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Vkpaincvke minepanoziune mosapucmeo

CTPYKTYPHO-JITOJIOTTYHUA KOHTPOJIb METACOMATO3Y, IOBEPXHEBHUX COJIbOBUX
I BYIJIEBOAHEBHUX ITPOSBIB B CKUBOBUX KAPITATAX TA IIEPEJAKAPIIATCBKOMY
IIPOI'MHI

Summary. The lithologic-stratigraphical, geochemical and geodynamic factors of the mineral displays con-
trol in Skybova zone of the Carpathians and the Pre-Carpathian Foredeep is established. These issues have very
important theoretical and practical significance. The reconstruction of geodynamic processes and their influence
on the distribution of mineral and hydrocarbon manifestations in the surface conditions in Carpathian oil and gas
province has been carried out. A detailed study of the outcrops of the Beregova Skyba made it possible to determine
the correlation of the Neogene saline deposits with the Oligocene bituminous shales of the Menilite Suite and the
Eocene oil-saturated clays of the Bystryk Suite. Metasomatic transformations are controlled by formational factors.
This regularity is clearly traceable in the continental reddish strata of Stebnyk Suite (Sambir zone, the Pre-Carpa-
thian Foredeep). Deposits of volcanic-sedimentary strata of the section are characterized by the significant devel-
opment of montmorillonitization and zeolite formation processes.

AHoTamnis. BcTaHOBICHO JTITONOTO-CTpaTHrpadiqHAN, Te0JUHAMIYHAN Ta TeOXIMIYHIA (PaKTOPH KOHTPOITIO
MiHepanbHuX mposBiB B CkuboBux Kapmartax ta IlepenkapnarcekoMy mporuHi. BoHU MaroTh BaXkImBe Teope-
TUYHC Ta MMPUKIIAJHC 3HAYCHHA. HpOBe,I[CHO peKOHCprKI_[iIO FeO,I[I/IHaMi‘IHI/IX HpOL[GCiB, SIK1 BIIIMBAIOTH Ha Xapak-
Tep pO3MOITy MiHEpPaIbHO-BYTIIEBOIHEBUX MPOSBIB Y MIPHUITIOBEPXHEBUX yMoBax B Kapmarchkiil HadTora3oHOC-
Hill npoBiHmii. /IeTanpHime NOIpOBE BUBYCHHS BiJICIIOHEHb beperoBoi ckuOM J03BOMIIO BU3HAYHTH CIIBBIIHO-
IIEHHSI HEOTeHOBHUX COJICHOCHHMX BiJIKJIQIIB 3 OJITONEHOBUMH OITYMiHO3HHUMH CJIAHISIMA MEHLUTITOBOI CBITH Ta
€O0IIEHOBUMH Ha(TOHACHYCHUMH TNIMHAMH OHUCTPUIBKOI CBiTH. MeTacoMaTn4Hi MepeTBOPEHHS KOHTPOIIOIOTHCS
(hopMariifHUMN YMHHUKaMHA. J[aHa 3aKOHOMIPHICTh YiTKO IPOCTEXKYETHCSA B KOHTHHEHTAIBHIN 4€pBOHOKOIIPHIN
ToBIII cTeOHMIBKOI cBiTH CaMOipchkoi 30HM [lepeakapmaTchkoro nporuHy. Bigkimaam ByJlKaHOTEHHO-0CAZ0BOT
YACTHHH PO3pPi3y XapaKTepU3yIOTHCS 3HAYHUM PO3BUTKOM MPOIIECiB MOHTMOPHIIOHITH3AIII] Ta IIE0JIITOYTBOPEHHSI.

Keywords: Carpathian oil and gas province, the Pre-Carpathian Foredeep, Beregova Skyba, geodynamics,
hydrocarbons, metasomatism.

Kouosi crnosa: Kapnamcevka naghmoeasonocna nposinyis, Ilepedkapnamcvkuii npoeun, bepezosa ckuba,
2e00UHamiKa, 6y2/l€60()Hi, Memacomamaos.

IMocranoBka mpodaemu. CrpykrypHo-mito- Kapnarax ta [lepeakaprnaTcbkoMy NpOTHHI MPOHIEHO

JIOTIYHUM KOHTPONb METAaCOMAaTHYHHX MEPETBOPEHB,
TMMOBEPXHEBUX COJBOBUX i BYIJICBOOAHECBUX HpOﬂBiB
BCTAHOBJICHWH TIiJ] Yac JOCHIIKEHHs YCKIIaJHEHHUX
HaIi3MOM reoJioriyHuX GopMartliii beperosoi ckubu mo
p. IIpyt [6]. ¥ mporieci MOJAIBIIUX MOJLOBUX J0-
CIIJDKEHb TEOJIOTIYHUX CTPYKTYp Mexupiuds buct-
puns HangipHsHcbka-UepeMoll BH3HAYCHO 3aralibHi
O3HAKH PO3BUTKY IUX sBHUII. 30Kpema, B CKHOOBHX

PSA TEONMOTIYHUX MapIIPYTIB HA OUISHKAX 31 3HAYHOIO
BiJICJIOHEHICTIO B OaceiiHax pik Tucmenwst, Ctpuid,
Buctpuns Hangipusuceka, Ipyt, JTrouka, IlictuabKa,
Pubnumg i Yepemorn. 3mificHeHi Jeski CYTTEBI Treo-
JIOTIYHI YTOYHEHHS Ha BUYEpPIaHUX HAQTOBHUX POJIOBH-
max bopucnaBa, butkoBa, i Crapyni. Ha mingcrasi
BIIACHUX CIIOCTCPEKEHb, Ta 3 BPaxyBaHHSAM JaHHUX
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BU3HAYHMX JocnigHukiB Kapnarcekoi HagTorazoHoc-
HOI MPOBIHIIi1, TPOBECHO PSJl YTOYHEHD MO0 CTPYK-
TypHO-(hOPMaLiHHOTO KOHTPOIIO METACOMATO3Y B IIPH-
CYTHOCTI BYTJIEBOJAHIB, PO3BUTKY MOBEPXHEBHUX IIPO-
SBiB COJIi, HAQTH Ta rasy.

AHaJji3 HAaWHOBIIINX JOCTiTKEeHb Ta
nyoJaikaniii. Po3surox cympdar-kapOoHAT-KBapIO-
BOro Metacomato3dy B Kapnarax panire po3risijiascs B
OesnocepelHLOMY 3B'SI3KY 3 HACKpi3HOW iH(DIIBTpa-
Ii€r0 TIMOMHHUX (ITIOIIIB Yepe3 ocaoBy ToBiny [10].
3ronom Oyia BCTaHOBJIEHA 3aKOHOMIpHA 3aJIeKHICTh
CTYNEHIO NepeKpHcTai3alii aMoppHOro KpeMHe3eMy
BiZl 30araueHHsl CHJIILMTIB OPraHiYHUMH PEYOBUHAMH
[4].

Ha tepuropii 3axignoi Ykpaiau Bimomo 196 mo-
BEPXHEBHX MPOSBIB COJICHOCHOCTI [ 16], 3 IKUX TIpUBEp-
TarOTh OCOOJIMBY YBary Ti, IO 3HAXOAATHCS B TICHOMY
CHIBBIZHOIICHHI 3 TEKTOHIYHUMH OJWHUISIMA Ha(TO-
HocHUX cTpyKTyp Cinesbkoi, CkuboBoi 30H Kapnat ta
[Tepenkapnarcpkoro mnporuHy. @DakT 3acoJEHOCTI
0iTyMIHO3HUX CJIAHIIIB MEHIJIITOBOI CBITH 3a3BHYaii MO~
SICHIOETbCS TEKTOHIYHUMH YCKJIaJHEHHSIMH abo mHpo-
SBOM Kpunroxianipusmy [3].
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Bunisiennsi HeBHpillleHNX paHille YacTHH 3a-
rajibHoi mpoodJjeMH. 3ayBaXWMO, IO HA ICHYIOUHX
TEOJIOTIYHNX KapTax cTpaTurpadigai i TeKTOHidHI
MeXi HaHeCeHi 3 BUCOKOIO TOUHICTIO. [IpoTe, B mporeci
Jeramizamii reosorivHoi OymOBH, B YKPYITHEHOMY
IUTaHI BUSBIAETHCS 3HAYHA KUTBKICTH Jedopmamniit
I3’ FOHKTHBHOTO Ta IUTIKATHBHOTO XapakTepy, sKi
YCKIIaJHIOIOTh peaibHUi  XapakTep QopMamiiHux
yTBOpEeHb 1 (amianbHUX CHiBBiJHOIIEHb. Tak, B
CamOipcepkiit 30H1 [lepeakapmnaTcbkoro MporuHy IO
IUIOIIMHAX 3MIIICHHS aMIUTITya CTpaTUrpadiaHOro
po3puBy csarae 500 wmerpiB. Uepe3 yacTKoBe
BpaxyBaHHs (OPMaIIfHUX 03HAK 3AJISITaHHS, TOPU3OHT
Ca/KAaBCHKOTO MCKOBUKY BiTHOCSTH JI0 TTOKPIBIi CTEO-
HUIIBKOI CBITH, TPOTE 3TigHO 3 (alialbHUMH O3Ha-
KaMH, BiH € THUIIOBUM YTBOPEHHSAM BEPXHBO! YaCTUHU
JIOOPOTIBCHKOT CBITH.

CkiagHiCTh TeKTOHIYHOI cuTyarii B Kapmarax
CIIOCTEPIraeThCcs B YCIX BUAUICHHX CTPYKTYypHO-(a-
LiaJbHUX 30HaX. 30KpeMa, BOHA BioOpakeHa Ha HoIe-
pEeYHOMY r'eoJIOTiYHOMY NepeTHHi 1o JiHii bopucnas —
Cxiguuug (puc. 1), mo OyB ckiaieHu# 3 BpaxyBaHHAM
I'PYHTOBHUX JIOCHIJPKeHb bopucinaBchkoro HaTOBOro
ponaoBuia [15].

Crnba Beperosa Cruba Bopucnasceka
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Puc. 1. [lonepeunuii ceonociynuii nepemun bopucnae — Cxionuya M 1:20 000
(3a K.Tonsincoxkum [15]).

Ymoeni nosnauennsa: 1-Ilpuxapnamcobka coneHOCHA 30HA; 2-CONEHOCHI NOAAHUYBKI 86ePCMBU;
3-Meninimosi cranyi 3 K1i6CbKUM ma OOPUCIABCLKUM NICKOBUKOM, 4-e0yeH08I 8I0KIA0U 3 YePBOHUMU CIAHYAMU,
5-sammencoruil nickosuk,; 6-inoyepamosi eepcmesu,; 7-Hagmosi eopuzonmu,
8-nonsinuybkuil 600oHoCHUL 2opuzonm,; 9-exzomuuni konznomepamu, 10-o3okepum.

Pe3ynbraTi HONBOBHUX CHOCTEPEKEHb B JJOJIKHI P.
TucMeHuIs BKa3dylOTh Ha 3Ha4YHy IUTIIKATHBHO-
I3’ IOHKTHBHY Je(OopMaIio 0CaJ0BOr0 KOMILIEKCY,
PEKOHCTPYKIlisl KO B JAHUX TEOJOTIYHMX YMOBaX
BUKJIMKA€E TMeBHI yTpyaHeHHs. [Ipu mpomy, sik 300pa-
JKEHO Ha NEpeTHHI, KpeHI0B1 BiiKIa g Ha HagTOBOMY
pomoBunii bopucnaBa 3HauHO agedopmoBaHi. AHa-
JOTiYHA CHUTyallii B 3aliTaHHI OCAJ0BUX TIOPiX
30epiraeTbCcst y BCIX CTPYKTYpHO-(alialIbHUX 30HaX
Kapmnar.

JleranpHille MoJL0BE BUBUCHHS BiJCIIOHEHb be-
PEroBoi CKMOU JJO3BOJIUIIO BU3HAYUTH CITiBB1THOIICHHS

HEOTCHOBUX COJICHOCHMX BIIKJIQ/IB 3 ONIrOLEHOBUMH
0ITYMIHO3HHUMH CIIAHIIIMH MEHIUJIITOBOI CBITH Ta eolle-
HOBUMH HA(pTOHACMYCHUMH TJIMHAMH OHMCTPHUIIBKOT
CBITH.

Beperopa ckuba Ha HUISHII TOCTIIKECHb Ma€ Tie-
PEKMHYTE 3ajJAraHHs, 1 CKJIaJaeTbcsi 3 JBOX TEK-
TOHIYHUX cyOeNeMeHTIB, sKi MMoOymoBaHI MOpoJaMu
MEHIJITOBOI CBiTH. 3 MIBIEHHOIO 3aXO0Ay HPUMHKAE
nepia Jrycka OpiBcbkoi cknOw, mpescraBiieHa B 30HI
HacyBY MiCKOBHKAaMH SIMHEHCHKOI CBITH 3 sSipeMYaHChb-
KHM TOPU30HTOM B OCHOBI (puc. 2).
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Puc. 2. I'eonozciunuii nepemun bepezosoi ckubu no p. Ilpym (cmm [ensmun).

Ymoeni nosnavennsa: Biokniaou (ceima): 1-cmebnuyvka,; 2-0obpomiscoka, 3-noasaHuybka, 4-oucmpuysbka,
S5-meninimosa; 8-cmpuiicoka,; opu3oHmu: 6-ApemMuaHCbKUl, 7-IMHEHCbKULL, 9-CONeHOCHICb,
10-cxnaduacmicmo,; 11-6epcmeysamicmp, 12-kpemMHUCTO-MEP2EAUCTULL 20PUSOHIM,
13-30na mexmoniuno2o OpobaenHs.

[liBaeHHu# cyOeIeMEHT — I KOMIUICKC EePeKH-
HCHMX BIJKJIAIiB MCHIUIITOBOI CBITH, CKJIQJCHUI YOp-
HUMHU 1 OypUMH OITYMIHO3HMMH CIAHISIMH 3 MICKOBH-
KaMH, TOBEPXHI IMIJOIIBH SIKHX MICTATh BiIOHUTKHU
CHifiB Teuili, XBUIIOBAHHS, KOHCEIUMEHTAIIHHOIO
OMOB3aHHS OCAJKy 3 KOCOKI 1 MapalielibHOI [Ia-
pysarictio. [lopoan YacTKOBO pO30WTI KITiBaKHUMH
TpiIUHAMHU Ta Hacw4eHi ramitoM. Kytu mamiaHs cTa-
HOBIAITH 5-10°, a mpy HAOMIDKEHI OO0 MIBHIYHOI MEXi
3pocratoth 1o 30°. [Ipu mpomMy B po3pisi mpormsga-
FOThCSI BEPCTBH KJIMBCHKOT'O MICKOBUKY, CHICPHUT-II0-
JIOMITOBI KOHKpelii Ta iHII XapaKTepHI O3HaKH po-
3pi3y MEHLITITOBOI TOBIIII.

[epii coTHI METPIB PO3pi3y XapaKTEepU3yHOTHCS
PO3BHUTKOM COJICHOCHUX HEOTeHOBHX IIMH. [licis He-
3HAYHOI [IEpEPBH Y BiZICJIOHEHOCTI, BIJIKPUBAETHCS JIPY-
TH TEKTOHIYHHUI CYOEIeMEHT, CKJIaJCHHUN TOBIICIO
MOHTMOPWJIOHITH30BaHUX TYy(QormickoBuKiB (40 m).
CrpaturpadiyHo BuIe 3ajsira€ Iadyka YOPHHUX

6iTyMIHO3HUX CIIaHIIIB 3 TPhOMa BEPCTBAMH ITiCKO-
BHKIB,

NepeKpuTa IMiCKOBUKOM (5 M) 3

sKa
i dbopmarniiHuMu po3muBaMu. Hap #ioro

TIOKPIBJICIO CIIOCTEPIra€ThCcsl HArpOMajKEHHS ajoX-
TOHHMX KapOOHAaTHHUX CTSDKiHb, SIKI HACH4YEHI BYTJe-
BOJHSIMU Ta XapaKTEPU3YIOThCS 3HAYHHM PO3BUTKOM
BHYTPIIIHIX MIHEpaIbHUX IHKpYCTaLiii [7].

Buiie 3a po3pizom nopoau HaOyBarOTh THIIOBOTO
BHTIIAY MEHUTITOBHX CIIAHIIIB, YTBOPIOIOYH B 3aIlIaBi
i Ooprax p. IIpyr ropOmcCTi BHUCTYHnH 3 BHIBITAMH
ramity. B mpaBomy OOpTy pikd moiore 3aisTaHHS
MOpiJ TMOPYIIEHe XBUIIACTOI0 CKJIATYACTICTIO, a BHU3
1O Tedii BOHM KOHTaKTYIOTh 3 BEPXHBOI YaCTHHOIO
BIIKJIAAiB OMCTPHUIBKOI CBITH, (QOpMyroun OpaxiaH-
TUKIiHATE. B miBomy Gepesi p. IIpyT s cTpykTypa
OpOHIOEThCS BEPCTBOIO TPILIMHYBATOrO MICKOBHKY 3
KaJIBLUTOM 1 CTpOHLiaHiTOM. B mpaBomy Gopty piku
CIOCTEPIraeThCsi CTIKAHHS PO3COJIIB MO IUIOLIMHI
HACyBYy MEHIUIITOBHX CJIAHI[IB Ha OpaxiaHTUKIIHAJIb
(puc. 3a). B mocynumiBuii nepiox 2015 poky BcTaHOB-
JICHO, 110 IPOHUKHEHHS COJIEH B MICKOBUKN MEHLIITO-
BOi CBITM MOB’sI3aHO 3 KamisipHuUM edektoM. PizHa
CTEIliHb HACHYEHHS OCHOBHOI MacH IOpix ralliTom
crpusie yTBOpeHHIO BULBITIB Oimodity (MgCl, 6H20)
Ha IOBEPXHI MICKOBUKIB (puc. 36).

Puc 3 COszoez suysimu eanimy Ha KOHMaKmi Hacyey MeHINImoeoi ceimu Ha 6I0KIA0U 6ucmpuubkoz ceimu (npa-
euti bopm p. Ilpym)
(a). Ilosepxns nickogukie meninimogoi ceimu 6 opyeit nycyi Bepezosoi ckubu 6 pationi cmm. [insmun 3
suysimamu eanimy i 6iuiogpimy (6).
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3aranom, Oynosa beperoBoi ckudu B cMT. [ins-
THH LUTIOCTPY€E XapaKTep MPOsBiB TeOAMHAMITHUX TIPO-
[eCiB NP TAHTCHIIaTbHUX 3YCHIUIIX. ﬁMOBipHO, bi (o)
MOYaTKy AaKTUBHOTO pO3BUTKY IUTIKATHBHUX Ta
M3’ IOHKTHBHUX JedopMamiid, Bigkmagym (GopMmyBain
nexxady Ha(QTOHOCHY aHTHKIIHAIb, BEPXHS IMPOIYK-
THBHA YaCTHHA SIKOi BUSIBUIIACH ICHYIOBAHOIO.

Mera crarTi. 3 METOIO BUPIILICHHS BaXKJIMBUX 1~
TaHb COJICHOCHOCTI Ta HayTorazoHocHocti Kapmarchb-
KOTO pErioHy, MPoaHaTi30BaHo oGy x0BaHHiT Hamu|mo-
NepeyHuii TeoJIOTiYHUI mepeTHH B Mexax [lokyTchb-
KOTO pPO3pHBY B OaceitHi p. JIrouka, Ha mpaBoOepekKi

cnaacnko-l’lowy'erlca

SOHH

sIKo1 BHCTYHatoTh IIOKYTCBbKI CKIIaJKH, a B IIOHMXKE-
HOMY penbedi niBoro 6epery — simpo JJoOpoTiBcbKOi
aHTHUKIiHAJI. B 1i#f cTpyKTYypi criocTepiratoThes pisHO-
MaHITHI METaCOMaTHYHI IEPETBOPECHHS Ta MOBEPXHEBI
BUXOAHM HapTH i Ta3y B CKJIAJHHUX CTPYKTYpPHO-JITO-
JIOTIYHUX CHiBBigHOmMEHHsX. Ha moOymoBaHoMy Teo-
JIOTIYHOMY TIEpETHHI OCHOBHA yBara 30CEepEeIKYEThCS
Ha OynoBi miBHIYHOTO Kpuia JloOpoTiBChKOi aHTH-
KJIiHa 1 30HM nepexoy Bin bopucnaBcbko-IlokyTch-
koi 30uu 10 CaM6ipcekoi (puc. 4).

CambipcbKka 30HAa

]
p 0o m 1 8 C b K &

K

D / / |

=

m200 a

Nist |1 Ndb| 2 | Nos 3  Nsh 4  Pml| 5

Phs |6 KT 7 w8 Ny |9 s 0 N 11

200 400 600w

12 ©C 13 B 14

Puc. 4. I'eonoziunuii nepemun nisniunoeo kpuna Joopomiscvkoi anmukiiHai.

Ymosni nosnavenna: 1-cmebnuyvka ceima; 2-0oopomiscoka c8ima; 3- 0C1aA6CLKULL 20PUZOHNL,
4-cnobiocvka ceima; 5-meninimosa, 6-6ucmpuybKa, 7-3aC0N0HeHICMb, 8-KpeMHUCTO-MeP2eTUCMUll 20PU30HM,
9-poznomu, 10-xonenomepamu, 11-cmsoicinns; 12-30na eudinenns 2asy; 13-conenochicmo;

14- gepcmeu epagenimis.

B nonuni p. Jlrouka (cximHa okomwuis c. Jlroua)
BIJICIIOHIOETBCS TOBIA TIIMHUCTHUX BIAKIALIB OUCT-
PHILIBKOI CBITH €OLIEHY 3 MPOBEPCTKaMH HekapOoHat-
HUX TEMHO-CIpUX apTiliTiB, HACHYEHUX HAPTOIO B MO-
KpiBJIi, Ha IKUX 0e310CepeTHbO 3HAXOJUTHCS TOPHU3OHT
«OOpUCIIABCHKOTO  MICKOBHKY» 3 KapOOHATHUMHU
Ha)TOHACHYECHUMH CTSOKIHHAMH. Ha kpemeHucTomMy
TOPHU30HTI (TIPH PO3MUTIH TOBIII MEHUTITOBUX CIIAHIIIB)
TPAHCTPECHBHO 3AJITAIOTh KOHITIOMEPATH CJI001ICHKOT
CBITH, sIKI BrOpY 3a pO3pi30M IE€PEXO/siTh B PUTMIUHE
YepryBaHHA HACHUYCHHX CULTI0O TJIMH 1 <OKYITHUX»
mickoBHKIB. [Tic/is TEKTOHIYHOTO PO3PHBY, IO XapakK-
TEPU3YETHCSI 30HOIO APOOJICHHS 31[EMEHTOBaHOI Api0-
HUMH CKaJICHOEIPpaMH KaJIbIUTY, 3aJsirae TOBIIA KOH-
riomeparis (500 M) c100iaChKOT CBITH.

[HTEpBaI TEOIOTIYHOTO MEPETHHY Bij TOBIII Iep-
MIUX KOHIJIOMEPAaTiB /0 HHU3IB JPYruX HAaCHYCHUH

rajiToM 3a BIICYTHIX (OpMaliiHUX O3HaKax rajore-
He3y. B nepexinniii mayui Bix ciio61ICHKUX KOHTIIOME-
pariB 10 BiAkiIaniB H0OpOTIBChKOI CBiTH 3adikcoBaHi
BEPCTBH TPABEIITIB 3 PO3KPHUCTAII30BAHUM KallbIUTO-
BUM IIEMECHTOM, SKHil 30aradeHHil BYIJICBOIHIMH.
BaxnnBoro 0COOJMMBICTIO IIHOTO TEOJIOTIYHOTO Tepe-
THHY € 30Ha NPOHUKHEHHS Ha IOBEPXHIO TOPHOYOro
ra3y depes IIIMHUCTI BIAKIAIH YePBOHOKOIIPHOT TOBII
CTEOHUIIBKOT CBITH.

Po3BHUTOK NMOBEpXHEBHUX MpPOSIBIB HAPTH, METACO-
MaTHYHUX 3aMillleHb, PO3IO/LJ BYIJIEBOJIHIB B erlire-
HETUYHUX MPOKHIKAX KaJbLUTYy UIIOCTPYE Teo-
JIOT1YHMH mepeTHH uepes ckiaaku Kapmarypu i Kame-
HHUCTOTO /10 KOHTaKTy 3 CamOipChKOIO 30HOIO (JI0JTMHA

p. IpyT) (puc. 5).

C b K a 3 0 H a_ Cambipceka 30Ha

Cknapka

p a KaMeHchoro‘.‘.

5‘,’{[

SRS

‘ Pbs/”,

w200 0

Nt |1 | Npl 2 [Punl 3 Paini| 6

Pbs 4

Pap 5

Pji| 7 o 8 TEE G 4510 1

200 400 600M

w12 N 13 .14 15

Puc. 5. Cxemamuynuii 2eonociynuii nepemun no p. Ilicmunvka ([Llewopu — [Tlicmunv)

Ymosni nosnavenns: 1-cmebnuyvka ceima; 2-nosanuysvka ceima, 3-meninimosa ceima, 4-o6ucmpuyvka ceima,
5-6ucodcvro-naciunancoka ceima, 6-maHA8CbKA C8IMA 7-AMHEHCOKUL 20PUSOHN,
8-kpemnucmo-mepeenucmuii 2opuzonm; 9-cmpoxamuti 2opusonm, 10-opunu sanuskis, 11-cmaxcinus;
12-enemenmu sanseanns; 13-posnomu; 14-cmpamuepaghiuni mesici; 15-nposieu nagpmu.
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B anTukiinam bpycHoro B 1ot po3BUTKY HadTO-
HAaCHYCHOTO «OOPHCIABCHKOTO ITICKOBUKY» MpoiineHa
CBEpUTOBMHA JIiamMeTpoM 212 MM, ne mobmu3y 3-Tif
KPEMHHCTOTO TOPH30HTY BHTIKa€ CipKOBOJHEBE IKe-
PeTo 3 BUIUICHHAMH KOJIOITHOT CIpKH, MEIEHUKOBITY 1
rigporpoinity. IliBgeHHe kpuio antukiinam Kapma-
Typa CKJIafieHe MEHUTITOBUMH CIIAHISIMH 3 KapOoHat-
HUMU CTSDKIHHSIMH, SIKi TIPHYpOYEHi O TPbOX CTpaTu-
rpadiYHAX PiBHIB.

Bing migomBH KpPEeMHHCTO-MEPTEIUCTOr0 TOpH-
30HTY PO3BHHEHA HENTYHIYHA faiika (15 cm), sika pos-
cikae aprimitononiOHi TIIMHA BiJ MOKPiBIIi OMCTPHIIB-
Kol CBiTH 1 wepe3 45 M cXoauTh Ha KIMH. BHU3 3a
Tediero p. [TicTHHBKA BiZCIOHIOIOTHCS BIIKIIA M M1AJI€0-
reHy. 3 HaONM)KEHHSM JI0 sipa aHTHKIIIHAMI, 110 CKJIa-
JIeHEe MAaCHUBHUMH ITiICKOBUKaMH SIMHEHCHKOT CBITH CIIO-
CTEpIraroThCsl APYTOPsIHI U3 IOHKTHBHI MOPYILEHHS,
a caMe SIpo Pi3KO 3aHyPIOETHCS B MiBIACHHO-CXITHOMY
Hanpsimi. KopiHHI BHCTYIIH TOPH30HTY «OOpHCIIaBCH-
KOTO TCKOBHKY» PO3CIY€HI MPOXKMUIKAMH HU3bKOTEM-
MepaTypHOTO KaJbIUTY 3 IEPEMIHHOIO CTEIIHHIO HaCH-
YEHHS BYIJICBOAHSIMH.

Jaii crioctepiraerbes By3bka aehopMOBaHaA CHH-
KITiHAJb, CKJIaIcHa BiIK/IaJaMH MEHITITOBOI CBITH 1 00-
MEKEeHa B KpUJIaX KPEMHUCTO-MEPIeIHCTHM TOPH30H-
TOM. AHaJoriuHi AedopMariii po3BUHEHI B IMPHICTIIIH
IO Hel aHTUKITIHAMI 3 TTIOAPOOIICHIM SIPOM €OIICHOBHX
HaroHacH4YeHNX TIHH. B 000X CTPYKTYypHHX €JIeMeH-
TaxX 3 MOPiJ] MEHUTITOBOI CBITH BUTIKAIOTH BOAHI PO3-
4YMHY, 30aradeHi CIpKOBOJHEM 3 BUIUICHHSIMH KO-
JIOIAHOI CIpKH 1 MEJIBHUKOBITY. ['incoMeTpuyHO BHUIIE
(mix roporo Knnda i BuTokamu noroky Apaas) 3agik-
COBaHO 3HAYHE HACHYEHHS IOPiJ] MOJISTHULBKOI CBITH
JIeTKOI0 Ha(TOr0. B miBHIYHI# YaCTHHI IIBOTO I'€0JIOTI-
HOTO TEPEeTHUHY MiX 3ipBaHAM KPHIOM aHTHKJIIHAMI i
CaMOipChKOI0 30HOKO 3HAXOIUTHCS TEKTOHIYHHNA IIa-
KeT, T00YI0BaHMIA MEH1IIITOBIMH CIAHIIMH 1 apTiJIiTO-
MONIOHUMHU TJHHAMH OHCTPHIBKOI CBITH, IIPUTHC-
HEHUMH JI0 COJICHOCHUX BIJIKJIa/IiB CTEOHHUIIBKOT CBITH
HEOTeHY.

OOroBopeHHs1 pe3yJbTaTiB. AHani3 Ta iHTep-
mpeTalist OJepKaHuX (GaKTHUYHUX T'€OJOTIYHUX TaHUX
CBIIYUTH PO CTPYKTYPHO-TITOJIOTIYHUH Ta popMamini-
HHUH KOHTPOJIb METaCOMAaTHYHHX 3aMillleHb, TOBEPXHE-
BUX COJIbOBHX 1 BYIJICBOAHEBUX NposABiB. Meracoma-
THUYHI TEPETBOPEHHS JETAILHO [OCIHiIKYBAJINCh B
MeKax 3BY)KEHUX CTpaTurpadiyHuX Jiarna3oHiB OJiro-
[IEHOBHX BIAKJIANIB TOPH30HTY «OOPHCIIABCHKOTO
MICKOBUKY» 1 HEOTE€HOBOI TOBII CTEOHHUIBKOI CBITH.
T'opu30HT «OOPHUCIABCHKOTO TICKOBUKY» 3aJIirae Ha
TIIMHACTHX HEKapOOHATHHUX BiAKJazax OHCTPHIBKOI
CBITH, SIKi MICTATh NPOIIAPKN HAPTOHACHYECHUX TJIMH.
B ocHOBI ropu3oHnTy 3aisrae 6a3oBuii mickoBUK (0-5 M)
MOMEJINCTO-CIPOro KOJILOPY 3 TOPU3OHTAJIBHOKO 1 KO-
COI0 [IaPYBATICTIO, HOBEPXHSIMH KOHCEANMEHTALlIHHUX
PO3MHMBIB, yIaMKaMH TJIMH Ta CIiJaM{ MOB3aHHSA Op-
rani3MiB. [lo jarepami 6a30Buii MICKOBHK B JiISHKAaX
HACHYEHHS BYIJIEBOJHSIMH XapaKTePU3Y€EThCS CYLLb-
HUM OKBapIyBaHHSIM 0e3 3MiHH NEpBHHHHUX TEKCTYyp-
HHX O3HAK 1 IIEpBICHOTO 00’ €My TIOPOJIH.

MeracomaTHyHe 3aMillleHHs KBapIIOM 1 XaJe0-
HOM aJIEBPOJIITIB Ta MICKOBHKIB BH3HAYaIOCh Mirpa-
LifHO-eMirpallifHIMU OCOOJIMBOCTSAMH Ha(TH B yMO-
Bax TiIPOJUHAMIYHOT OOCTAHOBKH €JIi31{HOTO PeXKIMY
[6, 15]. Taki 3aminieHHs TOCTaTHRO po3BUHEHI B Kap-
matax 1 OOTPYHTOBYIOTBCS BCTAHOBJICHOIO 3aKO-
HOMIpHICTIO [4], 0 BHpa)XeHa 3aJICKHICTIO CTETNeHI

pO3KpHCTaNi3amii KpeMHe3eMy BiJ BMICTY OpraHiqHOl
PECUYOBHHH.

Oco0IMBIM YTBOPEHHSM € TiJICOBOBA BYJIKAHO-
T€HHO-0Ca0Ba TOBIIA CTEOHUIILKOI CBITH 31 3HAYHUM
PO3BUTKOM LIEONITIB 1 MOHTMOPHJIOHITY MO BCii
CamO0ipchKiit 30H1 nporuHy. O4eBUIHO, HAsIBHICT JIeT-
koi Hadtu B JlucoBuuax i [lignuBue ciijl MOsICHIOBATH
MIPOHUKHEHHSM i1 Yepe3 MOJIEKYJSIpHI QibTpu 30ara-
YeHWX MOHTMOPHJIOHITOM i IIEOTiTAMH TOPU30HTIB [12,
9]. B moimi poO3BHUTKY YEPBOHOKONIPHUX TIIMHUCTUX
BIIKJIAiB CTEOHHIIFKOI CBITH CIOCTEPIiraloThCS 30HHU
IHTEHCUBHOTO BU/IIJICHHS MECTaHYy.

I[Ipu MoOpdOTEeKTOHIYHOMY aHami3i KOPiHHUX
BigknaniB (3ammaBu pik Ilpyr, Jltouka, Ilictunbka,
PuOHULS) TPOCTEXYIOThCS JBI Ba)KJIMBI TEHICHII:
[IPOHUKHEHHS COJeld B IOPOJIM MEHLITITOBOI i cTe-
HUIBKOI CBIT BiJi MOBEPXHI HAcCyBy Ha COJICHOCHI
BIIKJIa U Ta BiJ O€3MOCEPEIHBOTO TEKTOHIYHOTO KOH-
TaKkTy COJICHOCHHX BINKJIANiB i3 30HAMH CYIUIBHOI
eMIreHeTHYHOI 3arifncoBaHOCTI Mopin. B Takux minsH-
Kax 9acTo (iKCYIOTHCS MMOBEPXHEBI ra3oBi aHOMAITIi, a
0 30HAX TPINUHYBATOCTI CIIOCTEPIra€ThCs MIBHIKUN
(10-15 cm 3a TIwKICHB) PiCT BOJOKHHUCTOTO rincy [13,
14] 31 3HaYHUM BMICTOM Y HbOMY BYTJICBOJIHIB.

MeracoMaTH4Hi MEPETBOPEHHSI KOHTPOIIOIOTHCS
¢dopmarmiifHuME 4YMHHUKAMH. JlaHa 3aKOHOMIpPHICTP
YiTKO MPOCTEKYETHCS B KOHTHHEHTANbHIH UYEpBOHO-
KOJipHi# TOBIII cTeOHUIBKOI cBiTH CaMOipChKOi 30HU
[Nepenkapnarcekoro nmporuHy. Bigkmaan migcomsoBoi
BYJIKAHOT€HHO-0C3/I0BOT YAaCTHHU PO3PI3y XapakTepH-
3YIOTBCSl 3HAYHUM PO3BUTKOM IIPOIECIB MOHTMOPH-
JIOHI3aIii Ta 1eoaiToyTBopeHHs [12, 9].

BucHoBku. ['eosoriuHi AaHi, OTpUMaHi B pe3yJib-
TaTi JOCHIIKEHb, CBIT4aTh, 0 B [lepeakapnarchbkoMy
MIPOTHHI IIPOLECH TaJOreHe3y TeHETHYHO IIOB’s3aHi
BUKJIFOYHO 3 BiIkiaanamMu creOHUIbKOT ¢BiTH. COJIBOBI
mposiBu B Cine3pkiit i CKkuOOBiH 30HAX BiOOpakaroTh
CKJIQIHICTh TEKTOHIYHOI OyJOBH, sIK& BH3HAYa€THCS
re0IMHaMIYHIMHU MPOILIeCaMy 3 YTBOPEHHSIM HACYBHHUX
crpyktyp. Le miareepmxye BucHoBok C.I. Cy60oTiHa
[11] mpo Te, mo miBaeHHO-3axigHy Mexy [lepenkap-
NaTChKOTo MporuHy ciix mykatu nin Cinespkoro i Yo-
PHOTOPCHKOIO 30HAMH.

Sxmo nporuec mirparii coneit BinOyBaBes Bif po-
3BAIBLLOBAHMUX IOPIJI COJICHOCHOI CTEOHMIIBKOI CBITH
i, MepeBaXHO, TIOB'A3aHUHN 3 KalISAPHUM e(EKTOM, TO
CTPYKTYpHO-(HOpMAIIfHAN KOHTPOJIb METACOMAaTHY-
HHUX 3aMillleHb 3yMOBJICHHI TeOXiMIYHOK OOCTaHOB-
KOO TiAPOTMHAMIYHOTO PEKHUMY.

CTpyKTYpHO-TITOJOTIYHAA KOHTPOJIb METacoMa-
THYHMX IIEPETBOPEHb BU3HAYABCS yMOBaMH 1HIIbTpa-
LifHOTO 1 eNi3iHHOTrO peXXUMy MiI3EMHUX BOJ, Mirpa-
iHO-eMIrpalifHIMA OCOOJIMBOCTSMHU BYTJICBOIHIB
Ta X (pakumioHyBaHHIM IIiJI Yac MPOIECY MiHepaso-
yTBOopeHHsl. OCTaHHE 10 TEBHOI MipH IOSCHIOE Ha-
SIBHICTH TOKJIAJiB JieTkoi Hadth B cenax JlucoBuyax i
[ligmuBue B 3B'A3Ky 3 ii Mirpari€ro depes3 ByJIKaHO-
TE€HHO-0Ca/I0B1 BiJKJIaau CTEOHMIILKOI CBITH, 30araycHi
MIPUPOJHAMHU MOJIEKYJIIPHUMH (LTBTpaMHA — MOHTMO-
PWIOHITOM i IIEOTITAMHU.

B ckiagHii reosIoTiuHii cuTyarii acCHMeTpUIHUX
TEKTOHIYHHUX CTPYKTYp 3 BEPIeHTHICTIO Ha miBHIY [1],
BHHHMKAE HEOOXIIHICTh CYTTEBO YTOUHHUTH POJIb T€O/H-
HaMigHUX TporieciB B Kapmarax B yMoBax TEKTOHIYHOL
cyonykii. [Tpu IbOMy MPUHIMITOBOTO 3HAYSHHS HA0Y-
Ba€ YTOYHEHHS iCTOPii TeosoridHoro po3BUTKY Kap-
naTchkoi criopynu. 3a psmom o3uak €.M. Jlazpko i JI.I1.
Pe3poit [5] BUIUIAOTE 3akaplnaTChKHKA TTHOMHHUI
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po311oM, GopMyBaHHS SIKOTO B 3HAYHIH Mipi BU3HAYHIIO
ICTOPIIO TEOJIOTIYHOTO PO3BHUTKY Beiei obmacti Kapmar.

TakuMm YHHOM, PEKOHCTPYKIS T€OAMHAMIYHUX
MpOIeCiB Ha HaBEACHMX MPHUKIANAX, BigoOpakae
CKJIQJHICTh I'€0JIOr0-reoXiMivHoI 0OCTaHOBKHU ITOCTCE-
JUMCHTAIIHHUX TICPETBOPCHB [8].

OcobnuBocTi CTPYKTYPHO-TEKTOHIYHUX
CHiBBigHOIIEHb (hopMaliiiHuX kKoMIutekcis [Ipakapmat
i IlepegxapmaTchkoro MPOTHHY, iX IJITOJOTO-CTPAaTH-
rpadidHa XapakTepUCTHKa Ta TiAPOTUHAMIYHHUA pe-
JKMM BJIMBAlOTh Ha KOHTPOJIb HE JIUIIE INTHONHHUX, a i
MOBEPXHEBUX COJILOBUX Ta BYTJICBOAHEBHUX IPOSBIB B
Kapnarcekiii HagTOra30HOCHIH MPOBIHIIIi.

Bin [Nepenkapmarcbkoro MIPOTUHY JI0
Buytpimnix Kapnar cnocrepiratoTbCs YHCIIEHHI BH-
XOAU PO3COJIB, sIKi B 03HAYCHUX MICIAX YTBOPIOIOTH
TPaBEPTHHHU 1 TUIBKHU B PIIKICHUX BUMAJKaX y HUX IPH-
CYTHIi BYTJICBO/HI. 3a JaHUMH ITOIITYKOBO-PO3BiyBab-
HOro OypiHHA Ha PIi3HUX TIHUOWHAX CHOCTEPITAETHCA
MoYeproBa 3MiHa TOPU3OHTIB MPICHUX BOJ 1 PO3COIIB.
Hepinko B po3conax mpucyTHiii OpoM i #ox, moxon-
JKCHHSI SIKUX MOSCHIOETHCS BIATHCKYBAHHIM CEIMMEH-
Tarfiitnux Box. IIpore reonoru-HaQTOBUKU HEOTHOPA-
30BO 3BEPTaNIM yBary Ha HasBHICTb TalliTy B 0CaIOBHX
nopojiax, M0 HE MaloTh O3HAK €BaropuUTOBUX (op-
Maltiii.

