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ELECTROPHYSIOLOGICAL STUDY OF RECONSTRUCTION OF INTERRELATIONS BETWEEN VISUAL STRUCTURES ON THE BACKGROUND OF DYSTROPHY

Section 1. Biology

https://doi.org/10.29013/EJTNS-23-3-3-10

Ganieva F. 1,
Mmamedov A. M.,
Agayeva A.H.,
Aliyeva D. M.,

Miryusifova Kh. M.,
Azerbaijan Medical University

ELECTROPHYSIOLOGICAL STUDY OF RECONSTRUCTION
OF INTERRELATIONS BETWEEN VISUAL STRUCTURES
ON THE BACKGROUND OF DYSTROPHY

Abstract. The work presented by us is devoted to the analysis of the influence of the serotonergic
system on the formation of relationships between the structures of the visual analyzer (colliculus
superior, lateral geniculate body, visual cortex) on the background and in retinal pathology.

The studies were conducted on adult male rabbits kept in standard vivarium conditions. An
electroencephalographic method was used to analyze and register the electrical activity of brain
structures. The results are presented on the basis of spectral and coherent analysis of the electro-
encephalogram. An experimental model of retinal dystrophy was created by a single injection of
monoiodoacetic acid into the ear vein. The spectral character of the electroencephalogram po-
tentials changes against the background of experimental retinal dystrophy. It is known from the
results obtained that under the influence of monoiodacetic acid, the amplitude parameters of the
electroencephalogram waves significantly decrease in almost all the studied structures and the
waves shift to a higher frequency range.

After electrical stimulation of nR (nucleus raphe), the results of coherent analysis showed that
its value significantly increased in all frequency ranges of waves, both between the visual cortex and
subcortical structures, and between subcortical structures of the visual analyzer, which clearly indi-
cates the activation of compensatory processes in the visual system of the brain.

Keywords: visual analyzer, electroencephalogram, dystrophy, coherent, spectral analysis.
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T'anuesa O. .,
Mmamedov A. M.,
Acaesa A. X,
Aruesa A. M.,

Miryusifova X. M.,
Asepbaiidncanckuii Meduyunckuii Ynusepcumem

SJIEKTPOPU3NOJIONTMYECKOE UCCITEQOBAHUE
PEKOHCTPYKUN BSAMMOCBA3EN MEXAY
3PUTEJIbHbIMU CTPYKTYPAMU HA ®OHE ANCTPODPUA

AnnoTtanus. [IpeacTaBAeHHAst HAME PabOTAIIOCBSIIIIeHA AHAAU3Y BAMSTHIS CEPOTOHUHEPIUYeCKON
CHUCTeMbl Ha $OPMHUPOBAHUIO B3AUMOOTHOIIEHHI MEXAY CTPYKTYPaMH 3pUTEABHOTO aHAAM3aTOpa
(colliculus superior, lateral geniculate body, visual cortex) Ha ¢poHe 1 IpH IATOAOTMH CETYATKH.

VccaepOBaHMS IPOBOAUAKCD HA B3POCABIX KPOAUKAX-CAMIIAX, COAEPIKAIIMXCS B CTAHAAPTHbIX yC-
AOBUSIX BUBApHsl. AASI aHAAM3A U PETHCTPALUHU IAEKTPUIECKON AKTUBHOCTH CTPYKTYP TOAOBHOTO
MO3Ta UCIIOAB30BAAU IAEKTPOIHIleParOrpadUuuecKuil MeTOA. Pe3yAbTaThl IPeACTABACHBI HA OCHO-
BaHHMU CIIEKTPAABHOTO U KOTEPEHTHOTO AHAAU3A IAEKTPOIHIIePpaAOrPaMMbl. DKCIIEPUMEHTAABHYIO
MOAEAb AUCTPOPHHU CETYATKH CO3AABAAU OAHOKPATHBIM BBeACHHEM MOHOMOAOYKCYCHOM KUCAOTBI
B yIIHYyI0 BeHy. CIIeKTPaAbHBII XapaKTep MMOTEHIIMAAOB JAEKTPOIHIIeaAOIPAMMBI M3MEHSIeTCS Ha
¢oHe IKCIIepHUMEHTAABHON AUCTPOHHU CeTyaTKe. V3 MOAyUeHHBIX pe3yABTATOB H3BECTHO, YTO IOA
BAUSIHHEM MOHOMOAYKCYCHOM KUCAOTBI IIPAKTUYECKU BO BCEX HCCAEAOBAHHBIX CTPYKTYPaX 3HAYUTEAD-
HO CHIDKAIOTCSI AMIIAMTYAHBIE IIAPaMeTPbl BOAH 9AeKTPOIHIjePaAOTPAMMBI X IIPOUCXOAUT CMeIIieHIe
BOAH B 60Aee BBICOKOYACTOTHBIN AHAIIA30H.

ITocae aaexTpudeckoit crumyasnuu nR (nucleus raphe) pesyabrarbl KOrepeHTHOTO aHaAH3 TO-
Ka3aAH, 4TO er0 BEAMYHHA AOCTOBEPHO BO3PACTAAA BO BCEX AHAIIA30HAX YACTOT BOAH, KaK MEXKAY 3pHU-
TEABHO KOPOFt K IOAKOPKOBBIMU CTPYKTYPAMH, TaK 1 MEKAY IIOAKOPKOBBIMHU CTPYKTYPAMHU 3PUTEAD-
HOT'O aHAAM3ATOPA, YTO OAHO3HAYHO CBHAETEABCTBYET 00 aKTHBALIUK KOMIIEHCATOPHBIX IIPOILIECCOB
B 3pUTEABHOI CHCTEMe FOAOBHOTO MO3Ia.

KaroueBbie CAOBa: 3pUTEABHBII AHAAH3ATOP, IAEKTPOIHI[ePaAOTPAMMA, AUCTPOHSI, KOTEPEHT-
HBbIM, CIIEKTPAAbHBIN aHAAUS.

BBeaenune

OAHOI1 U3 aKTyaABHBIX IIPOOAEM COBpeMeH-
HOM HeNpO(PU3NOAOTUH SIBASIETCS ITAQCTUYHOCTD
HepPBHbIX IIPOL|eCCOB, TOUHee CIIOCOOHOCTD HepPB-
HOM CUCTEMBI K aAAIITALIMK ITyTeM OITHMAABHOM
CTPYKTYpHO-(YHKIIMOHAABHOI epecTpoiiku [ 1].
MounoaMmuHeprudeckasi HeHPOMOAYASITOPHAsS CH-

CTe€Ma FOAOBHOT'O MO3Ta IIPU3HAHA OAHUM M3 BaXK-
HBIX KOMITOHEHTOB 3HAOT€HHbIX MEXaHU3MOB pe-
ryAsiiy maacTuaHocT. K HacTosmeMy BpemeHH
B AUTEpaType HAKOIIAEHO OOABIIOe KOAMYECTBO
9KCIIEPUMEHTAABHBIX MATEPHAAOB IIO XapaKTe-
PUCTHKE KA€TOYHBIX M CHCTEMHBIX MEXaHM3MOB
Y4aCTHs 3TOM HEMPOTPAHCMUCCUU B PEryASLIMU
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MAACTUYHOCTU HEMPOHOB ¥ MEXHEMPOHHBIX CBSI-
seit [8]. IToHATHO, 9TO MOPOAOTHIECKHE OCO-
OeHHOCTH OpPraHU3AI[MY MOHOAMUHEPIHYeCKOMH
HeNpOTPAHCMHCCUH, OCHOBaHHbIE Ha peHOMEeHe
IIPOCTPAHCTBEHHOM OpraHU3alMU HEPBHBIX ITPO-
11€CCOB, CBUAETEABCTBYIOT O HEOOXOAMMOCTH U3Y-
YeHHSI UX POAU B MEXaHU3MaX MAACTUYHOCTH [ 3 ].

PesyAbTaThl 9KCIIepMMEHTAABHBIX HCCAEAOBA-
HUM AOKa3bIBAIOT, YTO AMHAMUYECKHe U3MEeHEHUs,
IIPOMCXOAAIIME HA Pa3HbIX YPOBHSIX CHCTEMBI
3pUTEABPHOTO aHAAU3ATOPA, CBA3aHbI HE TOABKO
¢ MOPPOPYHKIIMOHAABHBIMU OCOOEHHOCTSIMU
ee KAeTOYHOM OpTraHM3alMH, HO U C aKTUBaLen
Pa3AMYHBIX HeclelUPHUIECKUX PeryAITOPHBIX
LIEHTPOB roA0BHOro Moara [ 11; 7]. VimenHo nos-
TOMY U3y4€HHe MeXaHHU3MOB 1 3aKOHOMEPHOCTel
y4aCTHUs HEMPOMOAYAUPYIOIIUX LIEHTPOB B QYHK-
IJUOHAABHOM PETYASIIMH 3PUTEAPHOTO aHAAM3a-
TOPa CTAAO B IIOCA@AHHE FOABI OAHOM M3 OCHOB-
HbIX TPOOAEM COBpeMeHHOI HelpOPU3NOAOTHU
U HeBpomaToAoruu. B aureparype numerorcs cse-
AEHHS O MOAYAUPYIOIIEM BAMSTHUH dA€KTPOCTH-
MyAsM HP Ha CrieKTpaAbHbIE XapaKTepUCTUKU
MEAACHHBIX IIOTEHIIMAAOB B CTPYKTypaX CeH-
COPHBIX CHCTEM TOAOBHOTO Moara |2 ]. [lomumo
MOPPOAOIMYECKUX UCCACAOBAHUM, CYII€CTByeT
OOABIIOE KOAMYECTBO APYTHX HCCAEAOBAHHIL,
nocsmeHHbIX poan S-HT-epruveckux cucrem
B 00pabOTKe 3pUTEABHOI, CAYXOBOM U BKyCO-
Boit undpopmarun. Ha ocHoBaHnu cobpaHHBIX
9KCIIepUMEHTAABHBIX AAHHBIX YCTAHOBAEHO, 9TO
nR oxa3piBaeT Kak TOpMO3siiee, TaK U BO3OYXK-
Aaroljee AeMCTBHE Ha HEHPOHBI HEOKOPTEKCa.
CuuTaercs, 4To MHOXKeCTBeHHbIe KOMIIAGKCHbIE
adp¢pexrer S-HT Ha 06paborky mHPOpManuu
B 3pUTEABHOM KOPe CBSI3aHBI C €r0 BO3AEHCTBH-
€M Ha pa3Hble THUIIbl PeljeNTOPOB MHUPAMUAHDIX
MHTEPHEMPOHOB IISITOTO CAOSI 3pUTEABHOM KOPBL.
ITocaepHuMIT pe3yAbTaT 0OBSICHSIETCS HAbAIOAAE-

MbBIM U3MEHEHHEeM aMIIAUTYA Pa3AMYHbBIX IOTEH-
IIJUAAOB BCACACTBHE CIIOHTAaHHOTO TOPMO>XKEHUS
IOCTCHHANTHYeCKHX nmoTeHnuasos [ 10]. Ha oc-
HOBAHUH 3THX AAHHBIX IIPEAIIOAAraeTCs, YTO yBe-
AVYEeHHEe CIIeKTPAAbHOM MOIJHOCTH MEAACHHBIX
BOAH ITOCA€ 9IAEKTPOCTUMYAALIMU NR MOXXHO pac-
CMaTpHUBaTh KaK QU3HOAOTUYECKUN IKBUBAACHT
akTuHpylomero Aerictsus S-HT-epruueckoit
CH.CTEMBI Ha YPOBHE HEPOHOB KOPbI TOAOBHOTO
Mo3ra. Bosbyxaenue [ 12]. B To e Bpems ycTa-
HOBAeHO, 4T0o S-HT orpanuynBaeT BO3HUKHOBe-
HHE AOATOBPEMEHHOM CHHAIITUYeCKOM ITAACTHY-
HOCTH BO BTOPOM U TPETbEM CAOSAX 3pUTEAbHOMN
xopsl [4]. B coBpemMeHHOM AuTeparype cobpaHbI
UHTepecHble cBeaeHus 060 yuactuu S-HT-epru-
9eCKHUX HEPOHOB B PET'YASIIIMH ITATOAOTMIECKHUX
nponeccos B ITHC. B wactHOCTH, ycTaHOBAE-
HO, 4TO NnR MOXeT y4acTBOBaTh B MeXaHH3MaxX
HapYILIEHUN CHA, ACMIPECCHUBHBIX PACCTPOMCTB,
HeMPOAEreHePATUBHBIX 3a00A€BaHHIT U IICUXO-
IIATOAOTMYECKUX COCTOSHMM B BHAE TPeBOTHU
u penipeccun [9].

3HaHMA O MeXaHM3MaX MAACTUYHOCTH HeH-
POHHBIX CHCTeM 0a3UpYIOTCS HAa COBpeMeHHOM
KOHIIeNIIUKN HelipopeabuanTanuu. Heiipormaa-
CTHYHOCTD — 9TO CIIOCOOHOCTD HEPBHOM CHCTe-
MBI AAANITHPOBATHCS MOCPEACTBOM ONTUMAABHOM
CTPYKTYPHOM M PyHKIIMOHAAPHOM PEOPraHU3aIuU
B OTBET Ha 9HAOT€HHbIE U 9K30I€HHbIe CTUMYADL.
ITa 0COOEHHOCTb 00OECIIeYNBAET AAAMTALIUIO Op-
raHM3Ma 1 ero 3g peKTHBHOE PyHKIIMOHUPOBAHKE
B M3MEHSIOIEMCs BHEIIIHEN U BHYTPEHHEN CpeAe.
ITaacTUYHOCTD HEPBHOM CUCTEMBI CIIOCOOCTBYeT
3aKpeIACHUIO H3MEeHEHHUI ITAMSITH, HeOOXOAMMBIX
AASI BOCCTAaHOBAEHHMS QYHKIIMIL IIOCAE TIOBPEXAE-
uus LTHC [6]. Kak usBecTHO, B AMTEpaType A0-
CTaTOYHO MOAPOOHO OIKCAHBI HeCIeIUpUIecKre
cHCTeMbl, 00AaAQIOIIIYE BBIPOKEHHBIMU HEFPOMO-
AYASPHBIMU 3P PEKTaMH B PErYAALIUH Pa3AMIHBIX
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YHKITMOHAABHBIX aKTHBHOCTEH FOAOBHOTO MO3Ta.
BuacTHOCTH, Ha ypOBHE 3pHUTEABHOM CUCTEMBI TO-
AOBHOTO MO3ra 6b1AM 0OHapy>keHsl S-HT-epruuye-
CKHe BOAOKHA NR, B HUX 0OHApY>KeHBI pa3AMYHbIE
S-HT-penenTtopsl, cpean xoroprix S-HT'1B-pe-
uenropbi vame Beero [ S . B auteparype ectb coo6-
IeHus 0 TOM, 4To nR ImpoenupyeTcs Ha HApy>KHOe
xoaenuaroe teao (lateral genuculate body-LGD)
U uTO AopcaabHble yacTu LGD moaydaroT 3pu-
TEeAbHbIE BXOADI OT CETYATKH, @ TAK)Ke IIPOTUBOIIO-
AOKHbIE BOAOKHA OT 3puteAbHOu Kopst [ 13]. ITo
MHEHMIO HEKOTOPBIX aBTOPOB, 3TH ITPOU3BOAHbIE
CAeAyeT pacCMaTpHBaTh Kak KOMIIOHEHTHI HecIlel]-
UPHUIECKUX BOCXOASIINX AKTUBUPYIOIIUX CHCTEM
TOAOBHOTO MO3Ta.

Ilean nccaepoBanns. VccaepoBannl Helpo-
¢u3rorOrIYeCcKHe MEXaHU3MBI YIACTHS CEPOTO-
nuneprudeckoit (S-HT-eprudeckoit) cucrembr
B [TAQCTUYHOCTH 3PUTEABHOTO aHAAM3ATOpa IIPU
KOPPEKLIUU AMCPYHKIIUH, OOYCAOBAEHHOM KC-
TepUMeHTaAbHOI AucTpodueit ceTdatku (DA).

MarepuaA 1 MeTOABI HCCAeAOBanHs. Mc-
CA€AOBaHHS NPOBOAMAMCH Ha KpoAMKax. Bce
3AEKTPOPU3NOAOTHIECKHE NCCACAOBAHHUS NTPO-
BOAUAMCh TYMaHHO B COOTBETCTBHM C OOIne-
MPUHATBHIMI MEXAYHAPOAHBIMY IIPUHIMIIAMU
EBpomneiickort KOHBEHIH 00 9KCIIEPUMEHTAAD-
upix >kuBoTHbIX (2010/63/EC). Aas peru-
crpauuu DOT B kOpKoOBbIe cTpyKTYpHI (Vvizual
cortex) BCTaBASAM HHUXPOMOBbBIE 3AEKTPOABI
arameTpoMm 0,5 MM a MOAKOPKOBbBIE CTPYKTYPBI
(LGD, CS) aunamerpom 0,1-0,15 mm. Ipu pe-
TUCTPALiK 1 0OPabOTKe 9KCIIePUMEHTAABHBIX
AQHHBIX HCIIOAB30BAACS ITPOTPaMMHO-aIIapar-
HBIN KOMIIAEK, TOAKAIOUEHHBIX K IIePCOHAABHO-
MYy KOMITIBIOTEPY C pOTOCTUMYASITOPOM U PSAOM
IPUKAAAHBIX TPOrpaMM. AAsI OUIIOASIPHOM JA€K-
TPOCTHUMYASIIMU HEHPOMOAYASITOPHOTO LIeHTpa
HCIIOAB30BAAM AAOOPATOPHBII IAEKTPOCTHMY-

asTop DCA-2 u caepyromue mapamMeTpbl CTH-
Myasuu: amrnauTtypa 3,0-5,0 B, vactora 150-
— 200 I, AANTEAPHOCTD OAMHOYHOI'O UMITYAbCA
0,4 MC, OAMH CeaHC 3AEKTPOCTUMYASIIUH. IIPO-
AOAKHTEABHOCTDb 4—5 MUHYT.

AAst nHAyIMpoBaHUA J/\ CeTYATKH HCIIOAD-
3oBarach 2,0% MOHOMOAOYKCYCHasi KHCAO-
ta (MUYK). B mccAepAOBaHMH KOTepeHTHbIH
U CIIeKTPaAbHBIN aHaAu3 D" mMpoBoAMAM C TIO-
mompio cucTembl BRAINSYS (Poccus) ¢ ama-
nazoHoM paspemenus 0,5-40 I'm. Aas amaausza
CIIeKTpaAbHOTO cocTaBa JII" Mcroab3oBaAu Me-
TOA, 6bICTpOTO IpeobpasoBanus Oypre. Aocro-
BEPHOCTb BHYTPHUI'PYTIIIOBOTO X MEXXIPYTIIIOBOTO
cpaBHeHus nokasareaeit JII" onpepeasiau ¢ mo-
Mompio nmakera mporpaMMm ANOVA.

Pe3yAbTaTBI HCCACAOBAHHS H HX 00CY>KA€HHE

OKCIepuMeHTaAbHbIE HCCAGAOBAHMS IIPOBO-
AVIAMICb B HECKOABKO 9TaroB. B nepByio ouepeab
peructpuposasn DI’ B uccaepyeMbIX CTPYKTY-
pax 3pUTEABHOTO aHAAHM3aTOpa. B AaapHeitmeM
OBIA IIPOBEAEH CIIEKTPAABHBIN M KOIePEeHTHBIH
a"aan3 IOI. 3aTeM MPOBOAMAM CIIEKTPAAbHBIMH
U KOTepeHTHBIN aHaAu3 JII' B yCAOBHAX JKCIIe-
PHUMEHTAABHOMN IIATOAOTHH CeTYaTKH. AHAAU3
IIOAYYEHHBIX Pe3yAbTATOB ITPEACTABAEH B CPaB-
nuteabHoM Bupe (Puc. 1,2).

W3 aHaAM3a OAYYEHHDBIX PE3yABTAaTOB H3BECT-
HO, YTO y KOHTPOABHBIX XHBOTHBIX XapaKTepHbIe
IPU3HAKKA PACIIPEAEACHHS CTIEKTPOB MaKCHMAAb-
HOM aMIIAUTYAbI ITePBUYHbIX 3PUTEAbHbIX ITOTEH-
IIJMAAOB KOPBI TOAOBHOTI'O MO3Tra Ha 4acTOTax 2—3
1 5-6 Iy 06BIYHO COIIPOBOXKAQIOTCS IIPe0OAAAAHIIE
Aeapra-putMoB JOI. AHaAOrMYHasI KAPTHHA Ha-
OAIOAQETCS U B PacIIpeAeAeHHH TMKOBbIX 3HAYEHHIT
AMIIAMTYABI CIIEKTPAABHBIX IIPU3HAKOB AAS TOTEH-
ruasoB LGD. OpHako mpu 3ToM MaKCHMaAbHbIE
YPOBHH CIIEKTPAABHBIX XapaKTePUCTHK H3MEHEeHbI
1 koaebarorcs Meskay 4S5 Ty u 9-10 Iy (Puc. 1).
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CnekTpaAbHBIN XapaKTep IIOTEHIJHAAOB
O0I' usmensercsa Ha poHe DA B ceTdaTke.
TakuM o6pasoM, B pesyabTaTe AUCHYHKIIUU
AHAAM3aTOpa, PACIOAOXXEHHOIO Ha ypOBHe
CeTYaTKH, CHIXKAETCS aMIIAUTYAA OCHOBHOTIO
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PucyHok 2. KorepeHTHbI aHann3 331 B CTPyKTypax
3pUTeNIbHOro aHann3aropa 4o v nocne 3/

Ha caeayromem aTare B cpaBHUTEABHOM POP-
Me IIPeACTABASIAM UBMEHEeHUS 9AeKTPUYECKOM aK-
THUBHOCTH CTPYKTYP 3PUTEABHOTO aHAAM3ATOPA
npu crumyastun nR a0 1 mocae DA, (Puc. 3).

Pesyabrarsl aHaAM3a (OHOBBIX CIIEKTPOB
O3I' mocae BO3AEHCTBHS IAEKTPOCTHUMYASIIMU
S-HT-epruyeckoii cucTeMbl IOKa3aAH, 4TO B HbI-
HeIllHel 9KCIIePMEHTAABHOH CHTYAIlUH, OCHOB-

HOY MaKCHMAABHBIH YPOBEHb CIIEKTPOB B IIOAKOP-
koBbix crpykrypax (VC u CS) cmemaercs B 6oaee
BhIcOKOYAcTOTHYIO (4-5 Hs 1 9-10 I) o6aacts
OOI. B cnexrpax norennuaros LGD BcaepcTBue
BosAericTBrs NR HabAropaeTCs TpaHCPOpMALsT
6rMopaAbHOI PpopMsl crieKTpoB III' B MOHOMO-
AQABHYIO, BBIPKAeMYIO IMUKOBBIMH 3HAYEHUSIMU
AMIIAHTYA CIIeKTpa B Auaria3oHe 45 I,
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PucyHok 3. BnusHune anekTpoctumynauum nR Ha cnekTpasbHble XapakTepPUCTUKN
¢dOHOBbIX NoTeHUManoB 33 LeHTpabHbIX CTPYKTYP 3PUTENbHOIO aHanu3aTtopa
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PucyHok 4. BnnaHune anekTpoctumynsaumm nR Ha KOrepeHTHbIe XapakTepucTukn
GOoHOBbIX NOoTEHUMAaNoB I3[ LeHTpasbHbIX CTPYKTYP 3PUTENBHOIO aHannusaTtopa

OTO COOTBETCTBYeT YBEAUYEHHUIO IeHepaIiuu
IIOTEHITMAAOB AEABTa-AMalla30Ha IIOCAE BO3AEH-
ctBusl aaekTpoctumyasiuu - S-HT-eprudeckoit
cucrembl. OH COXpaHSETCs B TOM K€ YaCTOTHOM
HHTepBaAe 3a cyeT BAMSHUS nR, o6pasyromterocst
B YCAOBISIX D/\ 1 MAKCHMAABHBIH yPOBEHb KOTOPO-
IO BbIP)KeH B Auana3one 2—-3 I11. AnarorudHble 13-
MeHEeHIsT HAOAIOAQIOTCS B CIIEKTPAABHOM XapaKTepe
norerrmaros DI na yposue CSu LGD (Puc. 3).

