) H  MOLYT CIYXHUTb  JOHOJHHTEIbHBIM
BBIJICICHHBIC o CeHCMUYECKUM JOaHHBIM, TIPU3HAKOM HalMuus HepTH Ha TIyOMHE B OTOM
MOATBEPIKACHBI COMOCTABICHUEM C TPaBUTALIMOHHEIM  paifoHe.
nosieM ApKTHKHU (30Ha IPaBUTALIMOHHOTO MHHUMYMA),
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Me3030dcKne (SO HeTONACOND-
PAHMEMENOBLIS) OPOMeNLI

- KapOomono-Nepmoime 0poross

(NACTUNKO NOA YEXNOM)

LlONoant 0AGNOHMOKIE CKNAIMA Trie
0HK (HBCTHNHO NOA YOXNOM)

Cpeane-nosanerpnacosbie
NPAOELIe NPOrWoiL

m Pannemencewe
KPAOBLIO NPOMMBGe

I-Mnoaowrpu PUTOBLIX

PTOd

OCARKON 601\.03 )
Puprosue Gaccomm

Bacced s ¢ conamoR
TEKTONMKOA

Ocanoumuie Gacceh
HEPACHNEHEHHLIE

X Ban, MHBEPCHOHHIE CTPYKTYPH!
NOAMATUR

Puc. 5. Ilpunyunuanvnas mopgpocmpykmypuas cxema nosepxnocmu ona Bapenyesa mops
[no Bepba, Bunozpaoos, Mumpogarnos, 2005];
JKenTeiii IBET — HEOTEKTOHUYIECKHE CTPYKTYPHL: OKpanHHO-IIEIb(OBBIC kea00a (pudThl):
1 -JIntke; 2 — Opina; 3 — @pann Bukropun; 4 — bpuranckoro Kanana; 5 — CB. AnHbl, 6 — Boponunna; 7 —
[Hokanbckoro; 8 — Bumbkuiikoro. KpacHas cTpeiika yka3plBaeT Ha UCCIIEyeMYyI0 00J1acTb.

2. Jlabopamopnutii onvim. IlyteM TpoBeleHUs  Ha COJSTHOM pacTBOp OOKOBBIM JaBJICHHEM (TIOPIIHEM)
71a00paTOPHOTO  OMBITA  PACCMOTPEHAa  MOJENb MBI IIPOCIIEAMIIN €T0 MUTPALHUIO.
(hopMupoBaHHUs CONTHOTO Auamupa. T.e., Bo3meicTBys
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Puc.6. Cxemamuunoe uzobpadicenue 1a60pamopHoil yCmaHoGKu.
Hauano onvima.

Kak Tonpko cnoil romuel (p=1.91 r/cm®) 6pin
IpopBaH CONSAHBIM pacTBopoM (p=1.63 r/cm®) -
3a(hMKCHPOBAIIN JABJICHUE U 3aBEPILIMIIH OIBIT (puc.7).

Puc. 7. Cxemamuunoe uzobpadicenue 1a00pamopHotl yCmaHO8KU.
3asepwenue onvima.

Tak Kak COJIIHOM pacTBOp IPOPBaJI [NIMHUCTBIN
CJIOW, TO MOYKHO HPEAINOJIOKHUTh, YTO OH Pa3BHUBAJICS
KaK COJITHOH JAuarnip 1 MUrpupoBajl TaM, ra€ B TJIMHE
OBLTO HATTMYHE MUKPOTPEIIHH.

3. Mamemamuueckoe moodenuposanue. UtoOb1
MOATBEPIUTh  PE3yJAbTaThl ONbBITA MBI  MPOBEIH
MaremaTHieckoe MoxenmupoBanue B I10 «Wolfram
Mathematicsy.

Iocmanoska 3a0ayu: PpaccCMOTPUM Ipoliecc
(dbopmupoBanust cosisiHoro auanupa B teuerHud 30000
JIET, CO CPaBHUTEIbHBIM HalO0cHrEM Kaxkasie 6000
JIeT.

Pacuer GazupyeTtcst Ha
npeodpazoBanny Jlamnaca-Pypee:

COBMCCTHOM

1 (o] oo
U(k,x,,t) = \/T_nf f u(xq, x5, t) exp(—at — ikx;) dx, dt
0 —oo

3areM BO3bMEM BO3MYIIAIONIYIO CIUTY, (PYHKIIHS KOTOPOW:
u(xq, xz,t) = 2x;j + aty

Hcxoouvie dannvie 11 NOCTPOCHUS CIEIYIOLIHE:
TeH3op Hampspbkenus 1,5 MIla;  kosdduimenTs
k=1,a=1; Bpems pocta comnstHoro auanupa 30 000 ner.

Ug

Jlist mocTpoeHus JIeBOM yacTh rpaduka Hadana
(opmupoBaHus COJISTHOTO JManupasagaemM
COOTBETCTBYIOIIYIO (DYHKIIHIO:

Xoo pabomwr:  IlpeobOpazyem

NOJIy4uM:

HUHTETpal U

1 foo e—1.5t(4+ lzt)
= T
\/27‘[ 0

i3
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15f(4+1 t)

u00 = J.
V23.14
y00 = Plot[u00, {i, 0,60}]

Jls onpenenenus Tpa@uKOB HCIOIB3YEM METO.
CpaIMBAHUSL:
par5 = Fit[s5,{1,x?,x3}, x]
y0 = Plot[u0, {i, 0, —60}]

COOTBETCTBEHHO JUIA IOCTPOCHUA HpaBOﬁ JacTu

rpaduka: "
y00 = f (2x% + t)e(-ot-tkx)dx
y005 = }O’lot[parS,{x, —5.6,5.35}]
OObeuHUB BCe (GYHKIMU MOTy4aeM IEIbHBIN I'pacdux HU3MEHEHHUS (hopmbl HIAMKH

rpaguk Havyana (OPMUPOBAHUS COJSHOIO JUalldpa  PAaCCUUTHIBACTCS aHAJIOTMYHO MEPBOMY 3Tally, HO HpH
(puc.8-A), a 3areMm wMozenupyeM (OPMHpPOBaHME  CpAIlUBaHUM TpadUKOB HCIOJIB3YEM  CIEYIOIIUE
coJIstHOTO nuanupa Ha npotsxenuu 30 000 net. (bopmybL.

Tak kak IIpu pPOCTE COJIAHOM IUANUpP JOCTUTaeT
Oonee MIOTHOM cpeabl (HallpuMep, TIUHY), TO Y HEro
HaunHaeT aeopMupoBartbes mamnka (puc.8-b).

par6 = Fit[s6,{1,x°},x]
y006 = Plot[par6,{x, —5.37,5.37}]

20 40
5
10
A
10

Puc.8. A) - Hauano ¢hopmuposanus conanozo ouanupa.
b)- epaghux pocma consinozo ouanupa ¢ usmenenuem gpopmor wanku wa npomsiscenuu 30 000 zem.

30 0 10
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CoBMECTHM CXeMaTHYHOE H300pa)kKeHHE OIblTa  MOIYYUTh H300pakKEHHE TOro, KaK IPOW3OLIEN POCT
(puc.7) m coBMeUIEHHBIH TrpaduK pocTa COJITHOIO  COJH B omblTe (puc.9).
muanupa (puc.8-b) s Toro, 4roOBI HArJSIHO

Puc. 9. Coemewennniii epapux 1ab6opamoprozo onvlima ¢ pe3yibmamamii MamemamuyecKo2o MoOeIuposanus,

UTIOCMPUPYIOWUL pocm ouanupa.

Taxum 06p330M, caejacM CIICAYHOIUEC BBIBOJBI: noABeprarb  3aXOPOHCHUIO 0e3 npenBapI/ITeanoﬁ

1) moaTBepXkIaeTcsi BO3MOXKHOCTH OOpa3oBaHUS
COJIIHBIX THANTUPOB B APKTHKE YCIOBHUSAX pH(TOreHe3a
Y HEOTCKTOHUKH;

2) mox BIMSHHUEM TEKTOHHUYECKOTO HAIpsDKCHUS
HNPOUCXOJUT POCT U (OPMHUPOBAHHE  COJISTHOTO
JMaImpa, a ero KOHPUrypamus 3aBUCUT OT Pa3IMYHBIX
Te0JIOTHYECKUX (haKTOPOB;

3) KOMILJICKCHBII aHaIN3 Pa3IMYIHBIX
reo(pu3M4ecKuX METOJOB apryMEHTHpYeT HaJIndne
COJIHBIX JMAlMpoOB B palOHE HCCIENOBAaHUA |
TIOBBIIIAET CTENEHb BEPOSITHOCTH HaNMW4us HepTH Ha
riryOuHe;

4) mnpum OypeHHH  CleQyeT  YYHUTHIBATh
0COOCHHOCTH COJIGHOCHBIX TOJIII M BO3HHKAIOIINE
JIOTIOJTHUTENbHBIE PUCKH.

5) 1nmabopaTOpHBIM OMBIT, WUTIOCTPUPYIOIINI
CBOICTBO COJIE «BCIUIBIBATB» K IOBEPXHOCTH,
TOBOPHUT O TOM, 4TO OypOBOif PacTBOp, COAEPIKAIINIA B

OYUCTKH, TaK KAK 3TO MOXKET NPHUBCCTHU K 3dCOJIOHCHUTIO

MOYB W  3HAYUTEIBHOMY ymiepOy  HapoJHOMY
XO3SICTBY.
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CBOCM COCTaB€ COJIM, HH B Koeu MEpPE HECIIb3A

*Dorjnamjaa, D., **Voinkov, D.M., *Altanshagai, G., *Enkhbaatar, B
*Institute of Paleontology and Geology, Mongolian Academy of Sciences,Ulaanbaatar,
**VNIIGeosystem, Moscow

ON THE LOWER CAMBRIAN KHASAGTIAN GROUP OF THE ICHNOFOSSILS AND SOFT-
BODIED FAUNA OF THE ZAVKHAN PHOSPHATE BASIN IN WEST MONGOLIA

Abstract. This presentation considers deals with biostratigraphic peculiarities of the Zavkhan phosphate
basin by example of the Tsagaanolom shelfy trough. The Tsagaanolom trough was formed a large shelfy basin
that is located in the western part of the Khangai intraplate orocline geostructure and existed during Late
Neoproterozoic to Early Cambrian times.This phosphate shelfy trough is important to Late Precambrian -
Cambrian geology and paleontology because the stratigraphic sections of the Maikhanuul (diamictite),
Tsagaanolom (carbonate), Bayangol (terrigenous) and Salanygol (carbonate-terrigenous) formations are thick,
relatively complete, well exposed and particularly correlatable with classical sections of the Siberian platform.
Also important is the fact that the sections contain a combination of stratigraphic features seldom found elsewhere
over this interval in a single region: diamictites, bacterial fossils, trace fossils, small shelly fossils, soft-bodied
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fossils, sponge spicules, archaeocyaths and calcimicrobes, abundant carbonates for carbon and strontium isotope

stratigraphy, and good potential for sequence stratigraphy

Keywords: Bayangol section, Ediacarian-Lower Cambrian boundary, Bacterial fossils, Trace fossils, Soft-

bodied fossils, Small shelly fossils

INTRODUCTION

We present new results from the first detailed
paleontological study of the Ediacaran-Early Cambrian
siliciclastic and carbonate dominated deposit in the
Zavkhan phosphate basin in 1990-1996 and 2006-2017.
Here we focus on the succession of ichnofossils and
soft-bodied fossils in order to highlight the factors
affecting geobiofacies and fossil distribution across the
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boundary itself. Khasagtian group of an inskeletal
fauna is all the ichnofossils and soft-bodied fauna from
the Ediacaran-lower Cambrian concordant limitotype
strata of Mongolia. Field work was undertaken along
the North Khasagt Khairkhan range, Bayan Gol,
Tsagaan Gol gorges, including Tayshir refer section

(Fig.1).
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Fig. 1. (A) Schematic stratigraphic column of the Zavkhan basin. (B) Sketch map showing the location of the
study area (Zavkhan basin) in west Mongolia. (C) Schematic geological map of the Salany Gol R., Tsagaan Gol
R., Bayan Gol R., and Tayshir gorge (Khevtee Tsakhirnuruu) areas within the Khasagt Bogd mountain
(Levashova et al., 2010).

In southern part of the Khasagt Khairkhan range
an Orolgai section of the Tsagaanolom, Bayangol,
Salaanygol and Khairkhan formations was being
examined by us together with paleontologists from
Sweden (C. B. Skovsted), England (T. P. Topper),
Australia (M. J. Betts) and China (G. X. Li) in 2018.
Majority material was found as float at each section.
Specimens were phorographed in the field, and some
cast with dental alignate, using neat shampoo as a
releasing agent. The holotypes of the collections of
paleontologically and stratigraphically significant
material have been deposited at the Institute of
Paleontology and Geology, Ulaanbaatar, at the
Paleontological Museum of the Paleontological

Institute of the RAS and other standard materials at the
University Museum, Oxford (OUM), Department of
Earth Sciences (Sedgwick Museum), University of
Cambridge, Department of Palecbiology Swedish
Museum of Natural History Stockholm, Sweden and
Natural History Museum of Denmark Copenhagen,
Denmark. .

RESULTS

The Zavkhan phosphate basin of western
Mongolia was carbonate platform in  the
Neoproterozoic-Cambrian period (Dorjnamjaa et al.,
2016, 2018, 2019). In this area Ediacaran-Early
Cambrian seccession rests nonconformably on Early
Neoproterozoic Zavkhan (3000 m) and Maikhanuul
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(220 m) formations and are represented by
Tsagaanolom (1600-1900 m) and Bayangol formations
(Dorjnamjaa et al., 2016). Ediacaran problematic biota
(presumably, Beltanelloides, Beltanelliformis or
Nemiana); numerous fragments of cyanobacterial mats
(with dominant taxon Siphonophycus); colonies of
coccoid microfossils; mineralized multi-layered algae,
which probably regarded to Thalophycoides and rich
assemblage of trace fossils were discovered in the
Bayangol formation. Algae of genus Thalophycoides
demonstrate cellular construction and thallus structure
of pseudo-parenchymatous type comparable to that of
red algae. The complex of trace fossils let us make the
reconstruction of the first Cambrian bioturbators and
some conclusion on the ichnostratigraphy in the
Precambrian-Cambrian  boundary interval. The
Bayangol formation (up to 940 m) is represented by

alternating packages of carbonates and siliciclastics.
The local stratotype section of the Bayangol formation
have been established at the Bayan Gol gorge. The
analogous sections are known within the Orolgai,
Salany Gol, Tsagaan Gol, North Duulga Gol gorges and
Tayshir or Durulj gorge. The way in which the
Ediacaran- Lower Cambrian boundary International
Global Stratotype was positioned coincides with the
appearance of Phycodes pedum ichnozone at Fortune
Head section, Newfoundland and Tommotian regional
stage, Siberia. The Khasagtian fauna was collected
from sections along Bayan Gol and Tayshir gorges.
Close to the base of bed 18 of “particoloured stone”
member numerous Spatangopsis (Figs. 1; 2; 6:7) and
Medusoid were found (Fig.10A).These are regarded as
soft bodied fossils by Goldring & Jensen (1996). -

Fig.2. Lowermost eighteenth bed of the Bayangol formatloﬁwnh Spatangopsw mongollca Dorjnamjaa and
Phycodes pedum Seilacher in the Bayan Gol gorge (GPS: 46°41°48, 9°’; 96°17° 54, 0°).
Photograph D. Dorjnamjaa, 29.08.2017

Fig.3. New location of Spatangopsis mongolica Dorjnamjaa, hosphatic silty sandstone in the base of 18™ bed of
the Bayangol formation indicative the limitotype boundary between Ediacaran and Lower Cambrian.
Bayan Gol gorge. Photograph D.Dorjnamjaa, 29. 08. 2017

Ichnofossil assemblage (Figs.4; 5; 6). Bayan Gol
gorge. Distribution of the ichnofossils in the sections of
Bayangol formation, “Particoloured stone” member
bed 18. An ichnotaxon is Phycodes pedum Seilacher,

Didymaulichnus miettensis Young, Helminthoida cf.
miocenica Sacco, bed 20: above ichnotaxa, together
with Cochlichnus isp., Rusophycus cf. avalonensis
Crimes and Anderson,
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a,b,cdef

g
Fig.4. (Field photographs except c, f) (a) Helminthoida isp.(SM X 25957). (b) Didymaulichnus miettensis Young.
Endichnial reliefs in fine-grained sandstone with lateral belevs partly exposed. (¢) Zoophycos (? Spirophyton)
isp. (OUM AY 15), Tayshir I. (d) Treptichnus bifurcus?. (¢) Rusophycus cf.avalonensis Crimes &
Anderson,positive hyporelief. (f)? Plagiogmus isp. (OUMAY13). (g) Palaeophycus tubularis Hall Hypichnion. x
1.0. All specimens x10.Specimens figured (b, €) are from unit 20, Bayangol formation; those figured (a, c, f) are
from Tayshir gorge. Specimen (g) figured is from Lower Bayangol formation (unit 18).
Photographs D. Dorjnamjaa, 1993 and 2017 (g).

Monomorphichnus isp., Tsagaan Gol gorge:
Bayangol formation. Phycodes pedum Sealacher,
Didymaulichnus miettensis Young, Hormosiroidea
isp.. Treptichnus cf. triplex. Tayshir gorge: Bayangol
formation.  Didymaulichnus  miettensis ~ Young,
Cochlichnus isp., Helminthoida isp.,
Monomorphichnus isp., Oldhamia radiata Forbes,
Zoophycos isp. It should be particularly emphasized
that Pycodes pedum is common in beds 18 and 20 at
Bayangol formation in several toponomic expressions
but mostly as positive hyporeliefs by R. Goldring et al.
(1996) and D. Dorjnamjaa et al. (2004, 2005).

Palaeophycus tubularis Hall, 1847. Figure 3g.
Several float slabs from unit 20 (Bayan Gol) and unit
35 (Tsagaan Gol) show a thinly mud-lined and sand-
filled burrow of variable diameter (8.0 mm max.) as
ephichnial full reliefs.

Helminthoida cf. miocenica Sacco,1886. Figure
3a. Directed meandering burrows are commom in units
18 and 20 at Bayan Gol. The burrows are 3-4 mm wide
and with rather short meanders, with loops almost
closing, and frequent overlaps and crossings. In unit 20
the meanders are relatively parallel, burrows are 3-6
mm wide with height: width ratio 3-5:1.Slabbing of
material from unit 20 shows that the trace is preserved
as a hypichnial burrow and as full, positive or negative
reliefs, and that it is post-depositional.

Chochlichnus isp. several specimens found as
float from unit 20, Bayan Gol, show sinuous positive
relief, respresenting burrows. The unevenly sinuous
structure is suggestive of the trace of the “funnel”
associated with “Psammichnites-plagiogmus”.

Didymaulichnus miettensis (Meandering bilobed
trail) Young, 1972. Figure 3b. This ichnotaxon is
present in all sections as endichnial reliefs, which are
from unit 20, Bayangol formation, Bayan Gol. This

ichnotaxon is widespread in the Upper Precambrian to
Lower Cambrian (Bromley, 1990).

Monomorphichnus isp. A single line of obliquely-
arranged, parallel, straight scratches shows as positive
hyporeliefs. The scratches range from thinner an fainter
(c.4.0 mm) to stronger and longer scratches (c.10 mm).

Rusophycus cf.avalonnensis Crimes & Anderson,
1985. Figure 3e. Several specimens found as float from
the top of unit 20 in Bayan Gol show a paired group of
hypichnial transverse, almost parallel, structures
without angular convergence, representing shallow
impingement onto a casting substrate below a sand bed.
While some show typical coffee-bean form, others are
no more than surface scratches.

Zoophycos isp. Figure 3c. One specimen (Tayshir
section) preserves what appears to be part of a circular
Zoophycos-type spreit. The diameter of forms appears
to have been less than 10 cm, which is smaller than
typical for Zoophycos. We consider that the Tayshir
specimens represent one of the earliest locations of
Zoophycos.

Phycodes pedum Seilacher, 1955. Phycodes
pedum is common in the lower part of unit 18 and upper
part of unit 20 at the Bayan Gol and North Duulga Gol
gorges in several toponomic expressions but mostly as
positive hyporeliefs (Figs. 4;5). Besides Phycodes
pedum was known from Bayangol formation of the
Dzun Arts (Esakova et al., 1996), Tayshir and Orolgain
areas. Its earliest appearance, around 635 Ma, which
was contemporaneous with the last of the Ediacaran
biota, is used to help define the dividing line,
considered geologically at 541 Ma, between the
Ediacaran and Cambrian Periods. Exactly age range is
635.0 to 478.6 Ma. As known distribution: Cambrian
of Canada (1- Newfoundland collection) and Mongolia
(1-Bayangol gorge), Ordovician of Poland (2),
Ediacaran of Namibia (1), Norway (1), Spain (1). Total:
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7 collections each includ a single occurrence.
Environments: marine (1 collection), deltaic (1),
submarine fan (1), open shallow subtidal (3), shoreface
(1). Sister taxa: Phycodes circinatus, Phycodes
palmatum, Phycodes palmatus, Phycodes ungulatus,
Phycodes wabanensis. Thus, Phycodes pedum is being
important for defining the Precambrian-Cambrian
boundary or marking the Cambrian-Ediacaran GSSP
and ICSS (2012). It occurs in high relief on the soles of
thin-bedded sands, silts, and is the preserved burrow of
an animal rather than a fossil of that animal. Cross
sections reveal that the bundles of smoothly curved
burrows seen in bottom view are actually the bases of
closely packed vertical spreite bodies consisting of
retrusive backfill lamellae. This species has a fairly
complicated and distinctive burrow pattern: along a

central, sometimes sinuous or looping burrow it made
successive probes upward through the sediment in
search of nutrients, generating a trace pattern
reminiscent of a fan or twisted rope. Since only its
burrows have been found, it is presumed that the
Phycodes zoobenthos lacked any hard anatomical
features, such as shells or bones. Its morphology and
relationship to modern animals is therefore unknown,
and some dispute even its inclusion within the animal
kingdom. Synonyms are Treptichnus pedum
(Seilacher, 1955) and Treptichnis bifurcus (Miller,
1889), Manykodes pedum, Trichophycus pedum. The
name Treptichnus pedum means "turned-trail (Greek)
of feet (Latin)" and formerly hamed Phycodes pedum,
Manykodes pedum by Srivastava et al. (2016). All the
ichnofossils are typical of shallow marine microfossils.

0 S5cm

Fig.5. Phycodes pedum.Curvilinear burrows with successive
tooths viewed from an external side schematic drawins )

Fig.6.A-Phycodes pedum remains of the Bayangol formation. B-Sister taxa: Treptichnus bifurcus. silty sandstone
slab (Miller,1889); This ichnogenus is interpret as a trace fossils, such as footprints, nests, Bayan Gol gorge,
field polychaete worms and photograph, D. Dorjnamjaa, 1993, and an amphipoda (Bromley,1990).

SOFT-BODIED FOSSILS. The new words
about Spatangopsis mongolica Dorjnamjaa (Fig.6),
Paracharnia gen, nov., Oldhamia radiata Forbers and
Medusoid (Fig. 7). These soft-bodied fauna discovered
for the first time, from Bayangol formation in 1991 and
1993, also 2017.

Psammocoral Spatangopsis Torell as a genus is
known from Cambrian sediments in Swede, Estonia,
Scotland and Mongolia. Where as, Spatangopsis

mongolica Dorjnamjaa (as a new species) was found
and described at the level with Phycodes pedum from
unit 18 of Bayangol formation, it is the only occurrence
in the world at present (Dorjnamjaa et al., 2016,2019).
This species (zoophyte) is only known from hyporelief
casts, rather than complete sand buttons. It had a large
ventral dimple and a number of rays variable from
three-five to seven.
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Fig.7. A-Ventral surface of Spatangopsis mongolica Dorjnamjaa.Three-five to seven rayed specimens. Note the
variable development of the ventral dimple. Scale bars represent 10 mm.Remains from Lower Cambrian
Bayangol formation, Bayan Gol gorge (Dorjnamjaa et al., 2012). B- S.mongolica remains on the green
phosphatic silty sandstones slab, 200 m above from the base of Bayangol formation.GPS: 46°41°55,2°°,96
°78°03,5"". Photograph D.Dorjnamjaa.29.08.2017.

Scale 1:2500

Fig.8.Geological profile of “Tayshir-1" section, Ediacaran (Tsagaanolom)-Lower Cambrian
(Bayangol) boundary of the organogenous sediments along the Tayshir gorge(Dorjnamjaa et al., 2018).

1. Maikhanuul formation (NP mu)- diamictite
(ungraded, uncarbonate terrigenous sedimentary rock
with derived angular soled granitic, sandstone and
volcanic pebbles), 2-Tsagaanolom formation (EdCo)-
dolomites, dolomitic plaglike limestones, locally
compact brecciated with microphytolites (Radiosus
limpidus  Z.Zhur.,,  Asterosphaeroides  tayshir
D.Dorjnamjaa forma nova) and algae (Renalcis
pectunculus Korde., Epiphyton scapulum Korde.),
calcareous siltstones; 3-7- Byangol formation (E;bn). 3-
arkosic, calcareous, clayey, glauconitic sandstones,
marly, 4- siltstones, silty sandstones, argillite, 5-
claystones, aleurolite; fossilised calyptra, 6-schistose
grit, biohermal, biostromal limestones,7-shale, clay,
calcareous grit, 8- acid volcanic vein dike; 9-A-
oncolites (Figs.14-15), B-calcareous algae (Renalcis),
algal calyptra; 10-A-SSFs (molluscs, tubular fossils), b-
zooproblematica (Hyoliths, Cambrotubulus); 11-A-
Medusoid (jellyfish), B-Paracharnia; 12- A-Oldhamia
radiata, b-Trace fossils- Helmintoida isp, Planolites;
13-Elements of bed occurrence.

Within ~ Tayshir  section the Maikhanuul
diamictites (about 4-m thick) are overlain by platy
bedded carbonates of the Ediacaran Tsagaanolom
formation consisting of conglomerates contains a

variety of clasts ranging in size from pebbles to 30 cm
(Fig. 8). The clasts are ungraded soled granitic,
sandstone and volcanic pebbles and embedded in a
matrix composed of sandy-argillaceous. These
diamictites are very similar to that of the lower Duulga
member diamictites in the Tsagaangol section.
Bayangol formation (360 m) is represented mainly
terrigenous sediments and conformable with the
Tsagaanolom formation. This formation is subdivided
into two parts, each of which is represented by two
members. The uppermost part of the tsagaanolom
formation consists of plaglike calcareous dolomite and
dolomitic limestones (80 m) with oncolites (Radiosus
limpidus Z. Zhur.,, Asterosphaeroides tayshir
D.Dorjnamjaa forma nova, also Vesicularites
bothrydioformis (Krasnop.)., V. compositus Z.Zhur.
etc.) and algae (Renalcis pectunculus Korde.,
Epiphyton scapulum Korde.). Thus, the Bayangol
formation can be divided into four units or members
(Dorjnamjaa et al., 1991, 1993). For the first time we
have called these members as “Durulj” according to
Tayshir local name.

The Durulj member I, up to 140 m thick,
exhibiting gradual transition to the carbonate member,
is represented by greenish-bluish-grey and grey-green
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sandy siltstones, clayey sandstones, glauconitic silty
sandstones, and slightly- micaceous siltstones with
interbeds of hieroglyphic and cavernous limestones.
Azimuth of dip: NE 25% dip angle: up to 30°. At the
level 70-80 m above a sole of this formation we have
been able to discovery in 1988 Paracharnia Sun. and
Oldhamia radiata (determination of S. Vodanuyk),
Chochlichnus sp., Helminthopsis sp., Planolites sp .,
Phycodes sp (?) and Rangea sp. (Ivantsov, 2009). At
the same time molluscs (Latouchella korobkovi (Vost.),
L. minuta Zheg., Barskovia mongolica Zheg.,
Nomgoliella  sinistrivolubilis ~ Miss.,  llsanella
compressa Zheg.), zooproblematica (Cambrotubulus
decurvatus Miss., Siphogonuchites sp., Lopochites
latazonalis Qian., Halkieria sp., Archaeooides
granulatus Qian.), Phycodes sp., hyoliths (Ovalitheca
mongolica Sys.), algae from calyptra (Renalcis
pectunculus Korde., Tarthinia rotunda Drosd.,
Epiphyton fruticosum Vol.) were revealed in this
member (Esakova et al., 1980).

The Durulj member 11 (up to 60 m thick) mainly
represented by primarily, greenish to light grey
coloured, inequigranular feldspathic-quartzitic
sandstones, alternating, frequently with grey-greenish
coloured claystones, limestones with Renalcis,
siltstones and fine argillaceous sandstones. The
argillaceous rocks may contain the individual tubular
small shelly fossils: Cambrotubulus decurvatus Miss.,
Rhabdochites exaspertus He. Biostromal limestones
contain microphytolte: Radiosus derosus Yaksch., R.
aculeatus Z.Zhur. (determination of A. Terleev).

The Durulj member 11 ( up to 70 m thick) is in
conformity with the underlying member and consists of

SYSTEM
STAGE
with molluscs

Layers »

carbonate siltstones and shales with individual
interbeds of algal limestones. The clastic rocks are
mainly represented by silty claystones, ochreous-
yellowish, greyish, and claystones grey, greenish-grey,
with ribbon lamination in dark and light varieties. Some
intermediate layers contain molluscs: Nomgoliella
rotunda E. Zhegallo, Latouchella parva E.Zhegallo,
Barskovia sp., llsanella sp. (determination of E.
Zhegallo)

The Durulj member IV is represented by
terrigenous-caronate sediments (up to 90 m thick),
which consist of biohermal limestones, carbonate
sandstones and siltstones. Azimut of dip: NE 20°; dip
angle: up to 25° The terrigenous rocks are represented
by an alternation of silty claystones, brown, more rarely
green, and siltstones with ribbon lamination. In silty
claystones along the bedding planes numerous spots
and remains of organic material and imprints of algae
are observed. The calc-claystones contain molluscs and
the small shelly fossils: Latouchella korobkovi (Vost.),
Barskovia sp., and Hyolithellus sp. In the upper part of
this member greenish-grey siltstones contain medusoid
(jellyfish).

Numerous new findings of the zooplankton (SSFs,
Jellyfish) and zoobenthos (Trace fossils, Paracharnia,
Oldhamia radiata, bacterial fossils) in this Tayshir
reference section quite may indicate that the

stratigraphic interval between the lowermost carbonate
unite of the Tsagaanolom formation and the Durulj
member | could be suggested as a new limitotype level
of the Ediacaran-Lower Cambrian stage boundary

(Fig.9).

Anabareila

LOWER CAMBRIAN
TOMMOTIAN

Tisanclla compressa

Ediacaran

~P
NEMAKIT-DALDYNIAN

Fig. 9. Stratigraphic chart of the Precambrian-Lower Cambrian strata of the “Tayshir-1" Section (Tayshir
gorge, Zavkhan river area) and occurrence of molluscs, algae, zooproblematica and Ediacaran-type fossils
(developed and modified after N.V.Esakova and E.A.Zhegallo, 1980, from D.Dorjnamjaa et al., 1993).

MEDUSOID (jellyfish). More better occurrences
were by discovered by us at the Durulj member IV of
the Bayangol formation allong the Tayshir gorge
(Fig.10A) and a Bogd River near Aldarkhaan
settlement (sum). Jellyfish are one of the two forms that
coelenterates take: it is the free-swimming sexual phase
in the life cycle of a coelenterate, in this phase it has a
gelatinous umbrella-shaped body and tentales.Tayshir

jelly-fish has a strong resemblance to a cyclomedusa.
Jellyfish range from about one millimeter in bell height
and diameter to nearly 2 metres (6.6 ft) in bell height
and diameter; the tentacles and mouth parts usually
extend beyond this bell dimension. They are found in
every ocean, from the surface to the deep sea.
Scyphozoans (the "true jellyfish") are exclusively
marine, and some hydrozoans with a similar


https://en.wikipedia.org/wiki/Scyphozoa
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appearance live in freshwater. Large, often colorful,
jellyfish are common in coastal zones worldwide.
Jellyfish have roamed the seas for at least 500 million

years, and possibly 700 million years or more, making
them the oldest multi-organ animal ( Fig.10 B).

Oral

/\u rface

Oral-aboral
axis

Fig.10. A-New occurrence of jellyfish from Durulj, B-The major surfaces and member IV of the Bayangol
formation within axes of a scyphozoan (Jellyfish). Tayshir gorge, size of the exodermpart (aboral surface)
depending is 15- 30cm in diameter., on the body that species contains water between 95-98%.
GPS:46°42°15,3°°96°32° 34, 5".Photo: D. Dorjnamjaa, 30.08.2017

Oldhamia _radiata Forbes. 1848. This
ichnofauna is interpreted as Early Cambrian to early
Middle Cambrian, based on comparison with
Oldhamia-bearing ichnofaunas of similar age in North
America, Argentina, and western Europe, and on
archaeocyathids and olenellids in overlying units.
Oldhamia is an ichnogenus describing burrows
produced by worm-like organisms mining underneath
microbial mats and regarded as a feeding structure
typically radiating from a common central organ
(Figs.11;12). Oldhamia radiata was discovered in the
mid-19™ century on Bray Head. Oldhamia trace fossil
assemblages from green and maroon argillites at 34
localities in the British Mountains and Barn Mountains
of northernmost Yukon, and 3 localities in the Grant
Land Formation of northern Ellesmere Island contain
abundant Planolites spp., Oldhamia curvata, Oldhamia
flabellata, and Oldhamia radiata, and rare Oldhamia

antiqua, Bergaueria hemispherica, Cochlichnus sp.,
Didymaulichnus?  sp.,  Helminthoidichnites  sp.,
Monomorphichnus sp., Protopaleodictyon sp., and
Tuberculichnus? sp. Additionally, 11 new sites in the
Selwyn Mountains of north-central Yukon have yielded
an ichnofauna including Helminthorhaphe sp., O.
curvata, O. flabellata, O. radiata, Plagiogmus? sp.,
Planolites sp., and unidentified small hemispherical
traces. The Tayshir Oldhamia specimens are very close
in morphology to specimens illustrated in Hofmann et
al. (1994) and Seilacher et al. (2005) and termed by us
as Oldhamia radiata Forbes originally (Dorjnamjaa et
al., 2001, 2009). We believe paradigms are still quite
plentiful and can be found off the Bayan Gol and
Tsagaan Gol, also Salaany Gol sections within the
North Khasagt Khairkhan area.

B

Fig.11. The Oldhamia radiata from unit or Durulj member | of the Lower Cambrian occurrence Bayangol
formation within the Tayshir gorge.
Narrow radiated morphostructure with characteristic emanation. B-Silky radiated morphostructure with
characteristic hole in centre of
horizontal axis (Dorjnamjaa et al., 2012)


https://en.wikipedia.org/wiki/Freshwater
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Fig.12.Cambrian Oldhamia radiata Forbes, 1848. Wsicklow, Ireland

Paracharnia Sun. It was found by D.Dorjnamjaa
and J.Yondontsamts from Lower Cambrian Bayangol
formation within Tayshir gorge in 1988 (Fig.13A). This
genus (zoophyta?) first described by A. Vodanyuk from
Novosibirsk Institute of Geology and Geophysics,
RAN (Dorjnamjaa et al., 1991). It was originally
interpreted as an algae (Ford), it was recast as a sea pen,
a sister group to the modern soft corals, from 1966
onwards (Glaessner). The sea pen interpretation has
recently been discredited. Similar fossils found in the
1930s (Namibia) and the 1940s (Australia) but were
thought to be of Cambrian age. This genus of frond-like
Cambrian-Ediacaran lifeforms with segmented, leaf-

like ridges branching alternately to the right and left
from a zig-zag medial suture (thus exhibiting glide
reflection, or opposite isometry). It is a highly
significant fossil. Its close association with abundant
Jellyfish, Oldhamia radiata, microphytolites, Phycodes
sp. (?), Rangea sp. (Fig.12), blue-green Renalcis algae
(Fig.14), macroscopic algal remains of Vendotaenia sp.
and its proximity to the overlying basal Cambrian small
shelly fossil assemblages (molluscs, tubular fossils) in
the same succession of the Bayangol formation
emphasise its palaeontological and biostratigraphic
significance.