[ImomwmHM HAacyBiB MK IDIACTUHAMH MICTSTh
(hparMeHTH MaseoreHOBUX IOPif IMHEHCHKOI, MaHsIB-
CBKO1, OMCTPHUIHKOI CBIT Ta PO3BAJBIIOBAHI BiTKIa 1
cosieHocHOT (hopMarrii cTeOHubKoi cBitu. Coui i€l
CBITH 3HHM3Y MPOHHMKAIOTh y BIAKIAAA MCHIUIITOBOT
CBITH B CTPYKTYpHUX eneMeHTax beperoBoi ckutow, [To-
kyrcekux Kapnar ta JloOpotiBehkoi aHTHKimiHAN. B
4OJIi HACYBIB YTBOPIOIOTH MOJICKY/I 3HAYHI HArpoMa/i-
JKCHHS, SIKI PO3TIIJAIOTBECS PSOOM JTOCTITHUKIB K
NpOSIB  KPHUIITOAIApu3My. IHTEHCHBHE HACHYECHHS
MOPiJ TaJliTOM CIIOCTEPIra€ThCs B KOHIJIOMEpPATax
HIDKHBOI YaCTHHH pPO3pi3y CI0OIAChKOi cBiTH (C.
Jlroua).

B TekTOHIYHOMY MaKeTi, CKJIaJeHOMY YacTHHOIO
pO3pi3y MIAUCTHX MICKOBHUKIB CTEOHHMIIBKOI CBITH 3
HACUYEHHSIM 3 INIMOUHHU COJISIMH, pYAHA MiHEpamizaiis
MOBHICTIO BWUIyTyBaHa. Ha He3HayHOMY BiImalieHi B
IbOMY TIaKeTi BUSBJICHO THI3Z0 pyIHOI MiHepai3amii
CKJIQICHE XAJIBKO3HMHOM, Ca(IOpHTOM, KOOaIbTHHOM
MPUKPUTE 3 TIOBEPXHI BUCUIKAMH CHEPOIITIB JI03eiTy
(c. Jlanuun).

B Cine3pkoMy NMOKpHUBI BHUSBJICHO €IMHHUN TTaKeT
CKIIQJICHUH CTPOKATOKOJIPHUMH BigKIaJgaMHu CTeO-
HUIBKO1 CBiTH. OUEBHUIHO, IO BCi MOBEPXHEBI BUXOIU
PO3COJIIB MOB’s13aHi 3 NEIHTETPOBAHNMH COJIEHOCHUMH
BiKiIagaMu i€l CBITH.

B yMoBax ckiagHHMX CTPYKTYPHO-TEKTOHIYHHX
CHIBBIIHOIICHh (OPMALIHHUX KOMILUICKCIB BU3HAYE-
HHX IPOSIBOM Halli3My 1 KOHTPacTHO BUPA)KECHOIO acu-
METPI€I0 MPOCTOPOBOTO MOJIOKEHHS MAKETIB B CUCTEMI
3D mpoctopy mepcnekTuBy HadTOHOCHOCTI Kapmar
JIOLUIBHO PO3IJISJaTH 3 IMO3MIIH TeHeTHYHHX TPHH-
[UTIB TeoAuHaMiku [2].

Cnucok jgiteparypu:

1. Axrupeii I'./Jl. Tekronmueckas ccyOmykums
(Kapnatsl, bankansl. [JQunapuaer) / I'.JI. Axrupet,
C.M. Kpomnaues // B kn.: I'eontorus Coerckux Kaprmar.
— K.: HaykoBa nymka, 1984. — C. 3-11

2. Kpyncekwuii F0.3. T'eoguaamiunai ymoBH (op-
MyBaHHAIHaQTOHOCHICTh Kapmarcekoro ta BosmHO-
Honinecekoro perioniB Ykpaiawu. / }0.3. Kpymncekuii -
K., Yxp IHAIL. 2001. - 144c.

3. Jlagpoxenckuit H.P. T'eonmormueckoe ctpoe-
Hue U ra3oHocHOCTh CoBeTckoro [Ipenkapnares / H.P.
Jlageokenckuii, B.M. Aarunos //. — M.: ['ocronrexus-
nmat, 1961. — C. 266.

4. Jlazapenko €.K., I'abiner M.II., CouBko O.I1.
Minepautorisi ocagodyHux yTBOpeHs [Ipukapmarts / €.
K. JIazapenko, M. II. T'a6irer, O. I1. CnuBko. — JIbBiB:
Bun Bo JIeBiB. yH Ty, 1962. — 482 c.

5. Jlaszeko E.M., Pe3spoii JI.I1. O TekTOHHYECKOI
npupone 30ubl Kapnarckux yrecoB / E.M. Jla3bko,
JL.I1. Pe3Boii. — Bicuuk JIbBiB. yH-Ty, cepisi reoJIOTi4Ha,
1962. — Bumn. 1. — C. 62-65.

6. Ilerpymsk [.M. O Hanmu3me, COJEHOCHOCTH U
yraeBogoBonax beperosoit ckuber Kapmar B paiione
Hunsatura / T.M. [lerpynsk, O.M. Uepemucckas, FO.B.
Uepemucckuit, M.J[. Ilerpynsk // CO6. marepuaioB
koH(}. — Tyma, 2015. — C. 203-212.

7. Ilerpynsk I'. M. YrieBogopoaHoO-MUHepab-
HBII MeTacomaro3 Ykpaunckux Kapmar // T'. M. Ilet-
pyHsK. — Bonpocs! ecrecTBo3HaHus. — MpkyTck, 2016.
-1(9). - 152c.

8. Ierpynsk I''M. ByrieBomneBuii mMeracoma-
TO3 TeOTeHepalii y 3B 53Ky 3 FeOANHAMIYHUMH TIPOIIE-
camu B Kapmarcekiii HadTOTra30HOCHIH mpoBiHIIT /
.M. [lerpynsk, O.M. Uepemiccrka, FO.B. Uepemicch-
kuil // 30ipHUK MarepiayiB MiXHapOJHOT HayKOBOI
koHpepentii. — K. — 2014 p. — C. 65.

9. Ilerpynsxk M./l. AytureHHi MiHepaiu ocano-
BOro nukiy Ha IlpukapnarTi, 30HATBHUN PO3MOALT Ta
crapiiiHicTs ix ¢opmysanns / M.JI. Tlerpynsik, O.M.
UYepemiccbka // 36. HaykoBux mpanb. — K. — 2013 — C.
276-280.

10. Pummyr M.B. Ilpo meski ayTureHHi MiHepao-
yTBOpeHHs B HaTOBHX Bimkiamax Ilepenkapmarrs. /
M.B. Punyn, JL.I'. Tkauyk // T'eonoriun. XXypnan —
1958. — T. XVIII, Bum. 4. — C. 32 — 37.

11. Cy66otun C.M. I'my6bunnoe ctpoenue CoBer-
ckux Kamar / C.. Cy66otun. — K., U3n. AH YCCP,
1955. - 258 c.

12. Yepemucckas O.M. ['eonoro-cTpykTypHBIE U
naneoreorpaguyeckre acueKTsl HGOPMHUPOBAHHUS OTIIO-
JKCHHH CTEOHHMKCKON CBHUTHI [IpemkapmaTrckoro Impo-
ruba // O.M. Uepemucckas, 10.B. Uepemucckuii — Ho-
Bocubupck: MHI'T CO PAH, 2013. — C. 251-254.

13. Yepemiccrkuit FO.B. Tlporiecu HOBITHHOTO
MiHEPaIOyTBOPEHHS K 1HIUKATOP HEOTEKTOHIYHOT aK-
tuBHOCTi // FO.B. Yepemiccokmii. — Min. 36. — 2012. —
Ne62. Bum. 2. — C. 290 -293.

14. Yepemiccrkuii F0.B. TekroHika KOHCETMMEH-
torenesy Ilepenkapnarcekoro mnporuny LleHTpains-
Horo Ilaparerncy / }O.B. Uepemiccokuii // I'eoqu-
Hamika 1 (14). — 2013. — C. 98 -100.

15. Tolwinski K. Z geologji potudniowej strefy
przedgorza polskich Karpat Wchodnich / K. Totwinski.
— Sprawozdanie P.1.G. — Warszawa, 1927. - T. IV, z.
1-2.

16. Windakiewicz E. Wystepowanie soli w
Polsce. / E. Windakiewicz // Zycie techniczne. — Lwoéw,
1939. — Rok XV, zeszyt 1-2. — S. 41 — 50.



L ||
10 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #5(45), 2019 F=2%

HAYKN O 3EMME
Lisenkov A.A.

doctor of technical sciences, professor
Institute of Mining named after D.A. Kunaev

INTERVAL RATIONING OF MINERAL RESERES ACCORDING TO THE DEGREE OF
READINESS FOR MINING

Jucenxoe Anexcanop Anexcanoposuy
OOKMOp MexHu4ecKux Hayx, npogeccop
HUnecmumym eopnoeo dena umenu J].A. Kynaesa

NHTEPBAJIBHOE HOPMHUPOBAHME 3AITACOB ITOJIE3HBIX HCKOITAEMBIX 11O CTEITEHA
MHOATIOTOBJEHHOCTH K PABPABOTKE

Summary: The analysis of the prehistory and the current state of the problem of rationing mineral reserves
with varying degrees of preparedness for mining was carried out. It is concluded that there are a large number of
outstanding issues to date, both in theory and in the practice of rationing mineral reserves. The economic-mathe-
matical models of general type are proposed, intended for solving the problems of interval rationing of reserves
ready for production in a static and dynamic formulation.

AHHOTalIl/Iﬁ: BrinmosHeH ananu3 pEeAbICTOPHUU U COBPEMEHHOTO COCTOAHUA Hp06HeMI>I HOPMHUPOBAHUA 3a-
I1aCOB IIOJIC3HBIX UCKOIIAa€MbIX C pa3H0171 CTCIICHBIO ITOATIOTOBJICHHOCTH K pa3pa60T1<e. CuenaH BbIBO/J] O HAJIMYHUHN
60JIBIIIOT0 YHCNIA HEPEIIEHHBIX IO HACTOSIIEro BpeMEHH BOIPOCOB KakK B TEOPUH, TaK U B IPAKTUKE HOPMHUPOBA-
HUs 3a11aCOB ITOJIC3HBIX UCKOITAaCMBbIX. HpeJIJIO)KeHbI OKOHOMHKO-MAaTEMAaTHYCCKUC MOACIIN 06H_ICFO BUAA, MpeaHa-
3HAYCHHBIC [JId pCUICHUA 3aa4 UHTCPBAJILHOI'O HOPMUPOBAHHS IOTOBBIX K BBICMKE 3aIl1aCOB B CTaTUYECKON U

JUHAMHUYECKOM ITOCTaHOBKE.

Key words: mineral reserves, readiness for mining, rationing, modeling, standards, intervals, statics, dynam-

ics.

Kniouesvie cnosa: 3anacol noae3nvlx uckonaemuvlx, 2O0no6HOCNb K 006131’1!@, HOpMupoedarue, MOO@]ZMPOGGHM@,

Hopmamuesl, unmepedivl, cmamukd, OUHaAMUKA.

IHocranoBka npoodaeMbl

[Ipobrema HOPMHUPOBAHUS 3a11aCOB MOJIE3HBIX UC-
KOTIAeMBIX IO CTENEeHHM MOATOTOBIEHHOCTH K pa3pa-
0O0TKe SBISIETCS] OJJTHOM M3 BaXKHBIX MPOOJIEM yIIpaBiie-
HHUS TIpolleccaMM M OOBEKTaMH HeIpOIOJb30BaHUS,
YCIIEIIHOE PElIeHHe KOTOPOH MOXKET OKa3aTh 3HAYH-
TENBHOE TTOJIOKUTEIFHOE BIMSHAC HAa YKOHOMHKY U JIe-
ATENEHOCTE  TOPHOJOOBIBAIOMIMX  TPEIAIPHUSATHIA.
HacToiiunBeie TMONBITKH €€ PelIeHUs MpeaIpuHIMa-
JIMCh KaK B COBETCKOM, TaK U MOCTCOBETCKOM IEpPHO-
JlaX, OJJHAKO OHH HE YBEHYAJIHChH YCIIEXOM.

Co3nannas 8 CCCP HayuHO-MeTOnmueckas 0aza
HOPMHPOBAHUS BCKPBITHIX, TOATOTOBIEHHBIX M TOTO-
BBIX K BBIEMKE 3alacoB IMPHU OTKPBITON U MOJ3EMHOMI
pa3paboTke MECTOPOKACHUI MpeICTaBIIeHa TUCCEePTa-
musimu LU, Becconoma [1], H.X. 3armposa [2],
A.E.Tepemenko [3] , moHOorpadpmamu S.M. Anura-
moBa u B.H. 3apaiickoro [4], A. ®. borauesa [5], MHO-
TOYHNCIICHHBIMH CTaTbIMU U OTYETAMHU O Pe3yibTaTax
WCCJIeIOBaHUM, BHITOJIHEHHBIX B Pa3HbIX OPraHU3allui.
HayuHple ocTHKEeHUS B TaHHOH 00JIaCTH HAIILUIA CBOE
YaCTUYHOE OTPAXKCHHE B OTPACICBBIX HOPMATHBHBIX
JOKYMeHTax Toro BpemeHu [6-12]. Kpome Toro, mis
HEKOTOPBIX KPYIHBIX NPEANPHUSITHN OBLIN BHIITOTHEHBI
JIOKaJM3UPOBAHHBIE METOANYECKHE Pa3pabOTKH U MH-
CTPYKIMH, YIUTHIBAIOIINE CTIENN(PUIECKHe 0COOEHHO-
CTH pa3pabaThIBaéMbIX MECTOPOXKICHNHN U IpeTHA3HA-
YeHHBIE JJI1 BHYTPEHHETO IOJB30BAHMUS, HAIpUMED,
st louckoro I'OKa [13, 14], CCI'OKa [15] u ap.

[ocne pacnaga CCCP Bce 3TH JOKYMEHTBI HUKEM
HE MepecMaTpUBaINCh U He ObLIN aJaNTHPOBAHBI K HO-
BBIM, PBIHOYHBIM YCIIOBHSIM PabOThl TOPHOAOOBIBAIO-
mux npeanpuatuid. Iloaromy, HecMOTpsI Ha pajuKallb-
HBIC MEPEMEHBI, OHU (HOPMAIILHO, 32 HEMMEHHEM HHU-
YEero Jpyroro, MpoJOJDKAIOT MPUMEHSTHCS Ha TMpak-
TUKE W B HAcTOsilIee BpeMs. DTO B KAKOH-TO CTENIEHU
CTpaxyeT MpeanpHusITHs OT MONaJaHusl B CUTyalluH He-
XBaTKU BCKPBITHIX, IOATOTOBJIEHHBIX U TOTOBBIX K BBI-
€MKeE 3aI1acoB CO BCEMH HETaTUBHBIMU MX MOCJIEICTBU-
sivd. JInmp Hanbolee MPOABHHYTHIC U3 HUX, IIOHUMAs
BCIO B)KHOCTh M HEOOXOIUMOCTE pEIIeHHs 33129 HOp-
MHPOBaHHUS 3a11aCOB HAa HOBOI HAyYHOU OCHOBE, IbITa-
FOTCS CaMOCTOSTEIHHO WM C TPUBJICUYCHUEM CTOPOH-
HUX OpraHu3alyil ¥ CTICIHAINCTOB CO3/aBaTh JIOKAJIH-
3UpPOBAaHHBIE METOTUYECKHE pa3pabOTKN KOPIIOPATHB-
HOTO YPOBHS.

Kazasock Obl, Iepexo/1 K peIHKY JTOJDKEH ObLT erle
0O0JIBIIEC aKTyaTH3UPOBATh JAHHYIO MPOOIIEMY, TaK KaK
MIPOCYETH B HOPMHUPOBAHUH 3a1IACOB HEN30ES)KHO HAHO-
CSAT SKOHOMHYECKUH yIIepO M CHUKAIOT KOHKYPEHT-
HBIY MOTEHITNAJ IPEATIPUITUH, pa3padaThIBAIOIINX Me-
CTOPOKJEHUSI TOJE3HBIX UCKOMAeMbIX. DTO MPOUCXO-
JIUT WM U3-32 CPBIBA MTOCTABOK MUHEPATHLHOTO CHIPhS
HX TIOTPEOUTEIISIM, WITH 10 IPUUNHE «3aMOPAKHBAHHSI
(M3BATHS U3 000POTA) AEHESIKHBIX CPEJICTB, BIOKEHHBIX
B BOCIIPOM3BOJCTBO U NOAJAEPKAHNUE BCKPBITHIX, MOJ-
TOTOBJICHHBIX M TOTOBBIX K BBIEMKE 3aIlacoB. 3amada
MHMHUMU3ALAA 3KOHOMUYECKUX IOCIEACTBUI TaKuX
SIBJICHUU TOJKHA PEIIaThCsl BHAYAJIE HA CTaJIUU MPOCK-
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TUPOBaHMS KaPhEPOB U IIAXT, a 3aT€M yXKe HElocpes-
CTBEHHO B IIpoliecce UX AesTenbHOCTH. OIHAKO Cero-
JHS MaJIo T/I¢ BITAI0TCS] ONTHMHU3HPOBATH HOPMATHBBI
3aI1acoB ITOJIC3HBIX MCKOMAEMBIX W MOIYYHUThH 32 CUET
3TOT0 SKOHOMHUYECKUH AP PEKT B BHIE COKPAIICHHUS 3a-
TpaT Ha BOCIOJIHCHNE N30BITOYHBIX 3a11aCOB MTOJIE3HBIX
MCKOTIAeMBIX U Ha TOAIepKaHIe MX 00bEMOB Ha HE00-
XOANMOM, HAy9HO OOOCHOBaHHOM YpPOBHE.

[TpuunHa Takoro MOJOXKEHHsT KPOETCs, C OHOM
CTOPOHBI, B OOJIBIION CIIOKHOCTH paccMaTpUBAaEMOM
npoOJIeMBl, a ¢ IPYroH, - B HeJONOHMMaHUU BaXKHOCTH
Y HeO0OXOJMMOCTH €€ PEIICHHsI CO CTOPOHBI COOCTBEH-
HUKOB M TOI-MEHEPKEPOB MHOTUX JEHCTBYIOLIHX
npeanpusaTuid. M3MEHUTh CII0KUBIIYIOCS CHUTYalHIO
MOXXHO TOJIBKO MPH YCIOBHUH aKTHBU3AIMU HCCIIEI0Ba-
HUM paccMaTpuBaeMOW MPOOJIEMBI W TPHUBIICUYCHUSL
BHUMaHHSA K HEH KaK TrOCyapCTBEHHBIX, TaK M KOPIIO-
PaTUBHBIX OPTaHOB YIPABICHHS.

AHaJIM3 NMOCJIeAHNX NCCJIeI0BAaHUI 1 My0InKa-
107074

B oOHOBIsIEMOM Hay4HO-METOAMYECKOM obectie-
YCHUH HOPMHUPOBAHUA 3alIaCOB MOYKHO BBIACIUTL IBa
HarpaBJeHUs PELICHUs MPoOJIeMBbl: o0lIee U JIOKaIH-
30BaHHOe. B pamkax mepBoro [16-20] paspabarbiBa-
I0TCS €IMHbIC HayJHbIE OCHOBBI HOPMHPOBAHHMS 3ara-
COB TIOJIC3HBIX MCKOMAEMbIX 110 CTENEHH MX TEXHOJIO-
THYECKOW TOTOBHOCTH K JOOBIUC, MPUMEHHMBIC IS
BCEX FOPHOJO0BIBAIONINX NpeanpusThii. I1pu aTom oc-
HOBHOE BHHMaHHE YJAENISETCS BOIPOCAM HOPMHPOBA-
HUS 3aI1acOB TIOJIC3HBIX HCKOIMAEMBIX B YCIIOBHSIX OT-
KPBITOTO criocoba pa3paboTKH U, B TOPa3I0 MEHBIICH
CTEIeHH, - MOJ3eMHOro. Takue paboThl, OPUEHTHUPO-
BaHHbIE HA KOMOMHUPOBAHHBIHN c1IOCO0 pa3paboTKH BO-
00I111e OTCYTCTBYIOT.

B pamkax BTOpPOro HamlpaBiIEHUS YYUTBIBAIOTCS,
KpoMe o0muX, crenupuieckne 0cOOSHHOCTH paspa-
OOTKM MECTOPO>KIEHHH PAa3HBIX MPOMBIIUICHHBIX TH-
OB, IPUMEHAEMBIX CIIOCOOO0B, CHCTEM M TEXHOJIOTHI
paspaboTku. B mociennue roabl Takue JIOKaJIM30BaH-
HBIE HCCIIEIOBAHUS BBINOJHSINCH Ha LEJIOM psizie
KPYNHBIX OpeanpuaTuid, B yucie kotopbix OAO «Jle-
6enunckmii [OK» [21], AnMasogo0biBarorias KoMIia-
nus AJIPOCA [22], AO «CYD3K-Kpachosipck» [23],
3® ITAO «Hopunsckuii HuKens» [24], Tamrarosns-
ckmii pynauk OAO «Espazpyna» [25], AO "Cespen-
met" [26] u ap.

BbiesieHne HepellleHHBIX paHee YyacTeii o0uei
npood/1eMbl

Ananmu3 paboT Kak oOIIero, Tak M JIOKaJIU30BaH-
HOTO HallpaBJIEHUH HCCIIeOBaHHUMH, OIyOJIMKOBaHHBIX
B ITOCJIEIHUE TO/IbI, TO3BOJIMJI IPUATH K BBIBOJLY O TOM,
YTO B HUX YYTEHBI JAJIEKO HE BCE aCTEKThl pacCMaTpH-
BaeMoil mpobiembl. HanmeHnee mpopaOOTaHHBIMH Ha
IIaHHBIﬁ MOMCEHT SABJIIIOTCA BOIIPOCHI, CBA3aHHBIC C
YY€TOM BJIMAHUA HAa HOPMATHBBI 3allaCOB IIOJIE3HBIX
HNCKOIIaCMBIX BCCTO KOMINIJICKCA DKOHOMHWYCCKHX, THHA-
MHYECKHX M BEPOSATHOCTHBIX (akTopoB. Hammume B
HayJHOI 6a3e TakuX «OeJbIX MATEeH» CHIXKAeT 000CHO-
BAaHHOCTH IPEAJIaraeMbIX PEILICHUH M, KaK CIIC/ICTBHE,
HEraTUBHO OTpakaeTcsi HA HOPMATHUBHOW 0a3e HOpMH-
POBaHHS 3a1acoB.

Tak, B HoBoM Konekce «O Henpax U HeIPOIOJib-
3oBaHnu Pecnyonmuku Kazaxcran» [27], BBeneHHOM B
neiicteue B 2018 romy, HET HU OJHOTO IYHKTA, OTHO-
csimerocs K cepe HOpMUPOBAHMS 3aITACOB PAa3HBIX Ka-
TEropuii TOTOBHOCTH K WX paspabotke. [IpememsHO
CKaTBIf CBOJ COOTBETCTBYIONINX MPaBWI MOXKHO
HaliTH TONBKO B «EMWHBIX TpaBMIIaX MO parfHOHAIb-
HOMY ¥ KOMILICKCHOMY HCITOJIb30BaHUIO HEJIP MPH pa3-
BEJIKE M IOOBIYE TIOJIC3HBIX UCKOMAaeMbIX» [28] , HO Bce
OHU HOCSAT JICKIAPATHBHBIA XapaKTep M BBI3BIBAIOT
0O0JIBIIIC BOIIPOCOB, YEM JAF0T OTBETOB.

Xapakrepusys B IIEJIOM COBPEMEHHOE COCTOSIHUE
00JTacTH 3HAHWM, OTHOCSAIIMXCS K TaHHOH TpoOdieme,
MOXHO CKa3aTh, YTO HAaKOIUICHHOE UX KOJUIECTBO BCE
ellle He NEPELIo B xKeaeMoe kauecTBo. 1o aToi npu-
YHHE KpallHe HU3KUM OCTAaeTCs U YPOBEHb HOPMATHB-
HOTO o0ecreueHus 3a/1a4 HOPMUPOBAHHS 3aI1acoB, KO-
TOpBIEC PUXOJNUTCS PEIIaTh HA TPAKTHKE.

eau craTtbun

[lenu maHHOM CTATHhH 3aKJIFOYAIOTCS B TOM, YTOOBI:

1. Tloka3aTh BCIO CII0KHOCTH MPOOJIEMBI U HEOO-
XOJIMMOCTh CKOPEHILIETro €€ PelIeHHUs.

2. AKIeHTUpOBaTh BHUMAaHHE HA HAUMCHEE U3Y-
YCHHBIX aCIEKTaX MPOOIeMBI.

3. IIpemmoxuTh COOCTBEHHOE BHICHBE TOTO —
KaK KOHKPETHO JIOJDKHA pelIaThCs MpobdieMa M KaKoi
WHCTPYMEHTAPHH IJIs1 3TOTO HEOOXOINM.

4. TlpuBneyr BHUMAaHHE TOCYJAPCTBEHHBIX W
KOPIIOPATHBHBIX OPTaHOB YIIPABICHHS K pacCMaTpHBa-
eMoii mpoOeme.

N3J10:keHNEe 0CHOBHOI0 MaTepuaJjia

0O0630p MPENbICTOPUH U COBPEMEHHOTO COCTOSIHUS
paccMaTpuBaeMoi MpoOJIEeMbl MPUBOAUT K CIEIYIO-
HIeMY JJOTHIHOMY BOTIPOCY — ITOYeMy, HECMOTpsI Ha 60-
Jiee YeM TIOJTyBEKOBOM MEePHO/T TPOBEICHUS UCCIIEI0BA-
HUH B JaHHOH 00JacTH, MpobiieMa Bee elle He perieHa
B ITOJIHOM ¢e 00bemMe?

OTBeT Ha 3TOT BOIPOC JJACT CTPYKTYPHU3AIHS TIPO-
OJIEMEBI U ee MPEJICTaBIICHIE B BUIEC COBOKYITHOCTH BO3-
MOXHBIX TIOCTAHOBOK MEHEE CJIOKHBIX 3aj1ad, OTIuYa-
FOIIUXCS JIPYT OT APYyTra OJHUM WA HECKOJIBKAMHU IIPH-
3HaKaMHU. DTH TPU3HAKH KOHKOHKPETH3HPYIOT YCIIO-
BUS, B  KOTOPHIX MOTYT  pEIIaThCS  3aaa4yu
HOPMHUPOBaHHUSI 3aMacoB TIOJE3HBIX HCKOMAEMBIX, a
Tak)Ke TPeOOBaHMUS, PEABSIBISCMbIC K X TTOCTAHOBKE
U perieHuio. PaccMOTprM MHOXECTBO TAaKHX MMPH3HA-
KOB To/ipoOHee.

3ama4n HOPMUPOBAHHS 3aIACOB MMOJIE3HBIX UCKO-
MMAeMBIX HEOOXOIUMO pPelIaTh KaK Ha CTaHH MPOCKTH-
pOBaHUs, TaK U HEMOCPEACTBEHHO HA JICHCTBYIOIIUX
MPEIIPUATHIX, pa3padaTHIBAIOMIAX MECTOPOKICHUS
MTOJIC3HBIX MCKOMAEMBIX OTKPBITHIM, ITOJ3CMHBIM WA
KOMOWHHUPOBAHHBIM cIT0co0aMu. [103TOMy KOJTUYECTBO
BO3MOJKHBIX KOMOHHAITUI MPU3HAKOB, XapaKTEPHU3YIO-
[UX YCIIOBUS PEIISHUS 3TUX 3a/1a4: Nl =2x3 =6.

Crenytomas rpyrmna Npu3HaKoB YUUTHIBaeT 0a30-
Bble TPEOOBAHMSI, KOTOPBIE NMPEIBSBISIOTCS K Pe3yJiib-
Taram HopMupoBaHusl. [Ipexxe Bcero aTo UX TeXHUYe-
cKkast 000CHOBaHHOCTb, B TOM YHCIIE:

a) ¢ y4eToM WM 0e3 pasJieNieHnsi Ha MPUpPOJIHO-
TEXHOJIOTHUYECKUE TUIIBI PYII;
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0) c yueroMm mim 0e3 ydyera TpeOoBaHMii K cTaOu-
JHU3alUK KauecTBa POPMHUPYEMbBIX PYIOMOTOKOB;

Texuudeckas 000CHOBAaHHOCTh HOPMATHBOB MO-
JKET JOMOJHATHCS TPEOOBAaHMEM HX SKOHOMHYECKOMN
000CHOBaHHOCTH UITH HE MPEyCMaTPUBATh 3TOTO.

Cre1oBaTeIbHO, KOJNYECTBO BO3MOIKHBIX KOMOH-

3
Hanuii 6a30BBIX TpeboBaHMUil coctaBiseT: N , = 2 =8.

[Ipu mocTaHOBKE paccMaTPUBAaEMBIX 33124, KPOME
0a30BbIX, MOTYT YUUTHIBATHCA APYTHE, JOMOTHSIIOIINE
TpeOoBaHus. Hampumep, 3amada HOPMHUPOBAHHUS
JIOJDKHA PEeLIaThCsl B CTATUYECKON WIIM TUHAMUYECKON
MIOCTAaHOBKE, C YIETOM N Oe3 ydeTa BISIHUS BEpOAT-
HOCTHBIX (JaKTOPOB.

HOSTOMY KOJIMYCCTBO BO3MOXHBIX KOM6PIHaHPII7[
2

JIOTIONTHUTEIBHBIX TPEOOBaHMMA: N3 =2 =4,

OTcrona cieyeT BEIBOJ, UTO 00IIee KOJIMIECTBO
BO3MOJKHBIX TIOCTaHOBOK 3a/1a4 HOPMHPOBAHUS 3alla-
COB IOJIE3HBIX UCKOMAEMBIX COCTABJISCT:

N=N xN_ xN =192
1 273

Ecnu k paccMOTpeHHBIM BbIlIE PU3HAKaM 100a-
BUTH BO3BMOXHOCTb HpI/IMeHeHI/IH TpaI[I/IIII/IOHHOFO, pac-
YCTHOI'0 MJIUM ONTUMHU3ALIMOHHOI'O IIOAXOAOB K peule-
HUIO paccMaTpUBAaEMOr0 KOMILICKCAa 3ajad, TO 3Ta
1UQpa T0JKHA OBITh YIBOCHA.

Takum 00paszomMm, Jake YKpyIHEHHAs CTPYKTYpH-
3amus U3y4aeMor MpoOJIeMBl YKa3bIBaeT HA OTPOMHOE
noJie Ui fanbHeel HayyHOU U MpaKTUYECKOU es-
TENBHOCTH, TTIABHBIM CMBICIIOM KOTOPOI1 TOJIKHO CTaTh
yCTpaHEeHHE «OENBIX IATEH», UMEIONINXCS B JaHHOU
oOnacty 3HaHWA. 1 HEe yIWBUTENBHO, YTO «BCIIAXATh)
JIOCTATOYHO [IyOOKO 3TO IMOJIe HE CMOTJIM HECKOJIBKO
MOKOJICHHUH YYCHBIX U CHCIMAINCTOB, TEM 0OO0Jiee YTO
IJIsT 9TOrO0 UMEIUCH O6’I)CKTI/IBHI)IC HpI/I‘-II/IHI)I - Hepe-
ctpoiika, pacmag CCCP, peIHOK, IIOKOBasi Tepanus u
BCE, UTO C OTUM CBSI3aHO.

Ha nmaHHBII MOMEHT HanMeHee pa3padOTaHHBIMH
SIBJISIIOTCS.  CUCTEMHBIC, SKOHOMMYECKHE, JUHAMHYE-
CKHE W BEPOSTHOCTHBIC acTeKThl PEIICHHUS 3aad HOp-
MHUpPOBAHHS 3aI1acOB B PHIHOYHBIX YCIOBHX. Ha ycrpa-
HEHHE ITHX «IpO0EJOB» B CYIICCTBYIOMICH HAaydHO-
METOAMYECKON 0a3e NOJIKHBI OBITh HAINPABICHBI yCH-
TUs UccliefioBartenieil, paboTaromumx B 1aHHOH cdepe.

Ilepexo K PBIHKY PaarKaJbHO U3MEHUI OOIIYIO
CUTYalLlMl0, B KOTOPOH INPUXOAUTCA pelarh 3aladu
YIpaBJICHUS MPOIECCaMU U 00BEKTaMH HEIPOIOJIb30-
BaHHs, BKJIIOYUAA 3aJaydHu HOpMHpOBaHI/Iﬂ 3aracoB I10-
JIC3HBIX UCKOIIACMBbIX. Tenepb Ha I'[epBBII\/’I IIJIaH BBIIIJINA
WHTEPEChl COOCTBEHHUKOB MPEANPHUSITUH, pa3padaThi-
BaIOMINX MECTOPOKICHNUS, 3aT1aCHI KOTOPBIX HAXOIATCS
B TrOCyIapcTBEHHOH coOcTBeHHOCTH. [lo3TOMY OuYeHB
BakHa 00OFOTHAS 3aMHTEPECOBAHHOCTh TOCYIapCTBa U
YACTHOTO KaIluTajla B YCTOHYHMBOM (DYHKIIMOHHPOBA-
HUM M Pa3BHTHH BCEro TOPHOJOOBIBAIOIICTO KOM-
JIeKca.

B ropa3go Gomblei CTETIEHH 3aWHTEPECOBAHO B
3ToM 00miecTBo. OMHAKO B MOJIOJABIX JEMOKPATHSIX,
00pa30BaBIIMXCS Ha TOCTCOBETCKOM IPOCTPAHCTBE,
HMEHHO OOIIECTBO SABJIIETCS HanboJiee cl1adbIM 3BEHOM
B CUCTEME «TOCYIapCTBO-OM3HEC-001IecTBOY». B oTin-
9He OT Pa3BUTHIX CTPAH OHO CII¢ HE TOTOBO OTCTAUBATh

CBOM MHTEPECOB M BIMATH Ha PELICHHS, IPUHUMAEMBbIE
B TOCYAapCTBEHHBIX M KOPIIOPATHBHBIX CTPYKTypax
YIpaBICHHUS.

W3MEHUTh CHUTyallMI0 K JIydlIeMy MOXHO H
HYXHO, €CJIM IICJICHAlpPaBJICHHO HCKaTh W HAaXOIHUTh
CTIOCOOBI TOCTIDKEHMSI M oA IepKaHue OanaHca MHTe-
PECOB BCEX 3aMHTEPECOBAHHBIX CTOPOH.

[TpumeHuTENBEHO K paccMaTpuBaeMoi Impobieme
9TO O3HAYaeT, YTO MpPU IOCTAHOBKE U PEIICHUH 3ajau
HOPMHPOBAHUS 3a11aCOB MOJIE3HBIX UCKOIIAEMBIX HE00-
XO/IMMO 00ECHEeYNTh MHUHUMHM3AIMIO SKOHOMHYECKHX
nocneAcTBUi  (ymep0a), HaHOCHMOTO SKOHOMHUKE
MIPEANpUATHH (a 3HAYUT UX COOCTBEHHUKAM, rocyaap-
CTBY W OOIIECTBY B IEJIOM) IIPH peaM3aIlii Ha TIPaK-
TUKE OMIMOOYHBIX, HEONTUMAbHBIX pemeHuid. Crien-
CTBHEM 3THX OIIMOOK ABISIETCS KaK Ae(UINT, TaK U U3-
OBITOK 3armacoB pa3HBIX KAaTETOpPHUH TOTOBHOCTH K JO-
ObIue, a TaKXKe YIyICHHbIE BO3MOXKHOCTH TIOJTyYECHUS
OM3HECOM JIOTIOIHUTEIBHBIX I0X0A0B, TOCYAaPCTBOM —
JIOTIOJTHUTENIBHBIX HAJIOTOB U OTYMCICHUH, a oOrie-
CTBOM — JIOTIOJHUTEIbHBIX coUUaibHbIX Onar. Ilo-
9TOMY BCEM 3aMHTEPECOBAHHBIM CTOPOHAM HYXXHO
HAy4YHUThCS MPEeBpaliaTh UMEIOILIHECs BO3MOXKHOCTH B
«BBITOAY JUIS BCEX», TO €CTh UCKATh, HAXOJIHUTH U IPHU-
HUMaTh K pealn3alii TOJIbKO ONTHMaNbHBIC, cOalaH-
CHPOBAHHBIC TIPOCKTHBIC U YIIPABICHUECKHIE PEIICHHUS.

K coxxaneHuro, cerofHs B MPOECKTHBIX OpraHu3a-
IUSIX U ACHCTBYIONIMX HPEANPUSATHAX B HEIOCTATOY-
HBIX MacIITabax UCTIONB3YIOT TaKo! 3 (EKTUBHEIH HH-
CTPYMEHTapHii 000CHOBaHUS ONTHMAJIbHBIX PEIICHHH,
KakKUM SIBISIOTCS 3KOHOMHKO-MaTeMaTH4eCKHe MO-
JIeNTH 3a]1a4 IPOEKTUPOBAHUS U YIIPABIICHUS IPON3BOJI-
CTBOM, BKJIIOYas 33/Ja4ll HOPMHPOBAHUS 3aIacoB IIO-
JIe3HBIX HcKomaeMbIX. Co31aB KOMIUIEKC MOJIENeH 3THX
3a]a4 MOYKHO «IIPOUTPBIBATEY Pa3HBIE CUTYalllH, KO-
TOpbIE BO3HUKAIOT Ha MPAKTHKE, BBIOIHATH PAacdeThl
10 00OCHOBaHMIO ONTHUMAJBHBIX 3HAUYCHWH HOpPMAaTH-
BOB BCKPBITBIX, ITIOITOTOBJICHHBIX U TOTOBBIX K BEIEMKE
3ar1acoB, BBOANTH MX B JEHCTBHE U IIPU HEOOXOANMO-
CTH OIEPAaTUBHO KOPPEKTHUPOBATH C YUETOM H3MEHe-
HUH, OPOUCXOISILIMX BO BHEIIHEH W BHYTPEHHEH
cpezne.

ITokaxem 3T0 Ha IpUMEpPE OAHOM U3 TAKUX MOJE-
JIeH, IpeTHa3HauUeHHAS [T peIleH s 3314l HOPMUPO-
BaHUS TOTOBBIX K BBIEMKE 3aITacOB B CTAaTHMYECKOH IO-
CTaHOBKE, 0€3 y4eTa BIUAHUS CITydaifHBIX (aKTOPOB Ha
MTOJTy4aeMble Pe3yIbTaTHL.

CroBecHast (hOpMYJIMPOBKA 3TOW 3a/1a4u:

- HalTH TaKie HOpMAaTHUBHBIE 3HAYEHUsI TOTOBBIX K
BBIEMKE 3ar1acaMy, BEIPa)KeHHBIE B €JMHUIIAX MacChl 1
B €MHHUIAX BPEMEHH, IIPH KOTOPBIX JIOCTUTaeTCsl IKC-
TpeMaJIbHOE 3HaueHHE BBIOPAHHOTO KPHUTEPHUS OITH-
MaJILHOCTH M 00€CIIEYMBACTCS BHIIIOIIHEHNE U TTEPEBBI-
MTOJTHEHNE MAXTOW MECSIHBIX TUTAHOB JOOBIYH PYABIL.

DKOHOMHKO-MaTeEMaTHIECKasT MOJEIb JTOM 3a-
JIa9y IMEeeT BH/I;

3 extr (D)
Ilpu
H>FB3 < HrB3 < H+FB3 ’ (2)

H'rm- < H'FB'_{ < H’rs3+ (3)
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Hr133 = H’FBS-AHII y (4)
Ad) E An.m (5)

rze O — KpUTEpHil ONITHMAIbHOCTH MPUHUMAEMBIX
pelIeHui;

Hrss 1 H 1y — COOTBETCTBEHHO HMXHHI W BEpX-
HUH NpeJiebl HOpMaTHBa FOTOBBIX K BHIEMKE 3aI1acoB
Higs, BBID@KEHHOTO B €IMHUIIAX MACCHI;

H'rss * ¥ H 1ss" — COOTBETCTBEHHO HKHUI U BEPX-
HUH MpeJieibl HOpMaTHBa FOTOBBIX K BEIEMKE 3alacoB
Higs, BBIDOKEHHOTO B €IMHULIAX BPEMEHH;

A¢ M Apz — COOTBETCTBEHHO (haKTHUECKast U Ijia-
HOBAsI ITPOU3BOANTEIBHOCTD IIAXTHI MO PYyJE.