M3 npeacTaBA€HHOTO HAMH PHCYHKA BUAHO,
YTO Ha HAYAABHOM JTaIle IPSIMOM 9AeKTPOCTUMY-
asitu nR 3HaveHns koapdunuenTos Coh. mex-
AY aHAAUBUPYEMBbIMH CTPYKTYPaMHU aHAAU3ATOPA
3HAUUTEABHO CHIDKEHBL B mocTcTuMyAsIInOHHOM
¢aze 3aMeTHO MOBBIICHUE YPOBHS KOI€PEeHTHbIX
csizeit. Takxum 0b6pasom, 60Aee BrICOKHE 3HAde-
s Coh. AOKaAM3YIOTCS B AeABTa-AMANa3OHe
gactor JJI, cmemascy u3 aabda-pHanazoHa
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B OTHOCHTEABHO HM3KOYACTOTHBIA AMAIIA30H, YTO
COOTBETCTBYeT YaCTOTe PUTMHYECKON aKTHBHO-
CTH, XapaKTepHOM AAs1 $OHOBOM akTUBHOCTH nR
-HelipoHOB. CAeAyeT OTMETHUTD, YTO IIPU 3TOM
IIPOMCXOAUT YBEAUYEHHUE CPEAHHX 3HAYEeHUH KO-
3¢ PUIMEHTOB KOTePEHTHOCTU KaK MEXAY KOp-
KOBO-ITOAKOPKOBBIMHU CTPYKTYPaMH, TaK U MeX-
Ay TIOAKOPKOBBIMH CTPYKTypPaMU 3PUTEABHOTO
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aHaausaropa. Ecau cpaBHUTD cpepHUe 3HAYEHUS
Coh. mpu HeroCpeACTBEHHOM CTUMYASILIUY H CTa-
AMIH [TOCAE ee BO3AEHICTBIS, TO MOXKHO YBUAETD He
TOABKO SIPKO BBIp)KeHHbIe 9 PeKThl BOCCTAHOB-
AeHUA GOPMbI pacpeaeAeHUs KO3PPHUIIMEHTOB
Coh., mpu aTOM MOXHO HaOAIOAATH 3HAYMTEAD-
Hoe yBeandeHue 3HaveHuit Coh. oo 0,8 u 6oaee
B peAbTa-puamnaszone (Puc. 4).
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PucyHok 5. BnugaHue anektpoctumynaumm nR Ha crnekTpasibHble XapakTePUCTUKU POHOBBIX
noteHumanoB O3 LeHTPasbHbIX CTPYKTYP 3pUTENBHOI0 aHanma3artopa B ycnosusax 3/

B ycaoBuax DA aaexTpudecKas CTUMYASIIHS
nR-HelPOHOB Kak MeXAY KOPKOBBIMH, TaK U ITOA-
KOPKOBBIMU CTPYKTypamu aHaausaTopa Coh. BbI-
3bIBAa€T YBEAUYEHHE CPEAHUX 3HAYeHHH KO PPH-
IIUeHTOB. B 3TO BpeMs OTHOCUTEABHO BBICOKHE
sHaueHust Coh HabaroparoTcs B mape LGD-VC
B AeabTa puanasoHe EEQ), uTo sABasieTcs xapak-
TePUCTUKON GOHOBOM aKTUBHOCTHU AaHAAU3ATOPA.
Taxoke CTOUT OTMETHTD, YTO yBeAHYEHHE KOTe-
PEHTHBIX CBs3el oA BAMsHUeM nR xapakrepHo
AASI BCEX PaCCMOTPEHHBIX MeXKCTPYKTYPHBIX CBSI-
3eil, YTO HAOAIOAQETCsI BO BCEX AUAIIA30HAX HCCAe-
ayembix yactor DOT (Puc. S).

BriBoabI (MAH 3aKAIOUEHHE)

1. B ycAoBHAX XpOHUYECKHUX IKCIIEPUMEH-
TOB, IPOBEACHHDIX Ha KPOAUKAX, IOKA3aHO, YTO
IIPOCTPAHCTBEHHAsl OpPTAaHM3alMs ITOTEHIIMA-
A0B OOI" CTPyKTyp 3pUTEABHOrO aHAAM3ATOPA
TOAOBHOTO MO3ra XapaKTePHU3YyeTCsl CTaOUAb-

HOCTbBIO YPOBHS KOTepEHTHBIX CBs3€ei BO BCeM
AnarasoHe udydaemsix yactot (§, 6, a, B, up,).
B aT0 Bpems MakcHMaAbHbIN ypOBeHb KOTepeHT-
HocTH MexAy nepBuuHbiMu VC n CS HabAopa-
eTcs B aabda-puanazone DI a MUHNMaAbHBIE
YPOBHHU CBsI3U 60A€e XapaKTePHBI AASL T€Ta-4a-
croT DIOI MexxAy TOAKOPKOBBIMH CTPYKTYpPaMH
aHaAM3aTopa.

2. PesyApTaThl ClIeKTPaAbHO-KOT€PEHTHOIO
aHAAM3a MTOKA3aAH, YTO POPMHUPOBAHKE IKCIIe-
PUMEHTAaABHON AMCTPOPHUHU CETYATKH COIpPO-
BOXKAQETCS IEPECTPOUKON MPOCTPAHCTBEHHOM
cuHXpoHu3anuu DI B IleHTPaAbHBIX CTPYK-
Typax 3pUTeAbHOTO aHaAu3aTopa. B aTo Bpems
YPOBHH KOT€PEHTHOCTHU ITOTEHIIMAAOB Ha OoHe
AUCPYHKIIMH TIPOSIBASIIOT BBICOKYIO YCTOMYU-
BOCTb BO BpeMEHH.

3. YcTaHOBACHO, UTO NIPU HEITOCPEACTBEHHOM
pasppaxeHnH nR, Kak MexAy 3pUTEAbHOM KOPOH
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U IIOAKOPKOBBIMH CTPYKTypamy, Tak U Mexxpay — Hue Coh., 4To cBHAETEABCTBYeT 00 aKTHBAL[UH

ITOAKOPKOBBIMU CTPYKTYPaMU 3pUTEAbBHOTO aHa- KOMIIEHCATOPHBIX CUCTEM.

AM3aTOPA, XapaKTePHO 3HAYMTEABHOE yBeAnde-
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INFLUENCE OF NANOCARBON ON COKE YIELD IN
COKING PROCESSES OF HEAVY PYROLYSIS RESINS
OBTAINED WITH DIFFERENT WATER VAPOR FEEDS

Abstract. The effect of the amount of water vapor fed into the pyrolysis reaction zone on the
component composition of heavy tar has been studied, and it was found that by increasing the water
vapor fed into the pyrolysis process the coke yield of heavy tar coking decreases.

Keywords: nanocarbon, water vapor, pyrolysis, coking, heavy pyrolysis resin.

I'ycetinosa A. P,

Acnupanm, accucmenm ynusepcumema (npenodasamenn)
Asepbationanckuti [ocydapcmeennoiii Yuusepcumem

He¢mu u ITpomvuurennocmu baky, Asepbaiidnarnckas Pecnybauka

BJINMAHUE HAHOYTJIEPOOA HA BbIXO4 KOKCA
B MPOLECCAX KOKCOBAHUA TAXEJ1bIX CMOJ1 MMPOJIN3A
MOJIYYEHHbIX C PABHON NOAAYEN BOOAHOIO NAPA

AHHOTaI.II/ISI. I/ICAAeAOBaHHO BAVSTHHSI KOAMYECTBA BOASHOTO I1apa, IIOAABAEMOTO B pEaKJHOHHYTIO
30HY ITMPOAM3a Ha KOMITOHEHTHBIHM COCTAB TSHKEAOM CMOABL bhIAO YCTAaHOBA€HHO 4YTO IIpU YBEANTYEHNH
BOASHOTO I1apa IIOAOBA€EMOTO B IIpoLjecce IMNPOAH3a BPIXOA KOKCA ITPY KOKCOBAHHU TSKEAOM CMOADI
CHIDKACTCA.

KaroueBbie cAoOBa: HaHOYTAE€POA, BOA}IHOfI Iap, MMpoOAN3, KOKCOBAaHUE, TSDKEAASI CMOAA ITMPOAH3A.

BBeaenne. B ycAOBHSIX yCKOPEHHOIO pas- — HAABHOM IepepaboTku HedTH, HanboAee aKTy-
BUTHS TOTIAMBHO-9HEPreTUYECKOIO KOMIIAGKCA  AAbHBI M IPUOPUTETHBI Ha IEPCIEKTUBY 3aAauu
U HepTeXUMUYECKOH IPOMBINIAEHHOCTU OCO-  AAABHEFIIero yraybAeHus mepepaboTku HedTH,
boe BHHMMaHHe YAeAsleTCs Ipo0OAeMe paIfio-  BOBA€YEHUs B IIePepPabOTKy TSDKEABIX HeTSHBIX
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OCTaTKOB Pa3AMYHbIX BUAOB M BHEAPEHHS HOBBIX
3¢ PeKTUBHBIX IIPOIIECCOB UX IIEPEPAOOTKHL.

Ha coBpemenHoM arame ocoboe 3HaueHHe
IPUOOPETAIOT TeXHOAOTHH, ObecreduBaromye
PpaljiOHAABHOE MCIIOAb30BAHME ChIPbs M IIOBbI-
IIeHHe Ka4yecTBa BBITyCKAeMOU MPOAYKITMH IIpU
CHIDKEHHHU 9HePreTHYeCKMX M MaTePHAAbHBIX 3a-
Tpat. D $PpeKTHBHBIE CXeMbI ITepepabOTKU AOAXK-
HbI 00ecreynBaTh rAyOuHy nepepaboTku HedpTU
He MeHee 80-85%, MpoOM3BOACTBO MOTOPHBIX
TOIIAMB, YAOBAETBOPSIOIINX COBPEMEHHBIM Tpe-
OOBaHMSIM, CHIPDS AASL HeTeXUMUH U KBAAUPH-
IJUPOBAaHHOE HCIIOAb30BaHHE HePTe3aBOACKHUX
razos. BricokokauecTBeHHbIE MOTOPHBIE TOIIAMBA
U CMA304YHbIe MATEPUAABI MOTYT OBITD IIOAYYEHBI
II0 HOBBIM HeTPAAULIMOHHBIM dHeprocbeperaro-
VM TeXHOAOTHSM, 00eCIIeYHBaIONIUM IIPH He-
OOABIIMX KAITUTAABHBIX 3aTPaTaX KOMIIAEKCHYIO
1IepepaboTKY TSDKEABIX HePTIHBIX 0CTATKOB. OA-
HUM U3 [IePCIIeKTUBHBIX TPOLIECCOB C 3TOM TOYKHU
3peHUs SABASIETCS IIMPOAU3.

TpapUIIMOHHO 3TOT IMPOLIECC PACCMATPHUBAIOT
KaK OAHY 13 OpM TepMUUEeCKOIl IepepaboTKu
HeTAHOrO ChIpba. B mocaepHee BpeMs ero npea-
AQTraroT OCYIIECTBAATD B YCAOBHSX, HCKAIOYAIO-
X UHTEHCUBHYIO ACTPYKIIMIO ChIpbs. B Takux
YCAOBUSIX KOMIIOHEHTHI PEaKIIMOHHOM MacChl He
YAQASIIOTCA U3 IPOLeCca, KaK IPU TPAAULIMOHHOM
TePMUYECKOM KPEKHHIe, a YYaCTBYIOT B €€ IIpe-
BpallleHHAX MPAKTUIeCKU Ha IPOTHKEHUH BCErO
npouecca. AOAS TepMUYECKOHN AeCTPYKIIMH KOM-
IIOHEHTOB PeaKIIMOHHON MacChl IIPU BBIOPAHHBIX
peXHMMaxX OTHOCUTEABHO HEBEAHKA.

OcHOBHBIMY IpeBpPAIeHUAMU SBASIOTCS IIOAHU-
KOHAEHCALS, YIIAOTHEHHE M KOHPUI'YPALIOHHbIE
M3MEHEeHHU I MAKPOMOAEKYA M UX arperaTos, IPUBO-
ASlIIIFe K 3HAYUTEABHOMY U3MEHEHHUIO CTPYKTYP-
HO-MEXaHNYeCKUX U BA3KOCTHO-TeMIIePaTypPHBIX
XapaKTePUCTUK PeaKIJMOHHON MaCChL

IIponecc mupoAn3sa mo3BOASET OCYLIeCTBASITD
IIOATOTOBKY CHIPbSI AASL PAa3AMYHbIX TEXHOAOTHYE-
CKUX IIPOIIECCOB C BOBAGUEHUEM HX B IIepepaboT-
Ky AASL Pa3AMYHbIX TEXHOAOTUYECKUX ITPOLIECCOB,
a TaKoKe BOBAEKATb B IIepepabOTKy HeTPAAULIH-
OHHOE OCTaTOYHOE ChIPbe U IIOAYYaTh Ka4eCTBEeH-
HO HOBbI€ IPOAYKTHL 1Ipu aToM Ha pexxumHbIe
IIapaMeTpbl, MATEPUAABHBIN 6aAaHC Ipollecca
Y KaueCTBO IOAyYaeMbIX IPOAYKTOB CYI[eCTBEeH-
HO BAMSIOT XapaKT€PUCTHUKH ChIPbsl, KOAMYECTBO
II0AABAEMOTO B PEAKTOP BOASHOTO I1apa, a TAKKe
€ro NpeABapUTeAbHas IIOATOTOBKA. Tako¥t MoA-
X0A OBbIA MCITOAB30BAH B IPOLiecce KOKCOBAHMUS
TSDKEAOM CMOABI IIMPOAU3A.

OAHUM U3 CIIOCOOOB peryAupoBaHus Hapa-
METPOB CBIpbs Mpoljecca KOKCOBaHMS, paccMa-
TPUBAEMOTO KaK HepTsHas AUCTIEpCHAS CUCTEMA,
MOXKeT OBITb YBeAMYEeHUE YACABHOI IIOBEPXHO-
CTH YaCTHUI} AUCIIEPCHOM (pa3bl, CIOCOOCTBYIO-
Ijee MHTeHCU(PUKAIIUH IOBEPXHOCTHDIX IBACHUI
B PEaKIIMOHHOM MacCe, B YaCTHOCTH IIPU ITHUPO-
Ause. C 9TOI [JeABIO B ChIpbe AOOABASIIOT Belje-
CTBa, 00AAAQIOIUE Pa3BUTON ITOBEPXHOCTBHIO,
HaIIlpUMeP TEeXHHYECKON YTA€POA Pa3AWYHbIX
Mapok. IIpu aToMm nposBaseTcs eAuHCTBO (pu-
suyeckux (GOpMUpOBaHUE PA3BUTOI AKTUBHOM
MIOBEPXHOCTH) U QU3UKO — XUMHYeCKUX (n3Me-
HEHHe CTPYKTYPbI MOAEKYA) CTaAUil TIPeBpalLe-
HUS ChIPbS, IPUBOASIIUX K MI3MEHEHHIO BBIXOAQ
Y KauecTBa KOHEYHBIX IPOAYKTOB. I IpucyrcrBue
TeXHUYeCKOTO YTAEPOAQ OAHOBPEMEHHO CIIOC06-
CTByeT HHTeHCU(PUKAIIUH TEIIAO X MACCOOOMeHa
MEXAY B3aUMOAEHCTBYIOIUMH dA€MEHTaMU pe-
AKIIMOHHOM MACCHI.

TBepable AOOABKY CYILIECTBEHHO BAMSIOT Ha
$opMHpOBaHUE CTPYKTYPHbIX IAEMEHTOB HePTI-
HOM aucniepcHoi cucteMbl. C yBeAMdeHHeM UX
KOHIIEHTPALIMK U YAGAPHOM IIOBEPXHOCTH B CH-
CTeMaX IIPOMCXOAUT KOAryAsIIIus aCPaAbTEHOB.
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Taxkum 06pa3oM, HHTepecC U3ydeHHe BAMSHIS
Ha He(TsHbIe CHCTEeMbI TEXHUYECKOTO YTA€POAQ
APYTHX MOAM(HKAIUH, a IMEHHO HAaHOYTA€POAQ
npeacTaBasieT 6oabmoit uuTepec [2]. MssectHo,
9YTO HAHOTEXHOAOTHH IIOAYYaIOT MHTEHCUBHOE
Pa3BUTHE B Pa3AMYHBIX OOAACTSIX HAYKU U TEXHU-
ku. B paboTe paccMOTpeHsI pe3yAbTaThl IpuMe-
HEHHS HAHOMAaTE€PUAAOB B Ka4eCTBE aKTUBAaTOPOB
HePTAHOIO ChIPbs KOKCOBAHUA. AAS HCCACAOBA-
HHI HUCIIOAB30BaAU HaHOYyTAepoa. Kak n3BecTHo,
OTAeAbHbIE HIHOBOAOKHA U HAHOTPYOKH, a TakKe
UX CPOCTKHU CO3AQIOT OAYDKHUIT M AAABHUI IIOPSI-
AOK B pucriepcHon cpepe. AedpekTpl MOBepXHO-
CTH YTA€POAHOT'O HAaHOMATE€PHAAA UI'PAIOT POAb
AKTHBHBIX L[eHTPOB, CIIOCOOCTBYIOIIMX HWHTEH-
cpHKALUHU [TPOLIECCOB IIPEeBpallleHus peaKIuu
YTAEBOAOPOAHOM MacChl. YTA€POAHBIN MaTePHAA
B CBSI3H C OOABIIION TOBEPXHOCTDIO, AOCTUTAIOI el
HECKOABKUX COTEH KBAAPATHBIX METPOB, YCTOMYHB
K <OTPABACHHIO > U OTAOKEHHIO KOKCa Ha IIOBEPX-
HOCTHU ero yacTull. OTAOKeHHs NPeACTaBASIIOT
cOo00I1 CTPYKTYPHPOBAHHBII YTAEPOA, KOTOPBIH
HE CHIDKAeT ITIOBEPXHOCTHOM aKTUBHOCTH HAHO-
vacturl. CymMMapHasi IOBEPXHOCTD YaCTHI] HAHO-
YTA€POAQ Ha HECKOABKO IOPSAKOB IPEBOCXOAUT
II0BEPXHOCTb CTEHOK peakTopa. JTo obecrednsa-
eT 9 PeKTUBHYIO COPOLHIO Ha Hell aCPAABTEHOB C
ITOCA€AYIOLIMM ITPEBPAIj€eHUEM UX B KOKC.

Ha ocHoBaHuu ompepeAeHus aKCriepuMeH-
TAAbHbIX 3HAYeHHI BHIXOAHBIX IIAPAaMeTPOB IIPO-
L€CCOB IIPY BBEACHHMH B ChIpbe HaHOYTAEPOAA
HEeOOXOAMMO YCTaHOBAEHHE ONITHMAABHBIX KOH-
LIEHTPALMM €r0 C IOCAEAYIOIIEN IIPOBEPKOM Aa-
OOpaTOPHOI YCTaHOBKe.

TspxeAast cMOAa TIMPOAM3a ITOABEPIaAach Ae-
CTPYKTHUBHOM II€PErOHKe AO KOKCa, IIOAYYEHHbIN
KOKC mpokaAuBaAu npu Temmeparype 500 °C apo
IIpeKpalljeHUs BHIACACHUS IIAPOB U Ia30B, 3aTeM
ero BBIIPY>KaAU U B3BEIINBAAM.

BAunstHHEe BOASTHOTO ITapa U IIPOAOAKHUTEABHO-
CTH IIpoljecca MUPOAU3A, TAKKe BBOAUMASI HAMU
KOHIIEHTPALIUsl HAHOYACTHUI] B TSDKEAYIO CMOAY
IIMPOAN32 OYEBHAHO AOASKHBI CYII€CTBEHHO BAU-
SITh Ha BBIXOA KOKCA IIPU KOKCOBAHHUH IIOCACAHEH.
Pe3yAbTaThI KOMITAEKCA TAKHX HCCACAOBAHHI MO-
TyT CTaThb OCHOBOM AASI Pa3pabOTKU OPUIUHAAB-
HbIX TEXHOAOTMHN KOKCOBAHUS TSDKEAOM CMOADI
IIMPOAN32 TOAYYEHHOMH ITPH Pa3ANYHbIX ITapaMe-
TPax Mpolecca MUPOAH3a, A TAKKE IIPH UCIIOAD-
30BaHHH KOKCOBBIX OTCEBOB B IIPOU3BOACTBE TO-
TIAMBHBIX 6pUKeTOB [4].

Hamu ycTaHOBACHO, 4TO IIpU ITOAAYe B IIPO-
I1eCC MMUPOAU3A BOASIHOTO IIapa KOAUYECTBE OT
10% (o6pasen I) po 50% (o6paser; 1I) macc.
obpasyomuecs B COCTaBe TSDKEAON CMOABI ITH-
poausa (o6paszers I1). CMoABI U acdarbTeHbI OT-
AMYAIOTCSI He HACBIIIEHHOCTBIO, TaK KaK MeHee
IIOABEPTHYThI IPOIleCCaM YIIAOTHEHUS M KOHACH-
Cal[iY ¥ II09TOMY O0AQAQIOT OOABIIIEl peaKIIHOH-
HOM CITOCOOHOCTBIO.

AASL BCCA@AOBAHMS OBIAY B3STHI 00pa3Iibl TS
JKEAOH CMOABI TP OAM3A, IIOAYYEHHBIX C IIOAAIEHN
ot 10 oo S0% Bopsinoro napa. IToayuennsie TCII
IIOABEPraAUCh KOKCOBAHHIO Ha Aa0OpaTOpHOI
YCTaHOBKe TIPU OAMHAKOBbIX YCAOBHSAX (Temrie-
paType H IIPOAOAKUTEABHOCTH). BBIAO ycTaHOB-
A€HO, 4TO BBIXOA KOKCA ITPU KOKCOBAHHU TSDKEAOH
cMoab tupoan3sa (o6pasen 1) Bbime, u cocTaBas-
et 22,0% npotus TCII (o6pasen II) mpu xoto-
POM BBIXOA KOKCa cocTaBasieT 19,2% macc.

Ilpu yBeAMYeHHH KOAMYECTBA IIOAABAEMO-
ro B peakTop BoasHoro mapa ¢ 10 ao 50 °C
MacC. KOAU4eCTBO CMOA M aCPaAbTEHOB B CO-
crase TCII (o6pasuos I u II) ne opuHAKOBO
IIOABEPTHYTHI IIPOIjeCCaM YIAOTHEHUS U KOH-
AEHCAIIUH, BEPOSITHO, OHU 00AAAQIOT OOABLIENH
MAU MeHbIIell peaKIJMOHHOU CII0COOHOCTBIO.
Tak, HanOOABIIUI BBIXOA KOKCAa HaOAIOAAETCS
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IIpU KOKCOBAaHUU TSDKEAOM CMOABI IIMPOAN3a,
IIOAYYEHHOM C BBOAOM B IIpOLleCcC MUPOAH3A
MUHUMAABHOTO KOAMYECTBA BOASIHOTO IIapa,

coorBeTcTBylomero 10% Macc, u pasee ¢ yBe-
AMYEHHEeM IT0AQYU BOASIHOTO IIapa BBIXOA KOKCa
cHmxaeTcs Ao 19,2% macc.

