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ACCENT IN ARCHITECTURAL FRONTAL COMPOSITES

Section 1. Architecture

Kedrovskaya Iya Petrovna,

postgraduate student, the Faculty of Theory of Architecture
Kyiv National University of Civil Engineering and Architecture,

E-mail: Chyshaya@gmail.com

ACCENT IN ARCHITECTURAL FRONTAL COMPOSITES

Abstract: This article considered the role of accent in composition, the main types of emphasis, lo-

cation in the field of composition and ways of accentuation in a series of similar or identical elements.
Keywords: synesthetic, regularity, self-sufficiency.
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AKLEHT B APXUTEKTYPHON ®POHTAJIbHOM KOMMO3ULIN

AHHOT&HHH: B cTarpe Ha ocHOBe CMEXXHBIX BHAOB HCKYCCTB PaCCMAaTPHBAETC POADb aKII€HTA

B KOMITIO3HUIIUH, BBIACASAIOTCS OCHOBHBIC BUADI aKIIEHTA, MECTOITOAOXKECHHKE B IIOA€ KOMITO3HUITHUH U CIIO-

COOBI aKI[eHTAllNH B pAAy MMOAOOHBIX AU TOXXAECTBEHHbIX 9ACMEHTOB.

KaroueBbie cAOBa: CHHECTETHUIHOCTD, PETr'YAAPHOCTD, CAMOAOCTATOYHOCTD.

AKIIEHT, KaK OAHO U3 CPEACTB KOMIIO3UIU-
OHHOT'O TBOPYECTBA BOOOIle U APXUTEKTYPHOM
KOMITO3UIIUY B YACTHOCTH, HE HaIlleA elle CBOero
TEOPETHYECKOrO0 M IIPAKTUYECKOrO OCBeljeHHS.
CrpykTypHO-PyHKITMOHAABHBIE XapaKTEPUCTUKU
ero emje HeAOCTATOYHO UccAeAOBaHbL. OAHM HccAe-
AOBaTeAU KOMIIO3UIJUOHHOTO TBOPYECTBA CYUTAIOT
aKI[eHT KaK IPOU3BOAHOE OT AOMHHAHTBI, ApyTHE
ITOAYEPKHMBAIOT €r0 CaMOAOCTAaTOYHOCTb, TPEThH
BOOOIIe He CYUTAIOT €ro B KadyeCTBEe KOMITO3HI[U-
OHHOTO cpeAcTBa. OAHAKO, BO BCEX CAYYasX BHUABI
aKIIeHTa ¥ MEeCTOIIOAOXKEHHE €ro B [TOAe PPOHTAAD-
HOJ APXHTEKTYPHOI KOMIIO3HI[IU HEOIIPEACAECHBI” .

DyHKIIMOHAABHOE pacIpeAeAeHHe POACH AOMH-
HaHTHI ¥ aKI|eHTa KOHKPETU3UPYeT UX yIacTHe B Ka-
4ecTBe CPeACTB QOPMUPOBAHMS KOMIIO3UITUHL.

AOMUHAHTa, KaK IIPAaBUAO, SBASIETCS HECYIIHM
AApoM (MaccUBOM, TIAOCKOCTBIO) KOMIIO3HIIMH, aK-
IIeHT — CPEACTBOM OpPHEHTAIL[UH BHUMaHMs U 3aKpe-
IIA€HHS CMBICAOBOT'O KOMITO3HIMOHHOTO IJeHTPa AU
«XyAOXKeCTBeHHOM ¢pasbl>». [IoHsATHe akIleHTa Kak
B TEPMHHOAOTMYECKOM, TaK M B CyIIHOCTHOM COAEP-
YKAHUH B TOAKOBBIX CAOBAPSIX TPAKTYeTCs IPUMEpPHO
OAHO3HAYHO.

AXIIeHT — ypapeHue B CAOBe, a Takoke 3HaK yAa-
penus 3, C.29].

AxuieHT — yaapenwue B caoBe (AuHTB.). Boiaese-
HHE OTAEABHOT'O 3ByKa HAM aKKOPAQ IIPY IIOMOIIH AU~
HAMHYECKOT0 HAM Aorrdeckoro yeuaenus [ 1, C. 16].

Axuenr (0T AaT. accentus — yaapeHwue). 3Hax,
KOTOPBIM OTMedYaeTcsi yaapeHue (Mys.) BbipeAe-
HHe, TIOAYepKMBaHKE 3ByKa HAM aKKOPAA ITyTeM ero
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Section 1. Architecture

AMHAMUYHOTO YAAMHEHUS], CMeHa FapMOHUH, TeMOpa,
HaIpaBACHHUS MeAOAMMHOTO ABrkeHus [ S, C. 34].

ITockoABKYy MCCAGAOBAHHUIH IO aKIIEHTY B apXH-
TEKTYPHOU PPOHTAAPHON KOMITO3HIIUH ITPAKTHYe-
CKU He CYIIIeCTBYeT, IPaBOMEPHbIM OyAeT oOpatieHre
K CME)XHbIM BUAAM UCKYCCTBA, IIPEXAE BCETO, U OAMDKe
BCETO CTOSIIHX K APXUTEKTYPHON KOMIIO3UI[UH — T€O-
pHu My3bIku. B Teopun nckyccrBa u, mupe, B 9CTeTH-
K€, MOXXHO OTMETHTb OBITOBAaHHE HEKHUX TAOOAABHBIX
cuHecTeTndeckux MeTadop (COOTBETCTBHIL, comO-
craBaenwit). OAHA U3 CAMBIX OIYASIPHBIX M AUCKY TH-
PyeMBIX aHAAOTHF IIOAOOHOTO TOAKA — 9TO B3aHMHOE
CpaBHeHHe My3bIKU H APXUTEKTYPbL. DTOMY SIBACHHUIO
ITOCBSIII[EHbI MHOTHE HCCAEAOBAHYISL.

KasxAbIit BUA HICKYCCTBa, OTPakasi ACHCTBUTEAD-
HOCTb, CIIeIfUpUIeCKUMHU BHIPA3UTEABHBIMU U H30-
OpasUTeABHBIME CPEACTBAMU B3aMMOOOOTaIaer
U XYAOXK€CTBEHHO OTPa’kaeT MHP B IICAOM.

B My3bIke COXpaHsIeTCs OYBA AASL CKOABKO YTOAHO
boraroit pazpaboTku ee (* 3aech 1 B paAbHelTITEM oy-
AeT PacCMaTPHBAThCs PPOHTAABHAS APXUTEKTYPHAS
KOMITO3HIUSL) M306Pa3UTeAbHbIX BO3MOXKHOCTE! K AASL
ApXUTEKTYPHON GPOHTAABHON KOMITO3HIHH. B Teo-
PHH MY3BIKH ITPHAAETCS BAXKHOE 3HAUYEHHEe aKIeHTY
AASL MOAEAMPOBAHUS peAbeda My3bIKaAbHOM Pppasbl,
BBIAGACHUEM PEryASPHbIX aKIJeHTOB (MeTpHYecKUX
¥l PUTMUYECKUX), PA3HOOOPA3SIIMX MOHOTOHHYIO e-
T'YASIPHOCTbD aKIJeHTYAIUH C IIeAbIO IIPOSICHEHHUSI CHUH-
TaKCHIECKOM CTPYKTYPbI My3bIKAABHOM PpasblL.

B xaaccuyeckyro amoxy HMOSIBASIIOTCS YAQPEeHH,
KOTOpble TIPUAAIOT MEAOAUH BBIPa3UTEABHOCTD
U MOAYMHSIOTCSI MY3bIKAABHBIM 3aKOHAM YyBCTBA.
TeopeTHky HAa3BIBAIOT 9TU HEPET'yASIPHbBIE aKIIeHThI
I0-Pa3HOMY: OPATOPCKUMH, ACKAAMAI[MOHHBIMH, PH-
TOPHYECKIMH, ITATeTHIECKIMH, XapaKTePHbIMH, XKH-
Bormcyromumu (malende), ycuansaromumu u paxe
9CTETUYECKUMHU.

AKIIeHTBI B My3bIKe ITOAYEPKHBAIOT BePIIMHKU
OOABIINX U MAABIX KYABMHHAIIVI, 3aBeplIeHIe MO -
HBIX HaPaCTaHHI, TOYKH HHTOHAIIMOHHOTO TATOTe-
HISI BHYTPH CTPYKTYPHBIX €AUHHI] My3bIKAABHOM
peuu — ¢ppas, IPEAAOKEHUH U T. I [2,C.168].

Omnupasich Ha CMeXXHBIE BUABI HCKYCCTB U HCCA€-
AysL APXUTEKTYPHYIO QPOHTAABHYIO KOMIIO3HULIUIO,
MOXXHO BBIAGAUTH AB2 XapaKTEPHbIX COCTOSHUS.
IlepBoe — KOrAa IAOCKOCTH KOMITO3ULIUH HMeeT
IPOTSDKEHHOCTD 110 BEPTUKAAU HAM II0 TOPU3OHTA-
AYI, AV K€ OAHOBPEMEHHO I10 BEPTHKAAU U I10 TOPU-
30HTaAH, B KOTOPOI1 SIBHO BBIPXKEHA PETYASIPHOCTD
(MeTpuyecKkast MAM PUTMUYECKAs) OCHOBHbIX dAe-
MEHTOB, BTOPOe — KOTAQ IIAOCKOCTh KOMIIO3HI[HH
OrpaHHYeHa KaK KOAHIeCTBOM SAEMEHTOB, TaK U Pas-
MepaMU CaMO¥ IIAOCKOCTH [10 OTHOIIEHUIO K 9AeMeH-
TaM. Tax, B IIepBOM CAyYae aKIIeHTHPOBAHUE MOXET
IIPOUCXOAUTD BO BPEMEHH U IIPOCTPAHCTBE, OIIMpPa-
SICb HA METPHYECKHI HAY PUTMUYECKUI PSIAbI AKI[€H-
TUPOBAHUSL

Kak B My3bIKe aKkI[eHTHPYeTCSI OAHA My3bIKAAbHAS
¢pasa 1 u3 HUX cobupaercst MeAoAust. B atom cay-
Yae MMPOUCXOAUT MOBTOP (YepeAoBaHUE) aKI|eHTOB
YL AKLIEHTbI He «IaCsT> APYT Apyra. DTOT BUA aKIjeH-
TAI[MU XOPOIIO BUAEH HA IIPUMEPAX KAACCHYECKOM
APXUTEKTYPBL

Bo BTopoM cAydae aKijeHT SIBASETCSI CAMOAOCTA-
TOYHBIM KOMIIO3ULIMOHHBIM 9AEMEHTOM, OIIPEAEASIIO-
IMM KOHTPACTHOCTb KOMIIO3HIUH, IPUYEM, OH BBI-
CTymaer B Ka4eCTBe EAUHCTBEHHOIO 4ncAa. B aTtom
CAydYae aKIjeHT MOXKeT BBICTYIIATh AaHAAOTOM Hepery-
ASIPHOTO «XYAOXKECTBEHHOI'O> aKI[eHTa B MY3bIKe.

PaccMaTpuBast U aHAAM3UPYsI IPUPOAHBIE AHA-
AOTH, APXUTEKTYPHbIE KOMIIO3ULIUH U KOMIIO3ULIUH
HeHUI'YPAABHOI JKUBOIIMCH, MOXXHO BBIAGAUTD OC-
HOBHbIE BUABI aKII€HTa KaK CAMOAOCTATOYHOTO, BbI-
Pa3UTEABHOTO 9AeMEHTA KOMITO3UIIUH. ODTOT aKIjeHT
BBIAEASIETCSI OT OCTAABHbIX 9AEMEHTOB KOMITO3ULIMU
no «popme» (CBOel reoMeTpHeil), IO BEAMYHHE
(pasmepy), o TOHY U KOMOUHAIIMH BbIIIETIEPEIHC-
AeHHBIX BUpAOB (ua. 1.1).

BecpMa CymuieCcTBEHHBIM AASI KOMITO3UIJIOHHOM
BBIPA3UTEABHOCTHU SIBASIETCSI MECTOIIOAOXKEHHE aK-
IIeHTa B [I0A€ KOMIIO3ULIMK KAK-TO: HA IIPOAOASKEHUH
9AEMEHTOB KOMIIO3HUIIY, Ha IlepecevYeHIN JIAeMEHTOB
KOMITO3HIIVH, HA OCSIX 9A€MEHTOB KOMITO3ULIUH 1 CBO-
6OAHOE PacTIOAOXKeHH e B TIOAe KoMrosuLuu (ua. 1.2).
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MECTOIIOJIOXKEHUE AKIIEHTA B IIOJIE
BU/JIbI AKIITEHTA KOMITO3HI K

110 ®OPME 110 PABMEPY HA OCAX DJIEMEHTOB HA IMTPOAOJDKEHWUH DJIEMEHTOB

110 TOHY (LIBETY) KOMBHUHHUPOBAHBII HA TIEPECEYEHHH 2JIEMEHTOB  CBOBOJHOE PACIIOJIOXKEHUE

CIIOCOBbI AKIIEHTAILIMHK B PAAY ITOJOBHBIX UM TOXJAECTBEHHbBIX DJIEMEHTOR

"3AMEHA" "3JIBUT™ "HU3 OT/IEJIbHBIX DJIEMEHTOB" "TIOBOPOT"

"YJIEHEHHE" "KOMBUHHPOBAHHE" "VMEHBIIEHHE" "VBEJIMYEHHE"

PucyHok 1. AKLLEHT apXUTEKTYPHOM GPOHTaNIbHOM KOMMO3ULLNU

AKIIeHT, KaK HUKaKOe APyroe KOMIO3HIJMOHHO® [TpuHnun MOAOOHMS HAM IIOAHOTO CXOACTBA
CPEeACTBO, MOXKET YCUAUBATDh XYAOXKECTBEHHYIO Bbl-  JAEMEHTOB SBASETCS CaMbIM APEBHHM 3aKOHOM
PasUTEABHOCTD ([AOCKOIT) PPOHTAABHOMN APXUTEK-  B3AMMOAEHCTBHS 3A€MEHTOB, U3 KOTOPBIX KOTAA-AH-
TYPHO KOMITO3HIIH, OCHOBAHHO! HA MOHOTOHHON 60 BO3BOAMANICH OOHTaeMble COOPY>KEHHS.
MOBTOPSAEMOCTH KOMIIO3UIIMOHHBIX 9A€MEHTOB, OC- ITopobOHBIE ¥ TOXAECTBEHHbIE OTHOIIEHUS
HOBAHHBIX Ha [IOAOOUY HAU TOXAECTBe. CITIOCOOHBI BBIPAXKATh AWIIb HEKYI MACCOBOCTH,
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Section 1. Architecture

MHOXECTBO MAU TpOTsDKeHHOCTb. IloaTomy $op-
MBI, TIOCTpOEeHHble Ha OCHOBE IIOBTOPSIOUIMXCS
9AEMEeHTOB, KaK ITPAaBHAO, COAEPKAT AOTIOAHEHMS,
BKAIOYEHM s, OTAUYAIONIKECs] OT OCHOBHOI'O MaTepu-
aAa, poHa MAM 3aKOHOMepHOCTH. Tak, MeTpuyeckue
PSABI I3 TOXKAECTBEHHBIX 9AeMEHTOB, He BhIPaXKalo-
Ijye B IPUHIIMIIe HUYero, KpoMe HeKOTOPO ITPOTs-
’KEHHOI MOHOTOHHOCTH, MOT'YT ObITh OCTAaHOBAEHBI
C IIOMOIIIbIO IPUBHECEHHS B PSIA KAaKOr0-AH60 IpH-
3HaKa MAM aKIIeHTa, AOTIOAHUTEABHO K OCHOBHOM 3a-
KOHOMEpPHOCTH.

B coBpeMeHHbBIX yCAOBHUSX 3apada YBEAUUEHHS
3CTeTUYECKUX Ka4eCTB KOMITIO3HUIIUU CBOAMTCS Jallle
BCEro K IIOMCKaM ITPHEeMOB ITyTeM BBeACHUS, Hallpu-
Mep, aKI}eHTOB, ITPepbIBAIOIINX MOHOTOHHOCTb.

Takx BO3HHKaeT PUTM aKIleHTOB, HHPOPMAIHOH-
Hasl [eHHOCTD KOTOPBIX OYAET ITAAATD C HX [IEPUOAMY-
HOCTBIO. B aTHX cAy4asix caeayeT paspeAdThb aKL[eHTbI
Ha TAABHbIe U BTOPOCTeIeHHbIe.

B pakTrKe KOMIIO3UIIMOHHOTO ApXHTEKTYPHOTO
TBOpYECTBA MpobAeMa «pa3pylieHHs» MOHOTOH-
HOCTH, BbISIBACHHUSI KOHTPACTA SIBASIETCSI BeCbMa aK-
TYaAbHOM.

PaccmarpuBasi BOSMOXKHOCTD YCHAEHHUS apXUTEK-
TYPHOM BBIPa3UTEABHOCTU (pPOHTAABHON KOMITO3H-
ITMH, MOKHO BBIA@AUTD HECKOABKO IIPUEMOB, KOTOpbIe
He pa3paboTaHbI B IOAHOI Mepe B TEOPUH U IIPaK-
THKe KOMIIO3UIIMOHHOTrO TBOopyecTBa. HekoToprie
3 HUX yIIOMUHAIOTCS B auTeparype [4, C. 121-124],
ApyrHe BoOOIIe OTCYTCTBYIOT.

O6parasicp K IPUPOAHBIM AaHAAOTAM, APXHUTEK-
TYPHBIM $POHTAABHBIM KOMITO3UIIHSAM H K XYAOXKe-
CTBEHHOMY TBOPYECTBY, MO>KHO BHIAGAHTDb OCHOBHbIE
IIPHeMBI aKI[EHTAIUH B PSIAY IIOAOOHBIX HAY TOXAE-
CTBeHHBIX 3AeMeHTOB (uA. 1.3, 4).

AKIIeHT, HapsIAy C APYTHMH KOMIIO3UIIMOHHBIMU
CpeACTBaMH, OTAUYASICH CBOMMH OCOOEHHOCTSIMY,
IIOMOTaeT pelllaTh pa3AMYHble KOMITO3UITMOHHBIE
3aAauM.
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Abstract: In the article author consider accepted theoretical hypothesis (which is based on pro-
posed methodological universal for evaluation of mutual interference priorities) of the practical im-
provement of the materialization processes of investment and architectural intentions in the field of
design, taking into account the modern realities of Ukraine.
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T’MMNOTE3A LEJIECOOBPA3HOCTU CO30AHUA METOAUYECKOIO
YHUBEPCANA Ang ONPEAEJIEHUA NPUOPUTETOB KAK
COBEPLUEHCTBOBAHME NPOLIECCOB MATEPUAJIUSALUA
OBbEKTOB XXWUJIMLWWHOW HEABUXNMOCTHU

AHHOT&I.II/ISI: B crarpe Hamaa OT06pa>KeHI/Ie IIPUHATASA aBTOPOM TEOPETHIECKAs TUIIOTE3a ITPpaK-

THYE€CKOI'0 yCOBEPIIEHCTBOBAHM ITPOLIECCOB MaTepHaAN3aliTii MHBECTHIMOHHO-apXUTEKTYPHbIX

HaMepeHu! B cpepe MPOEKTUPOBAHUA C yIeTOM COBPEMEHHBIX PeaArH YKPaMHbI Ha OCHOBE IPeA-

AOXXEHHOTO METOANMYIECKOTO YHHBEPCaAa OLIEHKH ITPUOPUTETOB B3aUMOBAIAHU AL

KaroueBbie cAOBa: MeTOAI/I‘IeCKI/Iﬁ YHUBEPCAA, MHOTOKBAPTHPHOE JXXHAbE, IPHUOPUTETHOCTD, B3a-

HNMOBAMAHHE.

IeonoanTnyeckue u3MeHEHMs, KOTOpPbIe IPO-
M30IIAM YeTBEPTDb BeKa CITyCTs B YKpaWHe IPUBEAH
K CO3AQHUIO Ha €€ TEPPUTOPHU COBPEMEHHOI'O PhIH-
Ka HepABwKHMocTU. Ho B oTAMdme oT Apyrux Boc-
TOUHOeBpoeitckux cTpan (6bBimx yaenos COB),
TAe MOAOOHOE IIPOH3OIIAO IJMBHAM30BAHHBIM ITyTEM
Ha OCHOBE BHEAPEHUS MUPOBOTO OIIbITa, OTEYECTBEH-
HBIA PHIHOK, MATKO I'OBOPSI, IIOKA €I1je He AOTAIMBAET
AO MHPOBBIX CTaHAAPTOB. HecMoTps Ha 31O OTeue-
CTBEHHBIN PBIHOK, 110 KpaiiHel Mepe, B cdpepe co3pa-

HUSI MHOTOKBapTUPHOTO *HAbs (Aasee MOK), mpo-
usomieA. Ho, purypasbHo roBopsi, BHEIIHe UMeeT BUA,
KaK B OTPa’KeHHH KPUBBIX 3€PKaA IO HECOBEPLICHCTB.

HecoBepureHcTBO, KOTOpOe YIAYOASIAOCH TOA
32 TOAOM IIOAPSIA U YK€ IIOYTH, 110 KparHel Mepe,
B CTOAMIIE, TIEPECEKAO TI'PAHHUI[y BCEAO3BOACHHO-
CTH AASl OIPEAEAEHHOM KaTeropuu 3acCTpOMIIM-
KOB IIOA TNPUKPBITHEM BAACTHOTO MEHEAXXMEeHTa
[1; 3]. Ilpu 9TOM apXHTEKTOPHI B PeTPOCIIEKTUBE
IOCTOSIHHO U3MEHSIOIUXCS, TaK CKa3aTh, TPABHA
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Section 1. Architecture

COCYIIeCTBOBAHHMSA — TeX, KTO HAMEPeH CTPOUTD H pe-
aAM3yeT UHBECTHI[HOHHbIE IIPOEKTHI, U TeX, OT KOTO
MHOTO€ 3aBHCHT Ha IIyTH K PeaAH3alui HaMedyeH-
HOTO0, — KaK IIPAaBHAO, IIOCTOSIHHO HAXOASTCS, MEXAY
MOAOTOM U HaKOBaAbHeH. TO eCTb, OHU BBIHY>KAEHBI
YAOBAETBOPSITD T€X MAHM HHBIX, HO IIO-Pa3HOMY MO-
THBUPOBAHHBIX CYOBEKTOB pasHOOOpPa3HOM IieAe-
HanpaBAeHHOCTH. [ B 9TOM Bpoae ObI HeT HUYEro
HpOTHUBOECTeCTBeHHOTO. TakoBa yxx crienjuduxa npo-
$eccun apxuTexropa. Tak B yeM e Bce-TaKH Ipo-
6AeMa? A MIMEHHO B TOM, 4TO ITO Me€pe CTAHOBAEHUSI
prIHKa co3panus MOK sacTporimukaM ysxe He CTOAD-
KO MHTEepeCHbI 30AYre, KOTOPbIE CIIOCOOHBI PELIUTD
AIOOYI0 CAOXKHYIO HAM AQXE TYIIMKOBYIO T'PaAO-
CTPOHTEABHYIO 3aAa9Y, CKOABKO T€, KOTOPbIe UMEIOT
«OOIIUIT A3BIK> B pa3pelInTeAbHO-COTAACUTEABHbIX
YIPEKASHUSAX, TPOPUABHOM MHHUCTEPCTBE M OpTa-
HAaX, BBIAQIOIINX TeXHUYECKUe YCAOBHS Ha IIOAKAIO-
JyeHHe 00BEKTOB K BHELIHUM HHXXEHEPHBIM CETSIM.
ITpu TOM, 4TO HaXOXXAEHHEe 3TOTO OOIIero s3bIKa,
II0 Mepe POCTa «aNIeTUTOB> CTOAMYHOTO MEHeA-
JKMEHTA, KOXKABIV pa3 TpebyeT yBeAMYeHHUS PAaCXOAOB
Ha ero yToAeHue. B KOHIle KOHIIOB, 9TO 3aCTaBASIeT
3aCTPOMIINUKOB BpeMs OT BpeMeHH B ITPOI[eCCax Co-
TAQCOBAHUS IOAMEHSITh apXUTeKTOpoB. OcobeHHO,
KOTAQ 9TO KACAAOCH pelleHus IpobaeM B Aemapra-
MeHTe I'PaAOCTPOUTEAbCTBA M ApXUTEKTypHI I. Kuea
HAU APYTHX HHCTAHIIUSAX, KOTOPbIe BOBACUEHBI B IIPO-
LIECCHI CO3AAHUS HEABIDKUMOCTH. AaHHAsI TEHAEH-
I¥s], B KOHIIe KOHI[OB, IPHBEAA K H3MEHEHHIO IpH-
OPHUTETOB B ACAOBBIX OTHOIIEHHUSX MEKAY UTPOKAMH
KOMAaHA BBICIIEN AUTY Ha moAe co3panus MOK. Bric-
IIei, IOTOMY YTO OHA OXBaTHAQ, B IEPBYI0 OYepPeAD,
HanbOAee MOIIHBIX 3aCTPONIINKOB, KOTOPHIM Ay4IIle
OBIAO OAHOMOMEHTHO AOTOBOPHUTLCSI C MEHEAXKMeH-
TOM FOPOAQ, YeM TepPSTh BpeMs Ha CHATHE 3aMeJaHUH
K QPXUTEKTYPHbBIM PELIeHUSIM TOTO HAU HHOTO 00'b-
eKTa Ha CTAAUM eTro IMPOeKTHpOoBaHUs. UTOObI IOAy-
4UTb, HAIIpUMep, paspelleHre Ha CTPOHUTEAbCTBO
HeOOADBIIOTO 10 00beMY 00BEKTa, HEOOXOAUMO CO-
6parb B cpeaHeM okoao 200 (!) moanuceit TOAbKO OT-
BETCTBEHHbIX AWII, HE YIUTHIBAs UCTIOAHHTEAE [3 ].

HecMmoTpst Ha Takue CAOXKHOCTH, TOCYAQPCTBO
BHeCEeHHbIMH U3MeHEeHUSIMU B 3AKOHOAATEAbHBIE AKThI
YKpauHbI OTHOCHTEABHO YCOBEPIIEHCTBOBAHMSA I'Pa-
AOCTpouteabHoil AesiteabHocTH (BP Yipanusy, 3akon
ot 17.01.201, Ne 1817-VIII) eme 60aee ycyrybuaa
CHUTYAaIIHIO, 3HAYNTEABHO IIOBBICUB OTBETCTBEHHOCTD
BCEX 3BEHbEB COBAAHMS apXUTEKTYphL TeM 6Goaee
4TO AASI IPOEKTHUPOBIIMKOB AAHHOE HOBOBBEACHHE
0Ka3aA0Ch Hanboaee 6oae3HeHHbIM. V160 HaunHast
c uroAs 2017 . AASL TAQBHBIX apXMTEKTOPOB M HHXKe-
HepOB IIPOEKTOB, a TAIOKE APYTUX IIPOEKTUPOBIUKOB,
MMEIOIUX COOTBETCTBYIOMNI KBAAN(UKAIIMOHHbIH
cepTUHKAT, 32 COBepUICHHbIE IMH HaPyIIeHHUS IIPeA-
YCMOTpeHBI ITpadpHble CAaHKIIUU B pa3Mepe OT 2-X
AO 3-X ThIC. HeODAAraeMpIX MUHHMYMOB AOXOAOB
rpaxpal [2] (Heo6aaraeMbiii MUHHMYM AOXOAOB
rpaxxpad Ykpaunbl B 2017 roay cocrasaser 800 rpu
[5], mau o xypcy HBY na mait $31). Takum 06pasom,
9TO ITO3BOASIET AQXKE 32 He3HAYUTEAbHBIE HAPYIIeHI
HAKAAABIBAaTh Ha CO3AATEACH apXUTEKTYPhI IITPAPbI
B pasmepe oT 800 ThIC. AO 2,5 MAH. TPH., IPH PbIHOY-
HOI CTOMMOCTH IIPOEKTHPOBAHUS MHOTUX, 0COOeH-
HO He OYeHb KPYIHBIX 00beKTOB, B 3—5 pa3 MeHbllle,
JyeM CyMMa IIpeAyCMOTPeHHbIX B3bICKaHUH. besycaos-
HO, 9TO AOTIOAHUTEABHBII HeraTHB, MPUOaBA€HHBII
K IIpOOAE€MaM OTeYeCTBEHHOTO IIPOEKTHPOBAHMUSL

A 4YTO M3 NO3UTHBHOrO? 3HAUUTEABHOE BAMS-
HUe Ha OTeYyeCTBEHHOe IPOeKTHPOBAHNE OKAa3aA0
MacCcoBOe BHEAPEHHE B ApXUTEKTYPY COBPeMeHHbIX
MHHOBAIIHOHHBIX TE€XHOAOTHH. AAS IPOEKTaHTOB
HHTepHeT U IPOrpaMMHOe ObecleueHre MO3BOAH-
AU CYIIIeCTBEHHO COKPATHUTDb CPOKH BBIIIOAHEHHS PY-
THHHBIX pabOT U YBEAMYUTD BpeMsI Ha apXUTEKTYPY
B HAITPaBAEHUH TBOPYECKOTO ITOUCKA KpeaTusa Oyay-
mero. IIpu aToM, HCITOAb30BaHUE B CTPOUTEABCTBE
HOBeMIINX rUOKUX TeXHOAOTH (HampuMep, MOHO-
AMTHOTO 6€3pUTeAbHOTO KapKaca) HAKOHET| AUIIH-
AO IPOEKTAHTOB HEOOXOAMMOCTH TBOPHTD B paM-
KaX JKeCTKOM KOHCTPYKTHBHOM I1eA€COOOPa3HOCTH.
B apXuTeKTypHO-MeTOAUYECKOM IIAAHE ITOAOOHBIE
HOBOBBEAEHUS ¥ UHHOBAIINY, HECOMHEHHO, SIBASIOT-
CsI IOAOXKUTEABHBIMU AASI IIPOEKTUPOBAHUS, OAHAKO
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TAKoKe HY>KAQIOTCS B OCMBICAEHHH B 00IIeM IpolLjecce
CO3AQHUS COBPEMEHHBIX 00BEKTOB HEABIDKUMOCTH.

YeTBepTb BeKa OTKPHITOCTU YKPAaHUHbI B MUPOBOE
IIPOCTPAHCTBO C y4acTHeM OTe4YeCTBeHHbIX apXu-
TEeKTOPOB B MEXAYHApOAHBIX KOHI'Peccax, BbICTaB-
KaxX U APYTUX IPOdeCcCHOHAAbHBIX MEPONIPUATHIX,
a TaxoKe Typax C IJeAbI0 O3HAKOMAEHHUS C IeAeBpaMU
COBpeMEHHOM apXHTEKTYPBl, TAKOKe CYI}eCTBEHHO
IIOBAMSIAO Ha MUPOBO33peHue 30A4uX. I TpoexTupos-
UK TIOAYYHA PEAAbHYIO BO3MOXKHOCTDb YBUAETD TO,
4TO CTPOUTCS B MHpeE, a TAK)Ke CPABHUTD IIOCACAHEE
C TeM, YTO IIOCTPOEHO B YKpauHe IO IPOeKTaM CO-
OTe4eCTBEHHHUKOB. B 60ABIIMHCTBE TOAOOHbIE CpaB-
HeHHsI ObIAM He B [IOAb3y MECTHbIX aPXUTEKTOPOB —
CKOpee HA00OPOT.