Oynkmus nenn (1) B mogenu (2) - (5) yuuTeIBaeT
9KOHOMHYECKHE MOCIEACTBHSA PEUICHUH, HMpUHAMAe-
MBIX B OTHOIIIEHHN HOPMATHBOB I'OTOBBIX K BEIEMKE 3a-
[1acOB MOJIE3HOTO HCKOTIAEMOTO.

JIByxcTopoHHHe HepaBeHcTBa (2) u (3) 3amaroT
Hpe/ieNbl BO3MOXKHBIX 3HAYSHNUI HOPMATHBOB FOTOBBIX
K BBIEMKE 3alacoB, BBIPAKEHHBIX COOTBETCTBEHHO B
€/IMHHLIAX MACChl U eMHUIAX BPEMEHH.

OrpanuyeHue (4) y4uThIBaeT B3aUMOCBS3b HOP-
MaTUBOB Hygs ¥ H rps.

HepagenctBo (5) orpaxkaer TpeOoBaHHE BBITION-
HEHUS ¥ TIEPEBBINIONHEHNS MIaXTON 33JlaHHOTO TIIaHa
JOOBIYH PYIBI.

2500

B kadecTBe KpuTEpUs ONTHUMAIBHOCTH MOCTAB-
JICHHOH 3aJa4yl PUHUMAECTCS BEMYWHA CyMMAapHOTO
SKOHOMHYECKOTO yIepda oT pa3danaHCHPOBAHHOCTH
CHCTEMBI 00eCTIeUeHHSI IAaXTHl TOTOBBIMHU K BRIEMKE 3a-
TacaMu:

D=(V1+¥Y)min, (6)

rae Y1 - DKOHOMHYECKHHA ymepO OT CHIDKCHHS
MIPOU3BOIUTEIHLHOCTH IIAXTHI [0 MPUYMHE NehUIMTA
TOTOBBIX K BBIEMKE 3aI1aCOB;

VY, - SKOHOMHYECKHH yHIepO OT «3aMOpa)KHBa-
HUS JICHEKHBIX CPEJICTB B M30BITOYHBIX 3amacax.

Ha pucynke 1 mokasaHsl rpaduky, oTpaxkaromue
3aBHCUMOCTh HOPMAaTHBa FOTOBBIX K BBHIEMKE 3aI1acoB,
BBIPAKEHHOI0 B eIuHULIaX Macchl Higs, OT MecAauHOM
MIPOU3BOIUTEIFHOCTH MIAXTHl Ay; W HOPMAaTHBHOTO
Cpoka 00ecreueHHOCTH MIAXTHl TOTOBHIMH K BEIEMKE
3amacamu H' 14, BRIpaXKEHHOTO B €IUHAIIAX BPEMEHH.

B npencraBieHHOM cucTeMe KOOPAWHAT pacioia-
raeTcsi MHOXKECTBO BO3MOXHBIX perieHuit 3anaun (1) —
(5).

Henp ontumuzanuu HOpMaTuBOB Hiws 11 H s 3a-
KJIF0YaeTCsl B BEIOOpE M3 3TOI0 MHOXKECTBA TaKOTO pe-
LICHUs, IPU peaii3aluyi KOTOPOro CyMMapHBIM 3KOHO-
MHUYECKHUH yiepO OT pa3dagaHCUPOBAHHOCTU CHCTEMBI
o0ecTiedeHNsT MAaXThl TOTOBEIMH K BBIEMKE 3arracaMu
OyzeT MHHUMAITbHBIM.
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2000

1500

1000

Y

500
e

i

A THIC TOHH

D T T
0 100 200
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Hres =3 mec. =====H'rg3 =4 mec.

Puc. 1. 3asucumocmo Hopmamuea 20moeblx K 86bleMKe 3anacos, 6blpaisdiCeHnoco 6 e()unuuax Mmaccol Hggg,
0m MecsuHol npousgodumeﬂbHocmu uwaxnivl A,m U HOpMamueHo2o CpoKa obecneyennocmu uaxmol
20MOBbIMU K 6bleMKe 3anacamu H’g,ﬁ

I'paduk Gpynxumm nenm (6) umeer GopMy acHMMETPUYHON BOTHYTOH KPUBOH, NOKAa3aHHOW Ha puc. 2.
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Puc. 2. I'paghux ghynkyuu yenu (6)

JleBass BeTBb 3TOM KpPUBOHM OTpakaeT BIIUSHUE
00BeMa TOTOBBIX K BBIEMKE 3alacoB 3 Ha MEPBYIO CO-
CTaBJIAIOUIYIO SKOHOMHUYECKOro yuiepba O, a npaBast —
Ha €T0 BTOPYIO COCTaBIIAIONIY0. BOMM3M ToukM mepe-
ruba 3TOH KpHBOH pacronaraercs o01acTb ONTUMANb-
HBIX, COaTaHCHPOBAHHBIX PEIICHHUH, B IpeaeIax KOTo-
pOH HEraTHBHBIC IOCIECICTBHS HEXBATKH M HM30BITKA
TOTOBBIX K BEIEMKE 3aI1aCOB Ha 3KOHOMHMKY IIAXTHI CTa-
HOBSITCS MHUHHMaJbHBIMU. [l0 pacmosokeHHIo 3Toi
001aCcTH Ha OCH a0CIMCC MOYKHO ONPEAETUTh HHKHIOIO
H s 11 BepxH0t0 H' 145 TpaHuUIIBI HHTEPBAJIA ONTHMATB-
HBIX 3HAUE€HU HOPMaTHBa TOTOBBIX K BEIEMKE 3aI1acoB,
BBIPQXEHHOTO B €AMHHUIIAX MAacChl. 3aTe€M, HCIIOJIB3Ys
paBeHCTBO (4), N7 3aJaHHOUN TIAHOBOW TPOU3BOIM-
TEJNBHOCTH IIAXTHI 10 PyJe Ay PACCUUTHIBAIOTCS HUXK-
Hsist H s ¥ BepxHsist H " rpaHMIlBl HHTEPBANA ONTH-
MaJIbHbIX 3HaYE€HHH HOPMaTHBa TOTOBBIX K BBIEMKE 3a-
11acoB, BBIPAXKEHHOTO B €IUHMIIAX BPEMEHH.

JluHaMu4deckast 3alMCh MOJENH paccMaTpHBae-
MOH 3aJaull UMEET BUJL:

D(t) = Vi(t) + Va(t) min, (7
IIpu
Hrws (8) < His () <H%s (), (8)

H’I‘BS- (t) < H’rm(t) < H'r33+(t); (9)

HrB3 (t) = H'FB3(t) 'Arm (t)' (10)

Agp (1) > An(t). (11)

Bce aneMeHTBI 3T0# MOJIENN TOCTABJICHEI B 3aBU-
CUMOCTb OT BPEMECHH tc TCJIIBXO BBISIBIICHUSA BIIUSTHUS
3TOr0 BaXKHOTO (haKTOpa Ha PEe3y/IbTAThI PEUICHUS 3a-
Jadui HOPMHPOBAHHA I'OTOBBIX K BBIEMKE 3aI1aCcoB I10-
ne3”oro uckomaemoro. [Ipu t = const nunamuueckas
mozens (7) - (11) mpeBpamaercsi ¢ UCXOAHYIO, CTaTH-
yeckyro mozens (1) — (5).

OpraHu3oBaB MOHUTOPUHT TIOKA3aTEIICH, BIHSIO-
IIMX HA HOPMATHBHI 3alacoB, M 3aMKHYB HaOIromac-
MBbIC UX 3HAYCHHUS Ha BXOJ AMHAMHYECKOW Monenu () -

(), MO’KHO C e¢ MTOMOIIIBIO TI0 MEpe HEOOXOAMMOCTH Tie-
peCUUTHIBATh W 3aTEM BBOIUTH B JCHCTBHEC HOpMa-
TUBBI, MOIACPKUBas TAaKAM 00pa3oM BCIO CHCTEMY
obecrieueHns] MIAXThl TOTOBBIMH 3allacaMy B OITH-
MaJIbHOM, COAITaHCUPOBAHHOM COCTOSTHHU.

BbIBO/IbI U NIPE/1JI0KEHUST

[TpoBeneHHOE HCCIieOBAHIE MO3BOIIIO MPHUHTH
K B BBIBOJIY O TOM, YTO HECMOTPSI Ha OOJbIINE YCUIIHS,
MPUJIOKEHHBIE HECKOJIbKUMHU MOKOJICHUSAMH YUEHBIX U
CIHEHHAIUCTOB K PEIICHHUIO MPOOIeMbl HOPMUPOBAHHUSI
3aMacoB IMOJIC3HBIX MCKOIMAEMbIX M0 CTEMEHHU IMOAro-
TOBJICHHOCTH K JI00bIUE, OHa BCE €IIIE TaieKa 10 CBOETro
peIeHus.

I'maBHasi mpUYKMHA 3TOrO KPOETCs, C OJHOW CTO-
POHBI, B OOJIBILION CIOXKHOCTH IMPOOJIEMBI, YTO HOA-
TBEPIKIAETCS PE3yJbTaTAMU €€ CTPYKTYpHU3AlluH, a C
JPYroil - B HEJONOHMMAHUH BaXKHOCTU M aKTYalTbHO-
CTH paccMaTpuBaeMoil MPOOJIEMbI CO CTOPOHBI TOCY-
JIapcTBa, OuszHeca u obmiectBa. g crpan, noOkIBaro-
omx B OONBIIHX 00beMax MoJIe3HbIe HCKOMaeMble, 0y-
JeT OOJIBIIOI U HEONPaBIAHHOM POCKOIIIBIO PACTSIHYTh
peleHne TpoQBEMBI Ha cleayromme mnonuBeka. Ilo-
STOMY HCCIIeIOBATENs M, pabOTarOIIUM B 3TOH 00J1acTH,
HY)KHO CKOHIICHTPHPOBATh CBOM YCHJINS HA HAaUMEHEE
HU3YYEHHBIX CHCTEMHBIX, THHAMHUYECKUX, BEPOSITHOCT-
HBIX U YKOHOMHYECKHMX ACIIEKTax MPOOJIeMBbI, a rOCy-
JAPCTBCHHBIM W KOPIIOPATHBHBEIM OpraHaM yIIpaBiie-
HUS [IPH AKTHBHOM y4aCTHU OOIIECTBCHHBIX OpraHM3a-
Ui OKa3bIBaTh UM B TOM JCHCTBEHHYIO IOMOIIb U
MO IICPIKKY.

O¢ddexkTuBHBIM HHCTpyMEHTapueM, MpeIHa3Ha-
YEHHBIM JI PEUICHHS 33]ad HOPMHPOBAHUS 3aII1acoB
MTOJIC3HBIX MCKOIACMBIX 110 CTEIECHH IMOArOTOBICHHO-
CTH K 100BIYE, MOTYT CTaTh MX 9KOHOMUKO-MaTEMaTH-
YECKHE MOJENH, KOTOPHIE BCE €IIe PEIKO IMPUMEHS-
FOTCS B Chepe MPOSKTHPOBAHUS U YIIPABJICHUS TOPHBIM
MMPOU3BOJACTBOM. B KadecTBe NMPUBEICHBI JBE TAKHX
MO/ISIIH, IPeIHA3HAYCHHBIC [IISl PELUICHHS CTATHYECKUX
Y TMHAMHYCCKHX 3a]1a4 HOPMHPOBAHUS TOTOBBIX K BBI-
€MKE 3alacoB MOJIC3HOIO HMCKOMAEMOT0 B YCIOBHAX
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JleHcTByIOIed maxThl. [[pUHIUNINAIBHO BaXKHBIM SIB-
JSIETCST BO3MOYKHOCTD TIOJTY4EHHUS HA X OCHOBE HHTEP-
BaJIBHBIX 3HAYEHUI HOPMATHBOB 3aI1acOB, KOTOPHIE IO
CPaBHEHHIO C TPAAULINOHHBIMHU, TOUCYHBIMA UX 3HAUC-
HUSMH B OOJIBIIIEH CTETICHH COOTBETCTBYIOT PEaIbHBIM,
YacTO MEHSIOIIUMCS YCIOBUAM PaOOTHI MAXT U PYIHH-
KoB peIHKe. Ho emme 6omee BaKHOW SABISETCS BO3ZMOXK-
HOCTh MUHHUMH3AIUN C UX HOMOIIBIO Y3KOHOMHUYECKHUX
MOCJEACTBUM TPUHATUS OMIMOOYHBIX PEIICHUN TNPHU
HOPMUPOBAHUU 3aMacOB MOJIE3HBIX UCKOMAEMBIX B CO-
BPEMEHHBIX YCIOBHUSX.
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ASSESSMENT AND CARTOGRAPHY OF VILLAGE RISK IN THE BASINS OF THE RIVERS OF
THE RIVER AND ULKEN ALMATY RIVERS

Meoey Axmemkan Paxmemynnaeeuu

Axademux HAH PK, oupexmop Hucmumyma eeoepagpuu MOH PK,

2. Aimamuol
bnazoeewencxkuit Buxmop Ilemposuuy

Jloxmop ceoepapuueckux HayK, ea6HBIU HAYUHBIL COMPYOHUK

Hucemumyma 2eoepagpuu MOH PK, 2. Aimamot
Panosa Candyzaw Ycenoena

Kanouoam eeoecpagpuueckux nayx, pyxogooumens 1a00pamopuu npupoousbix onacHocmel,

Hucmumym eeoepagpuu MOH PK, 2. Aimamot
Myxnucosa Amapxan Axyooena

Mnaowwuil nayunsii compyonux Mncmumyma zeoepagpuu MOH PK,

2. Anmamot

OIIEHKA U KAPTOTPA®UPOBAHUE CEJEBOI'O PUCKA B BACCEMHAX PEK KUIIIU U
YJKEH AJIMATBI

AHHoOTanus. B cTatbe paccMaTprBaroTCs BOIIPOCHI, CBSI3aHHBIE C OIIEHKOH U KapTorpadgupoBaHUEM CEIEBOTO
pucka B 6acceitnax pex Kumm n Yiken Anmatsl. OneHKka ceneBoro pucka NpoBOJUTCS HA OCHOBE TPEX COCTaB-
JISTIOIINX : PKOHOMHUYECKOH, COIIMAIbHON M SKOJIOTHYSCKOM.

Abstract. The article considers issues related to the estimation and mapping of mud flow risk in the basins
of the Kishi and Ulken Almaty rivers. Risk estimation of mud flows is carried out on the basis of three components:

economic, social and environmental.

Krouesvie cnosa: cenegoil puck, 3KOHOMUYECKUL PUCK, COYUATbHBIL PUCK, IKOJIOSUHECKULl PUCK, 00beM,

OYeHKa U Kapmozspauposanue ceneso20 pucka.
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OmueHKa ceIeBOro pucKa IMPOBOJUTCS HA OCHOBE
TPEX COCTABJIAIOUINX: 3KOHOMUYECKOH, COUUAIBHON U
9KOJIOTHYECKOH, a B KadecTBe OOIIEro KpHUTEpHs
OLICHKH PUCKA MPUHST JACHEKHbIH OKa3aTeb.

IKoHOMUUECKAA ~ COCIMAGNAINOWAA  CENE6020
pucka omnpejensercs kak noodsektHo (RF), Tak u mo
Oacceitny pexu (RE).

RE="F XV,
RE = RE

I'ne, EVi— onleHOuHas S5KOHOMHYECKAsi CTOM-
MOCTh BOCCTAHOBJICHHSI i-TO O0BEKTA. P, — BEPOAT-
HOCTb BO3JICHCTBHS CEJICBOTO MOTOKA HA I-if 00BEKTA.

HecmoTps Ha 00ITBII0# HAKOTIIICHHBIA HAYYHBIN H
MIPUKIIATHOW OIBIT M3y4eHHUS U OOPBHOBI C CENeBHIMHU
MOTOKaMH, Ha JAHHOM dTarle UCCICIOBaHUS HE IMpe.-
CTaBIISICTCS BO3MOXHOM TOYHAas MPOTHO3HAS OICHKA
BPEMEHH M BEMYMHBI CEIEBOTO MOTOKA. B 3THX ycio-
BUSAX JJIS OLIEHKU BEPOSITHOCTH CEJIEBOM OMTACHOCTH OTI-
TUMaJbHBIM SIBJISIETCS HCIOJh30BAaHUE CIIEHAPHBIX
MOJIXOJIOB JIJISl OIpENIeTICHHsI OCHOBHBIX MapaMeTpOB:
YaCTOTHI CEJICIPOSIBICHIH U YCTOHYMBOCTH OOBEKTOB
K MX BO3JICUCTBUSAM.

Iosmopsaemocmo unu yacmoma cenent onpenens-
Jach 1Mo MaTepuajaM MHOTOJICTHUX HaOmoneruit. [1o-
BTOPSICMOCTh CeJIeH OIpeneNsiach 1Mo TPEeM KaTero-
pHsIM.

e QOuenb peakas — pexe 1 paza B 100 ner.

e Penkas — 1 pa3 B 50-100 ner.

e UYacras — yamie 1 pasa B 50 jer.

Ilo ycmotiuugocmu x go3deticmeuio ceneili BCE
00BEKTHI pa3/IeNIeHbl Ha TPYU KaTeTOpUH.

e Bricokas — 00BEKT MOMYy4YaeT HE3HAYUTEINb-
HBIC TIOBPEIKICHNUS, HE TePss CBOUX (DYHKIIHOHAIBHBIX
CIIOCOOHOCTEH.

e CpemHss — 0OBEKT MONTydaeT 3HAYUTEIBHBIC
MOBpEeXICHUA. [Ipyn 3TOM OH YaCTHYHO TEpsieT CBOHM
(hyHKIIMOHATBHBIE CIOCOOHOCTH, KOTOPBIE MOTYT OBITh
BOCCTaHOBJICHBL.

e Huskas — 00bEKT YHHUTOXKACTCS MTOTHOCTHIO.

OnacHOCTh CeJIeTPOSIBICHHS TPSMO 3aBUCHT OT
MOIITHOCTH CEJIEBOTO TIOTOKA, KOTOPBI OMPABIISIOT €T0
pa3pyUIUTENbHBIN XapakTep, | ASTUTCS Ha CIIETYIOIINe
KaTeropuu:

e oueHb KpymnHbIe cenu — 6onee 1000 Toic. M3,

e kpynusie ceau — 100-1000 thic. M3

e cpennue cemd — 10-100 Teic. M3;

e Menkue ceau — MeHee 10 Teic. M5,

[Ipu 3TOM CeneBoi pHCK, B HEISIX BHIOOPA OITH-
MaJIEHOTO cItoco0a yIpaBlICHHUS MM, MOXET OIpee-
JISITHCSL B BUJE CIEAYIOIIMX MOKAa3aTele: MaKCuMallb-
HOTO €IMHOBPEMEHHOTO CEJIEBOTO PUCKA, CYMMapHOTO
CEJIEBOTO PHCKAa B TEUEHHE 3aJlaHHOTO MHOTOJETHETO
nepuoja, eXEroJHOTO CEJIeBOro prucka. Makcumalb-
HBII €IMHOBPEMEHHBIN PUCK ONpPEAEIsieTCs B MPEIo-
JIOXKCHHU CITydasl MPOXOXKACHUS CaMOTO KPYIHOTO H3
BO3MOYKHBIX JUISI JAHHOTO CEJIEBOTO OOBEKTA CEIeBOTO

noroka. CymMMapHasi OLIEHKa CEIEeBOI0 PHUCKa B Tede-
HHUM 33JJaHHOTO MPOMEXYTKa BPEMEHH CKIIaJbIBACTCS
n3 ymepOoB, HAHOCHMBIX Ha HCCIEAYEMOW TEPPHUTO-
pUM BCEMH CENCBBIMH ITOTOKAMH Pa3HOM MOITHOCTH
[1].

CyMMapHasi OLIEHKa CeJIeBOr0 pHCKa OT OYEHb
KPYIIHOTO CEJEBOI0 MOTOKA Ha JAHHOW TEpPHUTOPHUHU
BKJIIOYAET M OLEHKY BO3MOXKHBIX YIIEPOOB OT KpyIl-
HBIX, CPETHUX U MEJIKHX CEJIeH, T.e.:

Rok = Pok X Yok + Pg XYk +pc XY +pu X Yy,
Ry =pg X¥g +pc X Yo +pu X Yy,
Re=pc X¥Yc +puxXVYu,

Ry = pm X Yy,

rae Rokx — ceneBoil pucK OueHb KPYHHOTO Ces,
Pok, Yok — BEpPOATHOCTh BO3HHKHOBEHHS CEJIEBOIO
pHCKa W BelMYMHA ymiepOa B ciiyyae ero HpoxoXKie-
HUSI, COOTBETCTBEHHO Ry, Pk, Yk — TOXeE IS KPYITHBIX
cenel, Re, Pe, Yo — Toxe nns cpennux ceneit, Rv, Pw,
VM — TOXE I MEJIKUX CeJIEH.

Ha ocHOBe NpOBOIMMBEIX HaONIOAECHHH OBLIO
ycTaHoBJIEeHO, 4TO ¢ 1990 mo 2015 r. B e Anaray 3a-
¢ukcupoBano 246 ceJeBHIX SBJICHUH, BKIIOYas HAHO-
COBOJIHbIC, TABOJIKA U HEOOJIBIINE CEJIeBBIE BHIOPOCHI.
W3 HUX OYeHBb KPYNHBIX — 2, KPYIHBIX — 4, CpEIHUX —
23, menkux — 218 Mmenkux cenemnposisienuii [2,3]. Ta-
KUM 00pa3oM, B CpeJTHEM Ha HCCIIEAYEMOM TEpPUTOPUH
Ha | OYeHb KPYIHOE CEeNECHPOSIBICHHE IPUXOIUTHCS 2
— kpynHBIX, 10 — cpennux, u 100 Menkux, cOOTBET-
CTBEHHO Ha | KpynHbIi cenb — 5 cpenHux u 50 Menkux,
aHa 1 cpenuuii cenb — 10 Menkux.

Jns  ynpomieHust pacdyeToB CENEeBOTO  PHCKa
BBE/IEM IIOTIPaBOYHBIN K03 UIIMEHT, B 3aBUCUMOCTH
OT KaTeropuu cejsi, IpUHUMas 3a 0a30BBIHA ymepo oT
MEJIKHX CEJICTIPOSIBIICHHUH, paBHBIN eIUHMIIE, YIIEPO OT
10 menkux ceneil paBHBIA OJHOMY CpeAHEMY, yIIepO
ot 10 cpenHux cemneit - OTHOMY KpYITHOMY | yHIiepo oT
10 xpymHBIX ceyeil - OIHOMY OYeHb KPYIHOMY, T.€.
HPONOPLHOHANBHO MOKA3aTeIsIM MOIIHOCTH CEJIENpo-
SIBJICHUI.

Takum o00pazoM, MonpaBoyHBI Kod(duIHEeHT
JUIS PacyeToB, YUUTHIBAIOUIMNA MOILIHOCTb CEIENpPOsB-
JICHUH PaBeH,

Ry =pux¥y =1
Rc=pc XV¥c +pu XYy

Pc XY + 10pc Xl—loyc
2(pc xY¢) -2
Ry =px XYg + pc X ¥Ye +pu X Yu

= pg X Vg + 2(pcxyc%
P X Vg + Z(Sprl—OyK)
2(pg XxYg) > 2
Rok = Pox X Yok +Px XYk +Pc X Yc +pu X Yn

= Poxxyox+2(Pz<xy}<)1

pOnyOK+2(2p0KXEyOK>
=1,4(pox X Yox) — 1,4
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Ha ocHOBe BBIIEU3TOXKEHHOTO MOXHO OIpeje-
JIUTH BEPOSATHOCTH CEJIEeBOI OMACHOCTH IS OTACIHHO
B3SITOTO OOBEKTa HMCHOJIB3Ys PAa3IMIHBIC BO3MOKHEIC
CIICHapHUH UCXOJI0B CUTYAIIHH:

pi™ = PW X RT" X ST{" (mecCHMUCTHIECKHIA,
MECCUMUCTHYECKH);

p?° = PW X RT° X ST (ONTHMHCTHIECKHIA, OTI-
TAMHUCTUYCCKHH);

pi" = PW X RT° x ST (onTUMHCTHYECKHUH,
MECCUMHUCTHYECKUI );

pi® = PW X RT"™ X ST (TleCCUMHUCTHICCKHH,
ONTUMHCTUYECKUI);

P, — apudMeTHUecKii CpeaHNI ToKa3aTeNb Bepo-
SITHOM CE€JIEBON ONACHOCTH OT MPEJCTABICHHBIX HCXO-
JIOB.

CouuanvHasn cocmasnaOuan ceneeozo pucka

Ha ceronmusmauii teHs HAYIHBIX Pa0dOT MO OIICHKE
CEJIEBOTO PUCKa JJIs HACeJICHHUs He MHOTO. B ocHOBHOM
JUI KOJTMYECTBEHHON OIIEHKH COIMAJIbHOTO PUCKA HC-
MOJIB3YETCsl MEJOJAWKa, onucaHHas B padore A.JL.
[[THpImapkoB u coaBTopamu [4]. 1Jis OlIeHKH pHcKa ce-
JIEBBIX IIOTOKOB HCIIOJIB3YIOTCS CIEXyIolue Iapa-
METPBHI:

- BEPOATHOCTH F'MOENH YelIoBeKa B pe3yIbTaTe ce-
JICBOTO TIOTOKA B TEYCHHUE TOJ1a HAa ONPEACIICHHON Tep-
putopuu;

- BEPOSITHOE KOJMYECTBO KEPTB OT Celiei B Teue-
HHE TOJa Ha ONPEACTICHHON TePPUTOPHH.

B ¢dopmynax mns pacuera WHAWBHUAYAIBHBIX H
KOJUICKTHBHBIX PHCKOB YUHTHIBACTCS WX 3aBUCHMOCTH
OT TAKUX KOJUYECTBEHHBIX II0KA3aTeJeil CEeJIEBOM aK-
TUBHOCTH, KaK 4acTOTa, MPOJOJIKUTEIBHOCTE OCHOB-
HOTO Ie€proJia CEJICBbIX IOTOKOB, BJIUAHUC TCPPUTOPHUU
U ColMaNbHbIe (PAKTOPHI (YUCIACHHOCTA M IUIOTHOCTH
HaCeJIeHHs, 3aCelICHHOH IJIoNIa i, ysI3BUMOCTH Hace-
JeHWs B TIPOCTPAaHCTBE M BpeMeHH, KoddduimeHTta
CMEpPTHOCTH).

O1eHKa KOJUIEKTUBHOTO PUCKA MIPOU3BOIUTCS TI0
tdopmyne [4]:

Rmf=Pmf-Vs-Vt-d-KI-F,

rae Rmf — xomnexTuBHEI ceneBoit puck; Pmf -
MOBTOPSIEMOCTB Celled; VS - ysI3BUMOCTb HAaceJICHUs B
MpOCTpaHCTBE; Vt - yA3BHMOCTh HaceJIeHHS BO Bpe-
MeHH; d - TIOTHOCTh HACEJICHUS Ha OLICHUBAEMOM Tep-
puropun; Kl - xo3dduiment nerampHOrO HCxoma ot
CeJIeBBIX ABNIeHMH; F - 3aceneHHas miomanp B mpene-
JlaX CEeJIeO0NacHON TEPPUTOPUH.

B npexacraBneHHON METOIUKE B YUCIO BO3MOXK-
HBIX 4Y€JIOBEYECKHUX JKEPTB HE BKIIOYEHBI OTABIXAIO-
IIKEe, XOTS ATO SBJISIETCS BaXKHEHIMM pakTopoM Ha Hc-
cleyeMoi TeppUTOPUH, T.K. OHA OTHOCUTHCS K TEPPU-
Topun Mne Anarayckoro HallOHaJIbHOIO apKa, KOTO-
pBIi exeroaHo mocemniart oonee 700 THIC. TYPUCTOB.
Hacenenne, mOCTOSTHHO MPOCIDKMBAIOIIEE HA JTaHHOH
TEPPUTOPUH, B OCHOBHOM Oarofapsi KOMIUIEKCY IPO-
THUBOCCJICBBIX 3alIUTHBIX MepOHprITHﬁ, HaXOoJuTCs
BHE CeJIe0NacHoi 30HsI [5].

brnarogapss mooOBEKTHOH OIEHKE CeNeBOil omac-
HOCTH, MOXKHO C JIOCTaTOYHOM CTENEHBIO JOCTOBEPHO-
CTH ONPEJEIUTh KOJUUECTBO MPOKUBAIOIINX B CEIE0-
MAaCHOM palioHE U BO3MOXKHOE€ YMCIO OTIBIXAIOLIMX,

MOJIBEPTraloOIUXCs PUCKY B CEIECOMACHOM MEpHUOA IO
OacceitHy peku:
Re=((@xVi+kyXDXV)XEVy,
__SBXEY,
- XEV

rne, Rs — conuanbHas COCTaBIAIOIIAs CEIEBOIO
pucka, kg — cpeHsst 1015t cenel, YrpOosKaroIiX OT/bI-
XaIOIIMM KO BCEM CEJICTIPOSIBICHUSM, Vs, Vi — Konnde-
CTBO NPIDKUBAIOIIMX U KOJIMYECTBO OTJBIXAIOLINX Ue-
JIOBEK, COOTBETCTBEHHO, MOBEPIaOLIUXCS PUCKY B Ce-
JeonacHbll nepuod, EVy — HOMuHanbHas ctpaxoBast
CTOMMOCTb YeIIOBEUECKOH JKU3HU.

DKonozuueckan  cocmaenAwWAA  Cenesozo
pucka. DKOIOTHYECKasl OI[EHKA CEJICBOTO PHCKa C TEOo-
PETHKO-METOIOJIOTHYECKON TIO3UITIH HE PEACTaBIISIET
CYIIECTBEHHBIX TpyaHOCTed. OHa SABIIETCS MPOU3BE-
JICHUEM IKOJIOTMYECKON HIEHHOCTH TePPUTOPUH, HAXO0-
JiALIEeNcs B 30HE CEJIEBO ONMACHOCTH, Ha BEPOSATHOCTH
CeJIenpOsBICHUI:

REg = ﬁx NWTW;T/;_MV/V’
__ IBXEV,
T YEY

rne, Reg — 9Komorndeckass COCTaBISIOMIAas cele-
Boro pucka rue, NWtw — CTOUMOCTHasI OIICHKa IpH-
poIHOTO OOraTcTBa TEPPUTOPHH HCCIIEAyeMoro Oac-
ceiiHa pexu, Stw — IUIOMIAJb MCCIeAyeMOl TeppUTO-
puH, Smw — IUIOLIAab TEPPUTOPUH IOJIBEPKEHHOI! Cce-
JICTIPOSABIICHUSM.

OpHaKo B IPUKIATHOM aCHEKTe KOJIMYECTBEHHBIN
pacueT mpeACTaBisIeT 3HAYUTEIbHYIO TPYJHOCTb, CBSI-
3aHHYIO C YKOJIOTHYECKOH OIEHKOW TEePPHUTOPHUH, TEM
OoJiee TEPPUTOPUH, BXOAAIICH B TeppuTopuio Harwmo-
HAJIBHOTO TapKa.

Oco000 oxpaHsieMbIe TEPPUTOPUN — ITO HE TOIBKO
OnarompusATHas TPUPOJHAS Cpeia, oOecIeunBaroas
COXpaHeHHe OMOpa3HOO0pa3us MPUPOIHBIX U KYJIBTYp-
HbIE JAaHANIA(QTOB, HO U TEPPUTOPUH, OOECICUUBALO-
IIMe HaceJIeHHe OTPOMHBIM KOJIMYECTBOM pa3HooOpas-
HBIX YCJYT, CIIOCOOCTBYIOIINX Pa3BUTHIO 3KOCHCTEM-
HOT'O Typu3Ma, U ABJIAIOINXCA z[paﬁBepaMH SKOHOMMU-
yeckoro pocra. Yucras BoJa W YMCTBIA BO3AYX
HaMpsIMyIO BJIMSIOT Ha 30POBBE M COLMANBHOE OJaro-
MoNTy4Yre TpakaaH. YeM BBIIIE COXPaHHOCTh U €CTe-
CTBEHHOCTB HKOCHUCTEM, TEM CTaOMIIbHEE 1 OO0JIbILE MO~
CTYILUIEHHE SKOHOMUYECKUX BBITOJ OT CYILIECTBOBAHHUS
1 (QYHKIIMOHUPOBAHUSI 3aMOBEAHBIX Tepputopuii. ITo-
9TOMY OLleHKa Tepputopun Mne Anarayckoro Hamuo-
HaJILHOTO MapKa ObUIa OCYIIECTBICHA aHAJIOTHYHO KO-
HOMHUYecKoW oueHke KpoHoIkoro 3amoBegHUKA Ha
KamMuatke, HO ¢ y4eTOM HallMOHAIBHBIX OCOOEHHOCTEH
TEPPUTOPUU COCTOSIHUA M pa3BuTus HanuonansHOro
napka [6].

[To onmcaHHOI1 BbIllIE METOJUKE BBIIOJIHEHBI pac-
YeThI CEJIEBOr0 pUcKa B OacceiiHax pek Kumm n Yiken
AnMartsl. Pe3ynbTaTsl pacdeToB NPUBEIECHBI B IPUIIO-
EHHU. PacuyeTsl 5KOHOMUYECKOTO PUCKA BBITOTHEHbI
JUISL KXKJI0TO 00BEKTa, OABEPIKEHHOTO BO3AEHCTBUIO
ceneil. CpeaHuii roJoBol ymepO paccuuTaH ¢ yueTom
CTOMMOCTH O00BEKTa, BEPOSTHOCTH BO3/EHCTBUS Celsl,
€ro pa3pyIIUTEIHLHOW CITIOCOOHOCTH W yCTOHYHMBOCTH
o0BeKkTa K ceneBbIM Bo3aelcTBuAM. OOIIUi pUCK MO
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OacceiiHy TOJy4aeTcsi CYMMHPOBAHUCM YIIEPOOB IO
BceM 00BbekTaM OacceliHa.

Ipu pacuemax cenegozo pucka cmoumocms 00%b-
eKMo8 onpeoeisiach ciedyiouum oopazom.

DKOHOMMYECKAS OLIEHKA OOBEKTOB COOCTBEHHO-
cTH (4acTHOH, TOCYIapCTBEHHOH), OCYIIECTBICHA IO
BOCCTAHOBUTEIFHOMY TPHHIUMY, T.e. CTOMMOCTBIO
BOCCTAaHOBJICHUSL OOBECKTOB, IMOJBEPTaIONIUXCS Celie-
BOMY PHUCKY MPHUBEICHHOMY K HACTOSIIEMY BPEMCHHU.
Jlis enuHOOOpa3us OICHKH CTOMMOCTH BOCCTaHOBJIC-
HUS BCE TUIOBBIC 00BEKTHI OIICHEHBI OJTMHAKOBO, HETH-
MOBBIC OOBEKTHI — OICHEHBI HHIMBHUYalbHOI OCHOBE,
HA OCHOBE 3KCIIEPTHOM OLICHKHU.

Coyuanvuas oyenxa 6a3upoBanack Ha JCHEKHOM
OIIEHKE HKOHOMHYECKOW IICHHOCTH YEJIOBEUECKOU
JKU3HH KaK eIUHHIBI TPYZOBOTO pecypca: cpenHee Ko-
JIMYECTBO JIET ITOKUTHA U Ha CyMMY TUCKOHTHPOBAH-
HBIX J0XOJa 3a TPyIOBOH mepuon. PaccumranHas mo
HaHHOﬁ METOAUKE CTOUMOCTD X KU3HU CPEAHCCTATUCTU-
gyeckoro xwurens Kazaxcrana Obuia oreHena B 136000
nomn. CIIA.

Oxonoeuveckas oyenxa 0azupoBaliach HA METO-
JIUKE 3KOHOMHUYECKOW oreHke KpoHoukoro 3amoBej-
HuKa Ha KamuaTke, KOTOpBIN ObLT OlleHeH Ha 3,9 mup.
nmomnapoB CIIIA. Ha 3Toit ocHOBe ObLiIa OCyIIeCTBICHA
onenka Mne Anarayckoro HanumonaneHoro mapka, ¢
KOPPEKTHPYIOUIMMHA TOKa3aTesIMA TaK MO IDIOIIA TN
TEPPUTOPUH, TIO HACEICHUIO, MPKUBAIOIIEMY BIOIH
€ro TPaHHIl, IO CO3/IaBacMbIM PabOYNM MecTaM, U KO-
JMYECTBY TOCEIIAIOIIUX €r0 TYPHUCTOB, TaKMM 00Opa-
30M, €T0 JCHEXHas OlleHKa cocTaBmia 1,3 Mipa. a07-
napos CIIIA.

DOkoHOMHYHAs olleHka Mie Amarayckoro 3amo-
BEJIHHUKA CJIAraeTCsl U3 JABYX COCTABIIIONIMX: MPHPOI-
Hasgd HEHHOCTH IapKa U CHEKTP SKOCUCTEMHBIX YCIYT
MpeiaraeMbIX 3allOBETHON TEPPUTOPHUEH.

[IpupogHas mEeHHOCTh TapKa CKIANBIBACTCS W3
MPUPOIHON IIEHHOCTH €ro PECypcoB, BoJa (ITUThEBOE
BOJIOCHAOKEHNE W THIPOIHEPTETHKA), BO3IYX, Nepe-
BB, IIeNIecOHBIC HCTOYHUKH | T. 1. [IpupogHas meHHOCTh
paccuMThIBalach WCXOAS W3 AHAJIOTUYHOW OICHKH
Kponorkoro 3anoseguuka (3,8 Map1 10JUT) IPOMIOPIIN-
OHAJBHO pa3MepaM TEPPUTOPUH U COCTaBUIA 657 MITH.
nomnapoB CIHA. Jpyras YacTh 3KOHOMHUYECKON
OIIEHKH COCTABIIIOT 3KOCUCTEMHBIE YCIIYTH Tpe/jiara-
emble Mne AJ'[aTayCKI/IM HalMOHAJIBHBIM MApKOM JJIA
HaCCJICHUA U TYPHUCTOB, TaK K€ OHeHCHHOﬁ B COOTBET-
CTBHE OIICHKOM 115t 3amoBeaHuKa (1,9 MitH g10I11.), Tak
BJIOJIb TpaHuIl KpOHOIIKOTO 3alOBEHHUKA TIPOKUBAIOT
33 TBIC. YETOBEK, IPSIMBIMHU BBITOJOMOIYYATEIISIMU SB-
mstrorest 140 genoBek (paboTaloT B 3aII0BEJHUKE), CPEA-
Hee yucio TypuctoB 3a rog 5000 u; Baonb rpanuy Mie
AJaTayckoro HaIMOHAJIBFHOTO TapKa MPOXKHBAIOT
OKOJIO 2 MIJIH Y€JIOBCK, U3 HUX IIPAMBIMHA BBIT'OJOIIOJTY-
yarensiMu ABIstoTCst 0koa0 10000 gemoBek, B IO €ro
nmocemaroT mopsaka 700 TBIC. TYpHUCTOB, COOTBET-
CTBEHHO OH OICHHUBACTCA IIO0 3TOMY KPUTECPHUIO Ha
cymmy 653 ThIc. mosmapoB CILIA. O6mias sSkoHOMIUe-
CKas I[EHHOCTh Mie AnaTayckoro HalHMOHAIBHOTO
napka coctasiysieT 1310 muH o

Kapmut cenesoco pucka

Pe3ynbTaThl pacyeToB CEICBOrO pUCKA OBLIM WH-
TErPUPOBAHBI IO YaCTHBIM CEJIEBBIM OacceifHaM, 9To
M03BOJIMJIO COCTABUTh KapThl CEJIEBOIO PUCKA, IPUBE-
JeHHbIe Ha pUCYHKaX 1-3. 30HBI BO3IEHCTBHA CeleH,
BBIJICJIEHHBIE HAa KapTax CEJIEBOW ONACHOCTH, COCTAB-
JICHHBIX Ha 4 3Tane padot, OpuH qudQepeHIIPOBAHBI
IO TPEM YPOBHSM pHCKa (HU3KHHA, YMEPEHHBIH, BBICO-
KHif), B 3aBUCUMOCTH OT TSDKECTH MOCJEICTBUN cele-
BBIX BO3JEHCTBUI U UX MOBTOPSAEMOCTH. TspKecTh Mmo-
CJIEJICTBUH OILICHUBAJIACh MO BEJIUYUHE BO3MOKHOTO
ymep6a no rpananusam YC, npunsateiv B KUC.