Fig. 13. Rangea sp. Durulj member I. Photo: Ivantsov, 2009
A- The fossilised genus Paracharnia specimen was found from Durulj member | of the Lower Bayangol
formation along the Tayshir gorge (Dorjnamjaa et al., 1991); B,C. Reconstruction of Paracharnia at MUSE -
Science Museum in Trento

Fig. 14.A- Blue-green Renalcis and Gordonophyton calcareous colonial algae (septate) remains on the
imestones slab, Bayangol formation, Dudulj member Il . GPS: 46 °42°15°°; 96 °32°34"". Field photograph,
D.Dorjnamjaa, 30.VII11.2017. B- An analogical marine blue-green septate algae of the Azov Sea

ZOOPROBLEMATICA (ARCHAEOOIDES

QIAN). Archaeooides granulatus Qian, 1977 was
described originally from the lower part of the
Bayangol formation in the Salaanygol Gorge

(Tommotian Stage) (Voronin et al., 1982) and Kheseen
formation from Khubsugul basin (Bacterial...,2002).
This soft-bodied fossils looks like a flattened, deflated
hollow sphere ball with protuberant papillae on the


https://simple.wikipedia.org/wiki/Algae
https://simple.wikipedia.org/w/index.php?title=Sea_pen&action=edit&redlink=1
https://simple.wikipedia.org/wiki/Cambrian
https://en.wikipedia.org/wiki/Genus
https://en.wikipedia.org/wiki/Frond
https://en.wikipedia.org/wiki/Ediacaran
https://en.wikipedia.org/wiki/Glide_reflection
https://en.wikipedia.org/wiki/Glide_reflection
https://en.wikipedia.org/w/index.php?title=MUSE_-_Science_Museum&action=edit&redlink=1
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surface (Fig. 14), which were discovered by us from
Bed 12 of the Tsagaanolom formation during the field
research at the Bayangol Gorge in 2018(Fig.15).
Archaeooides specimens were known from Cambrian
of China (19 collections), Germany (1 col.),
Kazakhstan (1 col.), Russian Federation (1 col.), and

Mongolia (1 col.). We have showed the original
pictures of the Archaeooides which were published in
Journal of Paleontology, 80(5): 811-825. 2006. htts:
/doi.org/  10.1666/0022-2360(2006)  80[811:ECM

EEA]2.0.CO; 2 (Fig.16).

Fig. 15. A. Zooproblematica-planktonic organism (Archaeooides granulatus Qian, 1977). Characteristic of
concentration of the Archaeooides specimens in the phosphatized argillo-calcareous rocks: “Bed 12 of the
Tsagaanolom formation, Bayangol Gorge. B, C-Zooproblematica (Archaeooides granulatus Qian, 1977). Ditto.
The isolated or individual specimens (0.5-2.0 cm in diameter). Photo: D. Dorjnamjaa, 21-22. VIII. 2018

Fig.16A.Archaeooides sp. planktonic organism from Lower Cambrian phosphorites in the Khubsugul basin
(Bacterial..., 2002).

Fig.16B.(Figure 4—SEM photomicrographs of spheres referred to Archaeooides sp.). 1, Spherical form, Sample
99139, GSC 123989; 2, deflated sphere, Sample 99127, GSC 123990; 3, 4, sphere with deflated surface and
detail of protuberances, Sample 1680-2, GSC 123991; 5, highly deflated sphere showing preservation of
protuberances in deflated surfaces, Sample 99127, GSC 123992; 6-8, deflated hollow sphere with detail of
protuberances (7) and detail of thin wall (at arrow in 6) and internal filament with spherulitic texture (at arrow
in 8), Sample 16999139, GSC 123993; 9, 10, regularly ornamented spheres, Sample 1680-2, GSC 123994,
123995; 11, deeply deflated, ornamented sphere, Sample 99127, GSC 123996; 12-15, small spheres, Samples
1680-3, 1680-2, 1680-2, 1680-1/3; GSC 123997, 123998, 123999, 124000; 16, large sphere, Sample 1680-2,
GSC 124001; 17, ornamented sphere with polar “X,” Sample 1680-3, GSC 124002; 18,
coarsely ornamented sphere, Sample 1680-2, GSC 124003.

ONCOLITE (Radiosus limpidus Z.ZHUR.).
Nodular structure of round and oval form, central part
of node is fulfilled with small and large grained
columnar carbonate with black round synthetic
differences, in periphery is observed a thin light layer

(Fig. 17). A layer is come through with wide radial rays.
Some nodes have in periphery dim or diffuse sharp-
tongued edges. In thin section there are more 5
nodes.Tayshir section, carbonate member of the
Tsagaanolom formation.
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Fig.17. Thin section, sample 21/07. Radiosus IimpidéZ. Zh

%
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ur. NIKON ESLIPSE E400 POL.

Photo S. Purevsuren

ONCOLITE (Asterosphaeroides tayshir D.
DORJIJNANJAA forma nova). Radiolith structure of
round and oval form, central part fulfilled with fine
grained carbonate, in periphery is observed one light
wide layer (Fig.18). A layer is come through with
numerous light radial rayes going to periphery from

center of node consisting of covered grained carbonate.
An insaide of structure there are more fine dark
synthetic nodes. In thin section there are more 10 nodes.
Tayshir section, carbonate member of the Tsagaanolom
formation.

o v

Fig.18. Thin section, samplé 21/07.Asteroésph‘aeroides ayshir D. Dorjnamjaa forma nova
NIKON ESLIPSE E400 POL. Photo S. Purevsuren

STROMATOLITE (thrombolites).
Stromatolite layered deposit, mainly of limestone,
formed by the growth of blue-green algae (primitive
one-celled organisms).This is a laminated usually
mounded sedimentary fossil formed from layers of
cyanobacteria, calcium carbonate, and trapped

sediment. Stromatolites were common in Precambrian
time (i.e., more than 541 million years ago). We are
able to have discovery the thromblite-like stromatolite
(Figs.19; 20) at the unit 18 of the Lower Cambrian
Bayangol formation (Brasier et al., 1996, Dorjnamjaa
et al., 2016,2018).

i

Fig.19.The stromatolitic domes are typically 30 cm in diameter. Cambrian trombolite-like microbial structure.
At 10-15 m above from a base of unit 18 with Spatangopsis mongolica Dorjnamjaa, Bayangol formation, Bayan
Gol gorge. Photograph D. Dorjnamjaa, 27.08.2017

Thrombolites are ancient types of microbial
communities that photosynthesize. They are similar to
stromatolites, but they are formed differently.
Stromatolites are clearly layered, but thrombolites are
not. They are "clotted accretionary structures”. They
formed in shallow water by the trapping, holding, and
cementing sedimentary grains by microorganisms,

especially cyanobacteria. They were common in the
Cambrian and early Ordovician, and few examples still
exist today. Here we have shown some good known
fossils of stromatolite from Western Australia and
South Africa in order to compare to Lower Cambrian
thrombolite-like stromatolite from Bayangol formation
(Fig. 19). So, all the ichnofossils and soft-bodied fauna
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from the Ediacaran- Lower Cambrian concordant strata
of Mongolia are called by us as Khasagtian group of an
inskeletal fauna.

.
%
Re

Fig.20. 4. Living stromatolites in Hamelin Pool of Shark Bay, Western Australia. B.
Old fossils of stromatolite (South Africa).

Conclusions

1. The base of the Bayangol formation is taken at
the reappearance of siliciclastic sediments which forms
an alternating sequence of thick units of limestones and
siliciclastics.

2. Khasagtian fauna enter close to the base of the
siliciclastic units on the soles of thin silty sandstones
only becoming common in association with sandstones
towards the top of the lower beds of unit 18, where the
beds are amalgamated or composite and include casts
of psammocorallids (Spatangopsis), Jellyfish and
Oldhamia radiata. This new group of fossils present
over the Ediacaran-Cambrian boundary interval in
Zavkhan phosphate basin are almost entirely from the
siliciclastic intevals.

3. Khasagtian fauna or fossil assemblages,
including Phycodes pedum (Treptichnus pedum),
Spatangopsis mongolica, were found at levels with
Nemakit-Daldynian-type skeletal fossils and isotopes
and an assemblage with Rusophycus cf. avalenensic
plus other early arthropod traces was found above.
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CZUJINIK PANORAMICZNEGO WYKRYWANIA CELOW | ZNISZCZENIA WROGA W
MODULOWANEJ WIAZCE LASEROWEJ W 3D - PRZESTRZEN LADOGA-1M

W konstrukcji czujnika do panoramicznego
wykrywania celéw i niszczenia wroga przez
modulowang wiazke laserowa naprowadzania w
przestrzeni 3D ,,LADOGA-1M”, zgodnie z ryc. 1
zawiera co najmniej par¢ poOtprzewodnikéw, diod
laserowych lub laseréw na ciele statym pompowanych
przez dwie diody laserowe, zasilanych z dodatniego
zacisku stabilizatora napigcia 12 1 nieprzerwanego
zasilania 13 anody, a jej katoda jest potaczona
bezposrednim drutem przez tancuch tranzystorowy
typu dren-zrodto kluczowe urzadzenie przetgczajace
VTI1, z dwiema zmiennymi, rezystorami sterujgcymi,
wykonanymi na podstawie potencjometru RP1 14 i
RP2 15 lub ze stalymi rezystorami drutowymi, w celu
ograniczenia  warto§ci  granicznej  urzadzenia
przetaczajace moc - dwa tranzystory polowe VTL i
VT2 prad. Kazda z dwoéch (lub kilku!) Panoram
laserowych 6 i 7 ma wewnatrz swoje wlasne, osobne
przetaczajace urzadzenie Q1 lub Q2. Na przyktad jako
cel 1 wybrano samolot potencjalnego wroga. Promienie
wideo 2, zakres widzialny (380...760 nm) lub zakres
IR-fal elektromagnetycznych odbijanych od celu
(potencjalny  przeciwnik) lub zakres  fal
elektromagnetycznych w podczerwieni sg rejestrowane
i ogniskowane przez zewngtrzng, ruchomg soczewke
regulowanego kolimatora 3-4-5 w odbierajacym
uktadzie optycznym czujnika. Czujnik zgodnie z rys. 1,
sktada si¢ z nastepujacych elementow 1 weztow: 3 -
zewngtrzna, ruchoma soczewka optyczna
regulowanego kolimatora w monokularie optycznej; 4
- gldwna, stacjonarna (nieruchoma) soczewka optyczna
regulowanego Kkolimatora; 5 - wewnetrzna, ruchoma
soczewka optyczna regulowanego kolimatora w
monokularie optycznej; 6 - pierwsza pozytywna
panorama laserowa dziatajaca na odbior i transmisjg
wigzki laserowej, w bliskich i czeSciowo w

srodkowych, podpasmach granicznych, IR-zakres fal
elektromagnetycznych, zgodnie z ruchem wskazoéwek
zegara, na przyktad przy dhugosci fali A = 820 nm; 7 -
druga negatywna panorama lasera dziatajaca na odbior
i transmisje¢ wiazki laserowej, w bliskich i czgsciowo w
srodkowych, podpasmach granicznych, IR-zakres fal
elektromagnetycznych,  przeciwnie  do  ruchu
wskazowek zegara, na przyktad przy dlugosci fali A =
955 nm; 8 - padajaca wigzka laserowa
przemieszczajaca si¢ od pierwszego lasera do
wykrytego (widzialnego) celu; 9 - wiazka laserowa
odbita od celu i odebrana przez fotosensor (oparty na
fotodiodzie lub kompozytowym, trzystopniowym
fototranzystorze); 10 - incydent, wigzka lasera
dochodzaca z drugiego lasera do celu; 11 - wigzka
laserowa odbita od celu i odebrana przez fotosensor
(fotodioda lub fototranzystor); 12 - zrodto blokowe
stalego (prostowanego) napiecia Uouw_~ = 24 V; 13 -
blokowy stabilizator napigcia; 14 - zmienny, rezystor
regulacyjny oparty na potencjometrze RP1, w celu
ograniczenia warto$ci granicznej pradu zasilania
pierwszej, dodatniej panoramy laserowej 6; 15 -
rezystor regulacji zmiennej oparty na potencjometrze
RP2, w celu ograniczenia warto$ci granicznej pradu
zasilania drugiej, negatywnej panoramy laserowej 7; 16
- blok prostownika; 17 - sie¢ poktadowa (na przyktad
samolot) o napieciu U = 27 V; 18 - przycisk
zwigkszajacy panoramiczny obraz celu i wroga poprzez
zwigkszenie ogniskowej miedzy kolimatorem a
czujnikiem; 19 - przycisk zmniejszajacy panoramiczny
obraz celu i wroga poprzez zmniejszenie ogniskowej
migdzy kolimatorem a czujnikiem; 20 - komputer
(komputer); 21 - blok ADC-DAC; 22 - monitor (ekran).
Schemat i zasada dziatania czujnika ,,LADOGA-1M”
przedstawiono na ryc. 1.
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Ryc. 1

Pomigdzy ruchomymi soczewkami optycznymi 3
i 5 w regulowanym kolimatorze, komputerem 20 z
monitorem 22, za posrednictwem ADC-DAC 21
znajduje si¢ state sprzezenie zwrotne, umozliwiajace
szybkie i  skuteczne  dostosowanie  procesu
wyrownywania wigzki laserowej do zamierzonego celu
i utrzymanie potencjalnego wroga w strefie optymalne
pokrycie teleskopowego kata kierunkowego [2—4].

Okragto-okragta glowica do prowadzenia i
przytrzymywania celu (na przyklad samolotu
potencjalnego przeciwnika) w obszarze teleskopowego
kata wykrywania i $ledzenia zachowania wykrytego
celu jest wykonana na podstawie potprzewodnika,
diody laserowej, diody laserowej na podstawie
podwojnej heterostruktury GaAs arsenku galu i arsenu
aldehydu galu GaAlAs lub laser potprzewodnikowy
pompowany przez LED-diod¢ duzej mocy lub
polprzewodnikowa diode laserowa. Laserowa glowica
naprowadzajaca do wykrywania i $ledzenia celu jest
technologicznie wykonana w postaci
wielostopniowych warstw do napromieniowania
laserowego o spdjnym, wasko skupionym strumieniu
fotonu. Na przyklad wigzka laserowa  Nel
synchronicznie porusza si¢ po okregu, promieniowo,
zgodnie z ruchem wskazdéwek zegara, od czujnika do
wykrytego celu i z powrotem do matrycy fotodetektora
samego czujnika, przy dlugosci fali réwnej A1 = 820
nm. Na przyklad wigzka laserowa Ne2 porusza si¢
synchronicznie po okrggu, promieniowo, przeciwnie

do ruchu wskazdéwek zegara, od czujnika do wykrytego
celu i odwrotnie, do matrycy fotodetektora samego
czujnika, przy dlugosci fali rownej A2 = 955 nm.
Nastepujace  etapy  glowicy  naprowadzajacej
napromieniowuja cel, réwniez  synchronicznie
poruszajac si¢ promieniowo, zgodnie z ruchem
wskazowek zegara lub przeciwnie do ruchu
wskazowek zegara, o dlugosci fali odpowiednio Az =
1250...1300 nm, A4 = 1550 nm i As = 2100...2150 nm
itp. Wszystkie czestotliwosci robocze i dlugoscei fal sg
wybierane z podpasm bliskiego, a w rzadkich
przypadkach warstwy granicznej z As ~ 3500...3885

nm, srodkowego podpasma zakresu fal
elektromagnetycznych ~w  podczerwieni,  gdzie
maksymalna warto$¢ transmitancji mocy

zmodulowanego sygnatu w teleskopowej grubosci
wiazki laserowej zostala eksperymentalnie znaleziona [
1—10].

Czujnik technologicznie obejmuje podwdjny,
sprzgzony uktad dwoch lornetek ze wzrostem lub
spadkiem obrazu celu lub innego obiektu w uktadzie
optycznym regulowanego kolimatora, na przyktad od 2
x do 100 x (2 x <3 <100 x), a takze jednostke cyfrowa
HD-kamery wideo, takie jak aparat cyfrowy o
rozdzielczosci  50...60 Megapixel 1 wysokiej
rozdzielczosci co najmniej 3000 x 3000 pikseli [1—4].

Mikropanorama czujnika i wypukty,
trojwymiarowy monitor wykonano na podstawie
zmniejszonej kopii panoramy wizualizacji i utrwalenia
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wykrywania wroga i innych celéw, z ulepszonych stacji
radarowych — RLS-300, RLS-500 i RLS-1500, z
powodzeniem stosowanych w sitach kosmicznych, sit
obrony powietrznej i rosyjskich systeméw obrony
przeciwrakietowej [S—10].

Blok optycznego stabilizatora o precyzyjnym
prowadzeniu i potozeniu poziomo-pionowym w
przestrzeni jest wykonany w oparciu o technologi¢
zyroskopowa [2—4].

Pomigdzy komputerem 20 a modutem ADC-DAC
21 zastosowano sprzgzenie zwrotne do analizy i
korekgji amplitudowo-czestotliwo$ciowej
wyjsciowych impulsow sterujacych, co pozwala
oprogramowaniu na szybka kontrolg czgstotliwosci
taktowania impulsow sterujacych pochodzacych z
modulu  ADC-DAC 21 do bram urzadzen
przetaczajacych - kKlucze VT1 i/ lub VT2 umieszczone
w kazdej z pierwszych, dodatnich i drugich,
negatywnych panoram laserowych 6 i 7 [2—4].

Proponowany czujnik dziala w nastepujacy
sposob. Sesja radiowego znalezienia celu i wykrycia
potencjalnego wroga odbywa si¢ tylko w warunkach
bezposredniej widocznosci elektromagnetycznej, w
niewidzialnej czgéci spektrum poprzecznych fal
elektromagnetycznych  (najczesciej w  zakresie
podczerwieni). Z rzadkimi wyjatkami mozliwy jest
zakres promieniowania ultrafioletowego, ktory nie ma
zastosowania w $rodowisku warstwy ozonowej
atmosfery ziemskiej, ze wzgledu na silne pochtanianie
fal przez $rodowisko ozonowe. Sygnal informacyjny
jest kodowany przez program w pakiecie
oprogramowania do wyciszania radia Ladoga-1M,
organizacyjnie zmontowany z komputera 20 i monitora
22, za pomoca specjalnego wojskowego kodera-
enkodera i przestany do jednostki wejsciowe;,
trzystopniowy wzmacniacz niskiej czestotliwosci
(umieszczony wewnatrz panoram laserowych 6 i 7), w
ktérym moze by¢ rowniez dostepny wejSciowy,
przedwzmacniacz sygnatow wideo, a takze jednostka
specjalnego kodera obrazéw kolorowych. Ponadto
sygnat radiowy z bloku wstgpnego wejSciowego
wzmacniacza niskiej czestotliwosci jest ostatecznie
przesytany do bloku koncowego wzmacniacza mocy
typu push-pull (blok wzmacniacza mocy znajduje si¢
rébwniez wewnatrz panoram laserowych 6 i 7!), Gdzie
jest wzmacniany, podobnie jak sygnal analogowy, do
jego  maksymalnej  wartoSci  nominalnej W
wielokanatowa jednostke ADC-DAC 21, do konwersji
tego ostatniego na format cyfrowy niezbedny do
generowania impulsow sterujagcych i ich pozniejszej
transmisji do elektrody sterujacej - bramki urzadzen
przetaczajacych - VT1 1 VT2 klawisz [2—4].

Blok ADC-DAC 21 to wielokanatlowy konwerter
(thumacz, translator) sygnatow przychodzacych z
formatu analogowego na cyfrowy i odwrotnie, a
nastgpnie przesytany do komputera 20, gdzie
analizowane sa programy do przetwarzania danych
wejsciowych w formacie cyfrowym, oprogramowanie
“Ladoga”, poréwnywane oraz korekcja amplitudowo-

czestotliwo$ciowa impulsow  sterujacych w  celu
pozniejszego przestania niezbgdnych polecen do
trzeciego kanatu (ryc. 1) [2—4].

Sygnat analogowy pochodzi z czujnika
optycznego regulowanego kolimatora 3—4—5 do
jednostki bazujacej i trzymajacej cel za posrednictwem
modulowanej, teleskopowej wigzki laserowej w
zakresie fal elektromagnetycznych w podczerwieni, a
jednoczesnie odbiera polecenia z zewnetrznego
systemu wykrywania i wyznaczania celu, korekcji za
pomoca impulséw kontrolnych pochodzacych z
jednostki ADC-DAC 21 [2—4].
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INVESTIGATION OF THE STRESS STATE OF A COMPOSITE IN THE FORM OF A LAYER
AND A HALF-SPACE WITH A CYLINDRICAL TUBE AT GIVEN STRESSES ON THE BOUNDARY
SURFACES

Abstract. A solution to the spatial problem of the theory of elasticity is proposed for a composite in the form
of a half-space with a longitudinal thick-walled circular cylindrical tube and a layer rigidly attached to the surface
of the half-space. Layer, half-space and pipe - elastic homogeneous isotropic materials different from each other.

The stresses are set on the free surface of the layer and the inner surface of the pipe. At the boundary of the
layer and half-space, as well as at the boundary of half-space and the outer surface of the pipe, the matching
conditions are coupling. It is necessary to evaluate the stress state of a given composite.

The solution of the spatial problem of the theory of elasticity is obtained on the basis of the generalized
Fourier method in cylindrical coordinates associated with the pipe and Cartesian coordinates associated with the
layer and half-space. Satisfying the boundary and coupling conditions, we obtain infinite systems of linear
algebraic equations that are solved by the reduction method. As a result, displacements and stresses were obtained
at various points of the layer, half-space, and pipe.

Keywords: thick-walled pipe in half-space, composite, coupling conditions, generalized Fourier method

Introduction

When designing building structures, underground
structures and communications, as well as in
mechanical engineering, one has to deal with design
schemes in which a composite medium is present.
However, effective methods for calculating structures
with several boundary surfaces (more than three) are
practically absent.

For such problems, the generalized Fourier
method is used, which was supplemented by the
theorems of addition of basic solutions [1].

Based on this method, problems are solved for a
space with cylindrical cavities and various boundary
conditions [2], half-spaces with a cylindrical cavity or
inclusion [3-8], for a cylinder with cylindrical cavities
or inclusions [9], for a layer with a cylindrical cavity,
inclusion or tube [10-13].

Formulation of the Problem

An elastic homogeneous layer of height h; is
rigidly connected with an elastic homogeneous half-
space. In a half-space, parallel to its surface, there is a
circular cylindrical thick-walled pipe with an outer
radius Ry, and an inner one - Ra.

We will consider the pipe in a cylindrical
coordinate system (p, ¢, z), the half-space in the

Cartesian coordinate system (xz, Y2, z2), which is
identically oriented and combined with the coordinate
system of the pipe. The half-space boundary is located
at y.=h,. The layer will be considered in the Cartesian
coordinate system (xi1, yi, z1) located on the lower
surface of the layer (the interface between the half-
space and, accordingly, shifted relative to the half-
space coordinate system by y.=hy).

It is necessary to find a solution to the Lame

equation AT, + (1 —20;) " VdivT; = 0, where oj —
Poisson's ratio of the layer (j=1), half spaces (j=2) or

pipes (j=3).
Stresses are set on the upper boundary of the layer

Fy U, (x,2) |y, =n, = F{(x,2), the stresses on the inner
surface of the pipe F3Us(¢,2),-r = Fg (¢, 2), where
U, — displacement in the layer; U;— displacement in
the pipe;

FUj| = 261

Ej

g

I G div U, + 20 + 1 (7 x rotT)];
1_2andw U; + P U; + 3 (M x rotU;)];

; = ——— 0j, Ej — Poisson's ratio and modulus of
2(1+0})

elasticity of the layer (j = 1), half-space (j = 2) or pipe

(=3);

PG, z) = ) + 0080 + 28
R(#.2) =0,V + 10 + e @

are known functions; éj(k), j =1, 2, 3 - are the unit

vectors of the Cartesian (k = 1) and cylindrical (k = 2)
coordinate systems.

On the boundary of the layer and half-space,
coupling conditions are given

Uil, =0, . @

F1l_i1|y1:0 = Fzﬁ2|y2:h2, 3)
at the boundary of the half-space and the pipe, the coupling conditions are given

ﬁz(¢'z)|p=R1 = ﬁ3(¢' Z)|p=R11 (4)

Fﬁ2(¢'z)|p=R1 = Fﬁ3(¢: Z)|p=R11 (5)

where U,— - displacement in half space.
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All known vectors and functions will be
considered as fast falling to zero at great distances from
the origin of the coordinate z for the tube and the
coordinates x and z for the boundaries of the layer.

Solving the Problem
We take the basic solutions of the Lame equation
in the form [1]

Uiy, z; 2, 1) = NP el Getuntyy,

Rem(p, #,2; )

— N}EP)Im(Ap)ei(AZ+m¢);

Sem(p, $,2:2) = N [(sign )™ K (A1) - e'@#+mD)]; ke = 1,2,3; (6)

\7 N = (a

il7 (03

N@ =
N(P)

DEP +2v(@ )N =
)+4(o—1)(

(1) ® _
rot(&;"” -); N, = AV,

_ @ a)] N(p) rot(e(z) );
A2 +pu? —o<Ayu< oo,
=(=) (+)

where I,(x), K,(x) — are the modified Bessel
functions; Rym, Sim, k=1, 2, 3—are, respectively, the
internal and external solutions to the Lamé equation for

the cylinder; i, — are the solutions to the Lamé
equation for the layer and half-space

The solution to the problem will be presented in
the form

U, = 2f j(H(l)(ﬂH) U Ce v 20 A 15 01) +

AP 87 vz A o)) dudd, )

0.=3 [ 3 bt

m_ —00

Sk,m(p' (l): Z, /L al)d)l +

5t L (HP Q) - 87 Gy, v, 223 2,150, ) dpadd, ®
Us = Y31 [0 TheAim@ - R (0, 0,2 1) + A (D) - Sy o, $, 2; DdA, )

where Sy (0, $, 2; 1),

Rim(0, 0,2 D) U7 (,y, 2, 1) and 7 (x,y, 234, 1)
— are the basic solutions given by formulas (6), and the
unknown functions H® (4, 1), A (A1), Bim(D),
HP (A1), Aem(A) and Ay, (1) must be found from
boundary conditions (1) and coupling conditions (2 —
5).

To transfer the main solutions between coordinate
systems, we use the formulas [11].

To fulfill the boundary conditions at the upper
boundary of the layer, we find the stresses for (7) and,
for yi=h;, we equate the given ﬁ,?(xl,zl) one
represented by the double Fourier integral. So we get
three equations (one for each projection) with six
unknowns HV (4, ), P (2, ).

To satisfy the conjugation conditions at the
boundary of the layer and half-space in displacements,
we substitute the right-hand sides (7) and (8) in (2). In
this case, writing down expression U, (x,, Z3) |y, =0, ILIS
necessary to use the formulas for the transition from
solutions Skm of the cylinder to solutions u, =) [12,
formula (7)]. In a similar way, we can write three
additional equations for stresses (3).

So we get nine infinite systems of equations with
unknown functions H" (4, ), AV (A, ), HP (4, 1)
and By, ,,(4).

The determinant A of this system has the form
A=—64-y° g% e (a2 . p(y)/28, where
@ (y) — the function, for y> 0, has only positive values

and does not vanish, it follows from this that this system
of equations has a unique solution.

We find the functions H" (4, ), AP (4, 1) and

H (2, 1) through By, (1).

To satisfy the coupling conditions at the boundary
of the half-space and the pipe, we then equate p=R; in
(8) and (9). In (8) we decompose the basic solutions

"(” using [12, formula (8)], turning them into solutions

Rk,m. The resulting vector, as well as vector (9), for
p=R1, we substitute in (4). So we get three infinite
systems of equations for the coupling of half-space and
the pipe in displacements. This will fulfill condition (5).

To fulfill the boundary conditions on the inner
surface of the pipe, we find the stresses for (9) and
equate, at p=Ry, the given F2(¢, z), represented by the
integral and the Fourier series.

Having received 9 infinite equations, instead of
H,EZ)(A, W), we substitute the previously expressed
functions through By, (1), free ourselves from the
series in m and the integrals in A. As a result, we get a
set of nine infinite systems of linear algebraic equations
for determining unknowns By, (1), Ay, (1) and
Ay m(2). These infinite systems have the properties of
equations of the second kind and, as a consequence, the
reduction method can be applied to them.

Having solved this system of equations, we find
the unknowns Ay, ., (1), Aym(A) and By, (2).

Found from the infinite system of equations
B, m(4), we substitute in the expressions for
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HPAw), BPQ,p) and HP,w). This will
determine all unknown problems.

Numerical Studies of the Stressed State

HNmeercs yIOpyroe HU30TPOITHOE
MOJYIIPOCTPAHCTBO, B KOTOPOM, MapajjieIbHO €ro
MOBEPXHOCTH, pacriojioxxeHa Kpyriast
IIUTHHAPIIECKast TOJICTOCTCHHAs TpyOa. C
HOBEPXHOCTBIO TONYIPOCTPAHCTBA JKECTKO CLEIIICH
cmoit.  Marepman  cmos  —  achanpTobeToH,
ko Punuent [lyaccona o1 = 0.1, Mmoxyns ynpyroctu
Ei=140 kH/cm? ITomympocTpaHcTBO — mieOeHb U
TpaBUil  yKpeIUIEeHHBIE IIEMEHTOM, Ko3(h(dHUIeHT
IMyaccona o2 = 0.25, Mmoxyis ynpyroctu E;=90 kH/cm?.
Tpyba — cramb, koapdumment Ilyaccorna o3 = 0.25,
Moaynb ynpyroctu Ez=20000 xH/cm?. HapyskHeiit
pamuyc TpyO6sr Ri1=30cm., BHyTpeHHHmA R,=20 cM.

-40 -20 0 20 40
1.0
/ \
A

0.5 Yo A

/ /,/. \\
0.0 Fmmmspufoeeel \2 —
'0.5 v/
-1.0

a

PaccTosiHne OT BepxHEHl TIpaHUIBI CHIOS K ILEHTPY
TpyObt N=45cM. Tomuuna ciost h1=10cMm.

With the weight of the processing equipment taken
into account, on the upper boundary of the layer, the
stresses

T (x,2) = =108 (22 + 10%) 72 - (x? + 1092,
M = 0 are given. On the inner surface of the

yz
® _ @ _ _® _
tube, there are no stresses o,"" = 7,, = 7,, = 0.

A finite system of equations of order m = 8 was
solved. The accuracy of the fulfillment of the boundary
conditions for the indicated values of geometric
parameters was equal to 10,

In Fig. 1. stresses are presented on the upper and
lower boundary of the layer along the x axis, atz=0in
kN/cm?,

() _
o, =T

-40 -20 0 20 40
0.15
010 TN 4
/ /,&\ l- -= l
0.05 e LY Rmerern S
s o \ R O ~
el VR S = X
0.00 B —=>
............. \‘ ”r\'
2 | N\X
-0.10 N~
-0.15
b

Fig. 1. Stresses at the boundaries of the layer, at z = 0: a - at the upper boundary (y: = hi);
b - at the lower boundary (y1 =0); 1 —0,; 2 —0,; 3 —0y; 4 — Ty,

For given tangential stresses 7, (Fig. 1a, line 4),
significant normal stresses o, arise at the upper
boundary (Fig. 1a, line 1), which decrease at the lower
boundary, while remaining maximum. Stresses o,, also
appear at the lower boundary of the layer (Fig. 1b, line
4), although they are set equal to zero at the upper
boundary. Stresses o, at the upper and lower boundary
of the layer do not differ significantly.

0 n/4 =/2 3n/4 = 5n/4 67/4 7r/4 27
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\\\‘I ' . \ e
. \ ..... 2
. \J
-0.10
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In fig. Figure 2 shows the stresses on the pipe
surfaces along the radii Ry and R, at z = 0 in kN/cm?.

The largest stresses that occur on the outer surface
of the pipe are normal stresses oy (Fig. 2a, line 1),
which at $=0.98 have a negative extreme value
os= —0.084 kN/cm?, at ¢ = 2.16 a positive extreme
value o,= +0.084 kN/cm?. Small stresses o, also
appear on the outer surface of the pipe in the upper zone
(Fig. 2a, line 3).
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Fig. 2. Stresses on the pipe surfaces, at z = 0: a —on the outer surface;
b - on the inner surface; 1 —o4; 2 -0,; 3 -0,



.|
[EESY] |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(49), 2019 37

On the inner surface, the stresses partially
decrease (Fig. 2b).

Conclusions

The three-dimensional problem of the theory of
elasticity for a multilayer medium consisting of a layer,
half-space and a thick-walled pipe, which are
interconnected by conjugation conditions, is solved. At
the free boundary of the layer and the inner surface of
the pipe, stresses are specified.

The proposed solution method is based on the
generalized Fourier method and allows determining the
stress-strain state of the medium under study with a
predetermined accuracy.

Numerical studies were carried out for given
nonzero tangential stresses on the layer surface. The
analysis showed that the greatest attention should be
paid to the normal stresses o, in the layer and g, in the
pipe.

The presented stress state graphs can be used to
select geometric characteristics during the design of
tunnels and underground utilities.

Further research is relevant for more pipes.
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BJIOCKOHAJIEHHSI CTPATETITI YIIPABJTHHA BATATOMACOBOIO
EJIEKTPOMEXAHIYHOIO CUCTEMOIO

AHoTanisg. Ha OCHOBI TEOpPeTWYHHX Ta MPAKTHIHHUX JOCIHIIKEHb OaraToBapiaHTHOI eNeKTPOMEXaHidHOi
CHCTEMH BUPIIIYEThCS HAYKOBO-TEXHIUHA MPOOJIeMa BIOCKOHAJICHHS! CUCTEMH YIIPaBIiHHS €JeKTPOMEXaHIYHOO
CHCTEMOIO i1 Yac BIUTUBY 0araToBEeKTOPHHUX 30ypeHb Ha Hel. Pe3ynbTaToM TOCIiPKEHHS € TIOETHAHHS PIBHSHb Yy
cucteMi JTUdEpeHIiaJbHuX PIBHAHb 3 KoedillieHTaMH, 3aJeXHUMH Bill KOJIMBaHb 00’€KTa YNpaBiiHHA. Y
TEOpEeTHYHIH YacTHUHI Oyna CHHTE30BaHa MaTeMaTH4YHa MOJENb EJICKTPOMEXaHIYHOI CHCTEMH, IO JIO3BOJIMIO
JOCIIANTH HUISXM MiHIMI3allil KyTiB BiAXWJICHHS Ta 4acOBHMX IHTEpBaJiB, HEOOXITHMX Ml cTadimizamii pyxy
€JIEKTPOMEXaHIYHOI CHCTEMH, IO I03BOJIMIIO OMIOCEPEIKOBAHO peali3yBaTH CUTHAI, TIOB'SI3aHUI 31 CTOXaCTHYHUM
XapaKTepOM MOMEHTY KOJIMBAHHS 00'€KTa YINpaBIiHHS Ha IUIONIMHI KOOpAWHAT. TakoX YHOCKOHAJIEHO Ta
JOCTIKEHO METOM MapaMeTPUYHOI ONTHMI3alii MaTeMaTHYHOI MOJIEIi eJIeKTPOMEXaHITHOT CUCTeMH Y QyHKIIT
BiIXWJICHHS KyTa. Ha OCHOBI BU3HAUCHHS CTPYKTYPH Ta alNTOPUTMIB POOOTH €eKTHBHICTh CHCTEMH YIIPABITiHHS
€JIEKTPOMEXaHITHOK CUCTEMOIO IMiIBUINYETHCS B IUIaHI CKOPOUSHHS Yacy cTabimi3alii 00’ exTa yrpaBimiHHS.

Kniouosi cnosa - 6azamomacosuii enekmpuyHull mpancnopmuull 3acio, cucmema ynpasiints, MamemMamuye
MOOeNo8anHs, YOOCKOHANEHHS, A0anmoeanicmys, cmabinizayis

BCTYII

Jnst  BIOCKOHAJEGHHS  KOHCTPYKLII  CUCTEM
YIpaBJiHHS 0araTOMacoBHMHU E€JIEKTPOMEXaHIYHUMHU
cucremamu (BMEMC) 3acTtocoByroTbcs  MeTOIU
iMmiTamiiHoro  mpoektyBaHHS  [1].  OcHOBHOMO
MepeBarol0  IMITalifHOrO MOZETIOBAaHHA € HOTo
VHIBEpCAIBHICTh Ta MOXJIUBICTH 3a0€3MEUUTH BHCOKY
aJeKBaTHICTh ~ MOJEN  pea’dpHOI  JOCIHiIKyBaHOT
cucremu. lle focsraerbcst  3aBASAKM  TIIMOOKiH
Jietaitizarii aJropuTMivHOTO OMNHMCY, IO HEMOXKIHBO
Opyd  JOCHIDKEHHI aHATITUYHUMH METOJaMH, SKi
MOB’sI3aHi 31 CHPOLICHHSIM IMPOLECIB Ta YXOPCTKUMH
0OMEXEHHSIMA YMOB BUKOPUCTaHHS MOJEI.

Hanpuknan, cnpoba  BpaxyBaHHA  BIUIUBY
BUNaJKOBUX (akTopiB y mozaeni MMEMS npusBoauth
JI0 3HAYHHUX TPYAHOIIIB B aHAJITHIHOMY JOCIIKCHHI
chucTeM, SIKI HE 3aBXIAM MOXHA  IIOJIOJATH.
CuMmysiiiiHe MO/IEIOBAaHHS IIPY BUBYEHHI CHCTEM B
YMOBax BWIIaJIKOBHX BIUIMBIB HE € CKJIQAHUM 1 Ha
JAaHUH MOMEHT € HaWOiLTbIn e(eKTHBHHM, a iHOMI i
€IMHAM TIPAKTHYHO JOCTYITHUM 3aCO00M OTpHMAaHHS
iHpopMauii mpo MOBEIiHKY CHCTEMH, OCOOJIMBO Ha

BumaakoBuii XapakTtep NpHHOMY 3alUTIB Bix
nekinpkox mpuctpoie  BMEMC HeoOxigHwii mnpu
BHU3HAYEHHI HEOOXiIHOI MPOAYKTUBHOCTI MPOILECOpPiB
KEepyIUYoro KOMIUIEKCY. BumankoBi — 3HaueHHS,
BUMIpSIHI B TIIpOLeCi KepyBaHHS 3HAUCHHSAMH, €
NPUYMHOI0 HEBM3HAYEHOI KIUIBKOCTI omepamii, Mo
BUKOHYIOTBCS IIPOLIECOPOM TIPH pealtizanii aIropuTMis
ynpasiiHHSA [3].