OaHako ToAbKO PO ecCHOHAAbHOE NPU3HAHNE
IIperMyIeCTB HHOCTPAaHHBIX METOAOB U IPUHIIHU-
II0B CO3AQHISI APXUTEKTYPBI CIOCOOCTBOBAAO U3Me-
HEeHHIO NMPOo¢$eCcCHOHAABHOIO OTHOLIEHUS K OTeve-
CTBEHHbIM MeToAaM npoekTruposanusa MK u Apyrux
00beKTOB B YkpauHe. DTOMY TakKe CIIOCOOCTBOBAAO
KOpeHHOe paspylleHHe IIAAHOBOM 9KOHOMHKH U I1e-
pexop ee Ha pbIHOYHbIE PEABCHL

MuTerpanus YkpauHbl B MUPOBOH OIIBIT ITO3BO-
AVAQ TAKKe U IPasKAQHAM ITOYyBCTBOBATDb HA «CO06-
CTBEHHOI KOXXe> 9TH IIpeuMylnecTa. B obmecrse
BO3HHMKAO OIIyIJeHHe TOTO, YTO MOXXHO KUTb IIO-
ApyroMmy, To ecTb 60Aaee 60raro, KOMGOPTHO U HH-
TEpPEeCHO, 4eM TaK, KaK 3TO IIPOUCXOAHAO B HEAAAEKOM
npomaoM. Tem 60Aee 4TO rA0OaAbHAS YPABHUAOBKA
IIOCTeIIeHHO HUBEAMPOBAAach Ha pOHe IKOHOMHUYe-
CKOT'O PaCcCAOEHMS OOLIeCTBA B AMAIIA30HE OT OYeHb
OOrareix A0 MAaAOUMYIIHMX. TeHAEHIMs TUIIOBOTO
CTPOHUTEABCTBA, TO €CTh AOMOB, KOTOpPbIe MAAO YeM
OTAMYAIOTCS APYT OT APYTa, OCTEIIEHHO ITOAYYHAQ
AAPECHYIO ITepeOPHEHTALIMIO Ha OTEeHIIHAAbHO-TIO-
KYITaTEABHBIM CIIPOC HOTpe6I/ITeAeI71 KBapTUPHOM
HEeABIDKMMOCTH. [1ouTH Bce TO, YTO KOTAQ-TO CUUTA-
AOCh BTOPOCTEIIeHHbIM, a IMEHHO: BHEIITHUI BUA 3a-
CTPOFIKH, Ka4eCTBO HAArOYCTPONCTBA, IPUCYTCTBHE
IIAPKOBOK AAsI aBTOMOOMAEH M MECT AASL OTABIXA
U OOLIeHNs], a TAKXKe B OIIPEAEACHHOM CMbICAE Me-

CTOIOAOXeHHEe 00beKTa HAU HAAUYYE TAHOPAMHOTO
BHAQ U3 OKOH U T. A., — B COBPEMEHHBIX PEAAUSIX IIPU-
06peAo pemmaroiiee 3Ha4eHUE.

VimMeHHO AASl M3MEHEHHH, KOTOpble ITPOHU3OII-
AYM Ha Pa3HBIX YPOBHSX: HAUMHAS OT IPUHIIMIIOB
$OPMHPOBAHUS 3aCTPOMKU U €e OTAEABHBIX 00B-
eKTOB U 3aKaHYMBasi AUHAMUKOM ITPOEKTUPOBAHMUS,
B KOHTEKCTe IPEOAOAEHHS IPEeIsTCTBUI Ha IyTH
K AOCTIDKEHMIO HaMedeHHOH 1eau. ITpu Ttom, uTto
AASL «IIOAHOKPOBHOI>» MaT€pPUAAU3ALUH OOBEKTOB
B IIPOEKTHO-TeXHOAOTUYECKOM CMbICAE MHOTO€ OCTa-
AOCB 6e3 KaKUxX-AN0O0 CyIIeCTBEHHbIX H3MEHEeHHUI.

TakuM 06pa3oM, CAeAyeT IPH3HATh HAAUYYE Ha CO-
BpeMeHHOM PBIHKE CO3AAHNS U PeaAU3ali HEABIDKH-
MOCTH MHOTOQaKTOPHBIX IPOTUBOPEYUI 1 HeCOBep-
IIEeHCTB, KOTOpPbIe BAMSIOT Ha NMpoekTupoBaHue. Mx
OCO3HaHHE TPebyeT TeOPeTUIeCKOrO0 OCMBICACHIS
B YaCTU OIIPEAEACHHS B3aUMOBAMSHHUS OCHOBHBIX
$akTOpPOB, a TAKKe UX MPUOPUTETHOCTHU B IpoIleccax
cospanus 06bexToB MOK Ha pasHBIX CTaAMSIX ero MaTe-
puaansanyu. [unoreTdeckas uaes AAS 9TOrO MOXKeT
OBIT IIPEAAOXKEHA B BUAE METOAUYECKOTO YHHUBEpCa-
A CTPYKTYPHO-AOTUYECKOTO HCCAGAOBAHMS. YHUBEP-
CaAa, COCTOSIIIETO U3 YeThIPEX OCHOBHBIX 9AeMEHTOB
(cocTaBHBIX YacTeil), a MIMEHHO: METOAMKH, AHHAMIIKHY,
NPOEKTHPOBAHMS, A TAK’Ke MHOTOKBAPTUPHOTO KHADSL.

CaeayeT 0XXHAATD, UYTO HCCAEAOBAHIS BO3MOXK-
HOCTel COBepIIeHCTBOBAHUS ITPOLIECCOB CO3AAHMS
MK, o Aoruke AQHHOTO TPEAIIOAOKEHHs], TI03BO-
AT KAACCUPUIIIPOBATh MHOTOYpOBHEBbIe Hepap-
XMYeCcKHe Ilelld Pa3HOPOAHBIX BAMSHHUHI Ha CO3AQ-
Hue Xuaoi HepBrkuMocTu. [Ipu aToM B mpepeaax
OTAEABHO BBIAGACHHBIX 4-X 9A€MEHTOB, 10 KaXKAOMY
U3 HUX 1[eAeCOO0pa3Ha OIleHKA PeaAbHO CYIeCTBY-
IOIUX HEAOCTATKOB, a TakKe 3P PeKTUBHOCTD MPU-
€MAEMBIX CPEACTB AASI TIPEOAOACHUS MTPENsITCTBUM
U IIPOTUBOAEHCTBHUIA IPOIleccaM peaAusalliy UHBe-
CTUIJMOHHO-apPXUTEKTYPHbIX IIPOEKTOB.

B mnpeasoxeHHOHN mMapapurMe MCCAEAOBAHUS
IIPHOPHUTETOB B PaMKAaX IIPEACTABAEHHOTO METOAH-
4eCKOro YHHUBEpPCaAd MOXKHO PaCCYUTHIBATD HA TIOAY-
YeHHe KaK MUHIMYM TeOpeTHYeCKH 000CHOBAaHHOTO
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$yHAAMEHTA AAST METOAMKH AUHAMUYECKOTO IIPOeK-
THPOBaHUs MHOTOKBapTHPHOTO 5kuAbs (MATIMIK).
MeTopnkH, KOTOpPasi, IO 3aMBICAY aBTOPa HCCAEAO-
BaHMS, IIO3BOAHT YCOBEPIIEHCTBOBATh AATOPUTMEI
CO3AQHMS XKHUABIX 0OBEKTOB B YCAOBHSIX CO3AQHHBIX
COBpeMEeHHBbIMH PeaAHsIMH IPOTHBOPEYHII Ha OTede-
CTBEHHOM pbIHKe UX MaTepuaausanuu. [1o sampicay
aBTOpa AQHHOE TeOpeTHIeCKoe 0O0CHOBAHME CTAHET
$yHAAMEHTOM, Ha KOTOPOM ITAQHUPYETCSI IOCTPOUTD
AaAbHeTlIIee M3ydeHHUe AQHHOU IIPOOAEMBI, TO eCTb
IIOMCKA METOAOB COBEpIIeHCTBOBAHMUSA IIPOLIECCOB
cospanmst MOK. Hampumep, ero MoxxHO 6yaer co-
CPEAOTOYHUTDb HAa AETAABHOM HM3Y4eHHUU OCHOBHBIX
COCTABASIIOIUX YacTel, YTO TaKXXe He HCKAIOYaeT
BO3MO>XHOCTH IIepeX0Aa Ha YPOBEHb BBbIIIe, TAE TTPeA-
CTOMT OTIPEACAUTD AATOPUTM BHeIlIHeH 3aBUCUMOCTH

MEeXAY 9THMH dAeMEHTaMU MeTOAMYECKOTO YHUBEp-
caaa. Ilo xpaiiHelt Mepe, IMeeT CMBICA IIPOBEPUTD,
COOTHOCSTCSI AU Pa3HO-PaKTOPHbIE, A IOPOIO U IPO-
THUBOpeYHBbIe, OAHAKO HHTeIPUPOBAaHHbIE B €AUHDIMH
IPOLIeCC, IAEMEHTBI, 4 TaKoKe TO, KAKUM 00pa3oM Ux
NPUOPUTETHOCTD BAHUSET Ha I0O3TAIHYI0 MaTepHAAU-
3aruio MOK B mporjeccax peaAnsanuy ”HBEeCTHI[MOH-
HO-apXUTEKTYPHbIX HAMepeHHI.

AAsl coBpeMeHHOI MOAEPHH3AIMH TEOPUH ap-
XUTEKTYPbl AAHHOE Hay4HOe HCCACAOBAHHE B OIpe-
AGA€HHOM CMBbICA€ IIPHHECEeT ITOAb3Y, NPHUHHMAs
BO BHUMAaHUeE CTPYKTYPHO-AOIMYeCKOe HOBOBBeEAE-
HHe B U3y4eHHe IPUOPUTETHOCTH, KOTOPOM He CAe-
Ayer npeHe6peraTb npu npoekruposanun MOK,
0 KpaiiHel Mepe, B OTe4eCTBEHHBIX peaAHsIX Heco-
BepLIEHHOTO phIHKA HEABYKMMOCTHU B YKpauHe.
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Architecture is an area of professional activity of
mature people. A proper architectural education is
a continuous and not limited to middle and higher
levels. As the maturity does not appear in a person
suddenly and simultaneously. This condition and its
characteristics is an integral product of all preceding
human life. Not only natural instincts, but also from
the experience depends largely on how the stock of
physical strength man is going to come to maturity,
what values, preferences and relationships will be the
core of his personality, what abilities, knowledge, and
skills will characterize it as a subject of activity, as ac-
tive social identity at a time when a man has reached
his adulthood.

Propedeutics (mpomaidevw — pre-teaching, train-
ing) — in the narrow sense — training, advanced ex-
ercises, introduction to a certain scientific field; in a
broader sense — a concise summary of any science in
a systematic way, i. e. preparatory, introductory course
preceding more profound and detailed study of the ap-
propriate discipline. So, in preparation for learning in
schoolis only one aspect of architectural propaedeutics.

The origins of architectural propaedeutics
find in the course of two avant-garde schools of
European architecture, the Bauhaus (in Germany)
and VKHUTEMAS (in Russia) [2, 43-44].

The foundations of modern architectural propae-
deutics was laid in the works of Gropius, Ladovskiy,
Krinsky, Lantsova, Turkus. In the postwar period, re-
search continued in the process of architectural propae-

deutics researched Belousov, Ikonnikov, Iovlev, Malgin,
Martz, Melodinskiy, Nesterenko, Nicholas, Rappaport,
Somov, Usov, Khan-Magomedov, Chernyshov.

Future architects at an early stage of learn-
ing it is important to holistically understand the es-
sence of their professional activity, because due to its
specificity of educational process at the university is
being built primarily as a play in training.

University architectural profile are facing the
challenging problem of the early involvement of
students in artistic world of architecture, immersive
environment, narrowly specialized terms and means
of activity that involves the transition from the ev-
eryday, often false representations to complex mul-
tifaceted professional activity. It is clear that thisis a
common problem for the initial phase of any train-
ing, however most clearly it is observed in students
begin to get acquainted with the architecture. Given
the extreme complexity of modern architectural
education this stage of education is very important
because it lays the Foundation on which to grow the
whole range of professional knowledge and skills re-
quired by each architect.

While supporters of the traditional single-line
diagrams of learning, I think it is possible directly in-
volve students directly in the atmosphere of a spe-
cific architectural activities, going from more simple
tasks to more complex. This model assumes that
the future specialists allocate and learn the general
principles of professional method, having learned a
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number of typological and functional examples. In
the introductory (two-stage) model of mastering of
the professional architectural activities organized
by the movement of the educational process from
the overall formal compositional means and meth-
ods for spatial shaping to the gradual filling of the
content of training-specific conditions and factors.
Both use craft-a practical form of reproduction of the
real architectural activities, i. e. Direct work with the
expressive means of art [ 2, 88]. Along with the con-
tinuous increasing complexity of design problems
emerging professionalism, which requires reliance
on formalized knowledge to be able to summarize
the experience, improve the reliability of decisions.
But there is another contradiction: the care of the
specifics leads to the predominance of the intel-
lectual forms and methods, theoretical constructs,
abstraction, and imaginative nature of art requires
preservation in the work of visual clarity.

At the end of the twentieth century in architec-
tural education has spread more productive pro-
pedeutica model, which distinguishes formalized
means architectural activities in the form of the spa-
tial composition and use them as creative tools for
solving design problems in the first stage of profes-
sional education architectural profile [1, 156-155].

Of existing concepts pre-professional architec-
tural education today, there are two simultaneously
existing concepts: propedeutica concept (the con-
cept of early professionalization, that is, the early im-
mersion of children into the architectural profes-
sion) and cultural concept (the concept of creative
personality development). Until recently, there was
only one (first) concept. But in recent years in the
world actively taking place in the social democratic
transformation of society and of the tendency to the
openness of education the second concept is increas-
ingly asserting itself, claiming in the future, the role
of leading. In recent years, the means of these two
concepts become understanding, but nevertheless,
on the existence of two concepts as a relatively inde-
pendent is not affected.

It would seem, and architectural education, like
any other (mathematical, geographical, historical,
etc.) had also to evolve in secondary schools. But,
unfortunately, secondary school as a special social in-
stitution consisted, mainly, in the period of industrial
civilization. Accordingly, the meaning of it was un-
der a social order of industrial production, industrial
society.

In other words, graduates are orientated school
of architecture as a profession, and of course, they
are in fact not ready right after school to study archi-
tecture at university. Untrained entrant, as a rule, can
not cope with entrance exams in architecture school
(academic drawing, composition, drawing), and if
difficulty coping, it often leaves the university (usu-
ally 1-2 courses), realizing that this profession is not
for him. That is, there is a student, in fact for the same
reason — because of the lack of pre-university archi-
tectural orientation. University entrants for many
years been one of the key and difficult to resolve.

Avivid example of pre-university training of archi-
tects is the school of architectural development —is in
Russia, which develops students creative potential.
At school - 10 creative levels, more than 25 architec-
tural and artistically oriented courses. Methodology
the first 4 levels aims at the development of space
organizing emotional world of the child, syncretism
and the imagery of mentality, and is based primarily
on the means of artistic creativity, of art, of intuition.
Methodology senior levels aims at the development
of space is the organizing logic analcime and theo-
retical principles in mentality, and is based on the re-
sources in the first place scientific creativity, science,
technology, rationality. Here, the children learn more
academic courses and prepare for college. In meneral,
the School implemented method of creative educa-
tion is essentially a process of spatial modeling [3].

In Ukraine an example of creative training is a
private Kiev Art School. Art school of drawing in
Kiev (fine arts) takes an individual approach to the
student. Taking into account the specifics and level
of training of each. The first need for the school of
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drawing sets before itself not only to teach the basics
of composition and modeling of form, but to warm
up the desire and thirst for the knowledge of the
beautiful, wonderful, wonderful world of art.

It is very important when writing a still-life or
landscape to learn how to not just copy and callously
repeat the forms seen but interesting to interpret,
look for your handwriting and not lose your indi-
vidual perception.

In addition to private schools, Ukraine has an
extensive network of state art schools providing
artistic training. The main of which is the State art
secondary school named after Taras Shevchenko,
where the architecture Department was founded in
the early seventies.Credited to it children aged to
1S years who have completed basic secondary edu-
cation and successfully passed entrance examina-
tions in special subjects: painting and drawing.
Teachers systematically shape the creative world of
the students, help the development of the spatial vi-
sion, maintain a consistently high level of academic
drawing and painting [4].

During the three years of study in school,
they study all subjects over the course of second-
ary school and extensive programme of academic
drawing, painting, architectural composition, archi-
tectural graphics, drawings. Many work at plenary
practice, studying architectural monuments on ex-
isting examples. Familiar with the architecture and
museums of other cities of Ukraine.

In our time, architectural profession fundamen-
tally change your relationship status, she became a
civil, focused on the massive construction of cit-
ies, districts, parks, waterfronts, streets, squares,
residential and public buildings, factories, bridges,
roads and other structures. Now no architect is
not built any structure. In accordance with this
fundamentally changing the relationship of the
profession with society: the profession begins to
understand the need to dialogue with customer
architecture, that is, with the actors. But in order
for such dialogue can arise and exist, architectur-

al education professionals and non-professionals
should be brought to some common denomina-
tor. This requirement means that the society as a
whole must raise the level of architectural educa-
tion of its citizens: every person should become a
cultural and architectural from the point of view of
modern ideas about architecture.

Architectural education, in connection with this
requirement, today is a new additional to profession-
al status — the status element of the general culture
of the person.

Education in Ukraine in general and art educa-
tion in particular needs radical reform. Over the past
few years in Kiev significantly increased the number
of private initiatives in the educational field — gal-
lery owners, managers and even the artists them-
selves open art schools, where practicing artists lead
courses and give lectures, conduct practical classes.
The impression that these art education programs
are an attempt to fill the void in the absence of mod-
ern education in the sphere of art.

Architecture is a specialty of mature people. A
penchant for architecture and design, understand-
ing may personality to become an architect, does
not come nor ten, nor in sixteen years. Undoubtedly,
the necessary children’s schools and extracurricu-
lar institutions with a focus not only on art, but also
architectural education. After all, current trends in-
crease in the volume of professional information
constantly displace a part of the content of training
architects on toprofile level that contributes to the
development of additional “preparatory” forms of
education of architects. Practice shows that in the
process of learning in art schools, colleges of art
and building profiles young people receive the nec-
essary initial knowledge and skills, based on their
own experience are able to determine whether they
are able to be experts in the field of architecture.
Unfortunately, today in Ukraine only pre-university
training are preparatory courses for admission to
the university, or private lessons with a teacher of a
certain discipline.
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Main text of the article

1. Paleontological data

This article is based on the materials of the report
by associate professor of Theoretical and Experimen-
tal Physics at the Far Eastern Federal University, the
candidate of physical and mathematical sciences
A.S. Burundukov and chief scientific officer of the
laboratory in embryology at IMB FEB RAS, Doc-
tor of Biological Sciences, Professor A.L. Drozdov
“Paleontological paradox in the context of global
evolutionism”, made at a scientific conference IMB
FEB RAS on October 6, 2015.

According to the authors of the report, many bio-
logical organisms that have left irrefutable evidence
of the fact of their existence in the Earth’s rock re-
cord, would not have the strength to dwell on its
surface under the present earth gravity [1].

Thus, the mechanical strength of chitin would
not allow living in the Silurian-Carboniferous period

two-meter centipedes Arthropleura armata to reach
2.3 meters in length [2]. The power displayed by the
motor system of the dragonflies Dictyoneurida (with
a wingspan of up to 43 cm) or Meganeuropsis perm-
iana (with a wingspan up to 71 c¢m) living between
the Carboniferous and Permian periods would not
be enough to effortlessly flitter around in pursuit of
modern flies. Is also inconceivable the existence of
huge pterosaurs of the late Cretaceous period, such
as Quetzalcoatlus with a wingspan of 12 or even
15 meters or the discovered in 2002 and dating from
the Maastrichtian Hatzegopteryx with a wingspan of
10-11 meters. And what to make of the fantastic, in-
credible masses of giant land dinosaurs, such as Am-
phicoelias, Seismosaurus or Bruhathkayosaurus? [1]

The bones of vertebrates constitute a composite
material in which calcium phosphate is deposited onto
the organic matrix. As with all materials, bones have
characteristics of ultimate resistance. The value of the
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limit of stretching is 130 MN/m?, and the limit com-
pression — 170 MN/m?. If the pressure on the bone
exceeds the tensile strength of the bone material, it
breaks down. When large mammals rise from the
ground, they are straining to all available forces. This
explains the fact that elephants and giraffes can sleep
standing up. Whales are the largest modern mammals:
the weight of blue whales can reach 180 tons. For the
majority of cetaceans, when they come in contact with
land, their bones break under their own weight, as the
buoyancy force which in the water supported the body
of animals in hydrostatic equilibrium disappears [1].

With the method ofleast squares, the report ana-
lyzed the changes in the mass of eleven largest (over
the last 150 million years) land animals and found
that the maximum in a specific geological period
mass m (t) has been decreasing exponentially:

m(t)=m,exp(at)=17.6 exp(0.01464t), (1)
where m_ = 17.6 tons is an estimation of the upper
limit of the mass of the modern terrestrial animal;

t — the time starting millions of years ago [1].

Evolutionary advantages associated with an in-
crease in weight of the animal are not unlimited.
According to J. Smith, who popularized the use of
dimension theory in biology, an increase in size L of
a land animal, with a constant density p of biologi-
cal tissues its mass m also increases, and m~pL°>. The
strength of bones is determined by the area of their
cross section ~L?, so that the load on the bone grows
faster than its strength, and since the graphs of the
parabola and the cubic function inevitably intersect,
there is a critical point beyond which bone strength
and muscle is not enough to keep the body standing
onits feet [1; 3].

The theory of dimensions makes it easy to find
this critical point associated with the maximum mass
m with a gravitational acceleration g. Currently, the
maximum weight of the animal is determined from
the relationship:

m, g, ~ pL3g =kL?, (2)
where g = 9.8156 m/s” is at the latitude of the city
of Moscow;

k is the constant [kg m’s?=N/m?] determining
bone strength depending on the area of their cross
section [1].

From this equation it follows that the gravitation-
al acceleration g (t) has been growing exponentially

g(t)=g e [1]. (3)

That is, in the last 150 million years g must
have increased approximately by exp (0.732) =
~2.079 times [1].

On what factors may depend such a significant
change in g? If we assume, roughly, that the Earth is
spherical and not rotating, then it follows from the
law of universal gravitation that the acceleration due
to gravity at its surface is

g ()=GMy/R*[1]. (4)

Since physical experiments and astronomical
observations are consistent with the hypothesis of
the immutability of the Newtonian constant G in
the observable space-time region of the Universe,
the change in gravitational acceleration g can depend
only on the ratio My /R* [1; 4].

2. The core of the paleontological paradox

Figuratively speaking, the problem is that all of
the above listed “irrefutable paleontology data” split
like the waters of the ocean against the indestructible
rock of the accumulated data of natural sciences such
as geophysics, geology and astrophysics, as well as
against the laws of conservation of energy and mat-
ter. This is an insurmountable contradiction and it is
called “paleontological paradox”

In fairness, it should be noted that the partici-
pants of the discussion, following logic, should care-
fully check their conclusions and, either offer a hy-
pothesis resolving the paradox or recognize some
paradigms underlying the natural sciences they de-
velop as untenable.

The alogism of the situation arises from the fact
that, on the one hand, each of the proposed hypoth-
eses cannot be considered consistent. On the other
hand, the local character of the described problem
does not allow opponents to declare the need to
change the scientific paradigm.
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In particular, all the rejected models can be di-
vided into three categories:

1. the models with a constant mass of the Earth;

2. the models with a variable mass of the Earth;

3. the low value of the gravitational constant G in
the past.

2.1. The reasons of the untenability of the models
with a constant mass of the Earth

With the constant mass of the Earth a reduc-
tion of its radius by 1.44 times could lead to the in-
crease in g by 2.079 times. But this assumption is
refuted by geophysical data, since with such a re-
duction the formation of a new oceanic crust on its
surface is impossible, the entire surface of the Earth
would have been of one and same age [1].

An increase with time of the radius at a constant
mass, as proposed in the models based on the “conjec-
ture of an originally hydride Earth” by V.N. Larin only
exacerbates the paleontological paradox, as in this case
ghad a higher value in the past than today [1; 4].

2.2. Reasons of the untenability of the models
with a variable mass of the Earth

Assuming that over the past 150 million years the
mass of the Earth increased significantly (dMg, > 0),
the hypotheses in the framework of which attempts
have been undertaken to explain such an increase in
weight can be divided into two categories on the
basis of the localization of the incoming source of
matter:

1. An internal source (concepts by Hilgenberg and
by Carey-Vogel), i.e. when a new mass is formed in-
side the Earth — is a violation of the law of conserva-
tion of matter, energy, and STR-invariance of physical
laws; moreover, the enlargement process is not ob-
served in modern times: it has been established with
anaccuracy of 0.2 mm per year that the Earth does not
change its radius [1; 5; 6; 7; 8; 9; 11];

2. An external source, when additional weight
comes from outer space.

« The adunational model by B. A. Kazansky, sug-
gesting a “soft” accretion of two celestial bodies, Pan-
gaea and Panthalassa onto the surface of the Earth —

entails catastrophic consequences for the flora and
fauna, leaving no chance for survival of the biota, ex-
plaining only the huge size of insects in the Carbonif-
erous-Permian, but not the colossal mass of giant di-
nosaurs of the Jurassic and Cretaceous [1; 9; 10; 11];

« The accretion model by A. L. Drozdov, offering
a scenario of the fall onto the surface of the Earth
of a large number of relatively small meteorites and
cosmic dust — no such corresponding geological de-
posits exist, can only explain the Permian-Triassic
extinction [1; 10; 11].

2.3. The reason of the untenability of the hypoth-
esis of the change of the gravitational constant G in
resolving the paleoparadox

According to research conducted back in the sec-
ond half of the previous century, when dividing the
gravitational constant G by two the radius of the Earth
would have changed by about 370 km [12; 13]. The
reason this hypothesis is invalid is because the current
data relative the change in the constant G by two or
three orders of magnitude is below the expected dy-
namics: no more than 10'+107? per year [ 14; 15; 16].

3. Some unsolved problems of modern natu-
ral science

Clearly, the solution, if it exists, goes beyond the
paleoparadox. And as such, the studied problem
should be viewed as one of the parts of an array of
the problems of natural sciences related to geophys-
ics and cosmology. Let’s consider some of them.

3.1. The problem of the internal power source
of the Earth

This problem lies in the inability to explain the
sources of the driving forces of the processes that
are carried inside the depths of the Earth by means
known to science of phenomena and effects (radio-
active decay of elements, tidal forces, chemical dif-
ferentiation and so on). It is divided into two parts:

1. the problem of the source of energy and of the
principle of functioning of the geodynamo;

2. the problem of the source of energy of plate
tectonics (movement of lithospheric plates: conti-
nents and ocean floor).
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3.1.1. The problem of the source of energy and of the
principle of geodynamo functioning

The geodynamo (or the dynamo theory) is a first
order approximation of the rather complex true Earth’s
magnetic field. Joseph Larmor put it forward for the
first time in 1919. The model consists of a liquid ball,
with a hot, hard, heat-producing metallic core, which
rotates in an easterly direction. The magnetic field aris-
es as a result of the transportation of frozen magnetic
lines by matter, as well as a result of convection [17].

Seismic measurements show that the solid in-
ner core has a radius of ~ 1,220 km. The liquid
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thick

’é’\b -
— /

\/

6378 km

2900 km

outer core, extends beyond the inner radius to
~ 3,400 km (for comparison, the equatorial ra-
dius of the Moon is 1,738.14 km). The densities
are between 9,900 and 12,200 kg/m? in the outer
core and 12,600-13,000 kg/m? in the inner core
(for comparison, the average density of the Earth’s
crust is 2,200 + 2,900 kg/m?) [18; 19; 20; 21].

The temperature at the surface of the solid core
of the Earth presumably reaches the 6,230 + 500 K
(5,960 + 500 °C) [22; 23], the pressure reaches
360 GPa (3.6 million atm) [24].

Lithosphere
(crust and upper-
most solid mantle)

Mantle

Not to scale

Figure 1. Diagram of the internal layering of the Earth
Source: Wikipedia

The conventional three-dimensional theory sug-
gests that convection in the outer core, combined
with the Coriolis effect, leads to the emergence of
the Earth’s magnetic field. The solid inner core is too
hot (above the Curie point), in order to maintain a
constant magnetic field, but acts to stabilize the mag-
netic field generated by the liquid outer core. The
average tension of the magnetic field of the Earth’s
outer core is estimated at 25 Gauss (2.5-10° T),
which is fifty times stronger than the magnetic field
on the surface of the planet [25; 26].

In August 2005, a team of geophysicists an-
nounced in the journal Science that according to their
estimations, per year, the Earth’s inner core rotates ap-
proximately 0.3 to 0.5 degrees faster than the surface.
In the period between 700 to 1200 years, the inner
core makes one full additional turn [27; 28; 29].

The contours of the problem of the geodynamo
energy source were first outlined by Thomas Cowling
back in 1934 (the theorem about the impossibility
of stationary axially symmetric, ie two-dimensional
MHD dynamo): the mechanism of generation of

18



TO SOLVING THE PALEONTOLOGICAL PARADOX

Earth’s magnetic field through flows of matter in the
liquid metal core does not provide its own stability
(it dies down) [30; 31].

With regard to modern three-dimensional mod-
els there is a limit. When it comes to the movement
of matter across the lines of the magnetic field and
to convection, then based on this, the motion and
convection of the molten matter of the liquid part
of the core can not be implied, since the speed of
the transportation should be about 10° m/s at a dis-
tance of about 10° m in thickness of the liquid part
of the core (under unimaginable pressure and tem-
perature!) [31], and to get the observed magnetic
field parameters an electric current of one billion ()
amperes is required [27].

In addition to this, the temperature gradient be-
tween the liquid and solid layers of the core is provid-
ed only at the expense of cooling the latter. A natural
question arises: “Why has this energy reserve not
exhausted itself, as in the neighboring planets of ter-
restrial type?” On Mars the dynamo terminated its
activity about 4 billion years ago [32] as well as, it
seems, on Venus: the planetary magnetic field in the
modern era is completely absent [33; 34].

In 2012, the British professor Dario Alfé and
his team were the first to succeed in calculating the
thermal conductivity of the Earth using the den-
sity functional theory (DFT). Their results showed
that the thermal convection existing in the core of
the Earth can not serve as a source of our planet’s
magnetic field, as previously assumed. Based on the
new data, the inner core of the Earth began to form
only about 1 billion instead of 4.3 billion years ago
[35;36; 37].

3.1.2. The problem of the source of energy of plate
tectonics

By the early 1960s the relief map of the ocean floor
has been drawn up, which showed that in the middle
of the ocean are located mid-ocean ridges that rise
to 1.5-2 km above the abyssal plains, covered with
sediment. These data allowed in 1962-1963 R. Di-
etz and G. Hess to put forward the hypothesis of

spreading. According to this hypothesis, convection
takes place in the mantle at about 1 cm/year. The
ascending branches of convective cells bring under
mid-ocean ridges mantle material, which renews the
ocean floor in the axial part of the ridge every 300-
400 years. Continents do not float on the oceanic
crust but move across the mantle, being passively
“soldered” into the lithospheric plates. According to
the spreading concept, ocean basins have an uncon-
sistent and unstable structure whereas continents are
stable [38; 39, 220-252].

In 1963, the spreading hypothesis receives strong
support in connection with the discovery of magnet-
icanomalies of the ocean floor in the form of stripes.
They were interpreted as a record of the reversals of
the magnetic field of the Earth, recorded in the mag-
netization of basalts of the ocean floor [38].

Regarding the reason of the high temperature
of Earth’s interior part, there are several hypotheses.
At the beginning of the XX century the hypothesis
of the radioactive nature of this energy was popular.
It seemed it was confirmed by the evaluation of the
structure of the upper crust, which showed very sig-
nificant concentrations of uranium, potassium and
other radioactive elements. But it was later found that
the content of radioactive elements in the Earth’s crust
rocks is quite insufficient to ensure the observed geo-
thermal heat flux, and the content of radioactive ele-
ments in subcrustal substance (in composition close
to the basalts of the ocean floor) and in the core of the
Earth is negligible [38; 39; 40; 41].

Another model explains the warming up due to
the chemical differentiation of the Earth. According
to this model, the planet was originally a mixture of
silica and metal materials. But simultaneously with
the formation of the planet began its differentia-
tion into separate layers. The thicker metal part fell
to the center of the planet, while the silicates con-
centrated in the upper layer. With this the potential
energy of the system has decreased and turned into
heat energy [39]. These arguments are not com-
pletely logical: it is true, if the fall of iron which is
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heavier would increase the potential energy of the
Earth, then the rising silicates and the continuous
heat dissipation into space during billions of years
should totally cool down the mantle.

Among researchers, there are supporters of the
hypothesis that the planet’s warming occurred as a

result of accretion due to impact of meteorites on the
surface of the emerging celestial body. This explana-
tion is questionable: during accretion the heat was
released almost always at the surface, where it easily
went and evaporated into space, rather than heading
to the central part of the Earth [38].
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Figure 2. Classification of tectonic processes according to the concept of plate tectonics
Source: Jose . Vigil, USGS, SI, US. NRL

Summarizing the above presented problem
of internal energy source of the Earth, it appears we
should recognize that the main source of energy to
maintain the magnetic field and the heating of the
mantle is located in the core of the Earth and has no
physical explanation:

1. The question as to what process gives rise to
Earth’s magnetic field is still open: the required pa-
rameters for the convection of substance of the mol-
ten part of the core are not physically realizable;

2. The impossibility of the output of energy from
the core of the Earth for organizing the convective
movement in the mantle (which is the driving force
behind the spreading) due to the fact that the con-
tinuous heat dissipation into space for billions of
years should have cooled the core of the Earth and
transformed its liquid layer into a solid state.

3.2. Gravitational anomalies

Gravitational anomalies are firmly fixed, and
widely used in engineering and navigation data on:

1. the actual shape of the gravitational field of the
planet (the geoid);

2. the continuous wave-like fluctuations of the grav-
itational field on the surface of the geoid [42; 43; 44].

