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Abstract

The article is devoted to the topic «Sanctification of the days of the week in Islam». Based on the study of
Muslim theological literature, the author reveals the significance of the days of the week in Islam. It is shown that
any day of the week of a believer should be dedicated to finding the satisfaction of the Almighty. On all days of
the week, Muslims are required to engage in godly activities. But Islam attaches special importance to Juma (Fri-
day), the day of common prayer in the mosque. In Islam, it is believed that Allah's punishment increases for sins
committed on this day, and the reward increases for a righteous life.

AHHOTAN NS

Cratbs nocsieHa TeMe «OcBsIeHne JHeH HeleIH B HcilaMe». ABTOpP Ha OCHOBE U3YUEHHUS MyCYJIbMaHCKON
0OTOCIIOBCKOM JTUTEPATyphl PACKPBIBACT 3HAYCHHUE THEH Henmenu B uciame. [Tokas3piBaeT, 4To 000 AeHs HEeTU
BEPYIOLICTO AOJIKCH OBITH ITOCBAIIICH O6peTeHI/IIO JOBOJIBCTBA Bcesrimaero. Bo Bce JAHU HEACIN MYCYJIbMaHC
00s13aHbI 3aHUMATHCS 601“0y1“0,I[HOI7I ACATCIIBbHOCTBIO. Ho ocoboe 3Hauenue B uciname npuaacTcs I[)KYMG (HHTHI/IL{G)
— JHIO 06H.[eﬁ MOJHWTBEI B MeueTH. B ncimame CUHTACTCS, YTO 3a 'PEXU COBCPIICHHBIC B 3TOT ACHL YBCIIMYNBACTCS

HaKa3aHUue AJ'IJ'IaXOM, a 3a IPpaBCAHYIO KU3Hb [IPUYMHOXKACTCA HAarpazaa.

Keywords: Allah, Islam, Quran, Muhammad, week, Friday, man.
KuioueBble ciioBa: Annax, uciam, Kopan, Myxammen, Henemsi, MATHULIA, YETOBEK.

Mo yueHuto uciiama, BCsl )KU3Hb YEJIOBEKa U BpeMsi
€ro JKM3HH, M3MepseMOe TOAaMH, MecslaMu, Heje-
JSIMH, THSIMU ¥ YacaMH, SIBJISIETCS BO3MOXKHOCTBIO IS
MOKJIOHEHUsI U 0OpeTeHNs I0BOJILCTBA BeeBbIminero.

B nciname ykaspiBaeTcst — Hesb3s1 3a0BIBaTh, YTO
Ka)KIbIil HOBBIH JIeHb — 3TO OJIAroCIIOBEHHUE U TT01APOK
Bcesbimnero, 1 MycynbMaHe JIOJDKHBI TTOCBATHTH €TI0
Annaxy. Kaxnaplil 1eHb XOpOoLuii, HO HEKOTOPBIE JHU
TasT B cebe Oonpmie OJAarociIOBEHWH IS BEPYHO-
mux[5].

CaMbIM TJIaBHBIM M Ba)KHBIM JHEM HEJIeNU JUIs
MycCyJibMaH oOBsiBiieHa msaTHUIA — JKyma — B Tiepe-
Bojie ¢ apaOckoro — fieHb coopanus. [Ipopox Myxam-
men oTMeyan: «[ISTHUNA SBIsSETCs Ty4IIUM U3 AHEH, B
KOTOPBIE BOCXOHIIO COHIIe» [4].

B yuenun mcnama nsATHUIA MPU3HAETCS KaK Jyd-
Ui JIeHb U3 BCEX JHEH Iociie JHS CTOSHHUS Ha rope
Apadar (oguH u3 3Tanos xamka). CoBeplieHHe TPeXoB
B IISITHUIY CYMTAETCSI IPEHEOPEIKECHNEM K ITOMY CBS-
[IEHHOMY [THIO, TIO3TOMY B HEM MHOTOKDAaTHO yBEIH-
YUBAETCsl HaKa3aHWe 3a TpexH, HO Oosbiieil OynmeT u
Harpaja 3a Gyiarde jeja B 9TOT JieHsb [5].

OTO neHb, KOT/Ia MECTHas OO0IIMHa cobmpaercs
BMECT€, YTOOBI YKPENHTh y3bI OpaTcTBa W MPOCUTH
nporeHust u OmarociuoBeHus y Ajutaxa. IIpomosenp
(Baa3), mpousHeceHHas Tiepe] MOJUTBOM, JaeT BEPYIO-
UM JTyXOBHOE PYKOBOJCTBO, 3HaHHs U HACTaBJICHUS

(3].

JIxyma-Hamas3 — 3TO COBMECTHasi MOJIMTBA MO PY-
KoBojcTBOM mMama. «O, Bepyromue! Korma mpussi-
BAIOT [a3aHOM | Ha Hama3 B IIATHHUILY, TO YCTPEMHUTECH K
MIOMHUHAHUIO AJUtaxa [K COBEpIICHHIO MSATHUYHOTO
HamMasa] U OCTaBbTE TOProBIIO [M BCe Mpouue Jenal.
3To0 JydIie A Bac [4eM MpUOBLIh OT TOPTOBIH], €CIIH
ObI BBI TOJIBKO 3HAJIN [Kakoe Oy1aro B HaMmase, To Herpe-
MEHHO oTaanu Obl mpenmnouTenue BeuHomy» (Kopas,
62:9). CneroBaTesbHO, Yepe3 JaHHbIN asT BeeBbiHuit
yKa3bIBaeT MYCyJIbMaHaM, YTO ISITHUYHBIA HaMa3 eCTh
mpsiMasi 0053aHHOCTH BCEX MyCylbMaH. TeM He MeHee,
€CTh KaTeTOPHH JIUIL, U1l KOTOPBIX JaHHAsI MOJIUTBA HE
o0s3aTenbHa (OHU TaK)Ke MOTYT HE IIPUCYTCTBOBATh Ha
MPa3JHAYHBIX MOJIMTBAX BO BpeMs JBYX TIJIABHBIX
Mpa3HUKOB HcliaMa — Ypasa-baiipam u Kyp6an-baii-
pam):

- )KEHILMHBI, KOTOPbIM TaKHWe HaMasbl J03BOJIEHO
COBEpIIATh JIOMa B MHANBULYaJIbHOM TIOPSIKE;

- HECOBEPUICHHOJIETHUE, TO €CTh JIETH, HE IOCTUT-
1K€ 0J0BOTO CO3PEBaHMUS;

- IIyTHUKH, KOTOPBIMH IO IIapHaTy MPHU3HAIOTCS
JIIOAW, OTOAIUBIINECS OT AOMa Ha paccTostHue Oonee
87 xM 1 Ha cpok He Ooxee 15 cyTok;

- HeJleecriocOOHpIe — KaK (M3WYECKH, TaK U Iy-
IIEBHO OOJIHBIE JIFO/IH.

[Tepen Tem, kak oTnpaBUTHCS HA J[>KyMa B MEUETh,
BepymoLieMy HE00XOIMMO COBEPUIUTH CIEIYIOLINE
JaefcTBus:
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- COBEpLIUTH MOJHOE OMOBeHUE (Tycib). Myxam-
Men HacTaBUL: «TOT M3 Bac, KTO MPUXOIUT HA TIAT-
HUYHYIO MOJITBY, ITyCTh COBEpIIAET IMOJIHOE OMOBE-
aue» [3];

- HaJeTh CBOIO JYyYIIyI0 ofexay. IIpopox roBo-
pun: «Kaxmomy, moMuMo cBoell paboueil u moBce-
JTHEBHOH OJEeXIbI, HEOOXOJMMO UMETh YUCTHIE Ofes-
HUSL, PeIHA3HAYEHHBIE IS IITHUYHON MOTUTBBI» [3];

- cMa3aThcs OJIAarOBOHUAMHU. MyxamMme] moydJalt:
«ToMmy, KTO B MSATHUILY COBEPIIUT MOJTHOE OMOBEHHUE,
YMAacTUTCS OJJArOBOHUSIMH. .. 3TO CTAHET UCKYILICHHEM
TPEXOB, COBEPUICHHBIX UM MEXIY STOU U MpenblayIIei
naraunein» [3];

- BOCITOJIb30BaThCS MUCBAaKOM (IIIETKOM M3 BETBEH
W KOpHeH nepeBa apak). Myxammen ykassiBai: «Ecmu
OBI 3TO HEe OBUI0 OOPEMEHHUTENFHO, TO I OBl TIOBENEN
YUCTUTD 3yObI TIEPE KaKI0H MOIHUTBOM» [3];

- M0 Mepe BO3MOXKHOCTH JOOWPATHCS IO MEUETH
nemkoM. B xaauce ckazaHo: «Asiax cienan 3amper-
HBIMH JJIsT AJICKOTO OTHSI HOTH TeX JIOJeH, Y KOr0 OHU
MOKPBIBAIOTCS MBLIBI0 Ha myTH ['ocrogax [3];

- IOpUHATH B MeueTh HeoO0XOoAMMO 3abyaroBpe-
MeHHO. Myxammen otMmeuan: «C HACTYyIUICHHUEM MAT-
HUYHOIO JIHS Yy JIBEpedl KaKJOM MEYETU IOSBIISIOTCS
aHTeJbI, KOTOPBIC 3aIACHIBAIOT KAXKIOTO, KTO 3aXOTUT
B Me4eTh. YenoBeK, KOTOPHIH IpUAeT B Me4eTh 3a0ia-
TOBPEMEHHO, IOJ00CH TOMY, KTO MPHHECET B KEPTBY
Bceppimuemy BepOmroma... Korma ke K BepyrommMm
BBIXOJUT UMaM, TO aHTEJbI CBOPAYUBAIOT CBOM CBUTKHU
Y BXOJST BHYTPH» [3].

B ucname 10CTOMHCTBA IIATHUITBI OIPENIETIAOTCS Clle-
JIYFOILIFIM 00pa3oM:

- B MISATHUILY TPOMIAIOTCS TPEXH, COBEPIICHHBIE B
TEYEHHE HEJCIIN;

- JUKyMa-HaMma3 yoeperaeT oT OTHS afa;

- B O3TOT JCHb BCEBHIIHWIA MPHHUMAET BCE
MOJIEOBI MyCYIIEMAaH;

- JI>kyma — mpa3IHUK IS BEPYIOIIHX;

- B ATHAIYY HACTYnuT CyIHBINA ACHB;

- TOTO KTO yMep B IATHHUILYy MUHYIOT MYYCHHUS B
MOTHIIE,

- 3TO JIeHb, KOTJia AJlaM BOIIEN B paliCKHe Capbl,
JIeHb, KOTJ]a OH ObUT M3THAH U3 HETO, a TAKXKE JIeHb €ro
CMEPTH;

- «IlsaTHUIA — IeHb OpakocoYeTaHUs», TaK KaK B
9TOT JIeHb BCTYNWIA MHOTHE TIPOPOKH, B TOM YHCIIE U
Myxamme; ¢ IByMsI )KeHaMu — Xaanxkeil u AnTei;

[laTHUYHBI HaMa3 coBemaeTcss B COOOPHOM
Jxyma-medere — oqHOM u3 BUIOB MedeTed. Kak mpa-
BWJIO, COOOpHAs MEYeTh — OJHO M3 CaMbBIX BEJINYe-
CTBEHHBIX COOPYKEHHI B IocesieHun. Hapsiy ¢ cobop-
HOM MEYEThIO B UCJIaMe CYLIECTBYIOT:

- MEYEeTH ISl €XKEJHEBHOW MOJIUTBBI KUTEJIEH
OTIPEJICIEHHOTO KBapTaJla U CBEPIIEHUSI OOPSIOB, CBSI-
3aHHBIX C )KU3HEHHBIM IUKIIOM YE€IOBEKa — KBApTajlb-
HbIE MEUETH;

- MEYETH JJIsI COBEPIICHHUS Hamas3a B IMpa3JHHY-
Hele 1HU KypbOan-Oaiipam u Ypasa-Oaiipam — Hama3z-
rOX-MEUeTH;

- MEUYETH MPHU MaB30JIESAX, MEJIpECce U XaHaKax.

B xommekce MeueTH pazivuaroT: BOJOXPaHH-
JIUILE JUIsl OMOBEHU, MOJIENTBHBIN 3aJ1, 3aJ]1 AJIs AYXOB-

HOU BJIACTH W )KEHIMH. Bo BHyTpeHHeM yOpaHCTBE Me-
4eTH Hau0OoJee BBIICTAIOTCS MUXpa0 — HUIIIA yKa3bIBa-
fomasi HarpaslieHHe Ha Mekky u MuHOap — kadempa
TpuOYyHA JJIs IMaMa.

BepHeMmcsi K XapaKTepUCTHKE IpPYrMX IHEH He-
Jen B WCIaMe, M0 OMpeIeNICHHI0 mpopoka Myxam-
Mena:

- cy6b0ma CUMTACTCS JHEM MPEIaTeIILCTBA;

- BOCKpeceHbe — 3TO JIeHb KoTa BeeBbinHuii cran
TBOPHTb, IOATOMY B 3TOT J€Hb MYCYJbMaHaM pPEKO-
MEHJyeTCs T0cajiKa AepPEeBbEB U CTPOUTEIBCTBO JI0Ma;

- noHedelbHUK TIPU3HACTCS JTHEM ITyTEeIIECTBUH U
TOPTOBJIM; B 3TOT JIeHh MYCYJIbMaHAM PEKOMEHIOBaH
IOCT, TaK KaK B MOHEACTHHHUK POAMIICS MPOpok My-
XaMMeT;

- 6MOpHUK HA3BaH «THEM KPOBI», HOO B 3TOT JICHB
COBEPIIEHO MHOTO KPOBABBIX COOBITHIA, OMICAHHBIX B
Kopane u CynHe;

- cpeda oTIpesieNieHa ABOSIKO: «JIeHb HECHACTHI» U
«TIOJIOXKUTENBHBIN JIeHb ISl HaunHaHui». CoBpeMeH-
HBbIC 6OFOCHOBLI CUUTAKT, UYTO HCCYHACTHBIM JHCM SB-
JIIETCS TOT, B KOTOPBII MYyCYJIbMaHUH COBEPILIUII I'PEX,
a XOpOIIUM — JIF000# JIeHb, KOTJia IPaBOBEPHBIHA CBEp-
nraeT Goroyroausie naena [1].

MHeH#us 0 cpejie Kak 0 MOJ0XKHUTEIbHOM JHE [2]:

- IeTIo, Ha4aToe B Cpefy, HePeMEeHHO OyaeT I0-
BEJICHO JI0 KOHI[a. B CBS3W C 3THM peKOMEHAyeTCs H3y-
YeHHE HayK B 3TOT JICHB;

- Monp0a, MPOYNTaHHAS B Cpedy Imociie obena 10
HACTYIUICHHS BpEMEHH MPeI3aKaTHOTO Hamasa, IIPHHU-
Maercs;

- Yemeepe CUUTACTCS XOPOUIMM JHEM JUIsl Moce-
MICHUA pa3JIMYHbIX YNHOBHUKOB.

Wrak, B MciaaMe JaeTcsi XapakTepHCTHKa BCEM
JHAM HEOCIU, ITPU DTOM JIYUIIHUM JHEM HEACIHN OIpEe-
JeNseTCs ISTHUIA, XOTsI OOTOYTOHBIC JIeNa IPaBOBEp-
HBIM HY>KHO COBEpIIAThH B IFO00H IeHh HEACIH.
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Abstract

The article is devoted to the topic «Monotheism in Islamy». Based on the analysis of Muslim theological
literature, the author characterizes the concepts of «tawhid», «shirk», «kufr», «guluuy. It shows that the Prophet
Muhammad pointed out the path of the Muslim community to strict monotheism, a path that determines human

well-being in earthly life and bliss in ahirat.
AHHOTAN NS

Cratbs nocpsiieHa TeMe «MOHOTEeU3M B HciaMe». ABTOP Ha OCHOBE aHAJIN3a MYCYJIbMaHCKOH OOTOCIIOBCKOM
JIUTEPATYPhl XapaKTEPU3YET MOHATHUS «TAYXUI», «IIUPK», «Kyhp», «rymoy». [Tokas3biBaeT, yTo mpopok Myxam-
MeJl yKa3ajl IMyTh MyCyJIbMaHCKOH OOIIUHBEI K CTPOTOMY MOHOTEHU3MY — ITyTh, KOTOPBIH NpenonpeaenseT 0iaro-
MOJIyYre YeJIOBeKa B 3€MHOM KU3HU U OJIaXKEHCTBO B axupare.

Keywords: Allah, Islam, polytheism, monotheism, Muhammad, disbelief, worship, excess.
KuroueBble c1oBa: Amax, nciiaM, MHOTOOOXHE, MOHOTEN3M, MyxaMMen, HeBepHe, TIOKJIOHSHHE, Ipe3Mep-

HOCTbB.

MoHoTen3M B HucinamMe 0003HAa4aeTcsi TEPMUHOM
«rayxun». [loHnMaHue MOHOTEM3Ma B HCJIaMe BbIpa-
)keHo B ¢opmyne lllaxana (mepBoM croime uciama),
KOTOpas CBHUJETEIBCTBYET, YTO KpoMe AJiaxa HET
JIpyrux 6oroB. MycynbmaHe yOexXJI€HBI, YTO TOJBKO
Annax:

- eIMHCTBEHHBIN ["ocosn;

- IOCTOMH TTOKJIOHCHHST;

- UMeeT O0KECTBCHHBIC UMEHA M aTpUOYTHI (CH-
thaTsr).

B cBsi3u ¢ 3THM MyCyJIbMaHCKHE OOTOCIIOBBI BBI-
BOJIST HOHSTHS:

- eauHOOOXKHEe B TOCMOJACTBE (TayXunm ap-py-
Oyouits);

- eAMHOOOXHE B 0OXKECTBEHHOCTH (TayXui ajb-
YIIOXHHA);

- emuHOOOXWe B OONamaHu O0XKECTBEHHBIMH HMe-
HaMH | aTpuOyTamu (Tayxuja anb-acMa Ba ac-cbidar) [2].
Kaxnoe ompenenenne mMeer noareepxkaeHue B Ko-
pane u CyHHe.

MycynbMaHCKHE y4YEeHbIE OTMEYAlOT, YTO €CTh
JIFOJTM, KOTOPBIE OTCTYMAIOT OT HCTHHBI KacaTelbHO
9TOT0 BONPOCA M ONPEIEISIIOT TPU BapHaHTa OTKIIOHE-
HUSL:

- OTCYTCTBHE BEpHI BO BIAIBIYECTBO AJlIaxa WIN
HEBEpHE B €0 CYIIECTBOBAHUE,

- OTpHUIAHUE OTAEJBHBIX YHUKAIBHBIX uepT Bcee-
BBIIIHEIO0 U OTPULIAHUE HEKOTOPBIX NposiBaeHuil Ero
TOCIIOJICTBA;

- IPUITUCHIBAHUE HEKOTOPBIX ocobeHHocTei [oc-
noja KoMmy-nu6o, kpome Antaxa [1].

B koHTekcre mciama Bepa B Aliaxa NPUHOCHT
MOJIB3Y YEJIOBEKY, KaK B 9TOM MHUpE, TaK U B BEYHOMH
KHU3HU:

- maeT OJarociiOBEHHE M NPOKMBAHUE B H300H-
JIMH;

- crlacaeT OT BCSIKOTO 3713;

- HaTIOJTHAET JKU3Hb CMBICIIOM;

- OYMILAET CEPALE OT CYEBEpHUii;

- IPUHOCHT BeYHOE OIaXeHCTBO B axuparte [4].

B ncname mogHMMaeTcst BOIPOC O TOM, YTO TaKoe
MHOT000XHe, HEBEpHE 1 KAaKOBBI X BUIbL.

MHoro6oxue B rciaaMme 0003Ha4aeTcsi TEPMHHOM
«HIMPK», 9TO MOJpa3yMeBaeT:

- IPUNHKCHIBaHKME KadecTB Aiutaxa kak ['ocrioga
CO3JIaHUSIM;

- MpHoOIIeHre coToBapuIleit k Ayuaxy B o0iana-
HUM 00XKECTBEHHBIMH UMEHAMHU M aTpUOyTaMu;

- IOKJIOHEHHE KOMY-TTH00 KpoMe Asltaxa.

IIupk cuMTaeTcsi caMbiM CTPAIIHBIM IPEXOM 4e-
JIOBEKA, MMEIOIINM Y)KacaroIIne IMOCIeICTBUS IS ye-
JIOBEKA, KaK B 3TOH KHU3HH, TaK U 3aTPOOHOM.

CoracHO UCIaMCKOMY YUEHHIO, MHOTOOO0XKHE SIB-
JsieTCs:

- €ITUHCTBEHHBIM T'PEXOM, KOTOPBIN HE IpOLIaeTCs
0e3 IOKastHUS B HEM;

- BeJIMYailleil HeclpaBe IMBOCTbIO;

- MPUHIKEHUEM JIOCTOMHCTB AJlaxa,

- IPUYUHOI BEUHBIX MYK B ATy.

Muoro6oxue nenaer OeCIIOAHBIMU BCE AESTHUS
yesoBeka [8].