JKOHOMHUYECKHIi ceneBoi puck. Beicokuil sxo-
HOMHYECKHI PUCK OTMEYaeTcs TOJIbKO B JIOJIMHE PEKU
VYnken Anmatsl Ha ygactke oT ['OC2 nmo ceneymepxu-
BalOIICH ITUIOTHHEL. 37ECh B CEJICOMACHOM 30HE, Iopa-
’kaeMoi censimu yaite 1 paza B 50 sieT, HaX0AATCS. MHO-
TOYHCIICHHBIC Kade, PeCTOPaHbl U TOCTUHUYHBIC KOM-
IUTeKCHl. JlocTaTo9HO MHOTO MENKHX Kade U B JIOJIUHE
p- [IpoxonHas Ha ydacTke OoT KypopTa Anma ApacaH 710
I'DC2, HO 3TO ydacTOK MopaxkaeTcs cesiMu pexe |
pasa B 50 net. [ToaTOMy 3TOT y4acTOK OTHECEH K 30HE
YMEPEHHOI'0 pPUCKAa. YMEPEHHBIM 3KOHOMUYECKUN Ce-
JICBOH PUCK OTMeUaeTcs Takxke B gonuHe p. Kummm An-
MaThl Ha y4acTke oT ycTbs p. Capeicail 10 ceneyaep-
JKUBAIOLEH IUIOTUHBL, TJ€ B 30HY PEAKO AEUCTBYIOLINX
ceseld monaaarT MOCTHL, fopora u onopsl JIDII. Yme-
PEHHBIA PUCK OTMEYAETCS U B HM)KHUX YacTsIX JAOJIUH
ByrakoBka, Kumacap u benenbait. 3mech nericTBHIO
penKux cenell cpelHerd MOIHOCTH MOABEPKEHBI YaCT-
Hble KOTTEIKH, JOPOru U MocThl, a Takxke JIOII. Ha
OCTaJIbHOU TEPPUTOPHUHN IKOHOMUYECKUM CEIEBOI PUCK
HU3KHUHA U3-32 OTCYTCTBUS TaM 3HAYUTEIBHBIX IKOHO-
MUYECKHX 0OBEKTOB.

CounanbHblii ceseBoii puck. Bricokmii corm-
aNbHBIN PUCK OTMEUaeTcsl B JOJUHE PEKU YJKeH AJl-
MaThl Ha y4acTke oT ycThs p. Kymbemcy (I'DC1) mo
[Inotunel. 3a€Cch 4acTO NPOXOAAT MOIIHBIE JOXKIEBbIE
u rasiuuansHele cend. Ha ygactke ot I'OC1 1o I'OC2 B
BEIXOJHBIE THU ObIBaeT 10 1000 uenoBek, a Ha y9acTke
ot ['DC2 mo ITnotuns! B kade u rocTuHIaX — 10 2000
yenosek. [loaTomy 31echk Bo3MoskHa TiobansHast UC ¢
MHOTOYHCIICHHBIMU kepTBaMu. [lo mommue IIpoxon-
HOM PUCK MOXXHO CUUTATh YMEPEHHBIM, MOTOMY HYTO
TaM MOBTOPSEMOCTh celiell HeOobIast. [ msIuanbHbIX
ceield, KOTOPhIE CXOIST B XOPOIIYIO MOTOTY, 3/IECh HE
ObIBaeT. A B TUIOXYIO TIOTOJTY, KOTJIa CXOJIAT 0K I€BhIE
cenu TaM OyzeT Majo otapxatonmx. [1o 3ol ke npu-
YUHE K 30HaM YMEPEHHOro COLMAJILHOIO CEeJIEBOro
pHYCKa OTHECEHbI HUKHHE YacTu AoJauH Kumn Anmarsl,
Kumacap, byrakoska, benen6ait m Kasaxkeel. Ha
OCTaJIbHOW TEPPUTOPUU COLUAIBHBIA PUCK HU3KUHN U3-
3a MaJIOW MOCELaeMOCTH JIIOJIbMU YYacCTKOB, MOABEP-
JKEHHBIX BO3JIECUCTBHUIO CEJEH.

JKoJornvyeckuii cejeBoii puck. bacceiHs pek
Kumn u Yinken AnMatsl BXOJAT B Tepputoputo Mie
AnaTayckoro HallMOHAJILHOTO MapKa, MO3TOMY 3KOJIO-
THYECKUH ymep0 HeOOXOAMMO YYHTHIBATH OCOOCHHO
TiiarenbHo. TeM He MeHee, HUTIE B CEIeONacHBIX 30-
Hax HE OTMEYaeTCs BHICOKUI YPOBEHB 9KOJIOTHYECKOTr0
pucka. DTO CBSI3aHO C TEM, UYTO 30HbI, IOJBEPIKEHHBIE
YacTOMY JIEHCTBHUIO MOILHBIX CEJIeH, 3aHSAThI MaJIONPO-
JNYKTHBHBIMU COOOIIECTBAMH, Pa3BUBAIOIIMMUCS Ha
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MOJIOJBIX CEJIEBBIX OTJIOXKEHHAX. DTO KacaeTcs AOJIUH
Kummn n Viiken Anmatel. 31eck OTMeUaeTcss yMepeH-
HBIIl 9KOJIOTUYECKUM PUCK, CBSA3aHHBII C BO3MOXHBIM
YHHYTOXEHHUEM MOJIOJIBIX JINCTBEHHBIX COOOIIECTB.
YMepeHHbII HKOJIOTUYECKUH PUCK OTMEYAETCS
Takke B monmHax IIpoxommas, Arocaii, Ka3axksissl,
Oszepnas, llykeip, Capsicaii, ['opensank, Kumacap,

ByrakoBka n benenbaii, rae Ha cTapbIX CeneBbIX OTIIO-
JKEHUSIX Y3KOM MOJIOCON pacTeT €JIOBBIM JIeC, HO MOIII-
HBIE CEJTH 3/IeCh MIOBTOPSIOTCS pexe 1 pa3a B 50 ser.

B BBICOKOTOpHOI 30HE 3KOJOIMYECKHN CEIeBOU
PUCK HU3KUH, TaK KaK TaM CEJIM BO3IEHCTBYIOT Ha Ma-
JIONPOIYKTUBHBIE PACTHTENBHBIE COOOIECTBA, & 3HA-
YUTENBHbIC TUIOMAAN TOKPBHITHI KAMEHHBIMH POCCHI-
TISIMH.

KAPTA SKOHOMUWYECKOI'O CEJIEBOIO PUCKA

EACCEI?IHOB PEK KULUN W YINIKEH AJIMATbI

Pucynox 1. Kapma sxonomuueckozo cenegoco pucka 8 baccetinax pex Kuwu u Yaxen Anmamot

DKOHOMIECKHH CeneBol PHCK

B o
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KAPTA COLIMAJTIbBHOIO CEJIEBOIO PUCKA
BACCEUWHOB PEK KLU U YITKEH AJNTMATbI

a6 1:50 000

TOO "Lenrp
CHCTEMHBIX

{ > Asnmath
. > - 2018 1.

o e

Pucynox 2. Kapma coyuanvnoeo cenesozo pucka 6 baccetinax pex Kuwu u Yiaxen Anmamol

KAPTA OSKOJIOM'MYECKOIO CEJIEBOIo PUCKA
BACCEVHOB PEK KLU LN YITKEH AJIMATbI

MacuiraG 1:50 000
TOO "Lienrp
© x

Pucynox 3. Kapma sxonocuueckozo cenesozo pucka 6 baccelinax pex Kuwiu u Yaxen Anmamet
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Bcero mo aBym Oacceitnam pex Kuimm n YikeH
AJMaTBI ceJIeBOMY PHCKY moaBepikeHo 173 oOwexTa.
W3 HIX 99 00BEKTOB MPOM3BOICTBEHHOTO HA3HAYCHHUS,
57 counanbHBIX 00BEKTOB U 17 3Konormdeckux. [1mo-
IIaJb 9KOJIOTHIECKUX 00BEKTOB B OacceiiHe p. Kummm
Ammartsl coctaBisieT 73,7 ra, B Oacceitae p. Yiaker An-
Matel — 108,6 ra. O01as 5KOHOMHUYECKAs OLIEHKA YTHX
00BEKTOB COCTABIACT 5,9 Mupn. Tenre, B Tom uucne:
3,0 MipA. TEHre — MPOU3BOJCTBCHHBIC OOBEKTHI, 2,5
MJIpJI. TEHIe — COIMaIbHbIC 00BEKThI, 0,4 MIIpI. TCHre
— DKOJIOTHYECCKHE OOBEKTHI.

Cpenuuii To0BO# yIIepO OT CENIEBBIX IOTOKOB
cocTasisieT 59,8 MiH Tenre B roa. B Tom uncie mo 6ac-
ceitry p. Kumm Amvats! — 8,8, a o 6accefiny p. YikeH
Ammvatsr — 51,0 muH Tenre. [Ipom3BOACTBEHHBIN KO-
HOMUYECKHH PHCK IO IByM OacceiiHam paseH 34,1 mimH
TEHT€ B T'0JI, COLMaNbHEIN - 17,5, sxonornueckuii — 8,2
MJTH TCHT€ B TOJ.

B nenom ceneBomy pucky mojBep:keHo 995 uemno-
Bek (278 — B Kumn Anmats 1 568 — B YiIkeH AJIMaThl).
EZ[I/IHOBpeMeHHOC YUCJIO0 HOFI/I6H_II/IX MOXKET COCTaBUTh
730 uenosek. CpesiHee TOAOBOE YHUCIIO KEPTB OT Celie-
BBIX MOTOKOB cocTaBiseT 21 uenoBek B roa. B Tom
gucie mo Kumm Anmate! — 2, mo Yiken Anmatel — 19
YEIIOBEK B TOJI.

Ecimm mpHHATE CTOMMOCTH 4eJIOBEYECKOH KHU3HH
50 MIH TeHTe, TO B JICHE)KHOM BBIPaKCHUU COIIHAJb-
HBIN ceneBor puck coctaBuT 1,05 Mipa. TeHre.

Cratbs HanMcaHa Mo pe3yJbTaTaM HCCIIEA0BaHUHI
[0 TporpamMMe TpaHToBoro ¢uHaHCcHpoBaHUs Komu-
teta Hayku MOH PK «Cene6e3omacrocts Pecmy0-
mku Kazaxcran» Ne AP05132214.
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INTERIOR MIXED INVERSE BOUNDARY VALUE PROBLEM WITH A PARAMETER x IN THE
CASE OF APOLYGONAL DOUBLY CONNECTED DOMAIN

Abstract. We study an interior mixed inverse boundary value problem with a parameter x in the case of a
polygonal doubly connected domain. We consider the existence and uniqueness of the solution to this problem
and formulate the corresponding solvability conditions. Finally, we obtain an integral representation for the solu-
tion and study how it depends on the geometric features of the domain boundary.

Keywords: Hilbert boundary value problem with discontinuous coefficients, mixed inverse boundary value

problem, Jordan curve, Lyapunov curve.

Introduction. Owing to its applications in various
branches of mathematical physics and optimal design,
the theory of boundary value problems with unknown
boundaries is currently undergoing rapid development.
In this connexion, the problem of finding integral rep-
resentations admitted by the solutions to such problems
and the conditions of existence and uniqueness of these
solutions, as well as the task of determining whether
they are one-valued functions are becoming increas-
ingly topical. Mixed inverse boundary value problems
are a natural extension of ordinary inverse boundary
value problems (i.e. those in which the boundary of the
sought domain is fully known). A mixed inverse
boundary value problem for analytic functions is the
problem of finding a domain with a partially unknown
boundary and a function that is analytic in this domain,
provided that the values of the function on the boundary
of the domain are known [1-5].

1. Problem statement

The problem we are going to study in this paper
can be posed as follows.

Find:

I. on the plane of the complex variable z = x +
iy, a bounded doubly connected domain D, having a
piecewise-smooth boundary L, which is formed by two
closed Jordan curves, namely a polygonal chain L with
n — 1 line segments and a smooth curve L2 lying inside
the domain delimited by the curve L1;

and

Il. afunction w(z) that is analytic in D,, continu-
ous in D, and conformally maps D,onto a given
bounded doubly connected domain D, of the plane of
the complex variable w = ¢ + iy having a boundary
formed by two Lyapunov curves, LY, and L?,.

We assume given the following:

1) the interior angles of the domain D, at the ver-
tices A; of the polygonal chain L (we suppose that the
vertices A;, A,, ..., A, = A, are numbered in the same
order as they occur when one moves along L. in the
positive direction), which are equal to a;m, 0 < a; < 2

(j = 2,n—1), and the angle formed by the segment
Ap_14A, (A,_1A;) of the polygonal chain L} with the
real axis, equal ton,m (0 < n; < 2);

2) the abscissa x; = x,, of the vertex 4, (4,,) of
the polygonal chain LL;

3) two closed Jordan curves, LY, and L?,, which
form the boundary L, of the domain D,, and are, re-
spectively, the images of the curves L. and L2 under the
mapping w(z) ; moreover, the curve L}, encloses the
curve L2,; we additionally assume that the positive di-
rection on the curve L, (i.e. the direction that has the
domain D, to the left when one moves along L,), cor-
responds to the positive direction on L, (i.e. the direc-
tion that has the domain D,, to the left when one moves
along L,,);

a) the curve L2, is given as a two-valued function
defined by the relation

w=@(%) +ip(¥),a<x<D, .
x =X + a,,a, = const, ((1)

where x is the abscissa of a point on L2 (the num-
ber a, is not known beforehand and should be deter-
mined during the solution of the problem); each one-
valued branch of this function transforms continuously
into the other at the points with coordinates ¢ = ¢ (X),
Y = Y (%),where ¥ =aand ¥ = b, and satisfies the
conditions that ensure that L2, is a Lyapunov curve;
moreover, the branches of function (1) are defined in
such a way that the positive direction on L2 corresponds
to the positive direction on L2,.

b) the curve L1, is defined by the relation
F(p,¥) = 0insuch away that L1, is a Lyapunov curve
and encloses the curve [2;

4) the images of the vertices of the polygonal chain
L on the curve 12,.

Given that the sought domain D, is assumed
bounded, we will say that the problem is an interior
one.
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In what follows, corresponding points on different
planes will be denoted by the same letters.

2. Integral representation of the solution and
solvability of the problem The interior mixed inverse
boundary value problem we consider here can be re-
duced to a Hilbert boundary value problem with discon-
tinuous coefficients in an annular domain (annulus) D;.

On the curve LY, we take a point A4, that belongs
to the arc corresponding to the segment A,,_; A, of the
polygonal chain LY and does not coincide with either of
the arc ends.

Let us conformally map the annular domain D;:
q <|¢| < 1 of the plane of the complex variable { =
pe’, 0 <y < 2m, onto the domain D,, by means of a
function w = w({), so that the point { = 1 corresponds
to the point 4, of L1,

Denote the boundary of the annulus by L; = L% +
L%, where Lz is the circle [{| = 1 and L? is the circle
|| = q. The circles L and L% are mapped by w =
w({) onto the curves Ly, and L%, Let y;,j = 2,n — 1,
be the values of y at the points t; = eli (4;) of the cir-
cle L} that are mapped to the points A;.

Define the positive direction on L; in such a way
that Dz remains on the left.

We should find a one-valued analytic function z =
z(¢) in the annulus Dz with the following properties:

oz =2({) is continuously differentiable in the
annulus and its boundary, with the possible exception
of the given points ¢;,j = 1,n ;

o z=2({) conformally maps the annulus D;
onto the domain D,;

oz = z({) satisfies the relation

wz(D)] = o). (2)

It is obvious that the problem will be solved if we
manage to find such a function z({). In this case, the
function w(z) will be defined by the relations

w = w({), z = z({).

However, we will not search for the function z({),
but rather for its derivative z'({). We can obtain the
boundary conditions for the derivative:

Re {e—i[§+¢1(]/)]itz’(t)} =0 (t = eiy)’ (3)
m {e_i[gml(y)]itz'(t)} <0(t=e"), (4)

where @, (y) is the angle that the tangent to L1
forms with the real axis.

The values of w = w(z) on L2 are already given
(as per (1)). Thus, according to (2), we have

(@) + (%) = w(ge™)

on the circle t = ge'. This relation defines the
function ¥ = X,(y) at the points of the above-men-
tioned circle. Besides, since the relation ¥ + a, = x

holds at the points of L2, we have %,(y) + a, = x,(y)
and, consequently, %5 (y) = x5 (y). For this reason, we
know that

Refitz' ()} = x;(y) (¢t = e™) (5)

on L%.. Obviously, the derivative x;(y) satisfies a
Holder condition on L since function (1) is defined ac-
cordingly and, in consequence, is continuous. The
search for the function iz’ () can thus be reduced to

the search for the solution to a Hilbert boundary value
problem for the annulus with boundary conditions (3)—

(5).

The solution to Hilbert boundary problem (3)—(5)
should be searched for in the class of functions that are
bounded for a; > 1 and unbounded for a; <1 in a
neighbourhood of the point t;,j = 2,n — 1.

Let us consider two functions ®(t), c(t), such that

D(e) =2+ D,(y), ®(qe") =0 (6)
c(e”) =0,c(qge™) = x3(¥)  (7)

Conditions (3), (4), and (5) can be rewritten as
Refe ®Witz' (O} =c(t) (8)

or, alternatively, as

. 1-a; i !
Re {e—up(t) H;l;ll(t _ tj) aj itz (t)} — H;:lllt _

1_15—.(1 i
1'| ’ |:—Z1| ©)
Where
Y(t) =d(t) —0(t)
6(t) = arg(t — fl)],_f =rel%q<r
<1,
1 re@®
T T (@

Here, 6;(t) and ch(t) are defined by formulae (6),
respectively; ¢ is a fixed point of the annulus Dz. The
value of the constant r can be chosen arbitrarily in the
given interval.

By 6(t) we denote the value of a particular branch
0({) = arg({ — ¢;) on Lz, which is continuous and
one-valued in the annulus D; with a cut along a simple
curve A that connects the points { = ¢;,{ = 1, and lies
on the inside of the annulus Dz, in such a manner that
the argument of a point { moving along this line from
{ =110 increases if a > 0 and decreases if a < 0.
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Theorem 1.
Assume that a # 0. In this case, Hilbert boundary value problem (3), (4), (5)
e issolvable for n, # 0, and the solution is given by the formula
.5 05 er@(f— 51) dyr 1
%@ =80 {S( O+ i+ e 7
- . 1+icota
—v'|S(d(®),¢ +i—°+f]}
[ ( ) No (—¢
which depends on a single arbitrary real constant, v’;
e issolvable for n, = 0, my # 0, and the solution is given by the formula
N A (S 1
iz (() B H() {S( OF () i 2n sina { -0,
Do ~ 5 myg —1+icota .
my [ ( {) No (—¢ °
which depends on a single arbitrary real constant, Cy;
e issolvable for n, = 0, my, = 0 only if the real solvability condition

21

Tolto) |t — & d in 6(t
f M{(f(%) - W (~0)) cos @y (¥o) —
0

[H(to)] 2nsina |ty — ¢
S(t),to) | dir  cosB(tp)
— ) i o _
( L * 2sina Ito — | sin @4 (yo) dyo = 0

(to = e,0 <y < 2m)
holds true; the solution depends on two arbitrary real constants, C, and v', and is given by the formula

e €O =) 1
iz (() a T{S( @, () 27'[ sina { {1
—v [S(d(t) J) +% + lCO}
Here a, mq, no, dy, 7, T(), H(), &), d(t) are given by the following formulae:

n-2| k
1 2
a=-—o\ 7 +Z Z(l_a]’)ﬂ k1 —ve) |+
k=1|j=1

+21 — Yp_1)2m + n,_, 213,
21
elotto)|¢, — ¢ . cotasinf(t cosO(t
mozf [to (1|{(d(t0)+ (o) (to)

) cos @, (o) —

[H(to)| |to — &1 |to — &1
s(d),t cota cos 6(t, sin 6(t,
_( CIGEDN 0(to) m)sm o (yo)} .
L |to = &1 |to — &1
21 ~
j' el"o(to)lto—(ll i ( )d (t iyo)
Ng=| ———————-sin =e ,
0 IH(tO)I 1 yO yO 0
t
d, = fc1.( )dt,
it

r¢) = lS(‘P(t) ),

where
21
s(w(®),0) = ’%f W(e)g (%m - %y) dy —
2
lwlf W(ge)g; (ing -2y ay,
H(O) = ]_[(Z— 6,

d,r 1
- Im —,d(t) = —+ cota Im —.
2 sina t—¢ t—(l t—~0

ct) =c () +
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Theorem 2.

Assume that @ = 0. In this case, Hilbert boundary value problem (3), (4), (5)
e issolvable for n, # 0, and the solution is given by the formula

e"O¢ -4

2O ="3@

. ~ dir 1
{S(Cl(t),{) +E ——+

P,
(=4 o)

+v" [S(&l(t), )+ (._;.1 + LTZL—;]}

¢

which depends on a single arbitrary real constant, v'"’;
e issolvable for n, = 0, i, # 0, and the solution is given by the formula

¢ - 4,)

520 =g

Do .5 5
A [5(d1(t)' {)+

which depends on a single arbitrary real constant, Cy;

~ d
{5(51 ©),0) + zinr ——

1
(=G

- c]] ¥ ic°}

e issolvable for n, = 0, M, = 0 only if the real solvability condition

21

[H(to)|

f ero(to)|t0 — (1| {<f (t ) +
1\t
0

dyr cos0(ty)
2 |to — &y
d,r sin6(t,)

> ) cos @; (yo) —

_G@m%>

L 2m |t0_(~1|

) sin @ (Vo)} dy,=0

(to = e,0 <y < 2m)
holds true; the solution depends on two arbitrary real constants, C, and v"’, and is given by the formula

e"O(C - )

=50

_ ~ dir 1
{S(cl(t), {)+ TR +

1

~ - 1
+v" [S(dl(t),c) + 7=7 ] + iCO}.
— 61
Here a,mq, no, dy, 7, T(), H({), €(t), d(t) are given by the formulae from theorem 1.

Function z(¢) is given by

¢
()= [#Oa +x+in (@

1
where y, is an arbitrary real constant equal to the ordinate of the point A;. In the case when the solution to
the Hilbert problem is a solution of the mixed inverse boundary value problem under consideration, the boundary
values z(ge™) and z(e®) of the function express the complex coordinates of the points of L2 and L, respectively.
Note that from formula (12) we have x,(y) = Re {z(ge%)}. Indeed, let us compute the value of
q Y Y

z(ge) = fzé(peiyi)dp + fxé(y)dy +i fIm {zé(qe”’)iqe”’} dy +x, + iy,

1 Y1

using the formula given in (12). As a result, we obtain
q

Y1

Y

%) = Re (2ae) = [ 7(pe)dp+ [ 4y + 3

1

Y1

The right-hand-side expression is already known; consequently, the function x,(y) is known too. Further-
more, the function X, (y) is also known. We can, therefore, find the value of the a, constant from the condition

%,(¥) + a, = x,(y) for the points of L%.
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GENERAL CONDITION OF C.L.M.H. NAVIER, CONSIDERING THE INFLUENCE OF QUANTUM
MECHANICAL EFFECTS IN NANOHYDRODYNAMICS

Anues I'.T.

0.¢h.-m.H, npogheccop

3aseodyrowuii omoenom «IIpukiadnas mamemamuray

Hucmumyma Mamemamuxu u Mexanuxu Hayuonanvnot Akademuu Hayx Azepbatiosxcana
Anuee A.T.

K.3.H., Ooyenm Kageopwl « IkonHomuxa u menedxrcmenm 6 ompacaax TOKy»
Asepbatioocanckoeo I'ocyoapcmeentoco Yuusepcumema Hegpmu u Ipomviuinennocmu

OBOBIIEHHOE YCJIOBUE HABBE C YYETOM BJIUSAHIUA KBAHTOBO-MEXAHUYECKHUX
IOPPEKTOB B HAHOI'NIPOANHAMMUKE

Summary: The proposed physical-mathematical dependence of the speed of the fluid and the slip condition
of the fluid at the boundary with the wall of the vessel considering the influence of quantum mechanical effects in
low-dimensional systems (Nano-systems), which is a generalized by Navier’s formula. It is established that the
values of the liquid velocity and slip on the interface between the liquid and the empty space will consist of the
sum of three velocities: 1st-arising due to the influence of the structural inhomogeneity of the wall part of the
liquid; 2nd-arising due to the apparent length of the fluid slippage at the boundary of the liquid and the empty
space; 3rd-the velocity of the entire velocity plot system at the depth of the liquid arising due to the apparent length
of the fluid slippage proposed by Navier.

AHHOTaHl/Iﬂ: Hpe):[nonceHa (bHSPIKO-MaTeMaTI/I‘IeCKaSI 3aBUCHUMOCTb CKOPOCTU KUAKOCTHU MU YCJIOBHUA MPO-
CKaJIb3bIBaAHUA )KUJIKOCTH HA I'PAHUIIE CO CTEHKOH cocylia ¢ YUCTOM BJIMAHUU KBAHTOBO-MCXaHUYCCKUX 3(1)(1)6KTOB
B HU3KOPA3MEPHBIX CUCTEMax (HAHO CUCTEMaXx).

IMony4yena o606meHHas popmyna HaBbe. Y CTaHOBIICHO, UTO BEIMYUHBI CKOPOCTH U CKOJIBKCHHUS JKUIKOCTH
Ha TPaHUIle pa3ziena MeXIy KUIKOCTHIO U IIyCThIM IIPOCTPAHCTBOM OyIeT ciaraTbCs U3 CYMMBI TPEX CKOPOCTEH:
1-as - BO3HUKaMasa 3a C4€T BIUAHUA CTpYKTypHOﬁ HEOJHOPOJAHOCTHU HpI/ICTGHO‘IHOﬁ Y4aCTH KHUAKOCTH, 2-ad -
BO3HHKaro1ias 3a C4€T Kax(yu_{eﬁm JUIAHBI IPOCKAJIb3bIBAHUA KUAKOCTH Ha I'PAaHUIIC KUAKOCTHU U ITYCTOIO IPO-
CTPaHCTBA; 3-9— CKOPOCTD INPOCKAJIb3bIBAHUS BCEH CHCTEMBI SIIIOPbIL CKOpOCTeﬁ 10 l"J'Iy6I/IHC KHUAKOCTHU BO3HHKA-
romias 3a CYeT Kaxcymeﬁ JJIMHBI IIPOCKAJIb3bIBAaHU S KUAKOCTH HpeZ[HO)KGHHOﬁ Hasgge.

Keywords: Nano-hydrodynamics with quantum-mechanical effects, low-dimensional systems, nanotube, in-
homogeneous liquid, qguantum-mechanical effects, locally-ordered structure of the liquid.

Knrouesvie cnosa: Hayoeudpodul-tamuka C yuemom K8AHmMoB0o-MexaHuvecKux 3¢d)el<m06, HU3KopasmepHvle
cucmemvl, HaHO MPyoOKa, HeOOHOPOOHAs HCUOKOCHb, KEAHMOBO-MeXanuieckue dh@exmol, JOKANbHO-YNOPAOO-
YeHHas CMpyKmypa JHcUuoKoCcmu.

ITocTaHoBKA NMPO0JIEeMBbI

B HaHO THApOAMHAMUKE OJHUM U3 MAJIO UCCIIETY-
€MBbIX BOIIPOCOB SIBJISIETCS BUJ [PAHUYHOIO YCIOBHSI Ha
CKOPOCTh JKUIKOCTH y CTEHKU COCYyJa, a TakkKe, BHU]
YCIIOBHUSI MPOCKANb3bIBAHUA >KMJKOCTH IO CTEHKE CO-
cyna.

AHAJIN3 MOCJeIHUX MCCIAENOBAHNI H IMY0JIH-
Kaluii

B nepssie B 1823 rogy HaBse B Makpo ruapou-
HAMHUKE B KAa4YCCTBC yCJ'lOBl/If{ HpOCKaJ'H)SBIBaHI/Iﬂ KUua-
KOCTH TI0 CTEHKE COCyJa TMPEIJIOKUI yCIOBUE MPO-
CKaJIb3bIBAHUSA BHSKOﬁ XKHUOKOCTH II0 CTCHKE Cocyzla B
suze [1]:

ov
on

DTO COOTHOIIEHUE 3aMuCaHO npu cJIeAyromunux
MPCANOJIOKCHUAX!

v=L,

- JKUIKOCTH OJTHOPOIHAS,

- mpoduis pacmpeneneHusi CKOPOCTH KUIKOCTH
10 BBICOTE COCYJa MpPEJCTaBIsEeTCs BBHIMYKIOCTBIO B
CTOPOHY JIBIXKCHHS B BUJIC TTapaOOIIBL,

- CKOPOCTb HUJAKOCTU Ha IPaHMIIe KOHTAKTa KU~
KOCTH C COCYJIOM paBHa HYJIIO, T.€. IMEET MECTO yCJIO-
BHE MOJIHOTO NMPUJIUIIAHUS,

- BEJIMYMHA KaXXyLEHCs JUTMHBI IPOCKaIb3bIBAaHUS

L0 , corfacHo MakcBeuty, paBHa 2-X KpaTHOH JJIMHE

CcBOOOTHOTO Mpobera aToMa B pa3psKEHHOM Tase,

- Ha rpanuiie koHTaKTa )KUAKOCTH CO CTEHKOM CO-
CyJla OTCYTCTBYIOT Kakue-Tub0o MoOOYHbIe HEMEXaHU-
YECKHE CHITBI B3aUMOICHCTBHsI [2].

Opnako B HU3KOPa3MEPHBIX cucTeMax

-9 -4
107 m <d <107 M na ocHOBe BIMSIHHS KBAHTOBO-
MeXaHUIeCKHX 2P(PEKTOB BOZHUKAIOT crienuduaeckre
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CHUIIBI B3aUMO/ICHCTBUSA B BUJC (prusmyeckux mosieil. Pe-
3yJITaTOM B3aMMOJICHCTBHI 3THX CHJI ABJISIETCS 00pa-
30BaHUE IIyCTOTO MPOCTPAHCTBA MEKAY >KUAKOCTBIO U
CTCHKOH cocyga Ha3bIBaeMOH B (DHM3HKE «3alpeTHOM
30HOW».

Bo-BTOpBIX, MOA BO3AEICTBHEM NPOHUKAIOLIEH
BIIIyOb )KUAKOCTH HANPSHKEHHOCTH (PU3HUECKOTO MO
MPOMCXOIUT TPEBPAIICHUE OJHOPOJHON XKUIKOCTU B
HEOJHOPOAHYI0. DTO SIBICHUE IPUBOIUT K U3MEHEHUIO
CBOJCTBA JKHIKOCTH - IUIOTHOCTH U BsA3KOCTH [3-5].

Hcnonp3yst cnocod KOMIBIOTEPHOTO MOJEIHPO-
BaHUs K 3KCIIEPUMEHTAJILHBIM HUCCIIEAOBAaHUSM B IIPO-
TeKaHUM JKUAKUX 4acTUI] B HU3KOPa3MEpHBIX KaHaJIax
YCTaHOBJIEHA YUCJIEHHAs BEIMYMHA IIyCTON NPOCIONKH
MEXIy JKHIKOCTBIO M TPYOKOW TOJNIIMHOM IMPOCIIOEK

R, <r <R, pasusm R% =0,88 [6-8].
0

BropeiM (eHOMEHOM B HHU3KOpa3MEPHBIX CHCTE-
Max SIBIISIETCSI M3MEHSIEMOCTh (DPU3MKO-MEXaHHIECKUX
CBOWCTB JKHIKOCTEH, T.€. IIOTHOCTH U BA3KOCTH. Du-
3UKaMU-3KCIIEPUMEHTATOpaMH YCTAHOBJIEHO CTPaHHOE
MOBEJICHUE XHUJIKOCTH B HH3KOPa3MEpHBIX KaHaIax.
IlomemieHHass B HHU3KOpa3MEpHYI TpyOKy (MHKpO,
HaHO TPyOKy) OOBbIYHAsi OZHOPOJHAS JKHIKOCTH Ipe-
BpalaeTcs B CTPYKTYPHO-HEOAHOPOIHYIO >KUIKOCTb.
Taxast oKkanbHAs HEOJHOPOAHOCTh ATOMHON M MoJIe-
KyJSIPHOH CTPYKTYPBI )KUAKOCTH BIMSIET HA XapaKTep
TEUCHHMS JKUJIKOCTH B HAHO KaHAJIAX. DTO CTPAHHOE SB-
JICHUE JIOKAJIbHO-YIOPSIJOYEHHON CTPYKTYPBI JKHIKO-
CTH B HM3KOpPa3MEpHBIX KaHaJIaX B BUJAE THUIOTE3bI
oruta BrickazaHa S.U.@perkenem B 1941roay. 3a mo-
ciennue 15 et 21-ro croserust NpoBeAeHbl HATYpHbIE
1 KOMITBIOTEPHBIE AKCIIEPUMEHTHI, KOTOpPBIE MOJATBEp-
JKIAI0T CYIIECTBOBAaHHME B MHKPO M HAaHO TpyOKax
CTPYKTYPY BOJbI HamoMUHaromwmii jex [9-11].

BhijeseHue HepelleHHBIX paHee YacTeil 00-
e npodaemMbl

OnHaKo OTMETHM, YTO MPHUYMHHOCTD W3MEHEHHMS
CBOMCTB JKHJIKOCTH M X MaTeMaTHYECKOe TpeJICTaBIIe-
HHE B BHUJIE MOJIEJICH Ha CEroAHSIIHUN JEHb OTCYT-
CTBYET.

BriepBrie npobiema MpUYMHHOCTH SIBIICHUS TIpe-
BpAIIEHHUs OJHOPOIHOM XKHUIKOCTH B HEOJHOPOIHYIO B
HU3KOPa3MEpHBIX CHUCTeMax (B YaCTHOCTH, HAHOpAa3-
MEpHBIX CHCTEMAaX) C YI€TOM BIUSHUS KBAaHTOBO-MeXa-
HUYeCKuX 3¢ ¢eKToB ObUIa HCciieZioBaHa B paboTax
Amuesa I'T. u Anmmesa A.T. [12,13].

ABTOpaMH JO0Ka3aHO, YTO MPUYNHHOCTH SBIICHUS
MPEBPALICHU OTHOPOIHOHN XKHUIKOCTH B HEOJHOPOI-
HYIO JKUAKOCTb CBSI3aHa C BEIMYMHOM IIIOTHOCTHU BO3-

JEWCTBHS  HANpSHKEHHOCTH  (PU3HMYECKOTOo  IMOJIsS

=_E(M) 3

E= NpOHHKaromed BrryOb xuakoctu [14-
Eo

16].

ABTOpaMHU TaK’Ke MPeIoKeHa CIIETYIONIEro Buia
usHKO-MaTeMaTHUECKAS MOJIENh 3aBUCHMOCTH MeXa-
HUYECKUX XAPAKTEPUCTHK SKHAKOCTH (IIOTHOCTH
p(r) usaskoctn ££(F) ) oT HanpsKEHHOCTH BH3HYe-

= _ E(n)
ckoro monst E = ——=:
0

p=poIL—EM)], 4=, [L-E(N)]

Ha ocHoBe 31ux mozeneit aBropamu Anuesa I'.I'.
u AnmeBa A.I'. TOCTPOCHBI OTIpeeNsIonTie ypaBHeHUS
THUIPOMEXAaHUKU HMACaJbHOW M BSI3KOM JKUIKOCTEH B
HHU3KOPa3MEPHBIX CHCTEMaxX C y4eTOM BIIUSHHS KBaH-
TOBO-MEXaHHUYECKHUX 3P PEKTOB.

@opMyJHpOBaHMeE HeJeill CTAThU

B npennaraemoit Hamu cTaThe MpeAnIaraeTcs Ma-
TemaTHdyeckass (GopMmyia 00OOIIEHHOTO TI'PaHUYHOTO
YCIIOBHS IPOCKANb3bIBAHUS JKUAKOCTH HA TPAHULIE pa3-
Jieia JKUAKOCTH CO CTEHKOM COCyJia C yUeTOM BIUSHUS
BO3HMKAIOIINX KBAaHTOBO-MeXaHH4YeCKuX 3¢ddekTos, B
BUJE!

u(r)=a+b-@
or

I'me koapdummeHTsr @ u b seusrores BBIpaXKe-
HUSAMH 3aBUCAIIHNE OT KBAHTOBO-MCXaHHYCCKUX 3(b-
(exToB.

H3i0:xeHHe OCHOBHOIO MaTepuaJja

IlocTpoenue H3UKO-MATEeMATHYeCKOil Mo-
JeJu__00001IeHHOT0 YCJI0BHS NPOCKAJIb3bIBAHUS

JKHJIKOCTH Ha rPaHUILe.
PaccMoTpuM TeueHne BSA3KOH XKUAKOCTH B TPYOKe

JAHAMETPOM 10°m<d<10"m. Tlon Bo3meii-
CTBHEM KBaHTOBO-MEXaHHYECKUX I(PPEKTOB, HMEIO-
[IMe MECTO Ha TPaHMIe CO CTCHKOM cocyza, a TaKkxke,
MIPOHUKAIOIIEH BIITyOb )HUAKOCTH HANPSDKEHHOCTH (DH-
3MYECKOro MoJst OyayT BO3HHUKAThH CIEAYIOLINE SBJe-
HUS B )KUJIKOCTH:

- o0Opa3oBaHHE MYCTOTO IPOCTPAHCTBA MEXKIY
CTEHKOM cOCy/Ja U JKUJKOCTHIO,

- 10 TITyOHMHE KUIKOCTH OJIM3KOH K CTEHKE OJHO-
POAHAs KHUAKOCTh OYIET MPEBPAIATECS B CTPYKTYPHO-
HEOTHOPOIHYIO,

- M3MEHSEMOCTh MEXaHHWYECKUX XapaKTePHUCTUK
HeOHOPOHOH uacTu xuakoctu (miotaoctu P(r) u

Bsskoct ££(F) ) M0 riryGUHE B 3aBUCUMOCTH OT BO3-

JeHCTBUS HANIPSHKEHHOCTH (PU3UYECKOTro Mo OyayT B
BUJIE!

p=p IL—EM], 4= p L-EMIQ)

[Tpum 5THX yCIOBUSIX AIIOPA CKOPOCTH 110 CEYEHHTO
TpyOKu He OyzeT mapaboIudeckoif, a OyaeT B BUE MO-
kazaHHOM Ha puc. 1. C mpyroii CTOPOHBI B CHITy CAMMET-
PHH TEUEHUS KHUJIKOCTH OTHOCUTEIBHO IIEHTpa rpaduk
CKOPDOCTH TEUYEHHUS NpPEICTaBICH B BHUJAE KpUBOH

[Tox BnMusSTHEEM KBaHTOBO-MEXaHMYECKUX 3 dex-
TOB, BO-TIEPBBIX, OyaeT 00pa30BaHO IycTOE MPOCTPaH-

CTBO MeskJly CTeHKoii cocyna paauycom R; u rpanu-
el TedeHus KUIKOCTH ( RO — A') 6yner BenuuuHOil
A=012-R,;

BO-BTOPBIX, B CHITy CTPYKTYPHO-HEOIHOPOJHOCTH

XKHUIKOCTH TI0 TITyOWMHE B 30HE (Ro —A, I’o), 3MI0pa

ckopocty xuukoctu Oyer B sune kpusoir AN .
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Cunraem, 4yTo BUAbI PyHKIUIT CKOPOCTEN JKUIKO-
CTH B 00JacCTsIX (0, I’O) 5 (I‘O, Ro — A) OIIPENEIICHBI

U3 PEIICHNS COOTBETCTBYIOIIUX YPAaBHEHUH IBIKCHUS

OJIHOPOJAHON U CTPYKTYPHO-HEOJHOPOJHOM uacTeit
xuakocteld. OTMETHM, YTO 3TH HOBOTO BHIa ypaBHe-
HUS BIIEPBEIEC TIOCTPOEHEI B pabdote Anmesa I'.I'. u Anm-
esa A.T. [2].

T 1
C2
B2 mﬂ,@,
Ro I Y,
A Bay N
Ro-A L L/k—/ >
Bs é V;.
5
B(V1,2)
0 7 R .~ S
M= "T0~"0
A e
Bi(Vo,0)
T R e
o DS ARl AUHUS pa3derd KUOKocmu
A(Vo, o)
0 >

M

X

Puc.1. Xapaxmep pacnpedenenus ckopocmu meueHus HcuOKocmu no enyoune cocyod
C yuemom GuUsHUsAL K8AHMOBO-MEeXAHUYECKUX P pexmos.

OcHOBHOM HEJbIO CTAaTbU ABJACTCA NPCHAJIOKUTDH
HOBO€ I'paHMYHOC YCJIOBUE HA CKOPOCTH Ha I'paHUIIC

(RO - A) , a TAKIKE, MMPCAJIOKNUTH HOBOC YCIIOBHE IIPO-

CKaJIb3bIBaHUS HEOJJHOPOHOM )KMAKOCTH Ha 3TOU rpa-
HUIIEC C YYCTOM BIIUSHUS KBAHTOBO-MEXaHUYECKUX (-
(hexToB.