That is the way of the common logic: the com-
mon to the whole planet basic states of the gravita-
tional field are called “anomalies”, while the estab-
lished notions that turn out to be useless in relation
to the explanation of said “anomalies” are the “domi-
nant scientific worldview”.

3.2.1. Geoid

The geoid (from the ancient Greek y7] — Earth
and £i8og - look (appearance) literally - “something
similar to the Earth”) is a geometrically complex
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surface of equal gravitational potential values, which
coincides with the undisturbed surface of the oceans
and continued over the continents [43; 44 ].

Let’s take for comparison the values of variations
of the acceleration of free fall on the surface of our
planet in Gal units:

« maximum amplitude of the lunar-solar distur-
bances — 0.24 mGal;

« change from the poles to the equator due to the
centrifugal force — 3.4 Gal;

« change from the poles to the equator due to the

flattening of land - 1.8 Gal [45].

Figure 3. Graphic representation of the mutual arrangement: ocean (1);
reference ellipsoid (2); local plumb lines (3); continent (4); geoid (5)

Source: Wikipedia
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Figure 4. Three-dimensional visualization of geoid undulations
(deviations are greatly exaggerated)

Source: NASA

What does the contradiction consist of then?

We should keep in mind that systematized and
reliable data from seismology, heat flow on the
surface of the Earth, and the physics of minerals
have been collected, which in combination with

the mass of our planet and its moment of inertia
make it possible to build a model of the Earth’s in-
terior, with the determination of its composition,
density, temperature, pressure [39, 186-201; 46].
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In particular, the reconstruction of seismic waves
points to the gaps between their speeds that differ-
entiate the main zones of the Earth: the inner core,

Focus of S
earthquake

the outer core, the upper mantle, the mantle and the

crust [39, 186-201; 46].

Upper mantle

Crust

10,000
1

Kilometers

Figure 5. Seismic velocity and boundaries in the Earth’s interior, determined using seismic waves
Source: Wikipedia

The mantle is detected by seismic waves as a
solid. But at high pressures and temperatures, the
material of mantle acquires the property of plas-
ticity and behaves like a liquid, if we consider its
dynamics in geological time scales for millions of
years. This property makes possible its spreading
and isostasy [46; 39, 186-201; 47].

1

Isostasy (isostatic equilibrium) is the hydro-
static equilibrium state of the Earth’s crust, at which
the less dense crust (of average density 2.8 g/ cm?)
“floats” in a more dense layer of the upper mantle,
the asthenosphere (of average density 3.3 g/cm?),
obeying the law of Archimedes [47].

Figure 6. Isostatic models according to George Airy (1) and John Pratt (2)
(the dimension of the rock density shown in scheme — g/cm?)

Source: Wikipedia
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The theory of isostasy came as a result of first geo-
physical observations. After the creation of Newton’s
theory of gravity began research on the Earth’s grav-
ity field. It has been suggested that above mountains,
gravity should be greater than in the plains or in the
ocean, as the mountains themselves have mass. How-
ever, measurements have shown that in areas with
different terrain gravity is very close and mountains
“weigh nothing”. To explain this contradiction, it has
been suggested that under the mountains there are
huge caves, which compensate for the extra weight of
the mountains. However, there was then the hypoth-
esis of isostasy, which has become the cornerstone
of all the major geodynamics hypotheses. It played
an important role in the theories of geosynclines,
continental drift and plate tectonics [47].

Modern experimental data show how the pres-
ence of variations in the density of the crust in the
horizontal direction, and in the Mohorovi¢i¢ discon-
tinuity correlated with the relief, that is to say the iso-
static equilibrium is provided by the combination of
Airy’s and Pratt’s models (1855) [47].

Airy proceeded from the assumption of a uni-
form density of the crust, in which to compensate for
the elevation of the crust of the terrain, for example,
mountain ranges of a 5-7 km height, the Earth’s
crust sole under the elevations should plunge into
the mantle to a depth proportional to the magnitude
of the elevation. The consequence of this model is
the emergence of “roots” of the mountains (compen-
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sational weight). The higher the mountain, the big-
ger the “root”, and its value should be several times
greater than the height of the ridge above the sea
level (see Fig. 6 (1)) [39, 186-201].

In Pratt’s model, the sole of the Earth’s crust is
flat and the compensation is due to the different den-
sity of crustal blocks, ie in blocks forming the ridges
of the crust the density should be lower than in the
cavities’ blocks (see Fig. 6 (2)) [39, 186-201].

As a result, there appears a contradiction be-
tween the reliable experimental data on the geoid
[43], which represents an uneven distribution of
planetary forces of gravity, and the completely reli-
able from the scientific point of view outlooks on:

1. the structure of the Earth, which suggests a
centrally symmetric distribution of matter in the
composition of the planet;

2. isostasy, which smoothens the distribution of
the masses of rock.

As areminder: in astrophysics data on the viola-
tion of the law of gravity is interpreted as “dark mat-
ter”, or “density waves” (both objects of undefined
nature).

3.2.2. Oscillations of the gravitational field on the
surface of the geoid, gravitational-meteorological para-
dox

GRACE (Gravity Recovery And Climate Ex-
periment.) is a satellite mission to study the Earth’s
gravity field and its temporal variations, related in
particular to the processes of climate change [42].

2002 10
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Figure 7. The image of the distribution of the variable component
of the gravitational field as of October 2002

Source: GRACE NASA
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Figure 8. Change in gravity in the Amazon Basin in the period from March to December 2003
Source: GRACE NASA

GRACE maps the gravity field by measuring the  changes in the distance between them to the mi-
position of two identical satellites in polar orbit at  cron accuracy. Proper motion and orientation of
an altitude of 500 km. The satellites were launched  the satellites are recorded with GPS receivers, ac-
from the Plesetsk launch site on 17 March 2002 [42].  celerometers and star sensors. In addition, the satel-

The satellites continuously exchange radio sig- lites are equipped with angle reflectors for satellite
nals in the microwave range, which allows to track  laser ranging [42].
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The satellites fly over every portion of the Earth
about once a month, which allowed to discover and
follow the dynamics of wave-like fluctuations of the
gravitational field on the surface of the geoid. On the
mission’s site has been posted an animated image of
gravitational oscillations of the period from August
2002 to March 2009 in the form of multi-colored
ripples that moved like waves on the surface of the
planet. Red denotes the maximum value of gravity,
and blue — the minimum (see Fig. 7) [42].

On September 8, 2016 the administration of the
project removed the mentioned website page [48].
However, the presented image with reference to the
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said NASA website is still in Wikipedia. In addition,
evaluating the way of presenting the obtained scientific
data, it is unclear why the gravitational fluctuations are
presented in two options for land and for water sur-
face. In reality (and it’s not hard to see), fluctuations in
the gravitational field are moving freely on the planet,
moving from the surface of the waters of the world
ocean onto continents and backwards [39, 186-201].

In the functioning part of the GRACE NASA
website remained in the public domain other results
of the research program, such as changes in gravity in
the Amazon basin in the period from March to De-
cember 2003 (see Fig. 8) [49].
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Figure 9. Average annual maximum river-level fluctuations in the Amazon Basin. The
range between the recorded high and low extremes of the Amazonian river levels is
approximately 1.5-2.0 times greater than the average annual fluctuation range

Source: Amazon Waters

We should not be misled by the applied scale of
the observed anomalies, the amplitude (the differ-

ence between the maximum and minimum values) of
which is only 0.024 m. Does not improve the situation

25



Section 2. Biology

the introduced into the caption accompanying the
picture amendment, indicating that each millimeter
of the depicted abnormalities is equivalent to 4 centi-
meters of water (meaning the amplitude of the oscilla-
tion of the height of the water surface is 0.96 m) [49].

In reality, the seasonal variations in the levels of
the river are an order of magnitude greater.

In particular, the oscillation of the level of the
river is the most vivid expression of seasonal changes
and has a range of approximately 4-15 m. Informa-
tion on some areas of the Brazilian Amazon covers
a period of more than a hundred years. Since the

Andean countries (Bolivia, Peru, Ecuador and Co-
lombia) are in no hurry to invest in appropriate in-
frastructure and to ensure sufficient staff to maintain
a constant hydrological data acquisition, there is a
relatively poor understanding of the fluctuations
of river levels in these regions and, in particular, in
the Andes. It is known that the upper Andean may
fluctuate significantly on a daily basis because of the
heavy rains and narrow river valleys. This is not un-
usual. For example, the water level in the rivers of
the Andean foothills may fluctuate in value between
4-9 min a single day [50].
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Figure 10. Gravitational-meteorological paradox: the increase in
gravity causes a drop in atmospheric pressure

With regard to the actual annual fluctuations in
the level of the river basin, the most extreme

(10-15 m) are located in a zone that extends from
the middle of the Madeira River in the east to the
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middle of the Jurud river in the west. Upstream from
the mouth of the Madeira, the average annual varia-
tions of the Amazon river are in a range of 8-10 m.
Downstream of the Madeira river, the level of fluc-
tuation is gradually reduced and at the mouth of the
river, diurnal tides drop to less than 2 m [50].

In addition, at high tide at the end of the winter
Atlantic waters are headed to the delta of the Ama-
zon. The resulting wavy tidal bore, with a leading
wave which can be up to 25 feet (7.6 m) in height
and penetrate up to 500 miles (800 km) inland
[50; 51; 52]. The inexplicable rise in the ocean level
blocks the flow of river waters in the Amazon delta
at the beginning of the rainy season.

The GPS station in Manaus, near the central part
of the Amazon basin, evaluates an annual vertical
displacement cycle at an amplitude of 50 to 75 mm.
This is undoubtedly the most significant fluctuation
of the Earth’s crust observed to date on the globe,
and it is approximately 2-3 times greater than the
amplitude predicted for this region. Vertical soil dis-
placement has an opposite correlation with the local
height of the Amazon River. This indicates that the
elastic response is a consequence of the change in the
weight of the flowing river waters [53].

In addition to the above-mentioned inaccurate
amplitude of the water level fluctuations, the analyti-
cal articles on the GRACE mission results contain
one additional shortcoming: there is no mention of
the discrepancy between the obtained data and mod-
ern concepts of the conditions of weather formation.

In particular, an increase in the force of attrac-
tion should cause an increase in atmospheric pres-
sure and the ceasing of rainfall, while a decrease in
the force of attraction — on the contrary: reduction
of atmospheric pressure and generation of rainfall.

However, according to data from GRACE,
there is an inverse correlation between the change in
gravitational force and atmospheric pressure — the
gravitational-meteorological (GM) paradox: despite
the increase in gravity, atmospheric pressure contin-
ues to remain low for about 4-6 months (from De-

cember to May), whereas the decrease in the gravita-
tional force during the next six months is combined
with the end of the season of heavy precipitation and
with the decrease of the level of the ocean.

The result of all the above leads to two main con-
clusions:

1. In the season of heavy rains there is an addi-
tional flooding of the river basin by oceanic waters
due to the rise of the ocean level;

2. There is a GM paradox — an unexplained in-
verse correlation between the rain season and the
oscillation of the gravitational field.

4. To solving the paleoparadox

In order to overcome the contradictory situation,
itis necessary to replace the above limitations on the
freedom to look for acceptable solutions with one
fundamental principle that does not depend on the
previously mentioned problems.

Such a concept can be the Universal Model of
Time (UMT). Let’s briefly review its main provi-
sions, conclusions and consequences.

4.1. The Universal Model of Time

This concept is phenomenological — the result
of the generalization of the largest possible array of
already available experimental data and theoretical
efforts. It should be noted that the process of investi-
gating the phenomenon of “time” is a field of scientif-
ic battles of irreconcilable widely ranging concepts,
from supporters of the “arrow of time” to a position
such as “time is not an object of scientific research”.

As asolution that can satisfy both supporters and
opponents of the “arrow of time”, the UMT contains
the idea of dividing the concept of “time” into two
components:

1. the unit vector of time (the concept of Ori-
ented Time);

2. the flowing of time (the concept of Directed
Time, which includes the whole aggregate of arrows
of time).

The introduction of a unit vector of time requires
anon-trivial understanding of the principle of the in-
variance of the speed of light (“the maximum velocity
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of propagation of the interaction, called the speed of
light, must be the same in all inertial frames of refer-
ence” [54]), which should be interpreted as follows:

“The speed of light in the vacuum is the limiting
speed of the transmission of information about the
motion of particles and the propagation of interac-
tions”.

Hubble Ultra Deep Field 2009-2010

To justify this point of view that allows the
existence of objects that have a speed greater
than the speed of light, let us consider the galaxy
UDFj-39546284 — one of the most distant objects
from the Earth, the distance to which was deter-
mined from the magnitude of the redshift, and then
refined by spectroscopy [SS; 56].

UDFj-39546284

Figure 11. Hubble Ultra Deep Field 2009-2010 and UDFj-39546284. Courtesy of: NASA, ESA,
G. lllingworth (UC, Santa Cruz) R. Bouwens (UC, Santa Cruz, and LU), and the HUDF09 Team

The galaxy has a redshift parameter z = 11.9, and
therefore, the distance to it at the time of emission
of photons was at least 13.42 billion light years. The
proper distance (at present) to this galaxy corre-
sponds to 32.7 billion light years [5S; 56].

Therefore, provided that:

« the Hubble constant equals H = 67.80 + 0.77
(km/s)/Mpc [57; 58; 59];

« 32.7.10° light years = 10.026-10° Mpc [54].

The escape velocity of UDFj-39546284 relative
to the observer from the Earth at the moment is
about 679.753-10° km/s. Let us recall that the speed
of light is ¢ = 299.793.10° km/s [54].

The concept of Oriented Time is based on the
assumptions that:

1. time is one of the dimensions of the space-time
continuum and has the properties of a vector: direc-
tion and magnitude;

2. for a solid body in an inertial state in a homo-
geneous isotropic space, the objective indicator of
the change in the direction of the time vector is the
appearance of the force of inertia [60, 29-38; 61].

Technically, the introduced on the basis of the
first postulate unit vector of time does not differ
from the normal vector of the time axis of the four-
dimensional continuum. Only the physical sense is
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changed: the unit vector of time does not deter-
mine the duration of the process, is a constant di-
mensionless quantity by means of which is deter-

mined the angle formed by the eigenvectors of time
of the observer and of the astronaut in the rocket
[60,29-38; 61].
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Figure 12. Interpretation of the invariance of the vector of time in the concept

of OT a =arccos (I’o/I) =arccos\1-v* /¢’

What is important is that in the new approach
hyperbolic transformations determine the value of
the angle of rotation of the unit vector of time:

a=f(v)=arccos\J]1—v* [ ¢* [60,29-38;61]. (S)

black hole

VN

When the rocket reaches the speed of light due
to its own engines, the angle of rotation reaches a
critical value of 90°, when both objects are relative
to each other behind the kinetic horizon of events
[60, 67-70; 61].

Fig. 13. Scheme of rocket acceleration.

Thus, the replacement of the paradigm leads
to a new understanding of the phenomenon of
“time”. Time is a fundamental phenomenon of na-
ture, the result of the interaction of the space-time

continuum and matter (the orientation of space
relative to matter), a way of existence of matter in
the Universe (not a process!), and such that each
moment of the particle’s stay at a certain spot in
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space can be matched by its antipode in antispace
[60, 65; 61].

What is the magnitude of the potential barrier
separating the material point from its antipode in
antispace? To determine the indicated value, let
us carry out the following mental experiment. Let
us assume that the rocket, starting from an iner-
tial state, begins to move along a rectilinear tra-
jectory, moving far from any sources of gravity,
with a constant acceleration dv,/dt = const. Let
us assume for simplicity that the rocket is capable
of reaching the speed of light in the shortest time
lapse possible (taking into account the need to
ensure the cosmonaut’s survival) without chang-
ing its rest mass m,, (there is no loss of mass due
to fuel consumption). The astronaut makes the
below calculations in the formulas of Newtonian
mechanics, since the measurements for the neces-
sary parameters are made in the reference system
of the “rocket” [60, 108-111; 61].

Based on the readings of the accelerometer, the
astronaut can determine the value of his acceleration,
as well as calculate the speed of the rocket relative to
the initial state [60, 108—111; 61]:

v,=a,-At. (6)

The traction force of the rocket’s engines over-
comes the inertia of the F. rocket, and therefore,
conforming with the concept of OT, performs the
work of changing the orientation of the time vector
of the rocket (see (1)) [60, 108-111; 61]:

dA=F, ds=f(a). (7)

Also, proceeding from the concept of OT, we can
assume that the potential barrier separating space
and antispace is equal to the work of turning of the
orientation of the time vector of the rocket in the op-
posite direction relative to the initial one. It must be
remembered that the speed of light is the limiting ve-
locity of bodies with a rest mass (in our case, m o)
as well as that the formula expressing the magnitude
of the kinetic energy

E=m, v*/2, (8)

has a physical meaning when |v|<|c|. Then, tak-
ing into account (5) and taking into account that to
change the orientation of the time vector by 180°,
the rocket should develop the double of the speed of
light 2 ¢, the value of the potential barrier AE__ fora
rocket with a mass m , will be equal to:

2E <m,, c*=AE.[60,108-111;61]  (9)

The resulting expression allows us to introduce,
in the spirit of modern standard models, two con-
stant values:

« the first gravitational quantum number is a
universal constant equal to the absolute value of the
positive tension of an ideal gravitational field and
separating a material point in space from its anti-
pode in antispace:

(10)

m, c>=+AE=const;

« the second gravitational quantum number (the
unit eigenvector of time of the material point) char-
acterizes the orientation of space relative to matter,
in the limit state it determines two antipodes sepa-
rated by the first gravitational quantum number in
the space of the Universe [60, 108-111; 61].

Due to the connectivity of space and antispace,
changing the orientation of the time vector by 360°
(speed of 4c) returns the time vector of the rocket
to its original state [60, 142; 61].

The fruitfulness of the new approach mani-
fests in its consequences.

So, for example, some new notions, which pre-
viously had no relation to time or did not make an
entirely definite physical sense, acquire a new physi-
cal meaning:

« the rest energy of a material point E=m_c’is a
quantity inseparable from bodies defined in space-
time: taking into account the relativity of space and
antispace, its presence is determined from the point
of view of the antipode;

» the event horizon defines the boundary of the
applicability of the concept of “time” when describ-
ing macroobjects;

« the potential event horizon — near singularities;
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o the kinetic event horizon — when the rocket
reaches the speed of light relative to the observer
due to the work of its own engines;

« when describing the objects of the microworld,
the concept of “time” is applicable to free elementary
particles defined in space (von Neumann reduction);

« the inertia force of a solid point — the property
of the body to keep the orientation of its unit eigen-
vector of time unchanged;

. etc. [60, 108-124; 61].

In the UMT (Universal Model of Time), in accor-
dance with the principle that “the information that the
observer has is located on his trajectory of events”, all
sorts of relativistic paradoxes safely disappear.

One of the most important consequences of
UMT is the ability to correlate the concept of Ori-
ented Time and numerous concepts developed on
the basis of experimental data that detect the char-
acter of directed in time processes that are happen-
ing in the Universe. The mentioned relationship is
possible to implement thanks to the introduction of
the concept of “the flowing of time”.

The flowing of time is a subjective perception of
two phenomena:

1. the properties of the three-dimensional space
to not keep information about the matter in it;

2. the existence of “arrows of processes” (“arrows
of time”) — various manifestations of a single uni-
versal process of evolution of energy-matter in the
Universe [60, 157-159; 61].

As a consequence, it is possible to overcome
the main problem of the numerous concepts of di-
rected time: the uncertainty of its direction. Indeed,
the statement that «time is directed from the past
to the future» is equivalent to the statement «the
mathematical vector is directed from its beginning
to its end> under the absence of a reference frame.

The opposite course of time in the UMT takes on
a different meaning: “process arrows” can be imple-
mented in frames of reference that have their own
unit vectors of time of different relative orientations,
including the opposite one.

4.2. New cosmology

In addition to the consequences listed above,
the predicted by quantum mechanics cosmological
constant (the zero energy of the vacuum) which has
an energy density of the order of the Planck value
(10*kg/m?), finds a physical meaning in the UMT
[62; 63].

There are two main problems that force the world
scientific community to doubt the real prospects of
such a prediction. The first is that the experimental
data indicate a value of the value of the zero energy
of the vacuum 120 orders smaller. According to Lee
Smolin, the energy density of the vacuum of the
Planck value is “the worst prediction ever made by a
scientific theory” [62; 63].

The second main argument against the predicted
magnitude of the cosmological constant is that, ac-
cording to the expression E = mc?, any energy density
creates a gravitational field that changes the geometry
of space-time (from the side of the vacuum, a colossal
force of attraction must act on the bodies) [62; 63].

How does the quantity predicted by quantum
mechanics fit into the UMT?

The Universe is a closed four-dimensional surface
(for the observer it consists of space and relative anti-
space). Gravitational forces act on the bodies located
on this surface. The space of the vacuum is not deter-
mined in time, and, therefore, represents an external,
relative to the Universe, background [60, 159-168].

The plot of the Big Bang, with reference to the
new cosmology, does not require an initial singular-
ity: it is sufficient to create a primary anomaly in or-
der for the colossal vacuum energy to flow into this
area through the phase boundary [60, 159-168].

The only possibility for the continuation of the
existence of such an anomaly is the presence of an in-
ternal property to keep the value of matter density
(energy and matter) constant. In this case, the anom-
aly does not disappear, but expands exponentially
(60, 159-168].

The newly formed open dissipative system, ca-
pable of self-organization [60, 159-168; 64; 65],
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limited the flow of the entering energy by twisting
the surface of the separation between the vacuum
space and the Universe into localized singularities
(quark-gluon sources — QGS) [60, 208-235]. The
modern Universe is a perforated four-dimensional
closed surface [60, 208-235]. The areas of space
tear of the Universe are the surface of contact with
the vacuum space [60, 208-235].

Obviously, the consequence of such twisting is
the separation of the Universe into two relative parts:
space and antispace 60, 208-235].

On the one hand, QGSs deform the modern
metric of space and present the primary sources of
gravity. On the other hand, the quark-gluon plasma
entering the Universe forms baryonic matter and en-
ergy. Therefore, when the baryonic substance falls on
the surface of the QGS, this process is counteracted
by the quark-gluon plasma, which escapes from the
QGS due to the huge difference between the density
of the vacuum energy and the density of the energy
of the Universe space [60, 208-235].

The gravitation of the baryonic substance accu-
mulated on the surface around the QGS is induced:
it emerges as an additional local deformation of the
gravitational field around the singularity. The cause of
the local deformation of the metric is the difference
between the orientation of the time vector of the space-
time continuum and the orientation of the time vector
of the accumulated baryonic substance [60,208-235].

In the modern era, the overwhelming majority
of QGSs are under a layer of baryonic matter, which
continues to grow. Such objects, that have a source
of internal activity, are centers of galactic nuclei, qua-
sars, stars, planets and their natural satellites, as well
as comets [ 60, 208-235].

4.3. Ways to solve some of the problems of mod-
ern natural science

The hypothesis about the existence of quark-glu-
on sources, which follows from the Universal Model
of Time, surprisingly leads to the solving of various,
and sometimes outwardly unrelated problems of
modern natural science. In particular, with respect

to the paradoxes mentioned in this article, the fol-
lowing explanations exist.

The inverse correlation between the state of the
atmosphere and the oscillations of the gravitational
field on the surface of the geoid, and in particular in
the Amazon basin, can be explained by the remote-
ness of the QGS from the investigated segment of the
Earth’s surface and from the measuring instrument
(composed of a system of two satellites). Thus, for
example, the magnetic latch element of a bookcase
has a vanishingly small effect on the global magnet-
ic field of the Earth. However, the magnetic field it
creates in its immediate vicinity is 5—10 oersted, i. e.
about 10-30 times greater than the intensity of the
global magnetic field (which varies from the equator
to the pole within the range of 0.3 to 0.7 oersted on
the Earth’s surface). Similarly, the gravity anomaly
averagely detected by GRACE captures the influence
of the increasing masses of water in the Amazon ba-
sin on the Earth’s gravitational field. But at the same
time, the Amazon waters are about 10 times closer to
the satellite system than the singularity in the center
of the Earth’s core.

The supposed from the UMT point of view sce-
nario of the mentioned phenomenon implies the
resolution of the gravitational-meteorological para-
dox. Due to the decrease in the gravity of the global
source in the indicated region, the pressure decreas-
es, the water level on land and in the part of the ocean
that has fallen into the zone of low planetary gravity
rises. The increase in mass of matter on the Earth’s
surface (precipitation, rising groundwater level and
flooding) strengthens the local gravitational field.

Now;, regarding the problem of the energy source
of plate tectonics. The hypothesis of the existence of
QGS, presupposes the presence in the central part of
the core of the Earth of an inexhaustible source of
energy and matter. It can be assumed that the pres-
sure created by the baryonic substance under the
action of gravitational forces in the vicinity of this
singularity balances the pressure of the quark-gluon
plasma, which in turn exists because of the difference
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between the energy density of the zero energy of
the vacuum and the average density of energy and
matter of the Universe. The area of space near the
surface of the QGS can be an ultrahigh-temperature
plasma that transfers heat through the outer liquid
layer of the Earth’s core to the mantle, then to the
Earth’s crust, into the atmosphere and, finally, dis-
sipates into the open cosmos.

Regarding the problem of the source of energy
and the principle of the functioning of geodynamo.
Natural seems the hypothesis that the sources of the
geodynamo are the processes occurring near the sur-
face of the QGS.

And with respect to the paleoparadox. QGS is
able to fulfill the role of the internal source in the
concepts by Hilgenberg and by Carey-Vogel. The ex-
istence of QGS does not contradict the law of con-
servation of matter, energy and the CPT symmetry
of physical laws. In addition, it is possible that the
process of expansion that had occurred in the geo-
logical past of the Earth, may not manifest itself in
the modern age due to the achieved dynamic equilib-
rium between the pressure of the quark-gluon plas-
ma escaping from the QGS and the baryonic matter
attracted to the center of the singularity. Should not
be excluded the possibility of stable, intensive and
long, covering whole geological periods variations of
the global gravitational field without any change in
the mass of the Earth.

5. Conclusions

As can be seen from the above material, the para-
digm of the separation of the concepts of “time” and
“flowing of time”, as part of the concepts of Oriented
and Directed Time, together form a new Universal
Model that contains and systematizes all the experi-
mental data and knowledge accumulated by man-
kind about the nature of time.

An additional effect of the concept of Oriented
Time is the new understanding of the predicted
by quantum mechanics cosmological constant (of
zero vacuum energy) of the Planck unit. From the
new cosmology, in particular, there arises a hypoth-

esis about the existence of quark-gluon sources in the
nuclei of cosmic objects that have sources of inter-
nal activity: in the centers of galactic nuclei, quasars,
stars, planets, comets.

The QGS paradigm enables us to put together
the pieces of a puzzle consisting of the most diverse,
seemingly unrelated problems of modern natural sci-
ence, into a single picture of the World.

With regard to the paleoparadox, the hypothesis
of the existence of QGS allows the implementation
of two different mechanisms (or a combination of
them) of the change in the level of gravity in the geo-
logic past of the Earth:

1. due to the increase in the mass of our planet;

2. due to the change in the gravitational activity
of the QGS.

The final solution to this paradox on the basis of
the new cosmology must obviously be interdisciplin-
ary and include the points of view of geophysicists,
paleontologists in a wide range of specializations,
paleogeologists, paleoclimatologists and others.

In conclusion, I would like to add that the list of
problems of modern natural science, which can be
solved by applying the hypothesis of the existence of
QGS, is much broader than that contained in this arti-
cle. Among them we can notice well-studied phenome-
na (that have alarge array of reliable experimental data):

1. anomalies observed in the Earth’s atmosphere
and hydrosphere, such as El Nifio, La Nifia (two op-
posite phases of the South Oscillation) [66] and sea-
sonal flooding of the Mekong River Basin [67; 68],
which produce a gravitational-meteorological para-
dox similar to that of the Amazon river basin;

2. anomalies geological and/or atmospheric ac-
tivity on the planets of the solar system and their sat-
ellites (after all, if for satellites it is possible to identi-
ty the physicochemical composition of their bowels,
which allows to obtain the “necessary” order of en-
ergy under the influence of tidal forces, then for such
planets as Venus, Jupiter, Uranus, Neptune, none of
the known energy sources are able to provide the
observed processes) [69; 70; 71; 72];
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3. the problem of variable star activity: irregular
fluctuations in luminosity by hundreds of times due
to fluctuations in radius and/or temperature can not
be explained by thermonuclear or nuclear processes,
nor do they fit into the framework of the process of
evolution of stars [73];

4. the discrepancy between the SMBH (super-
massive black hole) model and the real processes ob-
servedin the centers of galactic nuclei [60,208-235];

5. the magnetic field, spots, flashes, coronal emis-
sions on the Sun [74].
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AHAJIN3 N BUSYAJIUSALUUNN SKCNEPUMEHTAJIbHbIX AAHHbIX
C UCNOJIb3OBAHUEM NPOrPAMMHOIO KOMIJIEKCA AUB34

AHHOTaI.II/ISI: B CTaTb€ PaCCMATPHUBAIOTCA BOIIPOCHI CO3AAHMS IIPOTPAMMHOIO KOMITAEKCA AAL

06pa6OTKI/I N aHAaAHN3a IKCIIEPUMEHTAAPHBIX AQHHDBIX. B ITponecce aHaAn3a MCIIOAb30BaHbI METOADI

AlIIIPpOKCHUMAIU 1 UTHTEPIIOASILINN AQHHBIX. B XOAE Pa6OTbI p€aAnN30BaH MOAYAD AASL OIIPEACACHIT

rpaHuI] cTapuit AePOPMALMOHHON KPHBOil (3aBUCHMOCTD HampspKeHHe-AePOPMALUS) U MOAYAD

BHU3YyaAHN3alIT1 MECT AOKAAM3allNHN MIAACTHYECKOM Ae(l)OPMaHI/II/I.

KaroueBbie cAOBa: mAACTHYECKAS Ae(l)OPMaIII/Iﬂ, MEXAaHHNYECCKHE CBOfICTBa, AOKAaAM3aMsI, I'PaHHUIIbI

CTapMii, AepOpMalTMOHHAS KPUBasl.

CoBpeMeHHBIT YPOBEHb 9KCIIEPHMEHTAABHOTO
000PYAOBAHUS ITO3BOASIET TIOAYYATh OOABIIOE KOAH-
9eCTBO AQHHBIX C BBICOKOM TOYHOCTBIO, & BBIYMCAH-
TeAbHAsI TEXHUKA [IPEAOCTABASIET AOCTATOYHOE KOAU-
YeCTBO PeCypCoB AASL UX 9P PeKTHBHOM 00pabOTKH.
ITpu aTOM, IIpOBeAEHIE IKCIIEPHIMEHTOB COIPSDKEHO
C IIOAYYeHUEM AQHHBIX PA3AMYHON IIPUPOABL H CTPYK-
TYPBI, KOTOPBIE 3aBHUCST OT CHELUPHUKHU IIPOBOAMMO-
ro akcriepuMeHTa. KaxkpAoMy TakoMy HaOOpy AQHHBIX,
IIOAyYEeHHbIX B XOA€ 9KCIIEPUMEHTOB, COOTBETCTBYIOT
Pa3AMYHBIE METOAMKH II0 MX 00pabOTKe U AaHAAUBY.

B HacTosimee BpeMs, pHIHOK IIPOrpaMMHOTO 0be-
CIIeYeHUsI IPEAAAraeT MHOXECTBO IIPOrPaMM, IO-
3BOASIFOIUX 00pabaThIBaTh, AHAAM3UPOBATD U IIPEA-
CTaBASITH IIOAYYEHHBIE AQHHBIE B BHUAE I'PaduKOB
u orderoB. OAHAKO, AASI KOMIIAEKCHOTO IIOAXOAQ

K QHAAU3Y IKCIIEPUMEHTAABHBIX AAHHBIX, BBIHYXK-
A€HBI HCIIOAB30BaTh HECKOABKO TaKUX IIPOTPaMM,
4TO TpebyeT AOIIOAHUTEABHBIX GHMHAHCOBBIX 3aTPAT,
HAAWYHSI HABBIKOB PabOTBHI C KAKAOM IPOrpaMMoii,
a TakoKe 3aMeAASsIeT IPOIiecC CAaMOTO aHAAM3a.

AABPTEepHATUBHBIM METOAOM SIBASIETCS HAIIFICAHHE
COOCTBEHHOTO IIPOTPAMMHOTO KOMIIAEKCA AASI 0Opa-
OOTKH M AaHAAM3A IKCIIEPUMEHTAABHBIX AAHHBIX, 4TO
U SIBUAOCD LJEABIO AAHHOM PabOThL.