Tabnmua 1.— 3aBMCMMOCTb BbIXO4a KOKCA OT COCTaBa TSXEbIX CMO
NMpoan3a Nosy4eHHbIX C nogaden sogaHoro napa ot 10 oo 50% macc

KoMmoneHTHbII cocTaB %, Macc Boixop,
KoAn4ecTBO BOASIHOTO KapGerbr <OKCa
nmapa% macc Macaa | Acdaarrennr | Cmoabt
M KapOOHABI % macc
10 74,2 19,98 5,8 0,012 22,0
20 74,6 20,99 4,4 0,028 21,8
30 75,0 20,002 4,99 0,010 21,6
40 75,2 17,8 6,99 0,082 20,1
50 76,6 15,4 8,99 0,0080 19,2

AAsL ycTaHOBAEHMS BBINIECKA3aHHOTO Ha
IpuMepe YKa3aHHBIX TSDKEABIX CMOA IIMPOAN3a
HaMH [IPOBOAMACS IIPOIlecC KOKCOBAHUS 00pa3-
1108 [ u II ¢ BBOAOM B X COCTaB B paBHOM KOAH-
YecTBe HAHOYTAEPOAR [S].

MccaepOBaHMe BAUSIHUSI HAHOYTAEPOAQ Ha
nponecc kokcosauus TCIT (o6pasuos I u II)
ITIOAYYE€HHBIX C Pa3HOM II0AQYEN BOASHOIO ITapa
CBeAEHbI B TabAmILy 2.

Tabnuua 2.— MaTtepuanbHbii 6anaHc kokcoBaHma TCI1 ¢ HaHOYrnepoaom

B3siTr0% mMacc IToaygeno IIpupocr BpIxXOAQ
TCII c mopauent | HamogacTunsl Koxkc Kuaxkux | Tasz+morepn KOKca% Macc
- 22,0 73,1 4,9 04
0,5 22,4 72,1 4,6 ’
a1 10% ’ ’ ’ ’ 0,6
B AR 1,0 22,6 71,4 4,4 0
1,5 22,8 70,7 42 ’
- 19,2 77,8 3,9 -
0,5 20,3 74,3 3,8 1,1
0 ) ) ) ) )
B.11. 50% 1,0 22,1 71,1 3,9 1,9
1,5 23,4 66,8 4,1 42

PaccmarpuBas pesyabTaThl kokcoBanus TCII
B3s1ThIX 06pasnos I u II ¢ BBosom 0.5, 1.0, 1.5%
MAaCcC 4YaCTHUI] HAHOYTACPOAQ YCTAHOBAEHO, YTO
XOTSI BBIXOA KOKCa 13 00pasiios I Bo Bcex ombITax
BbILIIE, YeM U3 06pasrios I, mpupoct Brxopa Kokca
IIPY BBOAE B COCTAB ChIPbsI HAHO — YaCTHI] BO BCEX
ombitax kokcoBanus TCIT (o6pasua 1), Bbime,
4TO CBSI3aHO C TeM, YTO B YCAOBHSIX ITOAQYH BOAS-
Horo mapa A0 5S0% macc B cocrase TCII ocHoB-

Hble KOKCOOOPa3yIolie KOMIOHEHTbI — CMOABL
¥ acaAbTEeHBI He HACHIIeHHBI, OOAee PeaKInOH-
HOCIIOCOOHBIE H AETKO IIOABEPTAIOTCS IIPOLjeccaM
IIOAMMEPH3AINK, YIAOTHEHHS M KOHAEHCALUU
KOMIIOHEHTOB CBIPbsi M HAHOYTAEPOAQ C 00paso-
BaHHEM TBEPAOTO OCTaTKa — HePTAHOIO KOKCa.
TaxuMm 06pa3soM OBIAO YCTAHOBAEHO, UTO C
YBeAHYEeHHEeM KOAMYEeCTBA BOASHOTO ITapa BBOAHU-
MOTO B peaKTOp IINPOAN3A TSDKEAAsE CMOAA boAee
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INFLUENCE OF NANOCARBON ON COKE YIELD IN COKING PROCESSES OF HEAVY PYROLYSIS RESINS OBTAINED WITH DIFFERENT WATER VAPOR FEEDS

PeaKHI/IOHHO-CHOCO6Haﬂ, 4TO IIOATBEPIKAAETCA AHYIHNBAETCS C YBEAMIECHHNEM KOANMIECTBA BBOAH-

npupoctoM Brixopa kokca u3 TCITxoroporiyse-  moro B coctas TCII HaHOyTACpOAQ.
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THE DYNAMIC STRUCTURA-MATERIAL
COMPLEXES OF THE EARTH’S CRUST

Abstract. The self-similar dynamic structural-material complexes (SMC) from the composition of
the Solar System over a period of about 4.5 billion years of the earth’s crust, of the Earth’s development
under the conditions of self-organization are periodically formed. The synchronous or close-in-time
series of genetically or paragenetically related igneous, ore-mineral, metasomatic, sedimentary for-
mations, their structures, and other processes accompanying them, each complex (SMC) includes.
Each complex in its form is limited in time and space, according to the manifestation of the features
of a spontaneous dynamic process; spreads in the volume of the Earth in a specific historical period;
forms the composition and structure of the Earth’s crust at this stage, its polycyclic development
determining. The number of cycles is about 14, with decreasing duration of their manifestation.

Keywords: Lithosphere, earth’s crust, structural material complexes, composition, structure,
self-organization, polycyclic development.

Konviros Apxaduii Aeorosun,
Ph D, 8 naykax o 3emre, M3paurv

ANHAMUWUYECKMUE CTPYKTYPHO-BELLECTBEHHbIE
KOMMJIEKCbl 3EMHOWU KOPbl 3EMJIU

Annoranus. B nponecce pa3surisa 3eMAH B yCAOBUSIX CAMOOPTaHU3AINH, U3 cocTaBa COAHEYHOM
CHCTEMBI 32 IIOCACAHUIT ITEPHOA OKOAO 4.5 MAPA. A€T, IIePUOAMYIECKU POPMHUPYIOTCSI CAMOIIOAOOHBIE
AMHAMHUYeCKUe CTPYKTypHO-BemecTseHHble kommaekcbl (CBK) semmoit koppr. Kaxapiit kommaekc
00beAUHSIET CUHXPOHHBII HAU OAM3KIE 10 BpeMeHU 00Pa30BaHUs PSIAbI T€HETHIECKH HAU I1apa-
reHeTUYeCKH CBS3aHHBIX MarMaTHYeCKHX, PYAHO-MHHEPAABHbIX, METACOMATHIECKHX, OCAAOTHBIX
¢opManuil, UX CTPyKTYp U APYTHE IIPOILeCCH UM comyTcTByomre. KaXAbIi KOMIIAEKC 06pasyeTcst
OrpaHUYEHHO BO BpeMeHHU H IPOCTPAHCTBE, COTAACHO IPOSIBACHUIO OCOOEHHOCTe! CIIOHTAHHOTO
AMHAMHYECKOTO ITPOIIeCca; PACIpOCTpaHseTCcs B 06beMe 3eMAH B OIIpeAeA€HHBII HCTOPUYECKHI ITe-
pHoa; OpMHpPYeT COCTaB M CTPOEHHe 3eMHOM KOPbI Ha 9TOM JTaIle, OIIPEACASS ee IIOAUITUKAIeCKoe
pasBuTre. KoAndecTBO IIMKAOB COCTaBASIET OPSIAKA 14, C yMEHbITAIOIIE CS IIPOAOAKUTEABHOCTDIO
BpeMeHH UX IIPOSIBACHUSL.

Karouesbie caoBa: Autocdepa, 3eMHasi KOpa, reoaorndeckue ¢opMaluy, CTPYKTYpHO-Belle-
CTBEHHbIe KOMIIAEKCBI, COCTaB, CTPOeHHe, CAMOOPTaHU3AIUs, IOAHIUKANIECKOe Pa3BUTHE.
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THE DYNAMIC STRUCTURA-MATERIAL COMPLEXES OF THE EARTH'S CRUST

B cTrpoenun 3eMan, Ipu BHICOKOM CTeIIeHU
reTepOreHHOCTH, MOXXHO HaMeTUTD PsIA Pa3HO-
IO IIOPSIAKA 9AeMeHTOB acuMMeTpuH. ITopo6Has
acCHMMeTpHs UMeeT HepapXW4ecKHil XapakTep
U C y4eTOM dA€MEHTApPHOTrO CTPOEHHUS BelllecTBa
OIpeAeAsieT XaOTUYHOCTh BHYTPEHHETO COAep-
»aHuda 3eMAH. Borpochl cTpoenns u pasBuTHs
3eMHOM KOPBI AMCKyTHpPyIoTCs [ 1; 2]. BmecTe
C TeM, B CTPOEHHUHU 3eMAU U, OCOOEHHO, 3eM-
HOM KOpe€ YCTaHAaBAMBAeTCs BBICOKAsl CTENeHb
YIIOPSIAOYEHHOCTH KaK B BeIleCTBEHHOM, TaK
U B CTPYKTYPHOM OTHOIIEHUH. ITO 00yCAOBAe-
HO AMHAMHUYECKHMH OCOOEHHOCTSIME Pa3BUTHS
3emau [3]. [Ipu aHaAu3e cocTaBa BelecTsa reo-
AOTHYeCKHX 00pa3oBaHUM, YCAOBHS UX CaMOOP-
raHU3AIMH OITPEACAMAN PACCMOTPEHHUE YPOBHeM!
HepapXUy OPTaHM3AIUH B PSAY: dIAeMeHTapHbIe
JACTHIIbI — SAPA — AaTOMBI — 9AEMEHTbI — HOHBI —
MOAEKYABI — MUHEPAABI — TOPoAa (popmanus).
BceM u kaxAO# U3 HUX COOTBETCTBYIOT CTPYK-
TypblL, 00pasyromuecs B IpoLjecce CAMOOPraHu-
3allMM MX B3aUMOAEHCTBHUS, CIOCOOCTByOIIUeE
MPOSIBAGHUIO LIMKAMYHOCTH PasBUTHSA. OAe-
MEHTApHOM, B CUCTEME YPOBHEM OpPraHU3alINHY,
eAUHHIEN T€OAOTO-CTPYKTYPHOIO aHAAH3A SIB-
AsieTcsl reoAorndeckas ¢popmanus. Xapakrepu-
CTUKOH OCOOEHHOCTEeH CTPOEHUS U Pa3BUTIHI
3eMAM Ha OIPEAGACHHOM OTpe3ke BpeMeHU
U [IPOCTPAHCTBA SIBASIETCSI OOBEAUHSIONINI Ha-
60p PasAMYHBIX CHHXPOHHBIX I'€OAOTMYECKUX
$opmanuit, mporecc poOpMUPOBAHUA KOTOPHIX
Ha 9TOM JTaIle IpUBeA K 00pa30oBaHUIO 3eMHOM
xops! 1 auTocdepst. Hamu panee [3] mpepno-
JKEHO B KaUueCTBe TaKOM I'€0AOTO-CTPYKTYPHOM
eAMHHIIBI PACCMATPUBaTh AMHAMUYHBIN CTPYK-
TYPHO-BelleCTBeHHbIN (POPMALMOHHBIIT) KOM-
naekc (CBK) CUHXPOHHBIX T€HETUYECKH UAU
MapareHeTU4eCKH CBSI3aHHBIX T'€OAOIMYEeCKHX
¢opmaruii — MarMaTU4eCKHUX, OCAAOYHbIX, Me-

TACOMATHYECKHX U PYAHO-MHHepaAbHbIX. Ero
$opmMupoBaHre PUKCUPYET HAaUBBICUIMM TAKCOH
B psIAY YPOBHel OpraHM3aIiiy BellecTBa IpoIiecc
06pa3oBaHus 3eMHOM KOPbI (KOHTHHEHTAABHOI
¥ OKeaHWIEeCKOM) Ha OnpeAeAeHHOM ararie. [1o
00BbeMy, COAepIKAHHIO U BpeMeHH GOpMHUpOBa-
nust CBK oToxxaecTBAsieTcsl ¢ MeTaAAOreHu4e-
ckum nukAoM B. M. CvupHoBa [4] ¢ HekoTOpBI-
MU U3MEHEHISIMH 1 AeTaAu3arueil. BHyTpennee
copepxanue CBK onpepeasieTcsi reoaormdyecku-
MU GOpPMAIHAMHU, COCTABASIOIUMHU ITperMyIIie-
CTBEHHO AaTepaAbHbIE PSABI CAHXPOHHBIX (6AM3-
KUX 110 BpeMeHU (OPMHPOBAHHSA B IIPEAEAAX
LIMKAQ) FEOAOTMHYECKUX 0OPa3OBaHUIl M XapaK-
TepU3yIoIie UX U3MEeHUYUBOCTb U 30HAABHOCTD
B 3aBCHMOCTH OT COCTaBa U reHesuca. Iloanas
xapakrepucrtuka CBK moxer 6pITh moayuena
TOABKO IIPU TAOOAAPHOM PACCMOTPEHHUH, a B Ka-
XKAOM KoHKpeTHOM pernoHe CBK npeacraBaen
C Pa3sHOM CTeNeHbI0 AOKAABHOCTH, (pparmeH-
tapHo. Ilo renesucy reosorndecknx ¢popmanui
CBK 06 bepnHsIeT 9AeMeHThI BCeX U3BECTHBIX I'e-
OAMHAMMYECKUX OOCTAHOBOK U CTPYKTYpP 3eMAU
[5], KOTOpBIE OAHOBPEMEHHO MPOSBASIIOTCS TIO
Aarepaaw, 06pasyst 060a0uxy 3emau. C aTHX 110-
sunuit CBK mpepcraBasieT coboit maaHeTapHoe
CTPYKTYPHO-BellleCTBeHHOe 00pa3oBaHUe, IO
PasHOMY IPOSIBASIONIEECS B OTAGAbHBIX JaCTSIX
IIAQHETBbI B AQHHBIN Iepuoa BpeMeHH. OCHOBY
CBK coCTaBASIFOT TOMOAPOMHBIE aCCOIIUAITIHI
9HAOTEHHBIX GOPMAIUI MarMAaTHIEeCKUX IIOPOA,
OIlpeAeAsIIoIie U BO3PACTHOM O0BeM IJHKAAQ,
CBSI3aHHBIE C HUMU PYAHO-MUHEpPaAbHbIE, MeTa-
COMaTHYecKHe U CHHXPOHHbBIE UM OCaAOYHbIe Ie-
oaoruyeckue popMaliiy, CTPyKTypHbIe 9AeMeH-
TBI, PA3AUYHbIE [eOPU3MIECKIE ITOAS U SIBACHUSL.
Cpeau reosorndeckux ¢opManuil pa3sAuYaroT IO
YCAOBHSIM HX 00pa30BaHMUs: MATMATHYECKUE, PYA-
HO-MHMHEepPaAbHbIe, METACOMAaTHYeCKHe H 0CaA0U-
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uole [ 6]. Kaskpble U3 HUX CO3AAI0T COOCTBEHHbIE
KOMIIAEKCBI, 06bEANHEHHDBIX TeHeTHIECKH HAH
naparenetnueckn popmanmit. Cropa caeayer
AOGaBUTH ellle TakKe BEemecTBa Kak BOAQ H Ta3,
AASL KOTODBIX He TIPUMeHsieTcss pOpPMaAMOHHAS
TIPUHAAAEKHOCTD U3-32 UX OCOOBIX CBOVCTB U CO-
CTOSIHUS, HO KOTOPbIE HTPAIOT BKHENIIYIO POAD
B [IPOLIeCCAX UX PA3BUTHSL, SBASIOTCS COCTABHBIM
SAEMEHTOM YXHBOTO M YaCTBIO He KMBOTO Bellje-
cTBa. Bce BemecTBO 36MHOI KOPBI B BUAE TE0AO-
rU9ecKuX pOPMAIUI COCPEAOTOUEHO B CACAYIO-
IIMX CHHXPOHHBIX KOMITAEKCAX, CAAralONIHX ee Ha
OTIPeACACHHOM JTarle.

DOpPMaLMOHHDINA KOMITAEKC MarMaTHIeCKUX
nopoa 3eMHoi Kopsl 3emau. OH 06beAnHsIET
CHHXDPOHHbIE 1 TeHeTHYeCKH (apareHeTHdecku)
CBSI3aHHbIE MATMaTHYECKHE TOPOABI PA3HOTO CO-
CTaBa 3a OIPeAEeAeHHbI epHoA BpeMeHH (LKA ).
B ocnoBe $popMupoBaHua Bcex MarMaTU4eCKUX
$OopManuit MOTyT 6BITh OAOKEHDI YETHIPE KAAC-
Ca MPUPOAHBIX XUMUIECKUX COEAMHEHHI: YABTPa-
OCHOBHBIX (YABTPa6a3HTbI, TEPHAATUTbI OPHOAH-
ThI), OCHOBHbIX — 6a3uT0B (rab6po — 6a3aAbThI),
cpeaHUX (AMOPHTbI — AHAE3UTHI) U KUCABIX (Tpa-
HUTBI — PUOAUTHI) C HATPHEBBIM, KAAMEBbIM HAU
KaAM — HATPHEBBIM YKAOHOM |3, 7-9]. TTopoasr,
OTHOCSIIMECS K 9TUM KAACCAM, YCTAHABAMBAKOTCSL
MPAKTUIECKU CPEAU TEOAOTUYECKUX TIPOAYKTOB
Bcex BospactoB [10; 11]. U3 conocraBaenus
MIOPOA ¥ MAarMaTUYeCKUX POPMALIMI PA3HbIX TIe-
TPOXMMHUYECKUX KAACCOB 36MHOM KOPbI MOKHO
CAEAATD BHIBOA O TOM, YTO PUIMKO-XUMUIECKASI
SBOAIOLHSL 3EMAH COMPOBOXKAAETCS NI3MEHEHHEM
COOTHOMIEHUI COAEPXKAHMS PA3AMYHBIX XUMHYE-
CKHX 9AEMEHTOB M TOPOAOOOPA3YIONUX OKUCAOB
OGUABHBIX AEMEHTOB M BCEX APYTHX — MAABIX,
PaCCesIHHBIX, PEAKHX, PaAHOAKTUBHBIX [ 12]. Ae-
TaAbHBIMH UCCAEAOBAHUSIMHU MTOKA3aHO, YTO ITH
IPOLECCHI He ObIAU PAaBHOBECHBIMH H ITP OXOAUAH

B CAOXKHOM AMHAMHUYECKOI 0OCTaHOBKE, 00YCAOB-
ACHHOM KaK AMHAMHMKON (PU3MKO- XMMHYECKHUX
peaknuii, TaKk U BAUSHHEM OKPY’XKAIOLIeH, AU-
HaMHMYECKOM QAYKTYpHUPYIOIIeN CPeAbl U OYara
[13]. D10 mposIBASETCS B CAOKHOM KPUCTAAAN3A-
IJUM MarMaTU9eCKUX MacC, UX AepOpMHUPOBAHUH,
HAAMYMH Pa3AMYHBIX NPUMECEN aKI[eCCOPHBIX
MUHEpAaAOB, HAHOYACTHI] X OOABIION rAMMBbI pac-
CEesIHHBIX, PEAKUX M PAAMOAKTUBHBIX SAEMEHTOB.
Ienepanysa MarMaTU4eCKMX PacIAABOB IIPOMC-
XOAUT IIPEUMYIIECTBEHHO B TAYOHHHBIX, IIOAKO-
POBBIX 30HaX 3eMAH C yJaCTHEM IIPOI}eCCOB AUK-
Baru. CaMoopraHu3anys ske MX BO3MOXKHA Ha
Pa3HbIX TAyOMHHBIX YPOBHSIX AUTOCEPDI 1 3eM-
HOM KOpbI B 3aBucUMOCTHU OT P — T ycaoBuii, Bsi3-
KOCTHU PaCIIAABOB, ITyTell MUTPALINU U, B 001IeM,
AMHAMH9eckoit o6cTanoBku [ 14]. Mcrounnkom
AASL MATMATHYECKUX PACIIAABOB MOXKET CAYXKMTb
HEOAHOPOAHBII MAHTHIHBIH CyOCTpAT, IepHOAU-
YeCKH aKTUBU3HUPYIOLIMICS B TAyOUHAX 3eMAU.
Kpucrasauzanus ux B 3eMHOM KOpe IIPOUCXO-
AUT ¢ 00pa3oBaHKe CHHXPOHHBIX AU OAU3KUX
10 BpEMEHH F'OMOAPOMHBIX aCCOLIUALIMI TOPHBIX
IIOPOA B PsIAy TUIEPOAsUTHL — 6a3UTHI — CPeA-
HUe AMOPUTBHI U KUCABIE TpanuThl [ 15; 16; 17].
Bosuukaromue B 3eMHOM KOpe CHHXPOHHO AU
COAIDKEHO BO BpeMeHH 00'beMbl MarMaTHIeCKUX
TIOPOA U3 PSIAQ YABTPAOA3UTBI — 6a3UTHI — ALOPH-
ThI — PAHUTHI IIPEACTABASIIOT COOOI OAHOITAII-
HbI€ [TapareHeTUYECKH U FeHeTUYECKU CBSA3aHHbIE
acconmanuu (Gopmanum) u MOTyT 6bITh O6DeE-
AVHEHbI B €AMHBIN MarMaTU4YeCKUI KOMIIAEKC,
00pa3oBaHHBII Ha ONPEACACHHOM JTaIle Pa3BH-
Trst 3eMAH U3 00IIero, COAHEYHOTO II0 COCTABY,
cybcrpaTa. MarmaTuueckie KOMIIAEKCHI IIEPUO-
AMY9ecKy $OPMHPOBAAKCDH B UCTOPUH 3€MAH, CO-
CTaBASISI OCHOBY IOAHIIUKAMYECKOTO CTPOEHHS
3€MHOM KOPbI 1 AUTOCQEPBL.
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DopMaIMOHHbBIN KOMIIAEKC PYAHO-MHHe-
PaABHBIX 00pa30oBaHMIT 3eMHOM KOPBL. B 3eMHoOI1
KOpe H3BeCTHbI Pa3HOOOPa3HbIe MECTOP OXKAEHIUS
IIOA@3HBIX HICKOIIAeMbIX 9HAOT€HHOI'O 1 9K30TeH-
HOTO IPOUCXOXAEHHUS. B cuay BemecTBeHHOTO
UX COAEPIKaHUS U OCOOEHHOCTSIM YCAOBUI 00-
pa3oBaHMs BCS TPYIIIIA TOAE3HBIX MCKOTIAeMbIX
TaKOKe TIOAPa3AEAsIeTCS Ha MUHepareHu4YecKue
(pyanbie) popmanuu. Kak npasuao, o cocrasy
pyAHble GOpMaLUU KOMIIAEKCHbIE M CAOXKEHbI
accoumanusaMu (MapareHe3amu) PYAHBIX U He-
PyAHBIX MuHepaAoB. VIcTouHMKaMu pypHOTO
BellleCTBa MOT'YT CAY>XHTb BelljeCTBeHHbIe acCo-
IIMAL[MY PA3HOTO COCTaBa U TAYOMHBI 3aA€TaHUSL.
Hanboaee AOCTOBepHBI 9TH CBSI3H AASI OCHOBHBIX
U YABTPAOCHOBHbIX MarMaTH4YeCKHUX IIOPOA, BYA-
KaHOT€HHbBIX 1 ByAKAaHO—TIAy TOHUYeCKUX popMa-
LM U peAKOMEeTAAABHBIX MECTOPOXKACHHUH, acCo-
IIUUPYIOIUX C TpaHUTOMAAMuU. MccaepoBanue
PU3UKO-XMMHYECKUX TPOOAEM MarMaTHIeCKUX
U PYAHBIX IIPOLIECCOB BBISIBUAQ OOIJHOCTD OCO-
OeHHOCTel UX IPOTEeKAHMS, 3aBUCHMOCTb MEXAY
OKHCAUTEAbHO-BOCCTAHOBUTEABHBIMH YCAOBUSI-
MU GOPMUPOBAHHS MarMaTHYECKUX ITOPOA U UX
PYAOHOCHOCTDIO. DKCIIepUMEHTAaAbHO ITOKa3aHa
BO3MOXXHOCTb T€HeTUYeCKOM CBSI3U OIPeAeAeH-
HBIX TPYTIII PYAHBIX MECTOPOXKAEHUI C OoIpeae-
AEHHDBIMU K€ PSIAAMH MarMaTH4ecKux ¢popmMariuit
[18; 19]. B ocHOBe 1X reHe31ca AeXKaT CAOKHbIE
IIpoLlecchl B MAHTHHM U HEOAHOPOAHOCTD ee CO-
CTaBa, 4TO IPUBEAO K BBIPAOOTKE B3TASIAOB O PYA-
HO-MarMaTU4ecKux —(MarMaToOreHHO-pPYAHbIX)
daronpnbix cuctemax [ 20]. [AaBHDIN BKAAA B KOH-
IIeHTPALIUIO PyAHOI'O BelleCTBa B XOAEe MarMaTu3-
Ma BHOCHT AMKBaIus. BosHukarome B 3eMHOM
KOpe MECTOPOXAEHHS MOAE3HBIX HMCKOIIAeMbIX
Pa3AMYHON POPMALMOHHON IIPHUHAAACKHOCTH,
reHeTHYeCKH MAU IIapareHeTH4eCKU CBSI3aHHbIe
C MarMaTH4eCKUM KOMIIAEKCOM YAbTpabasu-

ThI — OA3UTBHI — CPEAHHE U KHCABIE TPAHUTOUABI,
a TaKkKe OAHOBO3PACTHBIMH CHHT€HeTUYHBIMU
PYAOHOCHBIMU (QOpMaljUsAMU, MOXXET paccMa-
TPUBATbCS KaK E€AUHBIN PYAHO-MUHEPAAbHBIN
KOMIIAGKC 3eMHOM KOpbl. PyaAHO-MHHEpaAbHBIE
KOMITAEKCHI pOPMHPOBAAUCDH IIEPUOANIECKH Ha
IPOTSDKEHUH BCeH HCTOPUU 3eMAH, IIOAYePKUBast
ee MOAUITUKAYEeCKOe Pa3BUTHE.