BMEMC ckiaaeThes 3 BEIUKOT KUTBKOCTI Pi3HUX
MIPUCTPOIB 1 CHCTEM 1 XapaKTePU3y€eThCS YHCICHHUMHU
30BHIIIHIMY 1 BHYTPIITHIMH BHUITQJKOBUMH BIIJIMBAMHU.
[amaenTHi 30ypeHHS - e MOPYILIEHHS
HaBKOJIMIIHBOTO CEPEJOBUINA, 3MIHH XapaKTEPUCTHK
CHCTEMHU, TMOB'sI3aH1 3 3HOCOM €JICMEHTIB,

BUHHKHCHHSM iX BIZIMOB, 1[0 MOTPEOYIOTh JOKai3allil
HECTIpaBHOCTEH  JUIA 3ano0iraHHs  PO3BHUTKY
HaJ3BUYAHUX CcUTyalill Ta iH. Y 3B'I3KYy 3 LUM
HEOOXiJHICTh BHpILICHHS OKpeMHX mpoliem 3
00poOKoto iH(popMarii Ta yac Ha iX BHPIMICHHS TaKOX
€ BUMAJKOBUMHU [4].

Xoua Oarato 3aBmaHb 3 00poOKH iH(OpMAIii,
MOB'A3aHUX 3  KEPyBaHHSAM Ta  KEpPyBaHHAM
6araToMacoBOI0  EJIEKTPOMEXaHIYHOI0  CHCTEMOIO
(BMEMC), maroTh LMKIIYHHNA XapakTep, BHIIAJKOBI
BIUIMBH Ha 00'€KT YIPABIiHHS BUKIUKAIOTh JOCTYII JI0
NPUCTPOIB, 10 BUKOHYIOTh Pi3HI (YHKIII. KOHTPOJIb i
YIIpaBJIiHHS, B3araii, He € peryisipauM [S]. Bunagkose
3HAYEHHS - 11 TAKOX Yac, BATPAYCHUI IIPOLIECOPOM Ha
00poOKy iH(popMallii B IIpoLieci yrpaBIiHHs, OCKITbKU
QITOPUTMH BHPILICHHS 3a7ad MalOTh PO3TaITy>KeHHS,
oo MicTsaTh mukimH. KimbKiCTh omepamiid mporecopa,
10 BHUKOHYIOTHCS TIPH peajli3allii TaKuX aJTOpPHUTMIB,
3aJeKHUTh BiJl BUIAJKOBUX 3HAYCHb BHMIPIOBAHHUX
3HaYeHsb [6].

Bce me 3ymoBIIOE HEOOXiAHICTP BUKOPUCTAHHS
imoBipHicHuX Moneneit y nusaitni (BMEMC). Taxi
MoJeNi MOTPiOHI SK MPH OMHCI MPOIECciB BUKOHAHHS
OKpEMHUX aITOPHUTMIB 3aBJaHb, TAaK i B OMHCI CHCTEM,
AKi BUKOHYIOTh IEBHUI HaOip 3aBJaHb YIPaBIiHHS Ta
ynpaBmiHHA [7].

META JOCJJTIAKEHHS

Bnockonanenns cTparerii YIpaBIiHHSA
06araToMacoBOI0  EJIEKTPOMEXaHIYHOIO  CHCTEMOIO
IIIXOM I IBUIIEHHS aJIEKBaTHOCTI Mozeln
(YHKI[IOHYBaHHS ~ CHUCTEMM,  IPHU3HAYEHOI I
BUPINIEHHS IIEBHOTO HA0OPY 00UMCITIOBAILHUX 3a/1a4 Y
MpoIieci yIpaBiHHS, BUKOPHUCTOBYIOUH AITOPUTMU
Yepru Ha eTami NPOeKTYBaHHS 3 TOJAANIBIIOK 1X
peairizalii€ro B CHCTEMH MiATPUMKH IPUIHATTS PillIeHb

[8].
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3MICT I PE3YJIBTATHU JOCJIAKEHHSA

CnoyaTky, MJsl MarictpajbHOi  CTPYKTYypH
BMEMC i oprasizanii PO3MOIiICHUX
O0YMCITIOBAILHUX TIPOLECiB, MNpPU SKUX 3aBIaHHS
MOIISIFOTECS. HAa OKpEMi €eTam, 10 BHKOHYHOTBHCS
pI3HUMH TpOIIECOpaMH, HEOOXiHE MOIaHHS MOJICIi
¢yakmionyBanHst BMEMC y Burisaai B3aeMOIirounx
cucteM MacoBoro obOcmyroByBanHs (CMO) -
CTOXAaCTHYHOIO Mepexero. Ilpu 1boMy okpemi
CHCTEMH, ILI0 BXOAATH B MEPEXKYy, MOXYTb OyTH
OJIHOKaHaJILHUMH a0 OaraTokanaapaumu CMO [9].

3aBma”HHAM JAHOTO JOCHIDKEHHS € OIliHKa
XapaKTepUCTHUK 1 BUOIp mapaMeTpiB, 1110 3a0e3NeuyloTh
HEeoOXiJHy sKiCTh (DYHKLIOHYBaHHS IPOEKTOBAHOTO
komuiekcy BMEMC. Taki KociimKkeHHs TPOBOIATHCS
Ha OCHOBI aHAJNITHYHUX MoOAeled abo IUIIXOM
imMitaniitHoro (porpamuoro) moxentopanus [10].

AHaIITHYHI MOJENi, 3aCHOBaHI Ha 3aCTOCYBaHHI
amapary Teopil MacoBoro obciyroByBaHHs [11],
BUKOPHCTOBYIOTBECSI ~ Ha  TOYATKOBHX  eTamax
NpoeKTyBaHHA. Taki MoJeini JO3BOJSAIOTH BH3HAYATH
OpIEHTOBHI MMapaMeTpH MPUCTPOIB i OpraHizaIlio poodiT
B BMEMC gma  3a0e3nedyeHHs  HEOOXITHUX
XapakTepucTuK GyHkuionyBanus [12].

Bijgplr TOYHI OIIHKM XapaKTePHCTHK CUCTEMH
OTPUMAEMO IUIAXOM IMITAI[ITHOTO MOJCITIOBAHHS 13
3aJy4eHHSM METOJy CTaTUCTUYHUX BHUIPOOYBaHb
(metony Monre-Kapno). Taki nmocmipkeHHS €

npoBoauTH Tpu npoektyBanHi BMEMC, crpykrypa
SIKOT 3MIHIOETBCSI B MEXKaxX eKCIUTyaTalliiHOTO PeXXUMy
3 ypaxyBaHHAM ifeHTH(DiKaiHHUX YUHHKKIB [13].

OyHKIiOHYBaHHS OyIb-SIKOI CHCTEMHU MacOBOTO
00CITyroByBaHHs XapaKTepU3y€eThCs psizioM
MOKa3HUKIB: CepelHIM 4acoM mepeOyBaHHS 3asBKH B
CHCTEMi; CepeIHIM YHCIIOM 3asBOK, 110 3HAXOIATHCS B
CHCTEMi; CepeHIM YHCIOM 3asBOK, IO 3HAXOIATHCS B
4ep3i; cepemHiM dacoM mepeOyBaHHS 3asABOK B Uep3i
Tomo. 3HAa4YEeHHS LUX MOKA3HUKIB 3aJIeKaTh Bif
opranizanii BMEMC, mnapamerpiB ii mpucTpoiB i
rmapaMeTpiB IOTOKIB 3asiBOK.

[Micns momanHs  Moneni  (YHKIIOHYBaHHS
BMEMC y Burmsaai  B3aemomitounx  CMO
BCTaHOBJIIOIOTH  CIIBBIJHOIIGHHS, IO 3B'SI3yIOTh
XapakTepUCTUKUM  CHUCTEMH 3  OCHOBHUMH 11
napamerpamu. [IpUMHATTS HU3KKM OPUIYIIEHb IPO
mapaMeTpd  BXIHMX TIOTOKiB 1 XapakTep ix

00CIIyroBYBaHHS JJ03BOJISIE MMOOYIyBaTH TaKy MOJENb
CMO, sKi mimaeTbes aHANITHIHOMY IOCIHIiIKEHHIO.
Ile B mepmry dYepry BiZHOCHTBCS 1O MAapKiBCKHX
chucTeM, IO 3aiMaloTh B Teopii  MacoBOTO
00CITyTOBYBaHHS Take X MicIle, K JIiHIHHI CHCTEMH B
Teopil aBTOMaTHYHOTO peryroBants [14].
IIpumyctumo po HaAWIPOCTIN I
(myaccOHOBCBKHIA) XapaKkTep MOTOKIB 3asBOK 1 3aKOHIB
obocnyropyBanuss B BMEMC. Toni, moTik momiii y
BMEMC mnoBHHEH BOJIOJITH TPhOMa BIIACTUBOCTIMHU:

CKJIQJIHUM TPYAOMICTKMM NpOLIECOM, L0 BHMAara€ OpIUHAPHICTIO, BIZICYTHICTIO e it i
po3poOKM  cHemiadbHHX  MPOTpaMHUX  3acO0iB  CTaIliOHApHICTIO Ta i ATIOPSIKOBYBATHCS
MOJICTIOBaHHs. ImiTaniiiHe MOJenoBaHHs OyneMo  yacCOHIBChKOMY 3aKoHY po3moainy [15]:
Py(z) = (A0)" -7 /n}, @
where: Pa(t) — #MoOBipHiCTF TOSBH N InrepBanin wacy wmix mnoxismu y BMEMC 3
OJTHOPIZIHUX TIO/IIH B IHTEpBa 4Yacy T; ypaxyBaHHSM  HMOBIPHICHUX  €KCIUIyaTauiiHUX
A — MOCTiliHE MO3UTHBHE YHMCIIO, IO BH3HAYAE€  YMHHUKIB po3moiieHi o MOKa30BOMY
CepeHe YUCIIO TIO/1ii B OJJUHHUIIIO Yacy. eKCITOHEeHIliansHOMY 3aKoHy [ 16]:
FO)=P{T<t}=1-e™ )
3 IMIBHICTIO PO3MOALUTY WMOBIPHOCTI BHHUKHEHHS
MIEBHOTO EKCILTyaTalliHHOT0 YHHHUKA
f(&) =2e7 ®)
Jis BMEMC MHOXHHHA THIIOBHX CHUTYaIliHHUX
YUHHUKIB OYIyTh MaTH MEPETUHH, TOOTO:
Clkﬂ Cl] =$, k= 1,2,...,L;
ji=1,2,..L; k #j. 4)

where: Cj — MHOXHHA CHTyalilHUX YHHHUKIB
EKCIUTYaTaliifHOTO PeXKUMY;

L — mixmuokuHa Cj, K =1, 2, ..., L, BianoBigHux
TUTIOBUM CUTYallilHMM YHHHHKaM. Bci TOTOYHI
cuTyalii OIIHIOIOTHCSI Ha TPUHAIEKHICTh JO TEBHOI

muoxund Cyj, K =1, 2, ..., L, a 3aBnanus 3aMiHIOETHCSI
eKBIBaJICHTHO 3aBIaHHAM JUisl THIIOBOI curyarii Cy;,.

VY BHmanKy, SIKIIO THIIOBI CHTyamii He OyIyTbh
MaTH MEPEeTHHY, TOOTO:

d;=0; ai]-=0; j=0; j=1,2,..L;
Jk = 1,2,...,L; Dis € Pik' S=1,2,...,S =4
= d;=1; b=1; ay = 1;

Cik U Ciil ]=1)211L)

®)
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where: di, bs iaj— gomomixkHi iHTUKATOPHI 3MiHHI
iTepauiifHOro npouecy;

Pis — S-Ta O3HaKa CUTYaLiHHOTO YHHHHKA;

Pik — MHOXMHa XapakTepHUX O3HaK Kk—Toro
TUIIOBOTO  CUTyallilHOr0  4YMHHWKA I 1-TO
ineHTH(IKATOPy EKCIUTyaTaliifHOTO PeXUMY;

1 IUCTIepCi€r0 y 4acoBiil 30HI CUTYyalii{HOr0 YNHHUKA

D(t) = [, t*f (t)dt=1/2?

VY npubnmkeHHI O CTaJoro eKCIUTyaTaliiHoOTo
pexumy 6e3 icrotHoi 3MmiHm crany BMEMC mono
CHEPrOCIIOKMBAHHA M 4ac  0araTOBEeKTOPHUX
30ypeHb, 3asBKM HA YpaxyBaHHS THX YU IHIINX

P{r<1/A} =1—e1 ~ 0.63

TOOTO BeNMKAa 4YacTHHA 3asBOK MI0A0 30ypeHb
CIIAYIOTH OJIHA 33 OJHOIO 3 IHTEpBAJIOM, MEHIIUM 3a
cepeHe 3HaueHHS 1/A.

Po3srisHeMo BHTAZOK, KOJM HAa BXIJI CHUCTEMH
HAJIXOJSITh OMHOPI/IHI 3asBKH BUKJIHKIB BiJl JaTUYHKIB,
mo (IKCYIOTh INEBHI 30ypeHHs 3 IHTEHCHBHICTIO Yy

Cyj, — MHOXHHA 3MIHHHUX, IO BpaxoBaHi y
MoauGikoBaHii 3a1a4i;

Cij,— nepeciuHa MHOKMHA TUIIOBHX CHTYal[iiHUX
YUHHHMKIB, U1 SIKUX ajj # 0,
MaTeMaTUYHUM OYiKyBaHHSIM HAacTaHHS II€BHOTO
CUTYyal[IfHOTO YHMHHMKA, IO TPHU3BEJIE IO BHUXOAY
BMEMC i3 cranoro crany, Oyze:

o t2f(t)dt=1

M) = [ (6)
)
CUTYaIlIHUX YUHHUKIB MaloTh TEHICHIIIIO

TpyIyBaTHCS B OONACTSIX KOPOTKUX IHTEpBAJiB Hacy,
TaK 5K

®)

PO3MOIIICHO 3a EKCIOHCHINAIbHUM 3aKOHOM 3
noka3HUKOM [. [lo3Haummo depe3 S cramuil cTaH
CUCTEMM, KOJM B Hill 3HAXOOUTLCA | 3agBOK. B
inrepBadi [t,t + dt] imoBipHOCTI TIepexoay BMEMC no
PSKUMY KOMIIEHCAlii 30ypIOIOYOro BIUIMBY |-TOTO
CUTYAIlIHHOTO YMHHUKA BU3HAYAIOTHCS MATPHUIICIO:

Mexax IOXHOKM, 4Yac OOCIyroBYBaHHS  SKUX
So 'S¢ S; S3 L S
So [1-Adt Adt 0 0 L 0 1
S| Adt 1-(pdt Adt 0 L 0
S, 0 pdt 1-(Apdt Adt L 0
Skl o0 0 0 0 L 1-Adt!
ITpu noOynosi marpuii muoxuuu 3minaux Cq, (i = 1, 2, ... j), 3 mocriiiHolo WMOBIpHicTIO Bjj

(4) mxepeno 3asBOK MOXHA PO3LJSIIATH K JEAKY
cucremy So. 3asBKH, 110 BUXOIATh 3 i-01 CHCTEMHU

[0 Bor Boz

Bio P11 Biz

B B2i B
Bij= . .

Bo Bu Bo

Jis BU3HAYEHHS MPOITYCKHOI 3aTHOCTI Mepexi
JIATYHKIB 30 ypIOIOYMX YUHHHUKIB HEOOX1THO BU3HAUUTH
IHTEHCHUBHOCTI 3as1BOK B KOXKHI 3 migcuctem BMEMC.
VY 3B'SI3Ky 3 THM, III0 B CTAJIOMY PEXKUMI CEPETHE YUCIIO

/11' = ZiL:O Aiﬁijl j:0,1,2,...,L.

Jlis BU3HA4YeHHS apXiTeKTypH Ta iHTEHCHBHOCTI
3aBaHTakeHHs Mepexi garuynkiB BMEMC HeoOximHO

HagxomsaTh B j-y cucremy (j= 1, 2, ... L) (5) abo
sanuiarTs Mepexy (j=0). B 1poMy BUIa Ky MaTpHLIs
nepesay Ma€ BUTIISL

L By
L By
L By
O (10)
L Byl
3a5BOK, SKi  TMOKHUIAIOTh  CUCTEMY, JOPIBHIOE

CepeIHbOMY YHCIy 3asBOK, CIPABEIJIMBO PiBHICTb.
Tomy, st A (1) 3asBOK BiJl JaTYUKIB, BpaXoBYyr04H (5),
MaEeMO:

11)



Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(49), 2019 41

BU3HAYUTH KOe(DilliEHTH Mepeaadi Ta XapaKTepUCTUKU
JIaTYMKIB, SKI yTBOPIOIOTH MEPEXY 3 BiJIOBIIHHUMH
Koe(ilieHTaMu nepeiadi.

[TapameTpn OKpeMHX MJaTYHKIB, PO3paxOBaHHX
BIJITIOBIZTHO PO3paxoBaHi BiAmoBigHo a0 (11), noBuHHI
BIANIOBIJaTH HACTYITHUM KPHUTEPIsM:

- IBUAKOIIA NPHCTPOIO, IO 3YMOBIIIOETHCS
napamerpamu (8);

- YHCIO KaHAJIB, AK€ 3aJI€XKITh BiJ MHOKHHU
3MiHHHMX, 110 BpaxoBaHi y Moaugikosanii 3amaui Cyj,;

- TPYIOMICTKICTh €Tamy;

- cepenHiif yac o6ciyroByBaHHA (2);

- IHTGHCHUBHICTh 00CIyroByBaHHs (3);

- koediuient nepenayi (7).

ToMy, JUII CHCTEMHU BEIMYMH KOCQIIIEHTIB
LIBUKOAIT JATYMKIB, 110 3yMOBJIIOIOTHCS 3HAUEHHIMH
koe(imienTiB mepeaad bo, bi,..., by 3 TeopernuHMMU
cepenHiMU 3HauYeHHAMHU Po, P1,..., Bt (10) ckmanemo
MaTpHLIO IEHTPAILHUX MOMEHTIB, BHU3Ha4yaro4yy BCi
CTaTUCTHYHI BIAaCTHBOCTI KoedimieHTIB Bjj, a oTxe, i
piBHSHHA perpecii. OTprIMaeMO MaTPUIIO ITUCTIEPCii-
KoBapuamiii Mi, ™0 TONOBHIM niaroHam sKoi
pO3TamioBaHi OMIHKH JAWCHEpCid, a pemTa MiCIh
3aiiMalOTh OLIHKHW A0 Bapiamiid KoeQiieHTIB piBHAHHS
perpecii:

s?{b,}  cov{byb,} cov{b,b;}
2
M, = covib by}  s*{b;} cov{blbm}. (12)
cov{b;b,} cov{b;b;} s*{b;}
3BiicKk  OTpUMYeMO  CHIBBIOHOIIEHHS  JUIA HucriepciiiHa  OIiHKa  TOYHOCTI  JaTYHKIB
JUCTIEPCiHOT OLIHKYM TOYHOCTI JAaTUHKiB i KoBapuaniil  BigTBOproBanocti  S>{y}, 3  ypaxyBamHam (4),

xoeQinientis  pisusanua  perpecii - s{bi}=ci*{y};

cov{bibj}=cijs?{y}.

BU3HAYAEMO 32 (OPMYJIOI0

fe1r Xk kg — Fi)?

s*{y} =

JI€ Vk — CepelHE 3HAYCHHS BEJIUYMHH Yk,
BU3HAYAETHCS 32 JAHUMH Mij IOBTOPIOBAHHUX BUMIpIB.
Benuunna f, = YN_.(my — 1)e 4ucno crynenis
cBOOOTIU TUCTICPCIAHOT OLIHKM TOYHOCTI TATUHKIB, sIKa

- dy ) d?y
s I} = Ziso (d_bi)k sAb}+ 2 Xio (dbidb}.

I;Ll(mk - 1)

]

JIO3BOJISIE BU3HAYNTH 3HAYMMICTh KOE(IIi€HTIB, TOOTO
YTOYHUTH CTPYKTYpy Moaeni BMEMC.

JucnepciiiHa OIiHKA MEpea0aYeHOro 3HAYCHHS
Biaryky natuuka S2{Yk} Bu3HagaeMo Ha OCHOBI 3aKOHY
CKJIaJTaHHS TTIOMHUJIOK

) cov{b;b;},a60 B maTpuuHOi hopmi

s} = XTXTX) 7152 {y, 31Xy = XTM™1X,, ne Xk— BekTop KoOp/uHat K-0i Touku ekcriepumenTy. OliHKa

I[I/ICI'ICpCi.l. a,Z[CKBaTHOCTi BHU3HA4Ya€MO BHPA30M

N
1 - ~
Saq = N_L LZ()’k - %)%
k=1

ne L — uncno xoedimieHTiB, M0 BXOAATH B PIBHSIHHS
perpecii micist BiAKMIaHHS HE3HAYYIIUX KOe(ilieHTiB.
Bennunna fag = N — L Ha3MBaeThCS YHCIOM CTYICHIB
cBO0O U TUCTIePCii aeKBATHOCTI.

BIZITBOPIOBAHOCTI 3a JaHUMHU 14 3aMipiB BEIHYUH 3
JATYUKIB  30yprOIOYMX  MMOKa3HWKIiB. Haiibigbima
moxubka ckmagae 0,0308 Bim MakCHMMAaJILHOIO
3HAYCHHS CUTHANTy. B JaHOMY BHIAAKy Ma€ Micie

Hanpukian, JUIs OIIIHKU 3HAYyIIOCTI  piBHOMIipHe ayOmoBaHHs 3amipiB Li=L,=...=L =N i
KoeimieHTIB 1 aJeKBaTHOCTI OTPHMMaHOi MOAENI  AHUCHepciiHa OIiHKA BiATBOPIOBAHOCTI 3HAXOIUTHCA B
MMEMS 3pobumo Jcnepciiny OLIHKY  BHIVISAI

N mg 52
sopyy = 2t ZaaOka TI)T 00308 or yoms
N(m, —1) 14(5-1) ’
BHUCHOBKHA MAXig ~ JTO3BOJISE MIPOBOJUTH MOJICPHI3ALII0

3anpornoHOBaHUM MiAXig [0 YAOCKOHAJCHHS
BMEMC sk cknagoBoi mpolecy NpOEKTyBaHHS,
JIO3BOJISIE  Tepen0auuTH  3arajbHy  KiJIBKICTh
30ypIOIOYHMX YUHHHKIB 13 MOXKIIUBICTIO OaraTtopas3oBol
3Minu apxirektypy BMEMC, HaBiTh Ipu HasBHOCTI
MiHIMAJBPHUX JaHHUX PO iCHYIOYHI MPOEKT Ta MOXKe
OyTH BUKOPHUCTAHUI MPAKTUYHO AJIsl OyIb-SIKOTO THITY
BMEMC 3 Touku 30py €HeproXuBJICHHS. Takox Takii

pizHomaHiTHEX TUniB BMEMC s ixupoi amanramii
IO  CKCIUTyaTaliiHOTO  peXumMy  (HAIpPUKIA,
JUHAMIYHOTO TO3HIIOHYBaHHS) Ta Ja€ MOXJIHMBICTh
CHHTE3yBaTH peKoMeHpawii po3poonnkam BMEMC,
KOHTPOJICPIB KEpyBaHHS Ta CHUCTEM >KUBJICHHS. Lle
JOCATAETHCS 32 PAXyHOK TOTO, IO 3alpOIOHOBAHUMN
MiAX1 3aCHOBAHO HA KOTHITHMBHOMY (y CHHeEpri3mi 3
IHKEHEpHUM)  HAyKOBO-JOCIITHHAIILKOMY  TIPOIECi
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NPUHHATTS PILIEHHs, IO BKJIOYaE B ceOe IroerarHe

YIOCKOHAJNICHHS  JaHWX, SAKI  HaIXoIsiTh  BiJ
JOCHIDKEHHSI  KOHKPETHOTO eKCIUTyaTaliifHoro
pexumy podoru BMEMC.

30UIbIICHHS CTATHCTHUKH YacTOTH 3HAUYLIUX
ineHTH(IKAIHHIX YUHHUKIB XapaKTEePUCTHUK MPOLIECIB
y BMEMC min 4ac irepamifHUX Mponexyp
MPOTOpLiHO 00CATY BHOIPKH Ta HE MPU3BOAHUTH 10
30UIBIICHAS 3MIHHAX Ta KOeQiIieHTIB perpeciitaoi
Mojeni. BumankoBi 3HA4eHHS 3MIHHUX 30ypIOIOYHX
BIUIUBIB HE KOPENIOIOThCA, IIO € CBIJUEHHAM
MEPEeAYMOBH 3aCTOCYBAHHS PO3POOIICHUX MPHUHIIHIIIB
KOMITO3MLII perpeciiHux Mojesel 3a pe3yiabTaTaMu
EKCIIEPUMEHTALHUX JOCIIIKCHb.
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IMPRVING THE EFFICINCY OF GAS CINDENSATE FELD DEVELOPMENT THROUGH THE USE
OF INNOVATIONS

Tacymoe Pamusz Anuodiicasad-o2nnt

OOKMOp mexHu4ecKux Hayk, npogheccop,

3a6edyowuil kagedpotl npoekmupoganue 06veKkmoes 6 Hepmezasooii cepe,
Cegepo-Kasrasckuii pedepanvhulii yHugepcumen,

Cmasgponons, Poccus

T'acymoe Invoap Pamusoeuu

KaHOUOam 3KOHOMUYECKUX HayK,

doyenm Kageopvl MeHeONCMeHma,

A3epbatiodncancKull 20Cy0apCmeeH blll YHUSEpCumem He@mu u npoMbluLIeHHOCMU,
baxy, Asepbaiioscan

HOBBIINEHUE D®PPEKTUBHOCTHU PABPABOTKHN MECTOPOKIEHUE
YIJIEBOJIOPOOB 3A CYET IPUMEHEHMSI UHHOBAIIAM

Annotation. The hydrocarbon (HC) field is designed for a long, several decades long, exploitation period.
For such a long period of field operation significant changes occur in the field geological parameters of the field
itself and the geological and technical characteristics of each well. The article is devoted to the application within
the framework of geological and technical measures (GTM) innovative approaches to ensure the design level of
hydrocarbon production aimed at improving the efficiency of field development and well productivity during
operation.

Consideration is given to the principles of the formation of geological and technical measures control system
for the development of hydrocarbon fields; main criteria of well stock reliability, as well as the mechanism and
stages of innovation for geological and technical measures and reconstruction of hydrocarbon production objects.

The basic principles of the formation of the innovation development program aimed at the development of
fields and the reconstruction of hydrocarbon production objects are outlined.

Possible measures for maintaining the workable well stock condition and improving the efficiency of
hydrocarbon production objects are considered.

AnHOTanmusi. Mecropoxaenue yriaeBomoponoB (YB) paccumtaHo Ha UIMTENBHBIA, TPOTSKEHHOCTHIO
HCECKOJIBKO JCCATKOB JICT, CPOK IKCIUTyaTalluH. 3a cToib JUIMTCJIBHOC BpEMs IKCILUTyaTallUhd MECTOPOKIACHUA
MNPpOUCXOAAT CYHMICCTBECHHBIC HW3MCHCHHS B I'€OJIOTO-IIPOMBICIOBBIX IMApaMETpax CaMOro MECTOPOKIACHHUA U
r€oJIOrO-TEXHUYCCKUX XapaKTCPUCTHUKAX Ka)KﬂOﬁ CKBA>XHHBI. CTaTI:.S[ MOCBAIICHA TMPUMEHCHUIO B paMKax
reoJyioro-rexunaeckux Meponpustuil (I'TM) HHHOBaIIMOHHBIX MMOAXOIOB IS 00ECTIEYCHUS IPOESKTHOTO YPOBHS
qo0srau VB, HampaBneHHBIX Ha  IOBBIIIEHHE A((GEKTUBHOCTH  pa3pabOTKH  MECTOPOXKICHHH U
IMPONU3BOAUTCILHOCTH CKBAaXXWH IIPHU UX SKCITyaTaluu.

PaccmoTpens! npuHIUTB popMupoBaHus cucteMsl yupasienus [ TM mpu pazpabotke mecTopoxxaeHuit YB,
OCHOBHBIE KPHUTCPHUN HAACKHOCTHU (l)OH}Ia CKBAXXHH, a TAKXXC MEXaHHU3M H JOTallbl pCainu3alnuu I/IHHOBaHI/Iﬁ npu
nposenenun ' TM u pekoHCTpyKIuu 00beKTOB 100b1YH Y B.

M3nokeHpl OCHOBHEIE MPUHIUIIBI q)OpMHpOBaHI/ISI nporpaMmMbl OCBOCHUS HHHOBaHHﬁ, HalpaBJICHHbIX Ha
pa3paboTKy MECTOPOXKICHUN M PEKOHCTPYKIIHIO 00BEKTOB 100bUN YB.

PaCCMOTpeHI)I BO3MOJKHBIC MCPONPUATUA JId MOAACPIKAHUA CKBAKMHHOT'O (bOHI[a B pa60TOCHOCO6HOM
COCTOSIHMH 1 TIOBBIIEHHUS 3 (HEeKTUBHOCTH pabOThl 00beKTOB 100bIYH Y B.

Key words: hydrocarbon, production object, gas fields, well, geological and technical measures,
reconstruction, innovations, control system, program.

Kniouegvle cnosa: yeneeooopood, o00vekm 000blyl, 2a308ble MeCMOPONCOEHUS, CKBANCUHA, 2e0N020-
mexHu4ecKkue meponpuimus, peKoOHCmpyKyus, uHHoeayuu, cucmema ynpaejileHus, npocpamma.
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IHocTanoBka mpo0JieMbl.

OMHUM W3 OCHOBHBIX HAINpPABICHUA CTpPaTEruu
pa3sBUTHS Ta30BOW  MPOMBINUICHHOCTH  SIBISCTCS
MOBBIINICHUE CTEICHH W3BJICUCHHS Ta3a M Ta30BOr0
KOHJICHCaTa W3 HEIp, a TaKKe TMOAJICPKAHUC U
BOCCTaHOBJICHUC IKCILTYaTallMOHHOTO (DOH/Ia CKBaXKUH
st obecriedeHnst 1o0bau yraesogoponoB (YB) Ha
MIPOEKTHOM YPOBHE.

[IpoekT pa3paboOTKN MECTOPOKACHUHN IOJKEH
OBITHh HampaBlieH Ha oOecledeHne HaIeKHOCTH
SKCIUTYaTHPYEeMOT O o0BeKTa W TIOBEIIIICHUE
3((eKTUBHOCTH OCBOEHHS MecTopoxineHnii YB. B
YCIIOBHSIX CTapEIOIIAX OCHOBHBIX (DOHJIOB, TaArOIICH
JIOOBIYH, JUTHTEIIEHO 9KCILTYaTUPYEMBIX
MECTOPOXKJICHUH OCHOBOHM OOECICUCHUS HAIC)KHOCTH
(hoHAa CKBaXKUH Ha NEHCTBYIOMIMX MECTOPOXKICHHUIX

SBJISIIOTCSL ~ TEOJIOTO-TEXHUYECKHE  MEPONPUSTHUS
IT'T™™), KOTOpBIE MIPEICTABIISIOT coboit
HEOTBEMJIEMYI0 ~ YacThb  CHCTEMBl  YIPAaBICHHA

pa3paboTtkoit MectopoxkaeHuil. Ilpu sToM, YTOOBI
obecrieunty HanOoNpHIyI0 3(dekTuBHOCTE padoT B
OCHOBE WX MPOBEICHUS IOJDKHBI JIEXKATh PE3yIbTaThl
ONIEpaTHBHON MUATHOCTUKH CKBA)KWUH, TEXHUYECKOTO
JUAarHOCTHPOBAHMSA ¥ MOHMTOPHHTa Ppe3yJIbTaToOB
paHee TPOBEICHHBIX PabOT, MM 4ero HeoOXOOUMO
pa3paboTka NPHHUMIIBL (OPMUPOBAHUS CHUCTEMBI
ynpaBineHuss ['TM npu pa3paboTke MECTOPOKICHUI
VB, omnpeneneHuss OCHOBHBIX KPUTEPUI HAJECKHOCTH
(oHIa CKBaXWH, a TaKKe MEXaHW3M M JTaIbl
(dopMHpOBaHMS W peanu3alMyd HHHOBAIMH TIpH
npoBeneHu [ TM © pEeKOHCTPYKIHH OOBEKTOB

no6prau. [l pa3paboTkm  MepompusATHH Ui
HOIeP KaHUS CKB)XHHHOTO ¢donma B
pabOTOCIIOCOOHOM ~ COCTOSHMM W ITOBBIIICHUS

3¢ dekTUBHOCTH pPabOThI 00BEKTOB 100bIun  YB,
HE00X0/IMMO U3yUYECHHUE BIUSIHHUE PA3JIMYHbBIX (PaKTOPOB
Ha JJaHHBIH npouecc.

AHaJIM3  NOCJEeIHHX
nyoJIuKanu.

MHorue ra3oBble MECTOPOXKICHHSI HAXOAATCS Ha
3aBeplIaioleil  craguu  pa3pabOTKH,  KOTOpas
XapaKTepu3yeTcss  WCTOLUICHWEM  HPOJYKTHBHBIX
IUIaCTOB, MAaJCHWEM  IUIACTOBBIX  JABJICHHH U
OOBOJIHEHMEM  CKB&XHH. OJTO  TPUBOIUT K
BO3HHUKHOBEHHIO Pa3INIHBIX OCJIO)KHEHHH:
paspymeHne mpuzaboifHod 30HBI Miacta (I1310),
0o0BOJHEHME  IUTacTa, O00pa3oBaHME  TIHHUCTO-
necyanbix  npobok  (I'TIIT), camo3amaBiuBaHue
CKBOXHUH M T.J., NMPUBOJSIINX K CHIKEHHUIO YPOBHS
n06sruu raza [1-3].

HccJie10BaHui "

[oBsIenne KayecTBa pa3paboTku
MECTOPOXKJICHUN M JKCIUTyaTallMd CKBXKHH Tpedyer
NPUMEHEHNS  MHHOBAI[MOHHBIX  IOJXOJOB IS

obecrieueHnst IPOEKTHOTO YPOBHS JIOOBIUM Ta3a, B TOM
ughucne B pamkax I'TM. Kaxkpoe wMectopoxxineHue

paccHuTaHo Ha ,HHHTCHLHBIﬁ, MPOTAKECHHOCTBIO
HCECKOJIBKO JCCATKOB JICT, CPOK OKCILTyaTalllH. 3a
CTOJIb JUIUTCIIBHOC BpEMA OKCILTyaTalnuun
MECTOPOXKIACHUA IPOUCXOoaAT CYIIECTBECHHBIC

N3MEHCHUA B T'C€OJIOTO-IIPOMBICIIOBBIX IIapaMeTpax
CaMoro MECTOPOXKIACHHUA U TCOJOTO-TEXHUYCCKUX
XapaKTCpUCTHUKax Ka)K]lOﬁ CKBa>XHUHBI.

Haﬂe)KHOCTI) (l)OH}_'La CKBAXXHUH XapaKTCPU3YCTCs
TakKuM €ro COCTOsSIHHUEM, Korjga obecrneunBaeTcs

a¢(GeKTHBHAS ~ SKCIUTyaTaldsi MECTOPOXKACHUS B
COOTBETCTBHM C  TPOCKTHBIMH  IOKAa3aTCIAMHU
pa3paboTku u YPOBHEM IKOHOMHUYCCKOM
3¢ G EKTHBHOCTH, a TaKxe obecrieuynBaeTcs

BEITIOJTHEHNE JECHCTBYIOIIMX HOPM H TpeOOBaHHH,
MPEABSIBIAEMBIX K  TEXHHYECKOMY  COCTOSHHIO,
9KOJIOTHYECKOW W TPOMBINUICHHOH 0e30macHOCTH
CKBa)KHH.

Beijenienne HepelleHHBIX paHee YacTeii o0miei

npooJieMbl:

- pa3paboTKa  TPUHUUIBI  (HOPMUPOBAHUS
cucrembl ymnpaBineHus ['TM  mpu  paspaboTke
MecTopoxkaeHudl  YB, ompenencHus — OCHOBHBIX

KpPHUTEPUil HAIS)KHOCTH (POH/IA CKBAXKHH;

- OTIpEICIICHHSI MEXaHU3M M STarbl (GOPMUPOBAHUS
U peald3auuyd MHHOBauuil npu nposeneHuud ['TM u
PEKOHCTPYKINH 00BEKTOB TOOBIUH;

- HM3YYCHHE BIMSHHUE PAa3NIUYHBIX (PaKTOPOB Ha
peanuzanuy uMHHOBauUMid npu mnposeneHuu ['TM u
PEKOHCTPYKINH 00BEKTOB HOOBUN Y B;

- co3maHusg CHUCTEMBI W TIOJICHUCTEM YIpaBICHUSL
I'TM.

eans craTbu.