B xauecTBe AQHHBIX AASL 0OPabOTKY M aHAAM3A
OBIAU B3SITBI PE3YABTATHI IKCIIEPHMEHTOB IT0 UCCAE-
AOBAHUSIM IIAACTHYECKOHN AePOpPMaIMU U paspylie-
HUS IOAUKPUCTAAAMYECKOTO AAIOMUHUS MapKu A8S.

PesyabTaTOM MexaHMYeCKUX UCIIBITAHUI, IPOBe-
AEHHBIX C IIOMOIIIBIO JK€CTKOM UCIThITaTEABHOM MaIllH-
HbI Instron118S, sIBASIIOTCSI AQHHBIE O 3aBUCHMOCTHU
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HanpspkeHue-AepopMalius, 3amucbiBaeMble B ¢paria,
rae 1-i1 croAGer xapakTepH3yeT KOAUIEeCTBO CEKYHA-
HBIX MHTEPBAAOB, IIPONIEAIINX C HA4aAa OIBITA, 2-H
croaber; xapakTepusyeT AepopMariuio obpasia (¢),
3-i1 croaben xapakrepusyet cuay (F) mpraosxenHoi
K 00pasiy Harpysky, 4-it CroAGe1] XapakTepusyeT Ha-
npsokerue (), BO3HHKaOImee B 06pastie.

OAHOBpeMeHHO C MeXaHWYeCKMMH HCIIbITaHMS-
MU IIPOBOAMTCS PEIHCTPAIIHS CIIEKAOPAMM METOAOM
ABYX9KCIIO3UILIMOHHON  CIIeKA-MHTeppepOoMeTpUH.
[Tocae 0OpabOTKU CIIEKAOTPAMM, HCCAEAOBATEAU
MIOAYYAIOT AAHHbIE O KOMIIOHEHTaX TeH30Pa IAACTHU-
4eCKOM AUCTOPCHUH AASL KXKAOM TOUKU IIOBEPXHOCTH
obpasma. [Tocae vero popmupyercs aiia, oTobpa-
JKAIOIUM AQHHbIE TI0 OAHOM U3 KOMIIOHEHT TEH30Pa,
B 4aCTHOCTH, [0 KOMIIOHEHTE ¢ , XapaKTepH3yIo-
el AOKAAbHYIO AePOpMAIIUIO (yasuneHue) obpas-
1a. B uTorosom darire copepkuTcs Tpu croabria:
IIEPBBII CTOAOEL] COAEPYKUT KOOPAMHATY IO ocH X,
BTOPOI1 COAEP>XKUT KOOPAMHATY 110 OCH Y, TpeTuii co-
AEPXKUT AQHHBIE O 3HAUYeHHU KOMIIOHEHTHI TeH30pa
TIAACTHYECKOM ANCTOPCHUH € B AAHHDBIX KOOPAMHATAX.

OAMH 9KCIIepUMeHT ONHUChIBAeTCS HAOOPOM Ta-
KUM $aiiAOB, 3aBUCSIINX OT BpeMeHH dKCIIepHUMeHTa.
Kaxap1it $paiia comocTaBuM ¢ MOMEHTOM BpeMeHH,
IIPOILIEALIIEro OT HayaAa akcrepumeHTa. [locaepo-
BATEABHO TIpadUuecKu OTOOpaxkas COAEPIKHMOe
(ariA0B BO3MOXKHO HAOAIOAEHHE IBOAIOIIMU KapPTUH
MaKpOAOKAAU3AIMY ITAACTUIECKOM AePOpMaLIUK.

OmnpeaeaeHne rpaHul] cTapuit AoepopMalMoH-
HOM KPHUBOM (3aBUCHMOCTD HaIIpsDKEHHS OT Ae-
q)opMaupm). IlepBbIM 9TarmoM IpHu UCCAEAOBAHUU
IAACTHYECKOM AepOpMalLIMU pa3pyLIeHUs TBEPAbIX
TeA SIBASIeTCS IIPOBEACHHEe MeXaHUYeCKUX HCIIbITa-
HUM U IIOAy4YeHHe AQHHBIX O 3aBUCHMOCTHU HaIpsi-
xeHue-pepopmanusa. Hanboapmuit uHTEpec AAs
HMCCAEAOBATEAEH IIPEACTABASIIOT TPAHMUIIBI CTAAMHI
9TOM KPUBOM. AASL BBIAGAEHHUS CTAAMM MCXOAHbBIE
3aBUCHMOCTH HAIpsDKeHHe-AepOopMariist 00pasiia,
OITHCBIBaeMble 3aBHCHMOCTHIO 0(¢), IIPOCYUTHIBA-
IOT B ICTHHHOE HaIpsDKeHHe s U AepOpMaIHIO €
o ¢opMyaam 1 1 2 COOTBETCTBEHHO.

s=o(l+¢) (1)
e=In(l+¢) (2)
3aBUCHMOCTD s(e) OIMCHIBAETCS ypaBHEHHEM
AropBura:
s(e)=s, +Ke", (3)
rae: K —xoadunueHT oeGopMallMOHHOIO YIIPOYHe-
HUS;

1 — TIOKa3aTeAb YIIpOYHEHHS;

s, — 3HaYeHHe HamnpspKeHus npu ¢ =0,002 (AAﬂ
TIOAMKPUCTAAAUYECKOTO AAOMUHHS).

AAs BBLIBAEHHSI CTAAUHOCTH IIPOLIeCca MAACTH-
4eCKOTO Te4eHHs], 3aBUCHMOCTb s(e) CTPOHUTCS B AO-
rapupMUIeCKUX KOOPAMHATAX. YYaCTKH, COOTBET-
CTBYIOIHE CTAaAMsSM IIAACTUYECKOrO TeYeHHS,
B KOOpAMHATax In(s—s,) =In(k)+n-In(e) BraeasroTCst
Kak IIpsiMble C K = const U n=const .

Ha AepOPMAITMOHHOM KPUBOM MOXKHO BBIACAUTD
3 crapun AePpOpPMALIMOHHOM KPUBOK:

— IIpU 1 =1, COOTBETCTBYET CTAAMM C AMHENHBIM
3aKOHOM A€POPMALIMOHHOIO YIIPOYHEHUS;

— pu n=0.5, COOTBETCTBYeT MapabOANIeCKO
CTaAMH C AMHEHHBIM 3aKOHOM A€pOPMALIMOHHOIO
YIIPOYHEHUS;

—npu n << 0.5, HacTymaeT crapus nmpeppaspyuie-
HUSL.

ITo 3HaueHUAM AQHHBIX KO3PPHUIIMEHTOB BO3-
MO>XHO OIIpeAeAeHHe TPaHuUl] CTaAul AepopMariu-
OHHOM KPUBOM.

Moayab pacuera rpaHMIbI CTapui aedpopma-
UM IPOBOAMT pacyeT Ha OCHOBAHUU ITOKA3aTeAs
AePOpPMaITMOHHOTO YIIPOYHEHMS PAaCCIYUTHIBAEMO-
IO Ha OCHOBE AQHHBIX 3aBUCHMOCTH HallPsDKEHUs
oT Aepopmanuu. MOAYAb TIO3BOASIET 3arpy3UTb
AQHHbIE 3aBUCHUMOCTH U3 parira popmara .dat, oro-
OpasuTh AQHHBIE HA IPadUKe 1 PACCUUTATD AAS ITHX
AQHHDBIX 3HAUYEHMS MOKa3aTeAs] AePpOPMAITMOHHOIO
YIOPOYHEHUs, ONPEACAHTb CTapuu AepopManuu
U 9KCIIOPTHPOBATh AAHHBIE IO CTaausaM. Papom
C rpa¢HIKOM IKCIIEPHMEHTAABHBIX AAHHBIX OTOOpa-
JKaeTcs TpaduK MOAEAM Ha OCHOBE IOKa3aTeAs Ae-
$OpPMALIMOHHOTO YIPOYHEHHS Ha PAa3AMYHBIX JTa-
nax aepopmanuu.
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Orpesku annpokcUMaluy KpUBOH 3aBUCUMOCTH
HaIpsDKeHHs OT AePOpPMaILIMHU XPaHTCS B BUAE: MaK-
CHMYM 1 MUHHMYM AMAIIa30HA AQHHBIX, 3HA4YEHM KO-
appunrenTa AoeGpOpMaLMOHHOTO YIIPOYHEHHS H I10-
KazaTeAb AepopManioHHOro ympousHeHus. Crmcok
AQHHBIX OTPE3KOB PaCCUMTBIBAETCS U3 CITHMCKA 9KC-
MepUMEHTAAbHBIX TOYEK 3aBUCHUMOCTH HaIIpsDKe-
HUA oT Aepopmanun. 1 oTobpaskaercs aseMeHTOM
YTIpaBA€HUsI, KOTOPbIN COAEP>KUT I'PAPUK C KPUBBIMU
9KCIIePHMEHTAAbHbIX AAHHBIX U AQHHBIX MOACAH.

B MeToae pacuera cerMeHTHI AOOABASIIOTCSI CAe-
AYIOIIAM 06Pa3oM: COXPAHSIETCS IO3ULMS TeKy-
I[ero CerMeHTa U CABUTAeTCs ero rpasasi IPaHHUIIa,
AO Tex Iop, MoKa R* He cTaHeT MeHbIIIe 3aAaHHO-
ro 3xaueHus B 0,98, B cayuae ecan R* craa MeHsb-
me 0,98, To mpeAbIAyIas TOYKa KPUBOM, BASETCS
IIPaBOM I'PAaHMIIEN TEKYLIErO CETMEHTA.

Ilpu anaause cemericTBa AePOpPMALMOHHBIX KPU-
BBIX AASI 0OPA3L[OB C PA3AMYHBIM Pa3MepOM 3epHa

A
Hassanwe d Al
A

A_09_14_D- t-4mm v

80

0.1053

-5E-06 0.049995 0.099995 0.149995 0199995

0COOBIIT HHTEPEC MPEACTABASIET IOCTPOEHUE <Cpe-
30B> — 3aBUCHMOCTD HAIlIPsDKEHUS OT pa3Mepa 3epHa
IIPY KOHKPETHOM 3HauyeHHH AepOpMalluu.

B MoAyAe IOCTpOEHMS «CPe30B>» 0TOOPAKAIOT-
Cs1 KpMBbIE 3aBUCUMOCTH HAIPSDKEHUS HATPSDKEHUS
(a) oT aepopmanuu (e), a TaKXKe «Cpe3bl>»> AAHHDIX
IO 9TUM KPHUBbIM, TIOKA3bIBAIOIYE 3aBUCUMOCTD Ha-
IpsDKEHMS OT pa3dMepa 3epHa.

A\aHHbIE «CpPe30B> IMOAYYAIOT CAEAYIOIIMM 06 pa-
30M: AASL KOXKAOM 3aTPY>KEHHOMN KPUBOM ITOAYYArOTCS
3HAYeHMUS 0 B OKPECTHOCTSIX BBIOPAHHOM TOUKH «Cpe-
3a>» AepOpMaIiHH, a 3aTeM Ha rpadrKe AOOABASIOT-
Csl TOYKH 9THX 3HAYE€HUH OT pa3Mepa 3epHa KpUBOM.
I'To xaxxpOMy «cpesy> CTPOMTCS allIPOKCUMALIHS
II0 METOAY HaMMEHBIIMX KBAAPATOB M PaCCYUTHIBA-
ercst koadurent R,

Ha pucynxke 1 npuBeaeH pe3yAbTaT HOCTPOEHUS
«Cpe30B>» AASI HAOOpa KPUBBIX.

20

£=10,00216 | R

=005% |

PucyHok 1. [pumep NOCTPOEHUS «CPE3OB»

AAS KaXKAOM KpUBOM MOXKHO YKa3aTh 3HaueHHe
pasmepa sepna (d). ITpu Ao06aBAEHHH KPUBBIX AOCTY-
TIeH MYABTHBBIOOD (aliAOB AQHHBIX KPHUBBIX.

AaHHbIe 3aBUCUMOCTH HaNpsDKEeHUs OT AePpopMa-
ITMM IPEAOCTABASIIOTCS CEPBUCOM. AAQHHBIN dIAeMEHT
YIIPaBAGHUS UCTIOAb3YeT PEAAU3ALUI0 3TOTO CepBH-

Ca, MOAYYAIONTYI0 TOUYKU 3aBUCHMOCTH HAIPsDHKEHHS
oT AoepopManuu U3 parisa

MeTop KOMITIOHEHTBI YAQASIET BCE AQHHbBIE «Cpe-
30B>» CIpadUKa «CPe30B> M CTPOUT HOBbIe IpaduKy,
OCHOBBIBASICh Ha [TEPEAAHHBIX AAHHBIX KPHBBIX M «Cpe-
30B>, IPHITOM AASIKKAOTO «Cpe3a> PaCCUNTHIBACTCS
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sHaueHue R2, u cooTBeTcTByIOmas anmpoOKCHMALIH
AO0DaBASIeTCsI Ha TPadUK C TeM 5Ke [IBETOM, YTO U TOY-
Ku cpe3a. 3HaueHHe R2 BRIBOAUTCS B BCIIABIBAIOIIEH
MIOACKA3Ke ITPY HaBeACHUH Ha rpadK.

ITpu pAoGaBAeHNH «Cpe3ax MPOBePSIeTCs,, HeT AU
«Cpe3a>» B OKPeCTHOCTSX [IOAOBUHBI IIPOLIEHTA OT AH-
arma3oHa rpaduka, eCAM TaKe TOYKH eCThb, TO OHU YAA-
ASIFOTCSI, HHa4Ye AOOABASIIOTCSI.

BTopbhiM 10 BaXHOCTHU SBASIETCS BU3yaAU3AIIH
MeCT AOKaAM3AIIMHU IIAACTHIECKOH AepOopMalinu, Io-
3BOASIIONIAS OIPEAEAUTDb MECTa CKOIACHHA AePeKTOB
Ha II0OBEPXHOCTH 06pasIia.

BusyaAusanus MecT AOKaAM3allMU IIAACTHYe-
ckoit Aepopmanuu. BxopHsle AaHHBIE pacipepeAe-
HUSL KOMIIOHEHTHI TEH30pa MAACTUYECKON AUCTOP-
CHH II0 00pa3Lyy IPeACTaBASIIOT cO60i HabOp TOUeK,
IIOAYYaeMbIX C 3aAQHHBIM IIArOM. AASL IOCTPOEHUSI
Ipe3eHTa0eAPHON ITOBEPXHOCTU HEOOXOAUMO
YMEHDIINTD LIAT T. €. YBEAHIUTH KOAUYECTBO TOYEK,
AASL 4€TO U IIPOUBBOAUTCS HHTEPIIOASILIUS BXOAHBIX
panHbIX (pucyHOK 2). B kauecTBe MeTopa UHTEpIIO-
ASIIIAY OBIA BBIOPAH METOA II0CA€AOBATEABHOM Ky OH-
4eCKOM HHTEPIIOASIIUY [I0 ABYM HaIlPaBAEHUSIM, KaK
HanboAee TIOAXOASIIMI AASL AQHHOM 3aAQ4H.

PucyHok 2. lcxogHble gaHHble

Ha nepBoM I1are HHTepIOASIIMS IPOU3BOAUTCS BAOAb ocu OX (pucyHok 3).

PucyHok 3. Mepebin war. MIHTepnonmpoBaHme BAoab ocn OX

Ha ocHOBe HCXOAHBIX AQHHBIX OTIPEAEASeTCS 10-
AMHOM TpeTeil cTeneHH, K09 PUIIMEeHTH KOTOPOro
PaCCUUTHIBAIOTCS METOAOM IIPOTOHKU AASI TPeXAHUA-
rOHAABHBIX MaTpulj (4).

C, B 0 0 0 0
A C, B 0 - 0 0
0 A C, B 0 0 0

A= . 0T T (4)
0 0 0 0 - A, C, B,
0 0 0 0 - 0 A C
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ANALYSIS AND VISUALIZATION OF EXPERIMENTAL DATA USING THE SOFTWARE COMPLEX (AIB3]1)

IIpsimoit Xop MeTOAQ IPOTOHKY IIO3BOASIET OIIpe-
AEAUTDb <IIPOrOHOYHBbIE> KOIPPUIIMEHTH o U [3

o gopmyae (5).

_Bi
T e+ C
ﬁ _ E _Aiﬂi (5)
" Aa+C,

C moMoIIpi0 06PaTHOTO X0AQ METOAQ ITPOTOHKHU
HAXOAMTCS pellleHHe CIAANH-QYHKIUU (6), mocae
4ero B MaCCHB MCXOAHBIX TOYEeK AODaBAsIeTCS HeoO-
XOAMMOE KOAUYeCTBO HHTEPIIOAUPOBAHHbIX TOYEK.

x: = ai+1xi+l + i+1) (6)
raei=n-1,n-2,.1.

Bropoit mar ocymecrBasiercs Baoab ocu OY. Hap
AQHHBIMH IIPOU3BOASTCS AaHAAOTMYHbIE OIlepaLUH.
Ha pucynke 4 mpeacTaBAeHbI AQHHbIE TIOCAE ITOCAL-
AOBAaTEABHOM KyOHIeCKOM HHTEPIIOASIIUU II0 ABYM
HaIIpaBACHHSM.

ITo 06paboTaHHBIM AQHHBIM OCYIIECTBASIETCS
nocrpoexue nosepxuoctu. Ha pucynke S mpeacras-
A€Ha BU3yaAU3alluHU pacIpeAeAeHH MAKPOAOKAAU3a-
LIMH [TAACTUYECKOM AepOopMAaLiH 10 06pasIyy.

PucyHok 4. Btopoin war. HtepnonuposaHue Boosib ocu OY

001

O.0g

0004

€xx

Dony

Oung

PucyHok 5. Mpumep Bru3yanmaaumm gaHHbIX
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ITo pacrpeaeseHHH KOMIIOHEHT TEH30pa IIAa-
CTHYECKON AUCTOPCUU BO3MOXXHO OIIPEACACHHE
IIePHOAA MAKPOAOKAAU3AITMH TAACTUYECKOM Aedop-
MaIlMH, CKOPOCTH PacIpOCTpaHeHus PPOHTOB, YTO
IIO3BOAUT AQTh OOAee TOYHOE OIIpeAeAeHre COCTO-
SHUS MaTepHaAa ¥ IIPOrHO3UPOBATH IIPOYHOCTHbIE
CBOICTBA.

PesyabTaTsl, MOAy4eHHbIE C HCITIOAB30BAaHHEM pas3-
PabOTaHHOTO MIPHAOXKEHHS], XOPOIIO COTAACYIOTCS
C IIOAY4YeHHBIMHU paHee OITyOAUKOBAHHBIMH.

3akAroueHmne

B Hacrosmee BpeMsl peaAM30BAaH MOAYAb AAS
OIIpeAeACHHS] T'PAHUI] CTAAMH AePpOPMAITHOHHOM
KPHBOM (3aBuCHMOCTD Hanpﬂmeﬂne—AegpopMaum)
U MOAYAD BH3YaAM3aI[UH MECT AOKAAU3AIINHY [TAACTHU-
9eCKOH AepOpMaIfHH IIPOrPAMMHOT'O KOMIIAEKCA AAST
AHAAM3a M BU3YaAHM3AI[UH 9KCIIEPHMEHTAABHBIX AQH-
HBIX ITI0 HCCAGAOBAHUIO IIAACTHIECKOH AepopMarium
U Pa3pyIIEHUIO TBEPABIX TEA.

B AaAbHelIIIeM TAQHUPYeTCS paciIipeHne GyHKIH-
OHAABHBIX BO3MOXKHOCTEH ITPOTrPAMMHOTO KOMIIAEKCA.
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Abstract: Submit for consideration some questions of modelling the processes of control for

“nature-society” systems. The purpose and common direction for using of results — working out

the “human-machine” systems of planning (or support) of making the optimum decisions attached

to realization for “Sustainable Development” conception as the official doctrine for development of

Russia (1996 year).
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Introduction

From the global experience as of artificial intel-
ligence (AI) systems development, it is known that
there are some extremely complex and extensive
knowledge domains hard to interpret algorithmically,
model and implement by means of the machine. In
the capacity of the most classic example we may con-
sider the modeling process of possible consequences
of “Nuclear Winter”, which was performed for the first
time by our scientists and experimentally verified and
confirmed by the calculations of American special-
ists in the 1980s [ 7]. The result is known: we have ob-
tained a new scientific knowledge and fundamentally
different understanding by world-wide community of
grave danger of the nuclear arms race for the whole
planet as well as for its individual territorial entities.

Nowadays, the urgency and need for similar de-
velopments or closely associated scientific and prob-
lematic subjects of developments are evident for ev-
erybody [6; 23]. One of them is a problem solution
on sustainable economic and social development of
the regions, which has been known since the time
of the G.H. Brundtland Commission (1967) and
later was adopted in the form of “Sustainable Devel-
opment Concept” (SDC in the UN abbreviation,
1993). However, there are still no serious theoretical

developments and practices of using its main provi-
sions and guidelines.

From the perspective of fundamental science, the
current situation is quite soluble; as it often happens,
this problem turned out to be much more complicat-
ed than it was initially assumed. System analysis and
synthesis performed by us (in 1986-2012) demon-
strate that the main deterrent is an incorrect choice
of the main direction in the scientific research in this
field of knowledge, including basic paradigm that re-
flects ratio (or “... reasonable basis, principle, mean-
ing”) of this Concept itself [22, P. 25; 306]. There-
fore, in spite of considerable efforts of the science,
today it is not entirely clear how it to be implement-
ed it in the current practice of territories control de-
velopment of different (global, regional, local) planet
organization levels, how to reach the goal formulated
therein, or, at least, to assess objectively the degree
of its approaching?

Materials and methods of research

Any new scientific research provides for a con-
sistent implementation of the following technologi-
cal cognition scheme: “object” <=> “subject” =>
“research methods”. From L. Bertalanfty’s General
System Theory [4], cybernetics [2], synergetics [21]
and the stochastic system theory [13], as well as from
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the experience and practice of complex domains of
knowledge study [7], it is known that the Al systems
development usually comes technologically and me-
thodically to the following stages and procedures.
1) Information modeling (“system interpretation”)
of the object in its full physical dynamics of “space-
time”; 2) System analysis and synthesis of conditions
for object development, when it is considered from
the perspective of each specific subject of research;
3) Mathematical modeling (selection of optimal
control methods and development of individual
modules, models and algorithms); 4) Technological
design and development of Al systems (architecture
of planning and control systems, Decision Support
System, GIS- and GRID-technologies, networks,
etc.); S) Functional and numerical experiments (or
tests) of individual models, modules and algorithms,
as well as research and evaluation of obtained results
and achievement of the declared target functions.

This scheme inherently assumes a strictly se-
quential implementation of its separate stages; the
exclusion of any of them is theoretically and practi-
cally impossible. But, unfortunately, as for the meth-
odology and theory of SDC, the stages 1 and 2 are
not so easy to implement. The reasons are as follows.
First, the representatives of natural sciences generally
have a clearly inadequate understanding of the physi-
cal essence as to the initial processes of complex “na-
ture-society” systems functioning and development.
Secondly, they do not have sufficient knowledge in
the field of Informatics, Synergetics, Mathematics
and modern Information Technologies. As a result,
there is no sense to proceed to the selection of special
research methods and then directly to the modeling
of all possible situational states of such systems (i. e.,
to proceed to the stages of the studies 3, 4, 5).

The following specific examples can be given to
prove this thesis. Noosphere theory of V.I. Verna-
dsky (in the definition of E. Le Roy and P. T. de Char-
din, 1927) has been known for more than 80 years.
However, it still remains to be albeit very construc-
tive, but only scientific hypothesis. This is the result

of attempts to use the old “thermo-dynamic” para-
digm known from the middle of the XVII century.
In general, the current situation is explained by the
fact that prior to the beginning of this century, it did
not have any facts of scientific (including experimen-
tal) validation of “laws of thought”. But in the end of
the 20th century, on the basis of quantum physics
scientific achievements (Unified Field Theory, UFT
[1; 16], a new noosphere paradigm was formulated
and further theoretically and experimentally veri-
fied. Thus, according to the initial methodology
(or the ratio [22, P. 306]), the UFT introduces into
natural science — apart from the previously known
4 fundamental interactions: gravitational (XVIII
century), electromagnetic (XIX century), nuclear
(strong and weak, the beginning of XX century), -
information interaction (the end of XX century),
i.e. it reduces everything existing in nature to the
following model: mass {M}, energy {E}, informa-
tion {I} + S elementary interactions of their fields.
These inherently classical and fundamental concepts
of the science about the world around us are based
on the transition from Euclidean geometry: (space
with zero curvature, “mechanistic” thinking; I. New-
ton and others) to N.L Lobachevsky’s Geometry
(1826) with negative curvature and then to Rieman’s
Geometry with positive curvature [16, P. 74-75].
In our interpretation and on the basis of the ratio
and UFT, their unifications represent inherently new
“noospheric” thinking; in turn, it leads to the transi-
tion of generally accepted nowadays differentiation
process of natural scientific knowledge about our
world to their full integration.

Research findings and their discussion

Theoretical confirmations of the new paradigm
were obtained by A.N. Panchenkov in 1999 [9]. In
this work he offered and mathematically developed a
new theory of entropy, according to which all reality
processes surrounding us actually subordinate to the
single principle of entropy maximum and the law of its
conservation. In fact, this is the universal principle of
functioning and development optimality with regard
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to the sophisticated, natural and social systems; it is the
principle of “equifinality” of L. Bertalanffy (“... the sys-
tem can reach one and the same final state under differ-
ent initial conditions”, 1950), determine the meaning
and purpose of any procedures in order to model and
control the complex systems. In this theory, contrary
to the Second Law of Thermodynamics of R. Clausius,
W. Thomson and L. Boltzmann, entropy has a positive
meaning; it is regarded as a measure of structure per-
fection, as an architecture of the system formulated in
a symbolic form. In this environment the entropy has
a dual representation and is defined as H, = H, | H,
where: H -isa structural entropy and H isan impulse
entropy; H, = const. According to it, all processes in
the universe are the processes of transformation of

one entropy into another; HP <=> Hq; H,= Hq + HP.
Hence: HC1 — is a measure of the system perfection; H_—is
a quantity measure of its resources. The following conclu-
sion made by A.N. Panchenkov is also important for
modern natural science, with which the scientific com-
munity hardly can disagree: “... the existing entropy
paradigm of natural science of the XX century based on
the thermodynamic entropy, turned out to be unten-
able” [9, P. 520]. Unfortunately, nowadays, the natural
sciences actually apply the old paradigm, on the basis
of which they cannot solve all theoretical problems of
SDC required for control (for example, the so-called
problems of “situational control’, “estimation scale’, full
consideration of conditions of “conflict”, “uncertainty’,
etc.,, see Table 1).

Table 1. Principal Physical and Data Characteristics of Modern
Paradigms of World System Presentation

“Thermodynamic” paradigm>»
(“object oriented” approach)

«Noospheric» paradigm
(“normative” approach)

1

2

Concept of nature as parts or individual
resources, rather than interacting processes.

Connection and interdependence of all phenomena
and objects of animate and inanimate nature, as well as
processes occurring in it.

Simple linear space

Multidimensional non-linear “space-time”:

— invariance of universe, wherein the measure is
kept (coordinates and impulse) if turning and
transmitting mas point;

— noinvariance of universe, wherein the measure is not
kept (coordinates and impulse) if turning and transmitting
mas point;

— negative sense of the entropy perceived as a
measure of disorder and chaos;

— positive sense of the entropy, when it is considered as a
measure of structure perfection, as an architecture of the
system formulated in a symbolic form

— standard “macro-" approach; for objects
control they use the “black box” principle,
when they consider and study only external
(with respect to the system) processes;

— “geosystematic” (i.e. “macro-" + “micro-") approach,
when both external and internal processes of sophisticated
systems functioning and development are studied;

— the approach is absolutely adequate for the
“conservative” systems known from synergetics;

— the approach is adequate for the “dissipative” (i.e. far
from equilibrium, self-organizing and self-developing)
systems, predominating in nature;

— to some extent ensures complete solving of
“rigid” (technogenic) control tasks;

— ensures solving of tasks of “rigid” and “soft” (providing
environmental equilibrium restoration) control over

nature;
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1

2

— only determined and probabilistic (stochastic)
setting of the control tasks;

— determined, probabilistic, uncertain and theoretically-
game setting of tasks is possible;

— exercise of situational control computing

operations is impossible

— full exercise of situational (or so-called systematic)
control computing operations

The next step of information modeling is the se-
lection of knowledge domain and research subjects
structure, ensuring effective solving of all arising
problems related to SDC. In our opinion, it shall be
limited to a single logically and theoretically linked
block which we classify as “Metaknowledge” of sci-
ences of the Earth and Society. The following defi-
nition of this term is proposed. “Metaknowledge” is
a logically (theoretically, methodically and technologi-
cally) linked top-level knowledge about object, subject,
problem (task) subdomains and research methods for
each science of Earth and natural science of the whole
complex, with their general objective function aimed at
making of effective executive decisions in the process of
“coevolution” (N. V. Timofeev-Resovsky, 1968) of na-
ture and society. By “coevolution” hereinafter is meant
“consistency” and “concordance” of all the processes
of the sophisticated systems functioning and devel-
opment within the limits of the known planet geo-
spheres (according to N.N. Moiseev, 1982 — “noo-
spherogenesis”). Hereinafter the term “Sustainable
Development” is used in a similar sense, together
with formulated on its basis SDC representing con-
centrated expression of the general objective func-
tion of the “noospherogenesis” processes.

Herewith active sophisticated systems (ASS)
class “nature <=> society” (the mathematical sym-
bol between them represents their “generality” and
“equality” according to their entropic interaction)
shall be taken as physical object. Physically such
systems represent mutually integrated integrities of
systems and objects with the properties that cannot be
reduced to the properties of subsystems constituents and
are considered as living systems where a conflict is the
main driving mechanism for functioning and develop-
ment (in a context of uncertainty). In one of our works

we propose the following definition: “... intention of
the nature to save its physical (material-substantial),
energetic and informational state in contradiction to
human'’s intention to destroy it” [17]. Based on the
noosphere theory, it is important to remember, that
ahuman, as a biosocial being, is at the same time an
element of both parts of this sophisticated system.
From the one hand, human, due to the fact of his
uprise, is a biological object belonging physically to
the nature; from the other hand — as a sentient be-
ing and a person able to make decisions (PMD), is an
original subject which in multitude forms a society.
Interaction of such systems elements takes place in
the process of nature management (“Geoecology”.
Specialty 25.00.36 Supreme Attestation Commis-
sion of the Russian Federation [10]; its phase or in-
formational space unites knowledge domains of geol-
ogy, geography, ecology, including their regional and
economical constituents; nowadays it is considered
as new “interdisciplinary scientific field”. As a result,
we define “geoecology” as the domain of knowledge
about forms of existence and limits of interaction of
all geosphere shells of the planet: cosmo- (so called
“nearest”, to the first Lagrangian point, space), litho-,
pedo-, hydro-, atmo-, bio- and anthropo-spheres.
Now we can suggest the following short formula-
tion of this special field. GP, LR (object — geospheres of
the planet; subject — live-supporting resources); BS, NS
(original theories — biospheres and noospheres); > EQ,
SD (objective — equality and sustainable development);
GL, RN, LC (control levels - global, regional, local); CN
(the main feature — conflict in a context of uncertainty).
For the subject of SDC research it is also important to
distinguish special means for representation and in-
terpretation of the term “control”. It is known, that in
modern philosophy by this term is understood ... the
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function of the organized systems (biological, technical,
social), ensuring preservation of their structure, mainte-
nance of activity mode, implementation of its program,
objective” [ 20, P.496]. It can be easily noticed that this
definition fully complies with basic original references
of the noosphere theory and general objective-orient-
ed, i. e. subjected for control, SDC function (“Sustain-
able Development”). Thus, it follows, that the former
two functions relate to the “equality” state, the later
ones — to “sustainable development” of any sophisti-
cated system. The list below represents the chronology
of the scientific theories, terms and definitions, which
make possible theoretical justification of SDC and
“noospherogenesis” processes control [22, P.25; 306].