D opManMOHHBIN KOMIIAEKC OCAAOYHBIX IIO-
poa 3eMHOI Kopbl 3eMan. Cpepn OCapAOYHBIX
IIOPOA B 3aBUCHMOCTH OT YCAOBHIL 00pa3oBaHuUs
Pa3AMYAIOT U BBIAEASIIOTCSI Pa3HOOOpa3HbIe re-
onaormyeckue opmarun [21]. OHE BKAIOYAIOT
TPU OCHOBHbIE IPYTIIb: a) GHOTeHHbIE, XeMOTEeH-
HblE U TAAOTEHHbIE; 6) MPOAYKTBI XUMUYECKOM
A€TPapallvy U paspylueHus: 6oasee paHHUX 00-
Ppa30BaHUI; B) OCaAKH BYAKAaHMYECKOM, BOAHOM,
aTMOCPepHON U KOCMUYECKOHN AeATeAbHOCTH.
XapakTepuUCTUKH OCAAOYHBIX $opmManuii 06-
YCAOBAEHBI, IIPEXAE BCEro, reOAMHaMUYeCKOM
00CTaHOBKO, reorpado-KAMMATHIECKUMU 0CO-
OEHHOCTSIMH, PEXXUMOM Pa3MbIBa, CHOCA U HAKO-
IIAGHHSI MaTepHaAa, a COCTaB, COCTAaBOM HCTOY-
HUKOB paspylIeHHs U (PHU3UKO-XUMHIECKUMU
npeobpa3oBaHusIMU. Tpy rAQBHBIX THIIA IIOPOA —
necyanuku (95%), U3 OCTAaTKa TAMHHCTBIE CAAH-
b1 (80-85%) u mssecThsaxu (18%). Han6oan-
Mt 06beM 0CAAOUYHBIX IOPOA U PasHOObOpasue
dopMaruil XapakTepPHO AAS OKEAaHHYeCKHX
CTPYKTYP: IeAbpa U KOHTUHEHTAABHOTO CKAO-
Ha; MeHbIIIe AASI TIAUT U OKeaHNYeCKUX KOTAOBHH
Y 3HAUMTEABHO MEHbIIIEe AASI AKKPEIIMOHHBIX 00-
AACTe¥l, MeXXTOPHBIX M APYTOTO THIIA IPOTHOOB.
Paspymienue BelecTBa 9TO eCTeCTBEHHAs YacTb
B 0011jeM IpoLjecce CaMOOPraHU3aluH, HACTYIIa-
IoIjasi Cpasy 3a ero 06pa3oBaHKUEM 1 HAKOIIACHHE
OCaAKOB HarboAee HeIpepbIBHBII MPOLIECC, Ha-
XOASIUMCS B TECHON B3aMMOCBS3HU C Ipoljecca-
MU 9PO3UHU, IKCTYMAIIMHN U Pa3BUTHEM ITOBEpX-

19



Section 2. Technical sciences in general

HOCTHBIX MOPOCTPYKTYp U peabeda B Ipeaesax
KOHTHUHEHTOB, AHA PeK, MOpeil 1 OKeaHoB [22].
Boaee TecHo aTa cBA3b HaMedaeTCs AAS COTIPS-
>KEeHHbIX $OPM CHOCAa M HaKOIIAeHMS, rae pop-
MHPYIOTCS ITIepeXOAHbIe CMeIIaHHbIe pOpMaIUH
U UX pAABL Bpiaeaenne popmarnmii mpoucxoput
Jaie 1o BemecTBeHHOMY cocTaBy. OcapouHble
¢opMarun copep>KaT pasAuYHble MUHEpaAbHbIE
IIapareHe3bl U CAOXKHbIE B3aMMOOTHOIIEHHS APYT
¢ ApyroM. MHorue ocapo4sbie popMaIivy SIBAS-
IOTCSI PYAOHOCHBIMHM U BMeEIJAIOT CUHTeHeTHd-
HbIE PyAHbIE MECTOPOKAeHUs [23]. Akkpenus,
HaKOIIAGHHE OCAAOYHBIX POPMAIUI ITPOUCXO-
AUT CHHXPOHHO C IPOSIBAGHHEM MarmaTH3Ma
U 06pa3oBaHUEM MarMaTHYeCKUX IOPOA U3 PIAQ
YABTPa0a3UTHI — OA3UTHI — AMOPHUTHI — IPAHUTEI
M 9aCTBIO 32 CUET HUX U pa3pyIleHus 60Aee ApeB-
HHUX 9KCT'yMHUPOBaHHbIX opoa. K nmocrasmukam
OTHOCSTCS TaK e, B OCHOBHOM, IIPOAYKTBI Mar-
MaTH3Ma, IPOSBASIONIMECS Ha IIOBEPXHOCTH
KOHTHHEHTOB MAU AHe okeaHOB. COBOKYITHOCTD
0CAAOYHBIX pOpMAIIHIil M CHHT€He THYHbIX C HUMU
MeCTOPO>XKACHUH MTOAE3HBIX HCKOTIaeMBIX, cPop-
MHPOBAHHBIX B TeUYeHHe ITIePHOAQ, CHHXPOHHOTO
IIepUOAY 0OPa30BaHMs, COOTBETCTBYIONINX Mar-
MaTHUYeCKOMY U PyAHO-MHHEPAAbHOTO KOMIIAEK-
caM, PaCCMaTpHUBAETCs HAMH B KaueCTBe 0CaA04-
HOTO KOMIIA€KCA 3€MHOM KOPBI B 3TOT IIEPHOA,.
dopmupoBaHHe MEPUOAMYECKUX KOMIIAEKCOB
OCaAOYHBIX popMaluil MPOUCXOAUAO Ha BCeM
IPOTSDKEHUH HelTpepbIBHON HCTOPUU 3eMAM.
DopMaIMOHHbIN KOMIIAEKC MeTacOMaTH-
4eCKHUX IOPOA 3eMHOM Kopbl 3eMAau. MeTaco-
MaTH4eCKHe ITOPOAbI Pa3BUTHI B 3eMHOM KOpe
B CBSI3U C TEPMOAMHAMHYECKHUMHU ITpOIleccaMu
B IIMPOKOM AMAIla30He TeMIIepaTyp U AABACHMS
OT TAyOMHHOTO MarMaTHU3Ma, IOBEPXHOCTHOIO
BYAKaHHM3Ma, Ta30BO-PAIOMAHON U THMAPOAOTHU-
9eCKOM AESITEAbHOCTH, a Taioke PU3NKO-XHMHU-

YECKOTO PEXXUMA F€OAOTUYECKOM CPEAbl U KAW-
MaTUYecKHuX ycAoBmil. K HUM Hamu oTHOCSTCS
¥ METaMOP QUIECKHE IOPOADL, IIUPOKO PA3BHUTbIE
B 3eMHOM KOPE, XOTS YCAOBHUS M, 0COGEHHO, Mac-
WTa6bI UX IPOSBACHUS HECKOABKO OTAMYAKOTCSL
BMecTe ¢ TeM U Te U APYTHe IIPEACTABASIIOT CO-
6OM IIPOAYKTHI M3MEHEHUS! TIEPBHYHOTO COCTaBa
TI0A BOBACUCTBHEM (H3UKO-XUMHUIECKUX IIPO-
necco. PopManMOHHOE pPacuAeHeHHEe ITUX 06-
Pa30BAHMI BBIIOAHSETCS. OOBIMHO AASL KQXKAOTO
KOHKPETHOTO CAyYasi [PU AETAABHBIX HCCAEAOBA-
HUSIX TIPOLIECCOB ¥ SIBACHUIT M TIPH MAOIAAHOM
kaptupoBanuu. OIBIT KAACCHPUKALMU METACO-
MaTHI€eCKUX (pOPMALHIL IIPEACTABAEH BO MHOTHX
paborax [21; 24]. Meramopuueckue OpPOABL
XapaKTEPHbI B OCHOBHOM AAsL 60A€e ADEBHUX AO
CPEAHENPOTEPO3ONCKUX TEOAOTHIECKUX 06pa-
3oBaHuil. OHM 3aHUMAIOT IIopsiaka 85% BpeMeH-
HOT'O MHTEPBAaAa BO3PACTA [AAHETHI M CAATAIOT
GOABIIYIO YACTh 36MHOM KOPbI, BO3MOXKHO AMUTOC-
depy 1 IKCryMUPOBaHbI B BEPXHIE TOPU3OHTHI
¥ Ha COBPEMEHHY0 [IOBEPXHOCTb. ccaepoBaHuUS
TIOKA3bIBAIOT, YTO MECTAMU OGPa3yIOTCSI IOPOADL,
He TI0XOXKHe HU T10 MUHEPAABHOMY U 9acTO XH-
MHUYECKOMY COCTABY HU 110 CTPYKTYPHO-TEKCTYP-
HBIM OCOOEHHOCTSIM, Ha BO3MO>KHBIE TIEPBHYHbIE
VIX [IPEACTABUTEAH, O KOTOPBIX HAM IIOYTH HIYETO
He M3BECTHO, Pa3Be YTO IAEMEHTAPHbINA COCTAB
3emau. OHH UCCAEAOBAAUCH U OIIUCAHBI C pa3-
HbIX [TO3UIUI COCTaBa, BO3PACTA, CTPYKTYPHI
u pypoHOcHOCTH [ 12; 25; 26; 27]. Cpepau meTa-
MOPPHYECKUX IIOPOA BBIACASIIOT pa3AnyHble GOp-
ManuoHHble rpynmbt [ 28 ]. OHu 049eHb CAOXKHDIE
II0 COCTABY Y BBIAEASIFOTCS [TO CTPYKTYPHBIM I'e0-
AVHAMIYECKUM, pUSHKO-XUMIYECKUM M BO3PACT-
HbIM Mpu3HaKaM [24; 29]. Hauboaee nsBecTHbI
TPU THUIA: 3€AEHOKAMEHHbIE, [PAHYAUTOBBIE
Yl [PAHUTO-THEMCOBbIE TOSICA, KOTOPBIE TIEPUO-
AMECKH GOPMHUPOBAAKCH HA POTSDKEHUH Bpe-
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MeHU 0T 1.6 A0 3.9 Mapa.aeT. Ha 3emae, B pasubix
pafioHax, OTMEYEHO IOPSIAKA /-1 LIMKAOB KX IIPO-
sABAeHHUA. [ [peATIOAOKUTEABHO, 3Ta TPHAAA: 3eAe-
HOKAMEHHBIN — IPAaHYAUTOBbBIN — I'PAHUTO-THEH-
COBBIM MO5ICa, MOTYT COOTBETCTBOBAaTh OAHOMY
CTPYKTYPHO-BEIlJeCTBEHHOMY LKAy 3€MHOM
KOpbl. B ux cocraBe MmarmaTnyeckue ¢popmanuy,
IIPeMMYIIeCTBEHHO, OCHOBHOTO U YABTPAOCHOB-
HOT'O COCTaBa, rab0p0-aHOPTO3UTHI, TPAHYAUTHI,
KBapIIUTbl, KOHTAOMEPAThI, KAABIIUPHUPDI, METa-
ocapOuHBIe 0OpasoBaHMs. [paHuTO-THElCOBbIE
I1051Ca IIPEACTABACHBI TPAaHUTAMH, IPAHUTO-THEH-
COBBIMH, KBapLIUTO-THEMCOBBIMHU U APYTUMH Me-
TaMOPPHIECKUMH, B OOABIIMHCTBE, CAANYECKH-
mu popmanuamu. Meramopduaeckue popmarmu
He MOT'YT ObITh OO'bEAMHEHbI B OAMH 00U KOM-
IIAEKC H3-3a AAMTEABHOTO IIePHOAA Pa3BUTHA
1 cAOKHOCTHU. C HIMH aCCOITUMPYIOT Pa3AUYHbIE
IIOA€3HbIe MCKOIIaeMble PyAHOTO ¥ MHHEPAAbHO-
IO CHIPBAL.

AMHaMIYeCKHil CTPYKTYPHO-BelleCTBeHHbIHN
xommaekc 3eMHo# kopbl 3emMan CBK. CBK —nipea-
CTaBAsIET COOOI COBOKYITHOCTb BbIIIEOIHCAHHBIX
CHHXPOHHBIX (POPMAIJMOHHBIX MarMaTH4ecKo-
IO, PyAHO-MHUHEPAAbHOTO, METaCOMAaTUIECKOIO
U OCAAOYHOTO KOMIIAEKCOB, 0OPa30BaHHBIX CO-
BMECTHO C CONPOBOXAQIOIIUMHU UX APYTUMH SB-
ACHUSIMH U IIPOLIECCAMH B OTIPEACACHHDIM ITEPHUOA
B COCTaBe 0OOAOYKH 3eMHOI KOPBI 9TOTO IIEPHO-
Aa. Bce MHOrOOOpasue reoAOrHYeCKHX MPOLIeCCOB
00yCAOBAEHO AMHAMUKOI MATEPUAABHOTO MHUpPA
Bo Bpemenu u npocrpanctse [30]. Kpoiatoe,
obpasHoe Bepakenue B. . Beprapckoro: «...B
KQKAOU [IECIUHKE COAEPYKUTCS BCsI TabAmIa MeH-
A€AeeBa...>» CBUAETEAbCTBYET, 4TO BO BCeX IIPO-
I1eccax, IPOMCXOASIIMX Ha 3eMA€, y9aCTBYIOT BCe
XMMHUYECKHe dIAeMEHTHI, B KOAMYeCTBaX COOTBeT-
CTBYIOIIMX MX KOHIIEHTPALIUU K TEPMOAMHAMMYe-
CKHMM YCAOBHSM. JTO MPOSBASIETCS B Pa3AMYHBIX

$OpMax reOAOrMIeCKOrO ABIDKEHHS], B OCHOBE
KOTOPBIX A€XKUT BUOPALIMOHHO — BOAHOBOI Me-
XaHU3M AMHAMHKYU MaTepUH-BelecTBa U TeOPHs
UX CAMOOPTAaHM3ALUY BO BpeMeHHU U IPOCTPaH-
CTBe, pazBuBaemblit aBTopoM |3, 31] Ha ocHoBe
nOAOKeHHH B paboTax mxoa Y. [Tpurosxuna [32]
u I Xaxena [33]. AauTteapHOCTH POpPMUPOBAHHS
OTAEABHBIX (a3 IPAHUTOUAHBIX ITAYTOHOB I10 Pa3-
HbIM onjeHKaM cocraBastier 10°-10° aet. Bpems
$opMUPOBaHUA TeA KOHKPETHOM MarMaTU4eCcKOM
$opMarum OL}eHUBAETCS 10 PA3HOMY OT 2—3 MAH.
AeT A0 5—10 MAH. AeT, a rab6po — rPaHUTHBIX Ce-
puit — 100-200 mag. aet [34]. A.T. Py6aes [35]
IpPHUIIEA K BBIBOAY, YTO IIEPHOA, BKAIOYAIOIIUI
BHEAPEHNEe MarMbl, ee KPUCTAAAU3ALIUIO U OTAO-
>keHue He mpesbimaer 10-20 maH. AeT. Bpems
06pa3oBaHKss MHOTOQA3HBIX MACCHBOB OLleHEHO
B 20-30 MAH. A€T; ByAKQaHO-ITAYTOHHYECKHUX ac-
conmanu-10-15 maH. AeT. MakcuMaAbHas Ipo-
AOAKHTEABHOCTb aKTa, dTalld MarMaTH4ecKOM
akTUBHOCTHU oljeHuBaercsi B 40-50 MAH. AerT.
banskue nupsl NpUBOAATCA U AASL popMariy-
oHHOrO aHaaum3a [21]. Bpems, Heobxoaumoe s
00pa3oBaHMs MECTOPOXKAEHHSI KOHKPETHOM PYA-
HOM popMaluu Tak e pasandHo. Ilo omenkam
(B 3aBMCMMOCTH OT TAPAMETPOB ¥ TeHEe3UCa) AASL
IIAYTOHOT€HHBIX, THAPOTEPMAABHBIX U CTPaTH-
$OPMHBIX MECTOPOXKACHHUI OHA COCTABASIeT He
6onee 10°-10° aet [36], B cAydae moaureHHOCTH
¥l IOAMXPOHHOCTH, 3HA9UTEABHO AOAbIIe [4, 37].
AAUTEABHOCTD 06Pa30BaHMs OCAAOYHBIX GOpPMa-
Ui Tak >Ke pasanyHa. Ecau yuntsiBars pybexu
HanboAee NHTEHCHUBHBIX IIEPECTPOEK B HCTOPHUU
3eMAH, TO OHa COOTBETCTBYeT F€OAOTMIeCKUM ITe-
PHOAAM U B CPEAHEM COCTaBASIeT IOPSIAKA 5SS MAH.
Aet [6]. BO3MOXHOCTb MPOSIBACHUSI TAQHETAP-
HBIX TEOTEKTOHMYECKUX pa3 AUCKyTHpyeTcs | 3;
10; 38]. [Ipu 3TOM, B 3aBUCMMOCTH OT IPUHIAIIA
OIIpeAeAeHUS IOTPAHIYHBIX TeOAMHAMUYECKUX,
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CTPYKTYPHBIX PyOesKerl BbIACASIETCSI OT S—7 A0
17-n 1 22-x moapasaeaennii [ 38; 39]. CkopocTts
reOAOTHYECKUX MPOLeccoB pasamyuna [40], a xa-
PaKTep ABIDKEHUS — KOA€OATEABHBI, OCLIHAASILIN-
onnbii [3]. OAHAKO, MHOTHE aBTOPBI BKAAABIBA-
10T B 9TO IIOHMMAHME Pa3HbIA CMbICA U MEXaHU3M
npoucxoxAeHrst. Ham mpeacraBasiercs, uto 3em-
Asl, C MOMEHTA 3ap OXKAEHUSA U AO COBPEMEHHOCTH,
HAXOAUTCS B AMHAMHYECKOM BHOPAIHOHHOM
COCTOSIHUM BCEX CBOMX AMCKPETHBIX JA€MEHTOB
1 QU3NKO-XMMHUYECKHX CBOMCTB, YTO M COCTaBAS-
€T MEXaHM3M ee Pa3BUTHS, KaK CAMOOPIaHU3YIO-
meiics cuctemsl [41; 42]. B Toxxe Bpems noka eme
He CO3AAHA EAMHAs TEOPHs, KOTOPasl PaCKPbIBaAa
OBl MPHUYMHHO-CAEACTBEHHBIE B3aHMOOTHOIIIE-
HHSI, TEOAOTHYECKHUX IIPOII€CCOB, UX IIEPUOAMNY-
HOCTb, CHHXPOHHOCTb, aCHHXPOHHOCTb, CHUMMe-
TPUYHOCTb, ACUMMETPHUYHOCTH, TAODOAABPHOCTD
1 AOKaABHOCTD. B KOHIle mpomaoro croaeTrs Ha
0a3e HOBBIX HCCAEAOBAHHI OADKHETO KOCMOCA,
CoAHeqHOT CHCTeMBI, HO, TAABHBIM 00pa3oM, pas-
BHUTHUSA B 00AACTSIX GUBHUKHU, XUMUH 1 MATEMAaTHKU
TEOpUIl HEPABHOBECHO, HEOOPATHMON HEAU-
HEeMHOMN TepPMOANHAMUKH, CHHEPTeTUKHU U Pppak-
TaABHOCTU AUHAMUYECKHX CUCTEM IIPHIIAO HoAee
rAyboKoe TMOHHUMAaHHME COCTOSIHUS U Pa3BUTHS
3eMAH, KaK OTKPBITOM HeCTAIlHOHAPHOMN AMHA-
MUYECKON PH3UKO-XUMHYECKOI cuctemsl [43].
ITo onpeaeArAO TpU GyHAAMEHTAABHBIX CBOM-
CTBa TAQHETbI C MOMeHTa 3apokaeHust: 1) obmen
SHEpruei U BelleCTBOM C OKPY>KaIoILel CpeAOr
Y CAOXKHOE AMHAMHMYECKO€e COCTOSIHUE MAAHETBI
¥ ee BellecTBa; 2) CAMOOPraHM3aIsl, CIOHTaH-
HOe HeoOpaTuMoe Pa3BUTHE BCEX IAEMEHTOB ee
CTPOE€HHA BO BpPEMEHM M IIPOCTPAHCTBE, B YCAO-
BISIX HEPAaBHOBECHOI HEAUHEHHOI He0OpaTUMOi
TepPMOAMHAMUKH; 3) BUOPAIMOHHO-BOAHOBOI
MEXaHM3M CUHEPIeTHKHU Pa3BUTHS BCEX T€OAOTH-
JeCKHX MPOIeccoB U siBAeHuil. C yueToM BbllIe