IToBbImeHust apdekTuBHOCTH  pa3paboTKH
MECTOPOXKJEHHE YTJIEBOAOPOJOB C HCIOIH30BAHHUEM
WHHOBAaLlMOHHEIX  ITOAXOJOB Ha 0a3se CHCTEMBI
ynpasiyienus I'TM.

N310:xeHHe 0CHOBHOTO MaTepUaJa.

I'TM sBnsieTcss KOMIUIEKC MEpP T€OJOTHYECKOrO,
TEXHOJIOTHYECKOT0, TEXHUYECKOTO U DKOHOMHUYECKOIO

XapakTepa, HaMNpaBICHHBII  HAa  peaau3aluio
MIPOCKTHBIX ~ pEIICHHH ¢ 1eNblo  00ecredeHust
MaKCUMaJIbHOU (onTHMaBHOI) JOOBIIH
YIJIEBOAOPOAOB M  TIOJIYYEHHS  JIOTIOJHUTEIHHOMN
npubbUTN Hegpomonb30BaTeneM [ 1, 4].

OcHOBHBIMH ~ LeidssMH  mpoBeneHns I'TM
SBIISIOTCS:

- peanu3anus NPOEKTHBIX PEUICHUH U KOPPEKTUB
10 pa3pabOTKe MECTOPOXKICHUI;

- oOecrieueHHe  COOTBETCTBHS  KadyecTBa
(YHKIIMOHUPOBAaHUS n KOJINYECTBEHHBIX
XapakTepucTUK  (oHTAa  CKBaXMH  TPEOOBAHMAM

MIPOEKTa pa3pabOTKN MECTOPOXKIICHNH;

- panuoHaJbHOE W OoJiee TIOJIHOE W3BJICYEHHE
YIJIEBOJOPOJIHOTO  CHIpbSl Ha  pa3padaThiBaeMbIX
MECTOPOXKIECHUSAX.

IIpu 3TOM pemaroTces caeayoIue 3a1auu:

- IpEAYIPEKICHUE aBAPUNHOTO BBIXOJA U3 CTPOS
CKBaXMH W CKBOXHHHOTO OOOPYHOBaHHSA, CHIDKECHHE
KOJIMYECTBA aBapUil U OTKa30B;

- CBOEBPEMEHHOE BOCCTAaHOBIIEHUE HEUCIIPABHBIX
u HepaboTOCIOCOOHBIX CKBaXKUH,
BHYTPUCKBaKHHHOTO M YCTHEBOTO 000PYI10BAHHMS;

- IO/I/Iep>)KaHKe M TTOBBIILICHHE YPOBHS JIOOBIUH 13
OTPEMOHTUPOBAHHBIX CKBaXHMH 3a CUET IPAMOTHOIO
BBIOOpA 0OBEKTOB, COBEPIIICHCTBOBAHUS TEXHOJIOTHI 1
TIOBBIIICHUS PE3yIbTATHBHOCTH paboT.

I'™ OXBaTBIBAIOT LETbIN KOMIUIEKC
B3aMMOCBSI3aHHBIX (BCIIOMOTATEIbHBIX W OCHOBHBIX)
OpraHM3allMOHHBIX M  TEXHUYECKMX IPOLECCOB,
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peamu3yeMbIX 0 M TOCJIE NpPOBEICHHS pPadOT Ha
ckBaxkuHax /1, 3/.

B kommiekc I'TM Ha ¢oHIE CKBaXKHMH BXOMST
CJIe/TyIoLIe BUIBI paldoT:

- TeKyUMd PEMOHT CKB&XHH (BKIIOYas
MIOJI3eMHBIN PEMOHT);

- KamuTaJbHBII PEMOHT CKBaXHH;

- PEKOHCTPYKIHUS u TEXHUYECKOE

MIePEBOOPYKEHHE CKBAXKHH;
- UHTEHCU(HKANWSA IPUTOKA (ITFOUIOB;
- KOHCEpBalWs U PaCKOHCEPBALMs CKBaXKHH;
- JIMKBHJALMS CKBaXKUH;

- BBIIOJHEHHE  KOMIUIEKCHBIX  Mep  IIO
MOATOTOBKE (POHAA CKBAXKHMH K OKCIUTyaTalUd B
OCEHHE-3UMHUN NIEPUOJ,.

IIpu co3ganum cucremsl ynpaiaeHus [I'TM
HEOOXOAMMO TOMHHUTH, YTO TIJIABHAS ILIEIb IAHHOMN

CHCTEMBl — 93TO MOBbIIeHHE APPEKTUBHOCTH
NPOU3BOACTBA M KauecTBa pabOT Ha OCHOBE
MOCTOSIHHOTO COBEPLICHCTBOBAHUS. Cuctema
npeciefyeT — TakMe — LEeOM  Kak:  yJIydlIeHHe
UCIIONIb30BAaHHSI OCHOBHBIX  (DOHJ/IOB;  TIOBBIILICHHE
TEXHHYECKOT0 W  TEXHOJIOTHYECKOTO YPOBHS U

KadyeCTBa pa60T; obecrnieueHue 3aINIaHUPOBAHHOT' O
TCXHUYCCKOTO YPOBHA MW KadyC€CTBA; pPAllMOHAJIBHOC
HCIOJIb30BaHUC PECYPCOB.

B cocraB cucremsl ympasnenus I'TM mpu
pa3paboTke MecTopoxacHUH YB BXOIIT HECKOJIBKO
MOJCUCTEM,  pCaNM3yIOUMX  oOmme  (YHKIUU
YIpaBJICHUs: MJIaHUPOBAaHHUE, OpPraHU3alusi, KOHTPOJIb
u yuert (puc.1).

OCHOBHBIMH, [OJDKHBI SIBIISITBCS  ITOJICHCTEMBI
YIIPaBIICHUS: MIPOU3BOACTBOM; 9KOHOMHKOH;
pecypcamir; puckaMu ¥ HHHOBausMu [5-7].

Bribop obbekra mst mposepenus I TM sBistercst
MHOTOKpUTEpUAIbHON 3afaueil. PakTopsl, BIUSIOLINE
Ha 3TOT BBIOOD, YUUTHIBAIOT TEXHUKO-TEXHOIOTHIECKHE
YCIOBHSl IKCIUTyaTallMd CKBa)KUHBI, KOHOMHYECKHE
TOCJIE/ICTBUSL ~ TIPOBEJICHUSI  PEMOHTHBIX  paboT,
TpeOOBaHUS TPOCKTa pa3paboTKu M 0E30MacHOCTU
9KCILTyaTaIlli MECTOPOXKICHUSI M BEACHHST PEMOHTHBIX
pabor, a Takke  (aKTOpBl,  CBS3aHHBIE C
BO3HMKHOBEHHEM  YpE3BbIYaWHBIX  CHUTyallWH, He
TIOAJAIOMNXCST OOBEKTHBHOMY KOHTPOJIO. YPOBEHb
TEXHUYECKOTO COCTOSHHMS W TPOTHO3 0e30macHOCTH
9KCIUTyaTallid  CKB&XWHBI B  OONBIION  CTeneHH
ompenensiercs paboTaMu O PEMOHTY, KOTOPBIE, B CBOIO
odepenb, OCHOBaHbl Ha  aHAIM3C  PE3YJIBTATOB
JMarHOCTHKH. Ba)kKHBIM Ha IepcreKTHBy OyneT 3amada
ux OIITUMHU3AllUN, qTO II03BOJIUT IIOBBICUTH
3KOHOMHUYHOCTh TCEXHHUYCCKOI'O O6CJ'Iy)KI/IBaHI/IH, HE
CHMIKasl ypOBEHb 0€3011aCHOCTH AKCILTyaTallu1

(

Cucrema ynpaBnexus I'TM

)

'naBHasn uenb CUCTEMbI: NOBbILEHUE 3(*)(*)6KTMBHOCTVI NPOM3BOACTBA U Ka4eCTBa paﬁor
Ha OCHOBE NOCTOAHHOr0 COBEpPLLIEHCTBOBAHMA

v

Lienu Cuctemsl
Ynyywenue MoBbILWEHNe TEXHUYECKOTO U PaunoHanbHoe
UCnonb3oBaHus TEeXHONOTUYECKOro yPOBHSA U ?&icx:fx?al’;:"s ?;:::?;: “cnonb3oBaHue
CKBaXVH kayecTBa paboT yp pecypcoB
Moacucrembl
< ?

Moacuctema ynpaBnexns NPoU3BOACTBOM

MoacucTeMa ynpaBneHus pecypcam

MopcucTema ynpaeneHns IKOHOMUKON

Moacuctema ynpasneHus puckamu

—

Moacuctema ynpaBneH1a NHHOBaLWAMU

=

06wwe thyHKLMM ynpaBneHus

Mnanuposanne |  OpraHusauus | KoxTpons J\ Yyer | Axanu3 v oueHka | Perynuposahue
— T~

Astomatu3upoBaHHas cuctema coopa 1 06paboTki MHGopMaLmMmu

Pucynox 1 — Cucmema ynpasnenuss I'TM npu pazpabomxe mecmoporcoenuii ¥YB

IloBbieHust MPpONU3BOAUTECIBHOCTH CKBa)>XHH,
KOTOpBIC  XapAKTCPU3YIOTCA  Pa3JIMYHBIM  YPOBHEM
3aTpar, pas3jiMYHbIM TEXHOJIOTHYCCKUM 3(1)(1)€KTOM B

BUJIC JIOIOJIHHUTEIBHOTO MPHPOCTAa JOOBIMM Ta3a |
ra3oBOro KOHJEHcaTa, TpeOyeTcs WHIMBUIYAJIbHBINA
MOAXO/ K OLEHKE AKOHOMUYECKOH 3S(PPEKTHBHOCTH
HCTIONIb30BAaHUSI TOTO WM HHOTO METOJa C Y4YETOM
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Te0JIOTUYECKNX, TEXHOJOTMYECKUX M IKOHOMHUYECKUX
(axropoB. Peanuzaiys MHHOBAMOHHBIX IOJXOAOB B
MPOEKTaX BCErAa COMPOBOXKAACTCS ONpeIeTIeHHBIMU
pHCKaMH, 3TO 00YCIIOBIEHO OCOOCHHOCTSIMU CKBa)KHH
KaK CJIO)KHOTO HH)KEHEPHOT'O COOPYKEeHUsL. B cBs3M ueMm,
OpH TUIAHUPOBAHUK (PAKTOP PUCKA JTOMKEH OBITh YUITCH
 criporHosuposa [4, 8-10].

B KkadecTBe OCHOBHBIX KpPHTEPHUEB HaJEIKHOCTH
(oHIa CKBaXXHH MOKHO BBIIEIUTH CIIEAyIOLINE:

- obecrieunBaeTcst A(PQPEKTUBHAS AIKCILTyaTaIlHs
MECTOPOXICHHS B COOTBETCTBHH C HPOCKTHBIMH
HOKa3aTeIsIMI Pa3pabOTKH U YPOBHEM SKOHOMHYECKOH
3¢ GEKTUBHOCTH;

- oOecrieynBaeTCsl BBINOJHEHHE JACHCTBYIOIIMX

HOpM u TpeOOBaHU, TPEAbSBIEMbIX K
(DYHKIIMOHATIBHOMY ~ Ha3HAYCHHUIO, TEXHUYECKOMY
COCTOSIHHIO,  DJKOJOTMYECKOW U MPOMBIIUIEHHON

6€3011acHOCTH CKBaYKHH.

Ba)kHBIM BOIPOCOM, OTIPEAEIIAIONINM TPEeOOBAHUS
k ['TM, sBnsercss HaAeKHOCTh (YHKIIOHHPOBAHUS
CKBaXHMH 1 CKBa)KUHHOTO 000PYHOBaHHMSI.

Bo muOroM s¢dexruBHOCTE ['TM 3aBHCHT OT ee

MHHOBAIIMOHHBIX COCTaBIISFOLIHX. OcBoeHue
UHHOBAllUM IpU IPOEKTUPOBAHUM HE  SABIIETCS
CaMOLIeNbIO, a JOJDKHO OBITh  TEXHOJOTMYECKH
000CHOBAaHO ¥  JKOHOMMYECKH BBITOAHO. be3
WHHOBAIITMOHHBbIX Ioaxoa0B TMOJIYyUCHUA
MakcuManbHOro 3ddexra or peammszanmu ['TM mpu
paspaboTke MECTOPOKICHUIA MPaKTUIECKH

HEBO3MOXKHO. JTO CBS3aHO C TEM, YTO MEPOIPHUSITHUS
caMo 1o ceOe, 3TO eCTh HOBBIE METOJBI JUIA PEIICHUS
BO3HHUKAIOIINX npobneM pu pazpaboTke
MECTOPOXKICHUH.

Bxmang ~— WHHOBaIMOHHOTO
pa3paboTke MECTOPOXKICHUI H3MepsIeTcst
MOKa3aTeIsIMA  HWHHOBAIMOHHBIX  COCTABISIOIINX,
OTPaXAIOMIMX JIOJI0 HHHOBAIIMOHHOM JOOBIMM U
WHHOBAIIMOHHON MpHUOBUIM B MX o0meM o0beme Io
ra3o700bIBatOIIEMy IPEANPHUATHIO B ieoM. [Ipu 3Tom
OCHOBHBIM IT0Ka3aTeseM 3QGEeKTUBHOCTH IPUMEHEHHS
WHHOBAIlMH TIpH pealu3aluy NpPOeKTa pPa3pabOTKH
MECTOPOXKICHUH SIBIISIETCSI JIOCTHXKECHUE
MaKCHMaJIbHOTO pe3yibTaTa (IIpupocTa peHTadeIbHBIX
B JIAaHHBIX JKOHOMHYECKMX YCIOBHSAX 3alacoB U
JOOBIUN YTIICBOAOPOIHOTO CHIPBS) NPH COXPaHECHHH
HEOOXO/MMOTO COOTHOIIEHHS MEXAY HPHUPOCTOM H
oTb6opoM YTJIEBOIOPOIOB c BO3MOXHBIMH
OTPaHMYEHUSIMH TI0 OCHOBHBIM BHAAM PECYpPCOB:

(dakTopa  mpu

(PMHAHCOBBIM, MaTepuaibHbIM,
9HEPreTUYECKUM U T.JI.

ITpn ocBoeHWMM WHHOBALMI HEOOXOAMMO YETKO
OIPEEIINTh, KAKUE TEXHOJOTMYECKUE PELICHUs OyayT
UCIIONIB30BaHBl Ha O0BeKTax no0buuM YB m mx
B3aUMOJEHCTBUS C YK€ TPAIULIHOHHO NPUMEHSIEMbIMU
TEXHOJIOTHSMH ¥ 000pyAOBaHHEM. DTAITbl peai3alin
WHHOBALUl IPUBEACHBI HA PUCYHKE 2.

Bri6op o6bekra mis nposenenus ['TM sBrsercs
MHOTOKpUTEpHUAIbHON 3aiaucii. PakTopsl, BIUAIOILNE
Ha 3TOT BBIOOD, YUUTBIBAIOT TEXHHUKO-
TEXHOJIOTHUECKHE YCJIOBHS SKCIUTyaTallid CKBAaXKHH,
SKOHOMHUECKHUE HOCIIE/ICTBHS MIPOBEJICHUS
PEMOHTHBIX paboT, TpeOOBaHHS IPOEKTA pa3pabOTKU U
0€30I1acCHOCTH JKCIUTyaTallul MECTOpokaAeHHH YB u
BEJCHUS PEMOHTHBIX pPadOT, a Takke (aKToOpsl,
CBSI3aHHBIE C  BO3HMKHOBEHHEM  YpE3BBIUAHHBIX
CUTyallMii, HE  TOANAIOIMMXCA  OOBEKTHBHOMY
KOHTPOJIFO. YPOBEHb TEXHHYECKOTO COCTOSHHS U
MIPOTHO3 0OE30MaCHOCTH 3KCIUTyaTallud CKBaXWH B
OoJpIIeH CTENeHM ompenensercss BHAaMH padboT 1o
PEMOHTY KOTOpBIC, B CBOIO OYEpe[b, OCHOBAHBI Ha
aHaNM3e pEe3yNabTAaTOB JAWAarHOCTHKU. BaXHBIM Ha
NEePCICKTUBY OyIeT 3aJada WX ONTHMHU3AIMH, YTO
MO3BOJIUT IIOBBICUTH 3KOHOMHUYHOCTH TCXHHYCCKOT'O
00CITy’)KMBaHMsI, HE CHW)Kasi ypOBEHb O€30MaCHOCTH

TPYAOBBIM,

JKCILIyaTaluu.
[loBblIEHUE MPOU3BOAUTENBHOCTH  CKBAXKUH,
KOTOPOE  XapaKTEpHU3yeTCs Ppa3iIUu4HbIM  YPOBHEM

3aTpar, Pa3MTUYHBIM TEXHOJOTHYECKUM 3(pdexTom B
BHJC [OMOJHUTEIBFHOTO MPUPOCTa IOOBIYM Taza u
ra3oBOro KOHJCHcaTa, TpeOyeT WHIUBUAYaIbHBINA
MMOIX0A K OIEHKE SKOHOMHUYecKoW 3¢ddekTuBHOCTH
HCTIONBF30BaHUIO TOTO WM HHOTO METOAA C y4eTOM
Te0JIOTHYECKHUX, TEXHOIOTHYECKUX M IKOHOMHUYECKHUX
(axTopoB. Peanu3anus HHHOBAIIMOHHBIX MOJXOJIOB B
MPOEKTaxX BCETJa COMPOBOXKAACTCS OIpPEAeICHHBIMH
pHUCKaMH, 3TO 00YCJIOBIEHO OCOOEHHOCTSIMU CKBAKUH
KaK CIJIO)KHOTO HMHXEHEPHOTO COOpyXeHHus. B cBs3u
yeM, npH ianupoanuu ['TM ¢axrop pucka goimkeH
OBITH YYTCH U CIIPOTHO3UPOBAH.

Pacuer pucka ocymecTBiseTCs, KaK MPaBHIIo, HA

CcTaauu MMPOCKTUPOBAHUA C HCIIOJIB30BAHHUEM
METOO0JIOTHHA BEPOATHOCTHOI'O aHaJIn3a
0e30I1aCHOCTH. PacuerHrle METOAbI IIO3BOJIAIOT

OLICHUTh pPHCK MPUMEHHUTEIBHO K KOHKPETHOMY
TEXHOJIOTHYECKOMY MPOIIECCy.
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OcBoeHne UHHOBaLUUK
(c nomowbo NPOeKTHbLIX pewweHuid, F'TM)
AOJIKHO ObITb TEXHONOrMYECKN 06OCHOBAHO
¥ 3KOHOMUYECKMN BbIFOAHO:

(4

Peanusauusi NHHOBALMOHHBIX
NPOEKTHbLIX peLUeHUN
Ha 06beKTax AobbluM rasa

/

—

-

Tpa.qwuuom-lble TeXHONnormu
(obLyenssecTHble, anpobupoBaHHble
TEXHUYECKME 1 TEXHOMOTMYECKME PELLEHNS)

OyayT mcnonb3oBaTbCs

—

Heobxoaumo yeTko onpeaenuTb,
aKue TeXxHoJsiorn4yeckue peLleHusa

K

(

/VlHHOBaLIMOHHbIe pPelieHux,

BKIIOYAOLLME MHHOBALMOHHbIE PELLEHMS, HAanpaBeHHbIe
Ha JOCTWKEHWE MaKCUManbHOM pesyrbTaTUBHOCTM.
OcBoeHWe MHHOBaLUIA — NPUMEHEHNE NPOrPECCUBHBIX
TEXHOMOrN NPY NPOEKTUPOBAHUM, CTPOUTENBCTBE, PEKOHCTPYKLIMMK,
\ KanwTanbHOM PEMOHTE 1 3KCTyaTaLi 06bEKTOB.

~

/

Pucynox 2 — Omanwr peanuzayuu unnosayuii

IIpu  dopmupoBanuu 1IaHoB  (TIporpaMm)
OCBOEHUS MHHOBAIUI BO3MO>KHO BKJIFOYHUTE
crenyromiue paszaenst (puc.3):

- OTIBITHO-IKCIIEPUMEHTATBHOE BHEpCHMHE

(HpCZ[J'IO)KeHI/Iﬂ IO paHCC BLINIOJIHCHHBIM HAayYHBIM
HUCCIICAOBAHUAM, HC MIpomeaAnuMm OIIBITHYIO

pelIeHu, pa3pabOTaHHBIX HAa OCHOBE JCHCTBYOIIUX
HOPMATUBHBIX U METOJUYCCKUX TOKYMCHTOR).

C TepMHHOM «MHHOBAIIKS» TECHO CBSA3aHBI TAKUE
MOHATHSA  KaK  Pe3yJNbTaThl  HHTEIUICKTYAIbHOMN
JIeITEIbHOCTH, KOTOPBIM IPEAOCTABISAETCS MPABOBas
oxpaHa (n300peTeHusI, MOJIe3HbIC MOJCTH U T.1.).

anpo6aumo Ha TIpAaKTUKE, B T.4. IO KOTOPbIM HpO@KTBI B CBOIO O0O4YCpEb MOXHO YCJIOBHO
pa3paboTaHbl METOAWYECCKHE PEKOMEHAANU IS TOIpa3IeNINTh Ha IBa BuAa (puc. 4):
OIBITHO-IIPOMBICJIOBBIX HCHLITaHHﬁ); - IIPOCKTHI, CoZCpIKaIune WHHOBAIITMOHHBIC

- BHEJAPEHHE HOBBIX TEXHOJOTHH, TEXHHMKH, PpEIICHUs, CO3JJaHHBIE aBTOPOM B IIpoliecce pa3paboTKu
KOHCTPYKIMH ¥ MaTepuanoB (IIPEUIOKEHHS 10  NPOEKTOB;
BHEAPCHUIO HOBBIX TeXHOHOFHﬁ, TCXHUKU, - TPOCKTHI, BKIOYAIOIIUE PAHEC CO3JaHHLIC
KOHCprKHHfI, MaTepraIioB U JPYTUX HHHOBAIIMOHHBIX HWHHOBAIIMOHHBIC peucHus, ImpaBa Ha KOTOpPbIC

MpUHAJICKAT TPETHUM JIMIAM.
®opmMupoBaHKe NNaHOB (MPorpaMmm) 0CBOEHUA MHHOBaLIMIA
B paMKax NpoeKTHbIX peweHun (FTM)
) ~\
I::> (OnblTHo-akcnepumeHTaanoe BHeApeHue

< /)

- MpeanoxeHns no paHee BbINonHeHHbIM HAP, He npoLueawmnm onbITHYH0

< anpobauynio Ha NpakTuke, B T.4. N0 KOTOPbIM paspa6otaHb| MeToauyeckne

= peKOMeHAALMM 41151 ONbITHO-NPOMBICIOBbIX UCMbITAHWIA, HO OTCYTCTBYHOT

- HOpMaTKBHble LoKyMeHTbl B cTatyce CTO; Takue paboTbl MOryT BbiTb BKMKOYEHDI

B NPOEKTHO-CMETHYIO AOKYMEHTALMI0 TOMBKO NOCIE pa3peLleHnss WHBeCTopa unu

n 10 €ro 3apaHxmio

" N

- I::>(BHep,peHMe HOBbIX TEXHONOIUMN, TEXHUKN, KOHCTPYKLMUNA W MaTepMaHOB/

™ [MpeanoXeHns No BHEAPEHWIO HOBbIX TEXHOMOMUI, TEXHUKM, KOHCTPYKLMA,

< MaTepuanoB W ApYrX MHHOBALMOHHBIX PeLieHni, pa3paboTaHHbIX Ha OCHOBE

o AENCTBYIOLMX HOPMATUBHBIX U METOANYECKUX AOKYMEHTOB, YTBEPXKAEHHbIX 1

0006pEHHbIX MHBECTOPOM, HO PaHee He MPUMEHSBLUMXCA Ha AaHHbIX 06beKTax

Pucynox 3 — @opmuposanue nianos (npoepamm) 0c8oeHus UHHOBAYUU
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B sTom cjiy4dac HCOGXOZ{I/IMO YACIUTDb ocoboe BBIIICTICPCUNCIICHHBIC peuicHnAd nocjieayrounemy
BHUMAaHHC COﬁJ‘HOILeHI/I}O MpaBOBbBIX HOPM, C HLECJbIO YpETryJIupOoBaHuC B3aMMOOTHOIIIEHUHA C Bi1aacJbliaMHu
HCOONYHICHNA HAPYHICHUSA UCKIIIOYUTCIIbHBIX IIPaB Ha IIaTCHTOB.

C TepMMHOM «MHHOBALUA» TECHO CBA3aHbl TaKMe NOHATUSA KaK pe3ynbTaTbl
UHTENNEeKTyanbHOW AeATeNbHOCTH, KOTOPbIM NPeAoCTaBNAeTCA NpaBoBas OxpaHa
(n306peTeHus, nonesHbie moaenu u T.4.) )
S
< :> CopepxaT MHHOBALMOHHbIE PeLleHus, CO3AaHHble
§_ s aBTOPOM B npouecce pa3paboTku npoekTa )
<< E Heobxoanmo onpefenuTb npaBoobnagaHune pesynbratamu
8 5 WHTENNEKTyarnbHOM AeATENbHOCTY U NPaBOBbIE OTHOLLEHMUS
T S (norosop Ha BbinonHeHue [AP)
Tz /
=2 D
o 3 :> BKnioYatoT paHee co3aHHble MHHOBALMOHHbIE PeLLeHNs,
§ ;' npaBa Ha KOTopble NpUHaanexar TPeTbUM Nuuam )
L é Heobxoanmo yaenntb 0coboe BHUMaHKe cobnoaeHnio
E b NpaBOBbIX HOPM, 3aKpenneHHbIx B IpaxaaHckom Kogekce PO, ¢
= g Lenblo HeJonyLeHNe HapyLUEHUS MCKIIOYMTENbHBIX NpaB Ha
S C BblLUenepeyncneHHble petenns (ct. 1358, 4. 4 TK PO) n
o o nocneaytLemy yperynupoBaHue B3auMoOTHOLLEHUI C
= BnagesbLamm naTeHToB
___ o /
Pucynox 4 — Illpumenenue unnosayuii 8 npoekmuwvix pewenusx (I TM)
OcBoeHNe MHHOBALIUH JOIKHO OCYIIECTBIIATECS B OcBoeHHE HHHOBAIIMOHHBIX pEIICHHH mpu

COOTBETCTBHM C IUIAHOM (TIPOrpaMMOoii), KOTOPBIA
COJICPIKUT KOHKPETHBIE ITAITBI:

- pa3paboTKa B COCTaBe€ MPOSKTHO-CMETHOM
JIOKYMEHTAIIH;

- MpUMEHEHHE NPHU BBIIOJIHEHHH PadoT 1o
CTPOUTENBCTBY, PEKOHCTPYKIIMU M PEMOHTY CKBa)KHH;

- CpaBHHUTEIbHOE HAONIOEHHE 32 OOBEKTOM,
MPOCKTHUPOBAHUE U  CTPOMTEIILCTBO  KOTOPOIO
OCYHIECTBJICHO C€ TIPUMEHCHHUEM HWHHOBAIIMOHHBIX
pelieHnid, W CMEeXHBIMU C HHUM OOBEKTaMH,
BBITIOJTHEHHBIMU 110 TPAJUIIUMOHHBIM TCXHOJIOTHUAM.

PEKOHCTPYKIINH OOBEKTOB JOOBIYN YTIIEBOJOPOIHOTO
CBIPbsl BO3MOXKHO B JIBYX HallpaBJICHUAX:

- OIBITHO-3KCIIEPUMEHTAIIbHOE  BHEApPEHUE
(ammpobanms MHHOBAI[MOHHOMN MPOLYKIIUH B
MIPOU3BOJICTBCHHBIX YCIOBHIX);

- BHEAPEHUE HOBBIX TEXHOJOIHHA, TEXHUKH,
KOHCTPYKLHUI 1 MaTepuayoB (0JZ0OPEHHBIX, HO paHee
HE TIPUMEHSBIIUXCS Ha JAHHBIX 00BEKTax).

OcBoeHNe THHOBAIIMI JTOJKHO OCYIIIECTBIISATHCS B
COOTBETCTBUU C MPOrPaMMOM, BKIIFOUAIOIIEH 3Talbl ee
peanm3anii  OT  Pa3pabOTKH  MPOEKTHO-CMETHOM

JIOKYMEHTAIIMU JI0 IPUMEHEHHSI B TPOU3BOJICTBE (puC.
5).



.|
[EESY] |

Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(49), 2019

49

WHHOBaUuu (npeanoxeHus)
OCBOEHUE AOIKHO OCYILECTBNATLCA B COOTBETCTBUMN
€ NAaHOM (NporpammMon), BKNHOYaoWMM dTanbl:

2L

~
Pa3paboTka B cocTaBe
NPOEKTHO-CMETHOM
AOKYMEHTaLum
J

4 N

JTanbl peanu3auum UHHOBALMIA

NPV PEKOHCTPYKLUM 0O BLEKTOB
[obbluM rasa

&

MpumeHeHWe npu peanusaunu
NPOEKTHbIX peLIeHUn
B NpoLiecce PeKOHCTPYKLMU
06beKkToB

1§

CpaBHuTeNbLHOE HabnoaeHMe 3a 00 LEKTOM,
NPOEKTUPOBaHME U CTPOMTENILCTBO KOTOPOro
OCYLLECTBMEHO C NPUMEHEHUEM MHHOBALMOHHbIX PeLLeHuH,
U CM@XHbIMU C HUM 06 beKTaMu, BbINONMHEHHbIMU NO
TPaAULMOHHBLIM TEXHOJOTMAM

Pucynox 5 — Ocsoerue UuHHOBAYUOHHBIX peuieHUll NPU PeKOHCMPYKYUU 00bexmog 00dviyu YB

B ofomx cny4asx NpUMEHCHHWE WHHOBAIHI
HalpaBI€HO HAa TOBBIIMICHHE KadecTBa IPOEKTHBIX
pELICHUH, B YacTHOCTH MOBBIIICHHE HAaJEKHOCTH,
JIONTOBEYHOCTH, 6e3omacHoCTH 00BEKTOB
CTPOUTENIBCTBA,  PEKOHCTPYKLUH,  KaIHTaJIbHOTO

pEMOHTA, SKOHOMHYECKOH 3((EeKTHBHOCTH U T.X.
IMocnenoBaTeNbHOCTh peaNU3alMi  MHHOBAIIMOHHO-
TEXHHYCCKNX  PCIICHUH,  HANpaBICHHBIX  Ha
PEKOHCTPYKIHUIO 00BEKTOB 10O Y B, mpuBeneHa Ha
pHUCYyHKe 6.

( WHHOBALMOHHbIE PeLeHNs PN PEKOHCTPYKLNKU 00 LEKTOB }

~_ =

~ =

OnbITHO-3KCNEPUMEHTaNbHOE BHeApeHue
(anpobauus MHHOBaLMOHHON NPOAYKLNM
B NPON3BOACTBEHHbIX YCIIOBUAX)

BHep,peH e HOBbIX TEXHONOTUI, TEXHUKH,

KOHCTPYKLMIA U MaTepuanos
(0m0GpeHHbIX, HO paHee He NPUMEHSIBLLNXCA
Ha flaHHbIX 00beKTax)

S~ =

= =

MoBblweHUe KayecTBa MPOEKTHbIX pemeHMﬁ
(HOBI:II.I.IeHVIe HafeXHOCTH, AONTOBEYHOCTH, 6@30NacCHOCTU 0OHLEKTOB CTpouTenbCTBa,
PEKOHCTPYKUWNKU, KanUTaNbHOro peMOHTa, 9KOHOMUYECKOMH 3(#)CbeKTMBHOCTM n T.JJ,.)

(' KAYECTBOBbLIMONMHEHMA )
~
HagexHocTb JonroBe4yHoCTb AddhekTMBHOCTL
PEeKOHCTPynpyemoro PEKOHCTPyMpyemoro PEeKOHCTpyMpyemoro
06BLeKTa 0b6BekTa ob6beKTa

Pucynox 6 — Unnosayuonno-mexnuyeckue peweus, HanpagieHHvle Ha peKOHCMPYKYUIo 00beKmos 000biyu

st obecrnieueHus pErIaMeHTHOTO
TEXHOJIOTHYECKOTO TpoIecca MOO0BYM Tra3a, B TOM
gucie coOmofeHnss Oe30MacHOCTH TPOU3BOJICTBA,
HeoOxouMa pa3padoTka U peanu3alus KOMIUIEKCHBIX
Mep MO PEKOHCTPYKIUHU MPOMBICTIOBBIX 00OBEKTOB

AKTyambHOCTh PEKOHCTPYKIIHMH  OIPEICIIICTCS
HEOOXOMMMOCTRIO  TOBBIICHUS 3 dekTuBHOCTH
JKCIUTyaTaui OOBEKTOB J00buM YB, ¢ yuetom
CIeyomX GakTopoB:

- OCHOBHBIE MPOU3BOJICTBEHHBICE MOIIHOCTH
00BEKTOB J00BIYM Ta3a, CIPOCKTHPOBAHHBIE Ha
Hay4HO-TexHHUeckoi 0aze 80-Xx rojoB, BBEIEHHI B
JKcILTyaTtaluio oosee 20 neT Hazax;

- JUTS obecrieyeHUs perIaMeHTHOTO
TEXHOJIOTHYECKOTO TMpolecca MOoOBYH ra3a, B TOM
yuciae coOmoleHns 0e30MacHOCTH IPOU3BOICTBA,
HeoOXxoauMa pa3paboTKa U pearu3alus KOMIUIEKCHBIX
Mep 0 PEKOHCTPYKIIMU IPOMBICTIOBEIX OOBEKTOB;
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- aKTYaJIbHOCTh PEKOHCTPYKLUH OIpEIesieTCs
HEOOXOAMMOCTBIO  MOBBIMEHUS  3(P(PEKTUBHOCTH
9KCIUTyaTallil OOBEKTOB JOOBIYM MECTOPOXKIACHUMH,
IKCIUTYyaTHPYEMBIX JUTUTEJIbHOE BpeMs u
o0ecmeYnBaroMX OCHOBHOM 00beM 100bIun YB;

- PEKOHCTPYKIHMSI OOYCIIOBJIEHa HM3MEHEHHUEM
TEXHOJIOTMUECKUX  TIOKa3aTesiell  pa3paboTku  u
A3HOCOM OCHOBHBIX ¢doHIOB 0a30BBIX
MECTOPOXKICHUH, TPEOYIOMHX MEPEHTH OT JOKaIHHOM
PEKOHCTPYKIHMH 10  (AaKTUIECKOMY  COCTOSIHUIO
00BEKTOB K KOMIUIEKCHOH PEKOHCTPYKIIUHU TOOBITHBIX
KOMIUIEKCOB;

- WHHOBAI[HOHHO-TEXHUYECKHUE peuieHus,
TIO3BOJISIIOIIUE TIOBBICUTD k03 unmeHT
HeTerazooTaayn MECTOPOKICHUH, HaXOMAIIUXCS Ha
Mo3qHEeH  craauu  pa3pabOTKM M YMEHBLINTh
CaMo03a/IaBJIMBaHUs CKBa)KUH, JIOJDKHBI CTaTh OCHOBOM
MPOTPaMMbI PEKOHCTPYKIIUH.

PexoHCTpykIMst ~ 0OycnoBieHa  H3MEHCHHEM
TEXHOJIOTMYECKUX  TIOKa3aTesiell  pa3paboTku U
HU3HOCOM OCHOBHBIX ¢doHmoB 6a30BBIX
MECTOPOXKICHUH, TPEOYIOMHX MEPEHTH OT JOKAITBHON
PEKOHCTPYKIMH 10  (aKTUIECKOMY  COCTOSIHUIO
00BEKTOB K KOMIUIEKCHOW PEKOHCTPYKLIUH.

VHHOBaLIMOHHBIE TEeXHUYECKHE peuieHus,
MO3BOJISIIOIME MOBBICUTh KOI(D(GULIMEHT Ta300TaauH

MECTOPOXKICHUN, HAXOMASALIMXCS HA TMO3JAHEH CTaauu
pa3paboOTKM, W  yMCHBIIUTH CaMO3aaBIUBAHHS
CKBa)XWH, JIOJDKHBI CTaTh OCHOBOW MpPOTpPaMMEI
pexoHcTpyKimu [2, 11-13.

Cpenn  OCHOBHBIX HPOOJIEM, OCIOMKHSFOIIUX
paboTy OOBEKTOB JOOBIYM Ta3a MOXHO BBIICITHUTH
crexytormme (puc. 7):

- IUIACTOBOE [aBJICHHE CCHOMAHCKHX 3ajIeKeit
MECTOpOXKIEHUI B 3 pa3a HWKE JaBJICHUS B
MarucTpaTbHOM T'a30IIPOBO/IE;

- IJJACTOBOE HaBJICHUE BaJaHKHMHCKHUX 3aJICiKeit
cammwiock 1o 10-16 Mlla, 49ro HHWXE YpOBHS,
00eCIeYrBaroIIero OIITUMAJILHEIE YCIIOBHS
MMOArOTOBKH ra3a M KOHIEHCATa,

- IOJBEM Ta30BOAHOrO KOHTaKTa JOCTHT 50 M, B
pe3yiapTaTe uYero Ha MHOTHX MECTOPOXICHUSIX
00BOJTHCHO JTO TPETHU BBICOTHI 3aJICKH;

- CHW)KCHUE CPEIHECYTOYHBIX JEOUTOB CKBAKUH
10 CPaBHEHUIO C HAYaJbHBIMU B 4-5 pas3, BCIeICTBHE
gero obBomHeHO 110 20% (poHIA SKCIUTyaTalMOHHBIX
CKBaXKUH;

- yMeHbIIEHHE OOBEMOB MOOBMM Ta3a U
M3MEHEHHE MMapaMeTPOB TEXHOJIOTHUYECKUX MPOIECCOB
MPUBOJUT K BBICBOOOXKAEHUIO 10 40% MoutHOCTEH U
HEOOXOMUMOCTH JIMKBHIAIMNA WA PEKOHCTPYKIUH
00JIBIIOr0 00BbEMa TEXHOJIOTHYECKOT0 000pY/I0BaHHSI.