Uz AABC umeem (puc.1):
1) Av=v,—-u >0,

do
Ar=r,—r>0tga=—>0
2~ h go dr

pu
do>0
C apyroii croponst u3 A4, B, C| umeem:

waziiﬁ>0
r—r,
npu
V-0, >0, r-r,>0
Ortkyna:
u(r) =v, +(r—r,)- dl(;(rl') (2)

3nece U(F) ecTh CKOpOCTh B MPOU3BOIBHOM
touke kpusoit AC, U, - cxopocts xumkocTH B

TOYKE NEPECEUYECHMS] KPHUBBIX B TOUYKE A1 OTcroma
BHJIHO, UTO

-npu I = I, B TOUKe NEPeceYeHHs] KPUBBIX CKO-
pocThb OyzeT paBeH U = Uy,

-mpu ' =R, —A mna rpanunue ¢ nycreiM npo-
CTPaHCTBOM CKOPOCTb OyJIET paBeH:

br =0 r=Ry—A

d
=0, + (R, _A_ro)'d_:)(:”)

ITpu aTOoM oT™MeTHM, uTO opMmyIoii (3) ycTaHas-
JIUBAETCS CBSA3b MEXKIY CKOPOCTBIO Ha TPAHHUIIE MEXTY
KHUJIKOCTBIO " MyCTBIM MIPOCTPAHCTBOM

Y, = y|r:RO_A =R, —A co ckopoctsio KHAKOCTH
U, B TOUKE MIEPECEUEHHUS JBYX KPUBBIX [ .

M3 (3) crmenyer, uto npu I =0, D, # O u

A # 0 ckopocTs Ha rpaHHIe MEXIy CTEHKOMH H KHI-
KOCThIO BCEria OTIMYHA OT HYJs, T.. HMEET MECTO
MPOCKAaJIb3bIBAHUE 32 CUET BIMSHUS KBAHTOBO-MEXaHH-
yeckux 3¢dexron. OTcIona ciemyer, 9To MPITHIIaHNne
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JKUKOCTH K CTEHKE COCYy/la B HU3KOPa3MEPHBIX CUCTE-
Max OTCYTCTBYET BCET/Ia.

B ciywae v, = 0,A=0un Iy = Ro CKOpPOCTh
Ha IpaHHLE pa3Jelia CTCHKH C KUIKOCThIO OyeT paBeH
HYIIO U = 0. Dot cinywait 6yaeT cOOTBETCTBOBATH
YCIIOBHIO IIPUJIUIIAHUS Ha TPaHULIE, a BUA KPUBOH CKO-
poctu OyIeT B BUJE Mapabobl. DTOT YACTHBIN CITydai
OyZAeT cOOTBETCTBOBATh KIACCUYECKOMY CIy4ar0 Ipu-
HUMAaeMOH B MaKkpo TUAPOJMHAMUKE.

Teneps mOCTpOUM ycIOBUE MPOCKATL3bIBAHUS MO
tunty HaBbe. B 3T0M cityuae HapsLy ¢ BEJIMYUMHOU NIPO-
CKanb3bIBaHMU BuAa (3), KOTOpas BO3HUKACT 3a CUET
BIIMSTHUS KBAaHTOBO-MEXaHMYECKHX 3(PQeKToB, ydremMm
BUJI TIPOCKAJI3bIBAHMS JKUAKOCTH IIPU IBKCHHUU BCEi
CHCTEMBI (IMarpaMMbl) pactpeneleHus CKOPOCTH II0
riyGune cocyna Broabs ocu OX .

s AB,C, B umeem:

Lo
B, B,
Otkyna:

=tg(90—a) ,rze B,B; =0, —v,

d
UF:UF+(L0+A)'d_I|,) 4)

IToncraBus (3) B (4) HalieM CyMMapHYIO BeEJH-
YHHY IPOCKAIB3bIBaHUS B hOopMe:

+A'@+L0
dr

do

dv dv
dr

Gr =, +(Ry —A-1,)

3Z[GCB LO Kaxymasacsa AJIMHAa HPOCKAJIb3bIBAHUSA

BCel cuctembl o Hasbe; A - Kaxxymiasicst Jyiuna 1mpo-
CKaJIb3BIBAHUS KUIKOCTH Ha TPAHUIIC KUAKOCTH U Y-
CTOTO IPOCTPAHCTBA, KOTOpAas paBHA BEIMYMHE «3a-
MIPETHOMN 30HBD) MEXIY aTOMaMH BEITHYNHON

A=R,-R,_ =R, .(1—%) =R, (L-088)=012-R,
0

(puc.1).
B xoMmakTHO# hopMe ee MOKHO 3ammcaTh B BUJIE:

- ~ ovu(r
o), =5(),_, , = a+b-%(5)

Fne a =0y, b= RO—I’O +Lo

Takum 00pazoM, CKOPOCTh MPOCKAIL3BIBAHUS Ha
rpaHulle pa3jiesa MeXAy JKUJKOCThIO U MYCThIM MPO-
CTPaHCTBOM OYJIET ClIaraThCsi U3 CYMMBI TPEX CKOPO-
cTe:

1-ast CKOPOCTH - BO3HUKAIOMIAS 32 CUET BIIMSHIS
CTPYKTYpPHON HEOJHOPOJHOCTH MPUCTEHOUYHOM HaCTH

do

sumKocTr 1 pasna U, = U, +(Ry —A—1,) d_ :
r

2-asi CKOPOCTb - BO3HMKAIOIIAS 33 CUET Kaxy-
1ieiicss JUIMHBI TPOCKANIB3bIBAHHS KHUIKOCTH Ha Tpa-
HHUIE  OJKHJKOCTH M MYCTOTO  HPOCTPAHCTBA

A=012-R,, xotopas pasHa BenMunHe «3anpeTHOM

15
30HBI» MeX/ly aTOMamu 1 paBHa U, = A-—— u 3-1

CKOPOCTB - CKOPOCTB ITPOCKAIIB3BIBAHMS BCEH CHCTEMBI
SMIOPBI CKOPOCTEl MO TITyOWHE KUIKOCTH BO3HUKAO-
1asi 32 CYET KAXKYIIEH [UTHHBI IPOCKATb3bIBAHUS KU~

xoctu L, Benmummoit pasnoit U; = L -%, npes-
r

noxennoi Hasee.

BbIBOJbI M3 IAHHOIO HCCIEI0BAHUS

B npuKIagHOM IIIaHe 3TOT PE3yIbTaT UMEET ClIe-
AYIOIHUK CMBICI. IIpy ABMKEHHH JKMIAKOCTH B HU3KO-
pa3MepHBIX TPYOKax (HaHO TPyOKax) Ha TpaHuIe OyAeT
BO3HHKATh TPH BUJIA CKOPOCTEM:

do do

L, =0, +(R0—A—r0)‘a, L, :A'W,
do
Beboar

B 3aBucuMoOCTH OT XapakTepa CTpyKTypHOH HEOI-
HOPOJHOCTH TOHKOTO CJIOSI )KHIKOCTH ¥ BEJIMUNHBI ITy-
CTOTO MPOCTPAHCTBA A BO3MOXHBI CIIEYIOIIE BUIbI
CKOpOCTEil TeUeHNS KUIKOCTH Ha TPaHUIIE:

Cayuaii 1.
Mpu L, =0 na rpanuue Gyzer asa Buna cxkopo-
CTCH.
b, =0 +(088—0). 90 ) _012.9v
R,” dr dr
v, =0
do

31ecs GyHKIUU Uy ¥ —— JOIDKHBI ONIPEAENATLCS U3
r

pelleHns KOHKPETHO HOCTABIEHHOMN 3a/au1, KOTOpbIe
Takke OyAyT 3aBUCETh OT PKCIEPUMEHTANbHBIX JaH-
I
mex ——, A, Ly. Orciona crenyer, uro v #0 u
0
v, # 0. D10 o3nauaer, uTo Beeraa GyaeT UMeETH Me-
cTo (P dPEeKT IPOCKANb3bIBAHMS KHAKOCTH HA IPAHHULE
3a CYeT CTPYKTYpPHOI HEOJHOPOAHOCTH IIPUCTEHOY-
HOTO CJIOS )KUIKOCTH, a TAKiKe, OT HAIMYHUs IPOCIONKI
IyCTOr0 HPOCTPAHCTBA MEXKLY KMAKOCTBIO M CTEHKOH
cocyna Benumuunoit A = —2 =0,12- Ro .
R,
Cayuaii 2.
B ciyuae, korna Ly =0 u A =0 ckopocts ua-

CTHII KHJIKOCTH Ha rpanuiie (cMemieHne) Oyaer B BUIE:

r
v, =0, +R,-(1-2)-
1 0 0( RO)

%, v,=0,0,=0
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WHpIMK cltoBaMH, Ha TPAaHMIE CKOPOCTh YaCTHIIBI
JKUAKOCTH OyneT OTIHYHA OT HyJs, a 3pQeKTsl mpo-

ckanb3blBaHus Beeil cuctemst 3a cuer A u Ly Gymyr

PaBHBI HYJIIO.

Cayuaii 3.
B cnyuae, xorna L0 =0, A= Ou Iy = Ro BCE

TPH CKOPOCTHU OyIyT paBHBI HYJIIO:
v,=0,0,=0,0,=0,0,=0

Oto OyIeT cOOTBETCTBOBATH CIIy4ard OTCYTCTBUS
BJIMSTHUSI KBAHTOBO-MEXaHMYECKHUX d((PEKTOB Ha TeUe-
HHUE XHUJIKOCTH, a TaKXkKe, OTCYTCTBHIO NPOCKaIb3bIBa-
HUS JKHZIKOCTH TI0 CTeHKE cocyna. B aTom ciydae Oy-
JIET TI0JTHOE TIPUIIMIIAHNE XKUJKOCTH K CTEHKE COCYIa.

Cayuaii 4.
B ciyuae, korma Ly #0, A=0u r, =R, 6y-

JIET COOTBETCTBOBATh CITyYar0 MPOCKAIB3BIBAHMUS OJTHO-
POIHO¥ KUAKOCTH MO CTEHKE COCYyJa, COOTBETCTBYIO-
uiee ycnoButo Hasbe.

v,=0,0,=0, U3=LO-%

Takum 00pa3oM B 3aKIFOUCHUH MOKHO PE3FOMH-
POBaTh, 4TO B MpEUIaTraeMOi CTaThe MpeIIoKeHa (Pu-
3UKO-MaTeMaTHIeCcKasi 3aBUCUMOCTb CKOPOCTH H YCIIO-
BUS TIPOCKATB3BIBAHUS )KUKOCTH HA TPAHUIIE CO CTECH-
KOH cocCyJia ¢ y4eTOM BIHSHHHM KBaHTOBO-MEXaHUYE-
ckux 3G (HEeKTOB B HU3KOPa3MEpHBIX CHCTeMax (HaHO
CcUCTeMax), KoTopas sBiseTcs 0600menuemM HopMyInbt
Hasbe.

BenmuuHbI CKOPOCTH U CKOJIBXKCHHUS JKUIKOCTH Ha
TpaHUIIEe pa3jena MeXIy XKHIKOCTBIO U MYCTBHIM IpO-
CTPAaHCTBOM OYIET CIIaraThCs M3 CYMMBI TPEX CKOpPO-
cTeu:

1-0ii ckopocTH - BO3HUKAIOMICH 32 CUET BIUSHUIL
HEOJTHOPOJHOCTH TPHUCTEHOYHON YacTHU >KUIKOCTH WU
BEIIMYMHBI MYCTOTO NPOCTpaHCTBA M OyJIeT paBHA

do
v, =0, +(RO—A—I’0)-E;

2-0lf CKOPOCTH - BO3HHMKAIOLIEH 3a CUET Kaxy-
el JUIMHBI TIPOCKAJIb3BIBAHMS KHMIKOCTH Ha Tpa-
HHUIIE  KUIKOCTM U IYCTOrO  IPOCTPAHCTBA

A =012-R,, xoTopas pasHa BelMunHe «3aNpPeTHOM

do

30HBD» MCKAY aTOMaMHU U paBHA UZ = A T .

dr

W 3-eii cxopocTH TpoCKanb3bIBaHUS BCEH CH-
CTEMBI BIIOPHI CKOPOCTEH N0 TITyOMHE KUAKOCTH, BO3-
HHUKAIOIIas 3a CYET KaKyLIeHl JUIMHBI MPOCKaNb3bIBa-

do
dr

st xuakoctu Ly Bemmunmotii pasnoit U; = Ly -

, IpeasiokenHoit HaBbe.
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Ismayilova I.A.

ON OPERATIONS ON DIFFERENT NATURE MEMBERS REPRESENTED IN THE FORM OF
INFINITE NUMBER OF RADICALS

Abstract. In the paper we represent some regularities of different nature members represented in the form of
infinite number of radicals. An algorithm of division of a number by another one is reduced to infinite sequence
of nested radicals.

Keywords: infinite number of radicals, nested radicals, increasing sequence.

1.Introduction
Theory of infinite radicals takes a special place in exact sciences. In this field many scientists have obtained
graceful results. In the past years, the world-known mathematician A.N. Kolmogorov wrote memories, pearl on

infinite radicals. In its time, the known indian mathematician S. Ramanujan [1] found that for any N =1,2,3...
the product N(N+ 2) can be represented in the form of an infinite number of radicals, i.e.

n(n+2) =nyT+ (n+1)(n+3) =1+ (n+1)/1+ (n+2)(n+4) =

= n\/l+ (n +1)\/1+ (N+2)V1+...

Generalizing this formula for N(N+ k), n,k € N ={1,2,3,...}in the paper [2] the new formula
n(n+k)=ny1+(n+k-1)(n+k+1) = n\/1+(n+k ~D1+(n+k)(n+k+2) =

= n\/1+ (N+k =11+ (n+K)T+ (n+ K +1)(N+k+3) =

- n\/l+(n+k—1)\/1+(n+k)\/1+(n+k+1)\/1+... )

was obtained.
Formula (1) has a peculiar structure. If for example, we want to stop on the sixth radical sign, then

n(n+k)= n\/1+(n +k —l)\/1+(n+ k)\/1+(n +k +1)\/1+(n+ k +2)\/1+(n+ k +3)\/1+(n +k+4)(n+k+6)

nk=123,... )

From (2) it is seen that (K —1),k >1, corresponds to the first root, K to the second nested root, (K +1) to
the third, (K+2) to the fourth, (K +3) to the fifth, and at last (K+4), to the sixth root, and its radicand
expression has the co-factors (N+Kk +4) and (N+Kk +6).

So, for example, the tenth nested radical expression the radial expression has the form
\/1+ (n+k+8)(n+k +10), the hundredth radical expression has the form
J1+(n+k +98)(n+k +100), and so on.

For n=1; k=12,... from (2) by substitution M=K +1 we have

m:\/1+(m—1)J1+m\/1+(m+1)\/1+(m+2)\/1+(m+3) L+(m+4Wit...

and formula (2) takes the form
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m= 1+(m-1) 1+m 1+(m+2) 1+(m+2) 1+ (m+3) L+ (m+4)(m+6) 3
So, for m=10

= \/1-|-9\/1+10\/1+11\/1+12\/1+13\/1+14-16

for 1000 we have

1000 = \/1+ 999\/ 1+ 1000\/ 1+1001\/ 1+ 1002\/1+1003\/1+1004 -1006

and so on.
For the same number 1000 the 999-th nested root has the radicand co-factors 1997 and 1999. Thus, for any

natural number N >1

:\/1+(n—1)\/1+ n\/1+(n +1)\/1+(n+2)\/1+... )

and the K > 1 —th nested root has the radicand co-factors (N+(k —2)) and (n+ (k +2)).

Reduction of finite quantities to infinity is stated in [3].

2. Main results

We now are engaged in finding new forms of some known formulas after expressing the different nature
numbers in the form of nested radicals.

We now consider, for example, the summation of the first N >1 natural numbers:

S —142+3+.n=100+D
We stop on the number N =5 . Then
Sg :15:1+2+3+4+5:5;26,

In the terms of nested radicals

_5 6 \/1+4\/1+5\/1+6 N \/1+5\/1+6\/1+7 N
\/1+4\/1+5\/1+6 Jit... 5\/1+6\/1+7 N/ +20\/1+5\/1+6 Vit \/1+6\/1+7 Vit

) \/1+4\/1+5\/1+ 6Lt + 5L+ 631+ WLt +20)(L+ 5L+ 64Tr...)(L+ 61+ 7L+ ..)
- 2

We simplify the last root in the numerator:

\/(1+ 5/1+641+...) (1+6y1+7+/1+...) =

=\/1+5\/1+ 61+...6v1+ 71+ ... +30y(1+6T+...)(1+741+...) 5)
And now we simplify the expression
JA+ 61+, ) A+ 71T

VA 61+ T )1+ 71+ 8T+ . ) =
\/1+6\/1+7\/1+...+7\/1+8\/K +42, A+ 71181+ ) 1+81+917 ) @

As a result of the first step of this process we have

4-5\/(1+ 5y1+641+..)A+6,1+71+...),
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of the second step
5. 6\/(1+ 641+ 71+..) A+ 7y1+81+..),
6-7\/(1+ 7\1+81+...)(1+8\1+91+...)
and so on.

Inthe K >1—th step we get

(k +3)(k +4)\/(1+(k T+ 4)\1+ (k+5)1+...) 1+ (k +5) 1+ (k + 6)\1+..) -
k=123,...

Thus, the number 15 or multiplication of 5 by 6 is reduced to infinite chain of nested radicals. And if from
some step with simple calculations we come back, we get the number 15.

So, the number 15 responds to infinite harmony of nested radicals. In the course of process it is seen that all
the said refers to multiplication of two natural numbers, m and n.

Expression (7) is the main expression when multiplying two numbers, the so-called infinite nested radicals.
It is performed successively by the mentioned scheme of the example.

We now pass to other operations on such numbers. If —co< X,y <oo, X# Y, and

X = \/1+ (x—1)\/1+ x\/1+ (X+DV1+...
y= \/1+(y—1)\/1+ Y1+ (y + D1+ ...,

of the third step

then by definition

Xty= \/1+ ((xxy) —1)\/1+ (x+ y)\/1+ (xxy)+Dv1+...

k-x= \/1+(kx—1)\/1+ Koy L+ (kX + D)1+ ...

—w<k <40

x \/1+(x—1)\/1+ X1+ (x + DV1+...
y \/1+(y—1)\/1+y\/1+(y+1)\/1+...

On the other hand,

el

For an example we take X =2,y =3. Then

2= \/1+J1+ 21+ 3T+ 4T
3= \/1+ 21+ 31+ 41+ ..

g: 1—1 1+Z\/1+§ /1+§«/1+....
3 3 3 3 3

1—1 1+g\/1+E 1+§«/1+... =
3 3 3 3

As a result,
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3 1+\/1+2\/1+3\/1+4\/1+... _4
1+2\/1+3\/1+4\/1+5\/1+... 3

So
1 2 5 8 4
y1——=1+= 1+—‘/1+—\/1+... =—,
3\/ 3\/ 3 3 9
whence
5 1 2 5/ 8
—=—[1+—= 14+ = 14+ =~/1+...
9 3\/ 3\/ 3 3

5 2 5 8
__\/1+—\/1+§ 1+§\/1+... (8)

\/1+§ 1+—1\/1+... )

+
9 3 3
11 8 11 —
EZ l+§ 1+€ 1+ (10)
The terms (8), (9), (10),... of the series g, —, §,E—,E,g,@, ... were obtained by the formula
3333 3 3 3
3k;2=\/1+3k3—1\/1+3k3+2 1+3k3+5\/1+3k3+8m |

k=0L12,...
3k+2
}, k=0,12,... implies the infinite sequence of nested radicals.

Thus, the series {

And now if we accept X=3,y =7, then

3= \/1+ 2\/1+ 3\/1+ 4J1+5V1+...
7= \/1+ 6\/1+ 7\/1+ 8v1+9V1+...

§= 1_ﬂ 1+§\/1+E 1—|—£\/1+...
7 7 7 7 7
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310 17 24 31 7k+3},k:o,],2,___

and the series 7 7 —,—,—,... was constructed by the formula {
7k +3 :\/1+ 7k7—4\/1+ 7k7+3\/1+ 7k;1om |

3k+2

Thus, the fraction % implies the sequence { }, k=012,... and the fraction % implies the se-

guence {7k7+ 3}, k=0,12,... and so on.

n
If we speak about division of the given number n by m or about the fraction —,n,me N ={1,2,3,...},
m

mk +n

}, k=012,... and

then this fraction implies the sequence {

mk+n: 1+M\/1+mk+n\/1+mk+n+m\/1+mk+n+2m T 1)
m m m m m

Consequently, division of one natural number n by another natural number m is reduced to the sequence

m
Further, in equality (11) as K — 0o passing to limit we have

lim mk*”:lim[mﬂj:w.

mK +n
{ }, k =0,1,2,... or infinite sequence of nested radicals.

k—a0 m k—o0 m
Consequently, in the right hand side of (11) as K —> 0o the sequence of infinite nested radicals also tends to
infinity.

As a result we have such a wonderful result:
For any natural numbers N,Mme N :{1,2,3,...} as K — oo the sequence of infinite nested radicals tends
to infinity, i.e.

1+(mk+n_ j 1+ mk+n\/l+[mk+n +1j\/1+(mk+n+2j\/ﬁ — 400
m m m m
Example N =3, M=D5. Thenas k — o0

1+(5k5+3—j 1+5k5+3\/1+(5k;3+1j\/1+[5k5+3+2}/ﬁ — 400,

k=012,...

103k +57

So, besides division of N =57 by m =103 we have the sequence { 103

},k =01... and

103k +57 _ 14 103k +57 14 103k +57 \/1+ 103k +57+103 \/1_|_ 103k +57 + 206 N
103 103 103 103 103
k=012,....

When obtaining formulas (4) and (11) we encounter some paradoxical situations:

1°. On formula of representation of each natural number N =1 in the form of infinite number of nested
radicals
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n= \/1+(n —1)\/1+ L+ (+Dy1s (M 2VTr.. n=123..

2=\/1+\/1+ 241+ 3V1+... (12)
3= \/1+ 21+3V1+...
4= \/1+ 3W1+441+...

and so on. All natural numbers N >1 have one and the same form (4). And in order proceeding from (12) to
write representation for the number 1000, we must perform 998 steps, i.e. in fact (12) is a standard for all natural
numbers greater than two. We stop on number 5;

5= \/1+ 4\/1+5\/1+ 61+ 7V1+...
6
\/1+ 5\/1+ BvV1+7V1+...
7
7= \/1+ 6y1+ 71+ 81T ..
8

We have

6

8= \/l+ 7\/1+8\/1+ OV1+...
9
9=

\/1+8\/1+9\/1+10\/1+...
10

l.e. number 5 is a production of the sequence {6,7,8,9,...} . The sequence of numbers {n+ k},k =1,2,3,...
corresponds to the number N >1. As K — 00, we can say that the number N >1 is managed by the sequence
{n+Ln+2,n+3,...,0}, ie. by the numbers beginning with (N-+1) to infinitely large ones.

. n
2°. On division of the given natural number N by m or on the fraction —,n,me N ={,2,3,...}. We
m

. on. mk +n
established that the fraction — implies the sequence ,k=0.12,... and formula (11) holds.
m
We stop on fraction % . This fraction generates the series %,%,%,%,%,... and the following formula

is valid for all its terms:

4k+7_\/1+4k4+3\/1+4k+7\/1+4k+11\/1+4k115 o k012,

4 4 4

7 3 7 11 / 15
k=0, —= 1+—,1+— 1+= [1+—+1+...
4 4\/ 4\/ 4 4

11
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k=1, 11: 1+ZJ1+——
4 4

15 f 19
1+— [1+—+/1+...
4J 4 4

15

4

15 11 15 19
k=2 —= [1+=—=. 1+— [1+—=+1+...
4 4J 4 4

19

4

k=3 19 1+E 1+ 19\/1+Eg
4 4 4 4

1+%§Vl+".

Thus, when dividing the number 7 by 4, the obtained fraction % is managed by infinite sequence of numbers

{711151923}
—,—,——y——,——,... convergent to infinity.

. . . .. n
The above research is interesting with the fact that the ratio — of two natural numbers n and IM generates

mk +n

a sequence of the numbers {

vergent to infinity.

m

}, k=012,..., expressed by the infinite sequence of nested radicals con-

All our reasons lead us to the fact that the nature of all natural formulas are closely connected with infinite

number of nested radicals.

It should be noted that as in the field of complex numbers, division of one number z, by another one z, = 0
is always feasible, then formula (11) remains valid for complex numbers as well. However, it breaks down for
example for a class of numbers Z ={z : z = a+bi+cj,—o0 < a,b, ¢ < +oo} where division is not always fea-

sible.

Following [4] we can see that formula (11) is valid also for the so called quaternions (“quarter” numbers)
a+Dbi+cj+dk under the chosen rule of multiplication of imaginary units i, j and K

For which values N € N ={1,2,3,...} the issue on validity of formula (11) for space E, remains open.
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THE SOLVABILITY OF NONLINEAR ELLIPTIC-PARABOLIC EQUATIONS

Summary: We prove the solvability to nonlinear elliptic-parabolic equations. Our assumptions on the
coefficients are natural.
Keywords: Nonlinear elliptic-parabolic equations, solvability.

Mathematics Subject Classification: 35J25, 35B40

1 Introduction

This problem is the stationary variant of nonlinear problems that have been studied extensively by many
authors [1], [2],[6], in linear elliptic parabolic cases by authors [3].

Many applied problems, especially drift-diffusion processes in porous medium and semiconductors are
modeled by such type of equations.

Letin R™,n > 2, giving bounded domain Q with boundary dQ , and Q; = Q x (0,T) -cylinder, T € (0, ),
following problem is consider

a a a a2 a
5 I a—,cl,(ai (x t,a—;‘i)) —pa I +a(ntu)=0 (11
where (x,t) € Qr ,
ulx,t) =f(x,t),(x,t) er =(0,T) x Q, (1.2)

u(x,0) = h(x),x € Q. (1.3)

We study existence and uniqueness of weak solutions for the problem (1.1)-(1.3).
We consider the problem (1.1)-(1.3) under standard conditions for the functions a;(x,t,¢) and a(x,t,u, ).
Our main specific assumptions related to the weight functions ¥ (x, t):

Y(x,t) = w(t) - Ap) - (T — 1), (1.4)
where
1.w(t) =0,w(t) € CYO,TI;
2.2(p) = 0,A(p) € C0,diam Q] , X' (p)| < a/A(p),and p = p(x) = dist(x,9Q);
3. 9(2)=0,¢0'(2)=20,0(2) €CH0,T],p(2)=B-z- ¢'(2),9(0)=¢'(0)=0,a B-are positive
constants.
Functions f(x, t) and h(x) satisfying conditions

£t € L@ ] 10,7 W2 @) [ 10,7 W),

%]

Ve L,(0,T; WA(Q)),

ot

h(x) € Lo, (Q).(1.5)

We also consider the regularized function v, (x, t), which define by following for any fixed € € (0,T)

Y (xe)e + Y (xe)

m m-gMm-1

Y (x, t) =YP(x, ) — -t™,t € (0,¢); (1.6)
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Pe(x, t) = P(x, 1),
att € [,T],m = %for almost everywhere x. Later we consider case Y (x,t) > O0att > 0. Alsolety(x,t) =

6,8 2 0. If Y(x,t) =0, then equation (1.1) parabolic. We introduce space of functions W“(QT) in Qr with

finite norm
1

lully 20, = (fy, (2 + Ty w2, + u + 92 (x, Oud,)dxdt ) (L.7)

W 32, (Qr)-subspace of space W, (Qr) is closure all functions from €*(Qr) vanishing to zero on I'(Qr).
Let the coefficients equations (1.1) satisfy following assumptions:
1. a;(x,t,8), alx, t,u, &), i = 1,n measurable relation x for each u € R, & € R™ and continuously at u €
RY,
& € R™almost every where x € Q,t € (0,T). (1.8)

2. There are exists positive constants vy, v,, v and functions by, ay € L,(Qr),p > g such that for any x €
QueRrR,E€R,te(0,T)
Tt ai(t, 9§ = v €7,
la; (x, £, )| < 2181 + by (x, 1),
—vs(lul + ao(x, ) + 1§ < alx, t,u,§) < vsllul + (ap(x, 1) + [ED].
(1.9)

A function u(x,t) € L, <0 T, W12 (QT)> is called of solution for the problems (1.1)-(1.3) the integral

[ ] 2 pusac |

+f0T Jo (x, t)%(ﬁdxdt = 0(1.10) hold for any functions @ € C*(Qr) vanishing near T' and almost
everywhere t € (0,T)

identities

i ( tau)a¢+ (o, t )@ | dxdt +
a; x,,axi o, a(x, t,u.u,)® |dx

i=1

u(x,t) — f(x,t) € L, (O T, W 12 (Q)) (1.11)

For regular coefficients and smooth solutions uniqueness for problem (1.1)-(1.3) can be proved using results
of Ladyzhenskaya and Uraltseva [8] or Gilbarg and Trudinger [7].
Besides (1.1) we shall consider the regularized equation

a ] ]

a—’:— ?169: ( (xt )) Ye(x, t)—+a(x,t,u,£)=0. (1.12)
Correspondingly we define is solution of regularized equation.
2 A priori estimates of solution
Denote F, = esssup{|f(x,t)|,x € Q,t € (0,T)},F, = ||f (x, t)||le . We will understand all known

parameters depending only on n, vy, vy, vg, Fy, Q, Y (x, t).
Theorem 2.1 Let the conditions (1.8),(1.9) and on 1 (x,t) be satisfied. Then there exists a constant M,
depending only on known parameters and ”ullwl;f,(QT)SUCh that each solution (1.10), (1.2), (1.3) satisfies
2,

esssup{lu(x,t)|:x € Q, t € (0,T)} < M,. (2.1)

Proof. We keep the before notations estimate the maximum of |u(x, t)| on the set Q7. Again the proof for
Q7 runs analogously.
We insert the test function

Px,t) = M[ﬂ;klp(& t)dSL Jk>mr>0 (2.2)

P, Oug(x,t)
into regularized (1.10) and obtain

T du
J- f — pdxdt +
0 J{m<u<k} ot
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out [ug(x,t) —m]™? J‘”k ]
a;\x,t, s, t)ds| +
fj;qqizm‘( aQam 3G w0 |, YEO
Ve 0] [
_ r _ £X x,t J.
+ [up(x,t) —m]" |1 e) ] Y(s, t)ds] dxdt +
m
ou\ [ug(x, t) —m]™™ 1f
’ ’ ; S,t dS -
J- f{u>m} ) I:bs(x t)uk(x t) %( )
2
- fO f{u>m} ws(x’ t)ZTZ(ﬁdxdt =0. (23)

Using conditions to ¥, (x, t) we obtain

[uk(x t) —
Y (x, t)uk(x t)

w’SX (x! t)
P (x,0)

f Y(s, t)ds + [ulx,t) —m]" [1 - ] f Y(s, t)ds =

>—7 ol
2 oo M@t —ml (2.4)

On the other hand condition on a(x, t,u, £) give
f f [ au) [u(x,t) = m]” fukw 5. 0d ]d s
X, 1 u, N . N S, S X =
fusm) 0x/ P (x, t)u, (x,t) €

a
—Cg fOT f{u>m} [ao + |£” [u, — m]"dxdt.(2.5)
Taking (2.4), (2.5) into account, we get from (2.3)

KIMKmeo—mr—

T

d

< Cgf f [uCx,t) —m]" [ao(x, t) + |£” dxdt
0 {u>m}

Let us denote

I(r,t)= f f{u>m} [u(x,t)-m]"
JED= [ Sy TGD-m]" [ao(x,t)+ [22]] axat

u

dxdt

(2.6)

and suppose that /(r,t) < oo for some r, then, by taking the limit k — oo we see that I(r,t) < co. Now, by
Theorem 1 we have J (1, t) < oo for ry, = 1 and hence I(ry,t) < o .

By embedding theorem we have [u —m]"/?** e W, (@) and [u — m]T/P* € L 2n (Q). Thus we get

n-2
n

2 s 2)} > 1. Iterating this we see that I(r,t), ] (r, t) are finite for
each positive number r . Later Moser’s (see [9])iteration technique was used to prove the result.

J(r,t) < o forry = yry withy = mm{

3 The solvability of problem
In order to prove existence of a solution to problem we must replace condition on a;(x,t,¢), by a
monotonicity condition. Let conditions are satisfied:

ity [aiCe t, ) — ai G, M1 —m) = il —nl? 3.1)
forvx e Q,é,n € Rt € (0,T).
Theorem 3.1 Let conditions on coefficients and (3.1) be satisfied. Then the boundary value problem (1.1)-
(1.3) has at least one solution u(x, t) € W,77(Qr) N Lo (Qr).

Proof. Denote for +u > m*, a number m* depending only on known parameters,

a*(x, t,u, &) = alx, t, min{u, m*}, &).
For 7, ¢ € [0, 1] we consider the following parametric family of boundary value problems
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‘;—1:— ?:1:[ (xt )] l,bs(xt)at2+ra (xtu )—0,(x,t)€QT, (3.2)
u(x,t) =1 f(x,t),x €0Q, (3.3)

u(x,0) = h(x),x € Q. (3.4
By Theorems 2.1 and 2.2 we get a priori estimates for solutions to (3.2)-(3.4)
(]| wiZ(er) = < M, ,esssup{lu(x,t)[:x € Q,t € (0,T)} < M,, (3.5

with constants M,, M, independent of t, €.
We see that a solution (3.2)-(3.4) with7 = 1, & = 1 isasolution to (3.2)-(3.4). We shall prove firstly existence
of a solution (3.2)-(3.4) for T = 1, & > 0 and later that take the limit ¢ — 0, to prove Theorem 3.1.

For fixed number & € (0, 1] we consider the parametric family of operators A,: W 37, - (W ;fp) , T €[0,1]
defined by

T r ou
(Afv,@:f f—(ﬁdxdt+

f L[Z al< a(Tf”))g—z—wg(x 6 gzzgo}dxdt+

i=1
+0y fyra (x w2 L) Gaxde = 0. (3.6)

Easily to check that the operator A, satisfies the following condition: for arbitrary sequences v, € W ;fp Q)
and 7; € [0,1] such that v; - v, € W,;/(Qr) weakly, 7, - 7, and v; € W ;7,(Q;) and 7; € [0,1] such that v; —
vy € Wzli (Q7) weakly, t; - 7, and lim <A1jvj, v — v0> <0,

’ Jj—o
it follows that v; - v, strongly. 3.7)
That means that the operator A, , 7-fixed satisfies condition (S, ) . Now for proving existence we will apply

the degree theory for (S,) operators (see, [10]).
Theorem is proved.

Now the following local Lipschitz continuity condition is given; there exist a positive nondecreasing function
u: R — R* and functions a; € L,(Qr), a; € Lyp(Qr),p > 7, such that

Ia(x, tu, f) - a(x, Ly, 6)' < I:H(N) + al(xl t) + |E|§ |u - Ul, (38)

la(x, t,u,§) — alx, t,u,m| < [w(N) + a,(x, D] —7l, (3.9)
hold for arbitrary N > 0 ,and x € Q,t € (0,t), |ul,|v| < N,&n € R™.

Theorem 3.2 Let the conditions of theorem 3.1 and (3.8), (3.9) be satisfied and let a;(x,t,0) =0,i =1,n
Then the boundary value problem (1.1)-(1.2) has a unique solution u(x, t) € W1 2(QT) N L, (Qr).

Proof. Theorem 2,1-3,1 guarantee existence of a bounded solution to (1. l) (1 3). Now we will assume the
existence of two solutions u,,u, € W1 2(QT) N L (Qr) and show that necessarily u; = u,. By theorems 2.1
and 2.2 we have

[l ]| wion S <M, ,esssup{|y;(x,)|:x € Qt € (0,T)} <M,, (3.10)

j =1,2. Denote v = u; — u, and suppose contradictorily

M = esssup{|lv(x,t)|:x € Q,t € (0,T)}>0. (3.12)
It is sufficient to prove that the positive part [v],. of v vanishes. The function w;, j = 1,2, satisfy the following

integral identities
f f pdxdt +

+ff{llal(xt—)—+al(xtu], )go lp(xt)

=73 go} dxdt =0, (3.12)
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forvg e w ;5,(Qr),j =12,

We insert the test function

(ﬁ = [U_m]+ ,m € [O,M], (313)
additionally, we insert the test function
0= ui ;‘;j:llp(s, t)ds, (3.14)
into (3.12), j = 1. Thus, we get
T ouy
f J- —vdxdt +
0 J{v>m} ot
T S ou\ [0(u, + v ou
+f f Zai(x,t, 1)[y(ul+v)— Ly +m)| -
o Jw>m} i 0x; 0x dx;
n
6u1 du; _
Z al( ) ox 1T
i=1
—a (x t,uq, x) —Y(x,t) 2 (;Ltl;v) (uy + m)} dxdt = 0.(3.15)
Taking the difference of (3.15) and (3.17), we obtain
T olu—uy)
[ .
0 J{v>m} ot
T n n
o(u, +v du,\ | dv
+f f Zai(x,t,y>—2ai<x,t 1) —_— =
0 J{v>m} =1 0x —~ a axl
s . du, aul[ ]
_Z al(x, ’ 6x>6xl —mlt
i=1
- dup\ 0 d(u; +v)
U\ 0Uy u +v
+Z a; (x,t,a> ox, up + a<x t,u, +v, T)( —m) —
i=
—a (x, t, ul, )(p Plx, t) —— o (ulw) (v—- ul)} dxdt = 0. (3.16)
Now from condition on coefficients implies
dug\ — + a
—a (x, t, ul,%) p=- f;‘;ﬂi a (x, t,s, %) ds (3.17)
and a;(x,t,0) =0,i = 1,n, give
(3.18)

ouq) du
n 1 1
Zi:l & (x t _) ax; 20.

Thus, using (3.17), (3.18) we obtain from (3.16)

f f vdxdt +
{v>m}
T o(u; +v duq\| ov
+f f (ul + U) Z [al ( X, :%) aL <xl t: a 1) a +
0 J{v>m} X Xi

+a(x,t,u1 + v, w>( —m) —

ug+v

a(uq+v)
+a(x,t,u1 + v, alx )(v —m) —fu1+m (x t,s,

We estimate summands from (3.19)

24) ds + p(x, £) o G (v —m)} dxdt.  (3.19)
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|/
EESY] |

d

u+v
|=f [a(x,t,u1+v,
u+m

< Cp, {[az(x £) +1] |—| + [al(x £ +1+ |

hear x € {v > m}.
Thus, we get from (3.19)

WACE

2

+ay( t)+1+|au15
G 0x

(v—m)

Using Young’s and Holder’s inequalities, we obtain

av|?

T
Jb -ﬁv>nﬂ 5_

a(x,t,u1+vw>( -m) — f

d(uq + d
M) —a <x‘ t‘ S,&>:| ds <
ox

(v -

dxdt < Cy, {fOT f{v>m} [v— m]zp’dxdt}p' p = %,

u+v a
<xts Ep )ds

ui+m

duq|p

] (v - m)} (v —m), (3.20)

T
v
]dxdt < C13f [{[az(x, t) + 1] |a| +
0 {v>m}

m) p dxdt.

1

(3.21)
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where C;, depends only on known parameters and norms of the functions a;,a, in L,(Q) and L,,(Q)

respectively.
Let now ¢ < 2 be defined by —

{v = M}. Then
T v 2
Jb -ﬁv>nﬂ ax
Since the measure of the set {(M] L
large j,

T
J; J-{v>m} 5_

Using Friedrich’s inequality we get from (3.23)

2
)
dxdt < Cys [meas{m <v<M}? fOT f{v>m} -

qu = 2p’. Using the embedding theorem and Holder’s inequality we can

av|?

dxdt] . (322

<rv< M} tends to zero for j — oo, (3.22) implies that for sufficiently

av|?

dxdt = 0,m(j,) = M—ji> 0. (3.23)
0

fOT J;wm} [v — m(jy)]?dxdt =0,

and consequently v < m(j,) almost every where on Q. This contradict (3.11).

Theorem is proved.
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INPUHIUIIBI CHMMETPUH KAK BUJI PEAJIM3ALIMNA HATVISITHOCTHA B OBYYEHUHN
CTYAEHTOB UH)KXEHEPHBIX CIIEHMAJIBHOCTEU

In the process of teaching physics, it is necessary to acquaint students with the modern achievements of
physics as a science and the problems currently being solved. Complex in the study of the phenomenon often does
not cause interest in students. To increase motivation to study complex topics, it is necessary to make their
presentation more accessible and visible.

The article presents the principle of symmetry as a fundamental and important methodological principle of
modern science, on the basis of which the presentation of the material will simultaneously reveal modern ideas
about the phenomenon and help to make the phenomenon more visible.