M3A0XKEHHOTO U, UCXOAS M3 0COOEHHOCTel Teo-
pHM CAaMOOPraHM3AIUH IIPHPOADI, TIPEAAATACTCS
B HCTOPHH Pa3BUTH 36MAU BbIACAUTD, B KauecTBe
HAMBBICIIErO TAKCOHA HePAaPXUH YPOBHS OpraHu-
3aIluM BelllecTBA, CTPYKTYPHO-BeleCTBeHHbIH
komraekc (CBK) cUHXpOHHDBIX, MAM 6AM3KHX
0 BpeMeHH 06pa3soBaHUs, TeHeTHYecKH (MAU
TapareHeTHYeCcKH) CBS3AHHDBIX [E€OAOTHYECKUX
dopmanmit — marmaTugeckux (popManMOHHBII
KOMIIAEKC), PYAHO-MHUHEPaAbHBIX (GOpMaIMOH-
HBII KOMITAEKC ), METacOMaTHIecKux (popmariu-
OHHBIIl KOMITAEKC) U OCAAOYHBIX (PpOopMaLHOH-
HbIit KoMriAekc). Takum 06pasoM, 3emHas Kopa
$opmupyeTCs Ha IPOTDKEHUH 4.5 MAPA. AT 3a
CYeT NMePUOAMIECKOro 0Opa3sOBaHU BBILIE OITH-
CaHHBIX CAMOIIOAOOHBIX AHAMUYECKUX CTPYK-
TYPHO-BellleCTBEHHBIX KOMIIACKCOB, OTIPEAEASIO-
I[UX ee CTPOeHNe 1 TOAUITUKAMIeCKOe Pa3BUTHe.
YrcAO TOAOOHBIX IIUKAOB — KOMITAEKCOB AASI 3€M-
HOM KOopbl 3eMAH He ycTaHoBAeHO. Ho mpeaBapu-
TEAbHbIM aHAAU3 AQHHBIX H3y4YEHHOCTHU T€OAOTH-
gyeckoro crpoenus IlaaHeThl mokasbiBaeT, 4To
3a AO CPEAHEIIPOTEPO30NCKUI NTePHOA HCTOPUU
X 6b1A0 He MeHee 7-Mu (LIUKABI pOPMUPOBAHHS
TPHAADBL: 3eA€HOCAAHI|eBbIe, TPAHYAUTOBbIE U Ipa-
HHUTO-THEHCOBBIE [0SCA) M CTOABKO e B paHepo-
30€ U A0 COBpeMeHHOTo Bpemenu —7 [3; 15; 43 ],
Bcero 14 IUKAOB pa3BUTHS 36MHOM KOPBI U AU-
Tocdepbl. BemecTBeHHbIN COCTaB BCeX M KXKAOTO
AuCKpeTHOTO 2AeMeHTa cTpoenuss CBK 6anzox
cpeaHemy cocraBy Coaneunoit Cuctemsl, 3eMAn
¥ 3eMHOI1 KOp5I [ 2, 44]. ®opmupoBanue CTpyk-
TYPHO-BeIlleCTBEHHbIX KOMIIAGKCOB 3eMHOM KOPbI
3eMAU SIBASETCSI CAEACTBHEM BHOPALIMOHHO-BOA-
HOBOT'O COCTOSIHHMSA ee BellleCTBa U CIIOHTAHHOTO
Pa3BUTHS B IIOA€ €70 Pe30HAHCOB I'eOAOTHYECKUX
IPOIIeCCOB CAMOOPTAaHHU3AI[MH BO BpeMeHH U ITPo-
CTPAHCTBE B YCAOBUSIX HEOOPATHUMOM, HEAUHETI-
HOM, HepaBHOBECHOM TePMOAMHAMUKH OTKPBITBIX
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cucteM. CTPyKTypHbIe d9AeMeHTbI HOCAT Hepap-  XWYeCKUH XapaKTep, AUCCUIIATUBHYIO IPHUPOAY
U $ppaKkTaAbHOE CTpOEHHE.
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Abstract. The manuscript presents the results of the research on the kinetics of the electrical
conductivity of polycrystalline film structures during diffusion filling of crystallite boundaries with
oxygen. The effects observed in the degeneracy state in PbTe films are considered. The influence of
a potential barrier on transport phenomena is investigated.
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Introduction

One of the most studied and promising mate-
rials for the creation of polycrystalline film energy
converters are lead chalcogenides. For example,
lead telluride films are an effective component of
thermal converters and thermoelements due to
an anomalous increase in the thermos EMF coef-
ficient. The effect of increasing the thermopower
coefficient in films compared to bulk crystals was
found in block-single-crystal n-PbTe films [ 1; 2].
However, with an increase in the thermos EMF
coefficient (a), the electrical conductivity (¢) in
them greatly decreased. The results obtained in
[3] showed that the magnitude of the effect in
films depends on the type of substrate, the elec-

tron concentration, and the composition of the
initial material. Based on the experimental results
obtained, the authors of [2] explained the effect
ofincreasing the thermopower coefficient by the
presence of an additional scattering mechanism
associated with the block structure of the film,
under the assumption that the boundaries of the
blocks are dislocation walls [4; 5].

It was assumed in [6] that only those carri-
ers that tunnel through a potential barrier of the
type ¢ = E_.—E_(E - is the energy of unoccupied
states) participate in the transport phenomena in
films. In this case, the higher the carrier energy,
the higher the probability of their passage, those
again, as in the case of the model [2; 4], the barri-
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er selects carriers by energy, causing an increase in
the average energy in the heat flux, with the only
difference that the selection is due not to scatter-
ing by barriers, but to an increase in the tunneling
probability with increasing carrier energy.

It should be noted that the proposed interpre-
tation of the transfer phenomena in films with
anomalous thermos EMF states that the decisive
contribution to the properties of films, in con-
trast to the properties of bulk materials, is made
by the presence of barriers at the interfaces of
crystallites or blocks.

We have considered the effects that are ob-
served in the degeneracy state in PbTe films. If
the potential barrier at structural disturbances has
the nature proposed in [6; 7], then its height can
be determined by solving the Poisson equation

2 2
T pi, ()
dx g,
where e¢ - is the dielectric constant of the film

material; p(x) — is the cristanite border charge
density distribution; x = 0 corresponds to the in-
terface between two crystallites. If surface states
with a concentration N are localized on the
cristanite border, on which n < N electrons are
captured on the surface states, the barrier height
has the value ¢ > E , the edge of the conduction
band E_crosses the Fermi level near the cristan-
ite border. In this case, taking into account the
degeneracy and up to exponentially small terms,
p(x) takes the form
p(x)=N,-nod(x)—

3/2
2 d EF -
_{ m [ 377:27;6(3(«')]} U[EF _(p(x)]

here N,—is the doping level, m  is the effective

(2),

mass of the density of states in the conduction
band; U(£) - impulse function

U 1Ez0
$)= 0,& <0.

(3)

The boundary conditions for (2) follow from
the vanishing ¢(x) and do(x)/dx at x — . The
analytical solution of (1) and (2) in general form
can be found up to a numerical factor of the order
of unity.

Let us represent relation (2) in the form
f2m, [, —p0]}”

3n°i’N,

plx)=N, 1= ~ULE—00] 14y
—ny0(x)
Then, taking into account that the Fermi lev-
el is expressed N, in terms of the relation

NN
Ep= Sl (5);
2m,
(4) can be greatly simplified:
_3y o)
plx)= ENd E Q(x)—nyd(x) (6),

F

where
3

%
2 B ]| o) _
Qx) == (p(x){l {1 EF} U[E, w(x)]} (7).

Let’s analyze the behavior of the function

o (x) in half space[0,0). According to the bound-

ary conditions to (7) @(x)=0 at x - o, So, ac-
cording to L'Hopital’s rule

IimQ(x)= lim Q(x)=1 (8)

X—>0 @(x)—>0

Here ¢(x)=E,,Q(x)=2/3,x=0 equals
Q(x)=(2/3)- E; /o(x)
Considering that in the half-space [0,c0) func-

tion Q/(x) continuous and monotonous, we can
E, ] / E, <1 (takes place within the
considered problem) the function o(x) in this

claim [q) (0)

half-space is a slowly varying function of order
one. This means that, up to this function, the po-
tential barrier is ¢(x) determined by the relation

el o

here the left side at x = 0 is determined by the
expression ¢ = E_— E . The value of | , which plays

o(x) =
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the role of the effective barrier half-thickness for
cristanite border, is determined by the relation

(10).

- gg,(E, +|Eq))
’ e’N,

2 -1 -1
c*10,0m *sm .
S
(e
|

0,1 T T T

According to the foregoing, we will discuss
the influence of the barrier ¢ on the transfer phe-
nomena.

7, 107

0,0 3,6

7,2 10,8

Figure 1. Influence of heat treatment in air on the electrical conductivity of
n-PbTe films. 1 —at a temperature of 370 K; 2,3 — at a temperature of 470 K
(2 — after implantation of oxygen ions with an integral dose of 10'® cm~2)

Turning to (Fig. 1), one can see that during
heat treatment in air due to the filling of cristanite
border with oxygen, the electrical conductivity
of the films decreases significantly with respect to
the initial value, i.e. becomes much smaller than
in bulk crystals. According to the ratio

ot200{1+%§l1:flﬁgﬂ}l (11)

LP(E,)
it is possible with
21 |1-P(E
1+ M >1 (12).
L-P(E;)

The fulfillment of this condition implies that

(13)

P(E,) <1,

As L>2[ .

If condition (13) is satisfied, then the electri-
cal conductivity value

c=0, {1+—213[1_P(EF)]} (14),

LP(E,)
can be written in the form

(15)

Given the explicit expression for, which is

L
GzGOZP(EF)‘

3

given as

81 \[2m,

mE)zuEWluE+E3zen{

(15) is transformed into the relation

., - - /E +|E E
XL\/EF+|ES|EE —\/E+E arctg £+—|ES|1J_k_T} (16),
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(17),

o~o exp[_i]
kT

where o according to

. . 81 \[2m, - - |E, +|E E
P(E)=PF/(E )-P.(E+E)~exp —TXL\/EF+|ES|—E—E ~JE+E arctg 1;+—|E*S|_1J_k_T

and (15) takes the form

(19).

Let us find out the nature of the change in the
electrical conductivity of the film when cristanite
border is filled with oxygen. We believe that at
the time moment ¢ =7, after the beginning of the
diffusion filling of cristanite border with oxygen,
charge carriers are trapped on the localized elec-
tronic states near the surface of the crystallites.
Then the height of the potential barrier near the
cristanite border is given by n, the relation

s l exp( | |j
&g,

Since the physical essence of the quantity

* L *
o} =GO§PT(EF +E)

3

ORS: (20).

| appearing in (20) is the length at which the
charge of electrons localized on the cristanite
border is almost completely screened, it can be
approximated as

I, ~ % (21)
Nd

which is the quasi-neutrality condition in the
barrier region. When (21) is taken into account,
relation (20) takes the form

(18)

2 2

en
co(x,f)=(0(0,r)z4 :

EEYIN

(22).

This reflects that the potential barrier height
is a function of time.

Let us assume that over time Az the concen-
tration of oxygen states on the cristanite border
increased by a value A N, and all these states were
filled with electrons. Then, provided that
AN, < n_,we can estimate the change in the bar-
rier height as
e’(n +aN )’

0,7+ A7)~
v deg )N,

(23).

2
en,
S
2eg,N,

= p(0,7)+

The second term on the right side of the equa-
tion indicates the change in the height of the poten-
tial barrier over time At . This change is equal to

2 2
AN, ~E5 AN, = BAN,
2eg,N, &g,

AQ(AT)~ (24).

Let us analyze how such a change in the height
of the potential barrier will affect its transparency
and, accordingly, the electrical conductivity. If the
cristanite border has a potential barrier of arbitrary
height ¢, relation (16) can be transformed as

81

P(E;) ~ eXp[ 7

and the equation to calculate E’

4lakTw/2m;arctg,/EEFL|;s|—l =mE+E  (26),
+

takes the form
(pE* ~1=mJE,+E  (27).
F

4L kT+2m arctg

ﬂ(\/q)—EF -E —\/EF +E arctg

(25),

o T
E+E kT

It can be seen from this that with an increase
¢ in the transparency of the barrier, it will change
both due to a change in the height of the barrier,
and due to a changein E .
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Figure 2. Concentration dependence of the activation energy of electrons
passing through the potential barrier T, K: 100 (1), 300 (2)

Let’s study the dependence E* on ¢ . Taking
into account (27) relatively E” is solved only nu-
merically, we will make numerical estimates. Fig-
ure 2 shows the concentration dependence E’
obtained by numerically solving equation (27)
under the assumption that the potential barrier
height for cristanite border is determined by the
relation p = E_—E , in E, which it has two values:

E,=E, —0,02eV, (28)
E,=E —0,03¢V. (29)

Where E, is the bottom of the conduction
band. According to the data in (Fig. 2), at the
dopinglevels N, <10”cm™ E" ~|E,|,and in addi-
tion, at the specified N,, the growth of the po-
tential barrier is accompanied by an increase E’
by the same value, those can be imagined

E'(t+At)~ E (1) + A@(AT) (30).

The numerical calculation also shows that
when (30) is satisfied, the transparency of the
barrier P(E) changes mainly due to the change
in the last term in (25), those due to change
P(E)

Taking into account (30) and the last remark,
the evolution of the electrical conductivity of the

film in the framework of the problem under con-
sideration can be expressed by the relation

oc(t+AT)~0 exp[—%} x
(31),
~ G(T)exp[—%}

where o (1) is given (17). Combining (24) and
(31), we obtain
BAN,

o j (32).

At the initial moment of the diffusion process

o(T+AT)~ G(T)exp(—

N

d
numerically found through N, and the electrical

~n,~ 10" cm™ (Fig. 1), the value [, can be

conductivity value. Expression (32) describes
the kinetics of changes in the electrical conduc-
tivity of the film during diffusion filling of cris-
tanite border with oxygen. In (32), by the quan-
tity AN we mean the change in the concentration
of oxygen states in the cross section N_. An ap-
proximate estimate according to the data in (Fig.
1) gives that B/kT = 8 . 10" sm®. It should be
noted that the diffusion coefficient of oxygen and
other impurities along the crystallite boundaries
depends on the film structure [6].
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THE HEAVY METAL DETECTION IN THE ALBANIAN SALVIA
OFFICINALIS, WITH ICP-MS AND UV-VIS SPECTROPHOTOMETER

Abstract. This work aims to study the impact of the method of extracting the essential oil of

the sage plant. The identification of heavy metals both in plants and in oil, but in oil extracted with

2 methods, with the classic one using Clevenger’s apparatus and with supercritical extraction using

CO,asa solvent. The results are different.

The results clearly show how the extraction and analysis methods affect the values obtained. Lead

was found to be the most abundant metal in the Salvia Officinalis oil, with a concentration of 0.028

parts per million, followed by mercury at 0.01S ppm, according to an analysis utilising the Clevenger

equipment and ICP-MS.

After CO, extraction, the extract was diluted 1:2 with n-hexane, and ISO 11212 Spectropho-
tometry was used to check for the presence of heavy metals. Lead, which was detected at the highest

concentration (0.22 ppm), was followed by cadmium (0.12 ppm).

All of the values obtained meet the WHO requirements for fruits and vegetables.

Keywords: extraction, heavy metals, ICP-MS, UV-VIS spectrophotometer.

1. Introduction

Salvia officinalis originates from a Latin term
for culinary and therapeutic applications. There
are different species called Salvia, which are most-
ly found in Mediterranean European countries
and have long been used to cure various diseases
such as digestive and blood circulation difficulties,
bronchitis, cough, asthma, memory problems, an-

gina, inflammation of the mouth and throat, de-
pression and excessive sweating [1].

Salvia plants have long been known for their
antioxidant properties as well as their potential to
improve head and brain function, improve mem-
ory, sharpen the senses, and slow age-related cog-
nitive decline. Various studies conducted by re-
searchers for Alzheimer’s disease have considered
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sage and Melissa officinalis as some of the plants
with ‘curative’ properties, in improving memory
functioning and cholinergic properties [2].

Figure 1. The Salvia officinalis

Although present in different amounts in
all examined specimens of S. Officinalis, each
of the following essential elements are present:
1,8-cineole, camphor, borneol, bornyl acetate,
camphene,— and -thujone, linalool,— and -caryo-
phyllene, -humulene,— and -pinene, pimaradiene,
salvianolic acid, rosmarinic etc [3]. Some of the

major compounds of sage are presented in the

figure below (figure 2).

Viridflorol

Salvia Officinalis

25

Limonene

Figure 1. The Salvia Officinalis
major compounds

According to research, some biological prop-
erties of Salvia essential oil depend on camphor,
1,8-cineole, -thujone, and -thujone [4]. Sage
essential oil contains roughly 20% camphor, in-
creasing the camphor level as the leaves expand
[5]. According to one study, essential oil's most
potent scavenging chemicals are -thujone and
-thujone, bornyl acetate, camphor, menthone,
and 1,8-cineol. In the same study, the essential
oils of Melissa officinalis and Salvia officinalis
were found to have higher antioxidant activity
than other Lamiaceae species [6].

Camphor is well known for its anti-inflam-
matory and decongestive effects. Camphor, it
could help with nose blockage and congestion,
and also it may act as a cough suppressor on the
nerves and lessen cough. It may be beneficial
against a variety of respiratory diseases.

Alpha and beta thujone as ketones, studies
have shown that in moderate concentration they
may present beneficial effects [7; 8].

Salvia Officinalis essential oil contains terpene
viridiflorol, which is utilized in perfumes and fla-
vourings in medicines. Recent research has dem-
onstrated that it has antibacterial properties.

Because of the sunny weather and geographi-
cal conditions in Albania, this plant can be found
in a variety of locations. It has numerous applica-
tions. It is used by women because it aids in the
physiological process of organization during the
early stages of menopause, and it is thought to aid
in the fight against bone porosity. Another reason
it is used is because it aids in the prevention of
osteoporosis and osteopenia.

It is most commonly used during the winter
season in the form of tea, blended with the laurel
plant, since it provides respiratory comfort. Sage
is also a natural source of flavonoids and polyphe-
nolic chemicals (e.g., carnosic acid, rosmarinic
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acid, and caffeic acid) with antioxidant, radical-
scavenging, and antibacterial properties [9].

In this study, we can evaluate and compare the
presence of the heavy metals in salvia officinalis in
2 methods, with the classical extraction using the
Clevenger apparatus and using the SC-CO, ex-
traction method. After obtaining the essential oil
we were able to evaluate their presence using the
ICP-MS for the classical extraction and using the
UV-VIS Spectrophotometer for the examination
of the essential oil obtained with the SC-CO..

Heavy metal poisoning can be caused by in-
gesting foods, medications, improperly sealed
food containers, occupational exposure to heavy
metals, contaminated air or water, or lead-based
paint. However, if these metals accumulate to a
dangerous level in the body, they could cause
serious harm. The heavy metals that have been
linked to human poisoning the most common
are lead, mercury, cadmium, tin, and arsenic.

Because they are toxic, thermally and biologi-
cally inert, heavy metals typically build up in liv-
ing things. Due to these metals’ extreme toxicity,
capacity to bioaccumulate throughout the food
chain, ubiquity, and durability in the environ-
ment, numerous health problems, including or-
gan failure, have been linked to their consump-
tion of food and water [10].

2. Materials and methods

The following materials were required for the
completion of this work: an SC-CO,, hexane,
sage, hydrochloric acid, nitric acid, and nitric
acid Clevenger’s apparatus.

This method was used in this study to identify
metals in plants and essential oils.

2.1 The hydro distillation distillation

This method is used to extract essential oils.—
Steam or boiling water is employed in hydro distil-
lation to remove the essential oil from the aromat-

ic plant. Hot water or steam is used to extract the
essential oils from the oil glands, which are found
in the plant tissue. The separated water and oil (va-
pour combination) are converted into liquid in the
condenser and then transported to the separator
to separate the essential oil from the water.

The multi-element stock standard solution
(10 LG mL-1) was used to construct the el-
emental calibration standard. H O, (30%) and
HNO3 (Suprapure grade, 65%) were purchased
from Merck [11].

The process of cleaning the dryleaves of con-
taminants and other solid substances removed
them from their natural packaging. The samples
were comminuted prior to hydrodistillation
extraction, and then the hydrodistillation pro-
cedure started. A distillation flask heater and a
Clevenger-style apparatus were used to boil the
sample, which contained S0 grammes of tea,
for three hours at boiling point. To prevent any
polyphenols or other vital oil components from
coming into contact with the water during the
first 30 minutes after the oil began to gather in
the Clevenger column, around 1 mL of hexane
was added to the condenser.

2.2 Supercritical CO, extraction

Carbon dioxide is turned into a liquid at high
pressure and passed over the natural substance
using a process called supercritical CO, extrac-
tion to remove all the smell components with-
out harming the material. The CO, reaches the
supercritical state at 31.1° C and 72.87723 atm
of pressure. SC-CO,, just like with natural prod-
ucts. More effectively extracts the scents than
steam distillation, but maybe more significantly,
when the environment is restored, the CO, turns
into a gas and disappears, leaving no trace be-
hind. The smellis pure and undisturbed. No taste
or odour of a solvent is present.
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Before entering the separators, the supercritical
CO, travels through a series of pressure-regulating
valves to separate the oils from the plant (Salvia
officinalis). To separate the various extract compo-
nents, the separator’s two pressures are indepen-
dently regulated. After the oil is removed and the
CO, that is emitted as gas is separated, the CO, is
recycled by condensing and storing it as a liquid
in the tank. The oil is then put into containers for
collection. This CO, is then used throughout the
batch to repeat the complete cycle.

3. Results and discussions

By evaluating specificity, linearity, the limit of
detection and quantification, precision, and ac-
curacy, the devised assay analytical method was
put through validation.

Using the digested and extracted oil samples,
ICP-MS was used to determine the presence of
heavy metals in the herbal tea sample (Salvia offi-
cinalis L.), which was obtained from an herbalist
in North Albania [11].

Table 1.— Detection of heavy metals in herbal leaves of Salvia officinalis L.

Heavy Metals Results UdM Method
Arsenic 0.055
Cadmium 0.005
Mercury 0.023 mg/kg Meth. (151)
Lead 0.242

The first analysis performed was to detect the
presence of heavy metals in herbal leaves, From
the results obtained it can be seen clearly that
the leaves contain lead in higher concentrations,
at 0.242 ppm, followed by arsenic at 0.05S ppm.

3.1 Presence of the heavy metals in the es-
sential oil:

3.1.1 Essential oil of the salvia officinalis with
classical extraction

The percentage of oil after extraction was
3.7%.

Table 2.- Detection of heavy metals in the extracted oil of Salvia officinalis L.

Heavy Metals Results UdM Methods
Arsenic <0.001
Cadmium 0.002
Mercury 0.015 mg/kg Met. (151)
Lead 0.028

The most abundant metal present in the ex-
tracted oil of Salvia Officinalis is Lead at 0.028
ppm, followed by mercury at 0.01S ppm.

3.2 Essential oil of the salvia officinalis with
classical extraction, CO, extraction

Table 3.- Detection of heavy metals in the extracted oil of
Salvia officinalis L, using the CO, extraction

Heavy Metals Results Specifications Methods
1 2 3 4
. ISO 11212 SPEC-
Arsenic 0.03 ppm <1.50 ROFOTOMETRY
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1 2 3 4
Cadmium 0.12 ppm < 1.00
Mercury < 0.06 ppm <0.10
Lead 0.22 ppm <5.00

After the CO, extraction, the extract was
diluted with n-hexane at a ratio of 1:2, and the
analysis with the ISO 11212 Spectrophotometry
have shown the presence of the heavy metals,
where lead is the most abundant metal present
at 0.22ppm, followed by cadmium at 0.12 ppm.

4. Conclusions

The first investigation was to examine for the
presence of heavy metals in herbal plants, and
the results show that lead is present in the leaves
in higher amounts than arsenic, at 0.242 ppm,
obviously.

The examination of the Salvia Officinalis oil
using the Clevenger apparatus and ICP-MS re-
vealed that lead was the most prevalent metal
present at 0.028 ppm, followed by mercury at
0.015 parts per million.

Following CO, extraction, the extract was
diluted 1:2 with n-hexane, and the presence of
heavy metals was detected using ISO 11212
Spectrophotometry. Lead was the most abundant

metal, present at 0.22 ppm, followed by cadmi-
um at 0.12 ppm.

The concentrations of lead decreased from
the plant to the essential oil obtained from the
hydro distillation and the values were detected
with ICP-MS, from 0.242 ppm to 0.028 ppm,
which reflects the properties of the microwave
and then the ICP-MS properties and advantages
for the detection.