« Term and Notion of “Entropy” (pursuant to
R. Clausius, 1865);

« Ecology (pursuant to E. Haeckel, 1866 and
A. Tansley, 1935);

« Philosophic Principles (Postulates): “confor-
mity’, “complementarity’, «uncertainty’,
“dependency” (N. Bohr, V. Heisenberg; 1913,
1927);

« Theory of Games (J. Neumann, O. Morgen-
stern; the 20s of the XX century);

« Biosphere (1926) and the Theory of “Noo-
sphere” E. Le Roy, P.T. de Chardin (1927),
V.1 Vernadsky (1933);

« Geoecology (the term is introduced by
C. Troll, 1939);

+ “General Systems Theory” (L. Bertalanffy,
1950);

. Cybernetics (the theory of N. Wiener “teleo-
logical” systems, 1950);

« The Principle of “Equifinality” (L. Berta-
lanfty, 1950);

« “Geosystems” of V.B. Sochava and the con-
cept of system “invariant” (1963, 1978);

« Functional Definition of the Term “Control”
(pursuant to A. A. Lyapunov, the 60s of the XX
century);

« Term and Notion of “Sustainable Develop-
ment” (G.H. Brundtland Committee, 1967);

« Term and Notion of “Nature Management”
(Yu. N. Kurazhkovsky, 1969);

. “Gaia Hypothesis” (J. Lovelock and L. Mar-

gulis, the 70s of the XX century);

o The Theory of “Fractals” (B. Mandelbrot,

1975);

« Unified Field Theory (UFT; 1913 — the end

of XX century);
« Synergetics and the concept of “Mode” (pur-
suant to H. Haken, 1980);

o Scheme of “Bifurcations”
to L. R. Prigozhin, 1990);

o Term “Environmental Framework of a Ter-
ritory” (V. V. Vladimirov, 1982);

« Term and Notion of “Structures-Attractors”
(S.P. Kurdyumov et al., 1992);

« Notion of “Equilibrium” (pursuant to F. Cap-
ra, 1991 and L. Brown, 1995);

« Concept of “Sustainable Development”
(SDC according to UNO abbreviation, 1993);

« New Theory of Entropy (pursuant to
A.N. Panchenkov, 1999);

. Concept of “neogeography” (pursuant to
E. Turner, 2006).

Information modeling (stages 1 and 2) are com-
pleted by the procedure of development of virtual in-
formation models (VIM), which subsequently would
be transformed (in the process of conflict modeling
as the main process of functioning and development
of ASS “nature-society” within the scope of SDC) for
the purpose of theoretically-game modeling (TGM)
method usage. But it is the 3d stage, when particular
models, modules and algorithms of control are to be
developed, see: [3; 15, C. 43-57]. At the same time,
any real conflict object or process is substituted by its

(pursuant

description, understood as an information model in
the broad sense of the word, including VIM. As a
result, real features of an object are compared with
definite data describing its parameters, included to
predetermined multitudes. Therefore, studying of
real conflict is substituted by studying of its TGM <=>
(VIM). In such case conflict description is understood
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as three-level TGM, for models of this type each its
level is characterized by peculiar set of features, level
of details and reasonableness, which comply with one
or another aspect of theoretically-game description
at each level. There is certain interaction between the
levels of such description; according to such interac-
tion, selection of the values of the same level param-
eters in general restricts the possibility for selection of
the values multitude for parameters of another level.
For this purpose, S. K. Polumienko (Ukraine, Kiev) in
1997 has suggested and introduced the levels of struc-
tural (S-model), functional (F-model) and regulatory
(R-model) TGM,; see the details: [11, C. 76-85].

From methodical and technological point of view,
“metaknowledge” development shall be completed,
first, by development of some general algorithm and,
secondly, by methodology, theory, methods and pro-
cedures for making of executive decisions being effec-
tive and adequate for a research object in GIS-, GRID-
systems and Decision Support Systems (DSS). At the
same time, the following tasks belong directly to con-
trol tasks (by groups of decisions making methods):
interpretation, diagnostics and monitoring, planning and
reconstruction, forecast, contingency control (the later
unites and synthesizes all the previous tasks; tasks of
the groups 2 and 3, as well as 4 and §, relate to their
simultaneous settlement by methods of “direct” and
“reverse” output to DSS.

The following notions of all the mentioned above
belong directly to the practice of executive decisions
making in the process of “noospherogenesis” com-
plex dynamic processes studying and SDC problems
scientific justification: — “structure-attractor”, the
concept of “mode”, “fluctuations” and “bifurcations”.
They allow to implement directly all the required
procedures of control over “dissipative”, i. e. far from
“equilibrium” state, systems. Here we should also re-
mind that by the first in synergetics are meant: such
real structures in open non-linear media, to which evolu-
tion processes in such media escape as a result of transition
processes attenuation” [ S, P. 7]. In physics “mode” — is
“a type of peculiar electromagnetic oscillations, excited in
a resonator or amplified in waveguide or other (for ex-
ample, elastic oscillations) guiding systems”; in statistics
“mode” — is “... the value of characteristic (option)
which can be more often found in units set or in variation
series” [ 14, P. 829]. From technological point of view
these are order parameters of the phase transitions
theory; they determine all other subsystems; see the
details: also [12, P. 96-98]. This concept allows to
develop the following (Fig. 1) physical (to a certain
extent abstract, but not graphic) interpretation of the
process of forming “structure-attractor” of ASS be-
longing to the “nature-society” class (this is so called
“micro-” or “internal” level of re-created sophisticated
systems organization).

Order parameters (‘“modes”) of the system

Unstable
“modes”

Q) 00pagng

Ensambles of "modes”

Subsystems

Stable
“modes”

f

Feedback

Superposition (“structure-attractor”) — combined
(cooperative) action of complete system

Figure 1. Systematic interpretation of the process of forming
“structure-attractor” of ASS belonging to the “nature-society” class
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The figure demonstrates, that, from technologi-
cal point of view, the process of forming “structure-
attractor” of a system passes the following way.
Theoretically undetermined available and re-created
unstable “modes”, for which we are not able to deter-
mine exact coordinates (as per “uncertainty” principle
of V. Heisenberg, 1927), first, are classified (according
to their rotation direction) in “modes” ensembles, af-
ter that (according to the principle of their pertaining
to each separate type of matter) they are united into
more complex subsystem of the original system. Num-
ber of stable “modes” as a rule, is not higher than 5-7;
they are just what we need to operate at “macro” level
of control, — they arise in result of transition process-
es “attenuation” (see the term “structure-attractor”).

In their turn, they form “superposition” which is pre-
served for quite a long time. These “modes” or predi-
cates and parameters of “structure-attractor”, including
their geometry (the effect of “shape”), weight, energy
and organization algorithm, nowadays are reliably
fixed by physics [16].

From PMD’s point of view and as applied to the
“nature-society” ASS, general diagram of executive
decision making shall appear as follows (Fig. 2; usage
of the known “dependency” principle (“system” +
“device”) of N. Bohr, V. Heisenberg, 1927); the dia-
gram development of “teleological” systems control
pursuant to N, Weiner (1950) towards implementa-
tion of the “noosphere” theory of E. Le Roy, P. T. de
Chardin, V.I. Vernadsky.

N
__________________ T
A4
X
Control
object
zZ

Fig. 2. General diagram of executive decision making

Here a new link “N” physically reflects simulta-
neous human’s escape to a control object (“nature
object”) and control system (or “nature subject”, -
sentient being or person able to make decisions —
PMD). This position discloses “dualistic” (bioso-
cial) essence of a human (society) and underlines
his special role among all other biosphere organisms.
Hence, we can introduce the following general mod-
el of control over ASS class “nature-society”:

<{Mx},{My},{Mz}, F(f), p, ¥>, (1)
i.e. control is the process of intellectual and objective-
oriented decisions making which is determined by mul-
titudes of the states of control object and environment
({Mx},{My}), multitude of functions of the person who
makes decisions ({Mz}), acting towards implementation
of complete control function (\V), for the purposes of
global and local criteria of control optimization (F(f)),

considering control object responses to control action and
external environment reaction (¢).

When some future relatively stable “structure-
attractor”, which is considered at the moment as
the “ideal” pursued by a human, is determined and
formally described based on a fixed (common) ex-
perts’ (or PMD group) opinion, any private decision
and intermediate steps leading to its achievement
can be represented by the following procedure (as-
sessment of any possible state of the systems class
“nature-society” at all control levels):
R(S)=({H,(S,Q,1=0)} = "{H (S,Q,,[,T)}) (2)
where: Rt (S) — executive decision in a situation S, or
assessment of “nature-society” system quality
at each step of possible (assumed) transition
from the original structure (t=0) to “structure-
attractor” t planned by PMD: - time, teT;
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({H,(S,Q, 1 =0)} — gain function by transition options:
n — alternate solutions (transitions); its diagram and
full description are given in [17] and other works of
the author;Q - phase space of environment;
{H_(S,Q,,T,T)}) — planned “structure-attractor” (or

S(t)
2
Optimum transition route
1 @---mmmemeeeee

/

“Core” of the “structure-attractor”

FB(1)) for global criterion of control optimization:—
Q, € ;T — new phase space of environment; =™ —the
complex transition optimum (see the equation (2) and
Fig. 3; these are “macro-” and “external” level of control
over sophisticated system class “nature-society”).

Future (forecasted) “structure-attractor”

i One of the possible
transition routes (bifurcational
' processes; "sustainable
development” of a system)

Real structure of a system

Original “structure-attractor” '

— (fluctuation processes;
a system “equality”

/

Phase space of environment

w ¢ --

T(®)

S O@oooo

Figure 3. Diagram of possible transition of a real system class “nature-
society” to a forecasted “structure-attractor”

S (t) - transition structure; T (t) — transition time; 1-2, 3—4 — the points, characterizing state dynamics and transi-
tion time; the points A-B — theoretical optimum of real structure transition to future (forecasted) “structure-attractor”

Efficiency criteria reflecting general sense (i. e. ra-
tio, or “initial origin’, principle, sense) of SDC, the
equation (2), its central part =
represented by the following condition: “minimum

and Fig. 1, 3, are

losses of original natural matter <=> maximum so-
cially necessary material benefits”. According to the
equation (1), actual practice of control over ASS class
“nature-society” and for all (global, regional, local)
organization levels, this condition logically provides
“escape” to complete objective function (i.e.to <V >)
contingency control over these systems.

As a basis for the diagram development (Fig. 3)
the following two previously introduced by us ASS

features, characterizing the main principles and cri-
teria of systematic thinking have been taken (see
the Annex; subclauses [15; 16; 17, P. 341-344].
Information complexity. Studying of each active
system based on generality of its informational state,
determined by unity of its structure and by dynamics
of the processes occurring in such system. In active
systems, each new structure is characterized by new pro-
cesses and information flow, which shall not be reduced
to its simple measuring by means of re-acquired or lost
functions of a system. Time factor. System control
provides for “structures-attractors” achievement;
however, time is not an original input parameter, —
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it is determined in the process of optimization of the
structure of active system transition from one state to
another state. Time has a secondary importance as
related to transition structure. As a result, from the
point of view of A.N. Panchenkov’s “new theory
of entropy” [9] the main (fundamental) notions of
“noosphere” theory of E. Le Roy, P. T. de Chardin,
V.1. Vernadsky (1927, 1933) and SDC can be for-
mulated the following way.

“Equilibrium” - is a relatively stable state of the
ASS class “nature-society”, when the structure H,
(including its “thermodynamic” or “frozen” part —
H,; in physical sense, the later one represents ther-
modynamic potential of probable — future — system
development) is preserved; at the same time, the
system “structure-attractor” itself remains relatively
stable in “space-time”.

“Sustainable development” - a state of the ASS
class “nature-society”, when qualitative change of
H_ takes place (it is performed by means of: H, =
const; at the same time, in the process of new core
formation, substitution of old “structure-attractor”
for new one, which will characterize entirely another
system in future). In general, it tends to remain suf-
ficiently stable in surrounding “space-time” in future
(Fig. 3). Theoretically all these facts are proven by
quantum physics and spectral analysis.

It is known from the theory of games [8] that the
first state is achieved by means of “saddle” point us-
age in this theory (see also: “A Theorem on Domi-
nation”), when the state of any sophisticated sys-
tem is mathematically “balanced” by such position,
in which it becomes possible to achieve min physical
losses of the Nature and max results required by the
Society. Thus, in the process of modeling it is possible
to implement in full the efficiency criterion suggested
above, as far as when there are no conditions for its
achievement, one can at least come to the level of op-
timum “proximity” to it, mentioned in the Introduc-
tion (i.e. to obtain objective evaluation of SDC im-
plementation at any required time moment). Put in
other words, at all stages of SDC problems studying

and within the scope of any control level it is generally
possible to achieve increase of each particular region
development using methodically quite simple opera-
tions with “original” and “payoft” matrices as well as
based on the process of real-time tracing of the results
of their changing in output diagram. In addition, each
user is in position to perform constant numerical
computation of payoff function by any required and
permissible as per task setting conditions, territory
development scenario; similar practical examples of
such practice are considered in [ 18; 19; 24].

Conslusion

1. Outside the scope of nature science method-
ological transition from conventional (“mechanis-
tic”) to a new — “noosphere” — thinking, theoretical,
technological and methodically correct solving of
SDC problems is impossible ipso facto. This is clearly
demonstrated by long-term negative (both scientific
and practical) experience of their solving. Thus, the
suggested practical solving of SDC problems can
be implemented only based on distinguishing new
knowledge domain: “Metaknowledge” of Earth and
Society.

2. The main functional sense of the suggested
diagrams (Fir. 1 and 3) is reduced to the following
theoretical conclusions. First, they provide clear
demonstration of both “internal” (natural and sys-
tematic) and “external” (or “anthrpogenous’ i.e.
communal and social-economical, hereinafter in full
complex - “noosphere”) processes occurring in ASS
class “nature-society”. Studying of these processes
shall be provided within the scope of SDC and
general objective “control” function. Secondly, two
real states of such systems, namely: “equality” <=>
“sustainable development” (the cycle repeats after-
wards), shall be subjected to systematic studying
within the scope of this concept. Thirdly, under all
external conditions of possible development under
control it would be sufficient to determine correctly
preferable directions of their movement to “domain
of attraction” of the past (“fluctuational” processes;
thereby implementation of the first part of such sys-
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tems dynamics cycle in “space-time” is ensured) or
future (“bifurcational” processes; the second part
of such cycle) “structures-attractors”. So, for the
purposes of planning and forecasting of probable
future states of the nature and the society it would
be better to use well-known and proven methods
of “indicative planning” developed in France in the
mid-60s of the previous century, which are widely
used nowadays.

3. The main methods of studying and making of
executive decisions in DSS in the domain of situ-
ational control shall be: The Virtual Information
Modeling (VIM) method proposed by Comput-
ing Center of the Far Eastern Branch of the Russian
Academy of Science (CC FEB RAS) in the mid-80s,
developed and complemented nowadays, widely-
known “Game against Nature”, as well as coalitional,
cooperative and other games, required by conditions
of a task settlement [12].
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ONPEAENIEHUE U ONTUMU3ALUUNA NAPAMETPOB MOAEJIN
NMPOrHO3UPOBAHUSA ®UHAHCOBbIX NOKA3ATEJIEU

Annoranmsa: PaccMoTpena akTyaAbHas 3aAa4a AAAIITUBHOTO MPOTHO3MPOBAHUSA BPEMEHHOI'O PSAA
¢uHAHCOBBIX MOKa3aTeAeil. MeTOAOM pelleH s 334491 BBIOPAH CTeK MOAEAET AASI ICCAEAOBAHHS Bpe-
MEHHBIX PSIAOB C HEYCTOMYUBBIM XapaKTepOM KOAeOaHUI — HHTYUTHBHAsL, AAANTUBHAS, PerPeCcCHOH-
Hasl MOAEAH C 9AACTUYHBIM BBIOOPOM Ir'OMOTeHHBIX KAACTepOB. Bribop mapameTpos ocymecTBAsieTCs
Ha OCHOBAHUH KOPPEASIIMOHHO-PEerpecCCHOHHOrO aHAAM3A C apalTallell METOAOM dKCITIOHEeHIIHAAb-
Horo craaxuBaHust. OljeHKa IIapaMeTPOB IIPOBeAeHa C yueToM KpuTepueB Quimepa, Aap6bu-YorcoHa.
IToAy4yeHHbIe pe3yAbTAThI IPUMEHEHBI AASI AaHAAU3A PBIHKA IIE€HHBIX OyMar, BAAIOTHBIX IIap M MOTYT
IMIPUMEHATHCA AAS PelIeHHs ITMPOKOIo CIIEKTPa 3aAa4 AHAAM3A BPEMEHHDIX PSAOB.
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KaroueBbie cA0Ba: ApanTHBHOE MPOTHO3UPOBAHKE, KOPPEASIIMOHHO-PErPeCCUOHHBIN aHAAMS,

9KCIIOHCHIIHAADBHOE€ CTAA’KMBaHHE.

Ba>KHOCTP METOAOB AAAITHBHOIO IIPOTHO3UPO
BaHUSI He BBI3bIBAET COMHEHUSI OAAropapsi MUpOTe
IIPYIMEHEHNs, — OT IIOKa3aTeAell $OHAOBOTO PHIHKA,
AEHEXHBIX IIOTOKOB, H3MEHEHWI eXEeAHEBHbIX
0CTaTKOB [ 1], AO 3BOAIOIINH TEXHUKO-OKOHOMIYECKUX
XaPaKTEPHCTHK U3ACAUI ¥ [IEPEMEHHBIX [TAPAMETPOB
XMMUYECKUX IIPOLIECCOB M IIOKA3aTEAEN YaCTOThI
OTKa30B o6opyaoBanmys [2].

LTeAp AQHHOI pabOTBI COCTOUT B IIOCTPOEHUH
9 PEKTUBHOIO METOAQ IIPOTHO3a 3HAYEHUI PSAQ
QUHAHCOBBIX MOKa3aTeAeill C HEYCTOMYUBBIM
XapaKkTepoM KoAeOaHuUIL.

O6DbeKTOM HCCACAOBAHUSI SIBASIETCS. BPEMEHHOI
pAA
TA€ 1 — AAMHA psiad. 3aAa9a COCTOHT B TOM, YTOObI

IIOCAEAOBATEABHBIX  AAQHHBIX  X,..,X, ,
BBISIBUTH HAAMYKE 3aBUCUMOCTH i —TO HAOAIOASHHUSI
OT MPEABIAYIIHNX, U Ha 3TOM OCHOBaHUHU CAEAATh
IIPOrHO3 Ha (n+1) — it MOMeHT.

Cravara mpoBepuM psipA Ha CAYJalHOCTb.
B xagecTBe kpuTEpHEB CAY4alIHOCTH HCTIOAb30BAHBI:
KpUTEpUN  IOBOPOTHBIX  TOYEK,
¢aspl,

OCHOBAHHBIM HAa 3HAKaX pas3HMI, M KPUTEpPHH,

KpUTepHUM
pacmpeAeAeHMs.  AAWHBI KpHUTEpHH,
OCHOBAHHbIIl Ha PaHTOBOM KOppeAsnuu [ 3 ].

Aaree MOAyYHMM IIPOTHO3 IIO HHTYHUTHUBHOMN
MOAEAH. AASI3TOTO CHa4YaAd PACCMOTPUM ABE MOACAH.
CoraacHo MoaeAM IIepBOrO THIIA, BCe BpeMms
IIPEAIIOAATAETCS, YTO MPUPOCT PSAAA B CACAYIOIHIA
MOMEHT OYAET TaKHM Ke IO 3HAKY, KAK U B TeKYLIUi
MOMeHT. B Moaeam BTOporo Tuma AOTHKa
IIPOTUBOIIOAOXKHAS: OXXHAAETCS, YTO B CACAYIOLIMIA
MOMEHT 3HaK MpupocTa u3meHuTcs. Ha ocHoBe aTnx
ABYX MOAEA€H TMOCTPOMM HOBYIO, B KOTOPYIO ABE
IPeABIAYIIIHE BXOASIT KaK aAbTepHATHBBL. O pranusyem
ABTOMAaTHYECKUI BbI6OP TOM HAU HHOM MOAEAU
IO CACAYIOIEMY IIPABUAY: €CAU HAa TOCACAHHX TOYKAX
(cTaTucTUYecKol 6ase) IpUMeHeHHe IePBOM MOAGAH
Aaao A
nporunosuposanus (N +1) TOYKH MpUMeHseTCs

OTPHUIIATEABHBI  PE3yAbTaT, TO

BTOPAsi MOAEAD, Ml HA060pOT. Pe3yAbTaThl HCIIBITAaHUS
9TO MOAEAM Ha IIPEABAPUTEABHBIX AAHHBIX C 623011,
coaepkamert 18 Touek psipa, mokassiBaet 6oaee S0%
Pe3yAbTAT YCHEeNTHOCTH.

Aast
OT AQHHBIX X,,..,X, mHepeiiaeM k (N —1) nepsbm
Pa3HOCTAM paaa
Ax,=x, —x, (z = l,N—l).

3aTeM cpeaaeM 3aMeHy pasHocTed Ha k,

IIpUMEHEHUA aAaHTHBHOﬁ MOACAU,

3TOrO Ax,nAX, , Al

IO CAEAYIOIIIeMY IIPABHAY:
+1, Ax, >0,
k=10, A=0,
-1, Ax, <O0.
CAeAyIOIINM IIaroM pacCMOTPUM IPOU3BeAeHHE
m, =k, -k,_, . Aerxo 3amMeTHuTsb, 9TO
+1, (k,=1nk_ =D)v(k==1Ak =-1),

m =40, k=0v k_ =0,
-1, (k,=1Ak_ =-1v(k=-1Lk =1).
IlepBoe paBeHCTBO B 3TOM BBIPKEHHUU

COOTBETCTBYET COXPAaHEHHIO TEHACHIIUN ABYDKEHUS
PSAQ TIPU IIEPEXOAE OT OAHOTO MOMEHTA K APYTOMY,
TpeTbe — U3MEHEeHNEe TEHAEHIIMI, TO €CTh B AAHHOM
CAy4Yae pedb HAET O IOBOPOTHBIX TOYKAX, a BTOPOe —
HEOIIPEACACHHOM CUTYALIMH.

OKCIIOHEHIIMAaAbHOE CTAQKHBAHHE pspa 1,
dopmyae

S,=o-m +-S,_ , Ae S, — 3HaueHHe SKCIIOHEH-

OCYIIECTBASIETCS  IIO peKyppeHTHoﬁ

LIMAABHOM CPEAHEN B MOMEHT t; (¢ — IOCTOSIHHAS
craaxuBanusa (mapamerp apantanum), 0<a <1,
f=1-c.

Scno, yTo 3HaueHHUe S, , ABASETCS Pe3yAbTaTOM
YyCPeAHEHUsI eAMHHI] U HyAedl, OyaeT APOOHBIM
YMCAOM U3 MHTEPBaAa [—1,1] , I03TOMY IIPOTHO3 M

Ha MOMEHT t +1 6yAeM OIIpeAeAsITb TaK:

+1, S, >0,
r;ltﬂ = 0’ St = 0’
-1, § <O0.
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ITpoBepeHb! HCHBITAHUS HM3AOXKEHHOM BbIIIe
AAANITHBHON MOAEAM Ha BbIOOpke u3 18 TOuek,
KOTOPYIO NPUHUMAaeM B KadeCTBe CTAaTHUCTUYeCKOH
6a3pr Mopean. CperaeM nporuos 19-it Touku. 3aTeM
CABUHeM 0a3y Ha OAUH IIAr BIlepes U OTpaboTaeM
MOAEAD OT TOYKH 2 A0 TOUKH 19 u caeraeM mporuos
20-i1 Touku M Tak Aasee. OpHako Ipexpe deM
IIOAYYaTh [IPOTHO3, OyAeM Ha KQXXAOH CTATHCTHIECKOM
6ase u3 18 Touex MeTOAOM IepebOopa OIPeAEAsITh
AydIllee AASI AAHHOTO 9Talla 3HaYeHHe (ynpaBAmomnﬁ
q)yHKuHOHaA) a wu3 9 3uavenumit or 0,1 a0
0,9 ¢ untepBasom 0,1. PesyabTaThl yKa3pIBaIOT
Ha 6Au3Kuil K S0% yCIeIIHbIN Pe3yAbTaT.

MeTop 3KCITOHEHITHAABHOTO CTAAYKHUBAHMS MOXKHO
060061HTb HA CAYYall IOAMHOMHAABHOTO BpEMEHHOTO
PSIAQ, TO €CTb CUTYaIIUIO, KOTAQ TOCTYAUPYeTCS

x, =a,+at+ar’+..+art‘+¢ , k>1.

COOTBETCTBEHHO, IIPOTHO3 X,, 3HAYEHHUE X,
OYAET OTIPEAEASITBCS IIPU T = 1 CAEAYIOIINM 00pa3oM:

(A)=a,(t,A)+a, (t,2)+..+a,(5,7),

. 2
JZ:[;/'L’ (xtfj —-a, —alj—...—akjk) — 11131121 .

TaxuMm 06pasoM, ¢ TOMOIBI0 KOPPEASIIIMOHHO-
PerpecCHOHHOTO AaHAAM3a MBI OIIPEAEAsIeM AAUHY ¢
U TIOPSIAOK Kk BBIOOPKH AydIIIeFt aIllIpOKCUMALIUHL.

AAsi psiaa LieHHBIX OyMar AYKOPIAyCTaHOBAeHo,
4TO AYYIIMMH 3HAYEHUSIMH SIBASIIOTCS t =9, k=6.
Aanee apanITHPyeM 9Ty MOAGAD AASL YUETa CACAYIOIIeH
3a X, TOUYKH X, . PellleHue 9TOM CHCTeMBI AaeT HaM
a, (t,A), j=0,k mmpornos x; =%, (1)=a, (t,A)+

t+1

+a, (,A)+...+a, (,1) snavenne  x,,. Ilocae
IOAy4YeHHUs] HCTUHHOTO 3HAYEHMs X,, A€AaeM
nepepacyer IIPOTHO3UPYIOLIEN PyHKIUM

o gopmyae X, (1)=A%, (1)+(1-1)x,, , To ecTp

ITPOBOAMIM AAAIITAIINIIO MOAEAH IIOA HOBO€ 3HAUEHUE.

IToBTOpsieM KOPPEKTUPOBKHA MOAEAH, IIOKa
KO3QPUIIUEHT AeTEPMHHALUU MOAEAHU OCTAeTCs
MHemb 0,9.

B wurore moay4aeM AOBOABHO CTAQXKEHHYIO
MOAEAb, XOPOIIO AMIMPOKCUMUPYIONYIO PpparMeHT

BPEMEHHOTO PsIAA B IIpeperax T =1t + M.

Aast psipa AYKOVIA M =18 3 63,7% xauecTBa
Iporuo3a. B AaapHertmeM rieaecoo6pa3HO IPHIMEHUTS
AASI TIPOTHO3HUPOBAHUS METOA CKOAB3SIIIErO0 OKHA,
TO €CTh, He MEHsII AAWHBI BBIOOPKH AydIIel
IIPaBAOIIOAOOMS, AOOaBASITH HOBOE  3HAYEHHE
C OAHOBpPEMEHHbIM YAAA€HHEM CaMOTO IIEPBOTO.

Hape>XHOCTD, TOAYy4eHHOT C IIOMOIIBIO OLIeHOK,
MOAEAM OIIPEAEASIeTCST C IIOMOIBIO BEAUYHHBI
OCTaTOYHON AMCIIEPCHH, KOTOpPasi BBIYHCASETCS
o popmyae

, ¢€'e 1

o = =

N-—-n

N-n
xll
X= . .
Xy e
P (81,...,8N )T,
(N - aAMHa psipa, 1 — AAMHA BBIGODKH)
U KO3pPUITMEeHTa MHOXKXECTBEHHON KOPPeAsIuH,

(YYT ~Y'x(X"X) XTY),

xln
e |y YT =()/,,--->}’N)T;
X

Nn

BBIYMCAEHHS IO pOpMyAe
D

R= 1-———
(n+1)(n+l)

(n+1)(n+1) - aAre6paI/1qec1<oe AOITIOAHCHHE
OIPEACAUTEAS]  KOPPEASIIJMOHHOM  MaTpPHIIbI
r:r(xixj>, (z, ] :O,n) K OAeMeHTy I,
Hapexnoctp  kxoadduiimeHTa MHOXKECTBEHHOM

KOPPeAsILIMH onpeaeasieTcs: o kpurepuio Oumepa
R (N-n-1)

(1-R*)(n-1)

IpU 3aAQHHOM YPOBHE HAAEKHOCTH M CTEIeHSX
ceoboppt  v,=n-1,v,=N-n-1, R -
MHOYXeCTBEHHDII K09 PULIMEHT AeTepMUHALIN.

F=

Heobxopumo  oTMeTHTb, 4YTO IIPpOBepKa

IPEAAOXKEHHOM aAANITUBHOM MOACAH Ha ITAPaX BAAIOT
EURUSD, GBRUSD MTOATBEPATAQ ee
3¢ PeKTUBHOCTD B mpeaesax 63% aasg t =12 mpu
k =6 1 MeTOAE CKOAB3SIEro OKHA, HAYMHAOI[ETOCs
¢ M =0.3T0 CBA3aHO C MEHbIIeN YCTOMINBOCTHIO
PSAOB BAAIOTHBIX Iap. 3AeCh BO3MOXKHO YCHACHHS
AAAMITAIIMHA MOAEAH TTI0A HOBbIE 3HA4€HH I C IIOMOIIbIO
MeToAa XOABTa.
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METHOD OF OBTAINING FIBER FROM USED TIRES

Abstract: due to the growth of the number of road transport per head of population of the Rus-
sian Federation and increase of the territories of landfills there is the problem of the utilization of
consumable items such as tires, reuse recycled materials in construction, especially for the production

of fiber-reinforced concrete.

Keywords: fiber reinforced concrete; fiber; dispersion-reinforced concrete.

In the course of construction and repair of build-
ings and structures one of the important factors is
the reduction of construction cost with a minimum
decrease in durability of materials. For last few de-
cades the set of the construction materials striking
with the strength characteristics, were invented. No
exception is the concrete, is shown in fig. 1, with the
set of variations of use of micro fittings, from cellu-
lose fibers and finishing of steel and glass.

Every year new ways of increase in durability of
this type of material are invented, but its cost is still
unreasonably high. Therefore, a perspective direc-
tion is to increase the availability of fiber-reinforced
concrete without decrease its strength characteristics.

The fiber defines the main fiber properties of the
future of fiber-reinforced concrete or fiber-cement
element. For example, glass fiber- reinforced con-
crete is mainly used for production of thin-walled
elements, to the outer decoration of buildings. And
basalt fiber concrete is used especially for the reason,
when high resistance to chemicals and temperature
fluctuations is required.

Figure 1. Fiber reinforced concrete element

A more global problem in our country is the in-
crease in the size of territories landfill, as seen in
fig. 2. Every year in Russia, the area under the land-
fill is increased by an area equal to Moscow and
St. Petersburg taken together. Moreover, garbage
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dumps in Russia occupy already a territory twice
larger than Switzerland. Runoff from these dumps
get to underground waters and people living nearby
catch a suffocating smell. Besides, the waste peri-
odically burn and poison the air. Incineration in
special plants leads to an increase in the number

Fig

Along period of decomposition of the materials
from which automobile tires are made is possible to
use for the production of building material such as
concrete.

First, let’s remember what fiber concrete is. Dis-
persed reinforcement is carried out by fiber; the fi-
bers are evenly distributed in the volume of the con-
crete matrix. For this purpose, various kinds of metal
and nonmetal fibers of mineral or organic origin are
used. There is a widely spread name in the technical
literature — the reinforced concrete or steel fiber re-
inforced concrete, GRC, depending on the type of
the used fibers [3,20-24].

The Englishman Berard patented fiber-reinforced
concrete in 1874, and the world’s first patent for
fiber-reinforced concrete structure was obtained
by the Russian scientists V. P. Nekrasov in 1909. A
particular interest for this building material and its
construction has appeared in the 60-ies years of the
last century. Since then, there has been a significant
amount of international scientific and technical sym-
posia, conferences and seminars, devoted to results
of scientific research and the practical application of
fiber-reinforced concrete in construction abroad.

For the first time in Russia, the concrete has been
applied in 1976 when it was first used for the con-

ure 2. The Territory of the landfill

of cancers [1]. According to statistics, there are
284 cars for each thousand inhabitants in Russia
[2]. Service life of tires varies from 2 to 4 seasons,
and then these tires are dumped. The period of de-
composition of material from which tires are manu-
factured is about 100 years.

struction of a runway. But at that time this material
wasn't widely used in our country as the technology
of fiber-reinforced concrete and a fiber itself have
been unfinished [4, 48-52].

Today the most common varieties of fiber rein-
forced concrete are:

« Fiber concrete using steel fibers;

« Fibrous concrete using polypropylene fibers;

« Fiber-reinforced concrete using basalt fiber;

« Fiber-reinforced concrete using glass fibers.

As the micro reinforcing element there can be
practically any kind of material including rubber,
used in manufacturing tires. Also you shouldn’t
forget that besides rubber there is a metal frame in
an automobile tire, represented by a steel wire, as
seen in fig. 3. Thus, the outcome is not just a fiber-
reinforced concrete with rubber fibers as micro fit-
tings, but the combined fiber-reinforced concrete,
in which the steel fiber acts as the micro reinforcing
element besides rubber fibers. Such technology con-
siderably will lower costs of production of disper-
sion-reinforced concrete and will reduce the amount
of waste on the territory of the Russian Federation.