B mponecce 06y‘16HI/IH (I)I/ISI/IKG HeO6XO,Z[I/IMO 3HAaKOMHUTH 06y‘IaIOH.lI/IXC$[ C COBPpEMCHHBIMH NOCTUKCHUAMU
(I)I/ISI/IKI/I KaK HayKHU U peIIaCMbIMU B HACTOSAIICEC BPCMsL HpO6J‘IeMaMI/I. C0XHOE B H3Yy4YCHUU SBJICHHUC YalllC BCCIO
HC BBI3bIBACT MHTEPECA Y 06y‘Ia}OHII/IXC$I. YT0OBI MOBBICUTH MOTHUBALINIO K U3YYCHUIO CJIOKHBIX TCM, H606XOZ[I/IMO
CacjaaTh UX U3JI0XKCHHEC 60.]'[66 JOCTYITHBIM U HArJIsIAHBIM.

B crarbe npencraBieH NpUHIUMI CUMMETPUHU KaK OCHOBOITOJIATAIOIINNA U BayKHBIN METO/I0JI0THYECKUM TPUH-
IIUTI COBPEMEHHON HayKH, Ha OCHOBE KOTOPOTO M3JI0’KEHUE MaTepuaia OyJeT OJHOBPEMEHHO PacKphIBaTh COBpe-

MCHHBIC IPEACTABJICHUA O ABJICHUU U IIOMOXKET CACJIATh ABJICHUC 60.]'[66 HarJsiAHbIM.
Keywords: physical phenomena, symmetry principles, model
Knrouesvie cnosa: dm3uqecz<ue SA6TIeHUA, NPUHYUNbL CUMMeEMPUU, Moo0elb

Accessibility and visibility — one of the main di-
dactic principles to achieve modern educational goals,
the Implementation of these principles can be carried
out in different ways. There are two main methods to
make complex material related to modern scientific
problems more understandable. The first method is as-
sociated with the application of symmetry principles to
explain certain complex phenomena. The principles of
symmetry are fundamental and important methodolog-
ical principles in modern science. The presentation of
the material on the basis of these principles will simul-
taneously reveal modern ideas about the phenomenon
and will help to make the phenomenon more visible.

The second technique is to use models, both natu-
ral and mathematical, demonstrating complex to pre-
sent physical processes at a simplified level. Being a
tool for providing visibility, they also allow to reveal
the essence of the events, to focus on some important
features of the studied processes. Full-scale models
have great visibility and relative simplicity. Mathemat-
ical models reveal the theoretical basis of the studied
phenomenon. These models should also take into ac-
count the principles of symmetry, on the basis of which
the mechanisms of complex phenomena studied in the
course of physics are explained [1].

Clarification of the role of the principle of sym-
metry in physical knowledge becomes necessary in
connection with the statement in modern physics of the
idea that the properties of symmetry contains the most
fundamental information about the physical object
(system), that the symmetry transformations are almost
the main and most profound elements of the physical
description and explanation of nature. This position of
symmetry in the system of developing knowledge as
shown by the development of physics allows deeper
and more fully reveal the essential unity, integrity and
indivisibility of the world, to determine the semantic
content of many problems including the irreversibility
and direction of time, global evolutionism and an-
thropic principle.

The principles of symmetry are established exper-
imentally in the analysis of known laws. In turn, the
known principles of symmetry allow us to discover new
laws, reveal the structure of physical theories and the
relationship of the laws inherent in them, allow us to
solve problem situations in the development of scien-
tific knowledge.

The symmetry of space (homogeneity and isot-
ropy) and the symmetries of time (homogeneity and re-
versibility) were known to scientists of the ancient
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world: the properties of any object (for example, a tri-
angle), and therefore the laws do not depend on the po-
sition of the object on this axis, nor on the position of
this axis, nor on the time when these properties are con-
sidered. In mechanics and electrodynamics, the revers-
ibility of laws is seen from the equations (the equations
do not change when replacing t with —t) [2].

It is found that each symmetry provides its own
law of conservation: the law of conservation of the
amount of motion due to the homogeneity of space, the
law of conservation of momentum — isotropy of space,
the law of conservation of energy — the homogeneity of
time. Conversely, when a quantity remains constant, it
means that there is a symmetry that preserves that quan-
tity. For example, the laws of conservation of electron,
muon and baryon charges, as well as the law of conser-
vation of strangeness are known. We can expect that
these conservation laws are also a consequence of cer-
tain symmetries that we do not know about.

The principles of symmetry are much more stable
than the laws. Therefore, the discovery of violations of
known symmetries leads to significant problem situa-
tions. Allowing them to make outstanding discoveries.

Thus, for example, Galileo very negatively reacted
to Kepler's laws, according to which the circular sym-
metry of planetary movements, proposed by Coperni-
cus, was replaced by a less obvious — elliptical. Over-
coming this problem situation was the work of Newton,
fully explained the "Kepler symmetry™.

When it was found that Maxwell's equations are
noninvariant with respect to the Galilean transfor-
mations, a problem situation arose. A radical solution
to the problem was found by Einstein, who justified the
Lorentz transformations in the framework of special
relativity.

However, in history there are situations when the
principle of symmetry, being elevated to the rank of
universal and absolutely reliable truth, became an ob-
stacle in the development of physics. For example, Ar-
istotle's idea of a dedicated vertical to the earth's surface
was elevated to the rank of unshakable truth. It took the
heroic efforts of Giordano Bruno, Copernicus, Galileo,
Descartes and other scientists to pave the way for the
assertion of the principle of symmetry — "“space iso-
tropic".

So, with the development of physics, the very con-
cept of symmetry deepens and expands and increas-
ingly serves the knowledge of the world by man [3].

Students can form an idea of symmetry, based on
their existing knowledge. For this purpose, in the study
of the "Mechanics™ section, symmetry transformations
are used to solve problems, consider stable and unstable
States, as well as issues of symmetry of space and time.
However, the study of the laws of conservation (energy,
momentum) lays the Foundation for the understanding
that in addition to the geometric symmetry around us,
there is also the symmetry of physical laws.

Let us consider how the concept of symmetry can
be used in the study of the section "Molecular physics".
Here students can be introduced to the concept of *sym-
metry breaking"for the first time. The concepts of phase
transitions of | and Il kind are introduced. For the

teacher it is important to show what phenomena occur
at phase transitions.

In this case, the explanation of the mechanisms of
the processes occurring during the transitions is easy to
explain, using the symmetry transformation of the in-
ternal structure of matter.

Based on the explanation of the symmetry of the
internal structure of matter, we thus use symmetry in its
geometric representation, that is, what the students are
already familiar with [4].

At the same time, it is important to emphasize the
symmetry of various laws and phenomena in the course
of their study and in solving problems (symmetry of
electric and magnetic fields in a single electromagnetic
field, the method of mirror images in electrostatics, the
symmetry of processes in oscillatory systems with re-
spect to the equilibrium position).

As an example of the use of the ideas of modern
science in education, we can consider the introduction
to the programs of universities, and now schools, issues
related to the study of self-organization of living and
non-living systems. In school physics, an example of
self-organizing systems can serve as self-oscillating
systems. In addition, the University considers issues re-
lated to bifurcation, linear and nonlinear systems.

Inthe end, it is necessary to create the idea of sym-
metry as a criterion that limits the variety of structures
that can exist in nature. It establishes internal relation-
ships between objects that are not related to each other.
Any classification is based on the detection of sym-
metry properties of classified objects.

Let us consider in more detail the presentation of
the question of phase transitions. The crystal body has
anisotropy of properties, which is manifested in the fact
that in different directions the properties of crystals are
different. This is due to differences in the lengths of the
crystal lattice edges. The difference in properties in dif-
ferent directions suggests that crystals have less sym-
metry than, for example, liquids or gases. The last ag-
gregate States of matter are characterized by isotropy
of properties (for example, in all directions the same
compressibility, light passes without changing the in-
tensity). If we consider a small volume of liquid or gas,
these substances can be considered homogeneous.

The isotropy of the properties of gases and liquids
is determined by a large number of operations in which
the properties of the object do not change (rotation, par-
allel transfer, etc.). Turning to the models of the crystal
lattice, we see that it has fewer such transformations
than liquid bodies [5].

Further, on the basis of the difference in the sym-
metry of the internal structure, it is possible to consider
the laws of phase transitions. "Gases and liquids are
characterized by the same symmetry of the internal
structure, unlike solids. This or that symmetry property
can appear only by a jump. In each state, the body will
have some symmetry. Means, can be point to which of
two phases it applies» [4]. The curve of equilibrium of
these phases can end in an isolated point. It can either
end at the point of intersection with another equilibrium
curve, or go to infinity. This can be seen in the diagram
of the state in the axes of PT. Important is the question
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of how exactly is the alignment of the axes of the crystal
in the transition liquid - solid. Liquid molecules occupy
certain places due to the decrease in temperature, and
hence the energy of motion of the particles, and form a
crystal lattice. The shape of the crystal lattice (the di-
rection of the axes of symmetry and the size of the
edges) is due to external factors.

All of the above patterns are abstract, because they
can not be demonstrated by experience due to the mi-
cro-scale of the processes. Nevertheless, the fundamen-
tal process that determines the structure and properties
of phases - the symmetry breaking of the internal struc-
ture of matter - can be shown by simple experiments
illustrating the concept of symmetry breaking in macro
scales. In addition, these experiments demonstrate
other concepts: stable and unstable equilibrium, fluctu-
ations, the importance of fluctuations not only in the
microcosm, but also in the macrocosm [6].

The urgent need for the application of models is
felt in the study of those natural phenomena that are not
observed directly in the experience, or are accompanied
by numerous side effects that prevent to establish the
essence and observe this phenomenon. These include
the phenomena of spontaneous symmetry breaking.
The doctrine of symmetry is the basis for the analysis
of a number of laws of nature, becomes the basis of the
principle of classification of many phenomena, is used
to create new hypotheses and theories. The role of this
doctrine especially increases at the level of the micro-
cosm, where the patterns of structure can determine the
patterns of processes [7].

The development of the theory of symmetry al-
lowed to put forward new scientific hypotheses, as well
as to explain the existing theories. This is based on the
property of symmetry, to reflect the most common pat-
terns of natural phenomena, and hence the ability to
predict the further development of processes. Now rec-
ognized is the assertion that the principles of symmetry
are the highest level of knowledge of the physical
world, standing above the physical laws and theories.
The ideas of symmetry are the core ideas of modern
physics.

Based on the above, it is necessary to consider in
more detail the principles of symmetry and build a uni-
fied physical picture of the world, based on these prin-
ciples in the course of physics at school and at Univer-
sity. The principles of symmetry on the one hand com-
bine many physical phenomena and are the basis for
their explanation, and on the other hand the symmetry
is quite clear and can be demonstrated using physical
and mathematical models [8].
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INVESTIGATION OF DISTRIBUTION OF LASER RADIATION IN THE TWO MODE OPTIC FIBER

AHHOTa].ll/lﬂ: HpeI[CTaBJ'IeHLI Ppe3yabTaThl UCCICAOBAHUA pacIpeACICHUSA NHTCHCUBHOCTU I'CJINEBO-HCOHO-
BOTO JIa3epa B ABYXMOI0BOH onTudeckoii kabenu. [Tokazano, uto popmel nHTeHCHBHOCTEH Mo LPo1 1 LPg, Hamo-
MHHAIOT T'ayCCOBO PAaCIpe/elIeHHe CO CTPOTMM MTHUKOM B CAMOM ILIEHTpE BOJIOKHA, a opma Monsl LP11 XoTs mo
KpasiM BOJIOKHA HallOMHUHAET TrayCCOBO pacHpeiiesieHHne, OJJHAKO BHYTPH HETO UMEET CHHYCO0Opa3HyIo KapTHHY,
npudemM, B otiauuue ot Mod LPo1 u LPg2, B caMoM LieHTpe BOJIOKHA MHTEHCUBHOCTb MPAKTHUUYECKH paBHA HYJIIO.
OTCIO}Z[a CJICAYCT, YTO €CJIM 110 JaHHOMY BOJIOKHY H3JTY4YCHHUE T'CJIMEBO-HEOHOBOI'O JIa3€pa UCTIOJIb30BATh B LEJIAX
nepeaaydu, 06pa6OTKI/I " IprueMa CUIrHaJioB, TO HECyliue CUrHajl MOAbI LP01 u LP11 MOKHO HUCIIOJIB30BAaTh OJHO-
BPEMEHHO, @ MOJIbL LP01 u LPoz CMCIINBATD, T.C. UCIIOJIL30BATh OAHOBPEMCHHO HE uenec006pa3H0.

Abstract: The results of investigations on distribution intensity of from He-Ne laser in the two mode optic
fiber have been presented. It has been shown that the LPo; and LPo; modes intensities shapes similar to the Gauss
distribution having the strict peak in the fiber center, and LP11; mode shape although on the fiber boundaries is
similar to Gauss distribution, but in its interior parts has sinus like picture which unlike from LPo; and LPo; modes
the intensity in the fiber center practically equals to zero. It follows from ones if we use radiation of He-Ne laser
for transmission, processing and receiving signals then LPo; and LPg> modes as signal carriers can be used simul-
taneously, at the same time using LPo1 and LPg; modes have not been recommended.

Knroueswie cnosa: 06)001/10006‘06 onmu4eckKoe 60J10KHO, pacnpe()eﬂenue UHmMeHcueHocmu, cayccoeo pacnpe-
Oenenue

Keywords: two mode optic fiber; intensity distribution; Gauss distribution

IHocTanoBka mpo0JeMbl

Kak u3BecTHO, 4TO B HacTodIIEe BpEMsl ONTHYE-
ckue BosiokHa (OB) mmpoko npumeHstoTes I repe-
Jlagu, 0OpabOTKH M IpHEMa CUTHAJIOB, B KOTOPHIX B Ka-
YecTBE HECYIIMX HMH(POPMAIMIO BOJH HPUMEHSIOTCS
nH(paKpacHbIe ¥ BUAUMEIE TydH. PacmipocTpanssice mo
BOJIOKHaM, TEPACTCA 4aCTb MOUIHOCTHU BXOOAILICTO MU3-
JyyeHus. B CBA3U ¢ 3TUM NPEACTABIAET IUPOKUI UH-
Tepec HMCCIIe0BaTh KOJIMYECTBEHHO CTENEHb pacipe-
JACJICHUA UHTCHCUBHOCTHU MU3JIYYCHUS 110 MMONIEPEIHOMY
CEUEHHIO IIPU PACIIPOCTPAHEHUH ONITHUECKOTO U3JIyye-
HUS uepe3 BOJIOKHA.

AHaIN3 MOCJIeHUX UCCIeJOBAHUI U My0/JIuKa-
it

B mnocnennee Bpems cpenu OB mpenmoutense
cranu otnaeath [1, ¢. 247;, 2, c. 225] MaioMOA0BBIM
OB no npuuuHe TOro, 4YTO MOCIEAHUE UMEIOT Psif Ipe-
HMMYIIECTB 110 CPABHEHUIO C UX MPEAIIECTBEHHUKAMU:
B HUX MOXHO MacuitabupoBarte okoino 50 mox; nua-
METp BHYTPEHHEH 000JI0YKH CTAaHAAPTHBINA — 125 MKM;
HMeeTcs BO3MOXKHOCTh IPON3BOANTE CBAPKY C ITOMO-
IO TPAIMIIMOHHBIX aIllIapaToB, JIETKO MPHCIIOCOONUTH
K HUM TPaJIUIMOHHbBIE ONTHYECKHE KOMIIOHEHTHI CTaH-
JApTHBIX ONITHYECKUX CHCTEM.

B paborax [3, c. 289; 4, ¢. 727] 6bu10 HCcneno-
BAaHO BIIMSHUE JIMHEHHOIO CMEIIEHHUs CUTHAJIOB Ha
nposiBienue Kepp-HenuHeliHocTed Ipu 0JHOBpEMEH-
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HOHM Iepejaye TPeX MOJOBBIX KaHAJIOB B OJHOM BO-
JIOKHE Ha OJHOW € JUTMHE BOJHBHI U OBUIO ITOKa3aHo,
YTO TIPH WCTIOJIH30BaHUM B KauecTBe Hecymeil nadop-
MAIIMIO HECKOIBKIX MOJ OJHOM JJIMHBI BOJIHBI MOXKET
MIPOMCXOIUTh MEXMOIOBasi HHTeP(HEPEHIHs, KOTopas
BITOCTICICTBIH OyNeT HETaTHBHO BIIMATH Ha IIEJIOCT-
HOCTB M Ka4eCTBO MEPEIArONIErocs CUTHAIA.

[Tpu mMoHTaxe M00BIX Tpokiagok OB u npu me-
penade 1o HUM CUTHAJIOB HYXHO yYUTHIBATh [5, c. 28;
6, c. 8] croiikocTh OB K MeXaHUYECKUM M KIIMMaTHYe-
CKUM BO3JICHCTBHSIM, a TAK)KE BO3MOXKHYIO T€HEPALIHIO
BeICIINX TapMoHHK [7, c. 60]. Kpome »Toro, Bcerna
MMeeTCs IOTePs] MOIHOCTH U3TyYeHHsI, XapaKTepHu3y-
forascs ko3 dumenTom 3atyxanusa. B pabotax [8, c.
51; 9, c. 70] 6bUTO yCTaHOBJIEHO, UTO KO3 HIIHCHT 3a-
TyXaHHsA U30THyTOro ydactka OB Bo3pacTtaeT ¢ yBemn-
YEHHUEM JUTHHBI BOJHBI ONITHYECKOTO CUTHANA, C YMCHb-
IICHHEM paJnyca W3Th0a, ¢ YMEHBIICHHEM paIiyca
CCPALUCBUHBI ONITUYECKOI'0 BOJIOKHA U C YMCHBIICHUEM
BBICOTBI POQUIIS TOKA3ATENs! PETOMIICHUSI.

Jlnst nepeauy MOIHOTO ONTHYECKOTO M3JTyYEeHUsI
B pabore [10, c¢. 91] OBUIO MPENTIOKEHO BOCIIOJB30-
BaTbCA ONTHYCCKUM METAJUIM3UPOBAHHBIM BOJIOKHOM,
BBITIOJIHEHHBIM 110 KOAKCUaJIbHOU cTpykType. Tam ke
OTMEYaeTCs, YTO JaHHAs KOHCTPYKIHUS 00JamacT Mu-
HUMAaJbHOM AMCIEpCUE, MUHUMAaJIbHBIMU HEIUHEH-
HBIMHU (P PEKTaMH U BBIICPKUBACT OBHIIICHHLIC TEII-
JIOBBIC HArpy3KH, COIPOBOXIAIOIINE PacIpoCTpaHe-
HHUE MOITHOTO ONTHYECKOTO M3ITyUCHHUS, a TAKXKE 103~
BOJICT  yBENMYMBATh UYHCIOBYIO  ameprypy H
nepeaaBaTb NOBBIMNICHHYIO MOIIHOCTDH U3JIyUYCHUA.

B nensix mposeenus 60yee TOYHBIX U HATISTHBIX
UCCJIEJIOBAaHUN PAaCHPOCTPAHEHHs ONTHYECKOTO H3ITy-
gyeHus depe3 OB HeoOX0AMMO BKIIIOUHTH B JKCIEpHU-
MEHTAJIbHYIO YCTAHOBKY JJIEMEHT, 00eCHeYMBaIOIINi
pasaencHue (QMIBTPAIUIO) ONTHYECKUX MoA. B pa-
oote [11, c. 3] mst 3TO# Henu OBLIO MPEATIOKESHO HC-
MOJIB30BATh JJICKTPUYECKU YIPABISIEMOE KHUIKOKPHU-
CTAJUIMYECKOE YCTPOHCTBO, KOTOPOE B HYKHBIH MO-
MEHT TMO3BOJIIET MEPEKIFOYNUTh MOBI JIA3EPHOTO U3ITY-
YCHUS.

K HacrosiieMy MOMEHTY He pellieHa 3aJa4a Mc-
cJleJ0BaHMsI pacinpe/ie/ieHisi ”HTEHCHBHOCTH I10 10-
TepeYHOMY CeYeHHIO BOJIOKHA.

Henbro HacTosmeH paboOTHI SABISAETCS HKCHEPH-
MEHTAJIbHOE HCCIIEI0BAHNE 3aBUCUMOCTH MOIIHOCTH
ONTUYECKOI'0 U3JIYYCHU ITPU BBIXOJE U3 ONITHYCCKOTO
BOJIOKHA OT MOIITHOCTH BXOJJHOTO M3JIYY€HHS B 3TO K€
BOJIOKHO TI0 ITOTIEPEYHOMY CEUEHHUIO BOJIOKHA.

MeTtoanka uccae0BAHHI U IKCIIEPHUMEHTAJb-
Hasl yCTAHOBKA

B skcneprMeHTe B KauecTBE HCTOYHHMKA ONTHYE-
CKOT'O M3JIy4eHHs ObUI MCIOJIb30BaH I'eJIMEBO-HEOHO-
BBI Na3ep. Pabogast ninHa BOJIHBI OBIIa YCTaHOBJIEHA
Ha 632,816 um. [Ipu 3TOM U151 COTIIACOBAHUS HM3JTyde-
HUS WCTIOIH30BAIA COOUPAIOIYIO JINH3Y ¢ (DOKYCHBIM
paccTosiHuEM 5 cvm. DPPEKTUBHOCTH BBOJIA # U3ITyde-
HU ONPEACTIAIN KaK OTHOMICHUE MOMIIHOCTH, BBCJICH-
HOHM B CBETOBOJ Pinput, K MOIIHOCTH Pragiation, U31Ty4ae-
MOH MCTOYHHKOM:

input

n=10lg ——. @
radiation

I/I3nyquI/Ie B CBETOBO/J BBCJIM MECTOAOM COCIHUHC-
HUA BCTBIK, T.C. TOPCL ONTHYCCKOI'O BOJIOKHA MaKCH-
MaJIbHO HpI/I6J'II/I3I/IJ'II/I K H3nyqafome171 TOBEPXHOCTHU UC-
TOYHHUKA.

C‘-II/ITaH, YTO UCTOYHUK H3JIy4a€T paBHOMEPHO IO
ToIomaau 1 CAMMETPUYIHO OTHOCUTEIBHO ONTHYCCKOM
OCH, BBOIIUMYIO B CBETOBOJ[ MOITHOCTH Pinput paccum-
TaJIN BBIPAKCHUEM

P.

S A
input — ZESLEHapJ. I radiation(e) sin 6dO (2)

radiation 0

rae

Soverlap — TUIOLIAIb TIEPEKPHITHSI CEPALIEBUHBI CBE-
TOBOJIa;

Sradiation — TITIOIA/Ib U3ITyYaIOLIEH TOBEPXHOCTH Te-
JINEBO-HEOHOBOT'O JIa3epa;

A — aniepTypa BOJIOKHA, paduaH;

Iradiation(0) — CHJIa CBeTa HCTOYHMKA B 3aBUCHMOCTH
OT HanpasieHus, Bmlcmepaduan;

6 — yronm Mexx Iy HarpaBJIeHHEM PacTIpOCTPaHCHUS
M3ITYYCHUS ¥ ONTUIECKOI OChIO HCTOYHHKA, PAOUAH.

Cuntas W3JIyYeHHE TEIMEBO-HEOHOBOTO Jiazepa
J1TaMOEpPTOBBIM:

I =1,cos0,

MOXHO OmnpenenuTb 3((GEeKTUBHOCTD BBOJA 7 U3
COOTHOLICHHUS:

S
17 =101g| (1 cos A) = | @3)
radiation

Hmeercss BOZMOKHOCTH TOBBIMICHUS 3P PEKTHB-
HOCTH BBOJIa ITyTEM HCIIOJIb30BaHUSI TOMOJHUTEIbHBIX
ONITHYECKUX 3NIeMeHTOB. [Ipu pacdere 3¢ exTHBHOCTH
BBOJA M3IIyYEHHS OT TeJIMEBO-HEOHOBOIO Ja3epa
MOXHO MCIIOJIb30BaTh YNPOILEHHBIE BBIPAXKEHUS, MO-
JIyYEHHBIE C HCIOJIb30BaHUEM 3aKOHOB I€OMETpHUue-
CKOW ONTHKH.

Ha puc.1 mokasan xox iydelt OT M3iydaTens B
CBETOBOJI JUIS CIIy4asi MCIOJIb30BaHUs TOHKOW cepu-
yecKou TMH3bI. B TOM cityyae, korja mioniaab u3iyda-
IOLIEH TIOBEPXHOCTH JIa3epa MEHbLIE IUIOIIAAU TOpLa
CEpJALEBUHBl BOJIOKHA HCIIOJIIB30BAHUE JIMH3BI I103BO-
JISIET TIOBBICUTH A(P(PEKTHBHOCTH BBOJIA U3ITyICHU OJia-
rojaps COIJIaCOBaHUIO allepTyphl BOJIOKHA C AMArpPaM-
MOM HamnpaBJIEHHOCTH u3Nydartens. Jjs cornacoBanus
H3Jlydarenb paclojaraloT Ha TAKOM PAacCTOSHUU OT
JIMH3BI, TIPH KOTOPOM pa3Mepbl H300paKeHUs U3ITyda-
TeNs U pa3Mepbl CEpALEBUHBI BOJIOKHA PABHBL:

d-F K+1
K
rae
d — paccrosiHue OT U3ITy4arollell MOBEPXHOCTH JI0
JIMH3BI;
F — dokycHoe paccTosHUE THH3HI;
K — nuHeitHOE yBEIWYCHHE JTNH3HI.



[ |

50 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #5(45), 201
J‘immhiug A
Laser ) |
—— I,
dyadiation F F ] Y
+ e g ﬂrﬁber
,“,= L

d

f

Puc.1. B60o0 uznyuenus 6 010KHO ¢ NOMOWbIO COOUpaIowjell TUH3bl

B Takom ciygae Toper] BOJIOKHA CIeIyeT pacmo-
JaraTh Ha ONTUYECKON OCH JINH3BI B MeCTe, rae (hopMHu-
pyetcst u300paKeHHe U3ITydaTes:

f=F(K+1)

PaccMaTpuBas H300pakeHHE MCTOYHUKA KaK HC-
TOYHUK, HpI/ICTI)IKOBaHH]:Jﬁ K CCpAUCBUHC BOJIOKHA,
MOXHO pacCUuTaTb BBOJAUMYIO B BOJIOKHO MOIIIHOCTbH
o hopmyie:

Anatching
P

nput = 277 (8)sin 6d6

I radiation

0
Jlis MCKITFOYCHHUS JOMOJHHUTENBHBIX MOTEPh Ha
quadparMupoBaHue MOTOKA U3YYCHUS OT UCTOUHHUKA
HEOOXOAUMO, YTOOBI AUAMETP JIUH3bI Ujens BHIOUpAIICS

H3 yCJIOBUA:

—» T >

——

dlens 2 Zf tg A

[MpuHnunuaneHas cxeMa HSKCIEePUMEHTAIBLHOMN
YCTaHOBKH IIpeJICTaBiIeHa Ha puc.2. JlaHHas ycTaHOBKa
MPECTaBIsIeT co00W HAOOp MOCIICAOBATEIBLHO PACIIO-
JIO)KEHHBIX JJIEMECHTOB: I'eJIMEBO-HEOHOBOTO Jlazepa —
1, cobuparomieit TUH3BI — 2, TPUCTIOCOONICHHUS — 3 110
Pa3BETBIICHUIO OTIPEIETICHHOM MOISPU3ALUOHHON KOM-
TIOHEHTHI ONITHYECKOTO U3JIyYEHHUS K OIITUIECKOMY BO-
JIoKHY — 4, doToanieMeHTa — 5 W HOJIYNPO3pPadHOTO
9KpaHa — 6, Ha KOTOPOM MO>KHO HAOJIONaTh B yBEIH-
YEHHOM BHJI€ paclpe/ielieHue HHTEHCUBHOCTH H3ITyde-
HUSI, BBILIE/ANIETO U3 ONTHYECKOTO BOJIOKHA.

DKCHEepUMEHT MPOBOJAWIN HA Tpex Moxaax: LPoi,
LP11 1 LPg,, KoTOpBIC OBLTH pa3BETBICHBI TOOYEPETHO
C TTOMOIIIBIO NPUCTIOCOOIEHHS 3.

—» " —

Puc.2. [Ipuyunuanvnas cxema sKCNepUMEHmManbHOU yCMaHOGKU:
1 — cenueso-neonoguiii razep; 2 — cobuparowasn 1unsa; 3 — NOAAPUAYUOHHBII PA36eMBUMeNns 0l PUiIbMpayuu
onpeoenenHoll NOAAPU3AYUOHHOU KOMNOHEHMbI ONTNUYECKO20 USNYYEHUS,
4 — onmuueckoe 8010KHO; 5 — pomoanemenm,; 6 — dKpaH.

Pe3yabTaThl Hcc/ieqoBaHUI U 00CyKIEHHE

B skcnepuMeHTaX HCHOIB30BATH JBYXMOIOBBIH
ceetoBox SF 8 10/125 ¢ gnmunOoI0 500 M, KOTOPHIN OBLT
HAMOTaH Ha IWJIMHAPHYECKUH OapabaH ¢ BHEUIHUM
nuametpoM 0.9 m. Jluamerp 00OJIOYKH CaMOTO BO-
JokHa 125 mrm, quaMeTp cepAreBUHBI 8 Miu.

ITocne yCTaHOBIICHHS MAKCUMAIBHOM SIPKOCTH Ha
sKkpaHe cdoTorpadupoBaiy, HAa OCHOBAHUU KOTOPOTO
MOCTPOMIN 3aBUCHMOCTh MHTCHCUBHOCTH H3JIyUCHUS
MIPY BBIXOJE M3 ONTHYCCKOTO BOJIOKHA OT PACCTOSHUS
OT LIEHTpA BOJIOKHA. B HeJsiX MoIydeHus: CpaBHUTEIb-
HOW KapTUHBI, HCIOIB3Ys JaHHBIC BCEX TUX CHUMKOB,
MOCTPOMIN 3aBUCHMOCTh MHTCHCUBHOCTH W3JTYYCHUS
P BBIXOAE U3 ONTUYCCKOI'0 BOJIOKHA OT PACCTOSHUA
OT IICHTPA BOJIOKHA Ha OAHOM rpaduKe IS TPEX MO

(puc.3).

U3 pucynka 3 BUAHO, YTO Ui ONTHYECKONH MOABI
LPo1 momrydeHa 3aBUCHMOCTH, HAallOMHHAOIIAs Tayc-
COBO pacrmpeziefieHue MHTEHCUBHOCTH, UMEIOIIAsl YeT-
KW MUK B IEHTPE MO MOMEePEIHOMY CEUEHHUIO CepIlie-
BuHbl OB. A mona LP1; uMeer AByX MHUKOBBIX 3Haue-
HUW WHTEHCUBHOCTH, COOTBETCTBYIOIIUX MPUMEPHO
1/3 m 2/3 gactsaM oTpe3ka mo quameTpy BosiokHa. Uto
Kacaetcs Moasl LPo2, TO 31€Ch HHTEHCUBHOCTh UMEET
MIPaKTHYECKH OJIMHAKOBYIO (hopMy ¢ Mojtoi LPo;.

BbiBoabI Hcc/IeN0BAHMI U IEPCHIEKTUBBI

Urak, Ha OCHOBaHUM PE3YJILTATOB, MOJYYEHHBIX
Ha IPOBEJEHHBIX HKCIEPUMEHTAaX MO H3YUYEHHUIO HH-
TEHCUBHOCTH H3JIyYEHHs KPAcHOIO Jiyya OT IeJIHeBO-
HEOHOBOTO Jia3epa MpH BBIXOJE U3 JIBYXMOJIOBOTO OII-
TUYECKOTO BOJIOKHA, MOXKHO CIIENaTh CJICTYIOIINE BbI-
BOJIBI:
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HHTeHCHEHOCTE H3TYSeHHA IPH
BEIXOZE, OmH.e0.

10

Paccroamme o LEHTPA BEOJIOKHA, OMH. @d.

Puc. 3. I[lpogunu pacnpedenenus usnyuenus P 6 08yXmo00680M 0OHOKAHALLHOM CEEMO0B00e
6 mooax LPO1 (cnnownas aunus), LP11 (moueuno-nynxmupnas aunus) u LP02 (nynkmuphas nunus,).

Bo mepBrIx, ¢opma mHTEHCHBHOCTH MOZABI LPo1
HAIlOMHHAET FayCCOBO PACHpPEIENCHHE CO CTPOTUM ITH-
KOM B CaMOM LIeHTpe BoJoKHa. OTCIoa CIEAYET, 4TO
XOTSI B OKCIIEPUMEHTE ONTHYECKOE BOJIOKHO OBIIO
HaMOTaHO Ha O6apadaH ¢ muamerpom 0.9 u, oHO mocTa-
TOYHO XOPOIIIO MPOITyCKAaeT CBETOBOE U3IyUeHHUE, IIPU-
9YeM OHO PacIpOCTPaHIETCS 0YEHb XOPOIIO 10 CAMOMY
LIEHTPY BOJIOKHA.

Bo-BTOpbIX, XOTsI (hopMa WHTEHCHBHOCTH MOJBI
LP;11 mo kpasim BOJIOKHA HAIIOMHHAET raycCOBO pacipe-
JIeNIeHNe, OJTHAKO BHYTPH HEro0 MMEET CHHYcOoo0pas-
HYIO KapTHHY, IPUYEM, B OTIH4YUe OT Moasl LPoy, B ca-
MOM LEHTPE BOJOKHA WHTEHCHUBHOCTb INPAKTHYECKH
paBHa Hymo. OTCIOa MOXKHO CI€NaTh BBIBOJA B TOM,
4yTo Moabl LPo; u LP11 BHyTpH BOJIOKHA HE IpeTepIie-
BAlOT SIBIICHUIO PE30HAHCA, T.€. MOTYT paclpocTpa-
HATBCS MPAKTUYECKU HE3aBUCHMO JPYT OT ApYyra.

B-tperbux, mona LPg, umeer dopmy, npaxrude-
CKH COBMAJAIONIYI0 ¢ MOJoi LPo1. D70, BUIMMO, CBSI-
3aHO C TE€M, YTO PACIPOCTPAHAACH MO JaHHOMY BO-
JIOKHY, 3T MOJIBI MOTYT NIPETEPIIEBATh SBICHUS PE30-
HaHca.

Pe3romMupys BhIIIeCKa3aHHOE MOXHO 3aKJIIOUHUTH B
TOM, 4TO €CIH JAHHOE BOJIOKHO HMCIOIb30BaTh AT Ie-
penaun, 00pabOTKH ¥ IpUEMa CUTHAJIOB, TO MOJIbI LPo;
u LP11 MOXHO OJHOBPEMEHHO HCIOJIb30BATh B Kaue-
CTBE Hecyllel BosHbL, @ MoAbl LPo1 1 LPo2 cMemnBats,
T.€. UCIIOJIB30BaTh OJTHOBPEMEHHO HE PEKOMEHYEeTCS.
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MATTER STRIVES FOR MAXIMUM (OR MAXIMUMS) FORMATION

AHHoTanus. [Iy1s1 CylecTBOBaHMS U Pa3BUTHS MAaTEPHU TEOPETHUECKH OOOCHOBAH MPUHIIMII, MaTEpUs CTpe-
MHUTCSI K (POPMHPOBAHHUIO MAaKCHMyMa WIM MakcHMyMoB. C 3TOH LENbI0 IPOaHAIM3MPOBAHO PACIPEACICHHE
Macchl MaTepun Bo BceneHHOH B Buze 3Be3/1 M OPYIMX KOCMHYECKHX OOBEKTOB. PaccMOTpeHO pacrpereneHue
MaTtepud B COTHEUHOM CHUCTEME, a TAKIKE B CUCTEMAxX 3BE31bl U OKpYKalollue uX miaaHeTsl. [IpoananusuposaHo
pacrpe/ie/ieHie MacChl B aTOMaxX XMMUYECKHUX 3JIEMEHTOB CPEU SAEP U OKPYKAIOIIUX UX NEKTPOHOB. Y CTAaHOB-
JICHO, YTO NPEeJI0KEHHBIN MIPUHITUIT 0TOOpakaeT BaXKHBIHM acIEKT CYIIECTBOBAHUSA MaTepur. [Ipy 3ToM NpUHIKIIBI

HauMCHBIICTO L[el‘/lICTBI/I)I HC OTpHUIAIOTCH.

Abstract. The principle, matter strives for maximum (or maximums) formation, was reasoned as result of
theoretical analysis. With this object the distribution of mass in structures of star with surrounding planets has
been analysed. It was considered of the distribution of the mass in atoms between nuclear and electrons. Principles

of minimization are not rejected in these theory.

Kniouesvie cnosa: mamepus, 36e30a, pynkyus, Makxcumym

Keywords: matter, star, function, maximum.

BBenenne. Hacrosmas paboTa mocBsImieHa IIo-
WCKy MPHHINIIA CBOWCTBEHHOMY CYIIECTBOBAHHIO U
pa3BUTHIO MaTepuu. MaTepust paclnpocTpaHeHa BO
Bcell BeenenHol, oHa orpomMHa u MHoroo0Opassa. Ilo-
3TOMY IPEAIOIaraeTcsi, 9YT0 TaKOi MPUHIMII JOJDKEH
BBIPA)XaTh Ba)XHBIH aCIEKT CYIIECTBOBAHHS MaTEpUH.
Jlig Toro, 94To0bI YCTAaHOBUTH NPUHILMI, KOTOPBIH 5B-
JSETCST XapaKTePHBIM MaTepuH, HEOOXOAUMO TpoaHa-
JU3UPOBATH OCHOBHBIC CIIOCOOBI M BUJIBI CYIIECTBOBA-
HUSl MaTepuy, I1aBHble cBoicTBa MaTepuu. C 3TOH No-
UM aHajm3a OyIeT paccMaTpHhBaThCS 3Be3IHAs
CTpYKTypa BcelleHHOH, T. €. CTPYKTYpBI:

3Be3/1a  OKPYIKAIOIIUE €€ ITAHETHI, HHBIE KOCMHU-
geckue 00beKThl. OTHUM M3 BaXKHBIX TEOPETHUCCKHUX
MOMEHTOB SBIISIETCS TEOpUSI O TeMHOW Mmatepuu [1].
OpHako, CyIIECTBOBaHHE TEMHOW MaTepuu TpedyeT
SKCHEPUMEHTAIBHBIX  JIOKA3aTeIbCTB, IOITYYCHHBIX
HETIOCPEACTBEHHBIMH MTPSIMBIMHA METO/IaMH U TaTbHEH-
IIET0 U3yYCHHUS.

Teoperuuecknii anaam3. Ecimm obOparutbcs k
pacnpezeneHuo Matepu Bo BeeneHnoil, To Heo6xo-
JUMO OTMETHUTB 3BE3JHYI0 CTPYKTYpPY CYIIECTBOBAHUS
marepun. U3 actpodusuxu [2] n3BectHo, uTo 92% Ma-
Tepun Bo BceneHHoOM cocpenoroueHo B 3Be3nax. To
€CTb, 3B€3/Ibl COCTABISIOT OCHOBHYIO YacTb MaTepUH
Bcenennoif, a Takne KocMHYECKHEe 0Opa30BaHUS Kak
MBUIEBBIE TYMAaHHOCTH, Ta30BbIe TYMaHHOCTH, METEO-
PHUTHI, acTepPOUIbI, KOMETHl M JAp. 3aKII0YaloT B cebe
MEHBIIYIO 9acTh MaTepuu. OTININTEIBHOI 0COOEeHHO-
CTBIO 3BE3]IBI SIBJIIETCS TO, YTO €€ Macca 3HAYUTEIBHO
MPEBOCXOJUT MacCy JIPYTHUX OKPYKAIOLIUX €€ KOCMU-
YeCKMX OOBEKTOB. Macca 3Be3[bl 3HAYUTEIHHO
OoJIbIIIe MacChl OKPYIKAIOIINX €€ IJIaHeT, aCTEPOHIOB,

KOMET, TIECYNHOK MBIJICBBIX TyMaHHOCTEeH. XapakTep-
HBIM TIPUMEPOM B 3TOM OTHOIICHUU siBIsieTcst CotHed-
Has cuctema. M3BectHo [3], uto B ConHIE cOCpenoTo-
yeHO 99.866% Bcelt Maccel COJNHEYHOW CHCTEMBI.
Macca Counnna cocrasiset 1.991£0.002%10% r. IToka-
3aTenbHO TO, uTo Macca Comnnia B 333000 pas Gombiiie
Maccel 3emnn U B 1048 pa3 Gonbie maccsl FOnuTepa.
OTH OTHOIICHHS MOKA3BIBAIOT Pa3IHYhe MEKAY Mac-
cot CoJHIIa ¥ TUTAaHET — CpemHel M OOJIBIION, BXOIS-
mux B cocraB ConHeyHOW cucteMbl. Eciu KOpOTKO
OXapaKTepU30BaTh JaHHYIO CUTyanuio, To CoHIE SB-
JISETCA PE3KUM MaKCHMYMOM B paclpeieIecHHN MacChl
B CoJTHEUHOM CHCTEME Cpeau MacChl CaMOM 3BE3IbI U
JIEBATH OKPYXAIOMIMX €€ IUIaHeT. OJTy CHUTYaIulo
MOJKHO Ha3BaTh CTPEMJICHHEM MaTepHH K GOopMUpPOBa-
HUIO MakcuMyma, Tak kak CoJiHe4YHasi cucTemMa Kak
KOCMHYECKHH M (U3NIeCKnii 0OBEKT 0OpazoBaHa Ta-
KM 00pa3oM, 4TO OHa OONaaeT SAPKO BHIPAKEHHBIM
MaKCHMYMOM MacChl. AHAJIOTHYHAS CUTYAIHs], KaK OT-
MEYaJoCh BBIIIC, XapaKTepHA | IS IPYTrHX 3Be3x. [1o-
ATOMY MOYXHO OTMETHTB, UTO ISl PACTIPEICIICHUS U CY-
[ICCTBOBAHUS MaTepud BO BceJeHHOW crpaBemiuB
MIPHUHITUIT, MATEPHSI CTPEMHTCS K MakcuMyMy. Heo6xo-
MO 3aMETUTh, YTO 3BE3/bI OBIBAIOT HE TOJIBKO OJH-
HApHBIMU, HO W JBOWHBIMHU, B Oojiee oOmmeM cirydae
kpatHbiMH [2]. TloaTomy QOpMyIHPOBKY TaHHOTO
MPHUHIUIIA HY)KHO YTOYHHUTH TAKMM 00pa3oM, 4TO Ma-
TEpUsl CTPEMHUTCSI HE TPOCTO K OOpPa30BaHUIO MAaKCH-
MyMa, a K MAKCUMyMY HJIH MakcuMmymam. Takas (op-
MYJIIPOBKA COTJIACYETCS ¢ KOCMOJIOTHUECKON HCTO-
pueii Becenennoit. Eciimn 1o MoMeHTa 00IbIIoro B3psia
BCsI MaTepus ObLJIa COCPEIOTOYCHA B OJHOW TOYKE, TO
MaTepusl CTPEMHIJIACh K MaKCHMyMy, a Mocje O0oJib-
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IOT0 B3pbIBa M paciuupenus: Beenennoii ¢ o6paszosa-
HHEM 3BE3THON CTPYKTYPBI, MaTEPHsl CTPEMUTCS K MaK-
CHMyMaM, TaK KaK Ka>kKI0H 3Be371c MOKHO TIOCTAaBUTh B
COOTBETCTBHE MAaKCUMYM (JII00 MaKCHMYMBI) MacCHI.