( Mpobnemsbi, ocnoxHsatowme padoty 06LekToB fobbiun YB )

MarucTpanbHOM rasonpoeoje

MnacToBoE AaBMNEHNE CEHOMAHCKMX 3aNexeil MECTOPOXAEHU B 3 pa3a Hke 1aBneHNs B j

[nacToBOe faBrneHne BanaHXMHCKIUX 3anexen cHuaunoch o 10-16 MMa, Yto Hike ypoBHS,
obecneunBaloLLEro ONTUMAnbHbIE YCIOBWS MOATOTOBKY rasa U KOHAeHcaTa

0BBOAHEHO 10 TPETM BbICOThI 3aNEXM

[ MoabeM rasoBOHOrO koHTakTa Aoctur 50 M, B pesynbTaTe Yero Ha MHOMMX MECTOPOXAEHNSX ]

CHWxKeHve cpeHeCyTOUHbIX AeBUTOB CKBaXMH MO CPaBHEHMIO C HAYanbHbIMK B 4-5 pas,
BCneacTBue Yero 06BoagHeHo Ao 20% ¢hoHaa KCnnyaTauMoHHbIX CKBaXMH

YMeHbLUeHWe 06bEMOB A00bLI4M ra3a 1 N3MEHEHWE NapaMETPOB TEXHONOTUYECKUX
npoLeccoB NPMBOAMTL K BbicBOBOXAEHNO 40 40% MOLLHOCTEN M HEOBXOANMOCTH

NUKBMZALMM UMK PEKOHCTPYKLMN BOMbLLOTO 06beMa TEXHONMOrMYeckoro 06opyLoBaHMs

kayecTBa TOBAPHON NPOAYKLMK

( OcHOBHbI€ Lienu peKOHCTPYKLUM 06eKTOB A06bI4n YB )
ObecneyeHne NPOEKTHOro YPOBHS A00bIYM YrNEBOAOPOAHOO Chbipbs M HOPMATUBHOMO j

—><O6ecneqe|-|me TEXHUYECKO 1 IKOHOMMYECKO 6E30MacHOCTM U TEXHONOTUI 1 060PYA0BaHUS )

CokpalLeH1e 3Hepro- pecypcosaTpart, TEXHONOrMYECKUX NoTepb YINeBOA0POAHONO Chipbs, j

yBemnu4YeHe Npon3BoACTBa TOBAPHON NPOAYKLMM

Pucynox 7 — I[Ipobremvr u yeau pekoncmpykyuu 06vexkmog 00oviuu YB

BbiBoabI M3 JaHHOTO0 MCCJIEIOBAHUS M
nepcrneKTUBBI.
Takum 00pa3oM  PEeKOHCTPYKIHMA OOBEKTOB

JOOBIUM  YIIIEBOAOPOTHOTO CHIPbSl IPEXKIEC BCEro
HalelieHa Ha 00ecIeYeHHe MPOEKTHOTO  YPOBHS
JIOOBIYH  YTIICBOJIOPOTHOTO CHIPbS M HOPMATHUBHOTO
KayecTBA TOBAPHOW NPOMYKIMH; TEXHHYECKOU U
JKOHOMHUYECKOW  0€30MacHOCTH, TEXHOJOTHH W
000pyIOBaHUsI; COKpallleHHe SHEepropecypcos3arpar,

TEXHOJIOTHYECKHX TIOTE€Pb YIJIEBOJOPOAHOTO ChIPbS,
yBEJIMYCHUE POU3BOJICTBA TOBAPHOI MPOTYKIIUH.
OpHoM M3 mpeobiagaonInx cTaTeil B CTPYKTYpe
OCHOBHBIX CPEJICTB Ta30/I00bIBAIOLINX KOMIIAHUN - B
cpenaeM 32% OCHOBHBIX MPOHM3BOJCTBEHHBIX (POHIOB
COCTaBJIAIOT CKBAXWHBL. B Hacrosmee Bpemst mis
TI0J|/Iep KaHHS CKBR)XHUHHOTO ¢donna B
paboTOCIIOCOOHOM COCTOSIHUM TpeOyeTcst:
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- MOJACpHU3aAIUA (1)I/I3I/I‘I€CKI/I HU3HOILICHHOI'0O H OKCIUTYaTUPYEMbIX CKBAXXHH IMPHU COXpPaHCHUU IL€6I/ITa
MOpaJIbHO yCcTapeBUICIo TEXHOJIOI'HYECKOI'O u MUHUMAJIbHbBIX NOoTepAX JaBJICHUSA —
000pyIOBaHUS U CUCTEM WH)KEHEPHOTO 00eceyeHus; KoHLeHTpu4yeckue Jmudrosle  KkoioHHBl  (KJIK),
- TEXHOJIOTUYECKOE pasBuTHE JAKC, «aurymxkepHeld audT», 3aKkauka Traza B 3aTpyObe;

obecrieynBaroliee HelpephIBHOE MOBHIIICHNUE CTETICHH
CKaTus U ONITUMaIbHY!O 3arpy3ky ['TIA;

- ONTUMAaJbHOE HCIIOJIb30BAHHUE
BO3MOYKHOCTEH CKBa)KHHEI,

- obecrieueHNE aBTOMAaTHYECKOTO OIEPATHBHOTO
KOHTPOJISI W YNPaBICHUS  PEKUMaMH  PabOThI
TEXHOJIOTHYECKOTO  O0OpYyIOBaHMS B  YCIOBHAX
MaIafomIel JoObIr raza MecTopokaeHnit ¥YB;

- aKkciutyarauusi razocoopusix cuctem (I'CC) B
pexrMax, OO0ecHeYMBaIOINX PaBHOMEPHBIH BBIHOC
JKUJKOCTH;

- obecriedeHHMe  KayecTBa  IPOMBICIOBOM
MOJATOTOBKH ra3a B yCIOBUAX MOCTOSHHOTO H3MEHEHUS
TEXHOJIOTHYECKHUX MTapaMeTpPOB.

IIpn pexoHCTpYKIMH OOBEKTOB OOBIYM Taza

JTOOBIYHBIX

enecoo0pasHo MIPUMCHCHHE HMHHOBAITHOHHBIX
TEXHOJIOTHI:

- IPEAOTBpAIICHHE CaMO3aJaBINBAHIsI CKBaXXHH,
o0ecreurBaroIIne yIaneHue JKUJKOCTH u3

pacripeielieHHoe KOMIIPUMUPOBAHKE; PEKOHCTPYKIIUS
I'CC,;

- BOCCTaHOBJICHHUE MPOHU3BOIUTEIBHOCTH
CKBaKHUH: 3ape3Ka OOKOBBIX TOPH30HTAILHBIX CTBOJIOB;
OCBOCHHE Ta30BBIX CKBa)KUH; JTVKBHIALUS
BOJIONIPUTOKOB; ~ YKPEIJIGHHE ¥  BOCCTAHOBIICHUS
pu3a00WHON 30HKI IJIACTA.

KommnekcHass ~ mporpamma
JOJDKHA OXBaThlBaThb palOTHI, BBIIOJHSIEMBIE Ha
MIPOTSHKEHUH BCETO KHU3HEHHOTO LIMKJIa
MECTOPOXKIIEHUH, BKIIoUas (puc. 8):

- IPOEKTHPOBaHHE Pa3pabOTKH MECTOPOXKACHH;

- MIPOEKTUPOBAHUE o0ycTpolicTBa
MECTOPOXKICHUI;

- KOPPEKTUBHI IIPOEKTa Pa3pabOTKH, B TOM UYHCIIE
JOKaJIbHBIE MPOEKTHl PEKOHCTPYKIMH W TIPOEKTHI
KOMIUIEKCHOH PEKOHCTPYKIIHH;

-[IPOEKTUPOBAHHUE JINKBUAAIINH MECTOPOKICHHH.

PEKOHCTPYKIINU

KomnnekcHas nporpamma peKOHCTPYKUMKU OOMMKHa OXBaTbIBaTb pa60Tb|,
BbIMoJIHAEeMbIe Ha NPOTAXEeHUN BCero XXM3HeHHOro UnMKna MeCTOPO)KAeHVIﬁ

WHHOBaLWOHHbIE TeXHNYECKNE PELIeHNs MO3BONSOT NOBLICUTL KO3(hdULMeHT
ra300T4a4u MecTopOXAeHNA, HAXOAAWMXCA Ha NO3AHe! CTaguu Pa3paboTK1, yMeHbWNTb
camo3afaBnvBaHue CKBaXuH, M AOMKHbLI CTaTb OCHOBOW NPOrpaMmbl PEKOHCTPYKLIMM

( YKM3HEHHbIN LMKN MECTOPOXAEHMUA )

MpoekTupoBaHue
pa3paboTku

| ) ( Moppermuatinpoera |
T

U

NokanbHble NpoeKThI |:> [ MpoekT nukBMaauuu ]
Q PeKOHCTPYKLMK

MpoekTupoBaHue
obycTponcTBa

@ [ lMpoekT KoMnneKkcHoM ] @

PEKOHCTPYKLMM

PekoHcTpyKuus ans
obecneyeHnst NPOEKTHbIX
nokasareneii akcnayarauum

Tekywwan PeKOHCTPYKLMS N
U3MEHSAIOWHUMCA YCNOBUAM
pa3paboTku 1 3heKTMBHOCTH
TEXHONOrn4Yeckoro 06opyaoBaHums

KomnnekcHas
PeKOHCTpyKuMA
00bEKTOB A00bIuM

Pucynox 8 — Komnnexcnas npocpamma pekoHcmpykyuu 00vekmos 0ooviuu YB

HHHOBAIIMOHHBIS TeXHUYECKHE peteHus
MO3BOJIIIOT TOBBICUTH KO3 ¢UIMEeHT oTaadn YB
MECTOPOXK/ICHUH, HAXOJAIIMXCSA Ha TO3AHEH CTaauu
pa3paboTKH, yMEHBIIUTH HEPEHTAOCIEHBIX CKBAXKHH, U
JIOJDKHBI CTaTh OCHOBOM IMPOTpaMMbl pEKOHCTPYKIUH.
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BUKOPUCTAHHA METOJA ITPOHI JJIAA AHAJII3Y BUITAAKOBUX CUTHAJIIB
PAJIOMOHITOPHUHI'Y

Summary. The article descriebes one of the parametric methods of spectral analysis that is based on the use
of any model to describe the signal, that is, when using them, some assumptions are made about the behavior of
the signal outside the observated interval. The task of spectral estimation in this case is to find the parameters of
the used model, which is selected based on the available a priori information about the process under analysis.

The proposed advanced Proni method, refined by replacing damping sine waves with the use of non-damping
sine waves, allows the signal to be distinguished very accurately and to determine its characteristics against very
rich interference with the air space. The advantages of the Proni method over other methods of signal
transformation (over other methods of spectral analysis) are shown.

The simulations and the obtained graphs of the spectrograms of the impulse signal were recieved using the
Fourier, Chebishev, Bessel methods. According to the obtained graphical data, they fully confirm the advantages
of the Proni method for spectral analysis of random pulses.

AHoTAamis. Y cTaTTi po3riTHYTO OJMH 3 ITAPAMETPUIHUX METOIB CIIEKTPAIBHOTO aHAII3Y SKUI 3aCHOBAHHMA
Ha BHUKOPHCTaHHI Oyab-fKO0I MOJEN Ui ONMHCY CHTHAlTy, TOOTO NpH iX BHUKOPHCTaHHI POOIATBCA AEsKi
MPUITYIICHHS PO MOBEIIHKY CHUTHAIY 11032 IHTEPBaly CIIOCTEPS)KEHHS. 3aBJaHHS CIIEKTPAIFHOTO OLIHIOBAHHS
NPU ILOMY 3BOJIUTHCS JI0 3HAXOJDKEHHs MapaMeTpiB BUKOPUCTOBYBAHOI MOJIEN, sIka BUOUPAETHCS BUXOMASYN 3
HasBHOI anpiopHoi iHdopMmaii npo AociiKyBaHUHi poliec.

3anpornoHoBaHuil BAOCKOHATICHUH MeTo 1 [IpOoHi, YAOCKOHATICHUH UIIXOM 3aMiHH 3aracarouux CHHYCOIl Ha
BUKOPUCTAHHS HE3aTyXal4MX CHHYCOil MJO3BOJIAE [y>K€ TOYHO BHIUINTH CHUTHAlI 1 BHU3HAUYUTH HOTO
XapaKkTepUCTUKH Ha TJi Ayxke Oarartoro Ha nepemkoau ediproro npocropy. [Tokaszani nepesaru merony IIponi
Ha/Jl IHIIMMH METOJIaMH1 TIEPETBOPEHHSI CUTHAJIB (HaJ IHIIUMH METOJIaMH CHIEKTPAJIbHOTO aHAII3Y).

[IpoBeneHO MOAETIOBAaHHS Ta OTPUMaHI rpadiku CIIEKTPOTPaM IMITyIbCHOTO CHTHATY 32 JJOTTOMOT OO METOIIB
®yp'e, Yebimena, beccens. 3rigHo 3 OTpUMaHUMH TpaQiuHUMH JaHUMHU [UIKOM ITITBEPIIKYIOTH IEepeBaru
Metoza [IpoHi, 11 cieKTpaIbHOTO aHaNi3y BUIAIKOBUX IMITYJIBCIB.

Key words: Prony method, model, spectrum, approximation, graphs.

Krouosi crosa: memoo Ilponi, modens, cnekmp, anpoxkcumayis, epagiku.

Berynm: OcranHiM  9acoM 3pic  iHTepec [0  IHTEpPBaJly CIIOCTEPEKCHHS. 3aBIaHHS CICKTPATbHOTO

napaMeTpUYHUX METOJIB CIIEKTPAILHOIO aHai3y,
0COOJIMBO B THX BHIAJKaX, KOJIU KJIACHYHI METOJH,
3aCHOBaHI Ha BHKOPHCTaHHI mepeTBopeHHs Dyp'e, HE
3a0e3meuyroTh HeoOXigHOi TodHocTi. Taka cuTyamis
BHUHHKA€E a00 IPH MaJIX CIiBBiIHOIIEHHAX CUTHAIY Ta
myMa, abo Npu MajoMy IHTEpBaJi CHOCTEPEXECHHS
JIOCJIJKYBAHOTO TIpoliecy. B ocTaHHBOMY BHIIAIKy
JUISL TIJBUIIEHHSI TOYHOCTI BU3HAUEHHS CIIEKTPaIbHOT
IIIJTBHOCTI HEOOXiTHO BHMKOPHCTOBYBATH AaNpiopHY
iH(pOpMAaIIiFO TIPO MOBEAIHKY JOCITIHKYBAHOTO MPOIIECY
M03a iIHTepBaIy CIIOCTEPEKECHHSI.

[MapameTpuuHi METOAM CIEKTPAIBLHOTO aHali3y
3aCHOBaHI Ha BUKOPHWCTaHHI Oyab-siKOi MOJENi IS
OTIHCY CUTHAITY, TOOTO IPH X BUKOPHUCTaHHI POOJIATHCS
JIesIKi TIPUITYIIECHHS TpO MOBEAIHKY CHTHAly II03a

OIIIHIOBAaHHS MPH IOMY 3BOIMTHCS IO 3HAXOKEHHS
mapaMeTpiB  BHKOPHUCTOBYBAaHOI  Mojeni, AKa
BHOWPAETHCS BHUXONAYM 3  HAsABHOI  ampiopHOi
iH(hopMaIii PO AOCTIHKYBaHHH MPoIIEC.

OpmHnM 3 napamMeTpU4YHUX METOZIB
CIeKTpaibHOTrO aHaiizy € anroputM Ilpowni [1], mo
BHKOPUCTOBYE MOAAHHS CIIOCTEPEKYBAHOTO MIPOLIECY Y
BUTJISIII  KOMIUIEKCHOTO EKCIIOHEHIIaJbHOTO  PAIY.
Meron 103BONISIE 32 BIUIIKOM CUTHAlly 3HAWTH
napaMeTpy IIUX KOMIUIEKCHUX €KCIIOHEHT, 1110, Y CBOIO
4epry, Ja€ MOXJIMBICT 3amHcaTH BHpa3 I
CIEKTPAIbHOI IIIIBHOCTI JTOCHIKYBAHOTO CHUTHATY.
[Iupoke 3acrocyBanHa Mmeroxy IIponi cramo
MOJIMBHAM TiIBKA OCTAHHIM 4YacoM, OCKUIBKH BiH
ICTOTHO HeNiHiHHAH i BHUMarae BEJIMKHUX
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00YNCITIOBAJILHUX BUTpAT. Y 3B'A3KY 3 IIMM BHHHKIIA
HEOOXiTHICTh  JIETAJILHOTO  JOCIHIUKEHHST — JaHOTO
METOy 3 TOYKH 30py ONTHMAJIBHOCTI  HOTO
MaTeMaTHYHOI peaii3aiii, a TakKoX MOTCHIIHHOT
cTiKocTi 0 (UIyKTyauiil BiJUTIKIB CHTHATY 1 LIyMiB
JUCKPETH3AIIIT.

AHani3 JgiTepaTypHuX JaHHX i HOCTaHOBKa
npodjemu: HaifiGinmpin NOTYXHUM amapaToM st
BCeOIYHOTO aHami3y CHTHANIB B IH]poBii 0OpolIi €
CHeKTpanpHui aHamis3 [1].

MeTroau CHEKTPaJIBbHOTO aHali3y BHIAAKOBHX
CUTHAJIB [OIIATBCI HAa JBa BEIWKI KiIacu —
HerapaMeTpU4Hi i napaMeTpUYHi. 4
HerapaMeTPUYHUX METO/IaX BUKOPUCTOBYETHCS TIUIBKU
iHpopMalis, o MICTUTBCA y AAHUX aHAJI30BaHOTO
curHainy. Ilapamerpuuni  (parametric) Meronu
nepen0avyaloTh HAIBHICTB JIESIKOT CTATUCTUYHOT MOJIEI]
BUIIAJIKOBOTO CHTHAlIy, a IIPOLEC CIEKTPaIbHOTO
aHai3y B JaHOMY BHIIAJKy MICTUTH BU3HAYCHHS
nmapameTpiB 1iei momeni [2].

3HayHa pOJP B aHANi3i CHTHANIB HAJICKHUTH
KOMIUIEKCHOMY IIepeTBOpEeHHI0 Dyp'e:

[eperBoperns @yp'e (I[ID) i ioro auCKpeTHI
anaorn (AIId) nobOpe BimomMi Ta  MIMPOKO
3aCTOCOBYIOThCS B TEXHIlli CHIEKTPAJIBHOTO aHAJTI3Y NPH
CTaHIApPTHI  00poOIll  paJiOCHTHAIB. Bono
e(eKTUBHO B 00UMCITIOBAILHOMY BiJTHOILIEHHI 1 ITpocTe
B peamizamii. SIk mpaBwio, Taki MPOLECAYPU TAIOTh
XOpolIl pe3yJbTaTH IPU aHali3i 4aCTOTHOTO CKIIaay
TPHBAJMX 3a YacoM pamicurHaioB. OmHaK Bigomi
PUYUHH, 110 00MEXYIOTh 3aCTOCYBaHHS
nepetrBopeHHs Dyp'e py aHAII31 KOPOTKUX CUTHAIIB,
SKAMH MOXYTb Oyt 1H(POBI  pamioiMIyIbCH
Hanpukian, BukopuctanHs HIID mns yciueHmx 3a
4acoM CHTHAJIB NMPHU3BOAUTH Hac 1o edextiB ['106ca,
SIKi CIIOTBOPIOIOTH iH(OPMAIIFO TIPO CHEKTP CHI'HANY 1
HE JIAaI0Th MOJKJIMBOCTI 320€3M€YUTH BUCOKY TOUYHICTD B
CIEKTPaJbHOI 00JacTi mpH aHami3i TrapMOHIHHHX
komroneHT [ 1-3].

BukopucTanHs BIKOHHOTO TepeTBOpeHHs Dyp'e
MOKpAIIlye OIIHIOBaHHS CIEKTpiB [4-6], ame He mae
MIOBHOT'O PO3B'sSI3aHHA 3a3HAYCHOI IPOOJIEMH.

BukoHaHi 3a OCcTaHHI KiJbKa JECATHIITE BCeOiuH1
JOCIHIKEHHS! 3 TNHTaHb IH(POBOTO CHEKTPATLHOTO
OLIHIOBAHHS TPHMBEIM [0 ICTOTHOTO DO3BHUTKY
Cy4acHHX TEXHOJOTiH B mid ramysi. IlparHeHHs 0
3HaXOJDKEHHSI [IEPETBOPEHb, SKI Kpallle BiANOBIAAIOThH
HEBEJIMKOI TPUBAJIOCTI CHTHANIB, IO BOJOIIIOTH
JIOBUIBHUM THMYacOBO-TIPOCTOPOBUM CTaHOBUILEM,
MpU3BEJO 70 MOSBU BelBier-aHamizy [7, 8]. B ioro
OCHOBi JeXaTh KOpPOTKi (YyHKIii, IO BOJIOIIIOTH
TUMYAacoBO]1 (IIPOCTOPOBOT) 1 YaCTOTHOIO JOKAJi3aIi€lo,
1110 J]a€ Kpally alpoKCUMAIO /ISl KOPOTKUX CHTHAJIIB
1 JI03BOJSIE TOYHINIE BH3HAYATH 1X TapMOHIMHI
koMItoHeHTH. OJTHaK BUKOPHUCTAHHS BEHBIET-aHANIIZY
npr  o0poOIll pamiOCHUTHANIIB MOXE MaTH JesKi
00OMeXeHHsI 3 TOUKH 30pYy iHTepIpeTaiii, 110 IOB'sI3aH0
3 QopmampHEM BHOOPOM IESKUX OPTOTOHAIBHHUX
¢yHKIiA gk 6a3ucy BiANOBITHOTO NEPETBOPEHHS. 3
BUILEBUKIIAICHOTO MOXKHa 3pPOOHUTH BHUCHOBOK IO
MUTaHHS [IEPETBOPEHHS PaAio CUTHANIB 3 MOAAIBIITUM
HOro aHayi30M OCTaTOYHO HE BHpIIIEHE i BHMAarae

IMOCTIHHOIO BIIOCKOHAJICHHA. BI/IXOﬂH‘II/I 3  4Ooro
3aCTOCYBAaHHA YAOCKOHAJICHHA MeTOZ[iB HpOHi-
PO3KJIaJaHHA, 3aCHOBAaHOI'o Ha 3aCTocyBaHHi

KOMIUIEKCHHUX €KCIIOHEHTIB a00 3aracarouux CHHYCOIs,
SIK1 KpaIle BiJIOBIIAI0Th MPUPOI PaIio CUTHATIB, JUIs
aHali3y BWIIAJKOBHX paJio0 CHTHANIB € JyXe
aKTyaJbHHM.

Bukjag ocHOBHOro Martepiany.

Mertox Ilponi — me MeTon aHamizy KOPOTKHX
BIPi3KiB CHTHANTy, 3aCHOBAaHHII Ha amIpOKCHMAIIi]
CHTHAJTy KiHLIEBOIO CyMOIO KOMIIIEKCHUX €KCIIOHEHT.

CyuacHuii BapianT Metoxy [IpoHi y3araiapHeHO Ha
MOJIeNli, IO CKJIaJaloThCsl 3 3aracaroumx CHHYCOI[
(KOMIIJIEKCHUX EKCIIOHEHT), KpiM IIbOro, B HBOMY
BUKOPHCTOBYETHCS npoueaypa OLIIHIOBaHHS
rapameTpiB MOJIEi 38 METOI0M HailMEHIINX KBaIpaTiB
JUIsL HaOJIMDKeHOI MiATOHKM MOJENi B THX BHIAaJKaXx,
KOJIM KIUIBKICTh TOYOK JaHMX N>2p — IEpeBHILyE
MiHIMaJIbHO HEOOXiMHY X KIBKICTh IJIS1 BU3HAYCHHS
napaMeTpiB p eKCrmoHeHT. L{s mpomemypa orpumana
Ha3BYy y3arajabHeHOro Meroxy IIpoHi.

Merton IlpoHi, cTporo Kaxky4w, HE € METOAOM
CHEKTpabHOTO oOmiHtoBaHHA. OmHak (oxHade) BiH
TICHO TOB'S3aHMH 3  aNropuTMamu JIHIHHOTO
nepenOavyeHHs 3a METOJOM HalMEHIIMX KBaJpaTiB,
BUKOPHUCTOBYBaHHMHU TIPH CIIEKTPAILHOMY OI[IHIOBaHHI
Ha OCHOBI Mojeneil aBroperpecii. Ha BinmmiHy Bif
CTOXaCTUYHHMX [apaMETPUYHUX MOJeNei, MeTo]
[poni ans ampokcumanii AaHUX BHUKOPHUCTOBYETHCS
JeTepMiHOBaHa eKCIIOHEHIIaIbHa MO/JIETb,
oburcieHHs criekTpanbHOi minbHOCTI eHeprii (CILE)
Ta CKJIQJIa€ CyTh CHEKTPAIBbHOI IHTEpIpeTalii METOIy.
Merton [IpoHi [OUiTPHO BUIUIATH TPH C€TAIIH:

[epmmii etan BUAIICHHS TapaMeTpiB JiHIHHOTO
nepeabaveHHs, 3 JOMOMOTOI SIKHX 3IIHCHIOETHCS
HiJIrOHKA HAasIBHUX JIAHUX.

Jpyruii, 3 KoedilieHTiB JIiHIHHOTO nepeadadeHHs
(OpMYITIOETBCST  TIOJIIHOM 1 BH3HAUYAIOTHCS  HOTO
KOpiHHS, sIKi OyIyTh [aBaTH OIIHKHA KOeQIli€HTIB
3aracaHHsi 1 4YacTOT CHHYCOIA sl  KOXXHOTO
€KCTIOHEHIIaTbHOTO YHCIIa.

Tperiii erar, nrykaeMo pilleHHs! JPYroi CUCTEMH
TMHIHHAX PIBHAHb, SKa [Ja€ OMIHKY aMILTTy]
€KCIIOHEHT 1 IToYaTKoBHX (a3 cuHycoin.

PiBHAHHA BIiONOBIgHI JTiHIHHOTO TPOTHO3Y, 3a
CBOEIO CTPYKTYpOIO IJEHTHYHHMX piBHAHb [Ouma-
Youkepa it aBTOPErpeciiHOro Mporecy, a TOMy iCHY€
TICHHA  3B'SI30K  MDK  QiIbTpoM  JiHIHHOTO
nependavyeHHss 1  aBTOPETPECHBHHM  IMPOIECOM.
3Ba)kalo4M Ha II€ CHIiBBiAHOIIEHHS MIX HapameTpaMu
JiHIHOTO TIependadeHHsl Ta aBTOperpecii, JT03BOJISIE
iHTEepHpiTipoBaTH Nepmui 1 Jpyruil eranm sk
TIpoueaypy BiJIIIyKaHHS TIOJTIOCIB JIESIKOTO
aBTOperpeciitHoro npouecy. TakuM YUHOM, OYIb-IKUit
METOJl CIEKTPAJILHOTO aHajJi3y 3 BHKOPHCTaHHSIM
aBToperpeciiiHoi Mozeni abo Mozeni aBToperpecii
KOB3HOTO CEpEIHBOTO, SIKi Iepe0adaroTh BU3HAYCHHS
MOJIOKEHHA  TIOJIIOCIB, MOXHa (3  JIOIyCKOM)
posrisiaT sk nporueaypy I[poi.

Posrnsaemo 3acrocyBanHs merony Ilpomi mis
aHali3y pajio curHamuis, npumyctumo. [1o maeTbcss N
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KOMIUIEKCHMX BIUTIKIB JaHUX )gx. Toni Meton

[poHi no3BOIsAE OWIHUTH X (1) 32 TOMOMOTOIO JIESIKOT
P-wIEeHHOT MOJIeNi KOMIUIEKCHUX SKCIIOHEHT:

5> R 2T X370 |

me 1 <n <N, T inTepBan BiAJikiB B C,
amIUnityga 1 koedilieHT 3aracaHHA (pO3MIpHICTh

-1

KoeimieHTa 3aracaHHA

CKCIIOHCHTH,

Al ak

< ) k -off KOMIUIEKCHOI

K
4acToTa, a. novarkosa daza k --

M

Oif CHHYCOiqu. 3HAYCHHS IUX MapaMeTPiB MOBHICTIO
JIOBUTBHI. Y pa3i BIIKIB AINCHUX JAHUX KOMILICKCHI
eKCIIOHEHTH MOBUHHI  3'BIATHCS  KOMIUIEKCHO-
CTIOJYYCHUMH ITapaMy PiBHIA aMILTITyI{, IO 3BOAUTH
eKCIOHCHITIaJbHE PEACTaBICHI 0 BUPaKEHHS, BULY:

nel<n<N.
SIKI10 4Mceno p- KOMIUIEKCHUX €KCTIIOHEHT MapHe,

TO MatuMeMo p / 2 3racalouumx KOCHHYycoinm. SIKimio
YHUCJIIO P- KOMIUIEKCHMX €KCHOHEHT HeNapHii, TO
Oymnemo Matu (p-1) / 2 3racarounx KOCHHYCOIA i OTHY
MIOBHICTIO 3aracarouy eKCHoHeHTy. Bupa3 (2) moxkHa
IHTEpIIPEeTYBaTH SIK MOJAHHSI THUMYAcoOBOTO PSRy 3a
JIOTIOMOTOI0 TapMOHIHHOI CHHYCOiJaJIEHOI MOJEIIL.
PizHHIS MiXK TepioOTpaMHOI0 MOICIUTIO 1 MiAX0I0M
IIpoHi momsATae B TOMy IO B MEPiogorpaMMi 4acTOTH
BUOUPAIOTHCS 3a37aJeriib, a B MeToai [Iponi yacrotu

5O R A2, ¢+ 377 )]

@

OIIHIOIOTHCS HA OCHOBI HasBHHX (3a37ajerighb

BU3HAYEHHUX) YaCTOT.
Jlns memoucTpariii nepesaru Metony IIpoHi Hax

IHIIMMU METOJIaMH CIIEKTPAJIbHOTO aHali3y HaBeJeMO
HaTypHE MOJICNIOBAHHS B NPOTPaMHOMY CEpeIOBHILI

Martna6.
Jist 1pOro OOYHCIUMO CHEKTP MHPSMOKYTHOTO

IMIOyJIbCy YOTHpPMa PI3HAMH CIIOCO0aMH, METOIOM
®yp'e, Ueommena, beccens Ta [Iponi

fourier approximation
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Puc. 1. I'paghix 3a0anoeo imnynbcrhoeo cucHany
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fourier spectrum
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Puc.2. Cnexmp imnynvcnoeo cuenany 3a memooom @yp'e
chebyshev spectrum
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Puc.3. Cnexmp imnynvcrnoeo cuenany 3a memooom Yebuuiesa
bessel spectrum
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Puc.4. Cnexmp imnynscrnoeo cuenany 3a memooom beccens
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Puc.5. Cnexmp imnynvcnozo cuenany 3a memooom Ilponi

Otpumani rpadiku CHEKTPOrpaM iMIYJILCHOTO
curHaiy 3a npomomoroto Metoxnis ®Dyp'e, Yebimena,
Beccenst, miskoM MHiATBEpIKYIOTh IEpeBard MeETona
IIponi, a7 CHEKTPaJbHOTO aHANI3y BHUIAAKOBUX
IMITYJIBCIB.

Brockonanenmit meron Ilponi (He3aracarodi
CHHYCOI¥) Aa€ JMiHIHYaTHI CIEKTP, OCKUTEKH B HBOMY
BUKOPHCTOBYIOThCS JIONMYLICHHS PO CHHYCOiAalbHOT
mozeni. l1{o mpu3BoIUTE N0 OTPUMAaHHS JIy)Ke TOUHHX
OIIIHOK YOTHUPHOX MIHCHUX CHHYCOI[ aHaIi30BaHOTO
npolecy, ajge 10 HETOYHOTO TMOJaHHAM IIyMYy,
NPUCYTHBROTO B 1bOMY mpoueci. ToO To BiH xgae
MOXIIMBICTh aHAJI3yBaTH CaM CHUTHAJ, a HE CHTHAI 3
IIyMOM, IIO K pa3 i MOTPiOHO IMPH IMOIITYKY 3ac00iB
HETJIACHOTO OTpUMaHHS iH(opMarrii

BucnoBkm: IlpoBeneHo  MonentoBaHHS — Ta
OTpHUMaHi rpadikd CIIEKTPOTPaM IMITYJIECHOTO CUTHAITY
3a pomomororw MmetomiB @yp'e, Yebimena, beccemns.
3riIHO 3 OTpUMaHUMHU TPadiYHUMH JAHUMH LIJIKOM
HIATBEP/KYIOTh HepeBard Metoaa [Ipowi, st
CIEKTPaJIbHOTO aHalli3y BUIIAJKOBUX IMITYJIbCIB.

3anpornoHoBaHuii BIOCKOHANIEHHH MeTo [IpoHi,
YIOCKOHAJIEHUH  IUIAXOM  3aMiHM  3aracaroumx
CUHYCO1Jl HA BUKOPUCTaHHS HE3aTyXarUHUX CHHYCOI[
JIO3BOJISIE Iy’K€ TOYHO BHIUIMTH CHTHAN i BU3HAYMTH
HOro XapaKkTepUCTHKM Ha Tii Ayxe Oararoro Ha
nepemkoau ediproro npocropy. Ilokazani nepeBaru
merony IIpoHi Haj IHIIMMHU METOAaMH TIEPETBOPEHHS
CHUTHAJIB.

Brnockonanenwit  meron  IlpoHi  mo3Bodsie
MIPOBOIUTH BUMIPIOBAaHHS aMIUTITYJ 1 YaCTOT CHUTHAIY
3 noxuokoro 0,5%. Illo m03BoJIsIE BU3HAYATH CHTHAIU
3ac00iB HErjJacHOro 3HIMaHHA iHopMamii 3 IyXke
BHCOKOIO TOYHICTIO.
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ULTRASONIC INFLUENCE IN A VIBRATING ACOUSTIC EXTRACTOR

AHoTamisg. J[oCHiIKyeTbCSI ~ MOXITUBICTB

YAOCKOHAJICHHA

KOHCTpYKLii  BiOpauiifHO-aKyCTHYHOTO

eKCTPaKTopa Ta MOXIIMBOCTI 30UIbIICHHS IPOHWKHEHHS EKCTPareHTy 1 PO3YMHEHHsS NPOIYKTY, SKHA

CKCTparyeThbCs.

Summary. The possibility of improving the design of the vibration acoustic extractor and the possibility of
increasing the penetration of the extractant and dissolving the product that is extracted is studied.