B ncname pasnngaror BenmuKoe U Majgoe MHOT000-
xwue. Korma koro-mm0o WM HEYTO NMPHUPABHHUBAIOT K
Amnaxy — 3to Benmukoe MHoro6oxue. Kopan cBuie-
TENBCTBYET, YTO NMpeObIBas B OTHE, S3bIYHUKHA OyIyT
roBOpHUTh cBouM Ooram: «KissHemcs AsutaxoM, Mbl
Be/Ib SIBHO 3a0I1y>K1aIncCh, KOT1a paBHsIIM Bac ¢ 'ocrio-
nom mupos!» (Kopan, 26:97-98).
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K maxomy MHOro0O0XHI0 OTHOCHTCS BCE, YTO CO-
BepIIaeTCs He paan Ajtaxa, a Juis JIIOAEH; pa3indHbIe
KIITBBI (MaTepblo, IETHMH, XJIeOOM); HOIICHHE pa3-
JWYHBIX TAINCMaHOB M aMyJIETOB.

HeBepue nmenyercs B ucname — Kygp — OTCyT-
ctBUe Bepbl B Ayutaxa ¥ Ero nocianauka Myxammena.
Kydp xak u mmmpk, ObIBaeT BEIMKUM U MajbIM. 3a Be-
JIMKOE HEBEpHE — YeJIOBEKa HAaBEYHO XJIEeT All, a 3a Ma-
JI0e HeBepHE OH TOJIBKO Haka3biBaeTcs [5).

B uncname ormeuaercs, 4To npopok Myxammen
czenain Bce, 4To0bl MyCyJIbMaHCKasi 0OLIMHa ObliIa Mo-
ClJIe/IoBaTEeNIbHALIEH MOHOTEU3Ma 1 BO3JIEp)KUBAIACh OT
BCETO, YTO MPOTHBOIOJIOKHO eMy. MOXHO HCKaTh 3a-
CTyNHHUYECTBA AJjiaxa TOJBKO TEM IIyTEM, KOTOPBIH
yKa3aH B I1apuate. Tak, OCIaHHUK AJlgaxa 3anpeTui
HOCHTB aMyJICTbI, KOJIbIIA, HUTH, HCIPAIINBAThH OIaro-
JIaTh y IEPEBhEB, KaMHEW W IPYrHX MpeaMmeToB [3].
Taxoke 1oz 3anpeToM HaxXOASTCS:

- MOJIBOBI K MEPTBBIM C MPOCHOOI O claceHuw,
YIIOBJICTBOPEHUH HYX ]I, N30aBJICHUH OT IE€YaIH U T.II.;

- KyJIbTOBBIE JIGHCTBHUS OKOJIO MOTHJI M MaB30JIECB;

- HajieXKJla Ha BBICOKOE IOJIOXKEHHE MPOPOKOB B
JieJIe CBOEro NpHOMIKeHus K Amtaxy [6].

Vcnam cTOUT Ha MO3UIIMH 3a1peTa Ype3MepHOCTH
(rymoy) B moknoneHmn. B Kopane nammcano: «O
moau Ilucanusa! He nposiasiiTe ype3MepHOCTH B Ba-
IIEH peJIUTUH ¥ TOBOPHUTE 00 AJIaxe TOIBKO MpaBIy»
(Kopas, 4:171); «Cxkaxu: «O mronn ITucanms! He usz-
JMIIECTBYITE B CBOEH PEITUTHH BOIPEKH UCTUHE U HE
MOTaKalTe >KENAaHWAM JIIo/Iel, KOTOpBIE €Ile paHbIIe
BHAJM B 3a01y’K/IeHHE, BBEIIU B 3201yKACHHE MHOTHX
JIpyrux U comnuch ¢ mpsimoro mytu» (Kopan, 5:77).
[Mocnannuk Annaxa mpenynpexaain: «OcTeperaitech
YpEe3MEPHOCTH, HOO UIMEHHO YPE3MEPHOCTD B PEJIIUTHU
nory0uIa Ballinx MPeAlIeCTBEHHHUKOBY [7].

Takum oOpazoM, B nciamMe B pacCMOTPEHUH BO-
mpoca 0 MOHOTeH3Me (TayXui), OOTOCIOBHI ITOJHU-
MAalOT BOIIPOCHI, CBSI3aHHBIE C MHOTOOOXKHEM (IIHPK),
HeBepueM (Kydp), Ype3MEpHOCTHIO (TYII0Y).
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Abstract

We investigate the geoeffectiveness of three primary types of solar wind structures: high-speed streams from
coronal holes (HSS/CIR), coronal mass ejections (CMES) exhibiting a magnetic cloud (MC) structure, and CMEs
without a clear flux-rope signature (non-MC CMEs). We analyze data spanning four solar cycles (22-25) to ex-
amine each driver’s occurrence frequency, typical solar wind parameters (speed and magnetic field), and resulting
effects on the global geomagnetic indices Kp and Dst. The results confirm that MC-type CMEs are the most effi-
cient producers of intense storms (Dst <—100 nT) due to prolonged intervals of southward magnetic fields. How-
ever, in weaker solar cycles (e.g., cycle 24), the average intensity and geoeffectiveness of MC events decline,
reducing the overall contribution of CME-driven storms. In contrast, HSS/CIR events tend to induce moderate
geomagnetic storms (Dst in the —50 to —80 nT range) coupled with elevated Kp for several consecutive days. These
streams become the dominant source of geomagnetic activity during the declining phase of the solar cycle, when
persistent coronal holes remain active while strong CMEs become less frequent. Preliminary data from the rising
phase of cycle 25 already suggest a rebound in CME geoeffectiveness compared to the unusually weak cycle 24.
These findings underscore the importance of accounting for solar cycle phase in space weather forecasting, as

different solar drivers dominate at different times and affect Earth’s magnetosphere in distinct ways.

Keywords: geoeffectiveness, solar wind, coronal mass ejections (CME), magnetic clouds (MC), high-speed
streams (HSS), coronal holes, CIR (corotating interaction region), Dst index, Kp index, solar cycles 22-25, space

weather

Introduction

Geomagnetic disturbances at Earth are driven pri-
marily by three types of solar wind structures: [1] high-
speed solar wind streams (HSS) from coronal holes,
often preceded by co-rotating interaction regions
(CIRs); [2] magnetic cloud (MC) type coronal mass
ejections (CMESs), which are interplanetary flux ropes
with smoothly rotating, enhanced magnetic fields; and
[3] non-magnetic-cloud CMEs (non-MC CMESs), re-
ferring to other CMEs or ejecta that lack the clear flux-
rope signature. The geoeffectiveness of a solar driver
refers to its ability to generate geomagnetic activity,
typically measured by indices like the Kp (3-hour range
index) and Dst (hourly disturbance storm time index).
Past studies established that magnetic clouds are on av-
erage the most geoeffective of these drivers, while
HSS/CIR events have moderate but sustained effects,
and non-MC ejecta tend to be less geoeffective per
event. However, the relative impact of these drivers
varies with the solar cycle phase and over different so-
lar cycles. Long-term observations have shown that ge-
omagnetic activity does not always scale directly with
sunspot numbers, due in part to the changing preva-
lence of HSS vs. CME drivers over the cycle. For ex-
ample, during solar maximum years, CMEs (especially
MCs) are frequent and often dominate geomagnetic
storm activity, whereas during the declining phase and
solar minimum, long-lived coronal holes produce re-

current HSS that drive a secondary peak in geomag-
netic activity. This can reduce the correlation between
sunspot count and geomagnetic indices in certain cy-
cles. Solar cycles 22 through 24 exhibited such trends:
cycle 23 (1996-2008) notably had a strong late-cycle
contribution from HSS, and cycle 24 (2009-2019) — a
weaker sunspot cycle — saw an even greater relative role
of HSS/CIR-driven storms. Solar cycle 25 began in late
2019 and is now in its rising phase; it provides an op-
portunity to examine whether these trends continue, es-
pecially as early observations already show significant
geomagnetic storms in 2023. In this paper, we update
and expand the analysis of Kirov et al. [1] on the geoef-
fectiveness of different solar wind drivers by incorpo-
rating new data and results covering solar cycles 22, 23,
24, and the beginning of cycle 25. We compare HSS,
MCs, and non-MC CME events in terms of their occur-
rence frequency, typical solar wind parameters, and ge-
oeffectiveness as measured by Kp and Dst. We also in-
vestigate how their geoeffectiveness varies with the
phase of the solar cycle (rising, maximum, declining,
minimum) and discuss notable changes in geomagnetic
activity patterns from cycle to cycle. By leveraging up-
dated observations (OMNI solar wind data, geomag-
netic indices from WDC Kyoto and NOAA, and pub-
lished event catalogs), as well as recent studies, we aim
to provide a comprehensive, up-to-date picture of how
each type of solar driver contributes to geomagnetic ac-
tivity across multiple solar cycles.
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Data and Methods

Data Sources: We use in situ solar wind and ge-
omagnetic index data primarily from the OMNIWeb
database (OMNI hourly and daily data), which inter-
calibrates measurements from WIND, ACE, DSCOVR
and other spacecraft near 1 AU. Geomagnetic activity
is quantified using the global Dst index (measuring the
symmetric ring current intensity) and the mid-Iatitude
Kp index (a quasi-logarithmic index of auroral zone
activity). For historical context, we include data from
1986 through early 2025, covering solar cycle 22
(1986-1996), cycle 23 (1996-2008), cycle 24 (2009—
2019), and the rise of cycle 25 (2020-2024). For each
geomagnetic storm (conventionally Dst < —50 nT for
moderate storms), we identify the driving solar wind
structure using published catalogs and event lists.

Event Classification: We classify interplanetary
CMEs (ICMEs) and HSS/CIR events as follows:

¢ Magnetic Cloud (MC) ICMEs: We identify
MCs based on the classic criteria of enhanced magnetic
field strength, low plasma beta, and smooth rotation of
the magnetic field direction over a period ~1 day. Our
primary source is the ICME catalog of Richardson and
Cane [3] (updated through 2019) and WIND magnetic
cloud lists [4], supplemented by recent lists for cycle 24
and 25 events [5]. MC classification in these catalogs
relies on in situ measurements at 1 AU; roughly 30—
50% of ICMEs are tagged as MCs depending on solar
cycle phase. Near solar minimum, a higher fraction of
ICMEs appear as MCs (flux-rope structure clearly ob-
served), whereas at solar maximum many ICMEs are
complex or disturbed, thus a smaller proportion are
classical MCs.

¢ Non-Magnetic-Cloud CMEs (non-MC
CMESs): This category includes ICMEs that lack a clear
flux-rope signature in situ (sometimes called “ejecta”
or “complex ejecta”). These were identified as ICME
events in the catalogs but not classified as magnetic
clouds. They often have more irregular magnetic field
profiles. We also include here CME-driven sheath re-
gions (the compressed solar wind ahead of fast ICMES)
if a geomagnetic storm is predominantly caused by the
sheath’s shock-compressed southward fields. In our
analysis, storms caused by an ICME’s sheath preceding
the ejecta are counted under CME-driven activity
(since without the CME there would be no shock).
When needed, we distinguish between sheath effects
and the ICME flux-rope proper.

e High-Speed Streams (HSS) and CIRs: HSS
events are identified by a sustained elevation of solar
wind speed (typically >~500 km/s) usually originating
from coronal holes. At 1 AU, an HSS is often preceded
by a co-rotating interaction region (CIR) where the fast
wind interfaces with slower wind ahead, causing com-
pressed plasma and enhanced magnetic fields (some-
times with an embedded shock if the speed gradient is
large). We use the CIR/HSS event lists compiled by
Jian et al. [5] (available for 1995—present) and updates
by Y. Chi and co-workers for cycle 24. Approximately
866 HSS/CIR events were catalogued from 1995-2016
by Chi et al. [6], and we extend this through the late
declining phase of cycle 24 using OMNI data (noting
prominent HSS events up to 2019). For earlier cycles

(e.g. 22), we rely on identification of major coronal
holes in NOAA solar wind reports and prior studies [7]

We associate each geomagnetic storm with the
driver that predominantly caused its main phase drop in
Dst, following criteria similar to Shen et al. [8] and Chi
et al [6]. For example, if an ICME is present and its
magnetic structure produces the Dst minimum, the
storm is classified as CME-driven (MC or non-MC as
appropriate). If no ICME is present and a CIR is ob-
served with elevated speed and oscillatory southward
fields, the storm is classified as HSS-driven. In cases of
compound events (e.g. an ICME overtaking a CIR), we
note combined influences but generally attribute the
storm to the structure causing the peak magnetic dis-
turbance. We divide the timeline into solar cycle
phases: rising phase (from minimum up to the solar
maximum year), solar maximum (around the peak sun-
spot year £1 year), declining phase (post-maximum
years leading toward the next minimum), and solar
minimum (the solar minimum year and immediate low-
activity years around it). This allows us to compare ge-
oeffectiveness during different phases of activity.

Analysis Methods: For each driver category, we
calculate metrics of geoeffectiveness including: (a) the
probability of a geomagnetic storm given an event
(e.g. what fraction of MCs cause at least a moderate
storm, what fraction cause intense storms), (b) the dis-
tribution of storm intensity (Dst minimum and peak
Kp) for those events, and (c) the average and cumula-
tive impact on geomagnetic activity (for example, how
much each driver contributes to the total annual Ap in-
dex or number of storm days in each cycle). We use the
Dst index to measure storm intensity (with thresholds
like Dst <50 nT for moderate storms, < —100 nT for
intense storms, and <—200 nT for major “superstorms”)
and the Kp index to gauge broader activity including
substorms and auroral disturbances. To illustrate typi-
cal solar wind conditions, we examine the peak solar
wind speed (V) and interplanetary magnetic field
(IMF) strength (|B|) within each event, as these are
key factors in geoeffectiveness (fast speeds and strong
southward Bz usually yield stronger storms via the
VxBz electric field term). Uncertainties in classifying
some events are acknowledged — for instance, an ICME
and CIR arriving concurrently can complicate attribu-
tion. However, such cases are relatively few. We have
cross-checked storm identifications with multiple
sources (event catalogs and published case studies) to
ensure robust classification. The results are presented
in aggregated form (e.g. averages over many events) to
highlight general patterns rather than specifics of any
single event.

Results

Occurrence Frequency and Cycle Phase Distri-
bution

Solar Cycle Variation in Driver Occurrence:
The occurrence of HSS/CIR events and CME events
varies systematically over the solar cycle. As expected,
CMEs (including both MC and non-MC types) are most
frequent during solar maximum years, tracking the sun-
spot cycle. Magnetic cloud ICMEs in particular do not
show a simple solar-cycle dependence in raw counts —
a roughly similar number of MCs can occur even in a



10

Annali d’Italia Ne66/2025

weaker cycle — but the overall ICME rate follows the
sunspot number. In contrast, high-speed stream occur-
rence is enhanced during the declining phase of each
cycle. Figure 1 illustrates this pattern for cycles 23 and
24. In cycle 23, as the Sun moved past its peak (2000)
into the decline (2003-2005), recurrent coronal holes
produced a growing number of HSS events, leading to
a secondary geomagnetic activity peak around 2003.
Cycle 24, which had a relatively low sunspot peak
(2014), saw an even larger relative presence of HSS:
the year 2016 (declining phase of cycle 24) recorded
the highest annual count of stream interaction events in
two decades. This confirms earlier findings (e.g. by
Tsurutani et al. [7]) that HSS/CIR occurrences peak in
the late decline of solar cycles. Around solar minima,
the HSS frequency drops (polar coronal holes domi-
nate, but their streams often miss Earth’s equator), and
CME rates are also at their lowest.

Relative Contributions to Storms: An important
consequence of the above is that the relative contribu-
tion of HSS vs. CMEs to geomagnetic storms
changes with cycle phase and from cycle to cycle.
During solar maxima, the majority of geomagnetic
storms (especially intense storms) are caused by
CMEs/ICMEs, whereas during minima and early rising
phases, storms (if any) are mostly due to HSS or co-
rotating streams. During declining phases, HSS and
CMEs can contribute more comparably. A striking ex-
ample is the weak Solar Cycle 24: we find that nearly

half of all storms in cycle 24 were driven by
HSS/CIRs, a much higher fraction than in the preced-
ing cycle. In cycle 23 (a stronger cycle), roughly 79%
of moderate storms were CME-associated and ~21%
were due to HSS. In cycle 24, CME-driven storms
dropped to ~51%, and HSS/CIR-driven storms rose to
~49%. This is illustrated in Figure 1, which compares
the storm driver fractions for the two cycles. The data
underscore that cycle 24’s geomagnetic activity was
unusually dominated by recurrent streams (open flux
regions), reflecting the sun’s weaker output of fast, ge-
oeffective CMEs in that cycle. By contrast, cycle 23
and earlier cycles had a more CME- dominated geo-
magnetic record (though even cycle 23 showed a nota-
ble HSS contribution in its latter half). . Many moderate
storms (Kp 5-7, Dst in =50 to —100 nT range) cluster in
these declining years. In fact, Chi et al. [6] report that
about 70% of SIR/HSS events in their study period
that caused storms did so during the descending
phase of the solar cycle. Finally, around solar mini-
mum itself, geomagnetic activity is at its quietest: the
few CMEs that occur are often slow, and while coronal
holes can produce recurrent activity, their impact is
milder (e.g. mostly Kp 3-5 range disturbances). For ex-
ample, the late decline and minimum of cycle 23
(2006—-2008) had very few storms; those that did occur
were associated with either small transient ICMEs or
CIRs from low-latitude coronal holes, all with Dst not
lower than about —60 nT.

Geomagnetic storms by driver type and solar cycle

35|
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Number of storms (Dst < -50 nT)

(0]

0

SC22 SC23

H MC
B non-MC
mEmm HSS

SC24 S5€25*

Figure 1: Number of geomagnetic storms (Dst <-50 nT) in each solar cycle (22-25), categorized by driver:
magnetic cloud (MC) CMEs, non-MC CMEs, and high-speed streams (HSS). Solar Cycle 23 (1996-2008) had
the most storms overall, heavily dominated by CME-driven events (red + green bars). Cycle 22 (1986-1996)

was similarly CME-dominated at peak, though its declining phase saw some HSS contribution). In contrast, Cy-
cle 24 (2009-2019) had a much larger HSS share — nearly half of its 50 moderate storms were due to HSS (blue)

— reflecting the unusually weak solar activity and prevalence of coronal holes in that cycle. Cycle 25 (2019—

2025, partial data) is still in its rising phase and has produced relatively few storms so far, mostly from ICMEs
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Annual count of geomagnetic storms by solar wind driver (1986-2024)
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Figure 2: Annual number of geomagnetic storms (Dst <-50 nT) attributed to each driver from 1986
through 2024. This timeline highlights the evolution of geomagnetic activity within and between cycles. CME-
induced storms (MC and non-MC combined) peak during solar maximum years (e.g. 1989, 2000-2001, 2014),

whereas HSS-induced storms surge during declining phases. For instance, a secondary “recurrent” peak is evi-
dent around 2003, when frequent HSS/CIR events from persistent coronal holes caused numerous moderate
storms. A similar HSS upturn occurred in 2016-2017 (decline of Cycle 24) — 2016 had one of the highest counts
of HSS-driven storms in recent decades. By contrast, geomagnetic activity nearly vanishes at solar minima
(1995-1996, 2007-2008, 2018-2019), with at most one or two minor storms. This figure supports the view that
double-peaked geomagnetic activity can occur: one peak at solar maximum (CME-driven) and another late in
the cycle (HSS-driven).

Solar Wind Speed and IMF Intensity for Each
Driver

Typical Solar Wind Conditions: The geoeffec-
tiveness of a solar wind driver strongly depends on its
speed and magnetic field properties, especially the
southward IMF component Bz. Figure 2 summarizes
the typical peak solar wind speed and IMF strength
associated with each driver type at 1 AU, based on sta-
tistical surveys

¢ Magnetic Cloud CMEs: MC events typically
have strong magnetic fields — peak field magnitudes
are often 15-20 nT, with some exceeding 20 nT at
1 AU. The magnetic field within MCs rotates smoothly,
and in ~85% of MCs a southward component appears
at some point, often reaching —10 to —30 nT or more.
Indeed, the strongest southward IMF observed in the
solar wind is usually within MCs or their sheaths; MCs
contributed southward up to ~50 nT in the last two dec-
ades. MC speeds can vary — many MCs travel at mod-
erate speeds (400-600 km/s) by the time they reach
Earth, especially if they are older or have expanded, but
fast MCs (often those driving a shock) can still arrive
at 700-800+ km/s. On average, MC speeds tend to be
in the 500 km/s range in recent cycles, with higher
speeds typically occurring during solar maximum and
early decline when CMEs from active regions are most
energetic.

e non-MC CMEs: ICMEs without clear mag-
netic cloud structure generally have weaker magnetic
fields than MCs. Their peak IMF might be on the order
of ~8-12 nT, unless a strong shock compression is pre-
sent. These ejecta often lack a long-duration coherent
southward field — their Bz may fluctuate or only briefly

turn south. In terms of speed, nhon-MC CMEs cover a
wide range. Many are the slower, less energetic erup-
tions (350-500 km/s at 1 AU). However, this category
also includes some fast events that, due to interactions
or internal complexity, do not manifest as clean flux
ropes. Those can drive strong shocks. Statistically, the
average speed of non-MC ICMEs is slightly lower
than that of MCs (perhaps ~450 km/s vs ~500 km/s in
cycle 23-24 data), and fewer of them have upstream
shocks. Peak speeds for the fastest CME-driven shocks
(often associated with large flares) can exceed
1000 km/s at Earth, but those cases often do contain
magnetic clouds (e.g. the Halloween 2003 CMEs). In
our context, the non-MC CME events contributing to
storms often had peak speeds ~400-600 km/s and IMF
~5-15 nT with variable orientation.

e HSS/CIR Streams: High-speed streams from
coronal holes are characterized by very fast plasma
flows and relatively lower magnetic field strengths. At
1 AU, HSS flows commonly reach 700-800 km/s from
large polar coronal holes extending to low latitudes,
and occasionally up to ~800+ km/s for the most ex-
tended holes. The leading edge of an HSS forms a CIR
with compressed plasma and fields; the IMF strength
in CIRs typically peaks around 10-15nT at most,
lower than typical CME shocks. Within the fast stream
itself, the magnetic field is more fluctuating but gener-
ally ~5-8 nT. Crucially, the orientation of HSS/CIR
fields often alternates (due to Alfvénic waves co-rotat-
ing with the stream), causing intermittent southward
Bz. This means HSS-driven storms usually result from
a series of substorm intensifications rather than one
continuous injection. The oscillatory southward Bz in
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CIRs is less efficient at driving very low Dst, but it can
sustain activity for several days. As a result, HSS
events rarely produce extreme Dst values — the com-
pressed CIR field might drive Dst to —50 or —-80 nT in
moderate storms, but Dst < —100 nT intense storms

from pure HSS are uncommon (only. The HSS them-
selves maintain elevated Kp (4-6) for extended periods
due to ongoing auroral activity, even as Dst gradually
recovers.