But apart from these values, the presence of
lead at 0.22ppm is present even in the essential
oil obtained from the SC CO, extraction. Fur-
thermore, it is significant to highlight that com-
pared to other methods, CO, extracts are more
similar in composition to the oil found naturally
in botanical plants. Best as a flavoring and fantas-
tic fragrance ingredient: better solubility, more
top notes, more back notes, and no solvent resi-
due or off notes.

All the values obtained conform to the WHO
standards for vegetables and fruits.
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MATHEMATICAL MODEL OF AVACUUM
FRACTAL SOLAR COLLECTOR

Abstract. The paper proposes a mathematical model of a new type of solar collector called vac-
uum fractal solar collector (VFSK). The mathematical model of the VESK describes the process of
converting solar energy into thermal energy. It is shown how a mathematical model of the VESK is
constructed on the basis of an electrothermal analog. Construction of the transfer function of this
electrical circuit, a mathematical model of the VFSK is being built. At the same time, the mathematical
model very simply takes into account the fractal arrangement of toroidal absorbers on a vacuumed
parabolic concentrator. It is noted that according to the test results in the forced mode of heating by
solar radiation with zero water consumption, the helio device and the mathematical model turned
out to be the same.

Keywords: mathematical model, vacuumed space, polymer tube absorber, electrical circuit, para-
bolic concentrator.
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MATEMATUYECKAY MOAEJ1b BAKYYMHOIO
DPAKTAJIBHOIO COJIHEYHOI'O KOJIJIEKTOPA

AHHOTaHHﬂ. B pa60Te IIpeAAaraeTCs MaTeEMaTHI€CKasl MOAEAD HOBOT'O THIIA COAHEYHOI'O KOAAEK-

TOpPa Ha3BaHbIil BAKYyMHDIi1 ¢PaKTaAbHbII coaHeuHbIi1 KoarekTOp (BOCK). Maremarryeckas MOA€AD

BOCK omnuceiBaeT mporjecc mpeBpalie s COAHeYHO! 9HepIun B TemAoBylo. ITokasaH kak Ha Oase

9AEKTPOTEIAOBOTO aHAAOTA MOCTpoeHue MaTeMarndeckas Mopeab BOCK. IlocTpoennem nmepepa-

TOYHOM QYHKIIMHU TOM SIAEKTPHIECKOM CXeMbl CTpouTCa MaTeMarudeckas Moaeab BOCK. ITpu aTom

B MaTeMaTH4YeCKOH MOAEAH OY€HD, ITPOCTO YIUTHIBAETCA q?paKTaAbHoe PaCIIOAO’KEHHE TOPOUAAADHBIX

abcopbepoB Ha BaKYYMUPOBAHHOM MapaboAndeckoM KoHILleHTpaTope. OTMedaeTcs, 4To IO Pe3yAb-
)

TaThI UCIIBITAHUM B BPIHY?>KA€HHOM PEXHME Harp€Ba COAHETHDIM H3AYICHUEM IIPH HYAEBOM PACXOA€E

BOADBI T€AHNO YCTPOﬁCTBO M Ha MaTeMaTH4eCKOM MOAEAH OKa3aAOCb OAMMHAKOBbIMH.

KaroueBbIe cAOBa: MaTeMaTHYeCKast MOAEAD, BAKYYMUPOBAHHOE IIPOCTPAHCTBO, abcopbep u3

IIOAMMEPHBIX TPy0, 9AeKTpHUUeCKasl CXeMa, TapabOANYeCKHil KOHIIEHTPATOP.

BBepenue. B Hame Bpems BonmpocaM HCIIOAB-
30BaHHS BO30OHOBASIEMbIX HICTOYHUKOB 9HEPIUH
YA€ASIeTCS Cepbe3HOe BHUMaHKe. DT HCTOYHUKHU
9HEPTUHU PACCMATPHUBAIOTCA KAK CYIECTBEHHOE
AOTIOAHeHHe K TpapunnoHHbIM. Cpepu BO300-
HOBASIEeMbIX MCTOYHHMKOB 3HEPIHMH COAHEYHas
pasmanus mo MacmrabaM pecypcoB, 9KOAOTH-
9EeCKOM YMCTOTE M IIOBCEMECTHOM pacnpocTpa-
HEeHHOCTHU Hanboaee nepcrnexTusHa. [Ipumene-
HUS COAHEYHBIX YCTAaHOBOK 3aMelljaeT AOpOroe
TOIIAMBO M NPEAOTBpallaeT 3arpsA3HEeHHe OKpPY-
KO el CPeABI BPEAHBIMU BBIOPOCAMU TOIIAUBO
HCTIOAB3YIOMUX YCTaHOBOK. [ToBbimenue unTe-
peca K aAbTepHAaTHBHOM 9HEPTeTHKE, YTO CBA3aHO

C OrpaHMYEHHBIMH 3aMlaCaMU TPAAHLIMOHHOTO TO-
IIAMBA, KaK CAGACTBHE — IOCTOSIHHbIMU MOBbIIIe-
HUSMU TapUPOB Ha SIAKTPUYECKYIO U TEITAOBYIO
3HEPTHIO, TAK U IIOCTOSHHbIMU CHIDKEHUSAMHU CTO-
HMOCTH 000PYAOBAHIS HETPAAULIMOHHOM U BO3-
o6HOBAsIeMO aHepreTHkH | 1]. [TepcriekTBHbIM
HaIlpaBA€HHEM Ha CETOAHSANIHUMI ACHD SBASETCS
TIOAYYeHHE TEMAO M3 COAHEYHON HHCOAIHH | 2; 3;
4; 5; 6]. AAst HOBbIIIEHNS KOO P PUIEHTA TOAE3-
HOTO AGMCTBUSA U NOBbIIIeHNs 9P PEeKTUBHOCTH
HICIIOAB30BAHUSI COAHEYHO! HHCOASIIMU B pabo-
TaX MPEAAOXKEHbI HOBBIM THII COAHEYHOTO KOA-
AEKTOPa, Ha3BaHHBIN PPaKTAAbHbIA COAHEUHBII
KOAAEKTOP [7;8;9;10].A,B paboTax omvcaH Ba-
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KYYMHBIN (PaKTaAbHBIN COAHEYHBIM KOAAEKTOP
(BOCK) paboTaromuii B HU3KUX TeMIIepaTypax
okpy>Katomeit cpeast [ 11; 12].

Taxum o006pasoM, >KeAaeMBINl pe3yAbTaT
OT HCIOAB30BAaHHUA IIPEAAAraeMOro yCTpOU-
CTBa COCTOHUT B yBeAMdeHHUs 9(PPEeKTHBHOCTH
HCIIOAB30BaHUS COAHEYHbIX AyYel U KOdPPuIm-

enTa moaessoro peiicteue (KITA), 3a cuer Ba-

BaKyyMHOE

ropa4dad BOOda

CTCKIO

oJIoOHad BOga

o M\H \\l

00pOCHIHKATHO®

nepBeIi adcopOep
BTOpOH abOcopOep
TpeTHit aGcopbep
JeTBepThIH abcopOep

KYYMUPOBAHUS IPOCTPAHCTBO TapabaArdecKoro
KOHIL|EHTPATOpa rAe pPaKTAABHON PACIIOAOXKEHBI
TOPOUAHBIE A0COPOEPh, a TAK)KE 3a CYET OITHU-
MU3ALUH PACTIOAOKEHNST PPAKTAABHBIX TOPOUA-
HBIX a0COpPOEPOB AASI TOAYYEHUSI TEIIAOM BOABL
PasAMYHOI TeMIleparypsl. B atom cayuae anep-
TypHas maomapab BOCK 6yaer nmaomapp nmapado-
AMYeCKOTo KoHIeHTparopa (puc. 1).

N

ropadvad BoOda

PucyHok 1. O6wmii Bua BCHOK

I'AaBHBIMU AOCTOMHCTBAMU BaKyyMHBIX KOA-
AEKTOPOB COAHEYHOI'O TEIAQ SIBASIFOTCS: BBICO-
Kas 3¢ PeKTUBHOCTD MPOIIECCa AAKe B YCAOBUSAX
MUHYCOBOI TEMIIEPaTyPbl; AeTKOCTb YCTAHOBKU
BCEM KOHCTPYKLIUH; IPOTUBOBETPOBAS YCTONYH-
BOCTb KOAAEKTOPA; MIPOAOAKUTEABHOCTD pabo-
Tol. B BOCK amepTypHas maomasb HAXOAUTCS
B BAaKyyMHPOBAHHOM IIPOCTPAHCTBe IapaboAu-
4eCKOro KOHIleHTpaTopa. TeM caMbIM anepTyp-
Hasl [TAOIJAAD CAYXKUT KaK BTOPUYHBIH UCTOYHUK
9HEPIUU AASL A6COpOepOB HAXOASIIHECS HA APY-
roM $paKTaAPHOM PACIIOAOXKEHUH, T.e. COAHEY-
Hble Ay4U MPOLIEAIINX (PAKTAABHO PACIIOAO-
JKEeHHBIX a0COp6epOB OTPaKasICh OT ANePTYPHOI
IIAOILIAAY, BTOPUYHO HarpeBaeT $paKkTaAbHO pac-
IIOAOXKEHHBIX TOPOHAAABHBIX a6COpOepOoB.

ITeAbro paGoThI siBASIETCS pa3paboTKa MaTe-
MaTH4eCKOM MOAEAH BAKYyMHOI'O $PAKTAABHOTO
COAHEYHOTO KOAAEKTOpA.

Mertop pemenne. CylecTByIOT AOBOABHO
6OAbIITE BOBMOXXHOCTH IIPHMEHEHHUSI COAHEYHBIX
YCTQaHOBOK He TOABKO AASI HHAMBHAYAABHBIX I10-
TpeOuTeAeil. DT YCTAHOBKY MOXHO IIPUMEHST
B CHCTeMe PerdOHAABHON IeHepaluyl dHEepru-
u(PT23). PacmmpeHne MacmTaboB MpUMeHeHI
COAHEYHBIX yCTAHOBOK He TOABKO AACT 3HAYUTEAD-
HYI0 9KOHOMHIO SHEPTOPeCypPCOB, HO 1 IO3BOAUT
CMSITYUTD 9KOAOTHIeCKYIo cuTyaruio. Hanboaee
IIPOCTHI B KOHCTPYKTUBHOM OTHOIIEHHUHU COAHEY-
Hble BOAOHAIPeBaTEAbHBIE CHCTEMBbI, IMEIOLINe
PpaKTaABHO PACIIOAOXKEHHBIM abcopbepamu Ha
mapaboandeckoM KoHIeHTpare, T.e. BOCK.

Omnenxy paborocnoco6roctu BOCK mpo-
BeAEM, HCIIOAB3YsI OAMH 3 HanboAee aKTyaAb-
HBIX 1 YHUBEPCAABHBIX HCCAEAOBATEABCKHX Me-
TOAOB — MaTeMaTHIeCKOe MOAEANpOBaHue. AAs
peaAusan Ui AAHHOTO BUAQ UCCAEAOBAHISI HEO00-
XOAMMO CHadaAa pasdpabotars mopeab BOCK,

40



MATHEMATICAL MODEL OF A VACUUM FRACTAL SOLAR COLLECTOR

KOTOPasi AOAXKHA YYUTHIBATD BHIPAOOTKH TEIIAO-
BOW OHEPIUU IIOAYIaeMOM U3 COAHEYHOHN MHCO-
asuuu. [Ipu cospaHnm MaTeMaTHuecKkou Moae-
AY, B OTAMYHME OT METOAUKHU OIPEACACHHUS
K09 PUIIMEeHTa TEIIAOBBIX IIOT€Pb COAHEYHOTO
KoAaAeKkTOpa U, , OCHOBAaHHOM Ha MCIIOAb30Ba-
HHU CBOOOAHOTO IIEPEXOAHOTO TEIIAOBOIO IIPO-
I1ecca, AOAKEH OBITb IPUMEHEH BbIHYKAEHHDII
IePEXOAHDBIM TEIAOBOM IIPOIECC IIPU HYAEBOM
pacxope BoAbL. CXOAS M3 3THUX AOIYIEHHH,
MOXXHO IPEACTABUT dACKTPOTEIIAOBOM aHAAOT
BOCK B TakoM pexxume uzobpaxéH Ha Puc. 2.
Takum 06pasoM, paccMaTpuBaeTCs 3apsAKa

raﬁ-

a)

KoHAeHcaTopa C OT UCTOYHHUKA TOKA I Ipu Ha-
Aanunu nposopumoctu U, . IIpu aTom moaaraem,
YTO PEryASIpHBIN TEIIAOBOM PEXHMM B CUCTEME
HACTYIIaeT CpPa3y MOCAe HadaAa Iporiecca 06Ay-
JeHHUsI COAHEYHOTro KoasekTopa. OcHOBaHHEM
AASL 3TOTO AOIYIIEHUS MOXET CAYXKUTb TO, YTO
BHEIIHEee TePMHUYECKOe COIPOTHUBACHHE (co-
IIPOTUBAECHHUE TEIAOIIEPEAAYH B OKPY>KAIOIIYIO
cpeAy) CYILeCTBEHHO 0OAbIlle BHYTPEHHETrO
TEPMHUYECKOTO COIIPOTUBAEHUS, 0OYCAOBAEHHO-
ro KOHEYHOU TEMAOIIPOBOAHOCTDIO CTEHKH TPY-
OBI U €€ TEIMAOOOMEHOM C BOAOI.

I jb fib f;}. 1

C;
t

Cs C; Cy
I

« L

B)

PucyHok 2. YnpoLEHHasa anekTpoTensioBas MOAesib COTHEYHOMO KOJINEKTOPA,
a — )19 NJIOCKOro COJIHEYHOro konnekTopa; B —ansa BOCK,

20e R- U, — noanwuii koa¢puyuenm menroswvix nomeps BOCK, Bm/K, sxeusarenmmoe mepmue-
cKOe conpomusAenue menionepedaqu om abcopbepa k okpyxaroueii cpede, K/Bm
IlepepaTouHast pYHKIHS AASL BAKYYMHOTO pPaKTAABHOI'O COAHEYHOTO KOAAEKTOPA CTPOUTCS Ha

OCHOBE 9KBHBAAEHTHOM cCXeMe

PucyHok 3. BOCK

ITepedamounbviii yHKyUs OAS COAHEHHO20 KOAAEKIMOPA
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Tabnmua 1. — CBA3b MFHOBEHHbIX 3HAYEHUIN HANPSXXEHUI 1 TOKOB Ha 9f1IeEMEHTax

Pesuncrop
J ip u, =Ri, i, = Ru,
Karymka
HHAYKTHBHOCTH
. di
J Iy u, = L% i :Iijn_.a’;
Kounnencarop
l i L. _ L,
T ' Uy = FIJ{-d.r ic=C 7t

3anucaTh ypaBHEHHS MAaTeMAaTHYECKON MOACAH,
OITPEAEAUTD IIEPEAATOYHYIO PYHKITHIO AASI COAHEY-

Te

HOTO KOAAEKTOpa, TIPHBEAEHHOTro Ha (pHcyHke
2.1), npu r, =1, =1xOm; C, =C, =C, =1 mx.

—L |

M o

PucyHok 3. OkBMBaneHTHas cxema COIHEYHOr 0 KoJsiekTopa
I - coaneunas uncorsyus; Q — noAE3HAS IHEP2USL; T~ CONPOMUBAEHUE CIMEKAG; T\ — BHYMpEHHEee
conpomusaenue nosumeproix mpy6; C, C, C, - conpomueaenue 800bL

1. BIXOAHOT! BEAUYHHOT OYAET S9HEPTHSI COA-
HeyHO! nHcoAsnuu ( monaaaomye Ha anepryp-
Hy!0 maomaab koHeHTparopa BCOK. Bxoanbmm
BO3AEHCTBHEM Oyae COAHEYHAs] MHCOASIMS I .
ITO OYAET HCTOYHUKOM TOKA AASI CXEMBI ITOKa-
sanHoit Ha (puc. 3).

2. 3anumem AuppepeHInasbHbIE ypaBHEHUS,
XapaKTepU3yIolKe IMPOLeCcChl, MPOTeKAIUIe
B IIeIIH, BbIPa3UB COIPOTHUBACHUS C IIOMOINBIO

onepaTtopa Au$pPepeHIMpOBaHKS, COTAACHO Ta-
6anLe 1, 3ameHs1s onepariio AudpepeHIupoBa-
HUS Ha P.

3. 3anuieM COIpPOTUBAEHUE Z, IIPU ITapaA-
A€ABHOM COGAVHEHUH 9IAeMEHTOB:

Z, =p(C,+C,+C,)

(1)
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@ [l

Je e

PucyHok 4. OkBMBaneHTHass cxema COIHEYHOrOKOIEKTOPA

3amunieM CONMpOTHBACHUE Z, B KOHType:
1 1 1 1 1
_—_+_:— =
Z, r, Z, r, p(C+C,+C,)
_p(C+C,+Cy)+r,
B rp(C,+C,+C,)
_p(C+C,+Cy)
2 p(C +C,+C,)+r

(2)

3anumem Z,;,, CONPOTHBACHHE B KOHTYpe:
rp(C +C,+C
oo = HL =T pElIC)l(;C2 +2C3)j-)r B
rc(p(C1 +C, +C3)+r3)+r6p(C1 +C,+C,)
p(C +C,+C,))+r
HaxoAUM OrAOLIAIOIYIO CIIOCOOHOCTD, AeHi-

V4

(3)

CTBYIOIHYIO Ha COAHEYHOTIO KOAAeKTOpa:
I _ .
e )
p(C1 +C, +C3)+r

r(p(C +C,+Cy)+r,)+1,p(C, +C,+C,)

Q=

*

HaXOAI/IM ITOTAOIIAIOITYTO COAHEYHbIN MHCOASI-
oy, AeﬁCTBymHIYIO Ha COAHEYHOI'O KOAAEKTOpaA:

[ =©*Z, =

p(C +C,+C,)+r,
r(p(C,+C,+Cy)+r, )+ p(c +C,+C,)
. (G +CHC) ()
p(C,+C,+C,)+r

*

=I*

I"rﬁp(C1 +C2+C3)
r.(p(C,+C,+Cy)+r,)+1,p(C +C,+C,)

HaxoAUM TeMAOBBIX TIOTEPh, ACHCTBYIONIYIO
Ha COAHEYHOTO KOAAEKTOpA:
[
1= =
I*rp(C +C,+C,)
- r.(p(C+C,+Cy)+r,)+1,p(C,+C,+C,)
* 1 -
p(C +C,+C,)
B I*r,

- r(p(C,+C,+Cy)+r,)+1,p(C +C,+C,)

(6)

3amunieM MOA€3HYIO d9HEPIHUIO:
— * —
Q=y*Z =
I*r

— 8 *

r.(p(C,+C,+C,)+r,)+1,p(C,+C,+C,)
“p(C,+C,+C,)=
_ I*rp(C+C,+Cy)
p(Cl+C2+C3)(r[ '”6)"'75"6

(7)

4. 3anuureM OKOHYATEABHYIO IIEPEAATOUHYIO
(YHKIIHIO, KaK OTHOIIIEHUE BXOAA K BBIXOAY U pac-
KpOeM CKOOKH B 3HAMEHaTeAe:

r.p(C +C,+C,)

g: 8 1 2 3 (8)
1 p(Cl+C2+C3)(rC +r6)+rcr5

S. HOACTaBI/IB YMCAC€HHDBIE 3HAYEHH, TIOAYIHM:

3 r@p(C1 +C, +C3) _ 3p (9)
Cp(C+C+C) (x4 )+, 6p+10°

C
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3 [ ]
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PucyHok 5. Mogens BOCK B npunoxenun Simulink nporpammsl Matlab

PucyHok 6. 'padpuk nonyyeHmne none3Hom TensnoBon aHeprum Ha BAOCK

C moMomIbIo AAHHOM MOAEAH OIleHEHbI 9Hep-  PacueTsl MPOBOAMAUCDH AASL COAHEYHOM MHCOASI-
reTudeckue xapakrepuctukn BOCK umeromas  1uu nokasaxHoit Ha (puc. 7)
TpH GPAKTAABHO PACIIOAOXKEHHBIX a6COpOepoB.

" Br/m?
400

350
300
250

200 ——CONHeYHan
150 WHCONMALMA

100
50

0

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Bpewms# cyToK, gac

PucyHok 7. CyTo4Hasa conHe4vHas nHconsauuvs onsa r. TypkectaH(1.03.2023)
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Tabnuua 1.— DHepreTnyeckme xapaktepmuctnkm BAOCK ¢ Tpems abcopbepom

OHepreTuyeckue Boenst cvIoK
xapakrepuctuku BOCK P Y
10" 117 12% 13% 14% 15% 16" 17%
IfH, Bm/m’ 180 200 250 300 350 300 250 200
R 2,56 2,18 2,09 2 2 2,09 2,18 2,56
tokp,°C 8 9 10 11 12 13 14 13
1M Bm /[’ 460,8 436 522,5 600 700 627 549,4 512
I, Bm/ M 354,8 335,7 402,3 462 539 482,8 423 394,2
y.",Bm/ M 312 306 300 294 288 282 276 282
QZI ,Bm | M S 3,5 11,9 19,6 29,4 23,5 17,2 13,1
Q,’:Z ,Bm | m* 6,2 4,3 14,7 24,2 36,1 28,9 21,2 16,2
Q' ,Bm/m’ 7,3 S 17,5 | 287 | 429 | 343 | 251 | 192
QfOTme | m* 27,7 19,2 66,3 108,8 162,6 130,1 95,2 72,7
Q:M,Bm | M 46,2 31,7 110,4 181,3 271 216,8 158,7 121,2
n.,% 8,3 6,1 17,5 25,1 32,3 28,8 24 19,6
n.>,% 8,3 6,1 17,5 25,1 32,3 28,8 24 19,6
n.,% 8,3 6,1 17,5 25,1 32,3 28,8 24 19,6
N, % 12,5 91 26,4 37,7 48,3 43,2 36 29,6
Nosus s 0 20,8 15,2 43,9 62,8 70,6 72 60 49,2
Q" Br/m?
50
45
40 /N
35 L8
30 / \\
2 ///'\ i\ —+—nepeoro abcop BOCK
20 // \\\:\\ -s-gToporo abcop BOCK
15 /,/‘///' W ——TpeToro abcop BOCK
0 / // T~
s =
0

10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00
Bpems cyrok, 9ac

PucyHok 8. MonesHasa MOLLHOCTb KaXaoro abcopbepa ¢ Te4eHme CyTOHHORO BPEMEHN
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BpiBoabI. PesroMupys MoXeM CKa3aTh, 9TO Ma-
TeMaTHUYecKas MOAEAb HOBOTO THIIA COAHEYHOTO
KOAAEKTOPA OTpaKaeT GPU3NIECKYIO CYTb IPUHITH-
ma ero paborsl. Ecau mpoaHaAmsupoBaTh KOH-
crpyxuuto BOCK, koTopsiit umeeT abcopOepsl u3
IIOAMMEPHBIX TOPHOAAABHBIX TPYO PacIIOAOXKEH-
Hble (pPAKTAABHBIM 00PA30M Ha ITAPAOOANIECKOM
KOHIIEHTpaTe, MOXKHO TOHATb 3PPeKTUBHOCTDH
aTOM reAnoycTaHoBKH. I [puHIMI MocTpoeHue Ma-
teMmarudeckor mopear BOCK ocuoBan anaaoro-
BOMY IIPEACTABAEHHSI T€AOYCTaHOBKH ITAPAAACAD-
HOMY COEAMHEHHIO KOHAeHcaropoB. Takoe
npeactaBaeHrie BOCK paeT BO3MOXHOCTD TIO-
CTPOEHHMIO IIepPeAATOYHOM PYHKIIMU IPEAAOKEH-
Hol reanoycraHoBKkH. [ loAydeHHbIe sxcrIeprMeH-
TAaABHbBIE AQHHBIE IIOATBEPAMAH OOBEKTHBHOCTb
PpE€3yABTaTOB BHIYMCACHHOM CO3AAHHOM MaTeMaTH-
JecKoi MoaeAbio. I1o pesyabraTaM HCIIBITAaHUI

BO®CK B BBIHY>KAGHHOM pesKrMe HarpeBa COAHed-
HbIM H3Ay4eHHeM IIPU HyA€BOM PACXOAE BOADI, T.€.
IIPH IIOAXOASIIIIMX BHEIITHUX YCAOBHISIX ITO CTAOUAD-
HOCTU COAHEYHOTO H3Ay4YeHUs M TeMIlepaType
OKpYy>Karomiei cpeAbl. F3MeHeHNs BHEITHUX yCAO-
BHI1 OTPa’kaeTcsl Ha CONPOTUBACHUSX 7. U 1, . Ipa-
¢uKa BBIPAaOOTKY ITOAE3HO IHEPTHH PPAKTAAD-
HBIX abcopOepoB OYeHb XOPOIIO IIOKA3bIBAET
AuHamMuKy paborst BOCK.