Kouosi crosa: kasimayis, cenepamop yivmpazeyKkoux KOIUBAHb, BIOPAYIIHO-AKYCMUYHUL eKCMPAKMOP

Key words: cavitation, ultrasonic oscillator, vibration acoustic extractor

Beryn
Biosnoriuno aktuBHi peuoButn (BAP) — (rpert
bios — xwuTTd, MO O3Hayac 3B'A30K i3 KUTTECBUMM

MpOLIECaMH 1 BiIOBiIa€ CIOBY «Oiom.» + mat. Activus
— aKTHBHU, TOOTO pEe4YOBHHA, siIka Mae OloJOTivHY
AKTUBHICTB) — I CIIOJYKH, $Ki BHACIIIOK CBOiX
(bi3uKO-XiMIYHMX ~ BJIACTUBOCTEH  MaiOTh  MEBHY
cnenn(ivHy akTUBHICTh. OIHUM 13 HaHJZaBHIIIAX
JDKEpeJl OTPUMAHHS JIKapChbKHX 3ac00iB SIBISIIOTHCS
pociman. Ha manmii 9ac 3 JiKapchKol pPOCIMHHOI
cupoBuHHA (JIPC) BUTOTOBITIOTE pi3Hi (iTONMpenapaTi
B OCHOBHOMY 3a JIOTIOMOTOIO0 TIPOIECY EKCTpPaKIii
010JIOTIYHO aKTMBHHX PEYOBMH THM YU 1HIIUM
€KCTpareHTOM W TOJAJBIIUM OYHINEHHSIM IX Bif
CYIYTHIX PEYOBHH, SIKIIIO 116 HOBOT'aJEHOBI Ipernaparu,
ab0 OTPUMAaHHSAM CyMapHHUX BHUTSDKOK BAP y Burmsiai
HACTOMOK Ta eKcTpakTiB. Ta cam mpolec eKkcTpakiii
BAP 3 pocnuHHOI CHPOBUHH JAOCHUTH NMOBUIBHUH, KU
MOJK€e 3aliMaTH JeKiabka 10 HacTtoroBaHHA. OTKe, I
TEXHOJIOTIYHA OTIeparlis 3aiiMae OUTBITY YacTHHY 4Yacy
B TEXHOJIOTi{ OTpUMaHHs OyAb-SKOTO (piTompemapary 3
JIPC, mikx iHmi omepamii. Tomy iHTeHCHbIKaIisA
IpoLecy eKCTpakmii — Ie oaHa 3 aKTyaJbHHX
TEXHOJIOTIYHUX 3a/1a4, sIKa MOTpedye TEOPETHYHOTO Ta
NPaKTHYHOTro BHBYEHHS. OOHHMM 13 NEPCHEKTHBHHUX
¢i3ngHEX (HaKTOPIB, AKI MOXKYTH MPUCKOPHUTHU TIPOIIEC
exctpakuii BAP 3 pocinHHOT CHPOBHHM, € yIBTPa3BYK.
I1in miero MOTY)KHUX YIbTPa3BYKOBUX XBUIIb Y PIIKOMY
CEPelIOBUIII CIIOCTEPIraloThCs TaKi SBUINA, SKi HE
NpUTaMaHHi iHmMUM Qi3ugHUM QaxTopaMm abo X 3a
IHTCHCUBHICTIO TIEPEBUIIIOIOTH iX. Tak, ImiJ BIUIMBOM
yIbTpa3ByKy B piguHi 1 YacTMHKH MOXYTh
nepeMillyBaTucs AECSATKH THCSY pa3 Ha CEKyHIy

HaBKOJIO  4YaCTMHOK  CHPOBUHHM, THM  CaMUM
«CTPYLIYIOUM» IIOBEPXHEBY pIIMHY 3 YacCTHHOK
TBeproi  (asm  SAK Mg BIUIMBOM  MEPEMiHHOTO

MOTY>KHOTO YJIBTPa3BYKOBOTO THCKY, TaK 1 TiapaB-
JYHUX yIapiB y MHUTh CXJIOITyBaHHS KaBiTaiHHUX
KaBepH. YIBTPa3ByKOBI XBWJII YHHATH JOJATKOBY
MeXaHi4Hy JeopMallil0 YacTHHOK, II0 MOXe

MIPU3BOJUTH A0 OUTBII MIBUAKOTO TPOCOYYBAHHS
POCAMHHOI CHUPOBHHHM €KCTPAareHTOM Ta MOAAJBIIOL
3aMiHM €KCTpareHTa B 4YacTHMHKaX Ha HOBHH 3
MDKYaCTHHKOBOTO TIpocTopy. Citiji BIAMITHTH 1Ie OZHE
SBUILE, SKE 3’SBIAETHCS BHACHIZIOK ITOTJIMHAHHS
HOTY)KHOT'O yIbTpa3ByKy. Lle po3irpiBanus cymii, 110
noTpiOHO BPaxOBYBaTH B TEXHOJIOTIi 1 BiIBOIUTH
HaJUIMIIOK TeIlIa 3 eKCTPAKTOPA.

‘YMOBHO, Bci icHyr04i Metonu BumydeHHs BAP 3
POCIMHHOI CHPOBHHH MOXKHA PO3JIUINTH HA ABI TPYIIH:

- TpaIWIiHHI TEXHOJIOTIi BUITy4YeHHS,

- IEPCIIEKTUBHI METOIH iHTeHCHiKaIIT
TEXHOJIOTIYHUX MPOIIECIB EKCTPAryBaHHS.

3a BHUHITKOM, Ha OUIBLIOCTI MiANPUEMCTB BUTSAT
BAP Benetbcsi Manoe(eKTHBHUMH, TPYAOMICTKHMHU
TpaAMUIMHUMH MeTojamMu (Mauepariis, MNepKOJISLis,
BUBApIOBAHHS, HACTOIOBAHHS, BilIBaplOBaHHS 1 pi3Hi
CIOCO0OU MEXaHIYHOTO BIKHMY).

Mamepamiss 1 BHBaplOBaHHA €  HaHOUIhII
3acTapiiiMu  MeToJaMu. Manepanis - 3BUYaiiHe
BUMOYYBaHHS, IPU SKOMY BiIOyBa€ThCs PO3ITYIICHHS
KIITHHHAX CTIHOK POCJIMHHOI CHPOBHMHHM 1 PO3YMHEHHS
eKCTparoBaHWX PEYOBMH. TpuBamicTh  Iporecy
JOCATa€e TBOX TIDKHIB. OTHUM 3 TpaaUIiHUX CIOCO0IB
BUT'OTOBJICHHSI €KCTPAKTIB 1 HACTOIB € nepkosiist. [Ipu
MePKOJIALii a00 MPOCOYyBaHHI, PO3YMHHUK MPOXOIUTH
(mpocouyeThcs) yepe3 map MoApiOHEHOT CUPOBUHU i
«BUMHBAE» IIIbOBI KOMIOHEHTH. Y TIEPKOJIIIiiHI
MpoIleCH MOXXYTh BHOCHTHCSA pi3HI Bapiamii. Yacto
KOPHUCTYIOThCS MOETHAHHSIM TIPOIIECiB HACTOIOBAHHS 1
T PKOJIALLI.

Y  pmaHuii uwac  mpouec  eKCTparyBaHHSA
MIPOIIKYBaHHIM HE BIIIIOBigae 3aBJIaHHAM
iHTeHcHdikamii BUPOOHMITBA 1 3aCTOCOBYETHCH, SK
MIPaBUJIO, JUIS OTPUMAHHS OJIMHUYHUX HACTOSHOK.

Bimomuit BUXPOBUU METOJ eKCTpaKIIii
(TypOoekcTpariisi), AKWA  TOETHYE  IHTCHCHUBHE
MepeMinryBaHHs i OHOYACHO MOAPiOHEHHS CHPOBHHHU
B CEpelOBMINI  EKCTPaKTy  3a  JOMNOMOTOi0
IIBHKOOOEPTAIOUNX MIIIajoK, SKi MalTh TOCTpi


https://uk.wikipedia.org/wiki/%D0%93%D1%80%D0%B5%D1%86%D1%8C%D0%BA%D0%B0_%D0%BC%D0%BE%D0%B2%D0%B0
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nonari. Henoxnik nporo merony - mepenoapiOHeHHsS
CHPOBMHM 1, SIK HACJIiJIOK, YCKJIAIHEHHS IpoLecy
OYMIICHHS.

OueBHIHO, 110 apaMeTpaMy, sIKi BIUIMBAIOTH Ha
MIBUJKICTh 1 CTYHiHb BWIYYCHHS, IO MiIMAIOTHCS
pEryNIOBaHHIO B  TOTPIOHY CTOpPOHY € THUI
eKCTpareHTa, CTYIiHb  TOAPIOHEHHS,  PI3HUIA
KOHIICHTpAIlii, TeMmIeparypa, THCK, TPHBAIICTh
OTPUMaHHS 1 TiIAPOJWHAMIYHI yMOBH B amaparax i
kamepax. Oxkpemi 3 TmepepaxoBaHUX (aKTOPiB
peari3yroThCs B TPAAUIIITHAX cIToco0ax eKCTPaKIIii.

Hnsa  inTeHcu(ikamii TpomeciB  BHIIYyYCHHS
BUKOPHCTOBYIOTh BIUIUB HAa CHPOBHHY Pi3HUX CHJIOBHX
MOJIB: ENIEKTPUYHMX, YJIbTPAa3BYKOBUX, IMITYJIbCHHX,
JIMCKPETHO-IMITYJIbCHUX Ta iH. [IpoTe, BenMka 4acTHHA
IIUX NEPCIIEKTUBHUX METO/IB JI0Ci epedyBae Ha cTamii
71a00paTOpHUX 200 HAMIBIPOMHCIOBHX BUIIPOOYBaHb.
Ie mpsiMo BKasye Ha psa HEBUPIMICHUX TEOPETHIHUX 1
NpaKkTHYHAX 3aBAaHb. UuMmairy yBary B JiTeparypi
TNPUIUIAETBCA CKCTPAKIIHHOTO TMpOIEeCy I €0
CJIEKTPUYHOTO  CcTpyMy. OCKIIBKM T'OMOTEHHICTh
POCIIMHHOI ~ CHPOBHHH  MOpYIICHAa  KJIITHHHUMH
MeMOpaHaM¥, SKi MOTUIAIOTH BHYTPIIIHBOKIITHHHI 1
MO3aKJIITUHHI 001aCTi, MacOOOMiHI IIPOLIECH B TaKHX
cUCTeMax HOCSTh, OYEBHAHO, EJIEKTPOXIMIYHUIA
xapaktep. OTke, BOHHM TIOBHHHI 3aJie)KaTH Bif
30BHILIHBOTO E€JIEKTPUYHOTO BIUIMBY, 1 €IEKTPUYHUIN
CTpYM, MPOXOJSiUU Yepe3 OOpOOIOBaHY CHPOBHHY,
BIUIMBAa€ Ha IPOHUKHICTh MeMOpaH Ta pyHHYBaHHS
KITITHH.

Ile, B cBor depry, BIUIMBAE Ha MPOLECH
MacooOMiHy MiX TBepHolo 1 piakoi ¢azamm. [ani
ABUIlA JIeKAaTh B OCHOBI TakKWX IIPOIECIB, SK
€JIEKTPOILIA3MOIIi3 i eJeKTpOoiai3, K1
BUKOPHUCTOBYIOTh JUIS iHTeHCH(IKalil BUIyYEeHHs
KOMIIOHEHTIB 3 POCIMHHOI CHPOBHUHH. BuKopucTaHHS
eJIeKTPOIUIa3MOJli3a B TMOEAHAHHI 3 MEXaHIYHUM
BIUIMBOM (pi3aHHs, MPeCcyBaHHS, IepeMillyBaHHs i
T.I.) HaWOUIBII edeKTUBHO mpu O0OpoOIi Me3rH npu
BUPOOHMITBI COKIB, NMPUYOMY ITiJIBUIYETHCS BUXII
COKIB 1 3 B&XKO NPECOBaHOI CHPOBHHH, HalpHKIaL,
I[yKpOBOTO OypsKa.

Jo HeTpagumiifHuX MEeTOAiB 0OPOOKH POCIHHHOI
CHUPOBHHHM BITHOCHUTBCS eNEKTpomianmiz - mudysis
CJIIEKTPOJITIB dYepe3 IMOPUCTY MeMOpaHy IIijJ i€
CIEKTPUYHOTO CTPyMy. Y TIpOIleCi eJeKTpofializy
JIOCATAEThCSI  3MiHA 10HHOTO CKJIAamy pIiAWH, [0
3HAXOIATHCA MiX MeMOpaHamu, a 3MiH arperaTHOTrO

ctany 1 (a30BHX TEPETBOPEHb B CHCTEMax He
BiJI0OYBa€THCSI. PeduoBunn, o BXOJISTh B
00po0TIOBATBHY CHPOBHHY, 0co0JIMBO

TepMoHecTalinpHI  Oinmkm,  ¢depmeHTH Ta  iH.,
3aIMINAIOTECS B TepBicHOMY Burisidi. llei cmocio
BUKOPHCTOBYETHCS IIPU OTPUMaHHI YUCTHX TIPENapaTiB
B HEBEJIMKUX KIIBKOCTSIX.

BuByatoun mnpolec eNeKTpUYHUX BIUIMBIB Ha
KIITHHHOMY DpiBHI, OyJl0 TOKa3aHO, IO i CTPyMy
MOXX€ MPU3BOJUTH SK JO0 30iJbIICHHS MPOHUKHOT
3IaTHOCT1 MeMOpaH, TaK i 0 3BOPOTHOTO e(heKTy.

TpamuiiiHO BBaXKAETHCSI, IO  JIMITYIOUYOIO
CTaJIi€I0 eKCTParyBaHHS € BHYTPINIHBO- TUQY31HHUI
(MacooOMiHHMIT) TpoIec, PYUIIIHOIO CHIIOI0 SIKOTO €

PI3HMILS KOHIEHTpALil B eKCTpareHTi (PO3YMHHUKY) 1
PO3YMHI PEYOBHH, IO MICTATBCS B KJIITHHHHUX 1
MDKKIIITHHHHUX CTPYKTYPax POCIMHHOI CHPOBUHU.

Tomy inTeHcH(IKalisl NPOLECIB BHIYYCHHS
CIpsIMOBaHa Ha MPUCKOPEHHsSI MacoOOMIHY B cHUCTeMi
«piIvMHa - TBepJa pedoBHHa». llepcreKTHBHUM, 3
TOYKHA 30pYy MiIBEACHHS 1O CHCTEMH eHeprii i
MEPEeTBOPEHHA ii B KIHETHYHY CHEPTil0, € MEeTOJ
00poOKH TBEpAMX TiJN, AKi 3HAXOMATHCS B PiAWHI Mif
J€T0 eIeKTPUIHUX PO3PSIIiB.

3romom 3'sBHIHMCS MOTUQIKAIii IBOTO METOHY:
eJIEKTPOIMITYIbCHUH (HAacKpi3HUI mpoOili TBepmoro
TiJIa); €JIeKTPOTiApaBIiYHIN (BIUTMB YAapPHOT XBHIIL, L0
CYNPOBOJUKYE PpO3psiA B piauHI); MeMOpaHHMH, IO
BUKJIIOYA€E BIUIMB BUIPOMIHIOBaHHS Ha 0O0'€KT Bif
KaHally po3psay 1 eNeKTpOAMHAMIYHWI (HO€IHAHHS
HaCKpIi3HOTO MPOOOI0 TBEPAOTO TiNa i yIapHOi XBHII).
Po3psim B piguHM BUKIHKAaE CTpUOKOMOIiOHE
3pOCTaHHS  TeMIlepaTypd  KaHaJIy,  yTBOPEHHS
MapoTa3oBOi MOPOXKHUHHU 1 ii PO3IIMPEHHS 3 BEINKOIO
MIBHKICTIO, IO MPU3BOJHUTH JI0 YTBOPEHHS IMITyJIbCY
TUCKY (rimpoymap). Ilpm Bcilf  mpuBaOIUBOCTI
BUKOPHUCTaHHA ICKpH B  AKOCTI  «po00OYoro
IHCTpYMEHTY» psi aBTOpIB BiJ3Ha4a€ HEraTHBHI
SIBUILA TIPY TPUBAJi 00poOLi iIMIylIbcaMy HampyTH,
SKI TIPOSIBISUIMCS. B IOPYHICHHI CTPYKTYPU JESKHX
BAP.

[TepcrieKTHBHUM «IHCTPYMEHTOM)» B TEXHOJIOTII
BuitydeHHsI BAP 3 poclnMHHOT CHPOBUHHU € yIbTpPa3BYK.
[Ilupoke 3acTOCyBaHHS yJIbTPAa3BYKOBHX METOJIB
00yMOBIIEHO OCOOJIMBOCTAME (Pi3UYHOTO Ta XIMITHOTO
BIUIUBY YJIBTPa3ByKy Ha pedoBHHY. Jlo TemepimHboro
yacy CTBOPEHI pi3HOMaHITHI YIbTPa3ByKOBI TEXHOJIOTI1
MIPOLIECIB  PO3UMHEHHS, €MYJbI'YBaHHS, OTPHMAaHHS
TOHKOJJMCIIEPCHUX CYCIIEH3IH, MPOCOYEHHS,
AKyCTMYHOTO  CYUIIHHS, MHUTTS Ta  OYHIICHHSI
PI3HOMaHITHUX BUPOOIB, 3aCOJIy Xap4OBHX MPOAYKTIB,
nepearnociBHoi 0OpOOKM HACiHHS, eKCTparyBaHHs
PEUOBHH, 3BapIOBaHHS TEPMOIUIACTHYHHUX MaTepiaiB,
CKJICIOBaHHS JleTajell, MexaHiyHo1 po3MipHOT 00poOKH
Ta iH .

[TporoHyeMe TeXHIYHE pIICHHS HAJEKHUTH IO
KOHCTPYKIIH MacoOOMIHHHX amapaTiB TUTS
eKCTparyBaHHA IUTHOBHX MPOAYKTIB 3 MOAPiOHEHOT
CHPOBHHH POCIIMHHOTO a00 TBAPUHHOTO TTOXOKEHHS 1
MOX€E BHKOPDHCTOBYBAaTHCh B  (hapMaleBTHUHIH,
XIMIi4HIH 1 Xap4yOBiii MPOMHUCIOBOCTI.

AHani3 ocTraHHiX AochailkeHb i myOJikamii.
Bimommii amapar mns excrtparyBaHHsa [1], sxuit
CKJIQIA€EThCS 3 BEPTUKAIBHOTO  KOPIyCcy  Ta
PO3MIIIIEHHX B HBOMY BiOpYIOUHX POOOYHX OpraHiB y
BHTJIAAI Nep(OpOBaHMUX TapilioK, SIKi MalOTh Pi3HUI
TiIpaBIiYHAN OMIp TNPH MNPOXOPKEHHI uepe3 HHUX
CepeJloBHUINA B MPOTWICKHOMY HanpsMKy. Henomikom
JJAHOTO arapaTy € 3a0uBaHHS OTBOPIB B Tapilikax
TBepAOI0 (a30l0 i B HACTIJOK ILOTO HOPYIICHHS
JUHAaMIYHHX YMOB poOOTH amapary.

Bimomwuit TaKOX BaKyyM-BiOPOEKCTPAKTOD
MePiOUIHOI i 3 KOMOIHOBAaHUM €HEPTOIiABEICHHIM
MICTHTh [WIHAPUYHAN KOPIyC 3 KPHIIKOKIO i3
PO3MIIIIEHNM Ha Hill BiOponpHBOIOM, 3'€THAHUM Yepe3
mWTOK Ta nepopoBaHMH  TUCK 3  THYYKHAM
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koHTeiiHepoM. KoHTeliHep Ma€e MPOHMKHY MOBEPXHIO
JUIL  eKCTpareHTy, 3akpilUleHMM Ha  ciTdacTiit
HEPYXOMill Omopi, Mg KO B HIDKHIM 4YacTUHI
KOpIIyca pO3MIIIEHO PEryJbOBaHUN 33 aMIUTITYIO0 1
Y4aCTOTOIO KOJIMBaHb BUIIPOMIHIOBAY BUCOKOYACTOTHHX
MEXaHIYHUX KOJINBAHb. Anapar  J10JaTKOBO
OCHAIIECHUI 30BHIIITHIM BaKyyMOBaHUM
MUPKYJAIAHAM ~ KOHTYPOM, SIKHA CKJIATAeThesl 3
OapomeTprudHOi TpyOKH, IO 3'€AHYE POOOUYHil 00'eM
armapara 3 BHTIApHHM MPHUCTPOEM, SIKUH Mae OOBiTHUIA
KOHTYp 1 mapoBy Kamepy, IO 3'€IHAHI i3 30ipHUKOM
KOHZICHCATY uepe3 KoHaeHcatop [2].

B npaui [3] aBTOpH MPOMOHYIOTH EKCTPAKTOP AJISI
MaJIOTOHH2XHUX Xap4OBUX BHPOOHUIITB, B SKOMY
iHTeHCH(iKaIis npoiecy eKCTparyBaHHA
3IIICHIOETBCSI 3acTOCYBaHHSAM BiOpanii. KoHcTpykiis
amapary J103BOJISIE BHUKOPHUCTOBYBATH JIETKOIApyrOYi

eKCTpareHTH. TakKoX HaBEACHO JesKi MomepenHi
PO3paxyHKH KOHCTPYKIT ekcTpakTopa [3].
3aiiicHeH1 IOCIIIKEHHS IOKa3aJIH, 1110

3aCTOCYBaHHA BiOparlii Bele N0 HAWOUIBII iCTOTHOTO
MPUCKOpPEHHsT eKcTparyBaHHA [4,5]. BiOpamiitanit
BIUIMB, IIepeJaHe BiJ KOpIYyCy amapaTa uepes
eKCTPareHT PpOCJIHMHHIA CHUPOBHHI, I1HTEHCU]IKYE
MpoIleC MacoOOMiHY 3a PaxyHOK IHEpI[HHMX CHII,
NPUCKOPEHHST Mirpamii NepeHOCHThCS PEYOBHHU 1
TypOyti3anii MOrpaHUYHOTO Iapy.

ABTOpamu HaBOJSATHCS pe3ysbTaTi
HamiBHATYpHUX  BHIpPOOyBaHb IPHU  PO3YMHEHHI
TBEPIUX PEUOBHH B PiIKNX PO3YMHHUKAX B YMOBAX Aii

yIbTPa3ByKy B pIIKOMy  cepemoBHIN  Ta
3alpOTIOHOBAHA MaTeMaTHYHA MOJENb  IIPOIECY.
BusiBnieHo TOsIBY 3HAKO3MIHHOTO THCKY, Tedii,

KaBiTaIlil, MO CIPHUSIOTH IHTEHCU}IKAIII MpoIeciB
MacorepeHocy. JIoBeaeHo, 1110 MIBUIKICTh PO3YHHEHHS
TBEPIUX PEUYOBHH 3QJICKHUTh Bill 1HTCHCUBHOCTI,
YaCTOTH Ta aMILTITY/IM YIbTPa3ByKOBUX KOJHUBaHb [6].

Haii0inpmr ~ Onu3bkuil O  MPOIMOHYEMOTO
TEXHIYHOro pilmeHHs € BibpamiiHuii ekctpaktop [7],
SIKAN MICTHTB U HAPUYHUNA KOpITyC 3

CJICKTPOMEXAaHIYHUM  IIPHUBOJAOM, TEPMOI30JbOBaHY
apoBy OOOJIOHKY, €JIeKTPOHArpiBaJIbHI €JIEMEHTH,
KOJICKTOPH BBEICHHS EKCTPAreHTY 1 BUBOAY €KCTPAKTy
Ta THYYKI MEMOpaHM KOOKCHaJIbHO 3aKpilUieHI Ha
BiOpYyIOYOMY HITOKY Ta IO NMepuMeTpy 3adikcoBaHi Ha
HEPYXOMHX CTOSIKaX 1 PO3MILICHHI Y BHYTPILIHBOMY
ciT4acTOMYy KOpITyCi.

Merta a0cCiIiaKeHb.

3a Mery AocmimpkeHb OOpaHO MONIYK IDIAXiB
BIOCKOHAJICHHA TEXHIYHOi peamizanii BiOpamiiHO-
aKyCTHIHOTO EKCTPAKTOPY 3a JOTIOMOT0F0
panianbHOTO epeMIlTyBaHHS eKCTPareHTa i CHpOBHHHU
Ta MOXITUBICTh HaJlaHHS perysroBaHHs
CIIBBIJTHOILICHHSI EKCTPareHT-CUPOBMHA B IPOCTOPI
MIDX TaplIKamH.

BuxsianeHHsl 0CHOBHOTO MaTepiaiy.

B 0OCHOBY NpONOHYEMOTO TEXHIYHOTO pillIEHHS
MOCTAaBIICHA 3a/ada YJAOCKOHAJCHHS KOHCTPYKIIT
BiOpaIliifHO-aKyCTHIHOTO EKCTpaKTopa, sIKa
BUPINIYEThCS NUITXOM HEPEXOAy PIOWHH Yepe3 Iuap
TBepaoi a3y M Mi€l0 aKyCTUYHUX KOIWBaHb, IO
3a0e3nmeunTh  iHTCHCH(IKALiI0 BHYTPIOIHBOTO Ta
30BHIIIHBOTO MAacCONEPEHECEHHs, SIK B CEpeAnHi
TBepAOI a3y 10 MOBEPXHI KOHTAKTY TaK i 3 OBEPXHIi
TBepAoI (ha3u B EKCTPAreHT.

IMocraBneHa 3amada BHUPIIIYETBCA THM, IO
BiOpawiifHO-aKyCTUYHHI EKCTPaKTop, AKUN
CKJIQIAETHCS 3 IMIIHAPUYHOTO KOPIYCY 3 IUIOCKOIO
KPHIIKOIO, IITYHEPIB AJIS MiIBEACHHS SKCTPareHTy Ta
BHUBCJICHHS CKCTPAKTy, a BiOpompwBin 3’e€qHaHWN 3i
IITOKOM, Ha SKOMY 3aKpiIUIeHI KOP3UHHM 3 CITIACTHMHU
OHUIAMH, a B HIDKHIH YacTHHI MIJTIHIPHIHOTO
KOpPIYCY €KCTpPaKTOpa BCTAHOBJIEHHH TeHepaTop
yIBTPa3BYKOBHX KOJIMBAHb.

Ha puc. 1 cxemaTtn4HO MoKa3aHWH BepTUKAIbHUN
PO3pi3 BiOpaIifiHo-akyCTHYHOTO ekcTpakropa. Ha puc.
2 1MOKa3aHo KPIIIEHHsI KOP3UH 5 10 ITOKY 4 TBUHTOM
6. Ha puc. 3 noka3zaHo 3’€HaHHsI 30BHIIIHLOTO KiJIbIIs
8 3 BHYTpILIHIMH BTYJIKaMu 7, TUIAHKaMH 9.
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BibpaniiiHo-aKycTHIHUI EKCTPaKTOp
CKJIQIAETHCS 3 IUIHAPUYHOTO Kopmycy 1, o sixoro
KpinuThcs Ha ¢uaHIi qHAUNIE 2 Ta Kpumka 3. B xopmyc
1 BcraHOBIEHWI WITOK 4, Ha SKOMY 3aKpiIUICHI TpU
kop3uHu 5. Kop3uHu 5 ckiiajgaroThCst 3 BHYTPIIIHBOT
BTYJIKH 7 Ta 30BHIIIHBOTO KU 8. 30BHIIIHE KiIbIE
8 3’€MHY€ETHCS 3 BHYTPIIIHIMH BTYJIKaMHU 7, IUIaHKaMU
9. Ilnanku 9 mniaTpumyroTh MertaneBy ciTky 10.
BHyTpimHi BTynku 7 GiKCYIOThCs Ha INTOKY 4 TBUHTOM
6. B HmkHIH wacTuHi Kopmycy | Ham gHummeM 2
3aKpiruieHa miocka meranesa citka 11. ITig citkoro 11
PO3MIIIEHHH TeHepaTop yNbTPa3ByKOBHX KOJIUBAHb 12.
I'eneparop ymnbTpa3ByKOBUX KOJMBAHb BCTAHOBJICHHH
Ha HampaBIsfounx 13, mo kpinutbes pedpamu 14 mo
MWIIHAPHYHOT YacTWHU aHuma 2. Jis BBemeHHs
eKCTpareHTy B  BEpPXHIM  YacTUHI  KOpIycy
nependauenuid wmrynep 15 Ta mrymep 16 mns
BUBEJICHHS TOTOBOTO €KCTPAKTY.

BibpariiiHo-akyCTHUHUN  EKCTPAKTOp MpaIioe
HAacTymHUM 4YuHOM. [lepel KOXXHUM LUKIOM POOOTH
BiOpaIiifHO-aKyCTHYHHIIA EKCTPAKTOP OYHUINAIOTH Bif
3IMINKIB ~ CHPOBHHM, IIPOMHBAIOTh  MHIOYMMH
3aco0amu, CHONICKYIOTh BOJOIO, NPH HEOOXITHOCTI
CTEPHITI3YIOTh TOCTPOIO IApOI0. 3aBaHTaKCHHS KOP3UH
5 CHpOBUHOIO 3IIIHCHIOIOTH 11032 MEXaMU BiOpaIliiiHo-
aKyCTUYHOTO eKCTpakTopa Ta (IKCyIOTh B poOodoMy
TMIOJIOKEHHI . 3aKpiIUTIoI0Th KPUIIKY 3 10 Kopmycy 1
arnapara. B amapar noparoTh ekcTpareHT. BMHKaioTh
TeHepaTop YIbTPa3BYKOBHUX KOJIMBaHb 12.

[Ipu 3BOPOTHO-TIOCTYIANEHOMY PYCi IITOKY 4, 3
3aKpIIUICHUMH Ha HbOMY KOp3MHaMH 5 3 TBEpIUMHU
YaCTHHKAMH PEYOBHHH, EKCTPAreHT NMPOXOJUThH Yepe3
CITUACTI JHHINA B KOp3WHAX 5, OMUBA€E PO3MIIICHI B
KOp3WHAaX 5 TBepAl YacTHHKM CHPOBHHH. 3MiHa
HanpsMKy pyXy IITOKY 4 ITPU3BOAUTD O PYHHYBaHHS
NPUMEXOBOTO Iapy eKCTpareHty Oiis IoBepxHi

TBEpAOI  YACTUHKH,  IHTEHCH(IKYIOUM  IIpOIec
MacoBiadi. YpTpa3ByKOBi KOJINBAaHHSA B
BiOpariitHo-aKkyCTHUHOMY eKCTpaKTopi

IHTeHCH(IKYIOTh MPOIIEC IPOHUKHEHHS €KCTPAareHTy B
MOpPH TBEPAMX YACTHHOK, YIBTPa3BYKOBa KaBiTaIlis
pyliHye TOBEpPXHIO YaCTHHOK, BiIKpPHBAa€E HOBI IOpH,
CHpHUsie TPAHCIIOPTYBAHHIO €KCTpareHTa B KamiIspax
TBEPJIUX YACTHHOK, MOKPAIIyIOYH IPOLEC MEPEHOCY

Macu B TBEpPINX YACTHHKAX 1 30UIBIIYIOYM BUXIJ
LTbOBOTO IPOAYKTY.

BucHoBku Ta npono3uuii.

TakuM 4YMHOM, TpOLIEC EKCTparyBaHHS 3
BUKOPHUCTAHHIM reHepaTopa YIBTPa3BYKOBHX
KOJIMBaHb 1 MEXaHIYHUX KOJMBaHb 3a pPaxyHOK
3BOPOTHO-TIOCTYMAIILHOTO PYXY LITOKY 3 KOP3HHAMH,
II0 CTBOPIOE YMOBH HENEPEPBHOTO OMUBAHHS TBEPIHX
YaCTHHOK CHPOBHHHU PiIKOI0 (ha3010 (EKCTPareHToM),
10 TiIBUIIY€E iHTCHCUBHICTh MacOBiIIavi 3 OBEPXHi
TBEpOUX YacTOK, 30imblrye Mik(azHy MOBEPXHIO B
pe3ynpTaTi  KaBiTalifHOro pyHHYBaHHA TBEpIUX
YaCTOK 33 PaXyHOK IOSBH MiKPOTPIIIHH 1 JOJaTKOBUX
TOp, & TAKOXK MOKPAIIUTh NMPOHUKHEHHS CKCTParcHTy
Ta PO3YMHEHHS MPOAYKTY, IO EKCTParyeTbesi B
Kanijsipax TBEPAMX YacCTOUYOK IiJ| A€l aKyCTUYHOTO
THCKY.
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OIIEHKA ITPOYHOCTH CTAJIbHOM TPYBbI, 3AIIOJTHEHHON BETOHOM

KOHCTpYKTHBHBIH 3J€MEHT B BHIC CTalbHOI
000J104KH, 3amoJIHeHHOH OeToHOM (Tpy000eToH),
SBIICTCSL OMHAM U3 HauOoJiee IPOTPECCUBHBIX BUIIOB
CTPOHTEIBHBIX KOHCTpyKUHMil. [IpermmymecTBa Takux
KOHCTPYKUUH - JIETKOCTB, MHHHMaJIbHas
TPYIOEMKOCTB TP M3TOTOBICHUH H MOHTaXE, HU3KHI
pacxol Ae(ULIUTHBIX MaTepUajloB, W, B KOHCYHOM
cuere, HU3Kas ce0ECTOMMOCTH CTPOUTEIIBCTRA.

B Tpy0oOeTOHHBIX KOHCTPYKUMsX 3(pdekTHBHO
UCIONB3YI0TCA cneuuduyeckue CBOICTBa
NPUMEHSEMBIX MaTEPHAJIOB, YTO JaeT CYIIECTBEHHYIO
OKOHOMHIO CTald W  L[EMEHTa, NPUBOAUT K
YMEHBIICHUIO  Pa3MEpOB  IONEPEYHOr0  CEUCHHUS
3JIEMEHTOB KOHCTPYKIIMH, U CII€0BATENIbHO, HX Beca U
TPAHCIIOPTHBIX 3aTpaT.

B pesynbraTe cpaBHeHHs Hecyliel ClIOCOOHOCTH
TpyOOOCTOHHBIX W IKelle300eTOHHBIX 00pasloB C
pPaBHBIMHU IUIOIIAJSAMH CEYeHHUs] OETOHa M apMmarype

YCTaHOBIICHO, YTO TpyOOOeTOH 1o  Hecymen
cocobHoctn B 1.8-2.5 pasa  addexTuBHEE
xene3zoberona [1].

Ilon pelicTBueM Harpy3ku B IIOIEPEYHOM
HalpaBJIeHUH obxxaTun 6eToHa CHaJasa
HE3HAUUTENIbHO, C  POCTOM  HAarpy3kd  OHO
YBEJINYNUBACTCSA u NOoYTH  OOCTHUTaCT BCIIMYWHBI

NMpU3MEHHOH povyHOCTH. [Tpo1oIbpHbIE HATIPSKEHUS B
OeToHe 3HAYMTENHHO  BO3PACTAOT OT  Hayana
3arpy’kKeHHsT /10 €ro OKOHYaHWS, HPEBOCXOJs
MPU3MEHHYIO TIPOYHOCTh. boKoBOe naBieHHe co3maer
00bEMHOE HAlNpsDKEHHOE COCTOSIHWE, MPENSTCTBYS
pacIpeHno 0ETOHa U Pa3BUTHIO MUKPOTPEHIHH [2].

Bomnpocam Teopun pacdyera U KOHCTPYHPOBaHUS
TpyboOeTona mocBsmieHsl padoTel A.A.I'Bo3nosa [3],
AUN.Kuxuna [4], P.C.Camxaposckoro [5], u npyrue.
OmHako HET eme YeTKOro MPEACTaBICHHE O
(u3ngeckoil cymuocTu paboTel 6eToHa B 000JI0UKE, a
TaKXKe  JOCTaTOYHO  OOOCHOBaHHOTO  MeEToja
OIIpeZIeIeHNs] pa3pylamned U pacieTHOH Harpysok,
MMEIOTCS TPOTUBOPEYMBBIE MHEHHS W TI0 OILEHKE
HarpsHKeHHO-1e()OPMUPOBAHHOTO COCTOSTHHS
TpyOOOETOHHOTO 3JIEMEHTa IIPU OCEBOM CXKATHH.

Tak, A.A.I'BozneB [3] mpemioxuwi ONpenesuTh
pa3pymaoNIyl0 OCEBYIO HArpy3Ky IO TpeneIbHOMY
COTIPOTHBIICHHIO o0oJouKe B MOTIEPEYHOM
HAIpaBJeHUH W pa3pbIBAIOIIEMY JISHCTBHIO JTaBICHUS
O6eToHHOTO spa. DTO O3HAYAET, YTO IPOJOJHHEIC
nedopmanuy  IOCTUralOT ONpPENe/IeHHONW BEIUYUHbBI

MIPEBBIIICHHS, KOTOPOH CONPOBOXKAAETCS MEPEX0J0M
CTEpP)KHS B TIPENENIbHOE COCTOSIHUE TI0 OOJIBIIUM
HEOOPaTHUMBIM JIe(pOPMALIUIM.

Jnst onpeneneHus NPOYHOCTH TPYOOOETOHHBIX

CTep)I(HCP‘I UM ObLIN ITIOJIOKCHBI ciaeayromue
IpEeANOCHIIKHA:
- Ipd OCHTPAJIBHOM  CKAaTHU  UCUCPIAHUC

HecyIel CIOCOOHOCTH CTalbHBIX TPYO, 3aMOTHEHHBIX
O0eToHOM, Korjga O0oJIoYKa M SIAPO HaxomsATcs B
IJIACTUYHOM CTaJUM;

- C JOCTH)KEHHEM TEKY4YeCTH B CTallbHOH TpyOe
HaNpsDKEHHOE COCTOSHHE YJOBIIETBOPSAET YCIIOBHSIM
mIacTuuYHOCTH ['enku-Museca;

- K MOMEHTY JOCTH)KEHHMS MPEJeNbHOI Harpy3Ku
Ha CTIbHYIO TPYOy C OETOHHBIM SIAPOM MMEET MECTO
1 YCIIOBUE TEKYUECTH .

HUcxona m3 storo, A.A.I'Bo31IeB AeiaeT BBIBOJ,
YTO B MOMEHT JOCTHXEHUS IPHJIEIBHOTO COCTOSTHHUS
CTalbHasg 000JI09Ka paboTaeT aumb Kak oboiima. [Ipu
STOM OHa CHOCOOHA BOCHPHUHHMATH TOJBKO pacrop
OCTOHHOTO A1pa, a BCA NPONOIBHAS Harpyska
BOCTIPHHHUMAETCs OETOHHBIM CepACYHUKOM.