Typical solar wind parameters for different drivers
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Figure 3: Characteristic peak solar wind parameters for the three driver types, based on statistical surveys. Left:
Typical peak magnetic field strength |B| inside the driver structure at 1AU. Magnetic-cloud CMEs have the
strongest fields, often peaking around 15-20 nT (with some exceeding 20 nT). Non-MC CME ejecta have more
moderate peak fields (~8-12 nT), unless a strong shock compresses the field. HSS/CIR streams exhibit the weak-
est peak fields (~5-10 nT in compressed CIR regions), with ~5-8 nT typical in the HSS proper. Right: Typical
solar wind speed of each driver near Earth. HSS events reach the highest speeds (often 600-800 km/s from large
coronal holes). MC ejecta travel at moderate speeds, ~500 km/s on average by 1 AU (though fast CMEs can still
exceed 700 km/s). Non-MC CMEs are often slower (300-500 km/s), although a few fast eruptions without clear
flux ropes can surpass 800 km/s. These solar-wind properties explain each driver’s geoeffectiveness: fast speeds
and strong southward B in MCs yield intense storms, whereas HSS produce longer-lasting but milder disturb-
ances due to their high speed coupled with weaker, fluctuating fields.

Geoeffectiveness Metrics: Kp and Dst Re-

sponse

Storm Probability and Intensity: Consistent
with earlier findings, we find that magnetic cloud
CMEs are the most likely to cause significant geo-
magnetic storms. By examining ICME events from
1995-2020, roughly 70-80% of MCs are associated
with at least a moderate storm (Dst <-50 nT), and over
half produce an intense storm (Dst <-100 nT). In con-
trast, non-MC ejecta have a lower geoeffectiveness: on
the order of 40-50% lead to Dst <-50 nT storms. In the
statistical study of Shen et al. [8] 74% of MC events
caused storms versus 48% of non-MC ICMEs over
1995-2014, confirming that the presence of a magnetic
cloud structure greatly increases the probability of a ge-
oeffective southward [9] occurring. This is because
MCs often contain an extended southward field interval
as part of their rotation, whereas non-cloud ejecta might
only have brief or weak southward fields. Our results
support this: nearly every intense storm (Dst < —
100 nT) in our dataset had an ICME driver, usually an
MC or a shock/sheath preceding an ejecta. HSS events,
while numerous, seldom produce Dst below —100 nT
on their own. They do, however, produce plenty of
moderate storms: about 52% of CIR/HSS events
cause at least a minor storm (Dst <-30 nT) in one 22-
year survey. Many of those are weak-to-moderate
storms (Dst —30 to —80 nT) which still register as Kp 5-
7 events.Geomagnetic Index Response — Kp vs Dst:
The nature of the geomagnetic response differs be-
tween drivers:

MC-driven storms tend to have low Dst and
high Kp, characteristic of classical intense geomag-
netic storms. A southward-pointing MC flux rope can
induce a strong ring current injection, driving Dst
sharply negative (often < —-100 nT). Kp will typically
reach 7-8 (G3-G4 storm levels) during the main phase
due to widespread auroral activity. However, MC-
driven storms are usually relatively short-lived in their
peak intensity — the main phase may last only 6-12
hours as the Earth traverses the southward portion of
the cloud. If the MC’s southward field is long-lasting
(e.g. an extended SN-type cloud where the front half is
southward), the storm can be long and severe. For ex-
ample, the “Halloween” storms of 29-30 October 2003
(Dst ~ =370 nT) and the St. Patrick’s Day 2015 storm
(Dst ~ —223 nT) were caused by MCs with strong
southward fields persisting for many hours. Notably,
about 80% of the most severe storms (Dst < —
200 nT) are associated with MC events (often includ-
ing their sheath). These storms show a sharp Dst drop
and typically Kp = 8-9 for one or two 3-hour intervals.

e Non-MC CME storms generally have milder
Dst than MC storms, on average. They often result in
Dst minima in the —50 to —100 nT range (moderate to
low-end intense storms). Kp can still reach 7-8 if there
is a shock/sheath causing strong auroral activity. For
instance, a CME ejecta with a fluctuating southward
field might produce a Kp=7 storm but only drive Dst to
—60 nT if the southward intervals are short. There are
cases where a non-MC ejecta caused a intense storm,
especially if aided by a preceding shock: the storm of
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August 2018 (Dst=—175 nT) was caused by a complex
ejecta with strong sheath fields. But such cases are
fewer. On average, non-MC CME storms are less in-
tense than MC-driven ones. Their Dst profile may also
be multi-step if the sheath and ejecta each contribute
(e.g. an initial impulse from the shock, followed by a
smaller dip from the ejecta). Kp in these storms can be
elevated for longer than MC-only storms if the sheath
turbulence keeps auroral activity going.

e HSS-driven activity is often characterized by
prolonged elevated Kp with modest Dst depression.
When a fast stream arrives, the associated CIR can
cause a sudden impulse and a minor storm (Dst perhaps
-50 to —-80 nT). After that, as the high-speed flow con-
tinues, the magnetosphere is hit by a continuous series
of Alfvénic fluctuations. These drive recurrent sub-
storms (enhancing the auroral electrojet indices and
Kp) but also intermittently feed the ring current. Instead
of one sharp Dst drop, HSS storms often show a grad-
ual, sawtooth-like Dst variation, sometimes hovering
in the —20 to —50 nT range for several days. Kp, mean-
while, can remain elevated (e.g. Kp = 5 for multiple 3-
h periods, occasionally reaching 6—7 during the strong-
est surges) over 2-3 days. This can result in significant
cumulative geomagnetic activity (integrated index
sums, which matter for, say, radiation belt enhance-
ments and ionospheric disturbances) even though the
peak Dst is not extreme. As an example, in late August
2018, a coronal hole HSS produced Kp 5-6 activity for
about 3 days, yet Dst never dropped below -50 nT (a
moderate storm). Because of the oscillatory north-south
IMF, HSS-driven storms rarely achieve the coherent
southward Bz needed for a deep Dst. Only when a
fast stream interacts with another structure (like a pre-
ceding CME or another stream) might Dst reach in-
tense-storm levels. Our analysis corroborates that pure
HSS events have a very low likelihood of super-
storms (none observed in cycles 23-24), whereas they
account for the bulk of recurrent moderate storms es-
pecially during declining phases.

Solar Cycle and Phase Dependence of Geoeffec-
tiveness

Solar Cycle 22 (1986-1996): Cycle 22 was a high
solar activity period with a large number of CMEs dur-
ing its peak (1989-1991). This cycle produced some of
the most significant magnetic cloud events on record
(e.g. the March 1989 CME that caused the —589 nT
Montreal storm). Virtually all great storms (Dst < —
300 nT) in cycle 22 were due to fast CMES/MCs. The
declining phase in the early 1990s saw increased geo-
magnetic activity from HSS as well — studies noted a
strong 27-day recurrent signal in geomagnetic indices
around 1993-1994 attributable to coronal hole streams
(the aa index had a secondary peak then). Overall, MC
geoeffectiveness in cycle 22 was high at solar maxi-
mum (numerous intense storms in 1989-1991), then ta-
pered off as sunspots declined, while HSS took over as
a steady driver of moderate activity in the early 90s. By
the 1994-1996 minimum, geomagnetic activity
reached very low levels (only occasional CIR-led sub-
storms).

Solar Cycle 23 (1996-2008): Cycle 23 started
quiet but produced intense storm activity around its

maximum (1999-2001) and again a secondary “geo-
magnetic plateau” in 2003. The average geoeffective-
ness of MCs in cycle 23 was substantial — many MCs
led to storms, and several to major storms [10]. For ex-
ample, 74% of MCs in 1995-2005 caused storms in
one analysis, reflecting the high geoeffectiveness of
flux ropes. A famous pair of events, the October—No-
vember 2003 “Halloween storms,” demonstrated ex-
treme geoeffectiveness: a fast MC with strong south-
ward Bz produced one of the largest Dst disturbances
on record (two storms with Dst ~ —300 and —370 nT).
These occurred in the declining phase (late 2003) when
large active regions were still producing CMEs — high-
lighting that intense MC storms can occur even as sun-
spots wane. At the same time, cycle 23’s decline fea-
tured prominent HSS activity. 2003—-2005 had continu-
ous streams that caused many moderate storms (Dst —
50 to —100 nT range) and kept the Ap index elevated. It
was noted that starting in 2003, the correlation between
sunspot number and geomagnetic indices weakened, as
geomagnetic activity remained high despite falling sun-
spots, due to HSS contributions. Statistical studies con-
firm that during cycle 23’s descending phase,
HSS/CIR events were a major contributor to storm-
level activity (e.g. about one-third of cycle 23 storms
were associated with CIRs). By solar minimum
(~2007-2008), geomagnetic activity again quieted; the
few MCs around the minimum had low geoeffective-
ness (small eruptions), consistent with Kirov et al.’s[1]
finding that MC geoeffectiveness is low near sunspot
minima.

Solar Cycle 24 (2009-2019): Cycle 24 was an
anomalously weak cycle (sunspot peak ~116 in 2014 vs
~180 in cycle 23). Despite a similar count of ICMEs
and MCs compared to the previous cycle, their geoef-
fectiveness was markedly lower. Geomagnetic storm
activity dropped: the number of intense storms (Dst <
—100 nT) in cycle 24 was about 80% less than in cycle
23. Only a handful of Dst < —100 nT events occurred
from 2009-2019, and none exceeded —250 nT. Our re-
sults and others (e.g. Gopalswamy et al. [11]) indicate
this was directly due to weaker solar wind drivers:
CMEs in cycle 24 had lower speeds and weaker mag-
netic fields on average, yielding smaller VBz coupling
. Figure 1 already showed that HSS/CIRs contributed
nearly half the storms in cycle 24, a reflection of CME
weakness. Indeed, the average Dst impact per MC in
cycle 24 was only about —23 nT (cloud portion), com-
pared to —55 nT in cycle 23. This dramatic drop is at-
tributed to a ~50% reduction in the product of speed
and southward Bz in MCs. In physical terms, cycle 24
CMEs had lower magnetic field strengths (partly due to
reduced solar polar fields and open flux), and many ex-
panded more before reaching Earth, reducing their den-
sity and pressure. The strongest storm of cycle 24 was
the St. Patrick’s Day event on 17 March 2015 (Dst = —
223 nT, Kp = 8+), caused by a shock-sheath and MC
combination. Most other cycle 24 storms were much
weaker. On the other hand, coronal holes in cycle 24’s
declining phase (2015-2018) were well-developed and
persistent, causing a string of recurrent moderate
storms. For example, during 2016-2017, at least 5 dis-
tinct HSS episodes each caused Kp 7 (G3) storms with
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Dst around —50 to —100 nT. These contributed to an el-
evated geomagnetic baseline even as sunspot numbers
were very low. The net effect was that by cycle 24’s
end, the long-term correlation between sunspot activity
and geomagnetic activity had further decreased (con-
tinuing the trend noted by Kirov et al.) because geo-
magnetic disturbances were maintained by HSS
streams rather than sunspot-driven CMEs. In summary,
cycle 24 underscored that weak solar cycles can still
produce geomagnetic activity via HSS, but the largest
storms will be much less frequent due to the paucity of
fast, intense CMEs.Solar Cycle 25 (2020—present):
Cycle 25 is still in progress (as of early 2025, it is in the
rising phase toward an expected maximum around
2025). Early indications suggest cycle 25 may be some-
what stronger than cycle 24. By 2022-2023, sunspot
numbers were ramping up and so were Earth-directed
CMEs. Importantly, cycle 25 has already produced a
storm comparable to the biggest events of cycle 24.

In late April 2023, an ICME impact generated a storm
with Dst = —213 nT (provisional), which is on par with
the March 2015 storm. This April 2023 event, as well
as several other < —100 nT storms in 2021-2023, were
all caused by ICMEs (often with clear magnetic cloud
signatures). This suggests that cycle 25’s CMEs are re-
gaining geoeffectiveness. Correspondingly, we antici-
pate that the coming solar maximum of cycle 25 will
continue to produce predominantly CME-driven storms
(with potentially larger Dst excursions than seen in cy-
cle 24). Later in the cycle, HSS from any long-lived
coronal holes will likely contribute additional moderate
storms. The STCE/SIDC notes expect that by the de-
clining phase of cycle 25, co-rotating streams will again
“stir” intense geomagnetic storms, although probably
not as strong as the biggest CME storms. Thus, the gen-
eral paradigm holds: ICMEs cause the largest storms,
while CIR/HSS events extend the activity during qui-
eter solar phases.

Geomagnetic storms by solar cycle phase (1986-2025)
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Figure 4: Distribution of geomagnetic storms (Dst <-50 nT) by phase of the solar cycle, partitioned by driver
type. Each bar shows the total number of storms occurring during all rising, maximum, declining, or minimum
phase years of cycles 22-25 (1986-2025). During solar maxima, storms are overwhelmingly CME-driven
(red+green segments), with few HSS events. In declining phases, long-lived coronal holes cause a large fraction
of storms (blue), nearly rivaling CMEs. Indeed, ~50% of storms in decline phases were HSS-induced in our da-
taset, consistent with studies showing HSS occurrence peaks late in the cycle. Early rising and solar minimum
phases produce the fewest storms; those that do occur are mostly from HSS/CIRs (e.g. occasional moderate
storms from remnant coronal holes in early rise or near minimum). Virtually no intense storms originate at solar
minima, since CME activity is minimal and high-latitude coronal holes cause only weak equatorial disturbances
This phase-dependent pattern illustrates why geomagnetic activity does not strictly follow sunspot cycles — CME
storms dominate at peaks, but HSS storms maintain activity late in the cycle

In summary, across cycles 22-25, magnetic
clouds have consistently been the most geoeffective
drivers on a per-event basis, especially for intense
storms, but their absolute impact depends on solar cycle
conditions (strong in cycles 22-23, weaker in cycle 24).
High-speed streams are less potent per event but can
become the dominant source of activity during low sun-
spot periods, contributing a high cumulative geomag-
netic effect (numerous days of moderately disturbed

conditions). The phase of the solar cycle critically in-
fluences which driver dominates: CME/MC effects
peak at solar maxima (and can still produce major
storms in early decline), whereas HSS effects peak in
late decline/minimum, as illustrated by the alternating
dominance in cycle 23 vs 24 (Figure 1).

Discussion
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Our updated analysis reinforces and expands upon
earlier understandings of solar wind drivers and geo-
magnetic activity. We discuss below the implications
for each driver type, the solar-cycle dependence, and
physical causes behind the observed trends:

Why are Magnetic Cloud CMEs so geoeffec-
tive? Magnetic clouds provide the “perfect storm” con-
ditions for Earth’s magnetosphere: a strong, long-dura-
tion southward magnetic field embedded in a plasma
cloud. The high geoeffectiveness of MCs is chiefly due
to their tendency to contain extended southward IMF
intervals (often 6-12 hours or more), which efficiently
drive magnetic reconnection at the dayside magneto-
pause. This leads to substantial energy transfer into the
magnetosphere, fueling the ring current and auroral
substorms. MCs have a higher probability of containing
such large southward Bz than other structures. Even
though MCs constitute only a fraction of all ICMEs,
they disproportionately produce intense storms. Yer-
molaev et al.[12] pointed out that while CIRs and
sheaths occur more frequently, MCs — when they do oc-
cur —are more efficient at storm generation due to their
magnetic configuration. One interesting observation is
that MC geoeffectiveness appears to vary with the so-
lar cycle’s magnetic polarity and global field config-
uration. For example, Wu et all [14] found differences
in geoeffectiveness between MCs with southward-lead-
ing vs northward-leading fields, tied to the solar mag-
netic cycle phase. In our context, near solar minima,
most ICMEs are MCs, but they tend to be smaller and
slower (often originating from decaying active regions
or filament eruptions). As a result, their geoeffective-
ness is lower — consistent with our finding that around
sunspot minima, even though almost every ICME
might be an MC, major storms are rare. During solar
maxima, many MCs originate from powerful eruptions
and thus carry stronger fields and higher speeds, yield-
ing greater impact. The declining phase has a mix:
some of the largest MCs (e.g. late-cycle active region
eruptions in 2003, 2012, 2023) occur then, but overall
MC occurrence drops. The polarity flip of the helio-
spheric field around solar maximum can also influence
the occurrence of certain MC types (SN vs NS), poten-
tially affecting whether their leading or trailing portion
is southward. These nuances aside, the fundamental
reason MCs top geoeffectiveness rankings is their mag-
netic structure — a well-organized flux rope is more
likely to present a sustained southward field to Earth
than the fleeting, patchy southward fields in non-MC
ejecta or CIRs.

Non-MC CMEs and their lower efficiency:
Non-flux-rope ejecta present a more complex or frag-
mented magnetic structure to Earth. Many are likely
CME remnants that underwent interactions en route
(two CMEs merging, or erosion by reconnection with
the solar wind field), which can disrupt the coherent
field. The result is often a shorter-duration or weaker
southward Bz. Our results show less than half of such
ICMEs cause even moderate storms, affirming their
lower geoeffectiveness. However, it is important to
note they still contribute significantly to geomagnetic
activity due to their greater numbers. For example, in
cycle 23 about 56% of ICME-driven storms were from

non-MC ejecta (the rest from MCs). These events of-
ten cause multi-step storms: the shock/sheath may
trigger a sudden impulse and minor storm, and if the
ejecta has a southward portion, it causes a second dip
in Dst. The combined effect can occasionally be as
large as a single MC. One well-known phenomenon is
the sheath-enhanced storm, where the shock and
sheath ahead of a fast CME contribute more to Dst than
the CME’s flux rope itself. Non-MC CMEs are also
more prone to interactions with HSS. A common sce-
nario in declining phases is a slow ICME followed by
a fast stream — the CIR compresses the ICME from be-
hind, boosting its field strength. Such ICME-SIR inter-
actions can enhance geoeffectiveness beyond what ei-
ther would do alone. This was seen in some storms of
2018 and 2021, where a CIR amplified the fields in a
preceding ejecta, producing an unexpectedly strong
storm. For space weather forecasting, this means non-
MC CMEs shouldn’t be discounted — while individu-
ally weaker on average, under the right conditions
(shock compression, interaction), they can still drive in-
tense disturbances. Nonetheless, the forecast challenge
is greater because without the clear flux rope signature,
it is harder to predict the magnetic orientation (and thus
geoeffectiveness) of these ejecta in advance.
High-Speed Streams and cumulative effects:
High-speed streams illustrate the difference between
peak intensity and cumulative impact on geomag-
netic activity. A single HSS may only cause a moderate
storm by Dst standards, but the persistence of activity
over several days can have substantial space weather
consequences. For instance, extended high-Kp periods
due to HSS lead to radiation belt enhancements (ac-
celerating electrons to relativistic energies) and geo-
magnetically induced currents (GICs) from long-
lasting substorms, which can stress power grids over
time. The Space Weather community notes that recur-
rent moderate storms from HSS can be as trouble-
some as occasional intense CME storms, especially
for satellite operations (due to energetic particle envi-
ronments and surface charging). Our findings that over
half of CIRs cause at least minor storms and about one-
third cause Dst < -50 nT stormsmeans that during a
typical declining-phase year, one can expect many
“storm-level” disturbances even in the absence of big
CMEs. Chi et al. (2018) identified 60 SIR-ICME inter-
action events from 1995-2016, of which 49 caused ge-
omagnetic storms— further highlighting that interac-
tions can blur the line, but also that SIRs alone ac-
counted for 16 intense storms in that period. We also
saw that HSS effects were especially dominant in cycle
24’s low solar activity environment. The reasons HSS
are less geoeffective per event — highly fluctuating Bz,
and typically lower peak field strength — are well estab-
lished. Additionally, HSS-induced storms tend to satu-
rate at moderate levels because once the ring current is
enhanced to a certain degree, continuing oscillatory
driving doesn’t deepen it much further (instead, the
storm may oscillate near a quasi-steady state). Interest-
ingly, one physical factor behind the increase of
HSS/CIR geoeffectiveness in recent cycles could be the
Sun’s changing magnetic configuration. Kirov et al. [1]
postulated that the long-term rise in the second (HSS-
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driven) peak of geomagnetic activity each cycle was re-
lated to an increasing tilt of the heliospheric current
sheet and more extensive low-latitude open flux. The
weak polar fields in cycle 24 indeed allowed sizable
coronal holes at mid-latitudes, which might be part of
that trend. In cycle 25, as polar fields are recovering,
we may see a slight reduction in HSS prevalence com-
pared to cycle 24 —though it is too early to confirm.