Takas cuTyauus XapakTepHa A Makpomupa. Te-
nepb 00paTUMCsI K MUKPOMHpPY. Mup MUKpOMHpa 3TO
B IIEPBYIO OYepenb MHP aTOMOB. M3 aToMHON (pr3ukH
M3BECTHO, YTO B CEpPEIIMHE aTOMa HaXOAUTCS TSKEI0e
MOJIOKUTEBHO 3apsbkeHHoe saapo [3]. Macca sapa
aToMa Bojiopoza B 1840 pa3 mpeBblIIaeT Maccy 3JeK-
TPOHa, KOTOPBIA JBUraercs BOKPYr siapa. B npyrux
aTOMax CUTYalMsl C PE3KUM OTIINYHEM B CTOPOHY OOJIb-
IIEro 3HAUYEHMsI Macchl siipa ellle CHIIbHee BhIPaKeHa,
MOCKOJBKY f7pa IPYrHX aTOMOB XapaKTEPU3YIOTCS
OONBIINM YMCIIOM HYKJIOHOB M aTOMHOHM Macchl. Ilo-
3TOMY IJISl aTOMOB Pa3IHYHBIX XUMHUYECKHUX 3JIEMCH-
TOB TaKKe JICHCTBYET MPUHINI, MaTEPUsI CTPEMUTCS K
MaKCHMyMYy, TaK KakK sIpO aToMa SBISIETCS PE3KUM
MaKCUMYMOM B paclpe/ieIeHUH MacChl B aTOME CpeIu
S7pa U JIEKTPOHOB. JTOT K€ NMPUHIUN ACUCTBYET U
JUId pacupefiefieHus IUIOTHOCTH MAaTepUU B aTOME.
Ecnu OILICHHUTH OTHOLICHUE INIOTHOCTU AApa K IIJIOTHO-
CTH 3JIEKTPOHHOTO 00JaKa, TO IMOJYYUM, YTO IUIOT-
HOCTB A/1pa B aToMe Boopoaa B 14900 pa3 npesslmmaeTt
IUIOTHOCTBD 3JIeKTpoHa [4]. Hanuune Mmakcumyma miot-
HOCTH SIBJISIETCS CBOWCTBEHHBIM HE TOJBKO SAPY, HO U
anekTpoHaMm. M3BectHo [3-6], uTO pacmpeneneHue
IUIOTHOCTH BEPOSTHOCTH 3JIEKTPOHHOTO oOJaKa 3aza-
ercst QyHKIMEH paguanbHOTO paclpeieieHust U yIio-
BOro pacnpeneneHus. [Ipu 3ToM B QyHKIMK paguas-
HOTO pacrpe/iesIeHust 4eTKO 0003HaYeHbl MAKCUMYMBbI,
YHUCJIO KOTOPBLIX 3a4acTCd TJIaBHBIM U Op6I/ITaJ'H)HI)IM
KBaHTOBBIMH YHcliaMu. TakuM o0pa3oM, cTpemiieHue
MaTepUU K MAKCUMYMY B aTOMax IIPOSIBJIAETCS KaK pac-
IpejesIeHne MacChl U TNIOTHOCTH MAacCCHI.

Tak kak MPUHIMII, MaTepusi CTPEMUTCS K MaKCH-
MYMY W MaKCUMyMaMm

Marepusi — maximum (or maximums) formation
@)

CBOMCTBEHEH MaKpPOMHUPY U MEKPOMHPY, TO OH OT-
pakaeT Ba)KHBII aclieKT CYIIECTBOBAHUS MAaTEPHH.

B 3TOM npuHIHIIE 3aKITI0YASTCS JUaIeKTHYECKOe
MPOTUBOPEYHE MEXY OJHUM MaKCMMYMOM M MaKCH-
MyMaMH MaTepHH, 4TO 00ecIeYrBaeT ee pa3BUTHE U
JBikeHue. [Ipu 3TOM MposBisieTCs JSUCTBHE 3aKOHA
€ANHCTBA 1 OOPHOBI MPOTHUBOIIOIOKHOCTEH.

OnHaKo, pacCMOTPEHHBIN BBIIIE TPUHIIMI JIJISL Ma-
TEpUH B OCHOBHOM CHTyalluu HEe O3HaYaeT CTpeMIIEHHE,
NpeBpalleHHe MaTepHAIbHBIX Tel B OAHY (WM He-
CKOJIbKO) TOUKY. Pedub nyieT ToJIbKO 0 TOM, YTO MaTepus
00J1a1aeT CBOWCTBOM, ITPU3HAKOM (POPMUPOBAHUS MaK-
cuMyMa (YHKIMH, KOTOpas ee ormuckiBaeT. [loaTomy B
pabote [4] kak OMH U3 BO3MOXKHBIX BApUAHTOB Kpart-
KOro 0003HAYEHHS! TAHHOTO MPHUHIIHIIA MTPEJIaraioch:

marepus ® maximum (or maximums) (2)

IIpomomxast paccMaTpuBaTh Ipyrue INpUMEpH! B
TMI0JIb3Y JTaHHOTO MPHHIUNA OTMETHM, YTO HHTEPECHOMH
€CTh CUTYalMsl U CIIUPATBHBIX THO0 3IUTUNTHYECKIX
TaJakTUK B IEHTPE KOTOPBIX pacrojaraercs 4epHas
noeipa. Macca depHOW IBIpBl HAMHOTO OOJbBIIe 3BE3,
KOTOpBIE e¢ OKpyXatoT. Ilo3ToMy B 3TOM ciydae pac-
CMOTpEHHBII BbIle mpuHOuN (1), mposBIseTcs A
pacripeeneHus Macc 3THX KOCMUYECKHX 0OBEKTOB.

Ecnu paccMaTpuBaTh TEOPHUIO TEMHOM MaTepuu,
TO CTOMT 0OpAaTUTh BHUMAHUE B IUIAHE MPHHIIMIIA, Pa3-
BHMBaeMOr0 B JaHHOH paboTe Ha TUIOTe3y, YTO 3HAUU-
TEJIHYIO YacTh TEMHON MaTepHUH COCTABJIAIOT EPBUY-
HBIE YEpHBIC JABIPBI, 00pa30BaBLIMECS B IEPBYIO Ce-
KyHIy nocine bonbmoro B3psiBa.

OTaenbHBIN BOIPOC 3aKII0YAETCA B TOM, KaK pac-
CMOTPEHHBII BBIIIE MPHHIUII PEATU3YETCs U TBEp-
IbIX Tes. [l OTBETa Ha 3TOT BONPOC 3aMETHUM, YTO
TBEPZOE TENO XapaKTEPHU3yeTCsl ONPENCICHHBIMH Pa3-
MepaMy, 00bEeMOM, Maccoif, INIOTHOCTBIO U YHCIOM
aToMOB B Tenle. BeneacTBue Toro, 4To TBEpAbIE Tela
XapaKTepU3yIOTCsA OINpPEICICHHBIMI pa3MepaMH, OHU
000co0JIeHBI IPYT OT ApYyra B IPOCTPAHCTBE U pasze-
JISIOTCS IPOMEXKYTKaMH BaKyyMa, €CJIi OHH HaXOJsTCs
B KocMoce JHOO0 NpOMEeXyTKaMH BO3IYIIHOTO IPO-
cTpaHcTBa Ha 3emie. [loaTomy, ecm BeIpakats rpadu-
YECKH pacIpeieNieHHe Macchl JIM0O IIOTHOCTH B IPO-
cTpaHCTBE B JlekapTOBOH cHCTeMe KOOpIHHAT, TO IO-
JIy9HM, 9TO KaXXIOMY U3 TBEPABIX TeJ OyIET COOTBET-
CTBOBAaTh JIOKAIBHBI MakCHMyM Macchl JIMOO
IUTOTHOCTH Macchl. AHAJOTHYHAsI 3aBHCUMOCTD SIBIISI-
€TCsl CIIPaBEATIMBON U IS YKCIIa aTOMOB B OOBEKTE.

BuiBoabl. OTHNM U3 Ba)KHBIX aclIEKTOB MaTepHUU
€CTb MPHHIUI, MaTepusl CTPEMUTCS K (HOPMUPOBAHUIO
MaKCUMyMa WM MaKCUMyMOB aist (QyHKUuM (KM
(GYHKIMIT) ONUCHIBAIOLIMX COCTOSTHUE MAaTEPHU.

BaaropapHocTbs. ABTOp JaHHOHN Hay4yHOH CTaThu
OYeHb OJIarogapeH MeX/yHapOIHBIM PeIaKIUsIM Hayd-
HbIX XypHajoB Boctouno EBponelickoro Hayunoro
Kypnana u XKypuana CoBpemeHHOH DUIUKH, KOTO-
PBIii TOJTHOCTBIO ITyOJIMKYETCsl Ha aHTIIMHCKOM SI3BIKE
32 KOHCTPYKTHUBHYIO NOAJEPXKY paboT B JaHHOM
HAYYHOM HaIpaBJICHUH.
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ADVERTISING SLOGANS AND THEIR STYLISTIC FEATURES

Summary: In today’s world, people are confronted with thousands of advertising messages on a daily and
hence are incapable to memorize all of them. The rapid development of economy people are exposed to various
advertising slogans everywhere, in the street, walking through the town, market place or public place. To strive
effectively, many advertisers try to use different kinds of linguistic and rhetorical devices to catch the reader’s
attention and have to make advertisements more capturing the interest of consumer and memorable. Thus, our
mind first take visual information such as pictures, colors and then with letters, words and messages used in ad-
vertising needs to be short and remembered. This article attempts to provide the concept of advertising slogans

and the most frequent linguistic devices used in slogans.

Key words: advertising, slogan, linguistic figures, rhetorical devices

Introduction

Advertising slogans play important role in society
and have notably value from linguistic, sociolinguistic,
ethnological, psychological and in marketing as well.
Advertisement has penetrated the society with numer-
ous advertising messages everyday and everywhere.
We have already get used to live with ads(advertise-
ments). The main goal of advertising is to persuade
consumers in order to assure a number of readers with
many advertising messages, copywriters (a writer of
advertising or publicity copy; Merriam Webster dic-
tionary.,2019) try to use figurative language, word
play, pictures, music to catch the reader’s attention,
arise their desire which can help to motivate their action
and satisfaction. In the last decades, scholars began to
define and analyze linguistic figures which were used
in advertising and increased attention to the aspect of
advertisement language. Their aim is try to find new
kinds of association with elements of advertising lan-
guage, improve the effect and usage of rhetorical de-
vices in creating advertising slogans.

Slogans. A lot of definitions have been found by
various scholars about ad slogans, however there is no
uniform definition as comprehensive, adequate and in-
clusive. According to Oxford Learner’s Dictionary, “a
slogan is a word or phrase that is easy to remember,
used to attract people’s attention or to suggest an idea
Quickly an advertising slogan and campaign slogan”.
Similarly, We and Kang(2013) noted that slogan is a
short phrase used to help form an image, identity and
position for an organization[1,p.6]. Leech(1966) main-
tains that slogan is a short and laconic phrase that used
by company for the advertising especially to reinforce
their product identity[2,p.49-54]. He also stated that
slogans are more powerful than a logo that can be re-
membered and recited by people. Hamlin describes the
advertising slogan are “catchy, declarative phrases that
use devices such as metaphors, alliteration or rhymes
with simple, vibrant language” in the article “The Im-
portance of Advertising Slogans”[3]. The slogans
should point out at least the most important advantage
of the product or respond to the consumer needs that
advertised product or service is of the highest quality,
or is the most delicious or nutritious one[4,p.62]. Thus,
along with other advertising elements(body text, speci-

fication, image, logo, video, music, jingle), an advertis-
ing slogan helps to develop a recognizable image for
the brand they are representing [5,p.3-6]. So, advertis-
ing slogans should not be chosen whimsically rather
they should be selected according to the consumers’
age, sex, taste, religion, nationality, culture, education,
climate, ethics, moral values, temperament, attitude and
should be easy to understand by people who are not
much literate, whereas slogans should be of cognitive
value for the educated people [6,p.6]. Many authors
maintain the ad slogans taking into consideration its
specific characteristics and functions or simply give its
synonyms, all the above definitions may vary but all of
them point the same general idea. General aspects: ad-
vertising slogans are short, catchy, witty phrase related
to a specific brand, memorable statements which can
help to potential customers to identify and remember
the brand or the company and exhort them buy or use
the advertised product or service. Famous brand slo-
gans include; Melts in your mouth, not in your
hands(M&Ms), Life tastes good(Coca-cola). Some slo-
gans usually represent entire company products for ex-
ample: Because you’re worth it(L’Or’eal), Just do
it(Nike), Impossible is nothing(Adidas) etc. In order to
achieve effective slogans advertisers should follow
some basic requirements. At first, slogan should em-
phasize a key benefit of a brand that can recognizable
and different from other brand on the market. Then, slo-
gan should be positive and make the consumer feel
‘good’. For example, Life is good(LG), Good to the last
drop(Maxwell), Pure life(Nestle Natural Spring water)
etc. Furthermore, a slogan should be simple not awk-
ward or complicated. Simplicity is the main demand of
advertising slogan. For instance, Think different(Ap-
ple), Connecting people(Nokia) etc. The next main im-
pact of ad slogan should be memorable for a consumer
who can associate the slogan with the product or service
and make the consumer feel a desire or need [7, p.40-
47]. A slogan has to make a lasting, longer impression
on the audiences and make them remember it either
consciously or unconsciously. The more slogan reso-
nates with the big idea, the more memorable it will
be[8,p.275-284]. Moreover, it might relate to how effi-
ciently the slogan is attached to a jingle. For example,
Washing machines live longer with calgon (Calgon) is
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expressed with jingle that can remain in consumer’s
memory.
Linguistic features of slogans in advertisements

The language of advertising is the most important
tool in the message that they want to conduct to the con-
sumer. Advertising language usually uses informal, fig-
urative and non-figurative structures. Many ad slogans
make use of rhetoric devices, other tools discussed at
phonological, lexical, syntactic and semantic levels.
McQuarrie maintains a rhetorical device which is a typ-
ical trait of figurative language, as “a method of expres-
sion that is an artful deviation from the literal or ex-
pected method of expression”[9,p.23]. Crystal distin-
guishes two types of rhetorical devices:

- Schemes (parallelism, alliteration)

- Tropes(metaphor, metonymy, personification)

Schemes strive to capture attention of consumer
with their regularity and repetition. These schemes are
parallelism, alliteration, assonance, consonance, rhyme
and rhythm.

Tropes. A trope is “a word or phrase that is used
in a way that is different from its usual meaning in or-
der to create a particular mental image or effect”. (Ox-
ford Learners Dictionary.,2019). It is a figurative lan-
guage that include metaphor, personification, meton-
ymy and pun(word play).

Phonological aspect

Mnemonic tools help advertising slogans to be re-
membered by their audience include sound techniques
such as alliteration, assonance, rhythm and rhyme.

Alliteration is widely used in ad slogans. It can be
defined as “literary technique in which successive
words(more strictly stressed syllables) begin with the
same consonant sound or letter.” (Wikipedia 2019;
online). For example, Don’t dream it, Drive it! (Jag-
uar), Big, Beefy, Bliss.(McDonalds), Func-
tional...Fashionable...Formidable...(Fila).

As compared with alliteration, assonance is “vo-
calic rhyme, assonance consists of the repetition of sim-
ilar vowel sounds, usually close together to achieve a
particular effect of euphony”’[10,p.56]. For instance,
Intel inside(Intel), See what we mean(Canon), Beanz,
Means, Heinz(Baked haricot beans) etc. This style is
successful if the slogan is created with music jingle.

Consonance is “the close repetition of identical
consonant sounds before and after different vow-
els”[11,p.153]. For example, Ariston...and on...and
on... (Ariston).

Rhyme is the repetition of syllables, typically at
the end of a verse line used in jingles and slogans. For
instance, Fresh up with 7-up(7-UP), A Mars a day helps
you work, rest and play(Mars), The best a man can get
— Gilette(Gilette), Do you...Yahoo! (Yahoo).

Rhythm is “the movement or sense of movement
communicated by the arrangement of stressed and un-
stressed syllables ”[12,p.611]. Rhythm makes an influ-
ential and emotional, mnemonic effect ad slogans that
makes consumer to remember about the product. As an
example, Live your life, love your home(IKEA).

Parallelism may consists of “sounds, particular
syllables and words, phrases, stanzas, metrical pat-
terns, ideas, allusions and shapes[13,p.511] For ex-
ample, Talk inside. Shout outside(Ford).

Another rhetorical device is onomatopoeia that is
based on “the formation and use of words to imitate
sounds.” It is a figure of speech in which the sound re-
flects the sense[14,p.614-615]. For instance, Zoom-
Zoom (Mazda), Plop Plop, Fizz, Fizz(Alka Seltzer).

Semantic aspect

According to Cuddon semantics is “a branch of
linguistics which deals with the meaning of words and
particularly with changes in the meaning”[15,p.643].
Semantics is a rhetorical device used in order to reach
a special effect. Leech said: “Figurative language also
has a striking and memorable quality which suits it for
slogans and headlines”[16,p.183]. Furthermore, the
most important figures used in English advertising slo-
gans are: simile, personification, metonymy, metaphor
and pun.

Simile is “a figure of speech in which one thing is
likened to another, in such a way as to clarify and en-
hance an image”[17,p. 657]. It is typically clarified by
the use of words “like”, “as” or “as if”. Similes usually
give positive message about advertised product or ser-
vice. There are several examples of similes in slogans:
Nothing can do it like McDonald’s.(McDonald’s), Stop
staring at me like I'm some piece of meat.(McDonald’s
Big Mac). It’s nothing like the real world. (Yacht Week,
Croatia)[18,p.6].

Personification is “the impersonation or embodi-
ment of some quality or abstraction, the attribution of
human qualities to inanimate object’[19,p.529]. It is
usually used in literature to name the figure speech that
involves directly speaking of an inanimate object, or an
abstract concept. It has specific human qualities that
might involve emotions, desires, physical gestures and
expressions. For example, Optimism wakes up with
Nescafe (Nescafe coffee), The Burger King and I.
(Burger King), The first creme that renews your skin
during the night(Nivea).

Metonymy is also main figure of speech. How-
ever, it isn’t in common usage as aforementioned fig-
ures. Metonymy is “a figure of speech in which the
name of attribute or a thing is substituted for the thing
itself’[20,p. 434]. Metonymy uses a single attribute of
a person, product, system or phenomenon to identify
the entire entity[21,p.44]. For instance, | like Volvo
(Volvo cars), Take the gold(Adidas) the gold expresses
the gold medal.

Metaphor is the most well-known figure that
characterizes figurative language. Cuddon defines met-
aphor as “a figure of speech in which one thing is de-
scribed in terms of another”[22,p.432]. Dubovi¢iené
and Skorupa define metaphor “contributes to the main
idea, describing one object in terms of another usually
by means of implicit comparison,”[23,p.61-75], giving
a number of famous slogans such as Open Happi-
ness(Coca Cola), Bounty - the taste of paradise(Bounty
candy bar), It gives you wings(Red Bull). Metaphor is
effective tool in advertising products. The most known
metaphor would be of Nokia Company: Connecting
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people. Metaphor was used to express that consumers
can not only talk via their devices but also emotionally
connect with other people[24,p.3]. A single metaphor
might be worth of a thousand words of advertising slo-
gans that develops interest of the reader about product
or service.

Puns. The most widely used device in the ad slo-
gans is pun. There are different types of puns that rep-
resent “ a figure of speech which involves a play upon
words” that gives rise to a fairly universal form of hu-
mor[25,p.572]. In the pun, the message carries at least
two meanings or interpretations[26,p.14]. For example,
Empowering people(Acer), Get TIME, ahead of
time(Time Magazine), The Car in front is a
Toyota(Toyota). An effective pun is noticeable at first
that makes you think about the product more than the
fun and helps the reader remember the brand.

Conclusion

The major linguistic features of advertisement
were carried out in various levels that divided into two
relevant strategies: phonological and semantic aspects
were characterized in the theoretical part and also their
practical usage in advertising slogans. At the phonolog-
ical level, parallelism used to support the rhythm and
rhyme, whereas at the semantic level appear frequently
usage of figurative language, as personification, meta-
phor, metonymy and pun(word play). The analysis
shows that advertisers depend on figurative language,
in order to make the customer be attracted by the spe-
cial product or service advertised.

In the future, this article might serve as a basis for
further studies and help to analyze the development of
advertising slogans that aim to investigate the use of
advertising language.
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REVERSIBLE AND IRREVERSIBLE COMPONENTS OF MAGNETIZATION OF THE
ASYMMETRIC MINOR HYSTERESIS LOOP WITH BRANCHES OF PARABOLIC SHAPE

Summary: Previously experimental studies of higher harmonic components of magnetic induction showed,
that when a ferromagnetic sample is magnetized by a constant magnetic field and simultaneously is remagnetizated
by a "weak" alternating field, the resulting minor hysteresis loop is asymmetric. The form of the branches of such
cycle corresponds to the quadratic parabola, as well as at symmetric Rayleigh's loop. In this article it is shown
mathematically that in such asymmetrical minor loop reversible component of magnetization changes according
to the parabolic law. The irreversible component of the magnetization changes in this case along a symmetric
minor loop. In symmetrical Rayleigh's minor loop, as is known, reversible component is a linear function of the

strength of external magnetic field.

Key words: Rayleigh's formula, minor hysteresis loop, symmetrical, asymmetrical minor loop, reversible,

irreversible component, parabola.

Introduction

Measurements of the second and third harmonic
components of the EMF of the measuring coil of trans-
ducer, which are formed when the ferromagnetic sam-
ple is magnetization reversal by an alternating magnetic
field with low amplitude (that is, much less coercive
force of the sample), shown the following. In the pres-
ence of a constant magnetizing (bias) field, the magnet-
ization reversal occurs through an asymmetrical minor
loop, whose branches have a parabolic shape [1]. In this
work, it was concluded that the patterns of formation of
the second harmonic component are in accordance with
those that follow from the assumption that the main
contribution to the formation of this harmonic compo-
nent is made by the nonlinear nature of the dependence
of the reversible component of the magnetization on the
external magnetic field H. Let us note that Rayleigh's
formula describes symmetrical minor hysteresis loop,
in this case reversible component of magnetization is
the linear function of H. In this article on the basis of
mathematical calculations obtained the form of depend-
ences of reversible and irreversible components of
asymmetrical minor loop on H, branches of which have
the form of quadratic parabola.

Symmetric Rayleigh’s minor hysteresis loop. Re-
versible and irreversible components of magnetiza-
tion. When considering the processes of magnetization
of ferromagnets, it is generally accepted to divide them
into reversible and irreversible [2-6]. In [2] it is noted,
that such separation is somewhat artificial, since both
processes proceed simultaneously in multi-domain ma-
terials. However, the physics of processes can be much
easier analyzed, if these processes are considered sepa-
rately. The irreversible processes are always connected
with energy losses, they lead to hysteresis, which is not
in the reversible processes. The reversible and irreversi-
ble components of magnetization can be analyzed sep-
arately mathematically. The total magnetization of a
ferromagnetic M is defined as the sum of two compo-
nents — reversible My and irreversible Mi. [3]. A fer-

romagnetic can be considered as a result of the super-
position of two media: 1) a medium with a hysteresis
with a zero reversible susceptibility and 2) a hysteresis-
free medium with a reversible magnetic susceptibility
xrev. The conclusion is that the magnetization can be
represented as M = Myey + My, also follows from the
Rayleigh’s formula [6], which determines the depend-
ence of M of a minor hysteresis loop on the strength H
of the external magnetic field in the form
2
M = aH + BHZ, [$1J_r§(1iHi) ] )

m

where o — is the initial magnetic susceptibility of
the sample under consideration, which is usually equal
to its initial reversible magnetic susceptibility, p —is a
coefficient called the Rayleigh’s constant, Hy, is the am-
plitude value of the changing cyclically magnetizing
field, the instantaneous value strength of which is H.
Here and further the upper signs refer to the ascending
branch, and the lower ones to the descending one. The
expression of the relationship between Hy, and the am-
plitude value of the achieved magnetization My, is also
given in [6] and has the form

M,, = alHp, + BHrzn 2

Expression (2) follows from (1) with H = Hy, (in
this case, respectively, M = Mp).

From (1) it can be seen that the first addend in the
right part has the same form for both the ascending and
descending branches, it is a measure of reversible mag-
netization processes, which can be written as

Mo, = aH €))

From (3) it follows that the reversible component
of the magnetization depends linearly on H. The re-
maining part of (1), being an ambiguous function of H,
characterizes irreversible magnetization processes, that
is
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2
My, =BH3 [F1a2(120) ] @

The division of the terms in the Rayleigh’s for-
mula into reversible and irreversible components is
generally accepted (see, for example, [6-7]). Denote
the current value of the Mi,» component on the ascend-
ing branch as Mirra, and on the descending branch — as
Mira. Then the current value of the magnetization on
the ascending branch, we denote it as M,, is assumed
equal to Mrev + Mirra. The current value of the magneti-
zation on the descending branch, we denote it as Mg, is
equal to the sum Mrey + Mirrg .

When considering asymmetric minor loops, it is
more convenient to consider not the absolute values of
M and H, but their increments. By increments we mean
the absolute values of changes in magnetization and
strength H relative to their values at one of the top of
the minor loop [9-10]. We first consider how Ray-
leigh’s formulas look in this case. The increment is cal-
culated with respect to the beginning of the ascending
branch. The increment of the magnetization denoted as
AM, and the increment of the strength as AH. For the
case under consideration, AM =M + My, AH = H + Hp.
The value of AM within the minor loop varies from 0 to
2Mp, and AH from 0 to 2Hn. In this case, in the coordi-
nate plane (AH, AM), based on (1), we obtain:

for the increment of the magnetization for the as-
cending branch, denote it

AMa= M, +Mp,

AM, = aAH +B(AH)? ()

for the increment of the magnetization on the de-
scending branch, denote it
AMy¢ =Mg+Mp,
AMy = aAH — > B(AH)? + 2BH, AH  (6)

From comparing (5) and (6) we see that the right
side of both expressions present term aAH. Conse-
quently, this component of the increment of magnetiza-
tion upon cyclic changes of AH in the interval 0 + 2Hp,
changes reversibly, we denote it as AMry . Two last
terms in the right side (6) determines the quadratic pa-
rabola, similar to that, which for the ascending branch
is defined in (5) by the term % B(AH)?, only the convex-
ity of this parabola is directed upwards and its begin-
ning is located at the point with the coordinates of the
top of the minor loop (2Hm; 2BHZ,). Consequently, the
second component of the magnetization increment in
the right-hand side of (5), after reaching the maximum
value of 2BH2, at AH = 2Hp, with a subsequent de-
crease in AH changes along the descending branch (par-
abolic form), which does not coincide with the ascend-
ing branch, this component is irreversible, we denote it
by AMirr. The increment AM, can be represented as the
sum of two increments — of the reversible component
AMy, and the irreversible component of the magnetiza-
tion on the ascending branch, we denote it by AMira .
Therefore, AMa=AMey+*AMirra. Then, from (5) it fol-
lows that AMre,=aAH, and

AMjrq = 5 B(AH)? %

If we consider the increment of H relative to the
beginning of the descending branch, we denote it by
AH’, AH'=Hn—H. The increment of the My relative to
the same point, we denote it AM g, is equal to My—Myg,
dependence AM 4 on AH’ will take the form, similar to
(®)

AM), = aAH' + ; B(AH")? (8)

As before, we can write AM 4= AM ey +AM g,
where AM 7.y is the increment of the reversible compo-
nent (relative to its value at the beginning of the down-
ward branch, equal to 2aHm), AM %ra— increment of the
irreversible component of magnetization (relative to its
value at the beginning of the descending branch, equal
to 2BH2).

It is known that if after reaching the strength Ho ,
which exceeds the Rayleigh's region (in this case the
magnetic induction takes the value By), the strength de-
creases, then the initial section of the first-order return
curve has the form of Rayleigh’s relation of the type (5)
[6, 11], namely

B—By =a(H—Ho) + (5)(H—Hp)?  (9)

However, in this case the coefficients o and b dif-
fer from those, which observed in the case of magneti-
zation reversal in a Rayleigh’s loop around the point of
origin H=M = 0. In the work [12] it is experimentally
shown, that the Rayleigh’s minor loops are formed and
in the presence of additional constant (bias) magnetic
field. And in this case, the Rayleigh's coefficients differ
from those, which observed in minor loops, formed
around the origin point H =M = 0. In [12] the question
of the asymmetry of the resulting minor loops is not
considered.

Purpose of the article — determination of the de-
pendences of increments of reversible and irreversible
components of the magnetization on increments of the
strength of the magnetizing field for an asymmetrical
minor hysteresis loop, whose branches have the form of
quadratic parabolas. The increments are determined
relative to one of the top of the minor loop.

Calculation of increments of reversible and irre-
versible components of magnetization for asymmet-
rical minor loops, whose branches have the shape of
quadratic parabolas. Let a weak variable (with ampli-
tude Hp) and constant magnetic fields simultaneously
act on a ferromagnetic. Vectors of strength of these
fields are collinear. The remagnetization is considered
as quasistatic. We assume, that branches of the estab-
lished minor hysteresis loop have the shape of quadratic
parabolas. We also assume, that the strength of a con-
stant magnetic field is positive and exceeds Hm. Denote
the strength of the resulting magnetic field, as before,
H. The increments AM and AH are defined relative to
the beginning of the ascending branch. We denote the
strength H, corresponding to the beginning of the as-
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cending branch, as Hma, and assume, that the corre-
sponding magnetization is equal to Mma. Then AH=H-
Hma, AMa =Mz — Mna. Since the branches of the minor
loop have the form of quadratic parabolas, the depend-
ence of AM, on AH written in the form, similar to (5)

AM, = agAH + B, (AH)?  (10)

where o and B are the coefficients corresponding
to the beginning point of the ascending branch. The ab-
solute value AH corresponding to the beginning of the
descending branch is equal to 2Hn. If we consider the
increments of strength and magnetization relative to the
beginning of the descending branch, the form of the de-
pendence of AM 5 on AH’ is determined by an expres-
sion similar to (8). The coefficients of AH' and (AH")?
in this case are denoted by oq and Bg, respectively.

Since the asymmetric minor loop is considered,
the coefficients aq and Bq differ from the coefficients
oa and Ba, otherwise the minor loop will be symmetric.
In the coordinate system (AH, AM), that is, when con-
sidering increments relative to the beginning of the as-
cending branch, the dependence of AMg on AH has the
form

AM, = 2a,H,, + ag(AH — 2H,,) + 2B HZ, —
Ba(aH — 21,2 (1)

Since we consider a closed minor hysteresis loop,
for given values of the coefficients a.a, a and, suppose,
Ba , the coefficient ayq is determined from the condition
AMg = 0 for AH=0. As a result, from (11) should

g =g + Hp(Ba — Ba) (12)

Note, that from physical considerations (reversible
susceptibility cannot be a negative value), the condition
ag >0 must be satisfied, therefore,

ag + Hm(Ba - Bd) >0 (13)

Expressions (10) — (13) is determined in the coor-
dinate system (AH, AM) closed minor asymmetric hys-
teresis loop with branches of parabolic form. The form
of the minor loop is determined by three coefficients, in
this case it is o, Ba and Bq, the fourth coefficient ayq is
not independent. (The result of the calculations will not
change if o, Ba and og are chosen as the initial three
coefficients, and the coefficient Bq is determined from
the condition of closure of the minor loop AMq= 0 tipu
AH=0.) The coefficients a.a and aq are equal to the dif-
ferential magnetic susceptibility at the initial points of
the ascending and descending branches, respectively.
Therefore, they are equal to the reversible magnetic
susceptibilities at these points (based on the method of
determining reversible magnetic susceptibility, see, for
example, [13]). From (12) it follows that the reversible
magnetic susceptibility in the beginning point of the de-
scending branch depends on Hy. This means that for an
asymmetric minor hysteresis loop, the reversible mag-
netic susceptibility does not remain constant, as it has

for a symmetric Rayleigh’s minor loop, for which a. in
(1) is constant. Let us consider how to transform (10) -
(12) to the form, when you can select the increments of
the reversible and irreversible components of the mag-
netization. Introduce two additional coefficients ' and
B”, defined as

pr = Perte (14)
and
pr = Bt (15)
From (14) and (15) it follows
Ba=B"+§' (16)
Ba=B"—F an

Taking into account (16) and (17) we write (10) in
the form

AM, = aAH + 2B/ (AH)? + 8" (AH)?  (18)

and (11), taking into account (12), (16) and (17),
in the form

AM,; = a,AH +§B'(AH)2 - % B"(AH)? +
28" (AH)H,, (19)

Comparing (18) and (19) with (5) and (6), respec-
tively, it can be seen that the dependence of the AM on
AH on the branches of an asymmetric minor loop from
similar dependences for a symmetric loop consists in
the presence in both expressions (18) and (19) of term
("2)B’'(AH)?, which is absent in expressions (5) and (6).
Since this term is present both in the expression for the
ascending and in the expression for the descending
branches, it refers to the increment of the reversible
component of the magnetization AM, for the asym-
metric minor loop under consideration. Consequently

AMy o, = agAH + 2 B'AH? (20)

This leads to the conclusion that in the coordinate
plane ((AH, AM) with cyclic changes of AH from 0 to
2Hm and back, changes of AM,e, occur along a line that
represents a segment of a quadratic parabola. The last
term on the right-hand side of (18) coincides, by the
form of the dependence on AH, with a similar term on
the right-hand side of (5), and the last two terms on the
right-hand side of (19) — with similar terms on the right-
hand side of (6). When we considering expressions (5)
and (6), it was shown that these terms characterize in-
crements (relative to the beginning of the ascending
branch) of the irreversible component of magnetiza-
tion, which varies along a symmetrical hysteresis loop
with cyclic changes of AH over the interval of 0+2Hp.
Consequently, in the considered asymmetric minor
loop, the increment of the irreversible component of the
magnetization, with cyclic changes of AH, changes
along a symmetrical hysteresis loop. The dependence
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of the increment of this component of the magnetiza-
tion on the increment of the intensity of the external
magnetic field has the form similar to the Rayleigh’s
dependence defined by expression (7).

An example of the formation of nonlinear depend-
ence of the increment of the reversible component of
magnetization on the increment of the magnetic field
strength based on the model of a flexible domain walls.
Let us consider how the formation of a parabolic de-
pendence of the increment AMey 0N the increment AH
in an asymmetric partial cycle, whose branches have
the shape of a quadratic parabola, can be explained. We
use the model of flexible domain walls [14]. It assumes
that the walls under the influence of “magnetic pres-
sure”, arising due to the presence of H, bends like a
flexible membrane, while some of its sections remain

} &

fixed on certain obstacles (for example, on dislocations,
on the boundaries of the so-called grains (crystallites)).
The process of bending the domain walls is considered
as reversible, with its help it simulates the nature of the
dependence of My on H. Most articles are limited to
linear approximation of this dependency, for example,
in [8, 15-16]. However, a more accurate calculation
shows that the dependence of My, on H differs from
linear. Such a difference appears most noticeably as the
radius of curvature of the domain wall decreases,
namely, as the magnetic field strength approaches the
one when the wall detaches from the force holding it
[17-18]. Thus, when the sample is demagnetized, the
domain walls have a flat shape. Such a wall for two-
domain spherical sample is shown in Fig.1a as a solid
line, dividing the sphere in half.

3 H,

Ha

b

Fig. 1. Simulation of a flexible domain wall of a two-domain ferromagnetic
under the action of an alternating magnetic field Ha
in the demagnetized state (a) and in the presence of a constant magnetic field Hq (b)

Under the action of a "weak" alternating magnetic
field Ha,, the domain wall oscillates relative to the initial
position, its amplitude deviations are shown by dashed
lines in Fig. 1a. The domain wall is not detached from
the annular portion of the surface of the sphere on
which it is fixed by the holding force. In this case, the
dependence of Myey 0n H is linear and is determined by
the first term on the right-hand side of the Rayleigh's
formula (1). When a constant magnetic field of a certain
intensity Hq is applied to the ferromagnetic, the domain
wall will be transferred by a Barkhausen jump to a new
position corresponding to the local minimum of free en-
ergy. An example of the location of the domain wall
after the jump is shown in Fig.1b, it is indicated by a
solid line on the right side of the sphere. In this case,
the domain wall will be curved in the direction, in
which it shifted during the Barkhausen jump. (The do-
main wall assumes a flat shape, if after the jump it
reaches anhysteretic curve [3].) Now, when a sample is
subjected to a weak alternating field with an amplitude
Ha, the maximum positions of the domain wall are de-
picted by two dashed lines in Fig. 1b. As mentioned

above, when the reversible component of the magneti-
zation changes due to the curvature of the domain
walls, the dependence of My on H is linear only with
small deviations of the shape of the domain wall from
the flat one [17-18]. Therefore, for the case when the
domain wall has a different from the flat shape, as
shown in Fig. 1b, at influence of a weak alternating
magnetic field dependence of AMye, on AH will be non-
linear. In this case, the increments are measured relative
to the minimum values of the resulting magnetic field,
that is, equal to Hg — Ha and the minimum value of the
reversible component of the magnetization Mrey min
achieved in this case.

Let us consider what other results can serve as
confirmation of the presence of nonlinear dependence
of AMey 0n AH. In [19], on the basis of experimental
studies on steel ferromagnetic samples, it was found
that for small values of H, in the range of variation of
the strength of the resulting magnetic field from Hqy—
Ha mo Hq + Ha, the dependence of y v 0n AH can be
represented as

+ kAH 1)

Xrev = Xrev min
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where ¥ rev min iS the value of reversible magnetic
susceptibility at the strength

Hq— Ha, k is a constant coefficient depending on
the material of the ferromagnetic, AH is measured rela-
tive to the value Hq— Ha. This result is observed under
the condition, that the maximum strength Hg + Ha was
previously reached, then it decreased to the strength Hgq
— Ha. Denote AH as x. Then, when changing x from 0
to some value x<2H. , the increment AMy is deter-
mined from the expression [13] (considering expres-
sion (21))

AMyep = fngrevdx = fox()(rev min + kx) dx (22)
After calculating, we get

AMyey = Xpevx + %kxz (23)

Therefore, from experimental measurements it
follows that a parabolic dependence of AMey on AH ex-
ists.

The parabolic dependence of AMyy on AH was
also observed experimentally, when measured on recoil
curves of hard magnetic materials [20].