B aaAbHeiIIeM IPEACTaBASIeTCSI HeOoOXo-
AMMBIM YCOBEpPUIEHCTBOBATb IPEAAOKEHHYIO
MaTeMaTU4eCKyIo MoAeAb. Tak kak, MaTeMaTH-
4ecKas MOAEAb IIOMOTAaeT, TOYHO IIPeACTAaBUT
QU3HIECKYIO CyTh MOAEAUPYEMOTO OOBEKTA HAH
SIBA€HUS, TO UMeeT CMbICA YCOBEpUIEHCTBOBATh
MaTeMaTH4YecKyIo MOAeAb. B cBoro ouepeab aTo
IIOMOTaeT MCCA@AOBATEAI0 COKOHOMUTDH PUHAH-
COBBI€ PACXOABL
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PACMPEAEJIEHHAS FTEHEPALUSA QHEPI'MU HA BA3E T'MBPUAHON
BETPOCOJIHEYHOWN QHEPTETUYECKOMW YCTAHOBKMU

AHHOTaI.II/ISI. B pa60Te PaCcCMOTPEHDI BOIIPOCHI CBA3aHHBIE C PA3BUTHEM MaAOM 9HEPIreTHUKH, Ha-

3bIBaeMblil pernoHaAbHOl renepanyuu anepruu(PTD). Ilpeasaraercs rubpuaHas BETPO COAHEYHA

ycranoska(I'BCIY), renepupyromas saeKTprueckyto sHepruto B cucreme PI'D. [Ipu aTom i axcre-

PHMEHTAABHO [TOKa3aHa oHepreTudeckue mpeumymectsa 'BCOY or BOY. YkaspiBaercs, uro mpeaso-

>xeHHas cucteMa PI'D paboraeT HelmpepbIBHO BHe 3aBUCHMOCTH OT IIOTOAHBIX ycAoBuiL [IpessaraeTcs

MareMaTndeckas Moaeab 'BCOY u packpriBaercs MopyabHast KoHCTpyKims PI'D. Ha konnenTyaasn-

HOM YPOBHE, IIPUBOANTCS METOA ITOAKAIOUECHHM S 9TOM CUCTEMBI B 06111}7}0 PaCIIpEACAMTEADHYIO CETD.

KaroueBbie cAOBa: PacCIpeACANTEADHDIEC CHCTEMDI T€HEPATHH, MATEMATHIECKasd MOAEAD, pacCIipe-

AEANTEADbHASI CETb, MOAYAbHASL KOHCTPYKIIMA, CXEMOTEXHUIECKNE PEIICHM.

Beepenue. Ilpobaema sneprocbepesxeHus
CETOAHSI CTOUT CETOAHSI O4€Hb OCTPO, TaK KaK
IIPOMBILIAEHHOCTD M TEXHOAOTHHU IIOCTOSIHHO
Pa3BHBAIOTCS, 2 9TO BEAET K CYIeCTBEHHOMY
YBEAMYEHHIO PACXOAOB 9AEKTPOIHEPIUH, YBEAU-
YEeHHIO 3aTPAT IPEATIPUSITISL K POCTY CTOUMOCTH
IIPOAYKIIUH, BBIITYCKaeMOIt IipeAprsiTreM. B yc-
AOBVSIX PACTYIell KOHKYPEHI[HU IPEATPHSTHS

BBIHY>KA€HbI HCKATb ITyTH CHIDKEHHSI S9HEepPIoIIo-
Tpebaenns [1]. TeHACHIMS Pa3BUTHS SAEKTPO-
9HEpPreTUKU B MHpE CBSI3aHbI C yBeAUYEHHEM
He TOABKO MAaCIITa0OM IIPOU3BOACTBA dAEKTPO-
9HEPTUH U3 TPAAULIMOHHBIX KPYIHBIX dACKTPO-
CTaHIMAX, HO U AoAu PI'D paboTaromas Ha oc-
HOBe BO30OHOBASIEMBIX HCTOYHUKOB SHEPIHU
(BUD) [2]. ITop TepMuHOM «pacripeAeAeHHAs
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reneparnus aHeprun> (PT'D) B pabore monuma-
eTCsI yCTAHOBKHY, BRIPA0OaThIBAIOLINE JAEKTpUUe-
CKYI0 9HEpIHIO BOAU3U TOUKU oTpebaenus [3].
Kax yxe ormernan PI'D - ato rubpuaHsie
CHCTEMbI 9HEePrOCHAOKEHUsI, 0ObEAIHEHHbIE U3
Pa3AMYHBIX HCTOYHHKOB dHEPIMH, KOTOPbIE I1O0-
CTPOEHDI B HEIIOCPEACTBEHHOI OAM30CTH OT I10-
TpeOuTeAel 1 MAKCUMAABHO BO3MOXKHOII CTeTIeHH
YYUTBIBAIOT UX UHAUBHUAYAAbHBIE OCOOEHHOCTH
C TOYKHM 3PeHHUs MOIFHOCTH U Mpoduast. Poct ooan
PI'D B sHepreTH4ecKHx CCTEMAX He TOABKO HMe-
eT IOAOXKUTEeAbHbIE CTOPOHBI, HO U CO3AAeT OIpe-
AeAeHHBbIe TeXHUYeCKHe IPOOAeMbI, CBSI3aHHbIE
C U3MEHEeHMSMH CBOMCTB CHCTeM, MX BO3MOXKHO-
CTSIMH YIIPAaBACHUS B HOPMAABHBIX U ABApUIHBIX
ycaoBusx [4]. TIpo6aemsbl yripaBAeHUSI TAKUMH CH-
CTeMaMU 9HEeProCHA0XXeHNUs, AASI KOTOPBIX XapaK-
TepPHBI 3HAYUTEAPHOE TEPPUTOPHAABHOE pacIpe-
A€AeHHe U HEOAHOPOAHOCTD, OYE€Hb aKTYaAbHO.
HeoaHOPOAHOCTD CHCTEMBI MOXKET OBITH CBSI3aHA
C ICIIOAb30BaHUEM BO300OHOBASIEMBIX HICTOYHHKOB
SHEpPIHMH, TAKMX KaK BETPOBbIE, COAHEdHbIe [S].
OcnoBHol1 oTanunTeAbHOM yepToii PI'D ocHoBaH-
HbIx Ha BHIO, siBAsIeTCsI cTOXacTHYeCKUI XapaKTep
IIapaMeTPOB MCTOYHHMKA IE€PBUYHOM OJHEPIHUU.
[ToaTomy aHeprus reHepupyemMas U3 BO30OHOB-
AsIeMBIX UCTOYHHKOB, CO3AA€T HOBbIE IIPOOAEMBI
TIepeA ¥ TaK yoKe [eperpy>keHHO ceTbio [6].
Kak mu3BecTHO, 3apaueii COBpeMeHHbIX dHep-
FeTHYEeCKUX CUCTeM SIBASETCSI, IIOCTOSIHHOe ba-
AQHCHPOBaHHE CIIPOCa IIPEAAOXKEHMsI, THOKOe
YIIpaBA€HHE CEThIO U OOecliedyeHre ONTUMAAD-
HOTO YPOBHS 9Heproap$eKTUuBHOCTU. ITH IPO-
GAEMBI MOT'YT OBITH pelLlIeHbl, HO B TO K€ BpeMsI
AMCIIETYEPCKOE M aBTOMAaTHUYeCKOe YIIPaBACHUE
9HEePreTUYeCKOI CHCTEMOM YCAOXKHSIETCsI, He00-
XOAUMO Pa3paboTaTh HOBblE MaTeMaTHYECKHe
MOA€eAU AAsT 06HOBAeHMs passuTisi PI'O u npo-
AQHAAM3UPOBATh UX PEXKHUMBI U YIPABAATb UMU

[7]. OcroBroit MOAYADb At060i1 PT'D aBastoTCs
9Heprusl reHepUpyIOIIUe YCTAaHOBKH, BbIpaba-
THIBAIOIIME dIAEKTPUIECKHe, TETIAOBbIE B PA3AHY-
HbIx pexxumax [ 8]. Ha ceropns cymectsyromum
BeTpO sHepreTudeckum ycranoskam (BAY) tpe-
OyeTcsl yBeAndeHUsI KOIPPUIIIEHTA IIOAE3HOTO
AEICTBHS, M KO3PPHUIIMEHTA UCIIOAb30BAHUS Be-
TPOBOM SHEPTUU AASI BBIPAOOTKU HeOOXOAMMOe
IIOTPEOUTEAI0 SAEKTPUUYECKON SHepruu. Tem
CaMbIM MbI MOXKeM IOBBIMATh 3$PEKTUBHOCTD
pabors! cuctemsr PT'D.

ITeAbro paboThI siBAsIeTCSI padpaboTka ru-
OpPHAHOI BeTPO IHEPreTHUYEeCKYI0 YCTAHOBKH
paboraromas Ha 6a3e BO30OHOBASIEMbBIX HCTOY-
HUKOB 9HEpPTHUH.

Mertop, pemenne. Ha (puc. 1), a nokasan
BOY BripabarsiBaromast 9AeKTPUIECKYIO dHEP-
TUIO MCIIOAB3YS BETPOBOM MOTOK. AASI OBbIIIe-
HHS K.ILA. 9Toro BOY, Ha 6a3e aroro xe BOY
KOHCTPYHUPOBAAU IHOPHAHYIO BETPO 9HEPreTH-
yeckyto ycranoBky(I'BCJY) nokasanHo#t Ha
(puc. 1,6). [ae AoTIacTH 3aMEHUAH HA MATHATHYO
AOTIAC, YTOOBI MATHUTHbIE IOTOKHU TIOPOXKACHHBIE
MATHUTHBIMU AOIIACTSIMU ITepeceKaAu OOMOTKY
MAarHUTHOM KaTYLIKU YCTAHOBACHHBIMU HAA Ie-
HeparopoM BOY. Ha mauTax npuxpurnean coa-
HeYHble ITAHEeAH, C IIeAbIO BBIPAOOTKH MOCTOSIH-
HOro Toka. Takas 'BCOY nmeeT BO3MOXHOCTD
OAHOBpPEMEHHO BbIPabOTATDh TPHU THIIA TOKA, TEM
CaMbIM yBeAM4YMBaeTcs K.11.A. BOY u nmosbimaer-
cs1 9P PeKTUBHOCTb MCIIOAb30BAHMS BETPOBOM
¥ COAHEYHO oHeprum. B paborax [9; 10; 11; 12]
npeaAOKeHa Takast rubpupanas BOY. Kak yxe o1-
MeTHAH, Takoil [ BCOY BripabarbiBaeT TpH THIIA
TOKA: IIepeMEeHHBIN TOK i, U3 reHepaTopa, mepe-
MEHHBIN UHAYKIJMOHHBIA TOK i2 U IIOCTOSTHHBIMN
Tok I u3 coaneunoit maneau(puc. 1, 6).

Yro6s1 moxasats a¢pPexrusroCcTr ' BCIY MBI
IIPOBOAMAU 3KCIIepUMeHT. B akcriepumenTte BOY
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u I'BCOY HaxoAHANCH B OAMHAKOBBIX YCAOBHSIX.
V13MepsiAnCh TOKU BBIPAOOTaHHbBIE TEHEPATOPOM,

'tr.]’t — GE)

L

]\ L LW 1 4.0 a8 W e

X

o

MAarHUTHOM KaTyIIKX U COAHEYHOM IaHeAu. F3-
MepeHHEe IIPOBOAMAUCH KaJKABIH Yac.

6)

PucyHok 1. a), B3Y, 6), FBC3Y
30ecv: 1 — maznummbiii Aonac; 2 — undykyuonnas kamywka; 3 — eenepamop; 4; S — Coaneunvie
pomonanesu; 6 — mauma BOY; 7 — kopobka nepedau; 8 — nodwiunux puickanusy; 9 — nepsutHuiii 6a.4;
10 — mypma; 11 — mexanuseckuti mopmos; 12 — ear zenepamopa; 13 — KpoLAbHamKu; i, — mox u3 2eme-
pamopa; i, — mox u3 MazHUMmHot kamywxu; I — mox us corHeuHotl naneiu

Pe3syabTaThl HCCACAOBAHUS

1. Mamepsiaach BBIPAOOTKU TOKA, HAIIPsDKe-
HUH 1 MOIJHOCTH COAHEYHO! ITAHEAU B T€YeHUU
cyTKu. VsmMepeHus MpoBOAMAACH KaXKABIH 4ac.
[ToAyueHHbIe AaHHBIe TTOKa3aH Ha (Tab. 1), rae
IO OCU OPAMHAT ITOKa3aH BpeMs H3MepeHUs, 110
OCH abIMCCHI TOKAa3aH BEANYHHA BRIPAOOTaHHO-
ro TOKa COAHeuHOH maHeAn. CKOpPOCTb BeTpa

4 M/ cex — 16 M/ cex, MHCOASILINSI COAHEYHOM 9HEP-
rmn Q =... ... Ha (puc. 2), mokasaH u3MeHeHUs
BBIPAOOTKU TOKA COAHEUHOI IIAHEAU B TEYEHHUU
cytku. Ha (puc. 3), mokasan usMeHeHMs HaTIpsi-
xeHus B TedeHun cyTku. Ha (puc. 4), mokasan
M3MEeHEHIsI 9AeKTPUIECKOM MOIJHOCTH BBIPAbo-
TaHHAasI COAHEYHOM MTaHEeAH.

51



Section 5. Electrical engineering

It Br/m?
400

350 /\
200
250 /

200 — +
150

100
50

D T T
10:00 11:00 12:00

13:00 14:00 15:00 16:00 17:00
Bpems cyToK, gac

—+-ConHeyHaa

HMHCOMAUMA

PucyHok 2. CyTo4Hasa coniHeYHas
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PucyHok 3. N'padpumk 3aBUCUMOCTU

BbIpabOoTKM TOka I(A) cCoOnHeYyHOW naHenu ot
CYTO4YHOI 0 UBMEHEHUS MHCOSLMU COJTHLA

Tabnuua 1.— BbipaboTaHHaa anekTpuyeckas 3Heprmsa COTHEYHOM NaHenmn

t, Bpems 10:00 | 11:00 | 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00
I (mA) 0,07 0,08 0,09 0,1 0,12 0,12 0,1 0,08
U (V) 7,12 7,35 7,55 7,65 7,83 8,02 7,73 7,5
P (Wt) 0,5 0,585 | 0,688 | 0,765 0,94 0,96 0,773 0,6
u(v) P(wt)
B2 1,2 |

B

1 }

TE8 |
76 | 08 |

7.4 |

7.2 |

68 |

6.6 °
10:00 11:00 12:00 13:00 14:00 1500 1600 17:00

t, car.
——U(v)

PucyHok 4. 'padunk n3MeHeHs
U(V) HanpsXeHus, CONTHEYHON
rnaHesnn B Te4eHme aHs

06 |

04 |

0,2 |

10000 11:00 12:00 13:00 14:00 15:00 16:00 17:00

p(Wt) t, car.

PucyHok 5. N'padprk nameHeHus
BbIPpabOTKM MoLHOCTU P(Wh),
COJIHEYHOV NaHenn B Te4eHme OHS
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2. VIamepsianch BbIpabOTKH TOKa, Hampspke-  TopoM BAY. I[ToAyueHHbIe AQHHbBIE OTPaKeHBI Ha

(Tab.2).

Tabnunua 2.— BeipaboTka 3n1eTpruyeCcKom 3HEPrum reHepaTopoOM
B3Y B 3aBUCMMOCTM OT CKOPOCTU BETPA

HHMH U 3A€TPHUYECKON MOIJHOCTH BeTpOreHepa-

v (m/s) 4 6 7,5 8 13 16
I (A) 0,425 0,631 0,716 0,743 0,828 0,91
U (V) 1,3 2,01 2,54 3,05 3,26 341
P (Wt) 0,55 1,27 1,81 2,27 2,69 3,1
1 8,9t
03 0825 Y
' 0743
E:? 0631
06 —
05 | 0425 e
04 P
03
02
01
0 . . . .
a 6 7,5 8 13 16
——1(A)
4 3,5

2,5

1,5

15 ;f /
1 1 u,::/
0,3 05
o T o T T T T T 1
4 6 7.5 = 13 16 3 6 7.5 8 13 15
—— | | W'] —— tht]

PucyHok 6. 'padpurk 3aBUCUMOCTU BbIpabOTKa SN1EKTPUHECKON SHEPTUN FTEHEPATOPOM
B3Y o1 ckopocTu BeTpa. 3aechb cuiibl Toka | — Tok, U — HanpsxxeHmsa n P — MOLLHOCTb

3. HMamepsianuch BbIpabOTKA 9AETPUYECKON  CTH OT U3MeHeHMs CKopocTy BeTpa. [ToaydeHHbie

snepruu BerporeHeparopa [BCOY B3aBucumo-  AaHHbIe TOKasaHbl B (Ta6. 3).

Tabnuua 3.— 3HavyeHuns BbipabOoTaHHbIX TOKOB, HAMNPSXEHMN U MOLLIHOCTM
MBC3Y B 3aBUCMMOCTU M3SMEHEHUA OT CKOPOCTU BETPA

v (m/s) 4 6 7,5 8 13 16
I (A) 0,485 0,681 0,746 0,793 0,838 0,95
U (V) 1,6 2,21 2,74 3,15 3,46 3,61
P (Wt) 0,776 1,505 2,05 2,5 2,9 34
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PucyHok 7. 'padumk 3aBMCUMOCTI BbIPpabOTKa 9NEKTPUHECKO SHEPTUN
reHepatopom MBC3IY oT 3aBUCUMOCTU CKOPOCTK BETPA. 34ECH CUIbI
Toka I(A) —Tok, U(V) — HanpsxeHua n P(Wt), — MOWHOCTb
4. VIaMepsIAICh BBIPAOOTKA IAEKTPHIECKOI 9HEPIUH MAarHUTHOM KaTyIuKoit. [ToAydeHHbIe AaHHBIE
IIOKa3aHbI Ha (Ta6. 4).

Tabnuua 4.— 3Ha4yeHns BbipabOoTaHHbIX TOKOB, HAMNPSXEHMN 1 MOLLIHOCTM
MarHmTHoOM katywkon MBC3Y B 3aBUCUMOCTM MSMEHEHMS OT CKOPOCTM BETPA

v (m/s) 4 6 7,5 10 13
I (A) 0,21 0,26 0,39 0,43 0,57
U (V) 0,87 1,1 1,36 1,44 1,62
P (Wt) 0,1827 0,286 0,5304 0,62 0,9234

06 057 18 162

0,5 0,43 / ;’z 136 _—1-:"""_'-"4L

04 0139"/ 1:2 /1:/ —

03 o,f/‘l?/ 0,:» O’i?/

‘ == |[A) I = (V)
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PucyHok 8. 'padunk 3aBMCUMOCTI BbIPpabOTKa SNEKTPUHECKON SHEPTUN
MarHuTHom kaTtywkon NBCIY oT ckopocTm BeTpa. 34eChb CUJibl TOKA
[(A) —ToK,, U(V) — HanpsxxeHna n P(Wt), — MOLWHOCTb

Tabnnua 5.
v (m/s) 4 6 7,5 10 13
I (A) 0,18 0,21 0,34 0,40 0,5
U (V) 0,8 1,01 1,3 1,4 1,585
P (Wt) 0,108 0,2121 0,442 0,56 0,775

Taxum 06pasoM, BbIpaOOTAHHASI IAEKTPHU-
yecKast MOIMHOCTh BOY B 3aBUCHMOCTH OT CKO-
pocTu BeTpa BbIPAOOTAHHASI IAEKTPUYECKAS

2

mourHocTs 'BCOY B 3aBucHMOCTH OT ckOpOCTH
Berpa. 113 aT0i1 TabAMIIBI BUAHO 9 PEeKTHBHOCTB

I'BCOV.
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== BAX MBCIY
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PucyHok 9. NokadaHa cpaBHeHns BAX B3Y n 'BC3Y

IIpexxae 4eM CA€AATh KOMIIBIOTEPHYIO MOAEAD
THOPUAHOI BeTPOIHEPreTHIeCKON YCTAaHOBKU
PacCMOTPUM MPOLIEAYPY MAaTEMAaTHIECKOTO MO-
Aeanposanusa 'BCOY.

ITpepsaraemast MOAEAD OCHOBBIBAETCSI CAEAY-
o1eln OAOK cxeme
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PucyHok 10. bnok cxema NBCY
KU - kamywixa undykmusrocmu, BI' — sempozenepamop, CII — coaneuras nanesv, BIT - svinpamu-
meav, OC — purvmp ceaamusanue, PH — pezyrsmop nanpsowernue, AKD — axkymasmopras 6amapes,

AU — asmonomuuiii unsepmop, I1 — nompebumenn

Ha ocnose 6a0k cxembt TBCY (puc. 10) mo-
CTPOHAM dAeKTpHIecKyIo Moaeab 'BCIY, Ha ocHo-

i 2
e a

——1uF %wom} S0
GEHERAT: 1
4840 -z Peg . '

AT USH
2045 1 HZ0 Deg

i
1kt " sy

)

Be KOTOPOH MOXKHO OYAET IIPEAAOXKUT METOA TIOA-
KatoueHs PI'D B 00IIMIO pacIIpeAeAUTEABHYIO CeTh

1k ohm J

-

FOTC PA
i

PucyHok 11. QnekTpunyeckas moagens N[BCIY
Ha ocHoBe nporpamma Electronic Workbench

Ha pucyHKe BbIAEACHO 1O HOMEpalUAMH
KaXKAasl 9acTh dAeKkTpudeckor cxemsl [BCOY.
Bbipa6oTaHHOe HATIPsSKeHHeE U3 KaTYIIek, reHe-
paTop u coaHeunbrit maneau (1), BBIIpsMAseTCS
Ha AMOAHOM MocTe (2), BHIIpsAMAEHHO® Hamps-
KEHHS CTAQKUBAET Yepe3 QUABTP CrAQKMBaHHU-
em (3), crAa>keHHBIN HANIPsDKEHUE TIPOXOAUTD
yepes peryasTop Hanpsbxenue(4) u sapskaer
akkymyasTopHOro 6a0ka(S). [ToAydenHsiit mo-
CTOSHHBIIt TOK TPeo6pPasyIOTCs Ha UHBEPTO-

py(6) 1 mepepaércs nepemeHHOe HaNIpsKeHUE
k norpeburearo(7).

VIcX0A st M3 9AEKTPUYECKOM MOAEAH ITOKA3AH-
HoM Ha (puc. 11) MOXHO TPEAAOKHT METOA TIOA-
katogeHnss [ BCIY ycTaHOBKY B 061myt0 pacmpe-
AEAUTEABHYIO CETb.