Imlications for solar-terrestrial coupling: The
results across cycles 22—25 highlight that the Sun can
produce geomagnetic storms through multiple path-
ways. Even during periods of low sunspot count (and
hence few CMESs), the solar wind is not quiescent — cor-
onal holes provide a steady source of disturbances. This
has important implications for long-term space climate:
for example, during the Maunder Minimum-like condi-
tions, geomagnetic activity likely doesn’t drop to zero,
as recurrent streams from whatever small coronal holes
exist would still spark auroral activity (albeit at a lower
level). Conversely, during grand solar maxima, one
might expect extremely frequent CME-driven storms
with shorter quiet interludes, but fewer recurrent mod-
erate storms. Our comparison of cycle 23 and 24 serves
as a case study in these dynamics. The fact that cycle
24’s MCs were so weak relative to cycle 23’s (Dst im-
pact roughly half as much on average) directly ties to
changes in the Sun’s output. Gopalswamy et al. [11]
attributed this to reduced CME magnetic content and
speed, possibly due to lower magnetic pressure and a
higher expansion rate in the corona for cycle-24 CMEs
. Essentially, CMEs carried less punch at Earth. If cycle
25 turns out stronger, we may observe a rebound in
CME geoeffectiveness (and early cycle 25 events like
April 2023 support this [13]).

Phase-dependent forecasting: Our results
strongly endorse a phase-dependent approach to space
weather forecasting. During solar maximum, forecast-
ers should focus on CME tracking and predicting ICME
magnetic structures — the big risks are from magnetic
cloud events producing superstorms. During declining
phase, attention must shift also to coronal holes and
CIRs — not because they’ll produce the largest single
storms, but because they will produce a sequence of
disturbances that can have cumulative technological
impacts (satellite anomalies, pipeline corrosion from
repeated GICs, etc.). Additionally, the declining phase
often features “high-speed stream-driven geomagnetic
activity” which can mask or modulate the impact of any
late-cycle CMEs. It’s worth noting that some of the
most challenging scenarios are compound events —
e.g. a CME embedded in a CIR or back-to-back CMEs
(like the two CMEs that caused the extreme March
2023 storm sequence). These can produce unexpected
geoeffective enhancements. Our multi-cycle overview
suggests that such compound events might be more
common during the declining phase when different
sources overlap. Meanwhile, at solar minimum, even a
single modest CME can cause an outsized geomagnetic
response relative to the quiet background (e.g. the quiet
period of 1996 saw a —90 nT storm from a slow ICME
simply because nothing else was happening then).
Thus, forecasting efforts cannot neglect CMEs at solar
minimum either, despite their rarity.Finally, the secular

decrease in sunspot-geomagnetic correlation noted by
various authorsappears to continue at least through cy-
cle 24. If cycle 25 and 26 recover in amplitude, it will
be interesting to see if this correlation increases again
(meaning cycle 24 was an outlier), or if the geomag-
netic response remains relatively strong compared to
sunspots (implying a persistent higher role of HSS or
other factors). One potential factor is the interplane-
tary magnetic field (IMF) baseline. Lockwood et al.
[15] showed a doubling of the heliospheric IMF from
1900 to 2000, which could have made storms more
common even for the same sunspot number. However,
more recent data (cycle 24) showed a drop in IMF
strength, aligning with the weak cycle. Continued mon-
itoring of both open solar flux (which influences HSS)
and total CME output is needed to understand these
long-term trends.

Conclusions

We have presented an updated analysis of the ge-
oeffectiveness of three main solar wind drivers — high-
speed streams, magnetic cloud CMEs, and non-mag-
netic-cloud CMEs — over solar cycles 22, 23, 24, and
the start of 25. By incorporating modern data and recent
research findings, we arrive at the following key con-
clusions:

o Magnetic Cloud CMEs remain the most ge-
oeffective drivers per event. MC-type ICMEs have
the highest probability of causing geomagnetic storms,
and they are responsible for the majority of intense (Dst
< -100 nT) and extreme storms. Their average geoef-
fectiveness (storm-causing efficiency) is highest
among solar wind structures. However, the geoeffec-
tiveness of MCs is strongly solar-cycle dependent. In
a strong cycle (e.g. 23), many MCs produce intense
storms, whereas in a weak cycle (24), even numerous
MCs resulted in only moderate disturbances due to
weaker fields. Thus, the ambient solar condition mod-
ulates MC impact. Early cycle 25 results suggest MC
geoeffectiveness is rebounding (witnessing a —213 nT
storm in 2023).

e Non-MC CMEs (Ejecta) contribute sub-
stantially to geomagnetic activity but tend to pro-
duce weaker storms than MCs. These “complex
ejecta” or sheath-only events have lower efficiency in
driving storms. Roughly half or fewer result in Dst < —
50 nT storms. Still, due to their higher occurrence rate
(especially around solar maximum), they are important:
they caused about 40-50% of ICME-driven storms in
cycles 23-24. Intense storms from non-MC CMEs are
less common, usually requiring a strong shock or favor-
able interaction. Non-MC CME geoeffectiveness ap-
pears relatively constant across the solar cycle (no
strong phase preference was found), meaning their av-
erage impact per event doesn’t change much from max
to minimum — it’s the number of events that changes.

e High-Speed Streams (HSS) and CIRs have
lower per-event geoeffectiveness but dominate geo-
magnetic activity during declining and minimum
phases. Only a few percent of HSS cause Dst < —
100 nT storms, and even the strongest HSS-driven
storms barely exceed that threshold (none reached su-
perstorm level in the studied cycles). Nevertheless,
HSS routinely cause moderate storms (Dst ~ —50 to —
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80 nT) and prolonged geomagnetic unrest. Notably, in
the weak cycle 24, HSS/CIRs were nearly as important
as CMEs in terms of storm-days produced. The solar
cycle phase dependence is pronounced: HSS-driven
geomagnetic activity surges in the descending phase

of cycles, confirming past results that geomagnetic in-
dices have a secondary peak during the declining phase
due to CIRs (the classic “Gnevyshev gap” in sunspot
activity is filled with geomagnetic activity

Top 10 geomagnetic storms (1986-2025) and their driver type
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Figure 5: Ten most extreme geomagnetic storms in 1986—-2025 (ranked by minimum Dst). All ten were caused by
CMEs, underlining that the most severe storms are invariably CME-driven Eight events (red bars) were driven
by magnetic cloud ICMEs — for example, the 13 March 1989 “Montreal” superstorm (Dst —589 nT) resulted
from a fast MC with an extraordinarily strong southward field The Halloween storms of 29-30 October 2003
(Dst =~ =370 nT and —300 nT) were likewise caused by interplanetary flux ropes from two major CMEs The Bas-
tille Day storm on 15 July 2000 (Dst —301 nT) and the “Carrington-class” 24 March 1991 storm (Dst ~—300 nT)
also arose from Earth-directed MC ejecta. Two events (green bars) were caused by unusually geoeffective non-
MC CMEs — e.g. the 20 November 2003 storm (Dst ~—472 nT) was driven by a strong interplanetary
shock/sheath from a fast CME and ranks as the second-largest storm of the period. Notably, no HSS event comes
close to these extremes: even the potent HSS/CIR storms of Cycle 24 only reached Dst =~ —150 nT. The St. Pat-
rick’s Day 2015 storm (Dst —223 nT) is the lone Cycle 24 event in this top tier, highlighting the relative weak-
ness of that cycle’s geomagnetic activity.

from HSS). We found that ~70% of geomagnetic
storms caused by SIRs occurred in the descending
phase. Thus, while HSS are not major producers of in-
tense storms, they are crucial for understanding space
weather impacts in years around solar minimum.

e Solar cycle 24 versus 23 represented a shift
toward HSS contributions and weaker CME
storms, but this trend may not continue if solar activity
rebounds. Cycle 24 had ~50% fewer storms overall
than cycle 23, and ~80% fewer intense storms, chiefly
because of weaker CMEs. The fraction of storms from
HSS nearly doubled (from ~20% to ~50%) from cycle
23 to 24. This supports the idea of a long-term rise (up
to cycle 23) and then drop (cycle 24) in sunspot-geo-
magnetic correlation— essentially, cycle 24 was an out-
lier with geoeffectiveness disproportionately main-
tained by HSS. For cycle 25, early data already show a
return of strong CME-driven storms (e.g. April 2023).
We tentatively conclude that cycle 25 is on track to
produce more frequent and stronger CME storms
than cycle 24, while HSS will play a typical supporting
role in the later years. Continuous monitoring will tell
if the balance of drivers in cycle 25 more closely resem-
bles cycle 23 or 24.

e Phase-wise geoeffectiveness summary: In
the rising and peak phase of a cycle, CMEs (espe-
cially MCs) are the predominant geomagnetic risk, with
the largest storms typically occurring near solar maxi-
mum or shortly thereafter. In the declining phase, HSS
and CIRs become highly geoeffective in a cumulative
sense, causing many days of geomagnetic disturbances,
although CMEs from late-cycle active regions can still
cause isolated big storms. At solar minimum, geomag-
netic activity is low but not zero — HSS from persistent
coronal holes ensure a baseline level of activity (e.g.
recurrent auroras and Kp 4-5 events), and the rare
CMEs can still produce minor storms. This phase-de-
pendent behavior is important for operational space
weather planning, as it indicates when geomagnetic ac-
tivity can strike “out of phase” with solar activity (e.g.,
the geomagnetic Ap index can peak a year or two after
sunspot peak due to HSS).

In conclusion, understanding the geoeffectiveness
of different solar drivers across solar cycles improves
our ability to anticipate geomagnetic activity under var-
ious solar conditions. The period from cycle 22 through
the beginning of 25 has demonstrated the dynamic in-
terchange between CME-dominated and HSS-
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dominated geomagnetic driving. As we move forward,
maintaining long-term data sets of solar wind structures
(through missions like ACE, WIND, DSCOVR, and the
upcoming IMAP) and geomagnetic indices is crucial.
These data enable us to refine models of solar wind—
magnetosphere coupling and to adjust our expectations
as the Sun’s behavior evolves. Cycle 25 will provide
another valuable datapoint — early results suggest a re-
surgence of CME influence, but its full course will re-
veal whether the heightened role of HSS seen in cycle
24 was an anomaly or part of a continuing pattern. Re-
gardless, the interplay of HSS, MCs, and other CMEs
will continue to shape Earth’s space weather in a way
that requires attentive, phase-aware forecasting and a
holistic view of the solar wind—magnetosphere system.
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The article analyzes the current state of logistics services in Azerbaijan and explores ways to improve com-
petitive strategies for the development of this sector. It highlights the country’s favorable geographical location
and its strategic role in the East-West and North-South transport corridors. The importance of logistics in economic
growth, strengthening the service sector, and expanding international trade relations is emphasized. The study
shows that infrastructure projects implemented in recent years have enabled Azerbaijan to become a regional lo-
gistics hub. The article also highlights the impact of the Russia-Ukraine war on global trade routes and emphasizes
the importance of the Middle Corridor route, within which Azerbaijan is seen as gaining new opportunities. Over-
all, the article presents both theoretically and practically that the modernization of logistics infrastructure, the
involvement of the private sector, digitalization, and international cooperation should be prioritized as key areas

for improving competitive strategies.

Keywords: competitive strategies, transport corridors, logistics infrastructure, service sector, logistics ser-
vices, competitiveness-oriented strategic development, regional logistics hubs.

Introduction

Since the 1990s, the Republic of Azerbaijan has
declared its political sovereignty, achieved economic
independence, and ensured the comprehensive devel-
opment of various infrastructure sectors [7, p.31]. This
infrastructure development and economic
independence have created a favorable foundation for
the rapid and high-quality development of the service
sector in the country.

However, the results of macroeconomic research
indicate that, in terms of growth rates, Azerbaijan still
lags behind economically developed countries in
certain essential services (such as healthcare, culture,
education, transportation, etc.). Furthermore, in
Western Europe, North America, as well as countries
like Japan, Malaysia, Singapore, and others, the share
of service employment related to knowledge-intensive
activities is higher than in Azerbaijan [5, p.4]. In this
regard, the analysis of the development level of the
service sector is both one of the key indicators of
economic growth and an important factor for the
deepening of social welfare.

The service sector, as one of the material
production sectors, is a crucial component of society's
productive activity. In recent years, the development of
the service sector reflects the distinctive characteristics
of the Azerbaijani economy. This type of economic
dynamics arises, on the one hand, from changes in the
purposeful structure of business, and on the other hand,
from the increase in the real income of the population
[5, p.4]. All these processes further highlight the
growing significance of the service sector, both locally
and globally, making it essential to analyze the
development trends of this sector in a broader context.

The 21st century, characterized by the
intensification of globalization and integration
processes, is also remembered as an information age,
marked by the rapid development of the service sector

in the economic field. Observations show that, in recent
decades, the share and role of the service sector in the
economy have been increasing, which can be attributed
to two main reasons. First, the increase in people's
income allows for a higher expenditure not only on
physical goods but also on services. The second reason
is the development of ICT, which has expanded the
possibilities of the service sector and increased its
economic value. Experience has shown that, precisely
due to these reasons, starting from the second half of
the 20th century, in developed countries, the service
sector began to outpace the production sector. As a
result, today, the service sector holds a larger share in
GDP formation and employment provision in most
countries around the world. The growing market share
of the service sector has, in fact, ensured the
diversification of the economy and specialization
across sectors. Although there are rich potential
opportunities for the development of most service
sectors in the Republic of Azerbaijan, the share of this
sector in GDP fluctuates between 26-33%. This
indicates that the existing potential in service sectors is
not fully and effectively utilized in our country. [1, p.6-
20]

The results obtained show that the role of the
service sector in economic development is
continuously increasing in a globalized world, and the
demand for this sector necessitates the implementation
of new approaches. In this context, the logistics system,
being one of the most important areas of the service
sector, holds significant importance. The proper
organization and management of logistics services have
a substantial impact on both the efficiency of the
national economy and international competitiveness.

Logistics is a theoretical and practical field of
activity related to the planning, organization, functional
management, and control of the movement of material,
labor, financial, and informational flows within a
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market economy system. Logistics attempts to regulate
all processes associated with the production of goods
and the provision of services, from suppliers to final
consumers. Based on this logic, it can be concluded that
logistics is a necessity for the modern stage of
economic development. [4, p.36]

Logistics services play a crucial role in the
efficient and sustainable operation of the national
economy. These services ensure the correct and
coordinated delivery of goods and services from
production to the consumer, thus fulfilling the function
of maintaining the continuous operation of the
economic system. The improvement of logistics
services enhances the efficiency of economic activities.

The development of foreign trade is also one of the
important directions in which logistics impacts the
economy. The efficient implementation of import and
export operations and the development of
transportation and logistics infrastructures strengthen
the country's position in international trade. In this
regard, Azerbaijan holds strategic importance as a
transit country along the Middle Corridor and North-
South transport routes.

The logistics value chain creates economic value
at each stage. The processes of warehousing,
transportation, and information management services
along the path from production to final consumption
directly affect the quality and market price of the
product. This, in turn, is considered one of the key
factors influencing the overall competitiveness of
enterprises. At the same time, the logistics sector
creates  significant employment  opportunities,
contributing to the improvement of socio-economic
welfare. Many companies operate in this sector, dealing
with transit services and warehousing. Thus, logistics is
considered a significant sector both economically and
socially.

The efficient organization of logistics strategies is
a crucial issue for gaining a competitive advantage in
both domestic and international markets. In this regard,
improvements in this area can have a positive impact
on the development of the service sector. One of the
key issues in our country in this field may be increasing
the role of logistics in regional economic development.
In this context, the establishment of logistics centers,
warehouses, and transport corridors in the regions may
be vital for enhancing the economic potential of these
areas. This can also lead to the creation of new
investments and job opportunities.

As a result, logistics services serve as one of the
main sectors within the service industry in the national

economy. Their development creates a foundation for
the formation of a long-term competitive environment
within the service sector. Thus, on one hand, the
increasing intensity of interest and demand for the
application of logistical approaches is determined by
the demands and outcomes of market relations. On the
other hand, the acceleration of logistics management
and its wide application in economic life have a
significant impact on the improvement of the market
relations system and the country's economic policy
course. [3, p.106]

Contents of the study

Azerbaijan's advantageous geographical location
allows for the continuous enhancement of its trade po-
tential. The constant improvement of Azerbaijan's lo-
gistics sector has led to an increased role in both re-
gional and international markets. In general, due to the
favorable geographical position of our country in both
the East-West and North-South corridors, Azerbaijan
has the opportunity to obtain a significant share from
both transit trade and import-export operations. Several
major infrastructure projects, such as ports and rail-
ways, have been implemented in the country. Consid-
ering the above, the improvement of logistics infra-
structures in Azerbaijan, increasing the level of private
sector participation, boosting revenues from transit
trade, and increasing the service sector's share in the
Gross Domestic Product (GDP) could lead to the
growth of trade volume.

The development of logistics in Azerbaijan is not
only related to utilizing the positive aspects of the coun-
try’s geographical location but also to the implementa-
tion of modern infrastructure projects. In this regard,
the operations of the Absheron logistics center ensure
the further strengthening of the country's position in in-
ternational trade and transit operations.

The Absheron logistics center, which is a private
logistics hub in Azerbaijan, complies with international
standards and certifications and is located at the heart
of the Great Silk Road. Since its inception on August
13, 2018, in the Lokbatan settlement, the center allows
for direct access from the terminal to the main road
transport routes, enabling faster delivery to the target.
Equipped with strong infrastructure facilities, high ser-
vice quality, modern technologies, and rich operational
capabilities, the center conducts transit customs opera-
tions through the customs authorities located on-site.
The logistics center provides services through a "single
window" system, which saves time and reduces costs.

[8]
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Figure 1. Services of the Absheron logistics center. Note: The figure is prepared by the author.
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In addition, The Fruit Limited Liability Company
(“Meyvali”) was established on May 16, 2008, by a
group of entrepreneurs. The main activity of the “Mey-
vali” logistics center is the wholesale and retail distri-
bution of fruits and vegetables. The primary goal of the
logistics center's establishment is to meet the demands
of the Azerbaijani population and to facilitate the
timely, safe, and efficient delivery of agricultural prod-
ucts produced by local farmers to the local market. To
achieve this, the “Meyvali” logistics center is strategi-
cally located on the outskirts of the city, at the entrance
to Baku. Its favorable location has made it easier to
transport agricultural products from every region of the
country to the capital. In addition, the “Meyvali” logis-
tics center offers refrigerated warehouses for public
use. Products stored in these warehouses do not lose
their quality, and farmers have the opportunity to store
their products here. The establishment of the “Meyvali”
logistics center has had a positive impact not only on
the region but also within the Commonwealth of Inde-
pendent States area, creating a fruit and vegetable base
that is unparalleled. It has contributed to the country's
development, improved the welfare of the population,
and created new job opportunities. [9]

The logistics sector in Azerbaijan is still in its
early stages, but it holds significant potential. For
many, a logistics center is nothing more than a ware-
house whose sole purpose is to store goods. For these
reasons, the current logistics market is small. However,
recent global political tensions have created several

Turkey  Georgia  Azerbayan

perspectives for the development of logistics in our
country.

Thus, the rapidly changing geopolitical situation
against the backdrop of the Russia-Ukraine war has not
only increased global security risks but has also directly
impacted global trade. Since the outbreak of the war in
2022, the importance of traditional trade routes con-
necting Europe and Asia has diminished, while the sig-
nificance of new alternative trade corridors has risen. In
this context, one of the main alternative trade corridors
connecting Western countries to the Asia region is the
Middle Corridor route. Known primarily as the Middle
Corridor and of special strategic importance, one of the
key participants in this corridor is Azerbaijan.

Azerbaijan's key strategic advantage in this project
is its ability to connect the Central Asia region to Tur-
key and subsequently to Europe via the Caspian Sea ba-
sin. Undoubtedly, Azerbaijan, which has turned its ge-
ographic advantage into one of the main mechanisms
of its foreign policy influence, aims to become one of
the world’s leading logistics centers. In pursuit of this
goal, Azerbaijan has implemented a number of strate-
gically significant transportation and logistics projects
in recent years. For instance, in 2024, Azerbaijan suc-
cessfully completed the modernization of the Baku-
Thilisi-Kars railway line, and based on the president’s
instructions, the master plan for the second phase of the
expansion of the Baku International Sea Trade Port is
currently being prepared.

—

Turkmenistan

Uzbekistan  Kyrgyzstan

iy

Figure 2. The Middle Corridor route connecting Western countries with the Asian region. Note: The figure was
compiled by the author.

The Middle Corridor - Trans-Caspian Interna-
tional Transport Route, which holds significant strate-
gic importance on the Eurasian continent, is an interna-
tional trade and transport route stretching from China
to Europe through Central Asia, the Caspian Sea, the
South Caucasus, and Turkey. The countries marked in
dark blue on the map - Kyrgyzstan, Uzbekistan, Turk-
menistan, Azerbaijan, Georgia, and Turkey are consid-
ered the main transit and connecting countries along
this route.

Azerbaijan plays a central role in the Middle Cor-
ridor. The country's access to the Caspian Sea and the
Baku International Sea Trade Port serves as a key
bridge along this route. At the same time, through the
Baku-Thilisi-Kars railway, Azerbaijan acts as one of
the main transit corridors for the delivery of cargo to

Europe. The logistics and infrastructure projects imple-
mented by Azerbaijan - particularly the Alat Free Eco-
nomic Zone - contribute to strengthening this strategic
position. The Middle Corridor is considered a strategic
transportation project, especially in terms of providing
a fast and secure connection between Europe and Asia.
Additionally, this corridor constitutes an important
component of China's "Belt and Road" initiative.