This method of production of fiber-reinforced
concrete as well as any technology has advantages
and disadvantages. The main disadvantage is the
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problematical character of splitting of an automobile
tire on fibers of the desired length. But this problem

can be solved with the help of a specialized unit in
the industrial scale production 5, 8-11].

P ;zz///'?/’////,y,l

AR

Figure 3. Tires of diagonal (a), and radial (b), design (cut): 1 — protector, 2 —
breaker ply, 3 — carcass ply, 4 — Rubber carcass ply, 5 — board part

The advantages of dispersion-reinforced con-
crete on the basis of the above varieties microarrays
fibers include the following:

« products and components are light-weight and
easy to move;

« products reduce the load on the Foundation
and bearing structures of buildings and construc-
tions, which allows to obtain significant savings;

« suitable for repair work;

« easily shaped;

« high strength allows to obtain thin-walled ele-
ments;

« resistant to crackjng;

« durable material;

« the use of recycled materials, in order to im-
prove the ecological condition of the country.

Thus, we can conclude, that the fiber-reinforced
concrete, which as microfiber is fiber obtained
by processing recycled tires, in the manufacture
of it in industrial scale will considerably reduce the
prime cost of fiber-reinforced concrete elements and
the territory of landfills in Russia.
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Abstract: This study was do for determine the influence of different types treatment on the pul-
monary function tests in COPD. It was found advisability to include inosine pranobex, which is
an immunomodulating drug with an antiviral effect in treatment regimens for this pathology. The
use of plasmapheresis was also a more effective method compared therapy with using only standard
drug therapy.
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BJINAHUE PA3JINYHbBIX METO40B TEPAMNMUNA
HA MOKA3ATEJ1IX BdJ1 NMPU XOBJ1

AnpoTanus: AaHHOE HCCAGAOBaHME IIPOBEACHO C I[@AbIO OTIPeACACHHS BAUSHHS Pa3AMYHBIX Me-
TOAOB AedeHus Ha rokaszarean BOA npo XOBA. Briaa BersiBAeHa 11eAeCOOOPA3HOCTD BKAIOUEHISI
MHO3UH IPaHObeKca, KOTOPHIH SBASETCSI IMMYHOMOAEAUPYIOIIUM IIPEapaToOM C IPOTUBOBHPYCHBIM
AeHICTBHEM B CXeMbI A€UeHMs IIPU AQHHOM marosorun. ITpumenenne ceancos maasmadepesa Taioke
6b1AU O0Aee 9 PeKTUBHBIM METOAOM 10 CPABHEHHIO TePAIIKell C IPIMeHeHHeM CTAHAAPTHBIX CXeM.
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Karouesbie caoBa: XOBA, BOA, uMmMyHOMOAYyAUpYIOIIas Tepamnus, maasMadepes, MeAUKaMeH-

To3Has Teparnus, OPB .

European Respiratory Society (ERS) yxasbisaer,
gro Anmb B 25% cayyaeB XOBA anarnoctupyercs
CBOEBpEMEHHO. YCTaHOBAGHO, YTO PacIpOCTpPaHEeH-
HocTh XOBA B Mupe cpepu My>X4HMH U >KeHIUH
BO BCEX BO3PACTHBIX I'PYIIIIAX COCTABASIET COOTBET-
crBenHO0 9,3 1 7,3 Ha 1000 Haceaenus [1,286-288].

OcobeHHO BeAMKa OTPHILATEAbHAs] POAb Kype-
HusL. [To HabAIOAeHHSM OpPUTAHCKUX YYEHBIX (cpeAH
Ant] 40-68-AeTHETO BO3PACTa), BbIIBAEHO IATOAOTH-
JecKoe CHIDKeHUe 06beMa GpOpPCUPOBAHHOTO BHIAOXA
3a IepByI0 CeKyHAY y 18% kypsmux my>xaus u 14%
KyPAIIUX JKeHIIUH, 4 CPEAN HeKYPSIIHNX — AWIID
y 7% 1 6% cooTsercTBenHo [2, 103-108].

Ar06as BupycHast MHQEKIIHS MOXKET OCAOXKHUTD-
cs1 060CcTpeHreM 6aKTepUAABHOTO IpoLjecca. Y 60Ab-
IIMHCTBA MAIJHeHTOB C AAHHOM ITATOAOTHEH BCTpe-
YaFOTCS BUPYCHbIE M MUKOIIAQ3MEeHHbIE ACCOLIUAIUH.
Bupychl BBIBBIBAIOT AECTPYKIIUIO KAETOK U pEeCHHYEK,
HapyIIeHHe aKTUBHOCTH MePIJaTeAbHOT'O SIIHTEeAHS,
CHIDKEHHE PeOAOTHYeCKUX CBOMICTB CAM3H, pe3Koe
CHIDKeHMe MYKOIIMAMAPHOTO KAUPEHCa, 4TO CII0CO0-
CTByeT IIPOHUKHOBEHHIO BUPYCOB B 6oAee raybokue
CAOH CAUBHCTON 000AOYKHU PeCIIHPATOPHOTO TPAKTa
[3,26-33,4].

LleABI0 AQHHOT'O HCCAEAOBAHUS OBIAO IIPOBEACHHE
HCCACAOBAHMS, OIJeHUBAIOIee BAUSHUS PA3AUIHBIX
MeTOAOB AeueHHs Ha rokasarear BOA mpo XOBA.

Marepnaa u MeTOABI: BpIA0 IpOBeAEHO HccAe-
aoBaHue 180 60apHbIX ¢ XOBA. AaHHBIM 60ABHBIM
Ha OCHOBAaHMU aHAMHECTHYECKHMX, KAMHUYECKUX
U TTAPAaKAMHUYECKUX AAHHBIX, a TaloKe METOAOM HC-
KAIOUEHMS CXOAHOM ITATOAOTHH ObIA IIOCTAaBAEH AMA-
rao3 XOBA. ITo MeToay TpOBOAMMOI Tepanuu OHU
OBIAU pa3AeAeHbI Ha 3 TPYIIILL 1-ast —60AbHBIE ITOAY-
JaBIIHe MEAUKAMEHTO3HOE AeYeHHe C IPUMeHeHuEeM
CTAaHAAPTHBIX CXeM AeYeHHs IIPU AAHHOH ITATOAOTHH,
2-ast — Ha QOHe MPOBOAUMOM CTAHAAPTHOM! TepPaITUH
HA3HAYaACS UMMYHOMOAYAHPYIOIIUH ITperapaT HHO-
3UH IpaHOoOeKc Mo cxeMe 2 TabAeTKH 3 pasa B AeHb

B TedeHnu 14-20 aneit, 1 Tabaetka SO0 mr. 3-st rpyTI-
1a 6OABHBIX, KOTOPBIM Ha $pOHe IIPOBOAMMOI Tepa-
MU HA3HAYAACS U CeaHCHI AasMadepesa. Membpan-
ub1it aasmadepes (ITA) mpoBoprAM Ha anmapare
“TemodeHHKC” B cpepHeM 4 IpOLIeAypHI C HHTepBa-
AOM OT 3 A0 7 AHEHN B 3aBUCHUMOCTH OT COCTOSIHISI
OOABHOTO.

Cruporpa¢ust IpOBOAMAACH HA aIIapare
“Crmporpa¢p-CMII-21/01-P-A” Poccus  OO-
OHIIIT “Monurop” Pocros-Ha AOHY A0 U HOCAe
npoBoaumoit Tepanun. Onpepeasian OB , )KEA,
O®B, /2KEA, MOC,,, MOC_, MOC. .. Aonxmbie
BEAMYUHbI OIIPEACASIAU TI0 BHIYECAHTEABHON CHCTe-
Me CITIporpada B COOTBETCTBUU C BO3PACTOM, IIOAOM
U aHTPOIIOMETPHYECKH AQHHBIM, COTAACHO MEeXXAYHa-
POAHBIM CTAHAAPTAM.

PesyabraTsl MCCAeAOBaHHI ObIAM 0OpabOTaHBI
MeTOAAMH BapHAIIHOHHOMN CTATHCTHKH t-KPHTEPHS
AocroBepHOCTU CTBIOACHTA.

Pe3yAbTaThl H 006CyKAEHHE:

H3syuenne nokasareaeit BOA popmupyer ¢pyHk-
nmoHaAbHbBIN Ararao3 XOBA.

OynxionaabHble paccrporicrsa npu XOBA npo-
SIBASIFOTCSL He TOABKO HapylleHHeM OpOHXHUAABHOMN
IPOXOAMMOCTH, HO U I3MEHEHHeM CTPYKTYPBI CTaTH-
4eCKUX 00beMOB, HApyIIeHHeM 9AACTUYECKHX CBOFICTSB,
AU(PY3HOHHOIN CIIOCOOHOCTU AETKHX, CHIDKEHHEM
dusuaeckoit TpyaocniocobrocTH [ 5, 130-145].

baaropapsa
u pocrote usmepenns OOB, B HacTosmee Bpems

Xopomer BOCIPOU3BOAUMOCTH
OHO SIBASIETCSI OOIIENPUHSTHIM IIOKA3aTeAeM AAS
oneHKH crenenu obcrpykuuu npu XOBA.
OcHOBBIBasICh Ha BbIIIEU3AOKEHHOE, MBI ITIPOBe-
AV ICCAEAOBAHIE ITHX IIOKa3aTEAEH ITOCAE HUCIIOAD-
30BaHMA Pa3AUYHBIX METOAOB TepaIuu (Taba. 1-3).
HccaepoBanms nokasaau, yro npu XOBA npo-
HCXOAUT 3HAUMTEABHOE CHIDKEHME ITOKa3aTeAer
JKEA u OOB , 4TO CBUAETEABCTBYET O HAAUYHMU
PAa3AMYHON CTelleHH HapyLIeHUIH OpOHXMAABHOMN
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IPOXOAUMOCTH ITPH AAHHOH [TATOAOTUH. YBEAHYeHHEe  AABHOM IPOXOAMMOCTH. DTO ITOATBEPKAETCS U yBe-
JKEA u OOB, nocae Bcex HCIIOAb3YEMbIX METOAOB ~ AMYEHMEM TaKUX MOKa3aTeAe, Kak MOC,,MOC_,
TepaIuu CBUAETeAbCTBYeT 06 yayumennu 6ponxu- MOC. .
Tabnuua 1. - N3meHeHne nokasateneit BOJ1 (%) y 6onbHbix XOBJ1 0o 1 nocne

NeYyeHns ¢ NpUMEHeHMeM npenapara MHO3H nNpaHobekca

Cmmporpadpuueckne AO A€YCHUS MOCAE ACYEHH S
IMOKa3aTeAH n=60 n=060
KEA 86,5+ 5,15 100,1 £4,54 P < 0.01
ODB, 72,8 £5,03 91,6 £ 3,93 P <0.05
MOC, 50,1 +6,13 74,2 £ 5,57 P < 0.05
MOC_, 50,7 £ 4,72 67,9%5,78P > 0.5
MOC., 58,0 £ 4,61 75,0+ 5,15P > 0.5

Ipumeuanue: P — cpasrenue pe3yrbmamos nocae AedeHus ¢ 0aHHbIMU 00 AeHeHUs

Tabnuua 2. — IameHeHune nokasatenent BOJ1 (%) y 6onbHbix XOBJ1
[0 1 rocrie Tepanun ¢ UCcnosib3oBaHnem nna3madepesa

Cmmporpapuueckne AO ACYEHH S IIOCAE A€YECHHSI
IIOKa3aTeAHn n=060 n=60
JKEA 89,3 + 3,60 110,8 £3,97 P < 0.05
OOB, 75,0 £ 4,05 86,8 £4,13 P <0.05
MOC,, 479 % 5,28 66,2 +447P>0.5
MOC_, 45,7 + 4,02 57,9+3,22P >0.5
MOC_, 54,6 + 3,44 94,4 +221P<0.05

Hpumeuauue: p- CpasHeHue pe3ysbmarios nocie Ae4eHus ¢ danHvimu 00 AeveHus

CrpaBepAMBO OTMETHTD, yTO yBeandenue JKEA  uxmpoxopuMocTu (Ta6A. 2). 3Ha4yMMbI ObIAY U3MEHE-
u O(I)B1 6b1A0 OOA€€ OLyTHMO IIPH MPOBEACHUH Ae-  Hus IoKasareAeil BOA mocae HCmoAb30BaHUS B KOM-
YeHUsI C IPUEMOM CeaHCOB MaasMadepesa. Buaumo,  maexce AeueOHBIX MEPOIIPHATHI IMMYHOMOAYAUDY-
3TO CBA3aHO C TeM, 4yTo [TA mpuBOAUT K yMeHbIle-  OIIero Impernapara (Ta6A. l).

HHIO OTEKa 6POHXOB, CACAOBATCAbBHO, K IIOBBINICHHUIO

Tabnnua 3. - UameHeHue nokasarteneit BOJ1 (%) npu XOBJ
00 1 nocne TpaguuMoOHHON MeguKaMeHTO3HOM Tepanmu

Comporpapuueckne AO ACUECHU ST IIOCA€E ACYECHHSI
IMOKa3aTeAnu n=115§ n=115
JKEA 87,7 £ 2,45 92,4+3,28P >0.5
OB, 77,6 + 4,35 80,1 £4,24P >0.5
MOC,, 48,8 + 4,39 52,5£2,65P >0.5
MOC_, 46,6 £2,12 48,8 £3,47P > 0.5
MOC . 55,5 £1,87 60,1 £2,59 P <0.05

Hpumeuauue: p- CpasHeHue pe3ysbmarnios nocie AeHeHus ¢ danHvimu 00 AeveHus

HaumeHnpmuM H3MeHEHMSM IIOABEPTAUCH W3-
MeHeHUs TokasareAeit y Tex 6oapHbix XOBA, xo-

TOPBIM IPOBOAMAOCh MEAMKAMEHTO3HOE A€YeHHe
T10 CTAHARPTHBIM O6IIEPUHATHIM cxeMam (Taba. 3).
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IToAydyeHHbIE AQHHBIE B IIOAABASIIOIEM OOABIIMHCTBE
CTaTHCTUYECKH He AOCTOBEPHBL

ITpoBepeHHbBIE MCCAEAOBAHUS IIOKA3aAH, YTO
y 6oabubix ¢ XOBA mocae npumeHeHus pasaud-
HbIX METOAOB TepaIiu 60Aee 3HAUMMble H3MEeHeHHs
nokasareaeit BOA HabAIOAQANCD IPH IPOBEASHUH
Tepanuyu C IpUMeHeHHeM UMMYHOMOAYAUpYIOIIe-
ro IperapaTa MHO3UH IIPAaHOOEKca B KOMIIAEKCe
CO CTAaHAAPTHBIMHU CXeMaMU AeYeHH.

3HauMMBI OBIAU TAKOKe M3MEHEHMUS IIPU AeYeHUH
C HCITOAB30BaHMEM CeaHCOB IAa3Madepesa.

V13MeHeHVsI U3y YeHHBIX [TOKA3aTeAe Y OOABHBIX

XOBA, moAy4aBmux AMIIb MEAUKAMEHTO3HYIO Tepa-
ITHIO [I0 CTAHAQPTHBIM CXeMaM, ObIAU He3HAYUTEABHBI
U, B OCHOBHOM, CTaTUCTHUYECKH He AOCTOBEPHBL

MO>KHO 3aKAIOUMTD, YTO B CXEMbI ACYEHHUS OOAD-
Hix ¢ XOBA 6oaee 11eAecO00pa3HO BKAIOYHUTD
HHO3HH IPAaHOOEKC, KOTOPBIN SBASIETCS UMMYHO-
MOAEAMPYIOIUM IIPErnapaToM C IPOTHBOBUPYCHBIM
AENCTBHEM.

HeobxopAuMO Takke OTMETHTD, YTO IPUMeHe-
HIe CeaHCOB MAa3Madepesa TakoKe SBASIETCS Hoaee
3¢ PeKTHUBHBIM METOAOM II0 CPaBHEHMIO Teparuei
C IpUMeHeHHeM CTAaHAAPTHBIX CXeM.
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INVESTIGATION OF MUGAN PLAINS NEEDING MELIORATION
THROUGH REMOTE SENSING AND GIS TECHNOLOGY

Abstract: Soil salinization is a serious problem in arid and semiarid areas due to negative impact
soil productivity and plant growth. Main limitation factors in Mugan plain are salinization. Accord-
ing to the literature data’s, 80% of this area undergoes degradation and more than 60% of irrigated

area was salinized.

Keywords: Remote sensing, GIS, salinity, color composites, soil, salinity index.

Introduction. At present soil resources un-
dergo lot of natural and anthropogenic hazards.
The most expanded problem relating soil salinity
which is the global problem for agriculture. The
global extent of primary salinized soils area is about
955 M ha, while secondary salinization affects some
77 M ha, with 58% of these in irrigated areas. Of
course, soil salinity and other degradation problem
decrease soil productivity and agricultural income.
There are several approaches to define soil degrada-
tion. But lot of them are time consuming and ex-
pensive. As an alternative methods remote sensing
and GIS are used successfully in soil investigation
and mapping. Salt-affected soils can be predicted
using remote sensing technology directly on bare
soils and indirectly through the type of vegetation.
The benefits of using remote sensing technology
and GIS practices have been expressed in several
published works to be the most useful.

Investigation salinized areas is important for
sustainable management in semiarid and arid areas.

Remote sensing is widely implemented to investigate
and mapping of salt-affected areas [4, 199-211].

Applied of remote sensing data in soil salin-
ity mapping is severe to employ since saliniza-
tion is not a static process. Therefor a number of
derivatives and alternatives to normalized differ-
ence vegetation index (NDVI) have been antici-
pated to discourse soils salinization monitoring
and mapping. NDVI has been shown to be highly
correlated with parameters associated with plant
health and productivity such as vegetation density
and cover.

Different remote sensing indices such as the sa-
linity index (SI), the normalized difference salini-
ty index (NDSI), and the brightness index (BI) were
applied to predict the means by which these indices
work for soil salinity mapping in the arid environ-
ment [6,217-230].

The literature data’s analysis indicated that the re-
lationships between soil salinity and the selected in-
dexes were different. NDSI and SI have significant
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correlations between soil salinity and other soil
salinity indices were observed [ 1, 1-8].

It is the first attempt to investigate soil salin-
ity implemented satellite imagery in Mugan plain.
Mugan plain is more sensitive for salinization and
sodification process due to parent material and an-
thropogenic factors.

Materials and methods. Mugan plain falls in
the latitude 40°6"20-39 "19° 18 N and Longitude
47°58°12-39°42 "S54 E covering an area 0of 450 000 ha.
According to FAO soil classification, soils in the area
are described as Fluvisols, Calcisols, Gleysols and An-
throsols. Dominant soil Reference group is Calcisols.
Soil developed under arid climate conditions. Main
parent material of study area described as alluvial and
marine sediments [3, 795-803].

Remote sensing and GIS were used to deter-
mine sensitive areas to degradation. Stressed veg-
etation could be investigated indirectly to NDVI,
NDSI and different band combination. Salt-affect-
ed soils are characterized by sparse vegetation cover
and halophytes. Salinity Index (SI), Normalized
Difference Salinity Index (NDSI), Natural Defer-
ence Vegetation Index (NDVI), Vegetation Soil
Salinity Index (VSSI) was used for determining
sensitive areas to degradation.

Landsat TM data of 2012, path 167 and row
32 and 33 were used for this study. The image has
seven bands, having a pixel resolution of 30 m.
Analysis of the image was carried out using ArcGIS
10.2, ERDAS Imagine® 11, and QGIS.

47°50'E 47°55'E  48°E  48°5'E 48°10°E 48°15'E 48°20'E 48°25'E 48°30'E 48°35'E 48°40'E 48°45'E 48°50'E 48°55'E 49°E  49°5'E
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Figure 1. Salinity map of Mugan plain (from this map there was extracted soil atlas of Azerbaijan)

Results. Main limitation factors in Mugan plain
are salinization and sodification process. According
to the literature materials, 80% of this area under-
goes degradation and more than 60% of irrigated
area was salinized. This problem was clearly given in
salinity map of Mugan plain (Fig. 1). Salinity map
of Mugan plain were mapped by traditional meth-
ods and was published in the soil atlas of Azerbai-
jan. In that salinity map shows that most of Mugan

plain area moderately and severe salinized. Main
causative soil salinization factor is parent material.
This area situated under sea level and soil developed
on the river and sea sediments. Also underground
water table level is £1.50 m. Arable soils irrigated by
Araks river and its irrigation water have high min-
eralization and changed between 560-880 mg/1
[2, 445]. High mineralized waters were created
secondary salinization process.
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Remote sensing and GIS technology gives great
opportunity to analysis and monitoring of soils.
Remotely sensed data have great potentials data,
monitoring such dynamic processes as salinization
(9, 59-74). The visible and infrared regions lets to
detect the soil salinity of the saline, alkaline and non-
saline soils best of all. Landsat band combinations
give valuable data for visual interpretation of study
area. Landsat TM 3, 2, 1 band combination express
natural color of study area (fig. 2 A).

In this band combination express that central
part of study area has a drainage problem. Water sol-
uble salts gathered soil surface and appears as a white

color. Those areas were show as strong and severe
saline area in the base map (fig 1). Also 4, 3,2 band
combination express clearly express the meliorative
situation of study area. It is a false color composite.
In this band combination salts exhibit brightness val-
ues. This situation expresses that the both color
composites exhibits of the same brightness for salt
affected soils. Deep red hues indicate healthy vegeta-
tion cover. In Mugan plain were cultivated mainly
the cereals, cotton and vegetables. On the contrary
of the base salinity map, south and south west part

of study are have sparse or non-healthy vegetation
cover [S,406-417].

Figura 2. Natural color composite (3, 2, 1) and false color composite
(4, 3, 2) band combination of study area (Left-A, Right-B)

One of the most used indexes is Natural Differ-
ence Vegetation Index (NDVI) for assessing natu-
ral vegetation cover in arid and semiarid areas that is
quantitatively assessed using high-precision of in situ
data. The NDVI is calculated from reflectance mea-
surements in the red and near infrared (NIR) por-
tion of the spectrum:

_ NIR-RED

NDVI
NIR+ RED
Where NIR is the reflectance of NIR radiation

and Red is the reflectance of visible red radiation.
The NDVT has been correlated to many variables
such as crop nutrient deficiency, final yield in small
grains, and long-term water stress and it is useful for
assessment of land degradation. On the other hand

NDVI one of the best combination for soil salinity
for some crops [7, 355-364].

NDVI value has high correlation with Natural
Difference Salinity Index (NDSI). Correlation co-
efficient (R2) between NDVI and NDSI is 0.98
(Fig.4). Also, visual observation of Color compos-
ites is similar with NDSI and NDVI. This proves
that study area degraded by different degree.

Central and south-west parts of study are has
a low value and changed between - 0.16 and 0.10
(Fig 3). it means that vegetation cover was devel-
oped salinity under stress. According to literature
materials, the limitation factors in study area are
different salinization process.
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Figure 3. Natural Difference Vegetation Index (NDVI) and Natural
Difference Salinity Index (NDSI) of study area (Landsat TM)
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Figura 4. Correlation between NDVI and NDSI

Laboratory analysis result shows that EC value of
soil samples changed between 0.03 and 5.72 dS.m™.
Average content of soluble salts is 0.655.72 dS.m™
(8, 52-58). In irrigated soils soluble salts mainly
gathered at subsoil and deeper horizon due to irriga-
tion process. On the contrary, at the winter pastures
salinization process were observed at soil surface.

Conclusion. Saline soils are distributed across
the study area. The salinity degree of these soils var-
ies significantly throughout the area. Strong and se-
vere saline areas mainly spread in the winter pastures.
Main Causative factors of soil salinity caused by envi-
ronmental (topography, poor drainage, climate con-

dition) and anthropogenic factors (poor irrigation
water, secondary salinization, mismanagement).

Overall, it is possible to determine degraded ar-
eas using Remote sensing and GIS. Natural color
composites and False color composites area provide
preliminary information to the decision-makers and
land planners. It is very important for determining
where to carry out action plans of salinity definition.

In this investigation results confirms that there is
high correlation between Natural Difference Vegeta-
tion Index (NDVI) and Natural Difference Salinity
Index (NDSI). Although it is need to map final digi-
tal salinity map using different classification tools
that need further investigation.
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noaPOBHOCTU NPUYUHbI CBA3AHHOCTU HETPUBUAJIbHbIX
HYNEW B OKA3ATEJIbCTBE TMNOTE3bl PUMAHA
C NPOCTbIMU YNCJIAMU B HATYPAJIbHOM PHAAOE HYACEN

AHHOTal.H/DI: B crarpe AHAAMBHPYETCs IIPHUYIHHA l'[pO6AeMbI AOKa3aT€AbCTBaA I'unoTessr Pumana
Ha IIpuMepe q)HBHqECKOﬁ 3aAQ9H ABYX TEA. PaCCManI/IBaeTCH (1)I/I3I/I‘IeCKOG SBACHHE, OIIMCbIBAEMOEC
HpH‘IHHHO-CAeACTBeHHOﬁ CBS3aHHOCTBIO PACIIPpEACACHHN I HETPUBHAADHDBIX HYAeﬁ A3eTa-(l)YHKLII/II/I
C IIPOCTBIMH YHMCAAMH B HATYPAAbBHOM PSAE YHCEA.

KaroueBbie cAoBa: SKCHEHTPHUIHOE BSEIPIMOAefICTBI/Ie, Kocmuueckue Ay4H, PeasTuBucrckue
CTpPYH, ABeTa-(l)YHKHI/Iﬂ, AOKa3aTEABCTBO I'umoTessr PI/IMaHa, ITpOCTBIE YHCAQ, HETPUBHUAADPHDBIE HYAH,

HPPallMOHAAbPHOCTbD.

BBeaenue u mocraHoBKa 3apaun. Kak uspect-
HO, CyIECTByeT MHOTO PaboT, TOCBAIEHHbIX AO-
xasareabctBy lumoresst Pumana (I'P), xoropsie
B OCHOBHOM, KaK U CA€AOBAAO OXKHAATD, IBASIOTCS
MaTeMaTudecKuMH. Taxoke, HACKOABKO M3BECTHO aB-
TOPY, IOKa 3TH PA6OTHI He YBEHYAAHCH YCIIEXOM. AAs
KOHKpETH3al[U} HaIle TeMbl KPATKO BBIAGAUM TOAD-
KO HEKOTOPbIe MOMEHTbI UCTOPHH BOIIPOCa, He0HXO0-
AUMBIe AQHHOII pabore.

ITpocTble YncAa SIBASIFOTCSL OYeHb MHTEPeCHbIMU
He TOABKO AASI TEOPHH YHCEA, TaK KaK BAMSHUE HX
CBOIICTBA AAS OIIMCAHUSA SBA€HHM OKa3bIBACTCS BaXK-
HBIM B CaMBIX Pa3HbIX 00AacTsX HayKu. [Ipobaema
IIPOCTBIX YHUCEA COCTOUT B TOM, YTO AO CHX IIOP KX
pacripeaeAeHre He IIOAAQETCS HUKAKOMY TEOPEeTH-
9eCKOMy OIMCAHMIO. XOTSI U CYIeCTBYeT TeopeMa
O pacrpeaeAeHHH NPOCTHIX ynceA [ 1], HO oHa paer
TOABKO aCHMIITOTHKY QYHKIIMH UX PACIpeAeAeHIs
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¥ MaTeMaTHYecKyIo OlLleHKy Ipubamkenuit. Mccae-
AOBaHHS BOMPOCa 06 UX PACIPEACACHUN CBOAMAHC
K ONPeAEACHHIO YHCAA IPOCTHIX YHCEA, He TIPEBOC-
XOASIIUX AAHHOI BEAUUYMHBI, YTO OBIAO 06O3HAYEHO
B IIOYTH OAMHAKOBOM HA3BaHHHU OCHOBOIIOAATAONIUX
pa6or I1. Ye6puuesa [2] u B. Pumana [3]. Ho, mocae
TOTO KaK He YAAAOCH OIPEAEAHTH KaKyl0 AH60 3aK0-
HOMEPHOCTb B PaCIPEACACHUH IPOCTHIX YUCEA B Ha-
TypaAbHOM psiae, Puman B cBoeit [unorese cBssan ee
C HETPUBUAABHBIMU HYASIMH A3eTa-yHKIMH PuMaHa —
£ (s). B cayuae Beproctu I'P oHa Baeuer 3a co60it on-
TUMAABHYIO OLIeHKY NPUOAMKEHUIT U APYTHE O4eHb
Ba)KHbIE CAEACTBHSI He TOABKO AASI TEOPHH YHCEA.

[Tpobaema poxasareabcTtBa I'P cocrout B TOM,
YTO, XOTS U 3HAYEHUS TIPUOAMKEHHBIX BbIYUCACHUIT
O4YeHb GOABIIOTO KOAMYECTBA HETPUBUAABHBIX HY-
Aefl TIOKa3bIBAIOT MPABUABHOCTD €€ MPEACKA3aHus,
HO TEOPETUYECKOTO TIOATBEPKACHHS STOTO AO CHX
Op TOAYYHUTH He yaaeTcs. Pasymeercs, B Teopun
quCeA, KaK U B APYTHX AUCLUMIIAMHAX, €CTh CBOU Me-
TOADBL AASL AOKA32TEABCTBA PA3AUHBIX TOAOYKEHHIA.
Ho 3TO He MOYET IIOAHOCTBIO HCKAIOYUTDH BO3MOJX-
HOCTb APYTHX CIIOCO00B AoKaszaTeabcTBa I'P, Tem
6oAee, 9TO B CaMOM TEOPHH YHCEA CYIeCTBEHHbIX
IIPOABIDKEHHIT B 9TOM A€A€ BCe ellje He HabAIOAQeT-
cs [4]. B 3apanHOi 06aactu Re s>1 £ (s) cxoauTcs,
SBASETCS AHAAUTUYECKOH QYHKITHEH U AOTyCKaeT
AHAAMTHYECKOE MPOAOAXKEHHE Ha BCIO KOMIIAEKCHYIO
NAOCKOCTD 6e3 epnnunpl. U3 reopun £ (s) ussectHo,
YTO BCe ee HeTPUBUAAbHbIE HYAH HAXOASTCS B [IPOMe-
xyTKe 0 < s < 1, ¥ ABASIOTCS KOMITAEKCHBIMH YHCAQ-
mu. Taxoke U3BECTHO, 4TO B UCXOAHOMN 06AACTU BEPHO
TIPEeACTaBAEHHUE B BUAE 6ECKOHEYHOTO MPOU3BEACHHS
KaK TOXAeCTBa Jiaepa.

13 AOKa3aTeAbCTBA TOKAECTBA JMAEPA METOAOM
pemera JpaTocdeHa CAeAyeT, 9TO Bce dAeMeHTbI & (5)
c peauTeAsMu 2 1 3 (deTHbIe M HeUeTHbIE) OKa3bIBa-
IOTCS NCKAKOYeHHbIME. [109TOMY B 3HaMeHaTeAe mpo-
M3BEACHHS B TOXKAECTBE DiiAepa OCTAIOTCS TOABKO
06paTHbIE IPOCTBIE YHCAA P CO CTETEHDIO .

KOMITAEKCHBIE YHCAA TIOAYHAIOTCS H3BACUEHUEM
KBAAPaTHOTO, TO €CTh Y€THOTO KOPHSI U3 OTPHILIATEAD-

HbIX yriceA. Ho, ecAn, 3HaMeHaTeAb AEHCTBUTEABHOM
YaCTH CTETIEHU S AASL p OYAET BKAIOYATD YeTHBIE Y CAQ
TO, He OBIAO OBl HEOOXOAUMOCTU PaCCMATPUBATD €€
KaK pa3A€A€HHYIO Ha ACHCTBUTEABHYIO M MHUMYIO
(KOMI‘[AeKCHYIO) KOMITOHEHTY, BBeAeHHYI0 PuManoMm.
IToaToMy 3HaMeHaTeAb ACHCTBUTEABHOM YaCTH S AOA-
>KeH OBITh HEYETHBIM YHUCAOM.

Ho, ecan sHaMeHaTeAM AEHCTBUTEABHOM Ya-
CTH CTEIeHH S OYAYT COCTOSITH M3 HEYETHDIX YHCEA,
(cpeAH KOTOPBIX AOAKHBI OBITh M IPOCTBHIE 9pCcAa),
TO, B YFCAO KOPHEH MOTYT OBITh BKAIOUEHBI KOPHU
U3 ACHCTBUTEABHOIO YHCAA p C OTPHUIIATEAbHBIM
3HAKOM, YTO IIPOTHBOPEYUT HX IPUHAAAKHOCTU
K MHOXXECTBY HaTypPaAbHbIX ynceA n>0. JTo mpuso-
AUT K IIPOTHUBOPEUHIO.