CpaBHHUTEABHBINT aHAAM3 CXeM ABTOHOMHBIX
I'BCYY noxkasaa, 4To HarboAee MepCreKTHBHBIM
CII0COOOM COTIPSDKEHMS YCTPOCTB BBIPAOAThIBAIO-
X 9AeKTpHrdecKyto aHepruo B 'BCOY aBasercs
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HCIIOAb30BaHHE IIPOMEXYTOYHOM BCTaBKH ITOCTO-
SIHHOTO TOKA. B aTOM cayuae PI'D Ha 6a3e TBCIY
MOKET OBITH TOCTPOEH II0 COBOKYITHOMY ITPHHIIU-
ITy, ACTKO MACIITaOHPyeTCst ¥ IIPU HEOOXOAUMOCTHU
nepecTpauBaercsi. Kpome Toro, MoxxHo 06bean-
HUTb CTPYKTYPY U KOHCTPYKIJHIO SAEKTPOHHBIX
CHAOBBIX IIPe00pa3oBaTeAeit AASI MOAEABHOTO PSIAQ
MomHocTeH. McroAb3oBaHKe BCTaBKM ITOCTOSIH-
HOT'O TOKA II03BOASIET OoAee IIPOCTO CyMMHUPO-
BaTb U PaCIPEACASTb IIOTOKHU IAeKTPOIHEPIUH 13
reHepHUPYIOLUNX UCTOYHUKOB 1 BHEAPSTD 3 Pek-
THBHbIE METOADBI YIIPAaBACHHS AASI STOTO ITpOILjecca.

ITpeanoxennast Hamu PI'D paboraromas Ha
6asze [BCIOY nokasau Ha (puc. 9).

PI'D paboraromast Ha 6aze 'BCOY Bsipa-
OaTpiBaromasi IOCTOSHHYIO MU IlepeMeHHYIO
3AEKTPUYECKYIO0 9HEPTUIO0 COCTOUT U3 MayThl 1,
COAHEYHbBIE NTaHeAW 2, MarHUTHBIX AOIacTel 3,
ACHHXPOHHOTO ABUTaTeAs 4, MHAYKIIMOHHOM Ka-
TYLIKU S, BBIIPAMUTEAD 9, 15 mKHa IOCTOSHHOTO
TOKa, uHBepTOp 10 c mepekaroyareaem 11, morpe-
6uteas Toka 220/380 13, morpebuTeas ToKa 6
nau 10 KBt 16, 6A0K Hakorureas sneprun( BHI)
14 n akkymMyAaaTOpBI 12, TOUKM IOAKAIOYEHHS
CAEAYIOIIUX THOPHUAHBIX BETPOYCTAHOBOK 17.

OTa cucTeMa paboTaeT CAAYIOMUM 00pa3oM.
IToa peficTBHEM BeTpa MarHUTHbIE AOTIACTH 3 BbI-
pabarpiBast epeMeHHBIN AeKTPUIECKUI TOK 7
C TIOMOIIIbIO ACHHXPOHHOIO ABUTaTeAs 4, U BO-
KPyT cebsl CO3AaeT MarHUTHOE IIOA€, KOTOPBII
nepeceKasi 0OMOTKU MHAYKIIMOHHOM KaTYIIKY,
BbIPA0ATHIBAET IIePeMEHHbIN HHAYKIJIOHHbII TOK
8. IToCTOSIHHBIH TOK, BBIPAOOTAHHBI, HA COAHEY-
HBIX [TAHEASIX 2 yepe3 KOHTPOAAep 9 mepepaeTcs
Ha MMHY IOCTOSAHHOTO Toka 15. M3 munpI TOk
nopaercst uHBepTOpy 10, M mepeMeHHBIN TOK
220/380, mau 6-10 KT mopaeTcst morpebuTeAsim
13 nau 16. 136b1TOUHAS 9A€KTpUYeCKast JHEPIUSL
HakarauBaetcsi B 6Aok BHO, nmeromas aAByxcTo-

POHHYIO HanpaBAeHHOCTb. K 17 mopkarouaroTcst
AOTIOAHHTeAbHbIe THOpHAHBIEe BOY.

CyMMupOBaHIe MOLIHOCTU BHIPaOOTAHHOM
aaekTpoaHepruu arperaramu I'BCOY ocymecr-
BASIETCSI Ha IIMHE ITOCTOSIHHOTO TOKA, K KOTOPOM
IIOAKAIOYAETCsI Harpyska notpebureas. Coaneu-
Hble [IAHEAU B 9TOH CXeMe BbIpabaThIBaeT IOCTO-
siHHBIN TOK, Ieneparop BOY moxer paborars
C M3MEHsAEMOM YaCTOTOM BpallleHHs BaAa, AAS
Yero ero BBIXOA ITOAKAIOUEH K IIMHe IIOCTOSHHO-
IO TOKa yepe3 KOHTPOAAEP.

Ilpu moAKAIOUEHHM K PacIpeAeAHTEeAbHOMN
cetu 'BCOY opHOI M3 OCHOBHBIX 3aAa4, KOTO-
pble HeOOXOAUMO BBIITOAHHUTb 32 KAKABII pacyer-
HOTO, SIBASIETCS paclIpeAeAeHHe HaTPY30K MeXAY
reHepUpYIOIUMHU arperatamu(reHepaTop, UH-
AYKLIMOHHASI KaTyIIKa, COAHEYHbIE TIAHEAH). DTO
OCYIIIECTBASIETCS CACAYIOIIEMY METOAY:

1. Onpepeasiercst (Ha OCHOBE KAUMATHYECKHX
YCAOBHI M aCTPOHOMUYECKUX TapameTpoB CoaH-
1le) IOTEHIJHAABHO BOSMOXKHOE FeHePUPOBAHUe
mommuaoctu 'BCIY.

2. OnpeaeAsIOTCS HOTepU AKTUBHOM MOIITHO-
CTU OTepY aKTHBHOM MOIIHOCTH IIPU Ilepepade
MOTEHIIMAABHO BO3MOXKHOM CreHepUPOBaHHOM
aaexTpudeckor onepruu [BCIOY notpebureato.

3. EcAan cymMMapHas MOIIHOCTb reHepupye-
Mot 'BCOY saexkTposHeprus He MeHbIIe Ha-
TPY3KU IOTPeOHTeAs], TO BCe 3TO IIOKPhIBAETCS
3a C4eT BO30OHOBASIEMBIX ICTOYHUKOB S9HEPTHH.

4. EcAut ecTb U30BITOK 9HEPIHH, TO OH IIEPeAQ-
ercst BHO. B caydae, xoraa BHDO y»xe moanocTsro
3aIIOAHEH, HA COOTBETCTBYIOIIYI0 BEAUYUHY yMEHb-
maeTcst MofHOCTb ' BCOY. IlepBonavabHO pery-
AMpyeTCsi BeTpsiHas TPy0a, a 3aTeM POTOMAHEA.

S. Ecan 0611251 MOIITHOCTD BO30OHOBASIEMBIX
UCTOYHUKOB 9HEPTUH MeHbIIIe Harpy3KHU MoTpe-

OuTeAerl, HeXBaTKa MOIIHOCTH IIOKPBIBAETCS 32
cuer BHD.
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PucyHok 12. Cnctema pacnpeneneHHom reHepauum anekTpoaHeprum Ha 6ase MBCIY
C HaKONUTENEM 3HEePrnm n CyMMMPOBAHNEM MOLLLHOCTM Ha LUMHE NOCTOSIHHOIO TOKa

BriBopbt. OpHEM 13 crIOCO60B 3HEprochepe-
KEHIHS TOCPEACTBOM CHIDKEHHS TOTePb 9HEPIHUH,
0COOeHHO TIpH eé Iepepaye, IBASIETCSI pa3BUTHE
pacrpeseAEHHOI reHepaIjy Ha OCHOBE THOPUA-
HOTO BETPOCOAHEYHOM 9HepreTHYecKoM ycTa-
nosku (IBCIY), sBasromuecss MHOTOPYHKIIMO-
HAABHBIM 9HEPTOTEXHOAOTMYECKIM KOMIIAEKCOM,
KOTOPBIN CAY>KUT AASI IIPOU3BOACTBA 9ACKTPHU-
JecKol oHepruu. PasBuTue BeTpOIHEpPTeTHKHU
B cucteMe PI'O crocobcTByeT MOBBIIEHHUIO €€
9HeproapPeKTUBHOCTH U CHIDKEHMIO 3aTpaT
Ha noTpebasieMyio aHepruio. Aast PI'D Ha 6ase
I'BC3OY BaXHO OIpeAEAUTb YCAOBHSI BbIOOpa

HCTOYHUKOB 9HEPTUH C OIITUMAABHBIMH ITapaMe-
Tpamu. AAst 9 PEeKTHBHOIO IAEKTPOCHAOKEHUS
noTpebyercst Heckoabko I'COY B cocrase PI'D,
KOAUYECTBO KOTOPBIX CAGAYeT OIITHUMHU3HPOBATD
110 00BEMyY BBIpPAOATBIBAEMOI SAEKTPOIHEPIHUHL
Ilpu oTOM AASI CHIDKEHHS 3aTpaT Ha Iepepady
9AEKTPUIECKON SHEPTUH HEOOXOAUMO CHAYaAd
00BEAMHNTD UX B COCTaBe BETPOIApKa C IjeH-
TpoM cbopa u nmepepaun sHepruu. Berpomapky,
B CBOIO OYEPEeAb, MOT'YT OBITH 0OBeAMHEHbI B CO-
craBe oAHOM PI'O AAs MUHMMU3AITUH 3aTpaT Ha
BBIPAOOTKY 9IAEKTPUIECKON SIHEPTUU
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Khayitboeva Nodirakhon,
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ECO-PRINCIPLES IN THE DESIGN OF WOMEN'’S CLOTHING
AND THE CHOICE OF SUSTAINABLE MATERIALS

Abstract. The paper examines the eco-principles used in the design of women’s clothing, as well

as the criteria for choosing sustainable and safe materials. Modern approaches to eco-friendly design

are analyzed, including waste minimization, creation of multifunctional and durable products, use

of local production and closed cycles. Special attention is paid to the properties of natural, recycled

and alternative fibers, their ecological footprint, dyeing methods and low environmental impact

technologies. The importance of conscious consumption, transparency of supply chains and the

implementation of international sustainability standards is emphasized. The material is intended for

designers, researchers, and fashion industry professionals seeking to integrate sustainable solutions

into the development of women’s clothing.

Keywords: ecodesign, sustainable materials, eco-friendly fashion, recycled fibers, natural fabrics,

low-waste technologies, responsible production, sustainable consumption.

Relevance of the study

In the modern world, the fashion industry
remains one of the most resource-intensive and
environmentally problematic industries. This
makes it especially important to introduce eco-
principles into the design of women’s clothing.
Challenges such as growing overproduction, high
levels of textile waste, the use of non-environ-
mentally friendly dyes and synthetic fibers, and
opaque supply chains require a shift to sustain-
able production models.

Consumers are increasingly paying attention
to the environmental friendliness and ethics of
brands, which makes the use of sustainable ma-

terials and responsible technologies not only
a competitive advantage, but also an important
area of scientific research.

Thus, the study of eco-principles in design
and the possibilities of a sustainable choice of
materials becomes not only relevant, but also
socially significant.

The purpose of the study

The purpose of this study is a comprehensive
analysis of the environmental principles used in
the design of women’s clothing. We also strive
to define criteria for the selection of sustainable
materials that contribute to reducing negative
environmental impacts, prolonging product life
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and ensuring environmental responsibility at all
stages of the clothing lifecycle.

Materials and research methods

The research examined scientific papers on
sustainable design, as well as international en-
vironmental standards and information on the
properties of various fibers: natural, recycled and
innovative. In addition, analytical reports on the
state of the fashion industry were analyzed.

To achieve the purpose of the study, methods
of comparative analysis of textile materials, con-
tent analysis of international ecodesign practices,
systematization of environmental criteria for the
selection of raw materials and technologies, as
well as product lifecycle assessment were used.
This comprehensive approach allows us to better
understand the principles of sustainable design
and determine their practical application in the
creation of women’s clothing.

The results of the study

The process of forming eco-principles in the
design of women’s clothing has been long and
complex, closely related to the evolution of public
consciousness and technological development.

The first prerequisites for a sustainable ap-
proach originated in the middle of the XX cen-
tury, when people began to understand the
consequences of mass industrialization and the
dominance of cheap synthetic clothing in the
market. Already in the 1960s and 1970s, an en-
vironmental movement appeared in the West,
which stimulated interest in natural materials and
manual labor. However, at that time, fashion de-
sign only rarely included elements of sustainable
development, without becoming systemic.

Since the early 1990s, sustainable fashion has
been emerging as a distinct trend. In the era of
globalization and the rapid growth of fast fashion,
researchers and designers are beginning to think

about the problems faced by water resources,
toxic dyes, excessive energy consumption and
working conditions in the countries where cloth-
ing is produced. It was at this time that the first
brands using organic cotton, natural dyes and
recycled fabric appeared. Sustainable materials
are beginning to be evaluated not only by their
origin, but also by their entire life cycle.

In the 2000s, recycling technologies have de-
veloped significantly, which has led to the emer-
gence of new environmentally friendly materials.
Fabrics from recycled polyester, bio-fibers based
on corn, eucalyptus and bamboo were created,
and methods of low water dyeing were devel-
oped. At the same time, interest in minimalist
design, slow fashion, and the concept of smart
consumption has increased. Environmental prin-
ciples have ceased to be something marginal and
have become an integral part of mainstream cul-
ture. Major manufacturers have started to pro-
duce ecological clothing lines.

In the 2010s, an international system of stan-
dards and certifications was established to con-
firm the sustainability of the origin of fabrics and
the ethics of production processes. Digital design
was also actively developing, which significantly
reduced the amount of waste at the layout stage.
Sustainable women’s clothing design has increas-
ingly relied on scientific research and accurate
environmental metrics, which has contributed to
its development and popularization [2].

In the modern world, environmental prin-
ciples are becoming not only a part of the envi-
ronment, but also a part of culture. Innovations
related to the use of biomaterials, closed-loop
recycling, waste-free sewing methods and the
creation of long-life clothing are coming to the
fore. The history of the development of sustain-
able approaches in women’s fashion shows how
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ecodesign has transformed from an experiment
of enthusiasts into an important strategic vector

of the industry, which forms new standards of
responsibility and quality (Table 1).

Table 1. Wildlife objects and their functions of interest as ecodesign models [1]

Asource of inspiration Distinctive features Adaptation to the application
and study
Duck, feathers and the | - streamlined body shape, - smooth structural lines of the product;
structure of the endo- smooth lines, proportions; — water-repellent material of the upper layer of
crine system, body shape | — thick waterproof; plumage the product;
coated with grease. — volumetric inner filling, «pufty> type.
Pine, bark surface, roots, | —multilayered crust surface; — breathable material system for clothing;
cones — apowerful developed root | — water-repellent surface of products;
system; — the print is like a complex system of intertwin-
— cone water absorption ing the roots and the surface pattern of the bark.
system.
Plant elements - plasticity, adaptability to - ornamental smooth lines;
changes in lighting. — ergonomic bionic shape of product designs.

It should be emphasized that modern technol-
ogies used in the eco-design of women’s clothing
represent a holistic approach aimed at minimiz-
ing the environmental footprint at all stages of
the product’s life cycle. Today’s trends combine

Figure 1. Diagram of the developed

scientific developments, digitalization, and new
manufacturing practices, which makes it possible
to create materials and clothing with minimal
environmental impact.

technological line for processing
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One of the key areas is the processing of tex-
tile waste and plastic raw materials. As a result,
recycled polyester, recycled viscose and mixed
fibers of a new generation are actively used.
These materials are characterized by stable qual-
ity and significantly lower environmental impact
compared to primary raw materials. In addition,
chemical and mechanical separation of fabrics
is actively developing, which opens up new ho-
rizons for the processing of mixed textiles that
were previously considered unsuitable for reuse
(Fig. 1).

Recently, much attention has been paid to
the creation of biomaterials that are produced
from plant raw materials and as a result of mi-
crobiological processes. Among them are fibers
obtained from eucalyptus, bamboo, banana
stalks, as well as from waste from oranges and
pineapples. These materials require less water,
energy, and chemicals for their production and
are often manufactured in closed cycles to avoid
environmental emissions. Innovations are also
developing in the field of microbial tissues that
are grown using fungal cultures or bacterial cel-
lulose. These materials are biocompatible and
biodegradable, which makes them more sustain-
able and reduces the dependence of the fashion
industry on petrochemicals [3].

Digital technologies also play an important
role in the fashion world. In particular, 3D design
and virtual fitting systems are used, which allow
you to create accurate patterns and reduce the
number of prototypes. This, in turn, reduces the
amount of textile waste and saves resources at
the collection development stage. At the same
time, additive manufacturing technology is be-
ing developed, which makes it possible to form
clothes or its elements with an accurate calcula-
tion of material consumption, which practically

eliminates cutting waste. Artificial intelligence
helps predict demand, optimize production and
avoid overproduction, which is one of the main
environmental problems of modern fashion.

In recent years, special attention has been paid
to low water and anhydrous technologies in the
field of dyeing and finishing fabrics. Such tech-
nologies include high-pressure co, dyeing, the
use of natural and biodegradable dyes, as well
as enzymatic tissue processing processes. These
methods can significantly reduce water consump-
tion and prevent toxic substances from entering
water resources. Digital printing is increasingly
being used, in which dyes are applied to the fabric
point-by-point. This not only reduces the con-
sumption of dyes and water, but also improves
print quality [4].

In modern women’s clothing design, special
attention is paid to the use of environmentally
friendly materials. Manufacturers carefully ana-
lyze the entire product lifecycle to select fibers
with a minimal carbon footprint, low water con-
sumption and a high degree of recycling. Among
the materials used are certified organic cotton,
Tencel, EcoVero, recycled polyester and biode-
gradable blends. Special attention is paid to the
durability of fabrics, the possibility of their subse-
quent processing and the versatility of the design.
This allows you to extend the life of clothing and
reduce its environmental footprint.

Modern eco-principles in women’s clothing
design are based on a combination of techno-
logical innovations, environmentally friendly
materials and digital production management
tools. These technologies form a new model of
the fashion industry, which focuses on sustain-
ability, resource conservation and environmental
responsibility at all stages of product creation.
Despite the active development of eco-friendly
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design of women’s clothing, the introduction of
eco-principles faces serious problems that affect
production, economics, and technology and con-
sumer behavior.

One of the main difficulties is the high cost
of sustainable materials. Organic cotton, inno-
vative biotissues and fibers produced in a closed
cycle require significant investments in cultiva-
tion, processing and certification. This makes the
final products more expensive, which reduces
their availability to a wide range of customers and
limits the spread of sustainable fashion.

In addition, there is a problem with the
textile-recycling infrastructure. Most fabrics,
especially those with a mixed composition, are
difficult to separate and return to production,
which leads to the accumulation of textile waste
and reduces the efliciency of the closed cycle.
Some innovative materials that are positioned
as environmentally friendly actually require
complex chemical processes or significant en-
ergy costs, which calls into question their real
sustainability. Another problem is the lack of
uniform international standards. Because of
this, manufacturers use different certification
systems, and consumers face information confu-
sion and distrust.

Additional difficulties are associated with
the phenomenon of greenwashing, when com-
panies claim that their products are environmen-
tally friendly without providing reliable evidence.
This undermines trust in sustainable materials
and makes it difficult for consumers to make
informed choices. In addition, there is a lack of
transparency in supply chains. It is often impos-
sible to track the origin of raw materials, working
conditions in production and real environmental
indicators, especially if there are many interme-
diaries involved in the chain.

Technological barriers also affect the devel-
opment of eco-design. Some biodegradable or
recycled materials are still inferior to traditional
fabrics in terms of durability, strength or appear-
ance. This limits the capabilities of designers and
can lead to a shorter product life, which contra-
dicts the principles of sustainability. In addition,
the introduction of digital and low water tech-
nologies requires expensive equipment and quali-
fied specialists, which makes it difficult for small
and medium-sized businesses to switch to them.

An equally serious obstacle to creating more
environmentally friendly fashion is the culture of
frequent shopping and rapid wardrobe updates.
Even clothes made with care for the environment
cannot compensate for excessive consumption,
which remains one of the main causes of envi-
ronmental problems in the fashion industry. The
transition to a more conscious lifestyle is slow,
and it is difficult for brands to meet demand and
follow strict environmental principles at the same
time.

The development of eco-design of women’s
clothing faces many interrelated challenges, includ-
ing economic constraints, technological barriers,
information opacity, cultural consumer behav-
ior, and insufficient infrastructure for recycling.
Solving these problems requires an integrated ap-
proach, cooperation between producers, govern-
ment and consumers, as well as long-term invest-
ments in technology and education.

We are convinced that an integrated approach
is needed to solve the problems associated with
the introduction of eco-principles in the design
of women’s clothing and the choice of sustainable
materials. It should include technological innova-
tion, economic incentives, management strate-
gies, and changing consumer behavior. One of
the key aspects is to reduce the cost of eco-friend-
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ly materials. This is achieved by increasing the
scale of production, using more efficient methods
of growing raw materials and supporting produc-
ers with government programs. These programs
include subsidies, tax breaks, and incentives for
local production. Thanks to such measures, sus-
tainable fabrics become more competitive and
accessible to a wide range of consumers.

The key aspect is the development of infra-
structure for textile processing. This includes the
creation of modern sorting centers, laboratories for
the analysis of mixed fibers, and the introduction
of innovative chemical and mechanical recycling
technologies. Thanks to these technologies, even
complex materials can be reused, which significant-
ly reduces waste. At the same time, it is necessary to
develop uniform international sustainability stan-
dards and ensure transparency of certification. This
will help unify requirements, increase consumer
confidence, and reduce the risk of so — called “gre-
enwashing” — the unfair practice of selling goods
that are allegedly made from environmentally
friendly materials. Digital tracking tools such as
blockchain tags, QR product passports, and raw
material monitoring systems are making supply
chains more transparent and reliable.

Overcoming technological obstacles is asso-
ciated with the development of new fibers that
are simultaneously environmentally friendly,
high quality, durable and attractive. Research in
the field of biomaterials, microbiological fibers,
recycled polyamide and improved versions of
viscose opens the door to the creation of fabrics
that can compete with traditional ones. Invest-
ments in modern equipment, low-water stain-
ing technologies and energy-efficient production
contribute to reducing the negative impact on the
environment, even when using complex produc-
tion processes.

Changing consumer culture remains an equally
important task. Educational programs, conscious
consumption campaigns, as well as the develop-
ment of second-hand stores, resale platforms, and
clothing rental services help in this. Brands can
extend the service life of their products through
high-quality tailoring, modular designs, repair ca-
pabilities, and thoughtful design. The combination
of aesthetics and functionality makes sustainable
fashion attractive to a wide audience, which en-
hances its competitive advantages.

The complex interaction of industry, technol-
ogy centers, the state and consumers allows us to
consistently solve the problems of eco-friendly
design. This contributes to the sustainable de-
velopment of fashion and minimizes its negative
impact on the environment.

Conclusions

The transition to a more environmentally
friendly design of women’s clothing and the use
of sustainable materials is a strategically impor-
tant direction for the development of the modern
fashion industry. To solve key problems such as
the high cost of eco-friendly fabrics, the lack of
technologies for their processing, the opacity of
supply chains and low consumer awareness, it
is necessary to combine the efforts of manufac-
turers, the government, research centers and the
audience itself.

Comprehensive measures, including support
for innovation, standardization of sustainable
practices, development of infrastructure for re-
cycling and the formation of a culture of con-
scious consumption, create conditions for the
large-scale implementation of eco-design. This
makes eco - friendly materials more affordable,
production processes safer, and fashion a more
responsible and long — term segment of the econ-
omy.
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Thus, sustainable design is gradually becom-  of the industry on the environment and create
ing an integral part of our lives from an isolated = a more harmonious interaction between fashion,
initiative. It helps to reduce the negative impact  society and nature.
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