Taking all these factors into account, Azerbaijan
has recently been engaging in collaborations with Tur-
key, Georgia, China, and the Central Asian republics to
develop new projects aimed at advancing the logistics
sector.

During the visits of the delegation of Azerbaijan
Railways (ADY) to China and Central Asian countries,
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discussions were held with counterparts on strengthen-
ing cooperation in the railway sector, increasing freight
turnover, expanding the volume of multimodal cargo
transportation along the Central Asia-Europe-Central
Asia and China-Europe-China corridors, attracting new
cargo flows to the Middle Corridor, and promoting the
potential of this corridor in European markets. The dis-
cussions and resulting agreements constitute an essen-
tial component of the structural and financial reforms
implemented in Azerbaijan's transport sector in recent
years.
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It should be noted that significant structural and
financial changes have taken place in Azerbaijan's
transport sector over the past 20 years. The purposeful
orientation of state policy towards this field, particu-
larly the attraction of large-scale investments for the re-
construction of the liberated territories, has elevated the
transport infrastructure to a qualitatively new stage. All
the work carried out is clearly reflected in the statistical
indicators. From this perspective, the analysis of key
macroeconomic indicators related to transportation is
considered effective.

2010 2015 2020 2021 2022 @ 2023

2435 2195 2092 2857 4613 5417

Graph 1. Investments directed to fixed capital in the transport sector in Azerbaijan, million manats. The source:
Compiled based on the data from the State Statistical Committee of the Republic of Azerbaijan (SSCRA). [6, p.9]

Graph 1 clearly shows that in Azerbaijan, invest-
ments directed to fixed capital in the transport sector
were significantly low in the year 2000 - amounting to
only 44 million manats. By 2005, this figure had risen
to 516 million, marking the beginning of a phase of sub-
stantial growth. In 2010, investments increased even
more sharply, reaching 2,435 million manats. During
this period, large-scale infrastructure projects were im-
plemented in the country, including the reconstruction
of major roads and integration into international
transport corridors.

A certain decline was observed in 2015 and 2020,
amounting to 2,195 million manats and 2,092 million
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manats, respectively. This is considered to be associ-
ated with global economic instability, fluctuations in oil
prices, and the postponement of some domestic pro-
jects. However, a significant increase has been rec-
orded since 2021. Investments, which stood at 2,857
million manats in 2021, rose to 4,613 million manats in
2022. In 2023, the highest figure-5,417 million manats-
was registered. This growth is mainly attributed to the
reconstruction of transport infrastructure, including the
construction of railways and highways, in the liberated
territories. Now, let us examine the net profit indicators
in the transport sector in Azerbaijan. (Graph 2.).

2010 2015 2020 2021 2022 2023

1576 1860 2534 4054 5136 4657

Graph 2. Net profit from transportation in Azerbaijan (at current prices), in million manat. The source: Com-
piled based on the data from the SSCRA. [6, p.9]
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In Azerbaijan, the net profit in the transportation
sector was at a very low level between 2000 and 2005,
showing a slight increase from 229 million manat to
275 million manat. The real breakthrough occurred in
2010, when the sector achieved significant progress in
terms of profitability, reaching 1,576 million manat. In
2015, the net profit amounted to 1,860 million manat,
and in 2020, it rose to 2,534 million manat. During this
period, the sector demonstrated stable development. In
2021 and 2022, net profit reached its highest levels,
with figures of 4,054 million manat and 5,136 million
manat, respectively. However, in 2023, a decline in this
indicator was observed, with net profit falling to 4,657
million manat. This decline may be attributed to several
factors: the time required for investments to convert
into revenue, some projects not yet generating income,
or rising costs (such as the increase in construction ma-
terial prices, labor costs, etc.).

When examining the relationships between the
two graphs, it is clear that there is a direct correlation
between the increase in investments directed towards

16
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fixed capital and the growth of net profit. However, this
correlation sometimes manifests with a delayed effect.
For instance, in 2022, both investments and profits
reached their peak, but in 2023, while investments in-
creased, profits declined. This indicates that invest-
ments do not immediately generate returns-profitability
may materialize several years later.

Overall, the graphs demonstrate that investments
in the transportation sector gradually yield economic
results, and this sector is becoming one of the sustaina-
ble pillars of the national economy.

During the indicators, reflecting only the current
prices leads to an analysis without considering the im-
pact of inflation. Therefore, when making comparisons
between years, it becomes difficult to determine how
much of the increase is real, as the purchasing power of
the manat may change. Considering this, it is deemed
efficient to present an additional graph based on infla-
tion-adjusted indicators at real prices and conduct an
evaluation.

13,85

8,79
6,65

2,76 29

2021 2022 2023 2024

Graph 3. Annual inflation in Azerbaijan, in percent (%). The source: Compiled based on the data from the
SSCRA. [11]

To understand how real the increases in the indi-
cators are, it is necessary to consider the impact of in-
flation. Therefore, the analysis related to inflation can
be carried out as follows (Graph 1):

e 2000 - The inflation rate was 1.81%. This is
relatively low, and the comparison of the figures with
real values is not very significant.

e 2005 - The inflation rate was 9.68%, which is
quite high. This could result in future increases being
real lower. The reported increase of 516 million manat,
when adjusted for inflation, may not be as high as it in-
itially seems.

e 2010 - The inflation rate was 5.73%. The in-
crease of 2,435 million manat, while high in real terms,
has been diminished in value when adjusted for infla-
tion.

e 2015 - The inflation rate was 4.03%, and a sig-
nificant increase occurred during this period. The in-
vestment of 2,195 million manat, when valued at real
prices, remains significant.

e 2020 - The inflation rate was 2.76%. The in-
vestment of 2,092 million manat during this period is
considered relatively high when compared to inflation.

e 2021 - The inflation rate was 6.65%, yet the
investment was 2,857 million manat. Despite high in-
flation, this indicates a strong increase in investment.

e 2022 - The inflation rate reached 13.85%,
which is very high. The increase in investment, totaling
4,613 million manat, may not appear as significant
when compared to real values due to the impact of in-
flation.

e 2023 - The inflation rate was 8.79%. The de-
cline in net profit this year could be due to the effects
of inflation and the rise in costs. Despite an investment
of 5,417 million manat, the inflation factor diminishes
this increase.

The inflation analysis indicates that, in some
years, investment growth may decline due to the impact
of inflation. However, with the future development of
the transport sector and the continuation of strategic in-
frastructure projects, Azerbaijan can continue to gener-
ate revenue in this field. The implementation of inno-
vative logistics projects is considered essential to en-
sure high returns on new investments.

Proposals

After all the analyses, it can be stated that the lo-
gistics sector in the service industry has become one of
the priority areas in Azerbaijan in recent years. This
growing interest in the sector can be observed through
the investments directed towards it. In this regard, con-
sidering this interest, the primary goal should be to
achieve high profits with minimal costs. Therefore, the
implementation of innovative projects in the logistics
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service sector in the country could lead to an increase
in the sector's share in the GDP and the creation of new
job opportunities. In this context, the implementation of
a number of projects is considered to be efficient.

1. Creation of Regional Logistics Hubs in the lib-
erated territories. It may be possible to transform the
liberated territories into logistics hubs of the South
Caucasus by establishing strategic transportation and
trade centers in these areas. In particular, the creation
of logistics hubs in the Zangilan region, considering the
location of the Zangezur Corridor and its proximity to
Iran and Nakhchivan, could be efficient. Additionally,
implementing such a project in Fuzuli, given the pres-
ence of the international airport and the Fuzuli-Agh-
band railway, could yield high efficiency. These cen-
ters can facilitate the development of the service sector
by creating the infrastructures listed below: [10]

e Dual-purpose warehouses

e Passenger and cargo terminal

e Customs-broker service offices

e Logistics incubators for small and medium-
sized entrepreneurs

e Packaging and labeling centers for entrepre-
neurs

The benefits that can be obtained from centers:

e The interregional movement of goods could be
accelerated, with products coming from Kalbajar,
Tovuz, and other areas, and being loaded in Zangilan.

e Foreign companies, particularly from Turkey
and Central Asian countries, could utilize these hubs.

e The country's and region's currency flow
could increase, which would consequently boost state
revenues.

o Jobs would be created, and the return of inter-
nally displaced persons to the areas could be expedited.

2. The establishment of logistics service centers.
These centers are multifunctional office and facility
complexes that offer all services in one place for com-
panies and entrepreneurs engaged in logistics. In these
centers, transportation, storage, packaging, documenta-
tion, customs, export, and import services are provided
in one location, as part of a single "system." This means
that entrepreneurs or carriers can address all their logis-
tics needs in one place without having to go to separate
locations. Here, services such as customs services, doc-
umentation, registration and training of carriers, ware-
house rental services, and cargo insurance are availa-
ble. [12]

The establishment of logistics service centers in
the outskirts of Baku, particularly in areas such as
Hoévsan and Zabrat, as well as at the Ganja-Samukh
junction, and in the regions of Zangilan and Fuzuli,
could be highly beneficial for regional trade. These
centers could provide several positive advantages
for the service sector, especially in the logistics field,
including the following:

e Small entrepreneurs have the opportunity to
introduce their products to the international market.

e Access to services is simplified, and costs are
reduced.

e The performance indicators of the logistics
sector in the service industry are improving.

Result

The role of logistics services in Azerbaijan's eco-
nomic development is increasingly growing. Strength-
ening the competitiveness of this sector is one of the
key steps toward transforming the country into a re-
gional and international transport and transit hub. The
analyses conducted in the article demonstrate that, in
the context of the development of the non-oil sector,
improving the quality of logistics services, the imple-
mentation of digital technologies, the proper formula-
tion of competitive strategies, and the integration of lo-
cal companies into international practices are essential
conditions.

Research shows that in the modern era, logistics is
not only the transportation of goods and services but
also one of the key instruments in shaping the economic
security and competitiveness of countries. Based on the
analysis conducted in this article, it can be concluded
that the correct and comprehensive application of com-
petitive strategies in the development of logistics ser-
vices in Azerbaijan is of paramount importance. Alt-
hough there have been certain achievements in this
field, more efficient and innovative strategies are
needed in the face of global and regional challenges.

In a time when digitalization is rapidly advancing,
the adaptation of logistics services to this technological
transformation, as well as the implementation of digital
platforms and smart management systems, emerges as
a crucial factor.

Azerbaijan's favorable geographical location, ac-
cess to international transport corridors, and the ongo-
ing reconstruction process in the region create strategic
advantages in this field. As a result, improving the com-
petitive strategies in Azerbaijan's logistics services can
not only increase economic efficiency but also
strengthen the country's regional leadership and help
establish an image of a reliable partner in the global
trade system.
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COMPARATIVE ANALYSIS BETWEEN ISLAMIC AND CONVENTIONAL BANKS CHARACTERISTICS’
IMPACT ON THEIR RISK-TAKING BEHAVIOUR
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Abstract

This study provides a comparative analysis of the risk-taking behavior of Islamic and conventional banks,
emphasizing the distinctive characteristics that influence their approaches to risk management. Islamic banks,
guided by Magasid al-Shariah, adhere to unique ethical principles that shape their governance structures, financial
instruments, and risk profiles. The research examines the differences in common and specific risks faced by both
banking systems and analyzes internal and external factors influencing their risk-taking behavior. The role of the
Shariah Supervisory Board (SSB) in shaping risk decisions within Islamic banks is critically evaluated. The study
also highlights the discrepancies between theoretically recognized risks and practical risk management within Is-

lamic banks, offering insights into the implications for banking stability and performance.

Keywords: Islamic banks, conventional banks, risk-taking behavior, Magasid al-Shariah, Shariah Supervi-
sory Board, risk assessment, financial stability, profit-loss sharing.

Introduction

Banks, regardless Islamic or conventional, serve a
single function of mediating between economic agents
with deficit and surplus finances. Islamic banks must,
simultaneously, observe higher ethical objectives -
Magasid al-Shariah. Such observance of Shariah rules®
leads to emergence of unique corporate, operational, in-
strumental features that are only specific to Islamic
Banks (IB). Firstly, Islamic bank’s corporate structure
comprises both Board of Directors (BOD) and Shariah
Supervisory Board (SSB), unlike their conventional
counterparts only having the former. Secondly, 1Bs
adopt risk-sharing (profit-sharing) model in contrast to
interest-based one in traditional banks (Ehsan Ullah &
Sabirzyanov, 2015). Risk-free business practices and
excessive risk-taking are absolutely prohibited in Is-
lamic Finance. Thus, the concept of essential risk-tak-
ing emerges which is inherent in all business transac-
tions.

These peculiarities, according to Hassan & Mollah
(2018), correspondingly, transform risk-taking behav-
iour of IBs and result in more complex risk types. The
following essay attempts to critically analyse how IB
characteristics influence risk-taking decisions in com-
parison with traditional banking, firstly, by analysing

Operational
risk

Liquidity risk
Conventional

banking

Market risk

Credit risk

their risk profiles, followed by various factors shaping
such behaviour.

Discussion

To comprehend and compare risk-taking behav-
iour of Islamic and conventional banks, its crucial to
identify how risk map of both are deviated from each
other (figure 1). Many studies highlight that IBs’ expo-
sure to risks can be classified into two categories: (1)
common risks and (2) specific risks (Ahmed & Khan,
2007; Zainol & Kassim, 2012; Salem, 2013). Risks
found in both Islamic and conventional banks are re-
garded as common, such as operational, liquidity,
credit, and market risks. For instance, Sorwar et al.
(2016) emphasizes the characteristic similarity of mar-
ket risk in both banking industries. Whereas, Akkizidiz
& Khandelwal (2007) suggest that even such generic
risks may differ in implications and severity in IBs.
Furthermore, the exposure frequency to identical risks
might also greatly vary in them (Ariffin et al., 2009).

Specific risks of IBs

Due to principal differences in the business model,
corporate governance and contractual basis, there are
several unique risks in Islamic banking (Hassan et.al.,
2019).

Shariah non-

compliance risk

Islamic Rate of return Displaced
banking risk commercial risk

Investment risk

Figure 1. Common versus specific risks faced by 1Bs.2

! To ensure Shariah compliance, Islamic banks have to avoid
certain prohibitions: (1) charging interest; (2) excessive un-
certainty; (3) gambling; (4) investing in unethical businesses
(e.g. alcohol, pork, pornography).

2 Developed by author via ‘Mural’ software
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As depicted in figure 1, the first inherent risk in
the nature of IBs is Shariah non-compliance risk. It is
considered to arises when there is a deviation from the
theory of Shariah law in practice (Alhammadi et.al.,
2020). At the same time, it is classified to be within the
category of operational risks by Rhanoui & Belk-
houtout (2019). Shariah non-compliance risk mainly
results from the negligence of Shariah Supervisory
Board (SSB), and according to Salem (2013), it is ex-
acerbated by the challenge of maintaining Shariah com-
pliance while operating in globalised financial system
preoccupied by conventional model. Rate of return risk
is the second risk (figure 2), and emanates from the ‘ex-
pected profit’ instead of ‘guaranteed interest’ in IBs
(Chattha et al., 2020). Accordingly, byproduct of lower
rate of return is displaced commercial risk. Rouetbi et
al. (2023) argues that lower rate of return encourages
profit-driven investors to withdraw their deposits and
thus, IBs will be under pressure to ‘compensate for the
loss’ waiving certain percentage from bank’s profit.
According to Abedifar et al., (2013) however, this

- inflation rate

- GDP growth

- market concentration
(competitiveness)

- political issues/war

- monetary policy

- external regulators

External factors

‘trade-off” practice is a partial deviation from authentic
profit-loss sharing principles of Islamic Finance.
Lastly, equity investment risk is the third most men-
tioned inherent risk and directly reflects the nature of
murabah/musharakah contracts — equity participation
(Helmy, 2012).

Interestingly, Rhanoui & Belkhoutout (2019) sug-
gest that these theoretically recognized risks are not all
identified, assessed and managed in practice. For exam-
ple, based on their study® conducted on IBs in Malaysia,
displaced commercial risk and equity investment risk
are hardly ever reported in their risk profile.

Factors effecting bank risk-taking behaviour

Magnis et al. (2023) attest that risk-taking deci-
sions of banks are affected by a number of complex fac-
tors, typically classified as internal and external (figure
2). External factors typically comprise, but not limited
to, economic condition of the region, inflation rate,
monetary policy, market concentration, political issues,
etc.

Risk-taking behavior
of banks

Figure 2. External factors effecting bank risk-taking behaviour.4

To illustrate the impact of external regulators,
high capital ratio requirements imposed by Basel Il had
positive effect on credit risk of banks in MENA (Mid-
dle east and North Africa) region, moderating their risk-
taking (Maghyereh & Awartani, 2014). Regarding the
impact of competitiveness, many studies postulate the
positive relationship between market competition and
risk-taking of banks (Mateev et al., 2022). According

3 See appendix 1

to Allen & Gale (2004), such high risk-taking behav-
iour of banks in competitive markets is to maintain their
profitability. As illustrated in the figure 2, these factors
impact banks risk-taking decisions externally.

Internal factors

At the same time, there are certain characteristics,
e.g. ownership structure, size, capitalization, location,
etc. that differ from bank to bank, and are only peculiar
to the bank individually (figure 3).

4 Developed by author via “Mural’ software
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Risk-taking behavior Internal factors

of banks

(bank characteristics)

- ownership structure
- size
- capitalization, etc.

Common
characteristics

Islamic bank- - Shariah governance

- Assets/liabilities'
nature

specific
characteristics

Figure 3. Internal factors (bank characteristics) effecting risk-taking behaviour.

These characteristics tailor the risk-appetite within
an each bank in a unique way, thus are called internal
factors. Likewise risk types, internal factors can be
classified as common and IB specific characteristics.
Below are given 3 major common internal factors and
how they impact risk-taking behaviour of both banking
systems.

Common characteristics

Ownership structure can influence banks in two
dimensions: (1) ownership concentration © and (2) na-
ture of owner profiles (Mateev et al., 2022). Although,
theoretically, the higher concentrated ownership is ex-
pected to accelerate more pronounced risk-taking, from
empirical perspective the scenario is quite ambiguous.
While Leaven & Levine (2009) proved the relationship
between concentrated ownership and greater risk, the
reverse is demonstrated by Shehzad et al. (2010) in re-
lation to credit risk. The latter finding is further sup-
ported by the search of Srairi (2013): the negative asso-
ciation, i.e. banks with high ownership concentration
experienced much lower insolvency and asset risks.
This can be explained by the argument of Burkart et al.
(1997), once large shareholders put high pressure on
monitoring, it discourages bank managers to initiate
new risky investment opportunities.

Nature of owners, namely family-owned, com-
pany/private-owned and state-owned, also plays vital
role. Anderson et al. (2003) found that family banks
tend to engage in less risky activities to ensure bank’s
survival in long term. Moreover, Srairi (2013) compli-
ments that as bank managers and owners form singly
entity - the family itself, there is no misalignment in risk
preferences. This, in turn minimises agent-principal
problem, where the interests of principal (shareholder)
and agent (manager) mismatch in non-family banks..
Private commercial banks, reasonably, are found to be
more risk averse by Zheng et al. (2017), whereas state-
owned banks suffer from higher insolvency risk com-
pared to private banks. Positive relationship between
government ownership and risk can be explained by the
argument of lannotta et al. (2007), which signifies that
risk-taking decisions are dictated by bureaucrats biased
with political interests.

5 Developed by author via ‘Mural’ software

e Bank size is typically considered to be strong
determinant of risk-taking (Fernandes et al., 2021). Sig-
nificant negative correlation between size and riskiness
of banks is empirically identified by many studies, as
demonstrated larger banks have wider range of oppor-
tunities to better diversify their portfolios (Saif-
Alyousfi & Saha, 2021; AlAbbad et al., 2019; Srairi,
2013). Nevertheless, large banks practically can take
bigger risks as they are capable of easily managing in
case of misfortune occurrence (Fernandes et al., 2021).

e Capitalisation factor is rather similar to bank
size: banks with low capitalisation increase the risk,
while better capitalised banks are characterised with
decreased risk-taking (Anh, 2022; Alman, 2012). Alt-
hough capitalisation’s role in risk-taking decisions does
not necessarily result in disputes among scholars, an
exception is observed by Saif-Alyousfi & Saha (2021)
during Global financial crisis. Study findings illustrate
that unlike pre- and post-crisis period, highly capital-
ized banks took more risky activities during financial
crisis compared to ones with low capitalisation.

All above mentioned internal factors are common
in both Islamic and conventional banking (figure 3).
These bank characteristics (ownership structure, size,
capitalization level) shape risk-taking decisions of both
banking systems in identical manner, i.e. large bank
size and capitalization result in less risk in both banks
in identical manner (Saif-Alyousfi & Saha, 2021).

IB specific characteristics

Shariah feature of IBs reflects in their corporate
governance structure. Unlike ‘single-layer’ structure
comprising of Board of Directors (BOD) in conven-
tional banks, IB employ ‘multi-layer’ governance with
Shariah Supervisory Board (SSB) in addition to BOD
(Mollah & Zaman, 2015). SSB actively participates in
supervising the operations, product development and
managerial decisions to ensure compliance of IBs. Such
a close engagement indispensably intensifies SSB’s im-
pact on risk-taking behaviour.