OAHaAKO, OKa3bIBAETCS, AAS 3HAMEHATEAS Ael-
CTBUTEABHOM YaCTU S CYIIECTByeT €AUHCTBEHHOe
9HCAO paBHOEe ABYM Re s=1/2, koTopoe mo3BoaseT
U30eXXaTb 3TOTO IPOTUBOPEYHSL (BoamoxxHO, 3TO
IIPOTHBOpeYHe U IPUBEAO K O3apPEeHHIO Pumana).
OHO sIBASIETCSI OAHOBPEMEHHO M YeTHBIM, YTOOBI
IIOAYYAANCh KOMIIAGKCHBIe HeTpHUBHAAbHbIE HYAU
U U30eXaTh KOPHS p C OTPHULIATEABHBIM 3HAKOM.
W B TO 5xe BpeMs IPOCTbIM YHCAOM, IPHPOAA KOTO-
POIi, HedeTHasl, YTOOBI OCTABASITh BHIPAXKEHUE MHHU-
Moit (KOMIIAEKCHOM) 4aCTH AAS koapunuenta Im
s. IloaTomy, Bce HeTpUBUAAbHbIE HYAU £(s) AOAKHDI
HMMeTb AeHMCTBUTEAbHbIE YaCTH PaBHbIE TOABKO V2.
Kazaaock 651, Ha aTOM AOKazaTeAbcTBO I'P MOXXHO
OBIAO OBl 3AKOHYMTD, TAK KAaK BhIIIECKa3aHHOE II0Ka-
3bIBaeT, YTO yTBepkAeHHe Pumana o Re s=14 aBaser-
Csl @AMHCTBEHHO BO3MOXKHBIM. IT0CKOABKY, ecau 6bl
65100 Re s =1/3, 1/5, 1/7,.. TO, B 3Ha4eHUS HETPH-
BHAABHBIX HyA€Hl MOTAU OBITb BKAIOUEHbI 1 IIPOCTHIE
YHCAQ P OTPHULIATEABHOTO 3HAKA, YTO IIPUBOAHAO ObI
K YIIOMSIHy TOMY IIPOTHUBOPeYHIO.

OaAHako, ycTpaHeHHe JTOrO IIPOTHUBOPEYHS
He pacKpbIBaeT CaMylo HHTepecHy1o cTopoHy BI'P —
MeXaHM3M CIeluPUIHON CBA3aHHOCTH HeTPUBHAAD-
HBIX HYA€H C IMMPOCTHIMU YHUCAAMU B HATYpPaAbHOM
psiAe dHceA. DTOT MEXaHH3M AO CHX ITOP He IIOHSTEH,
U IMEHHO OH AOAYKEH OO'BSICHUTD HanboAee rayboxue
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cBoiicTBa £(s ), KOTOpbIe 6BIAM OGHAPY>KEHBI 0CO6EH-
HO 1ocAe pabor PumaHna, rae oHa paccMaTpuBaeTcst
KaK (YHKI[US KOMIIAEKCHOMH ITepeMeHHOM.

ITo MHeHHIO aBTOPa, PaCKPBITh 9TOT MEXaHU3M
u aAokazaTb I'P MOXHO (HU3HIECKHM ITOAXOAOM.
AAsi 3TOTO HY>KHO OTKa3aTbCsl OT yTBepskaeHus I'P,
TO €CTb AGHCTBOBATh OT MIPOTUBHOTO. AeAO B TOM,
4TO, eCAU cpady npuHATh ['P TO, 3apaua craHOBHTCS
KaK ObI OAHOMEPHOI, TaK KaK OAMH U3 KOMIIOHEHTOB
aprymenrta £(s) GUKCUpYeTCs U AOAKEH UMeTh MO-
CTOsIHHOE 3HaueHue Re s = Y2, 9TO CHABHO 3aTpyAHH-
AO HATASIAHOCTb U CAMO IIOHUMAHHe ITPOOAEMbI AQKe
MHOTHMMHU MaTeMAaTHKAMH, He TOBOPSI y>Ke O APYTHX
crienuaapHOCTSIX. Hampumep, uHOrAa omm604HO
CYHTAIOT, 9TO AAS AOKasaTeabcTBa I'P Hy)xHO Hail-
T GOPMYAY, 10 KOTOPOI MOXKHO OBIAO OBI OIIpeae-
ASITh 3HAUEHHs HeTPHBHAABHBIX HyAel. BeposTHo,
9TO M OTOABUHYAO AOKa3aTeAbcTBO I'P, mo kpaiineit
Mepe, 60AbIIIe YeM Ha IToATOpa Beka. Ho, 4To6sr p0-
Kas3arb camy I'mmoTesy PrmMana, He06X0AMMO HATH
He CaMH HeTpHMBUaAbHbIe HyAH £(S), a IMEHHO mpu-
YUHY ¥ CAGACTBHS HX CBSI3H C IIPOCTBIMU YUCAAMH.

Wrak, oTkazaBummch ot Re s = Y2 = const, MbI Oy-
A€M paccMarpuBaTh npupoay £(s), 1 pake He 1eAo-
YHCAEHHOE COOTHOIIEHHE, a AIIPOKCHMAIIHIO TOXKAE-
cTBa D¥iAepa B BUAE HelIpephIBHOM PyHKITHH. 3aTeM,
HCCAEAOBAB IIPUYHMHHO-CACACTBEHHYIO CBS3b QH3H-
9eCKOTO SIBAHUSI, KOTOPOe MOTAO ObI OIHCHIBATHCS
9TOM HeNpepbIBHOM (PyHKIHMEN, MbI IIONbITaeMCS
HOAYYHUTDb OOBSICHEHHE TOTO, HOYEMY ACHCTBUTEAD-
HbIE YACTU BCeX HeTPHBUAABHBIX HyAel £(s) He MOTyT
OBITH PaBHbI HUKAKOMY APYTOMY YHCAY, KPOMe Kak YA.

IIpeamoaaraercs, YTO MPUYMHA TAKOTO AOATO-
AeTHs He AoKazaHHOCTH I'P 3akatodaeTcst B TOM,
uT0, (KaKk 4acTo GBIBAET B TAKMX CAYYasX), KAKOY
K OTBETY AeXUT Ha CAMOM BHAHOM MeCTe, U IIO-
ToMy He 3aMedaercs. OH ycMaTpHBaeTcsl B CaMOM
¢opmyanpoBke ['HIIOTE3bI, TO €CTH B TOM, YTO HYAH
HeTPUBHAABHbBIE. 3aAAAMMCSI BOIIPOCOM — 3TO
4TO, 9TO TA€ U ITOYeMy OHU HeTpuBHaAbHbIe? Co-
TAACHO OTIPeACACHHIO HeTPUBHAABHOCTD O3HAYaeT
HeOOBbIYHOCTD, 2 0OAACTD OIPEAEACHHSI HETPUBU-

aAbHBIX HyAel &(s) HAXOAUTCS Ha KPUTHYECKOH Mo-
Aroce 0 < s < 1 kKoMIAeKcHO#M maockoctu. Ho aro-
ro OKa3aAOCh He AOCTAaTOYHO AASI AOKA3aT€AbCTBA
I'P. Aast oTBeTa Ha TpeTHU BONPOC, BCIIOMHUM, 4TO
£(s) nmeeT aHAAMTUYECKOE TIPOAOAYKEHHE B KOM-
IIAEKCHYIO IIAOCKOCTb, U ITIO3TOMY, KQXXeTCS IieAe-
COO0Opa3sHO UCKaTh TaKoe PHU3HMIECKOe COCTOSIHUE
(cpeay), onucsiBaemoe £(s), B KOTOpOM MOTAa 651
boAee HATASIAHO ITPOCAEXKHUBATHCS MCKOMAsI CBSI3b
MEeXAy ee HeTPUBHAABHBIMU HYASIMH H pacIpeae-
AeHHeM MPOCTHIX ynceA. B paborax [S; 7] aBropa
II0KA3aHO, UTO 3TO MOXKeET OBITh BOAU3H (Hap K 1T0A )
Bpaljaromencs cpepel

HMHuoraa oxasbiBaeTcs, 4TO 3apady, CGOPMYyAHpPO-
BAaHHYIO B TEPMHHAX BellleCTBEHHBIX YHCeA YAOOHee
pelaTh C HCIIOAb30BAaHHEM KOMIIAGKCHBIX UHCEeA
u pyukuumit. Ho B AaHHOM caydae, KaxkeTcst Ha060-
port. IToxoxke, 4TO HETPUBHAABHOCTb ITHUX HYAeH
MOKHO AGTaAbHO aHAAM3UPOBaTh, MO KpuBoi &(s)
TOABKO B A€FICTBUTEABHOM obAacTu uuceA. [Toromy
4TO, HA KOMIIAGKCHOH ITAOCKOCTH BCe HeTPHUBUAAD-
HbIe HyAH A@XKaT Ha Re s = 2, XOTs 1 He I|eHTPAAbHOM,
ITyCTh SABASIFOIENCS MBICAEHHOM, HO ITPSMON AMHUH
nau ocu. Caep0BaTeAbHO, KpHBas £(s) MHOTOKPaTHO
“epeceKaeT” OAHY U Ty 3Ke “OCb , 1 HyAU OKa3bIBAIOT-
s KaK OYATO “TpUBHAABHBIMU ) HO OAMHAKOBO CABH-
HYTBIMU OT KOOPAMHATHOM OCH Ha PAacCTOSIHHE V2.

Kpowme toro, coraacuo I'P aeficTBuTeAbHbIE Ya-
CTHU BCeX HeTPUBHAABHBIX HyAel £(s) AOAKHBI GBITD
orpanmnyensl 3HauenneM Re s = V2. (CaepoBaTeabHo,
BCe IPOCTBIE YHCAQ U3 TOXKAECTBA JHAepa AOAXKHEI
M3BAEKATbCS TOABKO U3 KBAAPATHOTO KOPHsI, OTKYAQ
HEeMEAAEHHO CAeAyeT, 4To Bcs pobaema I'P cBsisana
C MppPaMOHAABHOCTBIO). OAHAKO, M3-32 CBS3AHHOCTH
K)XAOTO HETPHBHAABHOTO HYASI TOABKO CO CBOUM
(!) mpocThiM urcAOM, (2 IPH UHOI CBSI3H BCe TepsieT
CMbICA), MHUMblE YaCTH MX apryMeHTOB Im s 6yayT
BBIHY>KAEHBI IIpOOeraThb Bce 3HAYEHUS, COOTBETCTBY-
IOIIFe IPOCTBIM YUCAAM M C APYTUMH 3HAYEHUSIMH
Re s, kxpome V2. Tak kak ycaosue Re s = V2 npu us-
MeHeHHH £(s) Ha KOMITA@KCHOH IIAOCKOCTH KacaeTCsI
TOABKO HeTPHBUAABHBIX HYACH.
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OTO 06CTOATEABCTBO A€AAET HEBO3MOXKHbIM Ha-
TASIAHBIF aHAAU3 CBSI3M KaXKAOTO OTAEABHO B3SITOIO
HETPUBHAABHOTO HYAS CO CBOMM IIPOCTBIM YHUCAOM.
CAepOBaTeAbHO, IOAPOOHOCTH  AOKA3aTEAbCTBA
I'P Hy>xHO MCKaTbh He Ha KOMIIAEKCHOM ITAOCKOCTH,
a B TPEXMEPHOM ACHCTBUTEABHOM obAacTH 4mCeA.

Mertop uccaepoBannsa. KpaTkas maes mopxoaa
aBTOpa 6a3UPyeTCst Ha CAEAYIOLIUX [IPEACTABACHU-
sx: Mlcropudeckn onrcaHne GU3NIECKOTO B3aHMO-
AEMCTBHUSA B OCHOBHOM CBOAMAOCH K 00061eHHIO
3apaun ABYX TeA. [Ipu aTOM NpUMeHSIOTCS 3aKOHBI
coxpaneHnus 1 upes reopemsl Herep. Oanako, ¢ pas-
BUTHEM KBAHTOBO-MEXaHUYECKUX ITPEACTABACHHH
AeAeHHe MaTepHUU Ha 0OAAAQIOLIYIO MACCOM U “Oe3-
MAaCCOBYIO IIOCTEIIeHHO YTPAaYUBAIOT CBOIO 9BPHU-
CTHYECKYIO LIeHHOCTb.

Ho, ¢ Apyro#l cTOpoHBI, CTPYKTypa MaTepUH
Ha MUKPO M MaKpO YpPOBHSX UMeeT HeKOTOPYIO aHa-
AOTHIO C ABIDKEHHEM MOAEKYABI HAGAABHOTO Ta3a, AAS
KOTOPOTO IO BoABIIMaHy CpepHSST KHHeTHJeCcKas
9HEPIHs, A 3HAUHUT M YCKOPEHHs OKa3bIBAIOTCS MPO-
HOPLIIOHAABHBIMU A0COAIOTHOM TeMIteparype. Kpome
TOTO, IIOCTOSIHHASL boAbIIMaHa sBAsieTCs K09 puu-
€HTOM ITPONOPIIMOHAABHOCTHU B BHIPAXKEHHU dHTPO-
TIMH U OTIPEAEASIET CBSI3b MEXKAY MUKPOCKOITIIECKUMH
Y MAaKpOCKOIINYECKHMH COCTOSHHSIMU, YTO BRIPasKaeT
[IEHTPAAbHYIO UACI0 CTATHCTHIECKON MEeXaHHKH.

Taxke, M3BECTHO, YTO AASI BCeX (PUIMIECKHUX
IPOI[ECCOB IPUPOABI
YPaBHOBECHTBCS ITyTeM IIePeX0Aa SHePIUHU B3aHMO-

CyIlecTByeT CTpeMAeHHue

AENCTBUIL, B KOHEYHOM CYeTe, B HeOOPATHMBII YHU-
BepCaAbHBIM ITOKa3aTeAb — Ternao. Iloaromy, B AaH-
HOM paboTe MeXaHM3MbI B3AHMOAEHCTBUS ABYX TeA
OITMCHIBAIOTCSI KAK OTHOLIEHHSI 006001meHHbIX QYHK-
IIUA YCKOPEHMI MaTepUAABHOM TOYKH (M T.) B IIOAE
BpameHus cdepbt 60AbOro Teaa (6. T.), aHAAOTHIHO
TepMOAMHAMUYECKON HHTepIpeTaluu 110 boabima-
Hy. [IpeanmoaaraeTcs, 4To ycKOpeHuUs M. T. BO3HHKA-
IOT U3-3a TOT'0, YTO C HEM B3aMMOAEHCTBYET He LIEHTP
Bpamaromeiics cdepsl, kak 1o HeioToHy, a yaaasio-
IHecs (I‘[pI/I6AI/DKaIOIJ.II/IeCH) TOYKH BpalJaloLlencs
IIOBEPXHOCTH, Ha CONPHKACAIOMIENCS K HEN Kaca-

TEABHON. DTU TOYKU TIOBEPXHOCTU AOAKHBI OBITH
OTBETCTBEHHbIMU 32 pEHOMEH MPUTSHKEHHUS, TAK KaK
VX KacaTeAbHbIE IBASIOTCS HAITPABACHHSMU B3aUMO-
peitcTBust. [T0CKOABKY MMEHHO ABIKEHHE TUX TOUYeK
HanboAee MHTEHCHBHO U3MeHseT B3aUMHOE MO3H-
IMOHUPOBAHHUE, TO ECTb U3MEHSET CBOE OAOXKEHHE
B MPOCTPAHCTBE [0 OTHOIIEHUIO K ADYTUM TeAaM,
YTO M AOAKHO HAa3BIBAThCS MEXaHU3MOM B3aHMOAEH-
CTBHS MaTEPUAABHBIX TeA. A 3Ha4YeHHUs OTHOUICHHS
STUX YCKOPEHHIl CYUTAIOTCS MPONOPIHOHAABHBIMU
a6COAIOTHOI TeMIIEpaType, 9TO IPUBOAUT K HE3aBU-
CHMOCTH UX OT IPUHUMAEMOi1 CHIeLUPHUKU OHATHS
roas. M3-3a 3TOro oTmapaeT He06XOAMMOCTD B BBe-
ACHHUU TUMOTE3 OTHOCUTEABHO Pa3HbIX HOCHTEAEN
B3aUMOAEHCTBUIT U UX OTIPEACACHHS] OTAEABHO AASL
Ka’KAOTO BHAA PYHAAMEHTAABHOTO B3AUMOAEHCTBHSL.
DTO MpUBEAO K BO3HUKHOBEHUIO PSIAA HOBBIX B3TAS-
AOB Ha U3BECTHbIE BOIPOCHI O PU3HIECKOM B3aUMO-
A€HCTBHH U BBEAEHHS HOBBIX TEPMHHOB, KOTOPbIE 11O-
3BOASIIOT OO'BSICHUTD MHOTHE SIBACHHS, CIUTAIOIIHECS
aHOMaAbHBIMU. B HeckoAbkuX paboTax aBropa [5-8]
GBIAM M3AOKEHBI KaueCTBEHHbIE, 2 HHOTAA M KOAMYe-
CTBEHHbIE Pe3yAbTAThI, HaTpuMep, o Bpamenuu cru-
PaABHBIX TaAaKTUK, cBepxTeKydecTH, [locTosHHOI
TOHKOI1 CTPYKTYPBI U PAAQ APYTHX.

OTa paboTa ABASETCS KAaK MOXKHO 6GoAee TOA-
POGHBIM H3AOKEHHEM AOKA3aTEAbCTBA |WIOTe3bI
Pumana (T'P) [5S—7], mokasbIBaroIero BO3MOXKHOCTb
TIOPOXKACHHS AOKAABHBIX OCOOEHHOCTeft Ha MacIuTa-
6I/Ip0BaHHbIX paArycax Hap Bpaljarolercs cpepor.
/\aHHBII TOAXOA Ka9eCTBEHHO, B KOOPAMHATHOM TIPeA-
CTaBAGHUU TIOKA3bIBAET HPPAIMOHAABHYIO (TpamHCc-
IEHACHTHYI0) TEPMOAMHAMHKY MPUYAHHO-CACA-
CTBEHHOTO MPOHMCXOXAEHHS OCOOEHHOCTE!, KOTOpbIE
HE AOCTYTIHBI B TEPMUHAX KBaHTOBOI MEXaHHKH.

OCHOBHBIE OTAMYUTEABHBIE 0COOEHHOCTH AAHHO-
IO TOAXOAR B TOM, YTO OTHOCUTEABHOE PAaBHOMEpHOE
ABIDKEHUE M.T. TIPOMCXOAMT TI0 3aKOHY 3BOAbBEHTBI
KPYTa, 2 B3AUMOAEHCTBHE ABYX TeA CIUTAETCS IKCIIeH-
TPHYHBIM, TOPOXKAIOIMM OAHOBPEMEHHOE AefICTBUE
PaBHOAEHCTBYIONINX YCKOPEHHI B IOTIEPEIHOM U LIeH-
TPaAbHOM HalPaBAEHHH, KOTOPbIE HHTEPIIPETHPYIOTCS
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KaK IPUTSDKeHHe U OTTaAKHMBaHMe. Bropas ocoben-
HOCTD B TOM, YTO 9HEPIHUs B3AUMOACHCTBHS ABYX TeA
COCTOUT U3 KOMOMHUPOBAHHOM (YHKIJUH TAKOKe U Up-
PAIfIOHAABHBIX 3HAYEHUH YCKOPEHHUH, KOTOpbIe pac-
IIPEACASIIOTCA B BUAE KPUBOAUHEHMHBIX CTPYI, CO CBOM-
CTBOM IIPOTEKAHHA (nepxomunn) M 10 KACIOBBIM
AuHIIM. TpeTbst 0cO6eHHOCTD B TOM, YTO ITOAYYeHHBIE
cooTHouIeHus 6espasmepHble (CKEHAUHIOBbIE), TaK
KaK OCHOBAHbI Ha MACIITAOMPOBAHUH 10 YHUBEPCAAD-
HOP XapaKTePUCTHKE B3AUMOAECTBISI — aOCOAIOT-
HOU TeMIIepaType, U II03TOMY AOAYKHBI IMETb MECTO
BO BCEX MUKPO, MAaKpO 1 MeTa MHpaX.

AASI U3AOXKEHHS 3asSBAGHHOM TeMbI AAAMIM Kpar-
KU1 00bSICHUTEABHbIN GAOK IIPUHSITHIX COOTHOLIE-
HUH ¥ pOpMyA, IPUMEHEHHBIH B AOKAa3aTeAbCTBE
T'uroressr Pumana [ S, 7]:

x=a-(cosa+o-sina);
y=a-(o-sina —cosa);
z=1/(1-1/abs(a’ -1)*)/100;

R3=\x"+y*+2°
TA€: 0, d — YTOA IIOBOPOTA U PAAUYC SIAPA; S — apTy-
meHT & (5); %, y, zZ, R3 — KOOpAMHATHI U L}eHTPaAbHBII
paauyc 06061meHHON dHEpTUH AASL eAuHUYHOMH (a
=1) MaTepHaAbHOI TOUKH (M. T.) Ha 9BOAbBeHTe. SIB-
A€HUSI IPUTSDKEHMS. U OTTAAKUBAHUSL, OIIMCHIBAIOTCS]
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AByMsI QYHKIIMSIMU B BHA€ KOMOMHAIIUM ITOTOKOB
9HEPTHH Ha3BAHHbIX YCKOPEHUSMH OT HHX:

VVS1= (I/V*nz_vvtz) 1/2; T/VS2= (I/V'n2+ I/V*tz) 1/2;
rae: W, W, — HopMaAbHble U TaHT€HIIHaAbHBIE YCKO-
penus eaunaHoOn M. T.; W, W — yckopenus ot npu-
TSDKeHHA ¥ OTTaAKuBaHUSA. PopMyAa AASL z, TOAyYeHa
KaK aIpOKCUMAIIHS TOXAECTBA JiAepa:

Y (1/n)=II (1/(1-p?)

TA€: 1 M p — HaTypaAbHbIE U IPOCTBbIE YHUCAA. AAS
YCTaHOBAGHHUS MCKOMOM 3aKOHOMEPHOCTU BMECTO
IIeAOYHCACHHBIX QYHKIMI CYMMBI PSIAQ U IIPOH3Be-
AEHHSI pacCMaTPHBAIOTCS HX AP OKCUMAIIYS HeTlpe-
PBHIBHBIMU QYHKITSIMU. Tak AASI ONTMCAHUS TPOU3-
BEAEHUS IIPOCTBIX YHCEA p B KOMIIAEKCHOM 06AaCTH
AASL Z TIpUHATA QYHKIMS, aHaAoTHIHas W, HO ¢ ma-
pamerpom s B crenenu z = 1/(1-1/abs (a>~1)*)/100.
Kommaekchbie snasenuss W onumceiBaior ee mo-
BeAeHHe Hap Bpamatomeiics cdepoit [S]. 3uax abs
B Z BBEAEH TOABKO AASL HATASIAHOCTH I'PaQHIECKOTO
YCAOBHO BbIBEPHYTOI'O H300paskeHHsI KOMITAEKCHOM
JacTu T/Vsl Aast kpusoit R3. Cayuait, KOraa OTIIapaeT
HEeOOXOAUMOCTD B TAKOM IIPOHM3BOAE, IIOKA3aH B Pa-
6ore [7], rae BMecTo W B Z HPHHSTHI OTHOIICHFS
K = T/Vsl/W'sz uk = I/V'SZ/T/V'SI M PACCMOTPEHO YMeHb-
LIIeHMe SIAPA, UAK OOpalljeHie PAAMYC BEKTOPA B BUAE
a = 1/z AAs aHaAUTHYeCKOTO TpopoAkeHus  (s).

Tl

a0

41

30

OCh EPALLEHWA

20

10

AORASATENBCTED MTMNOTESR! FhiAHA,

BEPTUKANEHEIR pazpes
AzeTa-hyHEUMH Puma;

B HETPHMEWANEHON
obnacTu

UEHTRANEHEIR paguye

(B eq.pag.)

PucyHok 1.
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PesyabTaTsl m 06Ccy)AeHHs. B ynoMsnyToii pa-
6ote [S] 3HaYeHNS HETPUBHAABHBIX HyAe BHIPAKa-
AUCH B ACHICTBUTEABHOM OOAACTH YHCEA BBICOTOM
AMCKpeTHBIX “cTyTieHeK” B M306paxkeHHH (PUCYHOK
1) 060061menHOrO
R3=4/x*+)*+ 2’ , IOXO)XeM Ha KOHHYECKYIO CTPYIO,
B pa3pe3e eAMHHMIIBI PAAMYCA, CAGAOBATEABHO, YTAQ
BpaieHus.. ECTeCTBEHHO NPEATIOAOXKUTD, YTO ITU

YpaBHEHH 9HEpPIruu

“cTymeHbKH” AOAXKHBI OBITH KAKMM-TO 06pa3oM CBsI-
3aHBI CO CIeNUPIUIHBIMA OCOOEHHOCTAMU UMEHHO
IIPOCTBIX YUCEA, YTO MBI U ITIOKAKEM AdAee.

ITosiBA€HUS 9THX CTYIIEeHEK COOTBETCTBOBAAU
CAYy4al0, KOTAQ YTOA IIOBOPOTA 9BOABBEHTHI U3 GOPp-
myast W= (a?-1)"?= (a®~1)* HAXOAMACS B IIPO-
MexyTke 0 < a < 1. B To BpeMms kak nepeMeHHas $
B BhIpakeHUH B &(5) KOMITAEKCHAS, AASL Z OHA SBASIET-
Cs1 BeI[eCTBEHHOM, TaK KaK KOMITA€KCHAS YaCTh BBI-
paxaercs camoit ckobkoit (a’~1). smenenue yraa
a Aas z B mpoMexyTke 0 < a < 1 mopoxkpaeT moa
PAAMKAAOM APOOHBIE YHCAQ, 3HAMEHATEAU KOTOPBIX
MOT'YT OBITh HATYPAABHBIMHU U IIPOCThIMU. [ToaTOMY,
B CyMMe IIOA PAaAMKAAOM B Z BOBHUKAIOT U OTPHIIA-
TeAbHBIe 3HAYEHISI, KOTOPbIe IPUBOAST K KOMIIAEKC-
HBIM YHMCAAM, KaK U B £(5) AASI KDHTHYECKOI1 TOAOCDI
0 < s < 1. Tem campIM, a B pYHKIIUU Z Ha OTpe3Ke
0 < a < 1 BBIMOAHSET QYHKIIUIO, KAK KOMIIAEKCHAsI
JaCcTh IIepEeMEHHOH S, UAM KO3 PUITHEHT MHIMOM
vactu B £(s). [loaTOMY AAS M3BAEUEHMS U3 KOPHS
3HaueHUH p > 0 U MOPOKACHUS KOMIIAEKCHBIX YH-
ceA TpeOyeTCsl Y4eTHOCTb 3HAUEHMs 3HAMEHATEAS
Res=1/2. Ho, xoadpdurimeHTs! Im s AAS Z AOAKHBI
npob6erarb u Apyrue 3HaueHus (IPOCTHIX) YUCEA
Res=1/3,1/5,1/7,..

A Temepb OIjeHOYHBIE IOAPOOHOCTH CeKpeTa
CBSI3aHHOCTH HETPHUBHAABHBIX HyAeH C IIPOCTHI-
MU uncAamu: Ecam, ocTaBmIasicss AefICTBHUTEAbHAS
yacTh mapametpa s B crenenu §(s) aas 0 < s< 1 6y-
AeT IpoberaTp BelleCTBEHHbIE OOPaTHbIE 3HAYEHHUS
npocrbix yncea Res = 1/p =1, 1/3,1/5,1/7, ...,
TO, COOTBETCTBYIOIee 3HAUeHHUE Z OKA3BIBALTCS ITPO-
HOPITMOHAABHBIM 9KCTPEMAAbHON QYHKITUH:

z=100%*abs (a>~1)%*/(abs (a>~1)**-1))

TToCKOABKY, 3HAYEHHSI YUCAQ B CKOOKE, MEHBIIIE eAU-
Hunpl (13-32 ycaoBus 0 < a < 1) To, 3HaYeHMe KOpHS
U3 HETO, YBEAHYHBACTCS 10 Mepe YBEAHYEeHHS CTEIIeHH
aTOro KOpHs. Toraa, YMCANTEAb AQHHOTO BBIPYKEHHS
yBEAMIMBAETCs IPOIIOPIIMOHAABHO Res=14,1/3,1/5,
1/7, ..., OAHAKO, 3HAMEHATEAD TOXKE YBEAUYHMBALTCS,
HO MepAeHHee. [109ToMY, B 1jeAOM, BOAM3H TOYKH IKC-
TPeMaAW 3Ha4eHHEe Z IOCTEIIEHHO YBEAMYHMBAETCH,
C OAHOBPEMEHHbIM Cy>KeHHEeM CBOeH OKpPeCTHOCTH.
BricoTa Touku axcTpemasu Ha ocu 0Z yBeAUYHBAIO-
INAsICsI MPOIOPLMOHAABHO 3HAMEHATeAl0 Re s 1 cOOT-
BETCTBYeT 3HaYeHHSIM HeTPHBHAABHBIX HyAeil (s).

BrimenpruBeaeHHOe BBIpOKEHHE Z ITOAXOAUT
K CAy4aro paccMoTpeHHOMY B paboTax A. O. [eappon-
A2 [9] 1 KysbmuHa, 1 MPUBOAUT He TOABKO K HppALiH-
OHAABHOM, HO U TPAHCIIeHAGHTHOH QYHKIIUH, TaK KaK
AAs R3 Taxoke U s OKa3bIBAaeTCS ITOA PAAUKAAOM.

ITosiBAeHue “cTymeHeKk” OOBSICHSIETCS CAEAYIO-
UM MeXaHU3MOM: ITOCKOABKY, KakAOe 3HaueHHe
MPPaLMOHAABHOTO (TPaHCIIEHAGHTHOTO) drcAa abs
(a?~1)R< mpeacTaBAsieTCs 6€CKOHEYHDBIM HEMIEPHO-
AMYECKIM BbIPaKeHIEM ACSTHIHBIX APOOeil, TO, OT-
Pe30K AAMHBI R3, COOTBETCTBYIOIMII TAKOMY Z OKa-
3bIBAETCSI HECKOABKO YAAMHEHHBIM IO CPAaBHEHHIO
C OTPE3KOM, U300PAKAMIIIM YUCAO C KOHEUHBIM
3HaueHHeM. EcAM, BHYTPH IpaHUI] TAKOTO HPPAIHO-
HAABHOTO OTpe3Ka, HaIlpUMep, OT ero HayaAbHOTO
M AO HEKOTOPOTO MOCAEAYIOIIEero 3HadeHus, (Kak
ory2=141up0+2= 1.4142), MOTYT YAOXKHUTbCS,
HECKOABKO AOCTATOYHO MEAKHUX IIAarOB IPUpAIeHUH
yraamosopora Aa, , (u3 W), KOTOpbIE COOTBETCTBY-
0T AQHHOI1 CTeleHH Re s, TO, Bce OHU OYAYT IIPHHAA-
A€XATh IPUOAUZUTEABHO OAHOMY M TOMY JKe 3Hade-
HUIO Z. DTO AOAKHO OCTaBASITh 3Hau€HUE Z ITOYTH
IIOCTOSIHHBIM, 4TO U MIOPOXKAQET MOSIBACHHE “CTYyIIe-
HeK U IPUBOAUT K TOMY, YTO MEXAY COCTaBASIOIIH-
MU OHEPIUM B3aUMOAEHMCTBUS R3=4x’+)’+z’
10 HAIIPaBACHUSM KOOPAHMHAT, TOUHEe, MEeXAY X, ¥
C OAHOY CTOPOHBI, U Z C APYTOH, BOSHUKAeT HapyIIe-
HHE HeNPepPBIBHOI CBA3aHHOCTHU (COU3MEPUMOCTH).
Takoe onrcaHye AOAYKHO COOTBETCTBOBATH TIOHSITHIO
IperiecCHU U Hy TAllH B TEOPETUYECKOM MeXaHHKe.
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ITpoTsDKeHHOCTD “CTYIIeHbKH II€PIIeHAUKYASIP-
Ha ocu 0Z 1 00'BSICHSIETCS TeM, YTO, B TO BpeMsi, KOrA2
3HAYEHUS Z AASL BCEX INATOB Ad,  BHYTPH MPPaIjHO-
HaAbHOTO oTpeska (0T v2 = 1.41 m po v2 = 1.4142)

OYyAyT OCTaBaTbCsI MOYTHU ITOCTOSIHHBIMU, 3HAYEHIHS
e X U y OYAYT IIPOAOAXKATh U3MEHSThCS, YAAMHSIS
OoTpe30oK KpuBoi R3, koMIIAaHApHO K MAOCKOCTH
spamenusa 0XY.
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DETAILS OF THE REASON OF COHERENCE OF NOT TRIVIAL ZERO IN THE PROOF OF HYPOTHESIS RIEMANN WITH OF SIMPLE NUMBERS IN A NATURAL NUMBER SEQUENCE

Takum 06pa3oM, OAYIAETCs, YTO, PACIIPEACACHIIE
IPOCTBIX YHCEA B HATYPAABHOM PsiA€ YUCeA “YIIPaBAS-
eT’ pacIpeAeAeHHUEeM HeTPUBHAABHBIX HyAeil. Pusu-
4eCKH OHU COOTBETCTBYIOT MeCTaM HApYIIeHUs COU3-
MEePHMOCTHU MeXXAY COCTABASIIOIIMMU B3aHMOAEHCTBISL
KoanuecTBo Takux HapyIeHHi COM3MEPUMOCTH HAH
HeTPHBUAABHBIX HyAel OYAET PABHO KOAMYECTBY HPO-
CTBIX YKCEA, TTOSIBASIFOLIIIXCSI B OOPATHOM BHIAE HA AQH-
HOM OTpe3Ke 3HaueHui1 yraa au3 (a’~1) mpu 0 <a < 1,
TO €CTh 3TO HeCKOHEYHASI ACUMIITOTUYECKA S BEAUYMHA.