B npyrux paboTax 3a mpenenbHOE COCTOSHHE
NpUHUMAeTcs TOT MOMEHT, KOrja B CTalbHOM
000JI0YKE  KOJIBIIEBBIE  HAMPSKEHUS  JOCTHTaroT
mpenena  TEeKy4ecTH.  ABTOpPBl  PaccCMaTpPHBAIOT
COBMECTHYIO pabOTy CTalbHOW TPyOBI M OETOHHOTO
sapa TIpU  HalpsDKeHMsIX B OeroHe, Oosible
MPU3MEHHBIX ¥ JIENaloT BBIBOJ O TOM, 4YTO B
paccMaTpuBaeMbli  MOMEHT HMMEIOT MECTO JBa
BO3MOXXHO OOYCIIOBJIEHHBIX M HCKIIOYAIOUINX JpPYyT
Jpyra mporecca: C OJHOW CTOPOHBI- IIpoIiecc
“pazynpouHeHns”’ OeTOHa 3a CYET HHTEHCHBHOTO
Pa3BUTHA BHYTPEHHUX TPEILINH, a C APYTOH CTOpOHE-
nporiecc “ynpodHeHus” , OETOHHOTO spa 3a CYeT
BO3PACTAIOIIET0 PEaKTHBHOTO JaBICHUS OOOHMBL
Hecymast cmocoOHOCTE TpyOOOETOHHOTO 3JEMEHTa
CUMTAeTCs MCYEPIIAaHHOW, KOTJa IpeKpamaercs
TIPOLIECC YNPOYHEHUsI OETOHHOTO S/Ipa.

B ocHOBe mpenenbHOro COCTOSIHHA Yy JpPYTUX
aBTopoB mpuHsATa TpakToBka H.C.Ctpenenkoro, B
KOTOpoWl  “mpenpenbHas  jaedopManus  SIBISIETCS
TJ1aBEHCTBYIOIIEH, OIpeIeIIAIoNIeH, TpeaebHOe
COCTOSIHHE, a CHJIOBOH (haKTOp JIMIIH MOJOUPAETCs o
npeaenbHO  nedopmammu”’. DTO O3HAYAET, dUTO
MIPOAONBHBIE Je(GOpMaIii JOCTUTAIOT OIIPEAeIIeHHON
BEIMYUHBI, C TIPEBBINICHWEM KOTOPOH HACTymaeT
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npenenbHoe COCTOSIHUE o
nedopmanusim.

B stom cnyuae B.A.PocHoBckuit [6] cunTaet, 4To
HOPMY HEMPEICILHOCTH MPOJOIBHON nedopmanuu
MOXXHO YCTAHOBHUTHb MOCTOSIHHOM, HE 3aBUCSIIEH OT
MPOYHOCTHBIX XapPAKTEPUCTUK CTEPIKHSI.

B pabote/5/ mpoBemeHO SKCIEPUMEHTAIBHO-

HEOOPATUMBIM

TEOPETUYECKOE H3yveHHe HaIpsOKCHHO-
Ie(OPMHUPOBAHHOTO  COCTOSHHA — TPyOOOETOHHOTO
JJieMeHTa B ONM3M  NIPENeNbHOIO  COCTOSHHS

COOTBETCTBYIOLIETO CHJIE IIPH KOTOPOH MPOJOJIBHAS
nedopmanus CTaHOBUTCS PaBHOM AedopMaliiy Hagana
IUIOLIAJIKM  TEKy4YeCcTH CTajld Ha  JuarpaMme
HarpspKeHue-1eopMaLys, yCTaHABINBACTCS HaJIUYHe
MaJoro HoHepeyHoro oOxatust OeToHa U ero
CIIOCOOHOCTH HapsAy C OJIArONPUSTHBIMU YCIOBHUSMH

TBEpACHUSA  CYUIECTBECHHO  IOBBLIIATL IMPOYHOCTDH
OcToHA B MNpOAOJBbHOM HAlIpaBJICHUH.

C IIOMOINBIO KOPPEIAIUOHHOI'O n
PETPpECCUHOHHOIO0  dHAJIM30B aABTOpaMHM IMOCTPOCHA

MoJenb MpoyHocTH OeToHa B TpyOe. B pesymbrare
AQHAIM30B ABTOPHI MPHIUIA K TOMY, YTO IIPOYHOCTb
Oerona B TpyOe, B ONM3M yKa3aHHOW CHJIBI, MAayo
3aBUCHT OT JUaMeTpa 000JIOYKH, TOJIIUHEI 000JI0YKU
U Ipyrux (akTopoB, a CYIIECTBEHHO OT KyOHMKOBOI
MPOYHOCTH OETOHA.

AHanu3upysl  BBIIICU3JIOKEHHOE BHIHO, 4YTO
(dakTop crerieHHss OETOHAa C O0OJIOYKOW HEy4YTEH.
Heyuten Ttakxke croco06 mepenauu Harpy3ku(Ha
OeTOHHOE AP0 WJIM OJHOBPEMEHHO Ha SAIpO U
000110YKY).

OueBHgHO, 4YTO MO  JCHCTBHEM  OCEBOTO
MPOJONBHOTO yCWiINs, OETOHHOE SAPO TOJydaeT
Hapsily C IIPOJOJIBHOM HEKOTOPYIO HONEpPEeYHYIO
nedopmanmio. OnHako 000JI0YKA — TIPEMSTCTBYET
nomnepeyHoit repopmaruu sapa. B pesynbrare Mexay
000JI0YKO# M SPOM BOZHHKAIOT pajlalibHbIC YCUITHS
B3aUMO/ICHCTBUSI, KOTOpbIE JJIsI ODOJOUYKH SBISIFOTCS
BHYTPEHHUM JIaBJICHUEM, JUIS SJpa )KE OHU SIBISIOTCS
BHELIHUM  JIaBJICHHEM, yMEHBUIAIOIIAM  paluyc
MONEPEeYHOro /1e(OPMUPOBAHUS TI0 CPAaBHEHHIO CO
CBOOO/IHBIM pacIInpeHHeM.

I[Ipu mnepemaue BHemHEW Harpy3kod u Ha
000J104Ky, U Ha AP0 OHU AehOPMHUPYIOTCS BJIOJb
oOpazyromeii COBMECTHO ©0e3 B3aMMOJEWCTBHS B
paguanbHOM — HaNpaBleHWH, TI0Ka  KOI(QQHIIMEHT
[Tyacona B GeTOHE MEHbIIIE, YEM B CTaJM M TOJIBKO MPH
HaIpPsHKEHUSIX B OETOHE TOPsAKA MMOJOBUHBI 3HAYCHUSI
NPU3MEHHOH  MPOYHOCTH  Pa3BHUBAETCSl  MPOLECC

00pa3oBaHMs MPOJOIBHBIX MUKPOTPEIINH, OTAEIBHBIX
HECMBIKAIOIINXCSl  Pa3pbIBOB, KOTOpPBIE BEAYT K
yBenudeHuto kodp¢uunenrta [lyacona mist 6erona u
HaCTYIUIEHHIO TpeaenbHoro cocrosHus. C  3toro
MOMEHTa HA4YWHAeT MNpOsBIATECA 3ddexT 000iMBl,
0eTOH  OKa3bIBaCTCS  BCECTOPOHHE  CXKATBIM,
NOBBIIIACTCS €r0 IPOYHOCTh. B ompemeneHHBIX
ciydasx nedopmanis 000JI0YKH MOXKET OBITh OOJIbIIIe
nedpopManmy  sAnpa M HUKaKUX  PaJUalibHBIX
HalpsDKCHUH MeXy HHMH He Oyner, Tak Kak
OT3BIBHBIC HANPSDKEHHS MOTYT BO3SHHUKHYTH JIMIIb 3a
cyeT oQy3UH, HO OHM OYEHb Majbl U HX MOXXHO HE
MIPUHUMATh BO BHUMAaHUeE.

Kor;[a BHCIIHAA oceBada Harpyska
OPUKIAAbIBACTCA TOJIBKO K APy, MCKIAY OCTOHHBIM
AApOM u CTaJIbHOM 000J104KOI1 BO3HHUKAKOT

TaHT'CHIMAJbHBIC YCHIIUS B3aMMOJECWCTBHS KOTOPBIE
NPUBOIAT K pagualbHbIM B3aUMOJACHCTBUSIM HauWHAs
C MIEPBBIX ATAIIOB 3aTrPYKCHUS.

CIie10BOTENBHO, nepenava CKUMaroniei
HATpy3Ku Ha OeToHHOe sAapo Ooliee merecooOpasHo,
TaK Kak B CTAaJMU SKCIUTyaTalliy IIPH 3TOM BO3HHKAIOT
OTHOCHUTEJILHO OOJBIINE YCHIHSA 00XKaTHs OCTOHHOTO
snpa, MPENSITCTBYIOIIUE HOTIEPEYHOMY
TpeumHooOpa3oBanuo B OeToHe sjapa; 3ddekr
00OMMBI B CTaJUU SKCIUIyaTallid TEM BBIIIE, YeM
MEHBIIIE CLETJICHHE OETOHA CO CTEHKOU TPYOBI.

B nmpenenbHOW cramuM  BIMSHUE —criocoba
nepenayd Harpy3ku(Ha OSTOH WIIM Ha BCE CEYCHHUE
TpyO0OeTOHHOTO JIIEMEHTA) MIPAKTHICCKH
HECYIIIECTBEHHO.
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THE DEOXYGENATION OF WATER BY BATCH ON THE IRON CONTAINING COMPOSITES
BASIS

Abstract. The study on the evaluation of new iron-containing composites efficiency has been carried out in
case of the deoxygenation of tap water and sodium cationized water. The efficiency of one stage deoxygenation
of water is determined. The use of two-stage stabilization of water treatment, which involves the deoxygenation
of water and its subsequent sodium cationite, is stipulated. The efficiency of using softened water in the removal
of dissolved oxygen and iron ions has been determined. The dependence of the efficiency in the processes of the
deoxygenation and iron removal of water on the filtering speed through the redox filter has been determined.

Key words: deoxygenation of water, iron-containing composites, redox filter, sodium cationite, removal of

iron compounds.

Introduction. Huge volumes of water are used
exactly in power engineering and cooling systems in
industries. Perspective methods for ensuring economic
benefits and environmental friendliness of using natural
water are methods for conditioning water and applying
water-circulation systems (closed and reversible).
Therefore, these methods need to be continuously
improved and studied in all aspects of the processes that
occur in them.

The main issue in using water-recirculation
systems is the need to reduce the corrosion activity and
water hardness to prevent formation of scale and metal
corrosion [3, 14 — 20; 11, 1 — 14]. In case of neglecting
the quality requirements of water, additional expenses
for the equipment repair and fresh water intake as well
as discharging of purge water are increased [1, 50 — 55;
2,6-10].

Therefore, it is recommended to use stable water
in circulating and closed systems of cooling and heat
supply. The reduction of corrosive aggressiveness of
water can be achieved in different ways: the use of
inhibitors of metals corrosion [4, 92 — 96; 12, 28 — 31]
or the preliminary removal of aggressive gases from
water — water degassing [10, 445 — 452]. Such methods
are divided into chemical, physical, biochemical,
physical and chemical.

The essence of chemical degassing lies in the fact
that the dissolved oxygen is bound by the addition into
the water of such chemicals as sulfur dioxide (SO),
sulphuric acid (Na2SOs3) or hydrazine (N2Ha4.). NaxSO3
oxidizes by oxygen to sulphate in accordance with the
reaction equation:

2Na;S03 + O, — 2Na,S0,4 (1)

Sulphur dioxide (sulphurous acid) oxidizes to sulphuric acid by oxygen which is dissolved in water:

SO, + H,O — H,S03

@

2H,S03 + Oz — 2H,S04 3)

In practice, hydrazine can almost completely deoxygenate water [8, 132 — 139], which occurs with the

emission of inert nitrogen:

NzHs + O, — 2H,0 + N3 (4)
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This method is the most effective. The lack is the
high cost of hydrazine, which leads to significant
economic expenses. Therefore, this method is used,
basically, for the final deoxygenation of water after
physical methods.

Water treatment method such gases as nitrogen
(N2) and carbon dioxide (COz) using rotor-stator
reactor can be used for deoxygenation. [16, 13 — 17]

One of the methods of the deoxygenation of water
is the use of redoxites — cationites or anionites which is
modified by reducing agents. This method completely
removes ions of oxygen from water without secondary
pollution. The peculiarity of redoxites is a wide
variation of reduction-oxidation potential due
polymeric carrier and ionic groups, high redox capacity
which is provided with a great amount of functional
groups, developed inside reaction surface of pores and
fixation of redox-groups with a polymer chain [5, 27 —
31; 14,58 -62; 6, 1104 — 1110].

The process of the deoxygenation of water [5, 27
— 31] was carried out with an anionite in a sulphite
form. The authors used desalted water and condensate.
But more important and interesting is the problem of
removing oxygen from water which contains the
hardness ions. In this case, the process, above all, will
depend on the concentration of anions. This using the
reduction-oxidation potential of ion exchange resin of
this type may be problematic for the cooling systems,
where natural water is used without partial softening.
This process was investigated by the authors [13, 91 —
94] using AV-17-8 anionite in CI-— and SO4*" — forms
with the use of running tap water.

The authors [15] studied the effectiveness of
mixture of ion exchange resins which contained
cationic resin in Na*— form, and anionic resin in ClI~ —
form. This mixture was treated with the ferrous
sulphate solution (Il) with sodium thiosulphate and
alkali for the transformation of the metal into the
insoluble state. The authors reached the reduction of
solubility of the iron compounds, fixed on the surface
and in pores of the filtering material. This resin
treatment method provides possibility to prevent
washing out iron ions from the filtering material during
simultaneous sorption of oxygen dissolved in water to
the concentration less than 50 meg/dm?,

The author [9] offered a new chemical technology
of chemical deoxygenation by the monosolution of
Na,SO3 (10 — 15%) in a stoichiometric quantity and
with a further filtration through the redox catalytic

filter. Industrial tests have shown the high efficiency of
this technology.

All these methods involve the regeneration of
waste redoxites.

We suggest using modified batch which contains
iron composites (IC redoxite) as a reducing agent. This
material is available. It is obtained from industrial
waste.

The object of our research was the processes of the
deoxygenation of water for ecologically safe heat
supply systems and steam and electricity generation
systems.

The purpose of the study was to determine the
efficiency of the deoxygenation by redoxites on the
basis of iron-containing composites with a reliable
regulation of the iron compounds content in
deoxygenated water.

The following tasks were solved to achieve this
goal:

- the efficiency estimation of new iron-containing
composites at the deoxygenation of tap water and
sodium-cationized water;

- the determination of conditions for the removal
of iron compounds from deoxigenated tap water and
softened water;

- the determination of the efficiency dependence
for the processes of the removal of iron compounds and
the deoxygenation of water on the rate of filtering
through the redox filter.

Materials and methods. In this paper the
processes of oxygen remove from water were studied
by filtration successively through a column filled with
the iron—containing composite and a column filled with
KU-2-8 cationite in Na*—form (Vi = 50 cm?®). The
installation diagram is shown in Fig. 1. Tap water (TH
= 4,6 mg-equiv/dm?3; A = 4,5 mg-equiv/dm?; [Ca?*] =
3,8 mg-equiv/dm?; pH = 7,500; [CI]] = 37,5 mg/dm3;
[SO4%] = 23,0 mg/dm®) and sodium cationized water
(TH = 0,0 mg-equiv/dm?®; A = 4,8 mg-equiv/dm?; pH =
7,851) was filtered at a rate of 2,12 — 10,60 m/h. Water
was taken after a column filled with redoxite in the first
experiments. All water quality indicators were
determined according to the methods described in [7].
In subsequent experiments water was collected after the
successive filtration through the redoxite and cationite
column. In the samples taken the residual
concentrations of oxygen, iron and pH of the medium
were determined. The residual water hardness was
determined in the case of filtering tap water through a
sorbent and cationite.
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Fig. 1. Experimental installation for the deoxygenation of water: 1 — water supply; 2 — water tank; 3 — column

with IC redoxite; 4 — cationite in Na*—form; 5 — Winkler flask; 6 — tank for collecting displaced water from a
flask; 7 — removal of excess water into the sewage system

Results and discussion. At the first stage of the  and after the experiment, the total iron content, the total
research the tap water of Kyiv was used, which was  water hardness and pH. The results of the
passed through a column batch which contains iron  deoxygenation of tap water with IC redoxite are shown
composites (IC redoxite) as a reducing agent. During  in Figure 2:
the studies the oxygen content was measured before
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Fig. 2. The dependence of the dissolved oxygen concentration (1), concentration of iron ions (2) and pH (3) on
the volume of tap water which was passed through the IC redoxite
(pH = 7,500; [O2] = 8,05 mg/dm?; TH = 4,6 mg-equiv/dm?). The filtering speed is 2,12 m/h

As it can be seen from the picture below, when  reduction due to the interaction with the iron
water passes through the I1C redoxite, there is an oxygen  compounds:

2Fe + O, + 2H,0 = 2Fe (OH). (5)

4Fe (OH); + O, + 2H,0 = 4Fe (OH)3 (6)
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As a result of the contact of metal and oxygen
dissolved in water the oxygen concentration is reduced
by approximately 8,5 times (from 8,05 to 0,91
mgO,/dm?). This method allows to reduce the
concentration of oxygen in water, but is accompanied
by an increase in the concentration of iron ions which
average content is equal to 0,78 mg/dm?, and the water
hardness remains at the initial level (TH = 4,6 mg-
equiv/dm?).

In order to prevent the secondary contamination
by iron ions water after the filtration through the IC
redoxite (process of deoxygenation) was passed
through the strongly acidic KU-2-8 cationite in the
Na*—form. The oxygen content, concentration of iron
ions, pH and the total hardness were determined in
selected samples of water (V = 1 dm?®). The results of
the deoxygenation of tap water during successive
treatment with the 1C redoxite and KU—2-8 cationite in
the Na*—form are shown in Figure 3.

During applying a two-stage stabilization system
there is a decrease in the concentration of dissolved

[02]5 mg/dm‘}s
[Fe?™¥], mg/dm?

oxygen from 8,05 to 0,59 mgOz/dm3. The removal of
secondary pollutant (iron) from water is provided due
the ion exchange on the cationite. In this case the
concentration of iron decreases from 0,78 to 0,1
mg/dmd. In addition, as a result of a two-stage treatment
the hardness of water decreases to zero with its
subsequent increase in the values due to the exhaustion
of the ion exchanger capacity.

It should be noted that the increase in the
efficiency of oxygen removal occurs due to its binding
in interaction with iron cations (1), which sorbed on
cationites.

The efficiency of cationite in absorbing iron ions
decreases as it saturates with calcium ions. Therefore,
the concentration of iron ions in the solution increases
due the exhaustion of ionite capacity by the ions of
Ca®". At the same time the pH decreases to a certain
extent (Fig. 4), which also leads to a decrease in the
efficiency of binding oxygen with sorbed iron ions.

- 5
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Fig. 3. The dependence of the concentration of dissolved oxygen (1), concentration of iron ions (2) and water
hardness (TH) (3) on the volume of tap water which was passed through the I1C redoxite and KU—2-8 cationite
in Na+—form (pH = 7,786; [02] = 9,23 mg/dm3; TH = 4,8 mg-equiv/dm3). The filtering speed is 2,12 m/h
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Fig. 4. The dependence of pH on the volume of tap water (1, 2) and Na+—cationized water (3; 4; 5) which was
passed through IC redoxite (1) and KU-2-8 cationite in Na+—form (2; 3; 4; 5) at different filtration rates, m/h:
2,12 (1; 2; 3); 6,36 (4); 10,6 (5)
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After the regeneration of cationite with a solution
of sodium chloride, its activity increases and it provides
the effective removal of iron at the level shown in Fig.
3

Normally, softened (sodium-cationic) or desalted
water is used in water supply systems and during water
supply to water heaters and steam boilers. In this case,
sodium-cationized water was used, for which a three-
stage water treatment was performed: water softening

by KU-2-8 cationite in Na*—form, the deoxygenation
of water by IC redoxite and removal of iron ions by
KU-2-8 cationite in Na*—form. The oxygen content in
water, concentration of iron ions and pH were
determined in selected samples of water (V = 1 dmd).
The results of the deoxygenation of Na*- cationized
water due the IC redoxite with subsequent passage
through KU-2-8 cationite in the Na*—form are shown
in Figure 5.

P

()

th
[Fe?*3*], mg/dm?3

0 2 4 o6 8 10

12 14 16 18 20
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-1 =<2 =3 44 -85 -6
Fig. 5. The dependence of the concentration of dissolved oxygen (1; 2; 3)
and concentration of iron ions (4; 5; 6) on the volume of Na+—cationized water ([O2] = 9,74 mg/dm3; pH =

7,851) which was passed through IC redoxite and KU-2-8 cationite in Na+—form at different filtration rates,
m/h: 2,12 (1; 4); 6,36 (2; 5); 10,6 (3; 6).

From the analysis of the results presented in
Figure 5, it is evident that the deoxygenation of sodium
cationized water, in which the concentration of ions of
hardness is at zero level, the concentration of dissolved
oxygen ranges about 0,39 mgO,/dm?3, the concentration
of residual iron on average reaches 0,06 mg/dmq.

It should be noted that the separate removal of
cations, such as ions of hardness and iron ions from ion
exchange resins, allows receiving separate waste
regenerative solutions which can be easily processed.

Since the process of water deoxygenation occurs
as a result of chemical reaction — the oxidation of iron
compounds, it is advisable to carry out studies to
determine the dependence of the water deoxygenation
efficiency on the rate of filtration through the batch.
The filtration rate varied from 2,12 to 10,6 m/h. The
concentration of oxygen, concentration of iron ions and
pH were determined in the samples taken. The results
of the study are shown in Figures 4, 5 and 6.

As expected, the rate of filtration significantly
affects the efficiency of the deoxygenation and removal
of secondary pollutant — iron ions from water. These
studies showed a linear back dependence of the
efficiency of compounds removal on the filtration rate.
The oxygen content increases by 2,5 — 3 times
(increases from 0,39 to 1,39 mg/dm?®) if the rate of

filtration increases in 2,5 — 3 times. And the oxygen
content increases by 5 times (from 0,39 to 1,89
mg/dm?3) with a greater increase in the rate of filtration
up to 10,6 m/h. The same trend is observed for iron ions
remove processes. Although the iron content is
negligible, it also increases with an increase in the
filtration rate from 0,06 mg/dm? at the filtering speed
2,12 m/h to 0,25 mg/dm? at the filtering speed 10,6 m/h.

In general, the use of redoxite from modified iron
compounds provides a sufficiently effective removal of
oxygen from water.

As it can be seen from Fig. 6, at the treatment of
tap water by the IC redoxite, the degree of the
deoxygenation of water was achieved at the level of 87
—90 % at a filtering rate of 2,12 m/h at a batch volume
of 50 cm®. The contact time of water with the sorbent is
very small to ensure the complete oxygen binding at
such a batch volume. However, at the time of
application of the sodium cation filter, the degree of the
deoxygenation of water increased to 93 — 94 % with
practically complete removal of iron ions from water.
And the degree of the deoxygenation of water reached
97 % when using sodium cationized water and two-
stage filtration. Obviously, with the increase in the
volume of redox batch, it is possible to achieve the
complete deoxygenation of water.
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Fig. 6. The dependence of the deoxygenation of water degree (Z,%) on the volume of tap water (1; 2) and
Na*—cationized water (3; 4; 5) which was passed through IC redoxite and KU—-2-8 cationite in Na*—form
(2; 3; 4; 5) at filtration rates, m/h: 2,12 (1; 2; 3); 6,36 (4); 10,6 (5); pH: 7,500 (1; 2); 7,851 (3; 4; 5);
[O2], mg/dm?3: 8,05 (1); 9,23 (2); 9,74 (3; 4; 5)

The fact that with increasing the rate of filtration,
the efficiency of the deoxygenation of water is reduced,
only confirms the fact that at a constant rate of
interaction of redoxite with oxygen, the degree of
binding decreases with a decrease in contact time with
the sorbent. This parameter can be changed by
increasing the volume of redox batch. Therefore, in
future studies, optimal correlations will be determined
between the volume of redox batch, the filter diameter
and the height of the redoxite batch at the selected
filtering rates.

Conclusions

1. The efficiency of one-stage deoxygenation of
water by IC redoxite has been determined, and it is
established that this sorbent allows to reduce the
concentration of dissolved oxygen in water from 6 to 8
times from the initial value of 8 to 9 mgO,/dmq to 0,91
mgQO./dmé. The process of the deoxygenation of water
is accompanied by secondary pollution of water by iron
ions ([Fe] < 0,78 mg/dm?3).

2. The two-stage stabilization treatment, which
involves the deoxygenation of water and its subsequent
sodium cationization, is more efficient. The content of
oxygen dissolved in water decreases in comparison
with one-stage treatment to 0,59 mgO./dm?, and the
secondary pollution of water by iron ions does not
occur. At the same time, ions of hardness are removed.
The saturate of ion exchange resins by ions Ca?*, Mg?*
involves the reduce of efficiency of removal of iron
ions.

3. The use of softened water increases the
efficiency of water deoxygenation in the filter filled
with redoxite and the cationite filter in Na+—form as
well as the efficiency of removal of iron ions.

4. The influence of the filtration rate on the
processes of water deoxygenation and removal of iron
ions have been investigated. The linear back
dependence of the removal efficiency of compounds on
the filtration rate is shown. The oxygen content
increases by 2,5 — 3 times if the rate of filtration
increases in 2,5 — 3 times. And the oxygen content
increases by 5 times with an increase in the rate of

filtration by 5 times. The same trend is observed for
iron ions remove processes. This tendency is due to a
decrease in the contact time of water with sorbent and
ion exchange resins at constant values of the oxidation
rate for iron compounds and sorption of iron ions on the
cationite.
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VECTOR-VALUED GENERALIZATION OF CONTINUOUS FRAMES AND THEIR
NOETHERIAN PERTURBATIONS

Summary. Vector-valued generalization of continuous frames in Banach spaces is considered in this paper.
The concepts of cX-frame, cX-Riesz basis, Banach cX-frame and cX-atomic decomposition are introduced.
Criteria for cX-frames, cX-Riesz bases, Banach cX-frames are found and the relationship between them is
established. The stability of cX-frame and related (in some sense) cX-atomic decompositions, as well as
Noetherian perturbations of cX-atomic decompositions are also studied.

1. Introduction

The concept of frames in Hilbert spaces has been
introduced by R.J. Duffin and A.C. Schaeffer in 1952
[1] in the study of non-harmonic Fourier series with
respect to perturbed exponential systems. In the same
work, R.J. Duffin and A.C. Schaeffer introduced the
concept of abstract frame and extended many of their
results to this concept. The interest to frames has grown
significantly in the 1980s due to wide applications of
wavelet methods in various fields of natural science
(see, e.g., N.M. Astafyeva [2], I.M.Dremin, O.V.
Ivanov, V.A. Nechitailo [3], etc). For theoretical
aspects of this theory we refer the readers to Ch. Chui
[4], Y. Meyer [5], I. Daubechies [6], S. Mallat [7], R.
Young [8], Ch. Heil [9], O. Christensen [10, 11], etc.

Frames draw growing interest also from a
theoretical point of view. As an example, we can
mention the connection between the theory of frames
and the well-known problem of Kadison and Singer
(1959). Modified, but equivalent forms of this problem
have been studied in different branches of mathematics
such as theory of frames, theory of operators, time-
frequency analysis, etc. (for more details see [12-14]).
It should be noted that the advantage of Hilbert frames
is that every element of a Hilbert space has a frame
expansion. This expansion may not be unique. A frame
defines a conjugate frame which generates the frame
expansion. Moreover, the sequence of coefficients of
this expansion has the least I, norm. Therefore, the
matter of finding new frames is of special scientific
interest.

The methods of perturbation theory for linear
operators are widely used for establishing the frames.
O. Christensen [10, 11] thoroughly studied this matter
in case where the perturbations are caused by the
compact operators. The case of most general
perturbations, i.e. the case of perturbations caused by
Noetherian operators, has been studied by B.T. Bilalov
and F.A. Guliyeva [15, 16]. The stability of frames in
Hilbert spaces was investigated in [17, 18].

The concept of frames in Banach spaces was first
treated by K. Grochenig in [19], where the concepts of
Banach frame and atomic decomposition were
introduced. Banach frames, atomic decompositions and

their stability have also been studied in [20-22], while
[15] treated their Noetherian perturbations.

Later, the concept of frame has been generalized
in many directions, and this tendency is still going on.
In [23], the concepts of g-frame and g-Riesz basis in
Hilbert space have been introduced, their basic
properties and the relationship between them have been
established. g-frames have also been studied in [24-26].
In [16], the concept of ¢t -frame in tensor products of
Hilbert spaces has been introduced. The concept of p -
frame (a generalization of a frames in Banach spaces)
has been introduced and studied in [27] (see also [28,
29]). In a more general case of Banach space of
sequences with a canonical basis, p -frames have been
studied in [30]. Another generalization of frames in
Hilbert spaces is a continuous frame treated in [31] for
locally compact space with Radon measure.
Continuous frames have been also studied in [32].
Generalizations of the results of [23] to continuous
frames in Hilbert spaces can be found in [33].

In this work, we consider a vector-valued
generalization of continuous frames in Banach spaces.
We introduce the concepts of cX-frame, cX-Riesz basis
and cX-atomic decomposition in Banach spaces. We
obtain the results concerning cX-frameness and cX-
Riesz basicity, and establish the relationship between
them. We also study the stability of cX-frame and
Noetherian perturbations of cX-atomic decomposition.

2. Needful Information

In this section, we give some notations and
auxiliary facts.

Throughout this work, X and Z will denote the
Banach spaces with the norms |||y and |||z,
respectively. X* will be the space conjugate to X, and
the value of the functional x* € X* at x € X will be
denoted by (x, x™). The mapping myx: X — X™* defined
by the formula (x*,m(x)) = (x,x*) is called a
canonical mapping. For reflexive space X, canonical
mapping y: X — X** is an isometric isomorphism. By
L(X, Z) we denote the Banach space of linear bounded
operators T: X — Z. The kernel and the image of the
operator T € L(X,Z) are denoted by ker T and ImT,
respectively. The conjugate of the operator T is denoted
by T*. T* € L(Z*,X*) and ||T*|| = ||IT]|. The operator
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T € L(X,Z) is said to be Noetherian if ker T, ker T*
are finite dimensional and Im T is closed.
We will need the following well-known facts.

Theorem 2.1 ([34]). Let T € L(X,Z). Then the
conjugate operator T* is surjective only when T has a
bounded inverse in ImT.

Theorem 2.2 ([10]). Let T: X — X be a linear operator. Assume there exist the numbers 1,, 1, € [0,1) such
that ||x — Tx|lx < A4]lx|lx + A;]|Tx||x for every x € X. Then the operator T is bounded and boundedly invertible

1-2,
147,

1+,

in X and
1-21

lxllx < T xllx <

[E4IPS

Let 2 be some set, X and Z be Banach spaces of vector-valued mappings ¥ = x(+), x(w): 2 — X and
7= 2z("), z(w): 2 > Z, respectively. We say that the space X is normally subordinate to the space Z if, for
x(w): 2 - X and z(-) € Z, it follows from ||x(w)|lx < ||z(w)|lz, Yo € 2, that ¥ = x(-) € X and

IxOllz < llzOl2.

The concept below is a generalization of a continuous frame in a Banach space.
Definition 2.1. The mapping F: 2 — L(Z, X) is called a cX-frame in Z with respect to 2 if F(-)z € X,

Vz € Z and 34, B > 0 such that

Allzllz < IF()zllx < Bllzllz, vz € Z.

The constants A and B are called the lower and

upper bounds of cX-frame, respectively. In case where
the right-hand side inequality in (2.1) is true,
F:Q - L(Z,X) is said to be cX-Besselian in Z with
respect to 2 with the bound B. Next, cX-frame in Z
with respect to £2 will be called simply cX-frame in Z.
If there exists an operator S € L(X, Z) such that

A(w)”{cn}”lz < ”Zn Cnan(w)”X = B(w)”{cn}”lzx V{Cn} € lZ-

Let the mapping F: 2 — L(l,, X) be defined by the

formula F(w){cptnen = Xoeq Cn@y (0). Then F is a

cL, (02, u, X) -frame in L,.

21)

S(F()z) =z, Vz € Z, then the pair (F,S) will be
called a Banach cX-frame in Z with the bounds 4 and
B, and the operator S will be called a cX-frame operator
of the mapping F.

Example 2.1. Let X be a Banach space, (02, 1) be
a measurable space, Z = I, and X = L, (2, u, X),
1<p<+4oo. Assume that a,:2 — X is such that
JA(w),B(w) € L,(2,u): Vo € 2

(2.2)

In fact, V{c,}nen € I, We have

IF O entnenll? o pun = Sl Eies Cutta ()P dt.

Using (2.2), we obtain

”A(')”Lp(n,u)"{Cn}nEN”lz < ”F(')({Cn}nEN)”Lp(.Q,u,X) < ”B(')”Lp(n,,u)”{Cn}neN”lz-

Example 2.2. Let Z be a Banach space, X = 1,,, 1 <p < +oo, (2, u) be a measurable space, X = L, (2, 1)
be a Banach space of sequences {a,(w)}nen, w € 2, of measurable functions in 2 equipped with the norm
1

I{an}nenliyaum = (Zi=1 fylan (@) Pdu)?. Assume that a,: Q2 — Z* is such that Vo € 2 {an(w)}ney iSap -
frame in Z (see [27]) with the bounds A(w), B(w) € L, (2, 1), i.e. Vw € 2

A()lizllz; < Er=l(z, an(w))lp)% < B(w)llzllz. vz € Z.

(23)

Define the mapping F: 2 — L(Z,1,,) by the formula F (w)z = {(z, a,(w))}nen, @ € 2. From (2.3) we have

IF @)zl = (E5mal(z an(@) PP < B@)llzll; 0 € 2,2 € Z.

The mapping F is a cl,, (2, u) -frame in Z with the bounds ||A||mem and ||B||me_m. Infact,asvz € Z

IF Oz 0 = (Bieoa [l 2 (@) IPdp)P,

taking into account (2.3) we obtain

”A(')”Lp(ﬂ,u)”Z”Z =< ||F(‘)Z||1p(g,,u) =< ||B(‘)||Lp(g,,u)||z||z-

Remark 2.1. If the mapping F: 2 - L(Z,X) is a
cX-frame in Z, then the operator U € L(Z, X) defined
by the formula
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U(Zz)=F()z,z€Z,

is boundedly invertible in ImU. Therefore, if the
mapping F: 2 — L(Z,X) is a cX-frame in Z, then Z is
isomorphic to some subspace of X.
The following concept generalizes the one of
atomic decomposition in Banach spaces.
Definition 2.2. Let F: 2 - L(Z,X) and
A: 0 > L(X,Z). The pair (F, A) is called a cX-atomic
decomposition in Z with respect to 2 if
)Vz€eZ,VfEZ F()z€EX,
2) 3A, B > 0 such that
Alizllz < IF()zllg < Bllzllz, Vz € Z;
VzeZ(z,f)=(F()z fA(-)), Vz € Z,
VfeZzZ".

(z,Tx") = (F()z, %), % € X",z € Z,

and ||T|| < B.
Proof. Let the mapping F be cX-Besselian in Z
with a bound B. Then there exists a bounded operator

(2, U'%") = (Uz,%") = (F(")z, ).

Consequently, T = U* and ||T|| = ||U|| < B.
Conversely, let there exist a bounded operator
T:X* — Z* defined by the formula (3.1) and

The constants A and B are called the lower and
upper bounds of cX-atomic decomposition (F,A),
respectively.

3. cX-Frames In Banach Spaces

In this section, we give criteria for cX-frameness
and cX-Riesz basicity of a mapping, and establish the
relationship between them.

The theorem below presents a characterization of
cX-Besselian mappings.

Theorem 3.1. Let the mapping F: 2 — L(Z,X) be
such that F(\)z € X, Vz € Z. Then F is cX-Besselian
in Z with a bound B only when there exists an operator
T:X* — Z* defined by the formula

(3.1)
U:Z — X defined by the formula (2.3). Let’s find its
conjugate U*. For V&* € X* and Vz € Z we have

(3.2)

[IT]] < B. We have

IFOzllx = ”§}ﬁpll(1’(')z,f*)| = ll§}ﬁp1|(2. Tx)| < |ITllllzllz < Bllzllz,
X ||= X*||=

i.e. the mapping F is cX-Besselian in Z with a bound
B. Theorem is proved.

The theorem below presents a criterion for cX-
frameness of a mapping.

Theorem 3.2. Let the mapping F: 2 — L(Z,X) be
such that F(-)z € X, Vz € Z. Then F is a cX-frame in
Z with a bound B only when there exists a bounded
operator T: X* — Z* defined by the formula (3.1) and
ImT =27".

Proof. Let F be a cX-frame in Z and the operator
U be defined by the formula (2.3). Then U is boundedly
invertible in Im U, and therefore, by Theorem 2.1, the
operator U* maps X* into Z*. By Theorem 3.1, the
operator T is bounded and from (3.2) we have

Al® Nz < NTE N2> < BIIZ" |5+, VX" € X™.

The constants A and B are called the bounds of
cX*-Riesz basis.

Let’s establish the relationship between a cX*-
Riesz basis and a cX-frame in Z.

Theorem 3.3. Let Z be a reflexive Banach space
and the mapping F: 2 — L(Z,X) be a cX*-Riesz basis

T = U". Therefore, InT = Z*.