The role of SSB in risk-taking

On the one hand, Mollah et al. (2016) claims that
governance structure in IBs encourages high risk-tak-
ing, in turn leading to better performance. From con-
ventional perspective, accordingly, Fortin et al. (2010)

6 According to Alhababsah (2019), it is defined as ‘the proportion of shares held by a single individual or entity’.
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argues that more risk is taken if there is strong govern-
ance mechanism. This argument that high risk-taking
manner of IBs may lead to enhanced financial perfor-
mance is empirically supported by search finding of
Sueb et al. (2022) conducted on 70 IBs in 18 countries.
In stark contrast, on the other hand, it is argued by Pra-
sojo et al. (2022) that risk-taking imposes considerable
adverse effects on IBs’ performance, even further rein-
forcing their position by statement that low risk-taking
is an indicator of high efficiency. Though some schol-
ars, such as Nomran et al. (2018) prefer more neutral
approach toward SSB’s role, asserting that SSB moder-
ates risk-taking behaviour of managers, to balance the
interests of depositors and shareholders. Despite ongo-
ing disputes about whether SSB encourages or discour-
ages risky decisions among academics, its strong asso-
ciation with risk-taking of I1Bs clearly can be denied.

Impact of different SSB attributes in risk-tak-
ing

Likewise, the exact manner of how various SSB
features, such as size, education level, diversity, etc im-
pact risk-taking has been debated continually.

- According to Alman (2012) large SSB size en-
courages loan portfolio risk-taking. Consistently, Al-
abbad et al. (2019) and Safiullah & Shamsuddin (2017)
endorse this view by highlighting positive correlation
between increase in SSB size and active risk-taking be-
haviour. It is also mentioned that such association is
more pronounced in decentralized SSB, which are ruled
by individual banks, compared to state-ruled central-
ized SSB. However, in case of conventional banks,
smaller BOD is associated with particularly risky deci-
sions (Pathan, 2009).

- Similarly, high quality of SSB (i.e. education,
expertise and doctoral qualifications) is claimed by
Mukhibad & Setiawan (2022) to result in increasingly
risky decisions. As Grassa (2013) argues, however, in-
creased SSB quality means better supervision, which in
turn decreases risk-taking. This view is confirmed by
Nguyen (2021), as he found that enhanced effective-
ness of SSB might constrain risk-taking in 1Bs.

Conclusion

In conclusion, IBs developed peculiar business
model as a financial intermediator while observing
Shariah rules. This peculiarity not only reflects in their
corporate governance and financial instruments, but
also results in unique risk-taking behaviour. This essay
offers several concluding statements after thorough
critical analysis of relevant literature. Firstly, 1Bs avoid
two extremes: zero and excessive risk-taking (Ehsan-
Ullah & Sabirzyanov, 2015). In other words, IBs take
essential risk which is inherent in nature of commercial
activities, instead of attempting to avoid all possible
risks like conventional banks do. Secondly, there is
marked difference between risk profiles of both bank-
ing systems, with that of 1Bs being more diverse and
complicated. Thirdly, although there are some common
external and internal factors that similarly affect risk-
taking decision of both banks, 1Bs have additional spe-
cific bank determinants impacting their risk-taking. Fi-
nally, an extra layer in governance structure of IBs -
Shariah Supervisory Board (SSB) - which monitors and
directly influences risk-taking behaviour of IBs. The
fact that religious belief certainly effects managerial
decisions i.e. risk-taking is even proved from Christian
perspective by Abakah & Li (2023).

Limitations & Recommendations

This essay, however, has limitations in terms of
covering all bank characteristics that impact risk-taking
decisions, e.g. financial interconnectedness, fintech us-
age, foreign ownership, language etc. and IB specific
risks, e.g. fiduciary risk, mark-up risk, legal risk, com-
modity risk, etc.

Regarding recommendations, some implications
of language usage in bank risk-taking should be studied
in more depth. Interestingly, certain languages with
more pronounced usage of future tense, is associated
with more risk-taking and bank crisis (Osei-Tutu &
Weill, 2020). Nevertheless, the impact of CEO/SSB
changes, who speak languages with heavy stress on fu-
ture tense, to the ones with relatively low usage and
vice versa are understudied research area.
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Appendix
Table 1. Risk reports of 1Bs in Malaysia.”
Bank Islam Bank Kuwait MBSB Bank Agrobank
Malaysia Muamalat  Finance House Berhad
Berhad Malaysia Malaysia
Berhad Berhad
Credit risk Reported Reported Reported Reported Reported
Market risk Reported Reported Reported Reported Reported
Liquidity risk Reported Reported Reported Reported Reported
Operational risk Reported Reported Reported Reported Reported
Shari’a Reported Reported Reported Reported Reported
non-compliance risk
Rate of return risk Reported Unreported Unreported Unreported Reported
Equity investment risk  Reported Reported Unreported Unreported Unreported
Displaced commercial Unreported  Unreported Unreported Unreported Unreported
risk
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NUMERICAL SOLUTION OF THE PROBLEM OF THE CREEPING MOTION OF A VISCOUS
LAYER ALONG THE SLOPE OF AN ELEVATION

Kuralbaev Z.
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Almaty, Kazakhstan.

YUCJIIEHHOE PEHIEHUE 3AJTAYH O NOJI3YIIEM JIBUKEHUU BA3KOI'O CJIOA 11O
CKJIOHY BO3BBIHIEHHOCTH

Kypanbaes 3.

Ipogpeccop, dokmop usuxo-mamemamuieckux HayK
Anmamunckuil ynugepcumem sHepeemuKy u CéA3u,

2. Anmamer, Kazaxcman

Abstract

The problem of creeping motion of a highly viscous layer modelling the process of occurrence of landslides
of sedimentary rocks located on the surface of an upland area is posed and solved. As a result of mechanistic and
mathematical modelling, a mathematical problem about a quasilinear parabolic type equation is obtained. The
finite-difference method has been used to solve the obtained mathematical problem; a nonlinear implicit compu-
tational scheme has been chosen, on the basis of which an algorithm for solving the problem has been formulated
and a computer programme has been developed. Numerical experiment was carried out for various possible vari-
ants; mechanical characteristics of clayey rocks were taken as initial data of physical parameters. The results of
the study are presented in the form of graphs.

AHHOTaLUA

IlocraBieHa u peuIeHa 3aga4a O MOJ3YHIEM JABUKCHUUN CUJIIBHOBSA3KOI'O CJIOSI, MOACIUPYIOLMICTO IpoHecca
BO3HHUKHOBCHHMS OITOJI3HEH 0CaZI0YHBIX TOPHBIX MMOPOJA, HAXOAAIINXCA Ha IMOBEPXHOCTU BO3BBLIIICHHOCTH. B pe-
3yJIbTATC MEXAHUKO-MATCMATUYCCKOI0 MOACIMPOBAHUSA MOJYyUCHA MaTeMaTU4CCKas 3aJada O KBa3MJIIMHEHHOM
ypaBHEHHH TTapaboIudecKoro THMa. /i pereHus noIy4yeHHON MaTeMaTHYeCKON 3a1a4H UCTIOJIb30BaH KOHEYHO-
Pa3HOCTHBIN MeTOM; ObLIa BEIOpaHa HeIMHEHas HesIBHAS pacueTHas cXeMa, Ha OCHOBE KOTOPOil chopMyIMpoBaH
AITOPHUTM pEIIeHHUS 3a/1a41 U pa3paboTaHa KOMIIbIOTEpHAs nporpamma. IIpoBeieH YHCIeHHBIH SKCIEpUMEHT IS
Ppa3JIMYHbIX BO3MOKHBIX BAPUAHTOB; B KAYECTBEC NCXOJHBIX JaHHBIX (I)I/I3I/I‘IeCKI/IX nmapaMeTpoB B3ATbl MEXaHUYEC-
CKHUEC XapaKTECPUCTUKU INIMHUCTBIX MOPOM. Pe3yJ'II)TaTI)I HccCi€J0BaHuA MTPEACTABIICHBI B BUIC Fpa(i)I/IKOB.

Keywords: sedimentary rocks, rheological properties, creep, landslide mechanism, mathematical model, nu-
merical experiment.

KiroueBble c1oBa: 0CaJI0YHbIC TOPOABI, PCOJIOTHYCCKUC CBOI>'ICTBa, NOJI3y4€CTh, MCXaHNU3M BO3HUKHOBCHUSA
0HOJ'I3Hel7[, MaTeMaTu4deCKasa MOJ€CJIb, YHCIICHHBIN OKCIICPUMCHT.

COCTABJIAIOIINX BEPXHUE CJIIOU TI'pPpYyHTA. JIu6o 1o
BJINAHUEM TCKTOHUYCCKHUX N TCXHOT'CHHBIX

1. BBegenue
OpHOM W3 akTyalbHBIX HPoOIEeM I TOPHBIX

PalOHOB SIBJISTFOTCSI UCCIICIOBAHWSI, CBSI3AHHBIE C TAKHM
SIBIICHUEM KaK OTIOJI3HHU, BO3HUKAIOIINE B BBICOKOTOP-
HBIX 00JIaCTSIX BCIIEJCTBUE PA3IMIHBIX TPUIUH, B 4aCT-
HOCTH W3MEHEHHsI BS3KOCTHBIX CBOWCTB MAaTE€pPHAIOB
13-3a MPHUPOIHBIX WM KIMMATHYECKUX MPOoIieccoB [1-
4]. Ilpennonaraercs, 4YTO MPOUCXOIUT ABUIKEHUE HEKO-
TOPOrO BEPXHErO CJ0s, COCTOSIIEr0 M3 PBIXJIOro
TPYHTa, KOTOPHIA HE CIOCOOCH BBIICPKUBATH HATPY3KY
COOCTBEHHOTO BeCa, IIOATOMY MPOUCXOIUT CMEIICHUE.
Takoe reoyioro-ropHoe sIBJICHUE MPEICTaBISET OIpe-
JISTICHHYIO YTPO3y COOPYKESHHSIM U HACEJIICHUIO, HaXO-
JIAIIAMCS B TAKUX pailoHax.

IIpu coxpaHeHHH ONPeAETEHHBIX T€0JOTHIECKIX
W KIUMaTHYEeCKHX YCIOBUH, B TaKWX MeCTax
JIOCTaTOYHO JIOJITO€ BPEMsSI COXPAHSETCS YCTOWIUBOE
MOJIOKEHNE TPYHTOBBIX MaTepuanoB. OmHAKO YacTo
HMMEET MECTO YBIaKHEHHUE U Pa3MbITHE TOPHBIX MOPOJ
JIO)KJEBOM WIJIM Tajlod BOAOW, 4YTO MNPUBOAAT K
W3MEHEHUIO  BS3KOCTHBIX CBOMCTB  Marepuaios,

MPOIIECCOB MOTYT BO3HHUKATh IOJ3YIINE IBIKCHUS
BEPXHHUX CJIOEB BO3BBILIEHHOCTEH MOJI BO3JEHCTBHEM
COOCTBEHHOH  TsDKecTH. lcciemoBaHHMSI — Takoro
ABJICHUS SIBISIETCA AKMYANbHbIM — TI0 W3BECTHBIM
mpuynHam [1,2,3.4].

MHoroseTHie HaOMIOAECHUS W HM3Y4YEHHE TaKHX
mnpoueccoB mnokaspiBanu  [3,4,5], uyTro oOcCagoOuHBIE
TOpHBIE TIOPOJIBI, KOTOpBIE IOKpBIBalOT Oonee 75%
TIOBEPXHOCTH 3E€MHOH CylM, 00JaaioT CBOMCTBOM
nonsyuecTd. «lloa3ydecTs — sIBIE€HUE MOCTENIEHHOIO
pocra nmedopmMamMi BO BPEMEHH HPHU HOCTOSHHOM
HamlpsOKCHHH W CHIDKCHHEM  TIPOYHOCTH  TIpH
JUINTENIFHOM HarpyxeHum» [7, ctp. 36]. YuureBasd,
YTO TMOJI3YyYECTh SIBJISIETCS MPUUYUHON TaKUX SIBICHUM,
KaK OIOJI3HU, CEJEBbIC TOTOKH, TCUCHHS JIEAHUKOB U
IpyTuX, B JaHHOW paboTe NMPUBEACHO TEOPETHYECKOE
HCCIICIOBAaHHE UX C IOMOIIBI0 MAaTeMaTHYECKOro U
KOMIBIOTEPHOTO  MOJEIMPOBaHUA.  «YIIPOILCHHBIE
MOJXO/bI, TAKUE KAaK METOJ| MPEEIbHOTO PABHOBECHS,
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HE  CIOCOOHBI  pelMTh  JaHHYI0  IIpoliemy
IPOTHO3MPOBAHUS YCTOIYMBOCTH CKJIOHOB B >KECTKUX
IIUHAX. TpaIuIMOHHBIC YHCICHHBIE METOIBI MOTYT
3¢ (PEKTUBHO HCIIONH30BATHCS UL HPOTHO3MPOBAHUS
ne(OpMallMOHHBIX  IPOLECCOB, IPOHCXOMAIIMX B
OTKOCaX Ha Mpeipa3pyIIUTeIH-HON cTagum» [3].
JanHast paboTa MOCBSIIEHa MAaTEeMaTHYECKOMY
MOJICTIMPOBAHUIO OJHOTO M3 BapHaHTOB MEXaHU3Ma
BO3HUKHOBEHHS OIOJ3HEH, KOTJa IMPOHCXOIUT OITyC-
KaHHe TPYHTOB MO BO3/ICHCTBHEM COOCTBEHHOTO Beca
NP M3MEHEHUHM UX PEOJIOTMYECKUX CBOMCTB. 31ech
UCTIONB3yeTCsl (pru3nuecKast MOJIeIb «IOI3YIINX)» Tede-

e, 2

HUH B BSI3KOM cJioe [9], a i uccneaoBaHus paccMar-
pUBaEMOro Tmporiecca - METOJl MaTeMaTHIEeCKOTO MO-
JETUPOBAaHASA C MPOBEIECHHEM YHCIEHHOTO 3KCIepH-
MEHTA.

2. IlocTaHoBKA 3aJa4Yd U €€ MaTeMATHYeCKas
MOJeJIb

B nanHOM citydae paccMaTpuBaeTcsl BA3KUN CIOU
OMPENICIICHHON TOJIIHMHBI (MOIIHOCTH), MOKOSIIUHCS
Ha MOBEPXHOCTH BO3BBIIIEHHOCTH U B HAYaJIbHBIH MO-
MEHT BpPEMEHH STOT CJIOW HaXOJUTCS B yCTOMYMBOM
MOJIOXKCHHUU, OTCYTCTBYET B HEM KaKOe-JIMOO IBHXKE-
nue (Puc.1).

Puc.1 — Hauanvroe nonosicenue 8036billeHHOCIU

[peamnonaraercs, YTO MPOUCXOJUT CHIDKCHHUE
3HAYEHHS JUHAMHUYECKOro KoddduimeHra BI3KOCTH
CJIOSI, M M3-32 9TOTO MIPOKMCXOUT JIBUKEHHE MaTepHa-
JIOB CIIOSI BHU3 MO CKJIOHY BO3BBIIICHHOCTH O] BO3-
JIeMCTBHEM COOCTBEHHOI'O Beca. Bo3HukaeT Heo0OX0-
IMMOCTE CO3JaHUs MATEMaTHYECKOM MOJEIH DTOrO
npoiiecca, ¥ CHOPMYITHPOBATH MATEMAaTHUECKYIO 3a-
Jaqy.

Jlist co3maHust MaTeMaTUIECKONW MOJICITH paccMaT-
PHBAEMOTO TIPOIECCa OMPEACISIIOTCS OCHOBHBIC €r0
napaMeTpsl U BBOJSITCS COOTBETCTBYIOIIME 0003HA-
YeHUsI. 3/1eCh MPHUHATA IPSIMOYTOJIbHASI CHCTEMa KOOP-
JIMHAT, B KOTOPOH X M Y - TOPU3OHTAJIbHBIE KOOP/IH-
HAaThl, & Z — BEPTUKAJbHAS KOOPAWHATA, OCb Z
HanpasJieHa BBEPX, 00paTHO HANPAaBJICHUIO BEKTOpa

CHJIBI TSDKECTH L.

Jast yripoieHust ObIIIM UCIIOIb30BaHbl U3BECTHBIE
U3 THAPOJANHAMUKH JOMYLICHHs O «MeJIKoi Boae» [9].
Jlis mpoBeieHNs PacyeToOB Ha KOMIIBIOTEPE HUCIOJIb-
30BaHbl Oe3pa3MepHbIC MapaMeTphl, IS HYero ocy-
IIECTBJIEH Mepexox K Oe3pa3MepHBIM IapaMeTpam.
IIpoBeneH aHanmu3 ciaraeMbIx B Oe3pa3MepHBIX ypaB-
HCHUAX, IMOJYYCHBI YIIPOINICHHBIC MATEMATHUYCCKUE 3a-
BUCHUMOCTHU, COBOKYITHOCTb KOTOPBIX ABUJIACh MaTE€Ma-
TUYECKOM MOJIENIbI0 U3ydaemMoro mnpoiecca. s onu-
CaHMsl CBOOOJHOH TIOBEPXHOCTH BS3KOTO  CJOS
MOJIy4eHO cieaylollee KBaswinHeiiHoe nuddepeHnn-
aIbHOE ypaBHEHHE NapabOoJIMYecKoro TUMa B Oe3pas-

MEPHBIX TIEPEMEHHBIX:
ou _ERr0 53,0, 9 0 3. 0%
e = 5 gy @ =8 oot w=8)- 1)
OCHOBaHHE BA3KOTO CJIOS OMUCAHO CIIEAYyIOMEH
¢byuxiueit [6-8]:
x2

Ey)=1—-f)e b

=222

rae f — nepBOHaYaJIbHAS TOJIIMHA BA3KOTO CIIOS.
B ypaBHeHuu (1) nMeercss eTMHCTBEHHBIN Oe3pas-

Ny pgH® .
MepHbIil mapametrp ER = T KOTOPBIN 3aBUCHUT OT

(MBUYECKUX U TEOMETPUIECKIX CBONCTB BSI3KOTO CIIOS;
rjae p — IVIOTHOCTh Marepuana u [ ][] TMHaMU4eCcKUii
K03(h(PUIMEHT BA3KOCTH CIIOS, g —yCKOPEHUE CHIIBI TS-
xkecty, U, H, L — XxapakTepHble BEIUYUHBI: CKOPOCTb,
BEPTUKAJIBHBII U FOPU30HTAJIBHBIM pa3Mepbl CIIOS CO-
OTBETCTBEHHO.

Pemenue ypaBHeHust (1) mo3BoisieT BBIYUCIUTH
3HAUEHUSI CKOPOCTEM IBUIKEHUS MATEPUAJIOB CJIOS 110

CleAyIoMM HOopMyIaMm:

_ ER 0z

u == [z-w?—@w-4§7?,

@)
w, =5 [z~ w? - (=9,
[pearnonaraercs, 4To B HAYaIBHBIH MOMEHT Bpe-
MenH (t = 0), Korza BA3KHUK CII0I HAXOAUTCS B COCTO-
SHUW YCTOWYMBOTO TOJIOXKEHUS, €ro CBOOOJHAS TIO-
BEPXHOCTH ObLIA OTHCAaHA CIEeAYIONIe Oe3pazMepHOi
¢dbyHKUMEH:
2 2
u(x,y,0) = e‘% : [1 - —Z(le:yz)]. (4)
W3 nomyiieHus 0 MajgoCcTH XapaKTEpPHOTO BEPTH-
KaJIBHOTO pa3Mepa CJIosl B CPaBHEHHHU CEro XapakTep-
HBIM TOPH30HTAIBHBIM pPa3MepPOM, MOXKHO C JIOCTa-
TOYHO OOJIBIION TOYHOCTEHIO IIPEANOJIONKNUTH BBITTOJIHE-
HHE CJIE/IyIOIEro YCIOBUSI:
u - 0 npu ycnosuu x — +00,y — o0, (5)
IIpunATHI ClleqyolKEe TPAaHUYHbIE YCIOBHUS:
x =xd,u(xd, y,t) =0; 5
{yzid,u(xid,t)zo; ©)
CdopmynupoBana MOCTAaHOBKA MaTeMaTHYECKOM
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3agaun (1)-(6). B cBsi3u ¢ TeM, 4TO OTHOCUTENBHO IIe-
PEMEHHBIX X ¥  IMEETCS] CAMMETPHSI, MOKHO OTPaHH-
YMBATHCA PACCMOTPEHHEM OJHOMEPHOM 3a1adH.

3. MeTton penieHus 3a1a4u

JUis pelieHus JaHHOM 3aJadd MCHOJB30BAaH KO-
HEYHO-Pa3HOCTHBIA METOJ WU AJITOPUTM HEIMHEHHOMN
pacyeTHOM cXeMbl [9]:

j+1 i Wt gt
w/ -l =2 (@ - Ea)® l“—‘-
}+1 u1+1 +1
3.
=7 (7)
i=123,...,.n, j=123,....m

rJie N — KOJMYECTBO TOYEK MO IEPEeMEHHON X, a
™M — 10 IEPEMEHHOMN t.

[omyuyennsie anredparmdeckue ypaBHeHU (7) sB-
JAIOTCS HEIMHEHHBIMH OTHOCHTENIBHO HEM3BECTHBIX
uw,i=123,...,nj=123,...,m /1 pewenns
TaKHX YPaBHEHHI MOKET OBITh UCIIOJIE30BaH UTEPALU-
OHHBI MeToJ. B maHHOM ciiydae BBOASTCS ClEAyO-
e 0003HaAYCHHUS:

u; = uij *1 _ BhiuncisiemMoe B cieayooei urepa-
[[MM 3HAYCHUE UCKOMON (pYHKIMU 1Ist

i+ 1

Wi = uf“ — BBIYUCJICHHOC B npe/:[bmymeﬁ HUTC-
pauuy 3HaueHUEe NCKOMOW (QYHKIIMU JUIst

j+ 1

‘Ui = ui] —BBIYHUCJIICHHOC 3HAYCHUC I/ICKOMOI7I

(YHKIMH B IPEIBIAYIIHIA MOMEHT BpEMEHU

(ans j).