Ha rpa¢uke aTo 6yaeT BBIpasKaThCst B BUAE “CTY-
IIeHeK , BbICOTa KOTOPBIX Ha ocu 0Z OyaeT paBHa
3HAYEHUSIM ACHCTBUTEABHBIX KOI()PUIINEHTOB KOM-
TIAeKCHOM YacTu Im s HeTpuBuaAbHBIX HyAeil £ (5).
KonTpoabHbIe BbraucAeHuUs It s, BLIIIOAHEHHBIE AASI
caysaeBRes=1/2,1/3,1/5,1/7 npu yBeandeHHOM
PaccCMOTpeHHUHU MPOMEXKYTKOB Ha LeHTPAABHOM OCH
npuBeaeHb Ha pucyHke 2 (a, 6, B, T).

Kax BHAHO U3 pHCYHKa, HAAUIIO COBITAACHHE 3Ha-
YeHUI OPAMHAT ‘CTyIIeHeK Ha OOIIei IieHTPaAbHOM
ocH rpaduKa ¢ U3BECTHBIMU® 3HAUEHISIMU Im s AAS
HepBbIX BOCbMU HeTPUBUAABHBIX HyA€Tl A3eTa-PyHK-
nuu Pumana:

5,,=1/2+14.1347 (s, = 1/2 £21.0220

Ss6 = 1/2+£25.0108 (s, = 1/2 +30.4248 i

CrpeAkaMu yKa3aHbI BHICOTbI H3MEHEHHUI TOA-
IIUHBI IIeHTPAABHOTO cAOsl 9Hepruu. Ilo 6oxawm,
IIAPAAAEABHO LIEHTPAABHOMY CAOIO, M300paKeHBI
H3MeHEeHUsI BBICOTHI IIepUePUITHBIX CAOEB, COOTBET-
cTByIoIue 3HaYeHUsIM R=11.4142, BHOCSmMe BKAAA
B IIeHTPAAbHBII CAOL.

[eoMeTpuyecKuit CMBICA HETPUBHAABHOCTH HY-
aeit £ (5) B AGHICTBUTEABHOM 06AACTHU YHCEA COCTOUT
B TOM, 4TO KpuBasi R3 Ha ypoBHe “cTyIleHeK He Ile-
pecexaeT ocb OZ, KaK TaKOBYIO, 2 “KPY>XUT BOKPYT
Hee, COXpaHsis BBICOTY. OCHOBHBIM U €AUHCTBEHHBIM
HapaMeTPOM, HOPOXKAIOIIIM HeTPUBUAABHbIE HYAU
B Z, SIBASIETCS IIPHPOAHBII YTOA, HeIIpeKpalaolle-
rocsi BpaijeHus cdpepsl iaep MaTepPUU MHKPO, MAKPO
u Mera MUpoB (aToma, maanet, Coanng, ...) [8].

VTaK, mpUYMHA CBS3aHHOCTHU (B BUAE CTIelH-
QUYHOM KOTePEeHTHOCTH PacIIpeAeAeHNs, a He TIPo-

CTO CBSI3U) HeTPUBHMAABHBIX HyAeil {(s) ¢ mpocThMu
YHUCAAMH COCTOUT B YIIPAaBASIEMOM UMM pacIipepe-
A€HUH UPPALJOHAABHOTO YHCAA M HEBO3MOXXHOCTH
UX U3BA€YEHUsS B KOHEYHOM BUAE U3 KOPHS AI00OI
CTeIleHU, TaK KaK OHU ODAAAAIOT 3aMedyaTeAbHbIM
CBOMICTBOM AEAUTBHCSI TOABKO Ha Ce0s M eAMHHUILY.
Onu He mopumHsIOTCS Aake TeopeMme IIndaropa,
TaK KaK OHA [TMCAHA He AASL CAMUX AAWH, A TOABKO MX
kBapparoB. Oynkius R3 “He 3HaeT” O CBOMCTBe Ta-
KOI HEA€AUMOCTH ITPOCTBIX YUCEA, M TIOITOMY, YTOOBI
COOTBETCTBOBATb yPABHEHUIO dHEPTUH BHIHY>KACHHO
AobGupaeT ee HEOOXOANMOE KOAMYECTBO, BpeMeHAMHU
IIOYTU BXOAOCTYIO AOKPYUUBASICh TePIIEHAUKYASPHO
ocu OZ, u TeM CaMbIM, “BbIYepPUYHBASI CTYIIEHbKH BbI-
AQeT IPUCYTCTBUE HeTPUBUAABHBIX HYAE.

Herpusuasbubie Hyan £(s) cosparor oTpesku
KPHBBIX, KOMIIAQHAPHBIX C MAOCKOCTBIO BpallleHUs
cdepsl U LIEHTPUPOBAHHBIX C ee OChI0. A LIeHTp Bpa-
II[eHHS AASI KOKAOTO TAKOTO HETPUBHAABHOTO OTpe3-
Ka BCETAQ ONIPEAEASIeTCS, KaK U AASI 9KBATOPHAABHOM
AOCKOCTH cdepbl, U3 ypaBHenus r = (x2 +y2) ", sHa-
YeHHUe CTelleHU KOPHS KOTOPOTO U SIBASIETCS aHAAO-
rom Re s = V5 B Teopun £(s). B aTom npuuuna Toro,
4TO AEFICTBHTEAbHBIE YACTU BCeX HETPUBHAABHBIX
HyAell He MOT'YT UMeTbh HUKAKUe APYyTUe 3Ha4eHIs],
KpoMe Kak 2.

Taxum obpasom, mpeackasanue Pumana o Re s =
1/, COOTBETCTBYIOIee KOMIIAEKCHOM 0OAACTH YHCeA,
B CAy4ae AeICTBUTEABHbIX YUCEA OKA3bIBAETCS PABHO-
IIeHHbIM (QaKTy eAUHCTBEHHOCTH SHEPTUH U 00I-
HOCTH OCH BpaljeHus Re s = V2 u AL BceX APYTHX
3Hauenwmit Re s = 1/3,1/5, 1/7, ... n mo3Boasier 3a-
KAIOUUTD, 4yTO I'mmoresa Pumana Bepna. [Ipu pas-
HOMEPHOM BpallleHHU cpepbl HeTPUBUAABHbIE HYAU
£(s) nAM AMICKpeTHBIE IOTEpPU COM3MEPUMOCTH PH3HU-
4eCKH He MOTYT IIPHHAAAEKATb APYTHM OCSIM, KpOMe
Kak ocH Re s = 72, Tak Kak TOABKO OHa LIeHTPaAbHAs
U TIIePIIEHAUKYASIPHA €€ IIAOCKOCTH BPAILjeHIIL.

Bor TakuM crioco6oM Kaxkpoe IMPOCTOe YUCAO
OyAeT CBSI3aHO CO CBOMM HETPHUBHAABHBIM HyAeM,
BBIPKAIOIINMCSI M3MeHeHHeM 3HadeHus K0a$pu-
IIMEHTa TOAPKO MHHMMOI1 4acTH aprymenTa s B £ (s).
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HerpusuaabHbie “kpy>xeHns” KpuBoit R3 BO3HHKAIOT
Ha pa3sHbIX BBICOTAX COOTBETCTBEHHO 3HAYeHISIM [m
$) HO BOKPYT OAHOM U To¥ e, ocu 0Z aasi Re s = V.
Kpowme Toro, Bce HeTpHBHaAbHbIE 3HAYEHUS OIIpe-
AEASIOTCS U3MEHEHUEM OOIero U eAMHCTBEHHOTO
IIapaMeTpa yTAA o, KOTOPBIH IIPeAIIOAATaeT HAAHIHe
obmen u eAMHCTBeHHOM ocu 0Z, [EPIIEHAMKYASPHON
K LeHTPY AOCKOCTH BpameHus [ 7 ].

IIpuseaennoe pokasareabcTBo I'P MoxxHO OT-
HEeCTH U K IIPSIMOMY AOKa3aTeAbCTBY, TaK KaK OHO
IPOTEKAET ITyTeM Bbl8eJeH1Us] HETPUBHAABHDIX HYA€H
U3 npednoroxerus 06 UX MIPUIUHHO CAEACTBEHHOM
3aBUCHMOCTH OT CBOMCTBA IPOCTBIX YHCEA U 100-
meepruoeHus UX C paHee HafAHHBIMU H3BeCTHBIMU
3HAYEHUSIMHU. JTO CAY)KUT HEOOXOAUMBIM U AOCTA-
TOYHBIM OCHOBAHHEM AASI BBIBOAA O AOCTOBEpPHO-
CTH BBIIIEH3A0XKEHHOT'O AOKA3aTeAbCTBA, A C APY-
IOl — HMCKAIOYaeT BCAKOe uHoe 0ObICHeHHe 39TOMN
3aBHCHUMOCTH.

®usnueckast uaTepnperanys: ONHCaHHDIN Me-
xauu3M (4 0cobeHHO cAywaii obpammaomuMcs pa-
AMYCOM M3AydaeMoit yacTuip [ 7]) o6bsacHseT dop-
MHPOBAaHUE ACUMIITOTHIECKON KOHHIEeCKOH CTPYH
9HEPIHHU Hap (1m0p) Bpalaoercs cgepoit, 1 103Bo-
ASIeT OTIMCATb IIPHPOAY MOSBACHHS PSIAQ YHUKAABHbIX
$U3MIeCKUX SIBACHUH, KOTOpble He OOBSICHSIIOTCS
HU OAHUM M3 M3BECTHbBIX MEXaHU3MOB uaydenus [ 10]
U CYUTAIOTCS aHOMaAbHbIMH. Hanpumep, BoiparkeHune
abs (a?~1)"* aast W SBASIETCSI QHAAOTOM AMITAHTYABL
KOAebaHMIT 9HepTUX HA TAOCKOCTH Bpallle s, KOTO-
past AOAKHA OBITh IPOMOPIIMOHAABHOM €€ YacToTe.
AAs Z B 0OAACTH QHAAUTHYECKOTO IIPOAOAXKEHHUS 9T
KOMITOHEHTa 00OpaljaeTcst OTHOCUTEABHO IIAOCKOCTHU
BpallleHIs1, 1 CTAHOBUTCS IIPOIIOPIIOHAABHOM ITepe-
MeII[eHHIO BAOAD IIePIIEHAUKYASIPHOH eil ocu 0Z:

z=1/(1-1/abs (a*>~1)**) /100 = 100* W:l/(T/Vsl—l);

Takum 06paszoM, eca, Ha IKBAaTOPHAABHOMN
IIAOCKOCTH U3-32 HEPOBHOCTEH IIOBEPXHOCTH Bpa-
meHus: chepsl SIAPa BO3OYKAAOTCS KoAeOaHUs

dHepauu C HEKOTOPOI ¥ACmMomoii To, B HAaIlpaB-
A€HHUH OCH OHA IIPEBPAIIAETCS B OAUHY 60AHbL €€
nepkoasiuu (meperexanus). [Ipuuem, uem Bbimie
9Ta 4acTOTa, TeM OOAbIIE OYAET AAMHA BOAHBI B Ha-
npaBAeHUU ocu BpameHus OZ. DTo 03Havaer, uTo,
yeM ObIcTpee OyAeT BpamaThCs CKUMAIOLIEECs
SIAPO, HAIIpHUMeP, HEUTPOHHOM 3Be3AbL, TeM OOABIIIe
OyAeT HHTEHCHBHOCTD IIOPOXKAAEMBIX €10 YAAPHbIX
BOAH, U Ha GOAbIIIee PacCTOSIHIE OT HETro OyAeT Hc-
IIyCKaTbCS U3AyYeHne — PeAsSTHUBUCTCKUE CTPYH,
Kocmuaeckue ayun [6-8]. IToT Mexanusm moa peii-
CTBHEM I'PAaBUTAL[IOHHOTO CXKaTHUS SIBASIETCSI HE00-
PaTHMO CaMO YCKOPSIIOIIMMCS H3-32 HEIIPEPhIBHOTO
yMEeHBIIEHUS MACChL H PAANYCA LIEHTPAABHOTO 060'B-
eKTa, 1 00BSICHSIET — KaKuM 00pa3oM, U KyAa HCde-
3aeT B BUAE MepKOASIUH (epeTeKkaHus ) OCHOBHOM
MOTOK 9Hepruu (M3Ay4eHHUe, Macca) BPAIAIIErocs
aapa [10], “ocBo60xkAass” MECTO AAS I€PHOM ABIPBIL.
IToCKOABKY akTHBHbIE SAPa (TaAAKTUK) UMEIOT KO-
AOCCAABHBIE MACChI TO, AAHHBIN MEXAHU3M IIPUPOA-
HOTO KOCMHYECKOTO YCKOPUTEAS MOXKET paboTaTb
OYeHb AOATO, M BBIOPACHIBATH HEIIPEPBIBHO IIOA-
NUTHIBAEMYIO SHEPrHio (M3AyYeHHUe, MacCy) BAOAD
OCH BpalljeHUs] Ha aCTPOHOMHYECKHUE PACCTOSIHUS
B MaciTabe Bceaennoi.

3akarouenne: B paHHOM paboTe yCTaHOBAEH
MexaHu3M (3¢ PeKT) U MPUYMHHO-CACACTBEHHAS
CBSI3b MEXAY PAaCIpPEACACHUSIMH IPOCTBIX YH-
CeA ¥l HeTPUBUAABHBIMU HYASIMHU A3eTa-QyHKI[UH.
I'unore3a PrmaHa AOKa3bIBaeTCsl IyTEM BBIBOAA
U3 IPEANIOAATAeMBIX QUNIECKUX CBSI3ell U3BECT-
HbIX 3HAYEHUI HeTPUBHAABHBIX HyAell. [ToxasaHo,
4TO IPU PABHOMEPHOM BpaljeHUuu cPepbl HeTPUBHU-
aAbHbIe HYAH £ (5) HAM AUCKpETHBIE IOTEPH COU3-
MepPUMOCTH QU3UIECKU MOTYT BO3HHKATb TOABKO
OTHOCHUTEABHO LIEHTPAABHON OCH €e IAOCKOCTHU
BpalieHust. DTUM 00bICHsIeTCSI MexaHu3M PeasTu-
BHCTCKUX CTPyit 1 KocMuueckux Aydeit cBepxBbI-
COKMX dHEPIUM.

Cnucox AuTeparypbl:

1. Teopema o pactipepeaernu mpoctsix yuces // URL: https://ru.wikipedia.org/wiki/

80



DETAILS OF THE REASON OF COHERENCE OF NOT TRIVIAL ZERO IN THE PROOF OF HYPOTHESIS RIEMANN WITH OF SIMPLE NUMBERS IN A NATURAL NUMBER SEQUENCE

9.

Yeb6pimes IT. A. O6 onpeaeaeHHNH YrCAa TPOCTBIX YHCEA, MEHDIINX AAHHOM BEeAMYUHDL — 1848,

Puman B. O 4ncae npoCTHIX YiceA MEHBIINX AAHHOM BEAUYUHSI // MecsuHble 0T4eThl BepAnHCKoIt aka-
Aemun. — 1859.

Aepbumup Asx. [TpocTast opepsxumocts: Bepuxapa PuMman i Beanvaitiast HepeleHHast IpoOAeMa B Ma-
temaruke / Axon Aep6ummp: niep. ¢ anra. A. Cemuxarosa. — M.; Acrpear; CORPUS. - 2010. - 463. (1)
c — (Daementsr) — ISBN 978-5-271-25422-2 (OO0 “UspareancrBo AcTpean”).

Kassimov A. T. A new approach to the two-body problem and its application in physics and to prove the
Riemann Hypothesis. Austrian Journal of Technical and Natural Sciences N 7-8 / — 2015. Juli-August.
- P. 32-39.

Kassimov A. T. New mechanical regularity in the two-body problem and the explanation of the
experimental results PLANC, BICEP2, the phenomenon of superfluidity and other questions of physics.
AJT Ne 9-10 / - 2015. - P. 48-56.

Kassimov A. T. The proof of hypothesis Riemann in existence of Relativistic jet and Cosmic-Rays
ultrahigh energy. AJT N° 1-2 / - 2016. - P. 98-102.

Kassimov A. T. The proof of Hypothesis Riemann and the scaled explanation of riddles of the Sun, Saturn
and spontaneous radiation from active kernels. EJT. ISSN 2414-2352.— Ne 2.-2017.- P. 66-76. DOI:
URL: http://dx.doi.org/10EJTNS-17-2-66-76.

Teapponp A. O. TpaHcIieHACHTHbIE U aATeOpandecKye YHCAQ, — - 1952.

10. Aunrysos ITyascapsr anTennsiit Mexanuzm: URL: http://old. pskgu ru/ebooks/lipunov/lip 07 04.pdf

81



Section 8. Electrical engineering

Section 8. Electrical engineering

Nazarov Abdulaziz Muminovichl,

Professor, Doctor of Technical Sciences,
Department of Radio Devices and Systems,
Tashkent State Technical University, Uzbekistan,
E-mail: nazarov-S8@rambler.ru

Rakhmonov Abduhalil Rahimovichl,

Senior research associate, Department of Radio Devices and Systems,
Tashkent State Technical University, Uzbekistan,

E-mail: talim.toshkentsh@kasaba.uz

Khurbanbayev Shukhrat Zaripbayevichl,
Assistant, Department of Radio Devices and Systems, shuhrat7969@mail.ru
Tashkent State Technical University, Uzbekistan,

Mavlyanov Abdulaziz Shavkatovich1,

PhD, Department of Department of Radio Devices and Systems,
Tashkent State Technical University, Tashkent, Uzbekistan,
E-mail: bahazeb@yandex.com

M. Davronbekov Dilmurod Abdujalilovich2,

Associate Professor of the Department

“Technology of Mobile communication”,

Tashkent University of Information Technologies, Uzbekistan
E-mail: muradjan@mail.ru

THE DEVICE FOR DIAGNOSTICS OF OPTICAL FIBER CABLES

Abstract: A comparative analysis of diagnostic methods of optical cables is reported. The block
and schematic diagrams of a diagnostic optical cable, consisting mainly of a microcontroller and
the optical module are presented. Components suitable for practical implementation of the device
diagnostics were chosen, namely: the microcontroller, the optical module, the display element of
all information storage and transmission of the measurements, the power supply system.

Keywords: optical fiber, optical communication, optical losses, optical module, microcontroller.

I. Introduction ferred on networks of telecommunications push on
Intensive development of fiber-optical commu-  the leading line items a task of centralized control of
nication, the high competition between telecom op-  network fiber-optical transmission lines for the pur-
erators and cost of the information resources trans-  pose of their documentation, timely detection and
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the fastest elimination of damages to them. There-
fore recently operators begin to invest considerable
funds in development of infrastructure of the fiber-
optical networks with emphasis on implementation
and enhancement of management systems and au-
tomatic monitoring of a condition of lines and com-
munication channels. The high requirements to reli-
ability of fiber-optical transmission lines caused by
need of satisfaction of the existing and perspective
needs for information transfer create prerequisites to
acceptance of the strengthened measures for ensuring
trouble-free functioning of all components, including
the equipment of data transmission, cross and other
passive equipment, and also fiber-optical cables [1].

It is known that timely carrying out actions for
prevention of emergencies which can arise on any
object in the near future is possible only in the pres-
ence of information on a condition of this object.
Such information can represent data on dangerous
tendencies of change of parameters of object and on
existence of the factors indicating a fast exit of object
out of operation.

Identification of tendencies of change of param-
eters can be carried out only in case their regular
measurements, and ensuring the maximum identity
of conditions of these measurements regarding the
major influencing factors are taken is essentially im-
portant for tracking of the small changes happening
throughout enough big intervals of time. Carrying
out such measurements on optical paths of fiber-
optical transmission lines can be realized by means
of special systems of monitoring. Working in the
automatic mode, these systems make control of a
condition of fibers by means of reflectometers, accu-
mulating of the received data in databases, handling
of these data with the purpose of identification of
changes, tracking of emergencies and timely provi-
sion of necessary information to users in the most
convenient for them a type. It should be noted that
such systems allow to simplify considerably opera-
tion of fiber-optical transmission lines and to make it
more effective [2].

II. Statement of a problem

Irrespective of a control method of optical fibers
such systems shall provide:

« remote control of parameters of fibers of opti-
cal cables;

» reliable and timely documentation and creation
of the reporting;

« automatic detection of defects of fiber-optical
lines and communication channels with indication
of their exact location;

« control and management of process of the no-
tification about damage of optical cables;

« carrying out measurements of parameters of
optical fibers in the automatic mode;

« forecasting of changes of parameters of optical
cables.

These tasks can be partially solved by the au-
tomated administration systems of optical fiber
cables including system of remote monitoring of
optical fibers (RFTS — Remote Fiber Test System),
the program of a binding of network topology to a
terrain map, and also databases of optical compo-
nents, criteria and results of monitoring. The method
of back Rayleigh scattering used in these systems
doesn’t allow to realize localization of defects at an
early stage of their development.

Mechanical tension is a basic reason of damage
of optical fiber. According to researches if relative
lengthening of fiber does not exceed 0,3%, then it
can smoothly function very long time — within
25 years and more whereas if relative lengthening
exceeds 0,6%, refusal can happen within the first year
of operation. In this regard the tensometric methods
allowing to receive distribution of a tension of fiber
along the route of a cable are of the greatest inter-
est to early diagnostics of damages of optical fibers.
Control of a tension of optical fiber shall be carried
out at all production phases of a cable, in case of con-
struction and operation of a fiber optical transmis-
sion line. It is possible to claim that measurement of
a tension of fibers needs to be taken regularly and
everywhere, on all operated lines [3].
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For effective diagnostics of fiber optical system
of data transmission, in particular an optical cable
and the send-receive equipment, it is necessary to
make over them strict control of work. Control of
parameters of an optical cable is reduced to check
of its condition and capability of a transmission of
light energy. It is known that optical fiber has high
degree of transparency on some lengths of waves
on which light going from the laser extends to long
distance without high losses. However, fiber rather
fragile since it is made of material, on the basis of
quartz which may contain microcracks and chips.
Such damages worsen the range and quality of in-
formation transfer on fiber. Proceeding from it, it is
necessary to perform optical fiber by criteria of its in-
tegrity, the wastage rate of light energy [4-5].

It is important to perform, using the calibrated
and precisely set up equipment, for the purpose of a
minimize of errors as a result of measurements. The
main part of development of the similar device con-
sists in sale of the removable, optical module which is
called “SFP” — Small Form-Factor Pluggable. More
precisely, in some SFP modules, the diagnostic Digital
Diagnostic Monitor (DDM) technology is realized.
This technology, with support by the equipment, al-
lows to trace such parameters in real time: current
of shift and capacity of radiation the laser (Tx), ca-
pacity of the accepted signal (Rx), supply voltage
of the module and temperature of the module. This
tool in combination with correctly adjusted program
of monitoring of a network, allows to prevent very
effectively communication breaks and by that consid-
erably to improve quality of the provided services in
use of optical system of data transmission.

Besides diagnostics of a condition of an optical
cable, the SFP module allows to transfer informa-
tion with a high speed, from 1 Mbps, to several tens
Gbit/pages. Thanks to it, has become possible to
make measurement of optical attenuation in both
parties. At the first stage there is a measurement of
losses in one and in another the parties, and then
two devices, on two ends of a cable, send the mea-

sured information each other, thereby exchanging it,
and at desire, calculate average value of losses on all
extent of an optical cable.

After two devices perform measurement of loss-
es, on the basis of the received values, it will be pos-
sible to tell in what state there is an optical cable, to
bring the received results in memory of the device
and at desire to organize a voice communication be-
tween devices. Data which are kept in memory of the
device can be exported on the personal computer
(PC), for drawing up statistics of a condition of an
optical cable subsequently eventually.

Measuring data and other parameters, it is pos-
sible to transfer between device components on
widely known two-wire bus of transmission. This in-
terface has the name TWI — Two Wire Interface. The
essence of its operation is rather simple, using one
line for transmission clocking, and the second for
directly data transfer, becomes possible to commu-
nicate between separate nodes of the diagram with
speed 100-400kgts. Most often, the number of the
transmitted data is small therefore it is optional to
reach high transmission rate.

II1. The concept of the problem decision

Using all above-mentioned ways of diagnostics
of optical fiber, it is possible to support fiber-optical
communication lines in operating state throughout
all term of his service.

Us the device for quality control of operability of
optical fibers is developed. The main requirements
for development of the block diagram of this device
are good extent of integration and use of modular
system, for more convenient and effective designing
of the device further.

The device consists of several blocks (fig. 1).

The main functional role is carried out by the mi-
crocontroller which is also the general manager an
element of all scheme. The device includes the liquid
crystal indicator which problem to display all neces-
sary information connected with data of testing of an
optical cable which are obtained by microcontroller
from the optical module.
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The optical module consists of the receiver and
the transmitter which are put into the single case.
SFP modules, it is an industry standard of compact
modular transceivers (transceivers) used for data
transmission in telecommunications. For the pur-
pose of reduction of electromagnetic hindrances, the
case of the optical module is made of metal.

In addition to functional part of the device, on
the block diagram of the device, are located, the
block of hours and external, non-volatile memory

front panel

___________________ =

of EEPROM - Electrically Erasable Programmable
Read-Only Memory.

Communication between the PC and the de-
vice is carried out by means of a dedicated integrated
microcircuit, the transformer of the data transfer pro-
tocol at which microcontroller, in that type of data
which will “be clear” to the PC works. This device
will be defined on the PC as the virtual COM port
with which it is possible to make a data interchange,
using any program the terminal.

LCD indicator

2
g
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Figure 1. Block diagram of the control unit of optical fiber

In the device support of speech communication
to the organization between two points of the opti-
cal cable is realized. This function will be useful if
length of already set cable, reaches length several
hundreds of meters or kilometers, and for commu-

nication between two ends of a cable it is impossible
to use means of communication, for example, the cell
phone. Thereby, both operators will be able to ad-
vance a verdict about in what status there is a tested
cable and to discuss other questions.
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IV. Realization of the concept

The developed device includes the rechargeable
battery which does the device independent and
figurative that is much important. Microcontroller
controls all power supply system of the device, in
essence, however all force loading is undertaken by
power management unit.

The received results of research with use of the
developed device of diagnostics of the optical com-
munication line have been verified with an industri-
al design of tester of this sort from the JDSU Com-
pany, the OLS/P-55 model. The chosen technique
of diagnostics of optical fiber by means of check
of the line on attenuation in process of increase in
length of a cable is the most rational.

The measured data have shown high precision
at rather small sensitivity of the optical receiver,
to — 40 dBm.

For sale of the developed device, it is necessary
to execute several stages of its designing. First of all,
the main task is determination of a basic element of
the scheme which will manage all systems of the de-
vice. With this task, bit microcontroller, AVR fami-
lies, from Atmel firm of the ATMegal6 model will
cope 8. As a part of microcontroller there is a large
number of digital nodes by means of which it is pos-
sible to manage effectively signals and to process
the digital data arriving from other digital devices
whether it be memory or any sensors.

Use of normal, seven-digit indicators for dis-
play of all information as was clarified in the
course of selection of elements, insufficiently, since
on it it is impossible to display all necessary data.
Thereof, it was decided to use the monochrome
LCD, the WH1602 models from Winstar Display
firm constructed on the basis of the HD44780 con-
troller for that simple reason that data LCD have
an internal character generator allowing to display
any information on the screen, consisting of two
lines on 16 characters. Use of the LCD consid-
erably increases possibilities of display of differ-
ent information on the screen, and also reduces

consuming of energy and don’t require continuous
data transfer.

For implementation of storage system and trans-
mission of the received measurements, in the de-
vice it is possible to apply a non-volatile memory of
EEPROM which value strictly doesn’t depend on the
principal microcontroller, and also it can be expand-
ed in case of desire. And also to use the transformer
FT232R from FTDI Chip firm which task it is cor-
rect to connect among themselves two digital US-
ART and USB interfaces, from microcontroller and
from the PC respectively.

Using possibilities of microcontroller, there is
a question before what to do in a case with imple-
mentation of hours in the device. On the one hand,
in microcontroller it is possible to add additional
functions to a program code which will digitize time
and to fix it when saving these measurements. With
another, these functions will in addition complicate
process of programming and will perhaps wag on
program runtime speed. Therefore it was decided to
apply a dedicated integrated microcircuit (IMS), the
DS1307 models, from Dallas Semiconductors firm.
This IMS, comprises a ready time counter which
consists of a digital watch and a calendar. Also it sup-
ports technology of saving the course of time in the
absence of the external power supply. All necessary
data from IMS, it is possible to read according to the
two-wire I2C protocol or as itis called still by “TWI".

The choice of a non-volatile memory of EE-
PROM fell on 24LCxx IMS family, from Microchip
firm. Data IMS have memory, beginning from several
bytes and finishing with hundreds kilobyte (depend-
ing on sequence number at the end of marking), and
also storage period of data without power supply till
200 years and a possibility of copying of data to 1 mil-
lion times on one storage cell. Data transfer is carried
besides via the two-wire TWI interface. Considering
the fact that several byte is spent for storage of the re-
ceived values as a result of one measurement of a status
ofan optical fiber literally, that record count in memo-
ry can be calculated by hundreds and more time.
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As, at the microcontroller there is only one hard-
ware USART the interface, for a possibility of data
transfer, and on an optical fiber, and on the USB in-
terface, it is necessary to use the multiplexer or the
switch of the CD4052 model from Texas Instru-
ments firm which comprises two address inputs and
2 groups of the switching keys.

Selection of the optical SFP module is reduced only
to existence in him of DDM technology since with-
out it, carrying out diagnostics of an optical cable isn't
possible. The SFP module has to be connected by
means of the special connector which is on a device pay-
ment, being kept by also special metal box. It is made
to improve heat removal during the operation of the
module and to reduce parasitic aiming on the module.

SFP modules have a little specific interfaces for
communication with “outside world”. In addition to
the standard digital TWI interface, at modules are
present the differential line of transfer acceptance of
data. In other words, to the transmitter and the re-
ceiver, about two lines of data are allocated, each of
which works alternately, allowing to minimize there-
by the electromagnetic radiation (EMI) and to in-
crease protection of lines against parasitic aimings.

Therefore, connection of the two-wire line of a
reception-transmission of information at microcon-
troller to the SFP module, is possible only by means
of RS-485 of the converter which being guided by a
logical condition of entrance contact, changes po-
larity of two output lines. We will apply the same
principle also in a case with the receiver. There is a
set of firms of producers of such converters and by
criterion of efficiency, IMS ADM48S, from Analog
Devices firm has been chosen.

V. Conclusion

Thus, on the basis of the analysis of methods of
diagnostics of the fiber-optic communication line,
the technique of complex check of all transferring
and receiving system in general is selected. Check in-
cluded diagnostics of photo detectors, laser transmit-
ters, statuses of an optical fiber, and also quality of
the hardware implementation of the diagrams SFP of
modules which influence the speed and stability of
data transfer, especially at high speeds. The technique
of diagnostics of an optical fiber by means of check of
the line on attenuation in process of increase in cable
length is selected

Based on the selected technique, the conducted
researches and the analysis of methods of diagnostics
of the fiber-optic communication line, the diagram of
the device was developed for diagnostics of the opti-
cal cable which has the following key parameters:

power supply: accumulator 4,2B;

operating time in the active mode: S hours;

controls: § sensor buttons;

peripheral devices: SFP, USB, SPI, RCA, BAT;

laser power: depends on the SFP model, it is
specified the LCD;

sensitivity level: depends on the SFP model, it is
specified the LCD.

Additional functionality of the device: a voice
transfer through the tested optical fiber, adjustment
oflevel of the accepted light, preservation and trans-
fer of statistics of measurements on the personal
computer, support of replacement of SFP modules,
function of accumulator charging, existence of illu-
mination of LCD during the work in dimly lit places.
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