Conversely, let the operator T defined by the
formula (3.1) be bounded and Im T = Z*. By Theorem
3.1, the mapping F is cX-Besselian in Z. As T = U*,
we have Im U* = Z*. Consequently, by Theorem 2.1,
the operator U is boundedly invertible in Im U, i.e. F is
a cX-frame in Z.

The concept below is a generalization of a Riesz
basis.

Definition 3.1. A mapping F:02 - L(Z,X) is
called a cX*-Riesz basis for Z* with respect to 2 if

1) F(:)z =0impliesz = 0;

2) there exists the operator T:X* — Z* defined
by the formula (3.1) and 34, B > 0 such that

(3.3)

for Z* with the bounds A and B. Then F: 02 - L(Z,X)
is a cX-frame in Z with the bounds A and B.

Proof. Let F: 2 — L(Z,X) be a cX*-Riesz basis
for Z* with the bounds A and B. It follows from the
inequality (3.3) that the bounded operator T is injective
and ImT is closed. In fact, if TX* = 0, then from the
inequality on the left-hand side of (3.3) we obtain

% llg- = 0, i.e. % = 0. Let f, = T%, u f = limf,.
n-—-oo

Then

A”fr*l - fr*n”)?" < ”fn - fm”Z* -0
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asn, m — oo, Therefore, in view of the completeness of
X~ there exists ¥* = lim &;;. By virtue of the continuity

n—-oo

of the operator T, we have TX* = limTx;, = f. Let’s

n—oo
show that Im T = Z*. Assume the contrary, i.e. assume
ImT # Z*. The reflexivity of Z implies the existence
of z € Z, z # 0 such that (z,T¥*) = 0 for v&* € X*.
Consequently,

(F()z,%) = 0. Hence, F(-)z=0 and z = 0. This
contradicts the condition z # 0, therefore ImT = Z~.
Thus, the operator T is boundedly invertible. It is clear
that ||T|| and ||T~2||~ are the bounds of the cX*-Riesz
basis F. As U* =T, the operator U is boundedly
invertible, and, consequently, F is a cX-frame in Z with
the bounds

WOl =TI =TI WU~ = W) = 1T~

Theorem is proved.

Now we consider the conditions under which a
cX-frame becomes a cX*-Riesz basis. The following
theorem is true.

Theorem 3.4. Let X be a reflexive space, the
mapping F: 2 - L(Z,X) be a cX-frame in Z and the
operator U be defined by the formula (2.3). The
following properties are equivalent:

1) F is a cX*-Riesz basis for Z*;

2) the operator T defined by (3.1) is injective;

3 ImU =X.

Proof. 1) = 2) is obvious.

Prove that 2) = 3). Let the operator T be
injective. By Theorem 3.2, the operator T is surjective.
Then it is boundedly invertible. Using Remark 2.1,
from the reflexivity of the space X we obtain the
reflexivity of the space Z. Let’s show the validity of the
relation U = nz'T*m,. In fact, v&* € X* and vz € Z
we have

(Uz,%") = (2, T%") = (T%",15(2)) = (&', T*15(2)).

On the other hand, we have
(Uz,x") = (X", mg(Uz)). Therefore, mgU = T my, i.e.
U= r[)}lT*nZ. Hence we conclude that the operator U
is also boundedly invertible. Consequently, ImU = X.

Prove that 3) = 1). By condition 3), the operator
U is boundedly invertible. Consequently, U* =T
implies that the operator T is boundedly invertible.
Therefore, F is a cX*-Riesz basis for Z*. Theorem is
proved.

Theorem 3.5. Let the mapping F: 2 — L(Z,X) be
a cX-frame in Z and the operator U be defined by the
formula (1.3). The following properties are equivalent:

1) Im U is complementable in X;

2) there exists S € L(X,Z) such that (F,S) is a
Banach cX-frame in Z;

3) there exists G € L(Z*, X*) such that

(z,f)=(F()z,Gf)Vf € Z*,Vz € Z.

Proof. 1) & 2). Let Im U be complementable in
X. Then there exists a projector P: X — Im U. As the
mapping F:2 — L(Z,X) forms a cX-frame in Z, the
operator U has a bounded inverse U™t in ImU. Let D
be an arbitrary bounded continuation of U~ by Im U
to the whole of X. Consider the operator S = DP. It is
clear that S € L(X,Z) and SU =1, ie. (F,S) is a
Banach cX-frame in Z.

Now let (F,S) be a Banach cX-frame in Z.
Consider the operator P = US. Then, in view of

Lymax {/1 + %,,8} <1,

SU=1, we have P?2=USUS=US=P, and,
consequently, P is a projector in X. Let’s show that
ImP=ImU.ltisclearthat ImP c ImU. Let
¥€eImU and Uz=%X% Then 2z=S% and,
consequently, Uz = USX = P%, ie. ImP =ImU.
Thus, P is a projector from X to Im U. Hence, Im U is
a complementable subspace in X.

2) & 3). Define the operator G as follows

G =S".ForvzeZandVf € Z* we have
(z.f)=F()zf) = (F()zSf) = (F()z Gf).

Conversely, define the operator S: X — Z by the
formula (S%,f) = (%,Gf) for v¥ € X and Vf € Z*.
Then [(S%, O] < [IZlIzIIGIIf1l. Hence [ISI < [IG]]. In
what follows

(SF()z f) = (F()z,Gf) = (2 f).

Consequently, S(F(-)z) = z, Vz € Z. Theorem is
proved.

4. Stability And Noetherian Perturbations Of
cX-Frames

In this section, we consider the stability of cX-
frames and cX-atomic decompositions as well as their
Noetherian perturbations.

The theorem below concerns the stability of cX-
frames in Banach spaces.

Theorem 4.1. Let F: 2 — L(Z,X) be a cX-frame
in Z with the bounds A and B. Assume that the mapping
G:0 - L(Z,X) is such that G(-)z € X, there exist the
numbers 4, 5, u = 0 such that the following conditions
hold:

) IF()z = G()zllx < AFCO)zllz + BIG(zllx + pllzll -

Then G is a cX-frame in Z with the bounds

AQ-D)-u

d B(1+A)+pu

148

1-8



76 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #9(49), 2019

[ |
EEM

Proof. By condition 2), Vz € Z we have

IGO)zllz < IFCOzllz + 1IF()z = 6(O)zllx < A+ DIFOzllz + BIGC(zllx + ullzll.

Hence,

A=mleC)zllx = A+ DIFO)zllx + ullzll2,

or

1+

16CO)zllx < 5 IFOzllg + 55 Nzl

Then, using (2.1), we have

-B

B(1+A)+
16 ()zllz < ZEDE 1,

1-B

We need to establish a left-hand side cX-frame inequality for the mapping G. We have

GOzl 2 IFCO)zllz = IF()z = 6()zllx =2 1 = DIFOzllx = BIGC(zllx — ullzll,

A+BIeC)zllx = A = DIFO)zllx = ullzll2.

or

Consequently,

-1
16O)zlls = 5 IIFOzllz

Thus, G is a cX-frame in Z. Theorem is proved.

The next theorem concerns the stability of a
Banach cX-frame.

Theorem 4.2. Let (F, S) be a Banach cX-frame in
Z, the mapping G: 2 — L(Z,X) be such that G(-)z € X

D ANUSI+ BIVSIE+ pllSI < 1

u
——llzll; =

A(1-N)-pu
1+ 148

Izl .

and the operators U,V:Z — X be defined by the
equalities U(z) = F(-)z, V(z) = G(-)z, respectively.
Assume that there exist the numbers 4, 8 € [0; 1),

u = 0 such that the following conditions hold:

) IIF()z = G()zllz < AFOzllz + BIG()zllx + ullzll 2.

Then there exists S; € L(X,Z) such that (G,S;)
forms a Banach cX-frame in Z.

Proof. It is clear that the mapping F is a cX-frame
in Z with the bounds ||S||~* and ||U||, because
ISI~HIzllz = (ISIHISUzll, < Uzl < Uzl 5.

As P = US is a projector, we have ||US|| = 1. Then
A+ pllSII < A[US|[ + BIVSI + ullSIF < 1, and, by
Theorem 4.1, the mapping G:2 — L(Z,X) is a cX-
frame in Z with the bounds

PR
lIsi—~@a-» * and (1+A)IIUII+ul

1+B

Next, V& € X from condition 2) we obtain

1-B

(U =V)Sxllz < AlUS%||x + BIIVSZllx + ullSXllz < (ANUSI + BIVSI| + wllSIDIZ] -

Hence, in view of A||US|| + BIIVS|| + ulIS]| < 1, we have ||(U — V)S|| < 1. Consequently, the operator
I — (U —V)S is boundedly invertible. Let S; = S(I — (U — V)S) L. Itis clear that S; € L(X,Z). Next, S,V = 1.

In fact, as

V=VSU=U-U-V)SU = (I — (U—-V)S)U,

we have

SV=SU—-U-V)S)'W=SUI—-U-V)S)(I—(U-V)S)U =SU =1.

Thus, (G, S,) is a Banach cX-frame in Z. Theorem
is proved.

Let’s state another theorem on the stability of a
Banach cX-frame.

D ANUSI+ BT = USI + pllSI < 15

Theorem 4.3. Let (F, S) be a Banach cX-frame in
Z, the mapping G: 2 — L(Z,X) be suchthat G(-)z € X
and the operators U,V:Z — X be defined by the
equalities U(z) = F(-)z, V(z) = G(-)z, respectively.
Assume that there exist the numbers 4, 8 € [0; 1),
u = 0 that satisfy the following conditions:

) IIFC)z =6zl < AFOzllz + BIG()zlix + ullzll -

Then there exists S; € L(X, Z) such that (G, S;)
forms a Banach cX-frame in Z.

Proof. As in the proof of Theorem 4.2, it follows
from condition 2) that the mapping G is a cX-frame in
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Z. Consider the operator I — (U — V)S. By condition
2), V% € X we have

(U = V)Sxllz < AlUS%||z + BIIVSZ|lg + ullSE|lz <
< (AIUSI+ BN = US|+ ulSIDIZN 5 + BIT = (U = V)X %

Hence, according to Theorem 2.2, the operator
I — (U —V)S is boundedly invertible, and
S;=SU—-WU-V)S)™! is a required operator.
Theorem is proved.

Now we consider the Noetherian perturbations of
cX-atomic decompositions.

Theorem 4.4. Let the mappings F:2 - L(Z,X)
and A: 2 — L(X, Z) be such that (F, A) is a cX-atomic
decomposition in Z with the bounds A and B. Let W be
a Banach space, N € L(Z, W) be a Noetherian operator

and I'(w) = NA(w), w € . Then there exists a
mapping G: 2 — L(W, X) such that (G,I") isa
cX-atomic decomposition in Im N.

Proof. The Noetherianness of the operator N
implies that ker N is complementable in Z. Let
Z = ker N + Z,. Denote the restriction of the operator
N to Z; by N,. Itis clear that the operator N; maps Z;
into Im N and ker N; = {0}. Then the operator N; has
a bounded inverse Nyt in Im N. Let
G(w) = F(w)N; 1, w € 2. Yw € Im N we have

IGOwlig = IFC)NT ' wlig < BINT'wllz < BINTHHTIwllw,

and

IGCWllg = IFCNT wllg = AlINT'wllz = AN HIwlly,

i.e. G isacX-frameinImN.

Take Vh € W* and Yw € Im N. Using condition
3) of Definition 2.2, we obtain

(w,h) = (NT'w, hN) = (F(CINT'w, ANA() = (G(Iw, AT ().

Thus, (G,I') is a cX-atomic decomposition in
Im N. Theorem is proved.

Theorem 4.5. Let (F, S) be a Banach cX-frame in
Z, W be a Banach space, N € L(Z, W) be a Noetherian
operator and S; = NS. Then there exists a mapping
G:2 - L(W,X) such that (G, S;) is a Banach
cX-frame in Im N.

Proof. Assume that Z, is a complement of ker N
in Z and N; is a restriction of the operator N to Z;. The
operator N; has a bounded inverse N;1 in Im N. Using
the same reasoning as used in the proof of Theorem 4.4,
we obtain that the mapping G: 2 — L(Z, X) is such that
G(w) =F(w)N;!, w€e N, is a cX-frame in ImN.
Next, for vw € Im N we have

S (G(OwW) = NS(F(-)N7'w) = NN[tw = w.

Thus, (G,S;) is a Banach cX-frame in ImN.
Theorem is proved.

Let ¥ be a Banach space of operator-valued
mappings A = A(?), A(w): 2 - L(X,Z).

Definition 4.1. Mappings A:02 - L(X,Z) and
r:0 - L(X,Z) are called Y-close if A(-) —I'(") € Y.

Consider the stability of a cX-atomic
decomposition for Y-close mappings. The following
theorem is true.

Theorem 4.6. Let X* be normally subordinate to
Y, the mappings F: 2 —» L(Z,X) and A: 2 - L(X, Z) be
such that (F, A) is a cX-atomic decomposition in Z with
the bounds A and B. Let the mapping I': 2 - L(X,Z)
be Y-close to A and ||[A() =Ty < % Then there
exists a mapping G: 2 — L(Z,X) such that (G,I") is a
cX-atomic decomposition in Z.

Proof. Since for any f € Z* we have

IfA(w) = fT ()l < IflA(w) = T' (@), w € 2,

and X* is normally subordinate to ¥ we obtain

IFAC) = fT Oz < IIFIIAC) =T Ol

Consider the operator K: Z — Z defined by the formula

(Kz,f) = (F()z, fA() — fT (), Vf €Z*,Vz € Z.

Kzl = ||§}|f£1|(KZ'f)| = l;lﬁfll(F(')Z,fA(') —fr()l =
< IIF(‘)ZIIJ?”fcuP If(AC) =Dz < BIAC) = T Ollzllzllz < izl

Then

ll=1

Thus, the operator D =1—K is boundedly
invertible. Let G(w) = F(w)D™, w €N. Then G
forms a cX-frame in Z. The last condition in Definition

2.2 implies (z,f) = (F()z, fA()), Vf € Z*, VZz € Z.
Then (Dz, f) = (F(-)z, fI'(-)). Next, for vz € Z and
Vf € Z*we obtain
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(z,f) = (DD7'z,f) = (F()D™'z fI'() = (G()z fT ().

Therefore, (G, I') is a cX-atomic decomposition in
Z. Theorem is proved.

In case where (02, 1) is a measurable space,
X =L,(2,1,X),p € (1;+c0) and
Y =L,(2,uL(X,2)), % + % = 1, Theorem 4.6 has the

following corollary.

Corollary 4.1. Let the mappings F: 2 — L(Z,X)
and A:2 - L(X,Z) be such that (F,A) is a
cL, (£, u,X) -atomic decomposition in Z with the
bounds A and B, and let the mapping I': 2 - L(X,Z)
satisfy the condition

fllA@) = (@)1 dp < B,

Then there exists a mapping G: 2 — L(Z, X) such
that (G,T") is a cL, (2, u, X) -atomic decomposition in
Z.
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baxunckuu F'ocyoapcmeennviii Yuusepcumem,
Huemumym Mamemamuru u Mexanuxu HAH Azepbaiioscana
T'ynyega K. A.

baxunckui F'ocyoapcmeennviii Yuusepcumem

OTCYTCTBHE I'/IOBAJIbHBIX PEIIEHUI CJIABO CBSI3AHHOM CUCTEMBI
MOJIYJUHENHBIX TAPABOJIMYECKUX YPABHEHHI BTOPOT'O MOPAIKA

THE ABSENCE OF GLOBAL SOLUTIONS OF A WEAKLY COUPLED SYSTEM OF SECOND-
ORDER SEMILINEAR PARABOLIC EQUATIONS

Summary. We consider a system of semilinear parabolic equations with singular potentials and study the
problems of the absence of non-negative global solutions of this system in a cylindrical domain, the base of which
is the exterior of the ball containing the origin. A sufficient condition for the absence of global solutions is obtained.
The proof is based on the test function method.

AHHOTalIl/ISI. PaCCManI/IBaeTCH CHUCTEMaA HOHyJ‘IHHeﬁHLIX napa6onnqec1<nx ypaBHeHI/Iﬁ C CHUHI'YJISIpPHBIMU
MNOTCHIHAJIAMU U UCCICAYIOTCS BOIIPOCHI OTCYTCTBHS HCOTPHUUATCIBbHBIX rI00aIbHBIX peH.[eHI/Iﬁ 3TOM CHUCTEMEI B
HHHHHI[pPI‘IeCKOﬁ 06J'IaCTI/I, OCHOBAHUC KOTOpOI7[ CCThb BHCIIHOCTH Iapa coJACpiKallas Ha4daJlo KOOpAWHAT.
HonyquO A0CTATOYHOC YCJIIOBHUC OTCYTCTBUSA ra00aIbHBIX peLHCHHfI. I[OKaSaTeHBCTBO OCHOBAaHO Ha MCTOJEC
MPOOHBIX (PYHKITHH.

BBenenue
Beeaem cnenytoniie 0003HauYEHUS

x=(xy,...,%,) ER"n=>3,r=|x|= [xlz+...+x,21,

Bg = {x;|x| < R}, Bg = {x; |x| > R},
BRI'RZ = {x; Rl < |x| < RZ}, QR = BR X (0, ‘l‘(ﬁ)7

Qr = Bp X (0,+%),Qr(p) = Qr N {(x, 1); t + |x|? < 2p?};

C,’C‘tl (Qr) -MHOXeCTBO Kk -pa3s HENPEPHIBHO B Qg paccMOTPHM CJIEIYIOIIYIO CT1a60 CBA3aHHYIO
mupdepeHnmpyemMblx  GyHKIMA 1mo X W | paz  CHCTCMY
HenpepbIBHO Au(epeHIUpYeMBIX HOt.

— =div(AVu) + | |2u + |x|%t|p|%

(1.1)
— =div(AVv) +-2 P |2 v+ |x|%2|ul|??
C HAYaJIbHBIM YCIOBHEM
ult =0 = uy(x),v|t =0 = vy(x), (1.2)
e 0 < g (x), v (x) ec(B ) o > —2,q > 10<Ck<(y+1)(n 2%k =12y > -1,
a a n
Vu = (i,_”,i), A= (aij(X))i,j= , ( ) 5 +}/ | | , 0;; - cumBoisl Kponekepa. 31ech
AVu = (Z}‘zl ajj-— 6“ D=1 Anj ) div(AVu) = ¥4 0 (aij(x) a_“).
6x ox ox ax,-
Mpl  OymeM  HcCIEOBaTh  BOIPOC O [Ipo6aeMBl CYIIECTBOBAHMSA M HE CYLIECTBOBAHMS

CYIIECTBOBAHMH INI0OANBLHOTO penieHus 3anaud (1.1), r100anpHBIX pemieHuid I pasluyHOro  Kiacca
(1.2). Ion rnobansubIM pentenueM 3anaun (1.1), (1.2)  auddepeHnnanbHEIX  ypaBHEHMH W HEPaBEHCTB

Oynem IoHUMAaTh napy (QyHKIHMH WrpaloT BaXHYIO pOJIb B TEOPHHM U IPHIOKEHUAX,
u(x, t),v(x,t) €C %(QR) N CIO( ) MO3TOMY  HPUBJICKAIOT  IOCTOSHHOC  BHMMAaHHC

. ,  MaTeMaTHKOB M UM ITIOCBSIIEHBI OOJIBIIOE YHCIIO pabdoT.
ynoBieTBopsitomux cuctemy (1.1) B kaxmoit Touke Qp B wmaccuueckoli paGore Oymiumsr  [1]

¥ HaYyaJIbH joBue (1.2) npu t = 0.
0¢ ycio (1.2) mp paccMmaTpuBaeTcsl HauaiabHas paboTa

9u _ q n
{ o Au + uf, (x,t) € R™ x (0, +0) (13)
u|t=0 = uo(x) = 0, X € Rn
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U JokasbiBaercs, yto npu 1 < g <q* =1+ % 3amaya
(1.3) =me
pemienus, a npu q > 1 +% UL MaJeHBKHX Ug(x)

HUMEET  TIOJIOKHUTCIBHBIC ro0aabHbIe

CYIIECTBYIOT MOJIOXUTEIbHBIC TJI00ANbHBIC PEIICHUSL.
Cnyvaii q = q* uccnenoBanbl B paborax [2], [3] u
JIOKa3aHO, YTO B ATOM CIIy4ae TOXE HE CYLIECTBYIOT
MOJIOKUTENbHBIE TJI00aIbHBIE pelieHus. Pe3yabraTh
pabotel DymHKUTH BBI3BAIK OOJBIION HHTEpEC K
npobJieMe OTCYTCTBHS TJIOOQNBHBIX PEIICHUN, U OHH
ObUTH pacHIMpPeHbl B HECKOJBKUX HAMpPaBICHUSIX.
O030p Takux paboOT wuMmeercs B cTathe [4], B
MoHorpaduu [5] u B kaure [6].

OnmHUM U3 BO3MOXHBIX PACHIMPEHHH pe3yabTaTa

OyIKUTB,  HCCIENOBaThb  CHUCTEMY  ypaBHEHUH
peaxmmu-nud¢y3un tuna OymKUTHL, 38 KOTOPOE U MBI
Oepemcs.

B pab6ore [7], Ecko6mo u Xeppepo npu
C; =C, =0,y =0,07 = 0, = 0 paccmoTpenu 3agauy
(1.1), (1.2) B R™ X (0, +0) u moKa3bIBaIM, YTO €CIIU

q1+1  qx+1 n
>0 >1Hmax(——)2— TO
v qz » 192 q192-1" q1q2-1 ’

2
paccMOTpeHHas 3ajjaya He MMEeT HeOoTpHLATeNbHbIC
rnobanbHele  penieHus. Pesynbrarbl  paboTel  [7]
0000111eHbI B padoTax [8], [9],[10].

B mpencraBnenHoi pabore paccMaTpuBaeTcs

cucTeMa MOyJINHEHHBIX TapaboInuecKUX ypaBHEHUH,

_ n-2\2 Ck +
Dy = - ) T M
2 y+1
01+2+q1(02+2)
g, = 22T )t —n, 0, =
q1q2-1

Paccmotpum  pyrkimn & (x) = |x|’11t — x|,
k =1,2. Jlerko mnposeputh, uto QyHKIHEA & (X)
pellieHre ypaBHEHUs]

div(AVE,) +

u ()| jxj=1 = 0,k = 1,2,
PaccMOTpHM elie Cenyoyo (pyHKIUI0

HO BMecTo oneparopa Jlamaca Gepercst oneparop Buzia
div(A(x)Vu), toe A(x) uMmeer yKa3aHHBIH BBIIIE
crnenuaibHeld  BuA. [lmoc kK 3TOMy B Hammx
YpaBHEHHSAX IPHUCYTCTBYIOT MIIAALIME YJIEHBl C
CUHTYJSIDHBIMH ~ TOTEHIHMalaMH.  3aMeTHM, 4YTO
mpobiieMa CYIIECTBOBAHMS TJIO0ANBHBIX PEHICHAN
MONYyJTMHEWHBIX ~ MapaOOJMUecKuX  ypaBHEHHH C
CHHT'YJIIDHBIM NOTEHLIHAJIOM B Pa3JIMYHBIX OONIACTIX
TaKKe HCCIEeIOBaHbBI MHOTHUMH aBTopamu (cM. [11]-
[15]).

Kak moxkazano B paborte [16], ecnn 3aMeHHTH B
YpaBHEHHH C CHHTYJSIPHBIM I[OTEHIIMAIOM OIEepaTop
Jlarmaca Ha o6umit omeparop Buma div(A(x)Vu), To
HaWTH TOYHBIN KPUTHYECKUI TMOKa3aTenb OTCYTCTBHUS
rJ100aJIbHOTO HEOTPUIIATENILHOTO PEIICHUS HE YAAaeTCH.
B npencrasienHoii padore matpuia A(x) BbiOpaHa B
CIICIIMATIbHOM BHJE M TI0Ka3aHO KaK BIUSIET KOHCTAHTa
Y Ha KPUTUYECKHUU IOKa3arenb. MCrosb3ys TEXHHUKY
MpoOHBIX (QYHKIWHA, pa3paboTaHHBIX MuTHmuepu u
IMoxoxaeBpiM B paborax  [5],[17] waxommum
KPUTHYECKHUI TI0Ka3aTesb OTCYTCTBHUS TJI0OAILHOTO
peleHus.

OCcHOBHOIi pe3yJIbTaT U ero 10Ka3aTeJabCTBO
0O603Ha9NM

n-2 — n-2
= _T+Dk!lk = —T—Dk,

P, t) = ¢ (250),

e po(s) = Gcos(n(s — 1)) + %)ﬁ,npul <s<2

up > 1, f moctatodHO OONBIIOE YUCIIO.

Teopema 2.1. ITycte n = 3, g, > 1,
N2
y>-10<C. <@y+1) (nTz) , max{6,,6,} >0,

k=12 Torna, eciu (u(x, t),v(x, t))
HeoTpunarensHoe pemenne 3anauau (1.1), (1.2), To
u=0,v=0.

M—A;—n,k =1.2.
q1q2-1
Ck
w2k =0 (2.)
p2
Lnpus <1
0, npus = 2
Hoka3zareabcTtBo: i1 MpPOCTOTHI  3aluCH
BoseMeM R =1. Ilycte (u,V) HETpHUBHAIBLHOE
HeoTpuuaTenbHoe pemreHne  3amaun  (1.1),(1.2).

YMHOXHMM TIepBoe ypaBHeHue cuctembl (1.1) Ha

byukumo ¢ (x, t)é;(x), Bropoe Ha ¢P(x, t)é,(x) u
HHTETPUPYEM I10 YacTsM. Tor/aa MojydrM Clie Iyroliee:
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1 ad
[x] v (x, t)é (x)dxdt = —f uf1—¢dxdt -
) o Ot

- [ w6 0w 0dx + [ (a7u,7(p6))axde -
By Q1
—f (AVu, cos(n, x))d (x, t)§; (x)dn — C—12u¢51dxdt <
3Q:1(p) o, 1%l

- f , uflg—(fdxdt - f udiv(AV(¢¢,))dxdt —
Q1 Ql

. Qi%wpfldxdt — fan(p)(AVu, cos(n,x)) p&dn +
fan(p) u(Acos(n,x),V($&;))dn — fBi uy(x)p(x,0)¢; (x)dx, (2.2)

rae dn 3IeMeHT IOBEPXHOCTH, HEOTpHUIIATeNbHBIE, TO  CaM  HMHTErpal  TOXe
cos(n,x) = (cos(n, x1),...,cos(n, x,)), N HEOTPHUIATEINICH.

€IUHUYHBIH BEKTOp BHeUIHEN HopMmanu. [lockoinbky, OueBuIHO, YTO

Bce (QyHKIMH B mocieAHeM uHTerpane  (2.2)

S gy () AV, cos (n, x))p&1dn = 0.
310 moTomy, uTo ipH |x| =1 &; = 0, mpu Ioxaxkem, 94TO BTOPOil MOBEPXHOCTHBIN HHTETpall
t+|x|?=2p2¢p =0,anput =0 cos(n,x) =0. B (2.2) HeoTpHLIATENICH.

f u(A cos(n, x),\7(<;bfl))dn = f u(A cos(n,x), (Vopé, + ¢\7§1))dn =
9Q1(p)

2Q1(p)
= f u(Acos(n,x), V& )dn + f u(Acos(n,x),Vé ¢p)dn =
2Q1(p) 2Q1(p) n

0
u¢ Z a;; (x) cos(n, xj)a—il_dn =

an(p) i,j=1
_ 081 5. _
=—1+y) f|x|=1u¢?dn =0.

= f u(Acos(n,x),Vé ¢p)dn =
2Q1(p)

Oto moromy, uro mpu |x|=1 u>=0, ¢ =0,

a o
% > 0. O0o3Havass wHTerpas B JieBoi dactu (2.2)

4epe3 G, B UTOTE MOTYYUM CIIEAYyIoLIee

G < —f,ufl Z—fdxdt — f ’ udiv(AV(q’)fl))dxdt —
Q Q1

Gy d¢ ,
—f —=u@é dxdt = —j ué; —dxdt —j ué, div(AVe)dxdt —
Q op Ot [}

|x|?
' c
- f u(Ve, AVE)dxdt — f up (div(AVfl) +—1251) dxdt =
o) o lx]
dp
= —j ué; —dxdt — ZJ u(AVep,Vé)dxdt —
o O o
- er ué, div(AVe)dxdt. (2.3)
1
31ece MBI BOCIOJB30BAIMCH TEM, YTO0 & AHAJIOTMYHO, YMHOXasi BTOPOE YpaBHEHHE
yunosnerBopser ypasuenuwe (2.1) u (Vo,AVE) =  cucremnr (1.1) Ha ¢ynxmmu ¢ (x,t)é,(x) Moxkem
AV, V&Y. MIOJTY4UTh, YTO
Gy = | 1x|72[ul%2¢(x, t) §dxdt <

Q1
< - fQi vé, Z—fdxdt -2 fQi v(AV,VE))dxdt — fQi v&,div(AVe)dxdt. (2.4)
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Wcnone3yss HepaBeHCTBO I enbaepa OLECHUM
npaseie yactH (2.3), (2.4).
1
i[/ a; |07 \q
a2 1 |9t
G, < (f |92 |u|92 ¢ fzdxdt) | f , : —dxdt | +
p2<t+|x|2<2p? \ Q fgz_l|x|¢72(‘h_1)¢‘h_1 /
| N
f 12(AV, V€1)+€1dlv(A\7¢)I"2 q2|<
dxd <
o, qu llxlaz(qz—l)d)qz—l Jl
1 [ L S
e I .
< CG* (17 + 1,7, (2.5)
S
q % [ |a¢ a1 a
< Hv|™ :
G, < '[ |x @& dxdt o sqi‘l|x|”1(ql Tk |+
PP <tfx? <2 p? l 1 kg
7]
f 12(AV, sz)+fzdw(AV¢)|ql ‘“|
0 flh 1|x|al(q1—1)¢q1—1 Jl
1 [ L S
L= .
< CGM™ [+, (2.6)
rae uepes I,,J, 0003HaAUYEHBI TEPBOE M BTOPOE Torma moacrasimss (2.6) B (2.5) u (2.5) B (2.6)
craraeMoe B KBaJpaTHOU ckoOke B (2.5), a uepe3 [,/;  HOJIy4YUM CIEAYIOLINE COOTHOIICHUS
MepBOE U BTOPOE CaraeMoe B KBaJpaTHOW CKOOKe B
(2.6).
1
1 1 1 qz 1 1
G1 < CGq1q2 ICI1 +] I‘Iz +]
1
1 X AQr i a1
G <CGE IQI +]q1 IqZ +]
2= 2 1 1
Orcro/1a UIMeeM, UTO
q1 9192
L araz-1[ X 2141921
G, <C 1"1 +] L? +])? (2.7
_q192 q2
1 1 a1 L q192-1
G, <C 1‘*1 +J [1"2 + ]‘72 (2.8)
t+|x|2
CnenaB 3aMeHsl t = p?1,x = py,s 0z
®o(T,¥) = 9(p*1,py) = @o(T + l¥I*) OlLCHIM

unterpainsl Iy, I, /1, J5.
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¢|0P ¥
2

8’[
Il = J. )¢qi_:|_dxdt:fp2<t+|x|2<2p2

(;: -1 |

PELD —2D,\d1|2¢|71
A2 1 (1 x| 72P2)" 5]

dxdt =

lel{'(ql'—1)(1_|x|_2D1)‘I1—1|x|0‘1(q’1—1)¢q/1—1

a</’0|ql
_Cp—2q1+2+n+/12q1 A% (a1-1)- U1(‘11—1)f ) ot
1<t+ <2 ’ Al +o
¥l ly |(41—1)(1 1)

Cp—(61+2)(q'1—1)+1§q'—Af(q'l—l)+ni1’ (29)

dydt <

-1
@01

rzie yepes I; 0603HaueH nocneaHuit nuTErpan B (2.9).

dxdt =

f 124V, VE,)§ + &, div(AV¢) |1
Ji=
Q

. f‘h 1|x|01(q1—1)¢q1—1

q1
3po?¥jXif .+ —2_,- - a 390?%j
25721 0y % (1M 2 11 )2 By

fz 2 2 7 7 ;
p2<t+|x|?<2p q -1, o -1 _
170y 1(q1 )<pq1 1

dxdt =

|x|262 )|q1

— a a
p 2‘11\ 00114 (35 -Az1x1 P2 po+2(1+1)6> (32042 T 552

dxdt <

:fpz<t+IXI2<ZP |x|/11(q1—1)+01(q1—1)(1_IXI_ZD1)Q1 1¢g -1
< p—Zq’l+A;q’1+n+2—lf(q'1—1)—a'1(q’1—1) x

|a(p0| |22 +a ‘Po |y|A§'+2 o

% J ; dydr <
1<t+|y|%<2 |y|(ﬂ.1 +61)(q1_1)§0gl_1

, AN B
< p—(01+2)(q1-1)+23q;-21 (q;-1)+n
=p h, (2.10)
rje yepes J;0003HaU€eH MOCIEHNI HHTErpal B 3TOM PaBEHCTRE.

AHaJOTUYHO MOXEM IOJYYHTh, YTO
~ . T _
L <Cp (02+2)(a2—1)+A1q,-23 (a2 1)+n12, (2.11)
_ _at (.- -
J, <Cp~ (02+2)(az-1)+A1 a2-23 (a2 1)+71]27 2.12)

rae

|a¢,0 (IZ

12=

dydt

Jicesipre «_
1<ttly|*<2 |y|(}“2 +‘72)(‘12 1)¢gz 1

92 az
[0 17 + 1y128+2 S

2= J - , dydt
’ 1<t+|y|?<2 |y|(/1§+az)(q2—1)¢gz-1

W3BecTHO , 4YTO ecid B3ATh [ JOCTATOYHO B wrore ncnone3ys (2.9), (2.10), (2.11), (2.12) u3
0OJIbIIOE  TIOJIOKHUTENIBHOE YHCIIO, TO uHTerpansl  (2.7), (2.8) momydnm, 9To
I, L, J1,],6ynyT orpanuuenasiMu(cm.[5]).

L o . P
G < Cp| —(o1 +2) -+ /1——(02+2)(q2—1)+11q2—Az(q2—1)+n(q—,1+1) =
=Cp (2.13)

(0 42) 42T A2 (01+2) (q1-1)+ AT g1 - 2F (g1 1)+ <i,+1>>%
( T T )nqz Q1q2—1=Cp_92_(2.14)

G, <Cp

Iycte max(6,,0,) > 0. Hanpumep, 1mycTh

max(6;,0,) =60, > 0. Torna nepexoas K Mpeaety
npu p — +oo u3 (2.13) moyunm, uro

,|x|"1|v|‘71§1dxdt <0
Q1
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Orcrona cienyer, yto v = 0. Torma u3 BTOpOTO
ypaBaenus cuctemsl (1.1) momydaem, uto u u = 0.
Awnanoruuno, npu max(60,60,) =60, >0 u3z (2.14)

er |x|°t|v]|91 &, dxdt < C.
1

pH p —> 00 ciexyeT, 9To U = 0 ¥ COOTBETCTBEHHO U3

TIEPBOTO YPaBHEHHS CHCTEMBI IToydaeTcs, 9yto v = 0.
Ilycts Temeppr max(6,,0,) = 0. K mpumepy,

Bo3bMeM 0 = 0. Torna u3 (2.13) cieayer, uro

(2.15)

Orcrofa ¥ U3 CBOMCTBA ONPENENICHHOr0 HHTErpajia IMeeM, 4TO

J‘p2<L'+|x|2<2p

Hcnonw3ys (2.6) B (2.5) mosryynm cieayromue:

1
qz
G, < f 112 Jul 92 & dxdt
p2<t+|x|2<2p?

1
q192
<(] x| 0] o, dxdt
pe<t+|x|?<2p?

49142

q192—

BOBBG,I[?I KaXAYH0 CTOPOHY B CTCIICHb

MOJYy4YHuM , 4TO

9192

q192-1 014,191 2
G, < [x]|9t|v|91 &, dxdt
p2<t+|x|?<2p?

2|x|°t|v]|91& dxdt — 0 mpu p — +o.

(2.16)

1

1
a |, 192
12 +]2 <

L

E R
qy | 91
11 +]1

D
q; q;
12 +]2

T M HCTIONB3Yst (2.9), (2.10), (2.11), (2.12) u3 >TOTO HEPABEHCTBA

9192
1 i,:|4142—1

91
1 11a1az-1

4, qa s q
111+]11 122+]22 <

1

q192-1 9
<C J [x|9t|v|91&; dxdt p ot
p2<t+|x|2<2p?

Ortciona yunthiBast , uto 8, = 0 moxydaem , 4To

1
¢=C (fp2<t+|x|2<2p2|x|a1 |U|qlfldth)q1q2

Iepexonst x mpeneny mpu p = +o B (2.17) n
UCToNB3ys (2.16) momydum , 9to
fQ,|x|"1 |v|91€, dxdt < 0.
1

Oto 3Haunt, uyro v = 0. Torma u3 BTOpPOTO
ypaBHeHHs cucteMsl (1.1) momydmm, uto m u = 0.
Ecomw  max(0,,6,) =0, =0, TO aHAIOrMYHO
nonyduM, uyro u =0, v=0. Orum Teopema
MOJTHOCTBIO JIOKa3aHa.
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