VYauteiBass BBeAEHHBIE 0003Ha4YeHUs, U3 (op-
Mynbl (7) MOXHO TOJIyYHTh CIEAYIOIIYI0 CHCTEMY
YpaBHEHUM:

Aprwpy — (U +H A+ Ap) wi + Ay " Uiy =
v, (8)

rmei=123,...,n; j=123,...,m

KoahdunneHTs! 3T0i cHcTeMbl ypaBHEHHH orpe-
JICIICHBI (bopMynoﬁ'

Ai 3h fi)3,l' = 1,2,3,...,n. (9)

Wrak, mocrtaBieHHas 3ajada NpPUBEAECHA K CH-
cTeMe anreOpandeckux ypaBHeHHH (8). [lna kaxmoro
3HA4YeHMs IapaMeTpa j JaHHYI0 CHCTEMY MOXKHO pac-
CMaTpuBaTh Kak CHCTEMY ypPaBHEHHMH C «Tpexauaro-
HaJIbHOM MaTpuuei».

4. AJITOPUTM pelIeHns 3212491

Pacuernas cxema, KoTopasi OCHOBaHa Ha (opmy-
nax (7), mpeacTaBiseT COOOH HTepaIlMOHHBIH MpoIiecC.
B xagecTBe HyIeBOTO MPUOIMKEHUS U1 METOJa UTe-
panuu MCHOJB3yeTCs] 3HAYeHNEe NCKOMOH (yHKIIMU Ha
npesiyiiem cioe (f).

BuyTtpu wntepamum OyAyT BBIIIOJHEHBI CIEIyIO-
IIHe OTIepPaIiH:

1. Ompenenensl 3HaueHUsT KO3((PHUINEHTOB CH-
cTeMbl ypaBHeHuit (8) o ¢popmynam (9):

2. B npsiMoii poroHke OyIyT onpenesieHbl Heu3-
BeCTHBIE KO3 DUIMEHTHI:

a,=1; B; = 0.(10)

T (Wi

a _ _ Aisa
i+1 — )
1+A;+Aj41 .
Bi = vt Ap, By L 1,23,...,n— 1.(11)
i+1 1+A;+Aj4q ’

3. B oOpaTHOi1 IporoHKe OYIAYyT ONpeaesIcHbI 3Ha-
YEeHUsI ICKOMOH (pyHKIMM 1o popMysam:

Up = 0; W=ai4q " Upyy + Py i =n—1n—

,1.(12)

4. UtepalinoHHBIN MpoLIECC MPOAOIDKAETCS 10 TeX
1op, Moka He OyJeT BBHINOJHEHO YCJIOBHE 3aJaHHOMN
TOYHOCTH BBIYHCIICHUIL:

max{|uli] —wli]]} <e,

rZie € —MaJjoe MOJIOKUTEIBHOE YUCIIO.

5. YucJieHHAs peaau3anms aaropurma

IIpoBeneH YUCIECHHBINH SKCIEPUMEHT C MTOMOIIBIO
pa3paboTaHHOW KOMITBIOTEPHOW mporpamMmbl. B
JAHHOM CJIy4dae pellieHue 3aJauyd 3aBUCUT TOJIBKO OT
onHOTrOo Oe3pasmMepHOTro nmapamerpa ER. DneMeHTapHbIe
pacyeTsl OKa3aJly, 4TO I OOJBIIMHCTBA 0CaJ0YHBIX
MopoA, B TOM 4YHCI€ TIJHHUCTBIX, MNOKPBIBAIOIIUX
3HAUUTEIBHYIO YacThb 3€MHOH MOBEPXHOCTH, MOPAIOK
3HaUeHMH Oe3pa3MepHoro mapamerpa ER MOTyT OBITh B
mpenenax 0,01; 0,1; 1,0; 10. [na stux 3HaueHuUit
JAHHOTO TapaMeTpa ObLIN NIPOBEAEHBI PACUETHI.

B mmaH YHCIEHHOrO S3KCHEPHUMEHTa BKIIOYCHBI
CIIeYIONIHE TaHHBIE!

- s Oe3pasmepHoro mnapamerpa ER TpUHSATHI
yetblpe 3Hauenws: ER = 0,01; ER =0,1; ER = 1,0;
ER = 10;

- IIard 10 HE3aBHCHMBIM IIEpEeMEHHBIM: h =
0,002; T =0,0001;

- TIepBOHaYajbHAas TONIIMHA
MOCTOSIHHOW ¥ paBHO# f = 0,3;

- JUIi OIpeAeleHUs] TOYHOCTU
npunsato € = 0,0001;

- pac4eTsl MPOBOAMIINCH [T IPOMEXKYTKA BPEMEHH
0<t<10;

- MPOMEXKYTOK IO TOPU30HTAILHON MEpPEMEHHON
coctaBun —3 < x < 3.

Pesynomamor yucnennozo pewenus 3adauu. B

CJIod  [OpUHATa

BBIYHCJICHUH

pe3ylbTaTe YHMCICHHOW pealu3alu  aaropuTMa
peuleHus JAHHOW 3aJauyd IIOJIyYEHbl PE3YJbTarThl,
KOTOpble  MPEACTaBICHbI B  BHAE  I'padUKOB.
OmnpeneneHbl  MOJIOKEHUS]  BSI3KOTO  CJIOSL  JUJIA

Pa3IMYHBIX MOMEHTOB BpeMEHH B NMpoMexyTke 0 t <<
10 nnst pa3HBIX 3HaYEHUH Oe3pa3MEpHOro MmapameTpa

ER. W3-3a Toro, uro mpu ER = 0,01, xorma
OUHAMUYecKni  Kod(dduimenT BAI3KOCTH  MMeeT
JOCTaToO4YHO  OOJibIIOE  3HA4YEeHHWE,  W3MEHECHHE
NEPBOHAYAIILHOTO  TOJOXEHUS  BSI3KOTO  CJOsA

OKa3alloch HE3HAYUTENBHBIM, TpapuK I 3TOTO
Cilydast 371eCh He IPEJICTaBIIEH.

Ha ¢wur.2-4 nokazaHbl HEKOTOpPHIE ITOJIOXKEHUS
BSI3KOT'O CJIOSI B MOMEHT BpeMeHH t =10 it 3HaueHUi
napamerpa ER: 0,1; 1,0; 10.

Pesynprar pemenus 3amaunm s ER = 0.1
MIPUBECH Ha cieaytoniem pucynke (Puc 2.). B nanaoM
cinydae KOd(QPUIMEHT BI3KOCTH CJOS JTOCTATOYHO
BbICOKMH. [loaTOMY nepeMelnieHHe MaTepUalloB CIIOS
0Ka3aJIoCch HEOOIBIINM.
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Puc. 2 — Honoocenue es3x020 cnosi npu t = 10 dns ER = 0,1.

B cnygasx, xorna nuHaMudecknil ko3dduuueHT
BSI3KOCTH CJIOSI UMEET HEOOIbIINE 3HAYEHHUS, YTO CJIOM

BeZIeT ce0s KaK BA3KHI CJIO#, 1 IepeMelleHre MaTepH-
aIoB cJos OyzaeT 3HaunTenbHBIM (Puc.3):

t= 108 ER~- 10

o4 2 i x " 3
=i 1% . 0 ) ) ? 1% 2
Epewsn
T T S T T e ey T T T e T e T e e e ey
T 2 3 4 S 6 7 8 9 1011 12 13 32 15 16 17 3 20 21 22 23 24 >
ER
T T L T T L e L T L T T T T T T T T T oy
® 05 1 15 2 25 3 35 4 &5 5 55 & 85 7 75 8 B85 9 85 10

Puc. 3 — Ionoocenue 6s3x020 cnos nput = 10 oz ER = 10.

6. Ananus pe3ynomamos

B cBs3u ¢ TEM, YTO OCHOBHBLIM IapaMe€TpOM, BJIU-
SIFOIUM  Ha paCCManI/IBaeMl)Iﬁ mpouecce, SABJISACTCSA U3~
MEHECHHE 3HAUYCHHS TUHAMHUYECKOTO Ko3(h(HUIMeHTa
BSI3KOCTH, M3MEHEHHUE 3TOT'0 ITapamMmeTpa ObUIO YUTEHO B
Ka4yecTBe OCHOBHOIO (hakTopa MpH HCCIIeIOBaHUM JaH-
Horo nporiecca. CienoBarenbHO 3HAYCHUs TapaMeTpa
ER, 3aBucsIIETO OOPATHO MPOTIOPIIMOHAIBHO OT JUHA-
MHYECKOTro K03 duiinenTa BI3KOCTH, OBLTH HCTIOIB30-
BaHBbI 1715l YHCIICHHOTO KCIIEPUMEHTA.

W3 ananu3a YMCIICHHBIX DPE3yJbTATOB CIIEAYET,
YTO TP JOCTATOYHO OOJBIIOM 3HAYECHUM JHHAMMYE-
ckoro ko3 dunmenta psskoctn (ER 0 0,1 uw ER O
0,01) u3smenenne MepBOHAYAIBHOTO COCTOSHHUS CIIOS
OyneT He3HauWTENbHBIM. B camom jene, omyckaHue
MaKCHMaJIbHOM TOYKM (BEpILIMHBI) BHEIIHEH MOBEpPX-
HOCTH CJIOSI 3a NMpoMexyTok Bpemenu t [110 cocTas-
nsieT ans cimydasi, korma ER [ 0,1, Bcero Ha 6,15%
(ymenbinenre ot 1 no 0,9385), a mus ciydas, korma
Bcero Ha 1.09% (1o xe camoe, ot 1 go 0,9891). s
CpaBHEHHUS MOXKHO TIPUBECTH NaHHbIe At ER =1 m
ER = 10. B nByx mocnmemHux ciaydasx Kod3(hQHUIueHT
BSI3KOCTH OyZIeT MMETh CPaBHHUTEIBLHO HEOOJIbIINE 3HA-
yenus. OnyckaHre MaTepHatoB BSI3KOTO CJIOS IPH ATOM

OyZIeT 3HAYWTENbHBIM, OITyCKaHUE BEPIIMHBI CIOS CO-
ctaBut st cinydass ER = 1 okono 18%, a ana ER =
10 okomo 20%.

Kpowme 3toro, ciemyer OTMETUTbh, YTO U3-3a OIYC-
KaHUsI MaTCPUAJIOB CJIOSI TIPOUCXOIUT YTOHEHHE BEPX-
HuxX 4acteid (Dur.4), ¥ 3a CUET 3TOTO MPOIIECCa MPOUC-
XOJWT YTOJIICHHE HWKHUX YacTedl paccMaTpUBacMOM
00JIacTH, TJIc HAKAIUTUBAIOTCS OCaJOYHBIC TIOPOJIBI, TOJ-
[IMHA KOTOPBIX IOCTUTACT 3HAYHUTEIHHBIX Pa3MEpOB.
YToNeHne cios 0Ca0YHbIX MOPOJ] HAa CAMOM HIDKHEM
YpOBHE (Ha MOJIOIIBE) BO3BBIICHHOCTH JIJISI PA3ITUYHBIX
BapHaHTOB cocTaBysuI OT 13,6% mo 84,2%.

6. 3aknrouenue

Crnenyer OTMETHTB, YTO pE3yIbTATHl PEUICHUS
JIAHHOM 3aJIa4M MO3BOJISIET TEOPETUIECKOe (MaTeMaTH-
YECKOE) OMUCAHNE MEXaHW3Ma BOSHUKHOBEHHS OTOJI3-
HE#, 3ajieraloliuX Ha BO3BBIIICHHBEIX MECTHOCTSX.
IIpoBeneHa oneHKa U3MEHEHUM, TPOUCXOAAIIUX U3-3a
OIIOJI3HEH TPU YMEHBIICHUH K03()(QUIIeHTa BA3KOCTH
ocaouHbIX nopon. IlomyyeHHbIE pe3yabTaThl UCCie-
JIOBAaHUSI MOTYT OBITh MOJIC3HBIMU ISl H3yUYCHHS TAKOU
aKTyaJIbHOH MPOOIEMBI, KaK MEXaHU3MBI ITPOUCXOS-
IIUX B TOPHBIX pallOHAX OMOJI3HEH OCaJOYHBIX MOPO/I.



36

Annali d’Italia Ne66/2025

Taxxe MOTYT OBITH HCIIOJIb30BAHbI JJISi OIICHKH Mac-
mTabOB KaTacTpOGUUECKUX TOCIEACTBHIA H3-32 BO3-
HUKHOBEHHUS OIOJI3HEH.
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Abstract

In this paper we study n-convex functions. We mainly study four types of n-convex functions: lower semi-
continuous n-convex functions, simple n-convex, n(A)-sublinear and n-sublinear functions. We also consider n-
convex functions that are the pointwise upper bound of some non-empty family of n-affine, n(A)-affine, n-linear
and n(A)-linear functions, respectively. It is shown that n-convex functions are closely related to convex functions
defined on the tensor product of spaces. In this paper we study n-subdifferentiability of n-convex functions, simple
n-convex, n-sublinear functions and study a number of their properties. In this paper we also study the properties
of n-conjugate functions. In this paper we study the n-subdifferential of the maximum function. Using convex
hulls of n-convex functions on the tensor product of spaces, criteria for n-subdifferentiability of n-convex functions
are obtained. A characterization of n-convex functions and n-convex sets is considered.

AHHOTAN NS

B pabote usydaroTcs n-BelnyKJible QyHKIUH. B OCHOBHOM M3y4alOTCs YEThIPE THIA N-BBIMTYKIIBIX (QYHKIHIH-
MOJYHETPEPHIBHBIC CHU3Y N-BHITYKJIbIC (QYHKITUH, IPOCTHIE N-BBRITYKIbIE, N(A)-cyOnnHeHHbIE 1 N-CyOIUHEHHBIC
¢yaknmun. PaccMaTpuBaroTcs Takke N-BBIMYKIIBIE (YHKINU, KOTOPBIC SBIAIOTCS TMOTOYCYHOU BEpXHEW TpaHbBIO
HEKOTOPOro HemycToro cemeiicta n-ad¢unubx, n(A)-adpdunnsix, N-muHeiHbXx 1 N(A)-THHEHHBIX QyHKIUH
COOTBCTCTBCHHO. HOKaSaHO, YTO N-BBIIIYKJIbIC (I)YHKLII/II/I TECHO CBA3aHbI C BBIITYKIBIMU (1)YHKL[I/I$IMI/I
OIPCACIICHHBIMU Ha TCH30PHOM MTPOU3BCACHUN TPOCTPAHCTB.

B pabote m3yuaercs n-cyOmudQepeHIHPYEeMOCTh N-BBITYKIBIX (YHKOWUH, MPOCTHIX N-BBIMTYKIBIX, N-
CyONMHEHHBIX (QYHKIUN M M3Y4aeTCs Ps UX CBOMCTB. B paboTe Takke M3y4aroTCs CBOWCTBA N-COMPSDKCHHBIX
¢ynkumii. B crarbe m3yuaercs n-cyonuddepenuman ¢ynxkunun makcumyma. C HCIOIb30BaHHEM BBIMYKIIBIX
000JI0YeK N-BBIMYKJIBIX (YHKIMH Ha TEH30PHOM MPOM3BEIEHHH IPOCTPAHCTB, IONYYEHBI KPUTEPUH N-
cyomuddepeHpyeMoCcTH N-BhIMYKIIBIX (QYHKIHH.

PaccmaTpuBaeTcst XxapakTepu3alusi N-BeIMTYKIbIX (YHKIMHA U N-BBIMTYKJIBIX MHOXKECTB.

Keywords: n-convex function, n-subdifferential, n-concave function.

KuaroueBbie ciioBa: N-Beimykias QyHkws, N-cyoauddepenua, N-BorayTas ¢ yHKIIHS.

1. Baepenmue
IMycts Xy,...,X,, nedictBuTenbHbIE GaHaxoBbl pocTpancTsa, R, =R U{+x}, R =R U{tx},

R, =[0,4+) . O603Hauum uepe3 X; ®---® X, TeH30pHbIE IPOU3BENCHHS IPOCTPAHCTB X,..., X, .

@ynknuto f:X;x---xX, >R,

00

Ha30BeM N-BBITIYKJIOHN, ecin i aro6oro i=1...,n u mo0sIx Y i € X i

COOTBETCTBYIOMHUX BceM | # 1, Gynkmmu X; —>F(Yq,..., Vi, Xi,Yiss--+Yn) BBIIYKIBIE TIPH X; € X; .
Takoe ompeneneHue N-BBITYKIONH (YHKIMH OXBaThIBAeT IOCTAaTOYHO MHorue ¢yHkuuu. Hanpumep, eciu
f:X;x---xX, >R,, Bbykitas (QYHKIHA, TO OHa TaKXke sBIseTcss n-BeImykinod. Ecmm g;:X; >R,

BBINYKJIblE HeoTpHuareibubie (Gydakuun npu 1=1...,n, 1o g,(X;)---0,(X,) Takke sBisercs N-BBINYKIOH
bysakupeit Ha Xy x---x X, Cy)KeHHe Ha HpocTpaHcTBe X; X---X X BBIIYKIbIX (YHKINH ONMpeqeIeHHbIX Ha

X, ®---®X,, 1 psix Apyrux KIaccoB GyHKINH SBISIOTCS N-BBILYKIBIMH.

k
Ecmm @; 1 Xq x--x X, > R, n-Beimykisie dyskimu npu i =1,...,K, 10 D g;(Xq,++,X,) Takke sBiseTcs
i=1
N-BeImyKJIOH yHKIMeR Ha Xq X x X, .

Iycts X gy i Xy x---x X, =R n—muneiinas ynxums, X g s Xy x-x X3 =R, .,
Xzz,...,n)t 1 Xy x---x X, >R (n-1) -nmuneiiasie GyHKIHH, Xa“_‘nfz)t Xy x-ex X, >R, L,
X’(k&__"n)t Xy x-x X, =R (N—2) -nuueitnsie  GyHKumm,..., X5 i X; >R, ..., Xp X, >R 1uHeiiHbe

byukuuy, C; €R,roe teT, T nemycroe muoxecTBo. [Ton0kuM
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* * *
Or(Xps-- X)) =X, nyt (X0 X )+ X1yt (Xaoe e X))+ Xyt (X200 X0 ) +
+XZl,...,n—2)t(X1!-'"Xn—z)+'"+X>E3,.,.,n)t(XS’“"Xn)+'"+XIt(X1)+"'+X:1t(Xn)+Ct'

OrmetuM, 9To g(Xq,...,X,) =SUP 60;(Xq,--+,X,,) N-BBITyKIast GyHKIMSA HA Xq X---x X .
teT

Iycts g: Xy x---x X, >R, . Ecmu dynkiuu x; — 9(Xy,...,X;,...,X,,) NOTOKHUTEILHO OJHOPOIHBIE UL
moboro i=1,...,n nmwobex Y;je X;, cootBeTcTBytonmx BeeM j#i g(Ys,...,Yi1,0,Yisgr---1¥n) =0, TO hyHK-

IIMI0 § Ha30BEeM N-TIOJIOKUTEIHHO OTHOPOIHOM.
Ecnu pynxkmuu X; — g(Xq,...,Xj,...,X,) BBIIYKIbIE U IIOJ0KUTEIBHO OJHOPOIHbIE U AN JI0O0ro

i=1...n u mobeix Y;je€X;, cootBeTcTBytommx BCeM j#i g(Yy,...Yi1,0,Yiya,--Yn) =0, To dynximio g

Ha30BeM N-CyOIUHCITHOI.
WHoraa B onpe/iesieHusIX N-MOJ0XUTEIBHO OJHOPOIHOM U N-CyOnuHEHOM QyHKIMHU 11 roboro i=1,...,n

1 JI00BIX Y € X, COOTBETCTBYIOMMX BCeM =i ycnoBue g(Yyq,...,Yi1,0,¥iq,...,¥n) =0 oTCyTCTBYET.

Oynxumio f:X; x---x X, = R,,, Ha30BeM N-BOrHYTHIH, ecru 1uist 1 =1,...,N u m00bIX Y € X;,
COOTBETCTBYIOMINX BCeM 1, GyHKImH X; —>F(Y1,..., Vi1, Xi,Yisas--- Yn) BOTHYTBIE IpH X; € X .

Eemn q(Xq,-+ Xizg, Xiy Xigas X o1y Xjs XjagseeXn) = AXg,e 00 X=Xy Xige o0 X1, Xy Xjgas-0Xp) TPH 1<,
i,je{l...,n}, TO GbyHKIMIO g: Xy x--xX, >R,y Ha30BeM YETHBIM. Ecmu u3
(XqseeeXicgs Xis Xissee X 15 X X jugoe-0Xn ) € € cmmestyet, uto (Xq,.Xig, =X, Xjsq X j1,=Xjy X jy1,-X ) € C 1ipu
i<j,ijedd,...,n}, ro mHOXecTBYy C HAa30BEM YCTHBIM.

PaccMoTpuM BaxkHBIE MOJIKIIacca N-BBIMYKIIBIX QyHKIMA. OO cityyail n3y4aercs aHajIoTudHO.
O6o3HauuM gepe3 B(X; x---x X;,R) BEeKTOpHOE MPOCTPAHCTBO N-IUHEHHBIX HENPEPHIBHBIX (GYHKUUH U3

Xy x-+-x X, B R. Ilyct X e B(X; x---xX,R), z' e(Xlx-nxXn)*, o € R. 13BectHO, 4TO
Z Xy X)) =25 (Xg) +--- 425 (X)) TpH (Xqye. X)) €Xy XX Xy, T (Z),..,20) € X5 x---x X . DyHKIHIO
b(Xqy,.. X)) =X (Xppee X))+ 25 (Xg) 4+ 425 (X)) + 0 Ha30BeM n(A)-adpduHHEIM npu
(X150 Xp) € Xy X% X,

Oynkio D(Xy,..., X, ) =X (Xqre. 0 Xy )+ 25 (X)) +---+25(X,,) Hasosem N(A)-muneiinsiM 3 Xy x---x X, B
R.