Conclusions

In this paper is proposed the method for calculat-
ing the dependence of the increments of the reversible
and irreversible components of the magnetization on
the increment of the external magnetic field for an
asymmetrical minor hysteresis loop, whose branches
have the form of quadratic parabolas. It is shown, that
the asymmetry of this loop is due only to reversible pro-
cesses of magnetization reversal. The dependence of
the increment of the reversible component of the mag-
netization on the increment of the strength of the mag-
netizing field corresponds to quadratic parabola. The
dependence of the increment of the irreversible compo-
nent of the magnetization on the increment of the
strength of the magnetic field has the form of a sym-
metric minor loop with branches in the form of a quad-
ratic parabola.
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NH®OPMAINIMOHHOE MOJAEJIUPOBAHUE CTUMYJINPYEMBIX COLIMAJIBHO-
HEJATOTMYECKHUX CUCTEM NOCPEJICTBOM TPAHCHOPTHBIX YPABHEHUI
BOJBIIMAHOBCKOI'O THUITA

Summary: An original technique enabling to model and to predict the pedagogical systems development on
the base of Boltzmann transfer equation is suggested. Few particular models of practical interest are elaborated
within the concept. The efficiency of approach presented applicably to pedagogical experiments in a Russian re-
gion is confirmed.

AHHOTalIl/Iﬂ: HpefmomeHa OpuUIrnHaJIbHasE TEXHUKaA I/IH(I)OpMaIII/IOHHOFO MOJCJIUPOBAHUA U IIPOTHO3UPOBA-
HUS CONUAJIbHO-IEAArOTUYCCKUX CUCTEM, NCIIOJIb3YHOIas alrapaTr TPaHCIIOPTHBIX ypaBHCHI/Iﬁ 6OJ'II)L[MaHOBCKOFO
TUIIA. Pa3pa6OTaHBI MOACIH, ITO3BOJIAIOIINEC OOBSACHATH U MMPOTrHO3UPOBATH IBOJIIOLUIO TAKUX CUCTCM. ITokazana
3¢ GEKTHBHOCTD pa3pabOTKH MPUMEHUTEIHHO K MacIITA0HOMY IEJarorHIecKOMY SKCIIEPUMEHTY B OTHOM H3 POC-
CUICKUX PErMOHOB.

Key words: transport equation, distribution function, regularization, prediction.

Kniouegvle crnosa: mpancnopmuoe ypasuenue, pyukyus pacnpeoenenus, pecyiapu3ayus, npocHo3uposanie.

AgnexBaTHOE oMmucaHME colManbHO-egaroruue- [1]. Ee ycnemHoMy peleHHI0 HMpensTCTIBYIOT, IJIaB-
ckux cucteM (CIIC) B mensix Haile)KHOTO TIPOTHO3UPO-  HBIM 00pa3oM, CI0XHOCTH (popmanu3anuu OOJIbLIIMH-
BaHUs UX DBOJIIOLUY, a TAKKE PAl[MOHAIBHOIO yIpaB-  CTBA INPEAMETHBIX 3aj1ad [2] WM e HEBO3MOXKHOCTb
JICHUSI SIBJISIETCS YPE3BBIUANHO aKTyabHOU poOeMoit
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Ka4eCTBEHHO OLICHUTH (DUTypPHUPYIOIIUE B HUX KOJIHYE-
CTBEHHBIE TTOKa3aTenu. OTHaKO OpeeTICHHBIE YCIIEXH
3/IeCh BCE K€ JOCTHTHYTHI OJlarojapsi BHEAPCHHIO 3a-
MMCTBOBAaHHOTO M3 (H3UKH MEXaHHCTHYECKOTO ITOJI-
xona [3-5]. He sBisisich maHareeu, Takon moaxo.1 9acTo
MIO3BOJIIET BBISIBUTD, 110 KpaliHEN Mepe, KaueCTBEHHbIE
cBs3n Mexay xapakrepusyromumu CIIC mokasare-
JSIMU Y TIapaMeTpaMM BHEIIHUX (B YaCTHOCTH, yIpaB-
JISTFOUIUX ) BO3JIEHCTBUH. B OTAENBHBIX CIyyasx yCren-
HBIM OKa3bIBAIOTCS TAKXKe KOJHMUECTBEHHBIC OMMCAHU
U mporHo3sl. Hampumep, CIOXXHOCTb KaueCTBEHHOM
¢dopmanmzamuu pspa CIIC ynaercs HHUBENHMpoBarth,
€CIIM OHU TIPEJCTABIISIOT COOON JOCTATOYHO OOJIBIIYIO
COBOKYITHOCTH OJHOPOIHBIX OOBEKTOB, a OOmas Xa-
pakrepuctuka CIIC mormyckaer CTaTHCTHYECKOE OIIH-
CaHme.

Lemnbto nanHO# pabOTHI CTaBUTCA aACKBATHO OT-
pa3uTh MPUIMHHO-CIICICTBCHHYIO CBS3b «BO3JICHCTBHE
— oty B aHcam6OneBoit CIIC, mnoaBep:keHHOU
BHEIIHEMY CTHUMYynHpoBaHHUio. Ilog axexkBaTHOCTHIO
3/IeCh MOHUMAETCSI CIOCOOHOCTh PAIlMOHAIBEHO 00BsIC-
HATh ()eHOMEH B paMKax MH()OPMALMOHHOM MOJIEIH, a
TaKXke IIPOrHO3UPOBATE €T0 IBOJIIOIUIO.

PaccMOTpUM IIEHTpaINM30BaHHO U PAaBHOMEPHO
CTUMYJIHPYyeMyI0 (HauMHas ¢ MOMeHTa Bpemenu t = 0)
ancamOuieByro CIIC, cocrosmyto 3 OOIBIIOTO YHca
OJTHOPOJHBIX 00BEKTOB. TaKOBBIMH SIBIISTFOTCS CETH Ma-
Ta3uHOB, OCH30KOJIOHOK, TOCTHHUII, TIPHHAICHKAIITIX
OTHOMY BJAJENbIly, Y4eOHBIX 3aBEACHHUH, OTHOCS-
MUXCSI K OTHOMY MHHHUCTEPCTBY, OJHOTHITHBIX 3aBO-
JIOB B TOCYJIapCTBEHHO# coOCTBeHHOCTH 1 TIp. Kask1prii
M3 TaKkuX OOBEKTOB OYyJEM XapaKTepH30BaTh HEKOTO-
PBIM HHTErPalbHBIM ITOKa3aTeseM KauecTBa X, IPHUHH-
MAIOIIMM YHCJIOBOE 3HaU€HHE M3 HEKOTOPOTO HHTEp-
Basia. Jljisg onpeaesieHHOCTH MOJI0KUM

0<x<4 (1)

KagectBo 00BekTa x B mpenenax 0 <x < | cywura-
eTCSI KHEYIOBIICTBOPUTEIBHEIMY, B Iipefenax | <x <2
CUHTACTCS «yIOBICTBOPUTEIBHEIMY, 2 < X < 3 — «XO0-
pommmy», 3 < x < 4 — «orauuHBIMY. COOTBETCTBEHHO

HHTErpajbHOE KauecTBO Takoil ancamb6uesoit CIIC 3a-
JaeTcsi HEKOTOpoi nuddepeHnuanbHoi  (HyHKIHeH
pacnpenernenus f(X, t).

WznavanpHO KadecTBO coBokymHO#M CIIC xapak-
tepmsyercst pyukieit f(x, 0), koTopas BocieICTBUH
SBOJIOLMOHUPYET B CHIY 3aJCHCTBOBAHHBIX CTHMY-
7n0B. (DEHOMEHONOTHYECKH ONMCAHHAS CUTyalus
CXOJJHa C paccMaTpuBacMoi B (pM3MKE KMHETHKOW aH-
caMOJIsl MMKPOYACTHL, IIOJIBEP)KEHHOTO BHEIIHEMY
BO3/ICHICTBUIO, IOATOMY JJOIYCKaeT MEXaHUCTUUECKYIO
MHTEPIIPETALHNIO B paMKaX TPAHCIOPTHOTO YpaBHEHUS
00JIBIIMAHOBCKOTO THIA [6] st YHKIIUHU pacipeerie-
uust f(x, t):

Of(x, )/ 0t ="P(f(x, 1), x, ) +Q(x, 1) (2)

B ypasuenun (2) W(f(x, t), X, t) — HeKOTOPBII HH-
terpo-nuddepennuansHeiit oneparop; Q(X, t) — ucrou-
HUK (CTOK) KauecTBa.

Bun oneparopa ‘P (f(x, t), X, t) onpenensercs cBoii-
cTBaMu 31eMeHToB (B HamreM ciaydae CIIC) u xapakre-
POM HX B3aUMOJICHCTBHS, KOTOPBIM OOBIYHO PUIACTCS
BIIOJIHE pa3yMHas HHTeprperanus. EcTecTBEHHBIM
CII0COOOM CKOHCTPYHPOBAaTh HEM3BECTHBIH B HAIllEM
ciy4ae 3BouorronHsiil oneparop W(f(x, t), x, t) npen-
CTaBJIAETCS NOAOODP CTPYKTYpPHI, 0OECTIeunBaOLIel Co-
OTBETCTBHE (pakTHUECKHM NaHHBIM. [103TOMY BasKHOI
YacThIO IIOCTAaHOBKH MOI00HBIX 33124 SBJISETCS KHCTO-
pus HaOmojcHUN» 32 00bekTOM. UeM oOBEeMHEH u
HaJle)KHEH 3TOT PparMeHT MH(POPMAIIMOHHON MOJEIH,
TeM OoJIbIIIe ITAHCOB NPUIATh €l OOBSCHSIONINE U TIPO-
THOCTHUYECKHE CBOMCTBA.

Jnst Hapnexxamed WUTIoCTpalu IpeiaraeMon
METOJIUKHN MICHTH()UKAIMN U TPOTHO3MPOBAHMS CTH-
MynupyeMbix ancamOreBeIx CIIC B Ta0ur. 1 mpuBeneHbI
JlaHHBIE HAOJIIO/ICHNH 3a THIIOTETHYECKUM 00BEKTOM B
TedeHue § mepruoioB (JIeT), a Takke (paKTHUECKUE JaH-
HBIE 32 9-11 mepHoA (BBIAENEHBI KUPHBIM HIPUPTOM),
NpeAHa3HaYeHHBIE UI OLEHKH JOCTOBEPHOCTH IIPO-
THO3a.

Tabmuna 1
IBOJIIOLMS YeThIPEeXYPOBHEBOI cTUMYanpyeMoii u3BHe ancamoJieBoii CIIC
X, <X>

t 0<x<1, 1<x<2, 2<x<3, 3<x<4,

0.5 1.5 2.5 35
0 0.6 0.25 0.1 0.05
1 0.4 0.4 0.15 0.05
2 0.3 0.4 0.2 0.1
3 0.2 0.3 0.3 0.2
4 0.15 0.25 0.35 0.25
5 0.1 0.2 0.37 0.33
6 0.1 0.15 0.35 0.4
7 0.07 0.13 0.33 0.47
8 0.07 0.10 0.35 0.48

Z[aHHBIC Tabm. 1 CBUACTCIILCTBYIOT O CTUMYJIMPO-
BAHHOM IIEPEXOaC 3HAYUTEIBHON YacTH OOBEKTOB U3
HU3IIHUX — B BBICHIMC KAaTCTOpUU. Hauanbsaoe pacmope-
JACJIICHUC 00BEKTOB B «IPOCTPAHCTBE Ka4deCTBa» IO-
XO0XKC Ha y6BIBaIOH.Ie€ OKCIIOHCHIHUAJIBHOC, KOTOPOE C

TEUYCHHEM BPEMEHHU TpaHCc(HOPMHPYETCsl B BO3pACTal0-
mee. OMUCaHHOW JBOJIIOLUU COOTBETCTBYET CIEHYIO-
LM BapHaHT TPAHCIIOPTHOTO ypaBHEHUS (2):

4
of(x, t)/ ot =A of(x, t)/ 0x + B 02 f(x, t)/ 0x? + C e JO
f(x, t) dx (3)

C HAYAJIbHBIM YCJIOBUEM
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fx,0)=a/(l-e*)-e>  (4)

U IPUHATON HOPMHUPOBKOM

I:f(x, )dr=1 (5)

B ypasuenusx (3)-(4) A, B, C, a, B — unciossie
HapaMeTphl MOJICIIH.

Pemenuem sBomroroHHoM 3amaun (3)-(5) cmy-
HKUT

f(x, 1) = (L — %) - e X1+ B — 1) - &
(1-e7)(6)

r7ie Y — mapameTp MOZEIH, OTBEYAIOIINI 3a CKO-
poctb 3Bomonun CIIC K cTaTUCTHYECKH JTydIIeMy CO-
CTOSIHHUIO.

HewusBecTHbIE alpHOpH U HEJOCTYIIHBIE AJIsl HENO-
CPEACTBEHHBIX M3MEPEHUH YUCIIOBBIE KO3 (UIIMEeHTEI
TPaHCIIOPTHOTO ypaBHEHHA (3) HECYT CIeIyIomuni
CMBICT: A — CKOPOCTH HHUIIMMPOBAHHOW M3BHE TpaHC-
tdopmaru Gpyskuuu pacnpeaenenus f(x, t), Hanpas-
JICHHOH Ha ee ynydlleHue B cpeneM; B — (B 3aBucu-
MOCTH OT 3HAaKa) WHTEHCHBHOCTh DPa3MBITHS WIIH,
HaobopoT, cocpenorouenus f(x, t), oOycmosneHHas
CBOMCTBAMHU OTIEIbHBIX OOBEKTOB U HMX B3aUMOJEH-
crBueM; C — 1oKa3arellb ONpe/IeIieHHOH KOHCepBaTHB-
HOCTH cucTeMbl. OJIHAKO CYIIECTBYET INpaKTHYeCKas
BO3MOXXHOCTH OTIpeIeNIuTh apameTpsl A, B, C monenn,
OINUpasiCh Ha JJaHHbIE HAOJIOICHUH TUIIA TPUBEICHHBIX
B Tabn. 1 m aHamuTHYECKOH pemieHue (6) ypaBHEHUIA
(3)-(5).

Mo>KHO CTpOTO J0Ka3aTh, uTo napamerpsl A, B, C
— C OJTHOH CTOPOHBIL, U a, B3, Y — C APYroM, CBsA3aHbI CO-
OTHOIICHHUSIMH:

A=y (o -1PB),B=—l(oB), C=yPle®-1) (7)

37ech crnenyeT OTMETHTh, YTO B CHIIY TPaHCLEH-
JICHTHOCTHU CHCTeMBI (7) HEBO3MOXHO 3aIHCaTh €€ pe-
IIEHHE OTHOCHUTENIBHO a, 3, Y B siBHOH hopme. OtHaKO

JUTSL TIOTHOM maeHTudukamu moaenu (3)-(5) mo nan-
HBIM Tab11. 1 3TOTO M HE TpeOyercs. Heobxommmo mums
OIPEAEIUTH NapaMeTpsl a, B, ¥ pemeHus (6), MUHUMU-
3MPOBAB HEBS3KY

D(a, B, ) = X [f(xi, 4, o, B, y) — fij®*™]> — min (8)

B aroit hopmMyiie oaCTpoUHbIe HHAEKCH | U j OT-
BEYAIOT COOTBETCTBEHHO HOMEPaM CTOJIOIIOB U CTPOK B
tabn. 1; fij®" — pakruueckoe 3Hauenue napamerpa f
(ta6um. 1); f(xi, tj, o, B, y) — pacuetHoe 3HauecHwme f co-
rnacHo (6); CyMMHpOBaHHE BBIMOIHSIETCA 10 BeeM | <
i <4ul<j<8. [Ipu BEIYUCICHUSIX TAKXKE TOJIAraeTCs
Xi = i—0.5.

3a onTUMaNbHBIE 3HAUCHUS O, [3, Y IPHHAMAIOTCS
YJIOBJIETBOPSIIOLIHE HEOOXOIUMOMY YCIOBHIO IKCTpe-
myma dyakuuu (9):

{0®(a, B,y)/ 00 =0, 0D(a, B,7)/0p =0, 0D(a, B,
v)/oy=0}% )

W aeHTHYHOTO pe3ysbTata MOKHO TOOUTHCS, pe-
[IMB CPEACTBAMH BBIYUCIUTEIHHOIO IMAKeTa, HAIPH-
Mmep, MathCAD, nepeonpeieieHHYI0 CUCTEMY YpaBHE-
HUH:

L f(xi, t, o, B, ) :fijq’a“, 1<i<4,1<j<8} (10)

Ha ocHOBE BBIYHCIICHHBIX TAKUM CIOCOOOM ., [3,
vy mozenb (3)-(5) MOTHOCTRI0 MHULIUATU3UPYETCS T0-
CPEICTBOM COOTHOIICHHI (7).

Unertndpukamms moxemn (3)-(7) mo maHHBIM
Tabmn. 1 cBomuTCs K cienyromemy. YncioBeie k03ddu-
ueHTsl Mogenu paBubl: oo = 0.775454; B = 0.33371,
y = 0.4488565; A = -0.766219; B = —-1.7345318; C =
0.0535074. OTpunateIbHOCTh BETUYMHBI A O3HAYaET
MepPeHOC 0OBEKTOB U3 XYAIINX KaTETOPHHA — B JTy4IIHE,
a OTPHUIATENFHOCTH B yKa3bIBaeT Ha YIUIOTHEHHUE TPYII-
MMUPOBKU OOBEKTOB B JTYUIIUX KATCTOPHSIX.

BaxHOI1 XapaKTepUCTUKON MOJENU SIBISIETCS €€
O6M30CTh K (DaKTHUECKUM JAaHHBIM B JIOKAJIBHOM (Be-
JINYUHBI MAKCUMAJIBHOM U CpeHEN Y3JIOBBIX MOTpel-
HOCTEH) 1 B INI00aIbHOM (KOppeJIsiius Ha pabouem 1o-
nurone) cmoiciie. COOTBETCTBYIONIHNE ITOKa3aTEeIN CBE-
JICHBI B Ta0JI. 2 ¥ CBUICTEIBCTBYIOT O HEIPUTOIHOCTH
JAHHOW MOJENH MJIi IMPOTHO3UPOBAHHS SBOJIFOLUU
CIIC, 3amannoii Ta6. 1.

Tabiuma 2

Iloka3atenu kayecrBa Mojaesau (3)-(7) npUMEHUTEIBHO K ANMPOKCHMALMHU AaHHBIX Ta0J1. 1

ITokasa- CpenHsisi y3710Bast Orpet- MakcumanbHas y3noBas norpeni- | KoadduipenT koppens-
TEb HOCTb HOCTb 1005051
3HaueHue 0.066 0.18 0.806

AnprepHaTHBHOH (3)-(5) popmoii MozemnH, To3Bo-
JSIONIEH perynspu30BaTh JaHHbIe TaO. 1, mpemcras-
JISIETCS CIIeAYIOIIast:

of(x, ) ot = of(x, ) 0x + B 02 f(x, ) 0X2 + v t, (11)
f(x,0)=P+Qx+Rx2. (12)

3anaya (11)-(12) umeer noiauHOMHUAIBHOE 1O {X,
t} aHanuTHYecKoe penieHne

f(x, ) =A+Bx+Ct+DX>+Ext, (13)

KOTOPOE IIMPOKO UCTIONB3YETCS IS alllPOKCHMa-
MU SMIIMPHYECKUX JAHHBIX B TEXHUYECKUX U IKOHO-
Mu4ecKuX npuinokenusx. [Toacranoskoit (13) B (11)-
(12) BBISIBNISICTCS CBSA3b MEXKIY MapaMeTpaMH MOJCIH
o, B, v, P, Q, R ¢c oxnoii cropoust u A, B, C, D, E —¢
JApYyrou:
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WNunnmanuzamus moxenu (11)—(13) mo naHHBIM
Tabn.1 gaeT cieayromye 3HaYeHUs NapaMeTpoB: oL = —
1.6460227;, B = 9.5154881; y = 0.0779407; A =
0.5442408; B = -0.1087646; C = —0.0947018; D = —

—L D= JE=—— (14) 0.0143834; E = 0.0473509. m cooTBeTCTBYIOT am-
o 2(12 o MIPOKCUMHUPYIOIINE CBOMCTBAa MOJIENN, IPUBEICHHBIE B
Tabm. 3.
Tab6muma 3
oxka3arenu kayecrBa Mogenau (11)-(14) npuMeHUTEJBHO K ANNPOKCHMALNMH JAHHBIX Tada. 1
MoKasatess CpenHsis y370Bas Io- MaxkcnmanbHas y3nmoBast | KoagdummenT xoppens-
TPEIIHOCTh MOTPENIHOCTh Janzest
3HadyeHne 0.049 0.099 0.906

XOTs ATOT PE3yJIbTAT HECKOJIBKO JIyUllle Tpe/Ibl-
nymiero (Tabi. 2), OH Bce ke HE MPEICTABIISACTCS YII0-
BIIETBOPUTENBHBIM JJIs1 CKOJIb-HUOYIb HAJIEKHOT'O TPO-
rHo3upoBaHus. Cka3zaHHOE MOATBEPKAACTCS CIEAYIO-
UMK pacyeTamMH. PaccMmarpuBaioTcs peanucTUdHbIe
JTAaHHBIC MOHHTOpPHHTA CPEIHUX YICOHBIX 3aBEICHUU
PocToBckoif obmacTu mocie 3amycka MporpaMMBbl CO-
BEPILICHCTBOBAHMS KaueCcTBa IIKOJNBHOW cpensl. B or-
JMYUE OT JaHHBIX Ta0N. 1 coOTBeTCTBYOMUE ()YHKIIHN

pacnpenesenus f(X, t) yHUMOIaTbHBI ¢ €AMHCTBCHHBIM
MakcumyMoM 1ipu 0 < X < 4. OkasbpIBaeTCs, YTO IBOIIO-
LUsI TAKKX pacrpeeeHU I0X0 OMUChIBAETCS MOJe-
msimu (3)-(7) u (11)-(14). CooTBETCTBYIOIINE HCXOI-
HBIE JaHHBIC U OLIEHKHU MOTPEITHOCTH UX BOCIIPOU3BO/-
ctBa B pamkax (3)-(7) u (11)-(14) mpuseneHs! B Tabm. 4-

13.

Tabmuma 4

IBOJIIOL U IEPBOT0 HHTErPAJIbHOI0 NMOKA3aTeJIAl KayecTBa IIKO0JIbHOI cpeabl B PocToBckoii o01acTu no-
cJjle 3alyCcKa CTHMYJIMPYIOLIEro MPOeKTa
(110 AAHHBIM CONMAJIBHO-TICUX0JO0THYECKOr0 MOHUTOPHHIA 00y4Yal0LIHXCH)

X, <X>

t 0<x<1, 1<x<2, 2<x<3, 3<x<4,

0.5 1.5 2.5 3.5
0 0.11 0.65 0.21 0.01
1 0.06 0.55 0.34 0.04
2 0.02 0.43 0.45 0.1
3 0.01 0.32 0.45 0.22

Tabmuna 5

IMoka3arenu kayecrBa Mojaeu (3)-(7) NpUMEHUTEILHO K ANMPOKCUMAIIMH JAHHBIX Ta0J1. 4

Cpenuss y3j10Bas 1o- MaxkcumainbHas y3J10Bas Kosddument koppens-

Iloka3aTens pea y M bpra PP
IPEIIHOCTh MOTPEIIHOCTh LA

3HaueHne 0.182 0.385 0.641

Tabmuma 6

Iloka3zatenu kayecrBa Mojaenau (11)-(14) npuMeHNTENbHO K ANMPOKCUMAIIMM JAHHBIX Ta0.1. 4

Cpe - M K -
Mokasatess peIHsIst y37I0Bast 10 aKcHMallbHasl y3JI0Bast 03¢ GUIHEHT Kopperst
TPEIIHOCTh MOTPENIHOCTh 107051
3HayeHne 0.061 0.193 0.95

Tabmuma 7

JB0JIIOLHS] BTOPOT0 HHTErPAJILHOI0 NOKA3aTeJ sl KauecTBa IKO0JLHOM cpeabl B PocToBckoii 00,1acTu no-
cJe 3amycKa CTUMYJIMPYIOIIero NpoeKTa
(110 AaHHBIM MeIHIMHCKOT0 MOHUTOPHHIA 00yYaKOINXCH)

X, <X>

t 0<x<1, 1<x<2, 2<x<3, 3<x<4,
0.5 15 2.5 3.5
0 0.11 0.67 0.21 0.01
1 0.04 0.7 0.24 0.02
2 0.02 0.44 0.45 0.09
3 0.01 0.32 0.46 0.21
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Tabuma 8
Ioka3arenu kayecrBa Moaenu (3)-(7) IpUMEeHUTEIBHO K ANNPOKCHMALMH JAHHBIX Tada. 7
[Noxa3za- Cpermusis y3710Bast IOTper- MaxkcumanbHas y3moBas morpenl- | KoaddummeHT Koppens-
TeNb HOCTh HOCTh Janzest
3HadyeHne 0.192 0.452 0.603
Tab6muma 9
Ioka3arenu kavyecrBa Mogenau (11)-(14) npuMeHHTEJIbHO K ANNPOKCHMALIMH JAHHBIX Ta01. 7
[Noxa3za- Cpemnsis y3710Basi OTpe- MaxkcumanbHas y3imoBas morpeml- | KoaddummeHT Koppens-
TeNb HOCTh HOCTh Janzest
3HadyeHne 0.081 0.193 0.917

Kak cBuIeTenbCTBYIOT IpeACTaBICHHbIE B Ta01. 4-9 naHHBIE, A1 TPOrHO3UPOBAHUS ANHAMUKH IIKOJIBHOH
cpenst Mogenu (3)-(7) u (11)-(14) npencrapinsrorcst abcomoTHO He NpUrogHbIMU. [ToaTOMyY paccMoTpuM ele nBe
MOJIETIH, ONMCHIBAIOIINE IBIDKEHHE U JeopMannio KoJoKkoa000pa3Hoit Gpynkunu. B kauecTBe pelieHus 3BOII0-
IIMOHHOT'O YPaBHEHHUS paCCMOTPHUM YeThIpe BapHaHTa — aBa ['ayccoBbl QpyHkunu [7]

| X-(a+pt) 2
e Y+t
f X’ tl ) H 16 =
(x,t,0,,7,9) [ (15)
_[:e V| gy
u
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|y+8t|
€
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( B.v.9) oar (16)
J¢1 e ‘y+8’[‘ dX
0
u 1Ba — QyHknuu Trna Posuna — Pammutepa [8]
2 |x(a+py)’
X- (OL + Bt) e_ y+8t
+ ot
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u
3 |xatpy)’
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F(x,t, 0B, 7,8) = —=—— _ x—(a+Pt)=0, y+t=0.as)
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tx-@+p) )
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oL y+ot

CootserctByronue penreHusM (15)-(18) aBosmononHble ypaBHeHHMs THIIA (2) C Ha UISKAIIUMH HadaJIbHBIMH
YCIOBUSIMHU TIOJTy4YaroTCs IyTeM UX JuddepeHpoBaHus 1 arperanyy, HO He MIPEACTaBISIOT Ul HAac IpaKTHye-
CKOM LIEHHOCTH U 37IeCh He MpUBOATCA. EcTecTBeHHO Takke, uTo BXoasAmme B hopmyisl B (15)-(18) mapamerps
o, B, v, 0 paznuuHel. VX 3HaueHUs s paKTHYECKUX AaHHBIX Tabi. 4 u tan. 7 codpansl B Tadn. 10-11.

Tabmuma 10
IMapaMeTpsl aNNPOKCHMAIIMY TAHHBIX Ta0J1. 4 mocpeacTBom mojeseii (15)-(18)

INoka3zarens o B Y )
Cornacho (15) 1.59033 0.23974 0.8347 0.17131
Cormnacho (16) 1.58952 0.24151 0.69836 0.225
Cornacno (17) 0.02623 0.03526 1.75528 0.24699
Cornacho (18) -005208 0.04839 1.24609 0.17213
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Tabmuma 11
IMapaMeTpbl aNNPOKCHMANNHI TAHHBIX Ta0J1. 7 mocpeacTBom mojaeseii (15)-(18)

ITokaszarens o B Y S
Cornacho (15) 1.5107 0.24392 0.80348 0.11618
Cornacuo (16) 1421 0.291 0.668 0.155
Cornacho (17) 0.04624 0.07012 1.6425 0.21582
Cornacho (18) -0.01038 0.08921 1.13991 0.15345

[IpuMeHHUTETPHO K TaHHBIM TaOI. 4 U TaON. 7 3TH peryasapHU3yIOIIne 3aBUCUMOCTH HepaBHOUEeHHBIe. O0 nx
ANMPOKCUMHUPYIOMINX CBOMCTBAX MO3BOJISIOT CyIUTh JaHHbIe Tabm. 10-11.

Tabmmma 12

CpaBHuteabHast 3QPeKTHBHOCTH ANMPOKCHMAIMH JAHHBIX Ta0J1. 4 mocpeacTBom Mojedeii (15)-(18)

MoKasatess CpenHsis y370Bas o- MaxkcnmansHas y3nmoBast | Koag¢ummenTt xoppens-
IPELIHOCTD HOTPEIIHOCTb LMK
Cornacno (15) 0.023 0.052 0.994
Coracho (16) 0.021 0.43 0.996
Corunacho (17) 0.014 0.028 0.998
Coracho (18) 0.0103 0.018 0.999
Tabmmma 13
CpaBHuteabHas 3¢peKTHBHOCTD ANMPOKCUMANMHN JAHHBIX Ta0J1. 7 mocpencTBoM Mojedeii (15)-(18)
Hokasatess Cpeamsist y3noBas mo- MakcuManbHas y3noBas Koaddumuent koppens-
IPEeITHOCTh MOTPENTHOCTh 01201
Coracho (15) 0.042 0.092 0.981
Cornacto (16) 0.037 0.088 0.985
Cornacuo (17) 0.033 0.108 0.987
Coracho (18) 0.027 0.086 0.991

Jannbie Tabi. 11-12 cBUACTENBCTBYIOT 00 OTIMYHOM KadeCTBE allPOKCHMAIUK (haKTHUCCKUX TAaHHBIX Ta0JI.
4 v tabn. 7 mozensio (18) ¢ HauIexkale mofo0paHHbIMU K03 (GUIIMEHTAMH, YTO MTO3BOJISET B IPUHIIHIIE UCTIOJIb-
30BaTh €€ Uil KPaTKOCPOYHOTO IPOrHO3MpOBaHus. KayecTBO ammpokcHMaluu JaHHBIX Tabn. 4 moxensio (18)
HarJISAHO MPEACTAaBICHO PUCYHKAaMH | -2, KOTOpBIE MOATBEPKAAIOT BEIUKOJIEITHOE COTIachue MOJIETH U (pakThue-
CKHUX JIaHHBIX — KaK KauyeCTBEHHOE, TaK M KOJIMUeCTBEHHOE. HeckoIpKo Xy auIyto pe3yapTaTHBHOCTh MoJienb (18)
JIEMOHCTPHPYET IPUMEHHUTENHHO K JAHHBIM Ta0JI. 7, 4TO MOXHO OOBSICHUTD KaK CIIeIIM(UKON BTOPOTO MHTETpallb-
HOTO 1T0Ka3aTelsi, Tak ¥ MEHee aKKypaTHBIM €T0 aHAJIN30M B IIPOIECCe OIIEHUBAHMS U arperalui COOTBETCTBYIO-

[IUX JAHHBIX.
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Puc. 1. Coomsemcmeue modenu (18) ¢ koagppuyuenmamu mabn. 10 oannvim mabn. 4
6 PA3IUUHbLE MOMEHMbL BDEMEHU: MAPKEPbl — akxmuyeckue OanHvle,
cnaowHas unusi — Mooenvhas kpusas Posuna — Pammaepa
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Puc. 2. Conocmaenenue modenu (18) ¢ koagppuyuenmamu maba. 10 u oanuvix maoa. 4.
a — (hakmuyeckue TUHUU yposHs, O — TUHUU YPOBHS CO2NACHO MOOebHOU Kpueas Posuna — Pammnepa;
6 — IUHUYU YPOBHS, OMEeUaiowue JOKANbHOU NOSPEUHOCU MOOeIU

Bo3sBpamasice Kk MpPOTHO3UPOBAHUIO, OTMETHM,
YTO MOJI KPaTKOCPOYHOCTHIO MPOTHO32 HAMHU MOAPa3y-
MeBaeTCsl MaJOCTh IMPeICKa3aTeIbHOTO TOPU30HTA IO
CPaBHEHHIO C TIEPHOAOM HAOIIOJCHUH, HA OCHOBAHUH
KOTOPOT0 MHHUIHAIN3HpoBantack Monens (18). B gacr-
HoCTH, TpexietHue HabmoneHns 3a CIIC ¢ nuHaMuKoi
THUIA OTOOpaXeHHOW B TaON. 4 M TaON. 7 MO3BOJSIIOT
MPOTHO3WPOBATh HA OJWH BPEMECHHOW WHTEpBal (B
JTAHHOM cIIy9ae TOf), YeTHIPEX/IATHICTHHE — HA JBa,
JlecSITUIETHUE — Ha TpU. IlorpemHocTs IporHo3a npu
9TOM, BEPOSTHO, HE MPeBBICUT N-KpaTHOW MOTPEIIHO-
CTH anmpoKkcuManuu Mozensto (18) nanubix Tadi. 4 u
TabJ1. 7 COOTBETCTBEHHO, T1i¢ N — 1ajJbHOCTB IPOTHO3A.

O1eHUM MPOTHOCTUYECKHE BO3MOXHOCTH MO-
nenu (18) mpuMeHNTENbHO K JaHHBIM Talu. 4 clienyro-
KM criocodoM. VHUIMAmM3auo MOAEIH BBITOJIHUM
T10 JAHHBIM 3a IIEpBBIC TPH Neproa HabmoaeHui. 3a-
TEeM Ha OCHOBaHHWH MOJEIH PACCUUTAEM pacIpeaeie-
HHe 00BEKTOB 110 TPYyNIaM Ha 4eTBepThld mepuon f(X,
3.5). Omnmame pesynbTaTa OT M3BECTHBIX JTAHHBIX 3a
9TOT mepuo] (TOCIeAHsA CTPOKa B Tabi. 4) JOTHIHO
TPaKTOBaTh KaK MOTPENIHOCTh IMPOTHO3MPOBaHUsA. Pe-
3yNbTaThl COOTBETCTBYIOIIUX BBIYMCICHUIN IPUBEICHBI
B Tabn. 14-15.

Tabmuua 14

IIporHo3Hoe 3HaYeHNE MEPBOT0 HHTETPAIBHOT0 MOKA3aTe/Isl KA4eCTBA IMIKOJIBHOM Cpeabl
HA YeTBePThlil roJ perioHAIbHOI0 MPOEKTAa corjacHo moaeu (18)
U JaHHBIX TPeXJIeTHUX HA0/II0/leHUil 32 npelIecTBYOLINe TPH roja tadJua. 4
(10 JaHHBIM COUMAJIBHO-TICUX0J0THYEeCKOr0 MOHUTOPUHIA 00y4Yal0LIMXCs)

X, <X>
t 0<x<1, 1<x<2, 2<x<3, 3<x<4,
0.5 15 2.5 3.5
[poruo3 0.006 0.319 0.489 0.192
daxkTHIecKu 0.01 0.32 0.45 0.22
[NorpentHocTs 0.004 0.001 0.039 0.028

Ot JAAHHBIC CBUACTCIILCTBYIOT O MPHUEMIIEMOM Ka4CCTBC KPATKOCPOYHOI'O TPOrHO3a Ha OCHOBE MOJIC/IN (18)

¢ ko3¢ ¢urmentamu u3 tadu. 10. 31eCh ClieayeT Takke OTMETHTh YCTOHYMBOCTD MPeIjaracMoi MOJIEIH 10 OTHO-
IICHUIO K YBEJIMIHMBAOLIEMYCS 00beMy HCX0aHOH nHpopMaruu (Tabmn. 15-16). JlaHHOE Ka4eCTBO MPUHIIUIIHATIBHO
Ba)XHO M 00ECIIEYNBAETCS] COOTBETCTBHEM 3BOIIOLIMOHHOTO XapakTepa Monenu u umutupyemoit CIIC.

Tabmmma 15
Ko punmnentnl mogeau (18) npu MHUIHAIN3ALMM 110 TPEM NMEPBBIM M YeThIpPeM CTpPoKaM TabJ1. 4
IMoxkazaterns o § Y &)
CornacHo MepBeIM TpeM cTpokam (18) -0.06235 0.09116 1.25841 0.13429
CornacHo BceM crpokam (18) -005208 0.04839 1.24609 0.17213
Tabmuma 16

CpaBHuTEIbHAS MOrPemHOCTh Moaesu (18) NPy MHUIHUATIM3AUMH 110 TPEM NEPBBIM U Y€THIPEM CTPOKAM
Ta6J1. 4 NpH OlleHKe MEPBOro HHTErPaJbHOr0 MOKA3aTeIsi B IEPUO/] C IEPBOI0 10 Y€TBEPTOro CPoKa

BKJIIOYUTEJIbHO
THokasarens CpenHsist y3noBas MaxkcuManbHas y3- Kos¢ppuuunent xop-
MOTPENIHOCTh JIOBAs ITOTPEITHOCTh persiuumn
CornacHo nepBbIM 0.008 0.039 0.999
TpeM crpokaM (18)
Cormacrio pee 0.0103 0.018 0.999
ctpokam (18)
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IIpoBeneHHBIE BBIIIE OLEHKH MPOTHOCTUYECKUX CBOMCTB Mojenu (18) mo3BoisieT Ha ee OCHOBE CIPOTHO3H-
posats nuaaMuky CIIC, 3amanmyto Tabi. 4 Ha 1Ba meproaa. COOTBETCTBYIOIINE OIEHKH CBeIeHH B Ta0d. 17. Tam
JKe yKa3aHBl BEpOsTHAS U (B CKOOKaX) MAaKCHMANIbHAS TIOTPEITHOCTE IIPOTHO3A.

Ta6numa 17
Iporno3 3Bosaonuu CIIC T1ada. 4 corsacHo moaesn (18) Ha 1Ba cTaHIAPTHBIX MEpHOAA
X,<X>
t 0<x<1, 1<x<2, 2<x<3, 3<x<4,
0.5 15 2.5 3.5
0 0.11 0.65 0.21 0.01
1 0.06 0.55 0.34 0.04
2 0.02 0.43 0.45 0.1
3 0.01 0.32 0.45 0.22
4 0.002 + 0.01(0.04) 0.229 + 0.01(0.04) 0.494 + 0.01(0.04) 0.285 + 0.01(0.04)
5 0.0002 + 0.02(0.08) 0.163 + 0.02(0.08) 0.475 + 0.02(0.08) 0.376 + 0.02(0.08)

Wroru BRIMOIHEHHON PabOTHI MOKHO C(HOPMYIIH-
poBarts cienyrommM oopazom. [Ipoaranm3mpoBaHs! He-
CKOJIKO BAapHAHTOB aNIIPOKCHMAIIMH JBOJIOIMOHHOMN
quHaMmuku CIIC mocpencTBoM pemieHud TpaHCHOPT-
HOTO ypaBHEHHs OOJIbIIMaHOBCKOT'O THIA. YCTaHOB-
JICHO, YTO KOHerTHbIﬁ BUA TaKOI'O YPaBHCHUA CICAYCT
noabupark, yuutsiBas crenuduky konkperasix CIIC.
[TpuMeHHUTENBEHO K MHTEPECYIOIUM aBTOPOB 00 BEKTaM
HBOJIFOIIMOHHBIE MOJIENN 3KCIIOHEHIIHAIBHOTO U TIOJIH-
HOMHUAIIFHOTO THIIOB JEMOHCTPUPYIOT a0CONIOTHYIO
HETIPUTOIHOCTH HE TOJIBKO ISl YBEPEHHOTO IPOTHO3HU-
POBaHUS, HO M AXKe [UIS IPUEMIIEMO HAJC)KHOTO OIIH-
canus HaOmromeHuit. Mojenu rayccoBa THITa OKa3bIBa-
IOTCS B HAIlIeM cirydae 0osee poOacTHBIME, HO ¥ OHH
HE WICaNbHBI U TPOTHO3HPOBAHUS WHTEPECYIOMINX
Hac CIIC. YBepeHHOE THIEPCTBO B KAU€CTBE CPEJCTB
OIMMCAaHUA U IMMPOTHO3UPOBAHUSA CHUCTEMHOM JUHAMHUKU
MOIOOHBIX OOBEKTOB 3aHSUIM MOJIEIM Ha OCHOBE pac-
npenenennii Posuna — Pammiiepa, koTopsie obecte-
YN BHICOKOKaUeCTBEHHOE ONMCaHHE M MPOTHO3UPO-
Banue auHamuku CIIC BeIOpaHHOTrO Kilacca Mo JaH-
HBIM TIPEIBAPUTEIHHOTO MOHHTOPHHTA.
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