Ecm X" € B(X; x---xX,;,R), ceR, 1o gpynxuuu b(X,...,X,) =X*(X1,...,Xn)+c Ha30BeM N-apUHHBIM.
MHuoxecTBO Beex N-apduuubIx GyHKIHA U3 X; X---x X, B R o6osnaunm Ba(X;x---xX,,R).

Eciu  muoxkectBo  domf ={(X;,...,X,) € Xy x---x X : f(Xq,...,X,,) <+o0}  wemycro, TO (QyHKIHSA
f:X;x---xX,, > R, Ha3bIBaeTCA COOCTBEHHOH.

Oco60 OTMETHM YeTHIpe BaXKHBIX MOAKIIACCA N-BBIMYKIIBIX (QYHKITHH.
1) CoBoxynHocTh coOcTBeHHBIX (yHKIME F:X;x---xX, >R, Kakzaasi, U3 KOTOPHIX sBJsIeTCS

NOTOYCYHOW BEpXHEW IPaHBI0 HEKOTOPOro HemycToro cemeiicTBa N(A)-abdrHHBIX QyHKIMIA, 0003HAYNM Yepes3
A(Xy x--+x X)) . VI3 3T0T0 ONpeieeHns HEMEJIEHHO CIEMYET, YTO Bee (yHKIHUM

Fe A(X;x---xX) N-BBITYKIIbI U IOJyHEIPEPHIBHBI CHU3Y.

2) CoBoxynHOCTh cOOCTBeHHBIX GyHKIMHA f:X;x.--xX, >R KaXJash M3 KOTOPBIX SBISIETCS

+00 2
MOTOYEYHOW BEPXHEH TpaHbIO HEKOTOpOro cemeiictBa N-ahPuHHBIX QyHKOWA 0003HAUMM  Yepe3
AB(X; x---xX,)).

3) CoBokynHOCTb coOcTBeHHBIX (yHKIMH f:X;x---xX, >R,,, Kaxkznas u3 KOTOPBIX SBIAETCA

HOTOYEYHON BEpXHEH IPaHbI0 HEKOTOPOrO CeMENCTBa N-JIMHEHHBIX HEMPEePHIBHBIX (QYHKIHMN 0003HAYMM Yepe3
SB(X; x---xX,) .

4) CoBokynHOCTb CcOOCTBeHHBIX (yHKmuHA f:X;x---xX, >R KaxJasi M3 KOTOPBIX SBISIETCS

+00 %
MOTOYEYHOU BEPXHEH I'PAHBIO HEKOTOPOTO ceMelcTBa N(A)-ITMHEWHBIX HENMPEePBIBHBIX (YHKIUIT 0003HAYNM Yepes
SA(X; x-+-x X))

Cunraem, uyro X,;®---®X cHaOxeHo mpoekTuBHOM Tomosorued. Ecmu fi(X; ®---®X,)=

> 1 n 1\ n

=f,(X,®---®X%,)) mpu (Xq,...,Xp) X x---x X, TO oroxmectBuB O¢yukuun (X, ®---®X,) wu
fo(X; ®---®X,,), DONy4uM B3aMMHO OJHO3HAUHOE COOTBETCTBUE MEKIY KIACCOM BCeX (yHKIHIA,
onpeneneHHbIX Ha Xy X---x X, 1 X; ®---® X, cCOOTBETCTBEHHO, 3HAUCHHs KOTOPBIX COBIAAIOT. [loaToMy ecin
BO3MOXHO, HM3y4YeHHE CBOWCTBA (YHKIME, onpeneneHHbIX Ha X;X:--XX, MOXHO TPHBECTH K H3YYCHHIO

cBoiicTBa pyHKLHH, OmpeeneHHbIX Ha Xy ® - ® X, .
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OTMETHM TaKXKe YeThIPe BaKHBIX TIOAKIACCA BBITYKIBIX (DYHKLHIA.
a) MHOXeCTBO BCeX COOCTBEHHBIX TIOJIyHENIPEPHIBHBIX CHU3Y BBIYKIbIX (yHKIMI 13
X ®---®@X, xX; x---xX,, B R,, 0603naunm gepe3 I'5(X; ®---@X xX; x---xX,).

b) MHoKeCTBO BCeX COOCTBEHHBIX MOMYHEIPEPBIBHBIX CHU3Y BBIMYKIBIX QyHKIMA 13 X; ®---® X, B R,

+00

o6o3uaunM uepe3 ['j(X; ®---®@X,).
¢) MHOXecTBO BceX COOCTBEHHBIX IOJIYHEIPEPHIBHBIX CHU3Y CYONMHEHHBIX QyHKIUHA m3 X; ®---®@ X, B
R, o6o3naunm gepes S(X; ®---®X,)).

d) MHOXecTBO BceX COOCTBCHHBIX IOJYHENPEPHIBHBIX CHHU3Y CYOJIMHEHHBIX  QYHKIHE W3
X ®--®@X, xX; x--x X, B R,, 0603naunm gepe3 S(X; ®:--®@X xX; x-+-xX,).

Jlerko mpoBepsiercss Mexay kimaccamu A(X;x-xX,) u I (X @ - ®@ X, x X x -+ x X ), Mexay
kmaccamu AB(X;x---xX,) u Ij(X;®---®X,), mexnay xmaccamu SB(X;x:--xX,) u S(X;®---®X,)
uMeroT TecHble cBs3u. Ecmm g € [ (X; ®--- @ X, x Xy x---x X)) 1 @(Xq,...,X,) =0(X; ®...® X, Xq,...,X,,) IIpH
(X1, Xp) € Xy X0 x X, TO e AXy x--xX,) . Ecnu gely(X;®:--®X,) u
O(Xq,y.. X)) =0(X; ®---®X,) pu (X1y.- 0 Xp) € Xy x--x X, TO @e AB(X; x--xX,). Ecnu
geS(X;®:--®X,)) u ¢(X1,...,X,) =9(X; ®---®X,,) mpu (Xq,...,X,) € Xy x++-x X, To @eSB(Xyx---xX,)

+00

Ecmn @ e AB(X; x---x X)) wmi @(Xq,...,Xp) =9(X; ®...®X,,) mpu (Xq,...,X,) € Xy x---x X, rie
gely(X;®---®X,)), T0 hyHKUMIO @ HA30BeM KaHOHMUECKOi N-BeImykiol. Eciu ¢ € SB(X; x---x X)) mm
O(Xg,.. X)) =0(X; ®...®X,)) mpu (Xq,...,X,)€Xyx-+-xX,, tne geS(X;®---®X,), 10 dyHKUIHIO @
HAa30BeM  KaHOHMYeCKOM  N-cyOumuediHod.  OtmeruMm, 9to  SB(X;x---x X, )c AB(X;x---xX,)c
c A(Xy x---x X)) . Kanonndeckast n-Bblnykiass GYHKUMS SBISSTCS N-BBIMYKIOH M MOJYHEIPEPBIBHOM CHUBY,

KaHOHHWYECKass N-CyOnuHeWHas OQYHKIMSA SBISCTCS N-CyOJMHEWHOM H MONyHEIpepsiBHOW CHU3y. Ecin
@eA(X;y x---xX,), To PyHKIHIO @ HAa30BeM KaHOHHYECKOH N(A)-BBIITyKIOL.

OYHKIHIO Z (Xq,..., X, ) =23 (X1) +-++Z5 (X, ) + 0 HasoBeM aduunbM, e Z € (X x---x X)),

aeR, (Xg,...,X,) € X x---xX,,. CoBOKymHOCTb cobcTBeHHBIX QyHKImHA f:X;x---x X, — R, , Kaxgas u3

+00
KOTOPBIX SIBJISIETCS TOTOYEYHOM BEPXHEH TpaHbi0 HEKOTOPOTO cemeiicTBa adhGUHHBIX GYHKIMI 0003HAYNM yepe3
Io(Xyx-+-xX,). W3 aroro ompemeneHuss HeMemIeHHO cieayeT, uto Bce GyHkmun fely(X;x---xX,)

BBITYKJIBl M IOJIyHEeNpepsIBHBI cHU3y. Kiace Beimykibix ¢yHkmumid 3 X; x---x X, B R, xopouio n3yuen. B

paboTe B OCHOBHOM H3y4aeTcs N-cyoanddepeHmpyeMocTs N-BRITYKIBIX QYHKIH, cyoanddepeHmpyeMocTs
KOTOPBIX «CYLIECTBEHHO» OTIMYAIOTCS OT BBITYKIJIBIX ()YHKIUH.
Iycte Xi,...,X,, JHHEHHbIE NpOCTpaHCTBAa. Tarkke MOXHO PACCMOTPETh CIEAYIOIIUA MOAKIacc N-

BBINYKIBIX (QyHKuuid. CyxeHue Ha mpocTpaHcTBe XgX--+x X, BBIIYKIBIX (YHKIUHA ONpEIeNeHHbIX Ha
npoctpaHeTBe X ®---® X, x Xy x---x X, Cy)eHHe Ha TpocTpaHcTBe Xj;X:--XX, BBIIYKIBIX (YHKIUH
omnpezeneHHbIX Ha Xq ®---® X N-BhITyKIIbIe (PYHKINH, CY)KSHHE HA IPOCTPAHCTBE X; XX X, CyOnMHENHBIX
GyHKUMH onpeneneHHBIXx HA mpocTpaHcTBe X; ®---® X n-cybnuuennas ¢ynxupsa. Ecin  F(v,Xq,...,X,)
Boimykias  QyHkmus Ha Xy ®--@X xX;x--xX,, 10 0(Xq,...,X,) =F(X; ®...®X,,Xq,...,X,) 0pH;
(X1, X ) € Xy x---x X, n-Boinyknas ¢ydxmus Ha  Xgx---xX,. Benn F(v) Beimyknas dyHkius Ha
X ®--®X,, 10 ¢O(Xy,...,X,)=F(X; ®...0%X,,) mpu (Xq,...,X;) € Xy x---x X, N-Boimyknas (QyHKIUS HA
Xyx--xX,. Ecmn g(v) cybmuneitHas ¢yskimus Ha X; @@ X, 10 O(Xq,...,X,)=09(X; ®...®X,) 1upu
(X1, X ) € Xy x++-x X, N-cyOnmHeiinas GyHKIHS Ha IpocTpaHcTBe Xq XX X, .
O603HaunM yepes E(Xl x---x X,,R) BekTopHOE MPOCTPaHCTBO N-THHEHHBIX HYHKIHUH 13

Xyx---xX, B R, a uepes Xj BekropHoe mnpocrpancrBo iuHedHslx ¢yHkuuidi u3 X; B R. Ilycts
(z1,...z5) e X x--x X, X*eé(Xlx-uxXn,R), acR. Oymkmmo  b(Xp,...,X,) =X (Xg,...,Xp)+
+2; (X)) ++--+Z(X,) + o HasoBem anrebpanuecku N(A)-appunnbim, rae (Xq,...,X,) € Xy x---x X, . OyHkums

F:X;x--xX, = R, gBIsOmascs NOTOUYCYHOH BepXHEil TpaHHIell HEKOTOPOTro CeMelcTBa areOpanyecku

n(A)-apduHHBIX QYHKIMH, ABISETCS N-BBIMYKIOH (HYHKIHCH.

[MonsTrs N-CyOMMHEHHBIX M N-BBITYKIBIX (QYHKIMH BBEIEHBI aBTOPOM B [ 1-3]. M3yueHns N-BBIMYKIBIX QyHK-
IUH ¥ N-BBINYKJIBIX MHOXECTB MOCBAIIeHa MOoHOTpadus [4]. MHOTHE CTaThH U NPETIPUHTA aBTOPA HOCBSIICHBI B
aToi Temaruke (cM. [4] u [5]). Ho kimacc N-BeITTyKIIBIX (QYHKINK OYeHb MUPOK. [103TOMY elie UMEIOTCS He Ucciie-
JIOBAaHHBIC 3a/1a49H.

N-cyOnuHeHbIe PYHKIIMA 0COOSHHO BaXKHBI IIPH UCCIIeIOBaHUH cyonnddepeHmpyemMocTu
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N-BBIITYKJIBIX ¥ BBICOKOTO IoOpsiika cyoauddepeHurpyeMocTy HeBbITyKIbIX GyHkuumii. B uccnenosanuu n-
cyomudhepeHIMPyeMOCTH N-BBITYKJIBIX (YHKIIUN BaKHYIO POJIb UTPAET MOHATHE N-COMPSDKEHHBIX (QyHKIMiA. B
paboTe MOTydeHBI pa3HbIe U YKBUBAJICHTHBIE ONPEACICHHS

Nn-cyomuddepennmana N-BEITYKIbIX QYHKIMA. XO0TsS HEKOTOPBIE CBOWCTBA N-BRITYKIBIX (PYHKIHIA Ommke K
CBOMCTBaM BBINTYKJIBIX (DYHKIMH, HO BO3HHKAIOT CYIIECTBEHHBIC TPyAHBIC 3amadn. OTMETHM, 4TO N-BBITYKJIBIX
(bYHKIHH 1 N-BBITYKIIBIX MHOYKECTBA HMEIOT TECHBIE CBSI3H. B pabote nokasawo, uto pyukuus f n-eimykiia rorma
M TOJIBKO TOTr/a, Koraa N—epf Nn-Belmykioe MHOXECTBO.

Psin cBOMCTB N-BBIMYKIIBIX MHOXKECTB M3y4eH B [4]. B [4] uzyuensl Takxke N-cyonuddepenuu-pyemocts N-
BBIITYKJIBIX ONIEPaTOPOB.

B [6] u [7] uzy4anace Takxke n-cyoaudhepeHIMPyEeMOCTh N-BbIMYKIBIX (BYHKIHH.

B wm3yuennn cyomuddepeHnrpyeMocTi BBINYKIBIX (YHKIHUHA CyINIECTBEHHYIO POJIb WIpaeT Teopema
Xepmanzepa [8-11], a B uccnemoBanue N-cyoauddepeHnnpyeMocTs N-BRITYKIBIX (DYHKITHHA CYIIECTBEHHYIO POJIb
UTpaeT MOHATHE TeH30pHOTO npousBenenus [12], [13].

B wuccnenoBannum HEOOXOOMMOE YCIOBHE BBICOKOTO IOPSIKA JUIA HETVIAAKHAX 3a7ad  ONTHMM3AINH
CYIIECTBEHHO HCIIONB3yeTcs N-cyoauddhepeHnupyeMocTs N-cyOnnHeHHBIX (yHKINH.

Pabora cocrout w3 ueThlpex MyHKTOB. B m.2 mccmemyercs N-cyOmndepeHnrupyeMocTs N-BBITYKIBIX
(hyHKIMH ¥ U3Y9ICHBI PST X CBOMCTB. B 1.2 mponomkaeTcs nccieoBaHne CBOUCTB N-COTPSHKEHHBIX (DYHKIHHA U
MOJIyYeHbl SKBHUBAJIICHTHBIE OIpeAeieHus N-cyoanddepeHyana N-BhIMyKIbIX (QYHKIMH B TepMUHAxX N-
conpsbKeHHbIX (GyHKIMH. B 1.3 u3ydaeTcs psi CBOMCTB N-BBINMYKIBIX MHOXECTB. B 1.3 Takxke paccmarpuBaercs
BBITYKJIast 000JI09Ka N-BBIMYKIbIX QyHKIMA. JokazaHbl TeopeMbl 00 N(B)-0TaenMMOCTH N-BBIMTYKIBIX MHOYKECTB
U TOYeK. PaccMaTpHUBAKOTCS O XapaKTepU3alUH IMONTYyHENPEPhIBHBIX CHU3Y N(A)-BeIMyKIbIX (yHKImA. B m.4
uccienyercs: N-cyonuddepeHpyeMocTs KaHOHMYECKUX N-BBITYKIIBIX (DYHKIMHA W W3y4YEHBI PSIl UX CBOWCTB.
PaccmarpuBaroTcst 0 XapakTepH3alyy NOTyHEIPEPbIBHBIX CHU3Y KAHOHMYECKHUX N-BBIMTYKIIBIX (DYHKIHH.

2. UccaenoBanue CBOMCTB N-BBIMYKJIBIX (PYHKIMH

[ycte Xj,...,X,, AeHCTBUTENbHbIC OAaHAXOBEI IPOCTPAHCTBAa. MHOXECTBO BCEX HENPEPHIBHBIX N-IUHEHHBIX
¢bynxnumit u3 X, x---x X, B R 0003Haunm uyepe3 B(X; x---x X ,R).

Oyukauio f:X; x---x X, = R, Ha30BeM (CTPOro, CHIbHO) N-BBIIYKJION, €CIH WIS JIFOOOTO | 1 JHOOBIX
yj€Xj, cooTBercTByroumx BceM j#i, Oymkmmm X; —>f(yy,...,Yi1,X;,Yiuq,..-Yn) (CTPOro, CHIBLHO)
BBIYKJIBIE IPH X; € X; 1 i=1,...,n.

®yuakumo f X x---x X, - R,, Ha30BeM (CTPOro, CHJIbHO) N-BOTHYTOM, €ClH Ui JIF0O0ro | W JTH06BIX
Yj € Xj, cootBeTcTBYIOmMX BCeM | # i, ynkumn X; —F(yy,...,Yi1,X;,Yiyq,---Yn) (CTPOro, CHIBHO) BOTHYThIE
npu X; €X; ni=1...,n.

B ompezeneHuAX CHIIBHO N-BBITYKJIBIX U CHJIBHO N-BOTHYTBIX (DYHKLUH mpexmnoiarercs, 4ro Xg,..., X,
THIILOEPTOBO MIPOCTPAHCTBO.

MmuoxectBo C c X x---x X, Ha3pIBaeTCs N-BBITYKIOH, eciu 11t 100010 (Yy,...,Yig,YisYisir-- Yn) €C
MHOXECTBa i €XiYie-0 Vit Xis Yistr- - Yn) €C} BBINYKJTBI npu i=1...,n 7617} u3
(yl,...,yi_l,xil,y”l,...,yn)eC, (yl,...,yi_l,xiz,ym,...,yn)eC u ae[0]] CIIeIyer, 4TO
(Yyree 0 Yiig, (00X + (A= 0)X2),Yisgre - Yp) €C mpr i =1,...,0.

Ecmu fiXyx--xX, >R, N-BBITYKJIAs byHKIHA, TO
domf ={(Xq,...,X;) € Xy x---x X, : F(Xy,...,X,,) <40} N-BBINYKIOE MHOKECTBO.

Iycte Xi,..., X, OedcTBUTENBHBIC NHHEHHBIE npocTpancTBa. O603HaunM depe3s X0 ---OX, mpocTpan-
CTBO (hOPMANBHBIX JIMHEHHBIX KOMOWHAINI (C IEHCTBUTENBHBIMU KOA()GHUIMEHTaMMI) IEMEHTOB U3 Xq X - -+ X X,
. YrotpeGusist 3amuce X0 ---OX, BMecto 1(X;, -+, X,) AN 3I€MEHTOB €CTECTBEHHOrO Oasuca B X;0---OX, ,

paccmoTpuM MHOKecTBO L < X 0 ---@X, a;eMeHTOB 1000r0 U3 CIICIYIOMINX BUIOB!

X,0..0%;_ 1O(x} +x2)0X; 10 ---OX,, — X,0.. OX; ;OXIOX ;0 --- OX,, —X,0..0X; ;OX’OX;,;0---OX,;

i=1n, 210 OhgYp =Ay Ay 0Oy,
B3ATHIX 10 BeM X, X1,X2,Y; €X;, i =1n, Ase.hy €R . Beenem o6o3nauenns X, ®---® X, wst paxropmpo-
crpanctBa X0@---@OX,/LinL. Eciu (Xq,...,Xp) € Xy X---x X, TO KIacC 3KBUBAJIEHTHOCTH, COIEPIKAILMH
X10---0X,, obo3HaunMm X; ®---®X,, T.e. o0003HaUMM uyepe3 X;®---®X,  KIACC CMEKHOCTH
X;0---Ox, +LinL.

Ecmu Xi,..., X, — 0aHaxoBO IPOCTPAHCTBO, TO CYUTAEM, YTO MPOCTPAaHCTBO X; & ---&@ X, cHabxkeHO Tomo-

JOrHeH, TOPOKICHHON OTHOCUTEILHO HOPMEI
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Xl

- m i
||v||p = mf{%”xl”m
i=
T.e. X;®---®X,, cHabxkeHO MPOeKTUBHOH Tomonorued (cm.[7, 12]). danee, OGyaem oTtoxaecTBIsITh (cM.[12])
X, ®---®X,)" u B(X; x:--xX,,,R) . U3 npeanosxenus 3.21[12] cnemyer, 4to ||Xl ®---®Xn|| = ||X1|| . ||Xn|| npu

(X1, Xp) € Xy X x X,

Ecmu f e A(X; x---xX,), TO CyIecTByeT MHOXKECTBO HHAEKCOB T TaKoe, 4To

m . . . P
V=X ® - ®xy, XjeX;, j=Ln, me N},
i1

f(xl,...,xn)=squ(x’{(x1,...,xn)+zi’t(x1)+---+z;‘,t(xn)+at)
te

mpu (Xq,...,X,) € Xy x---x X, tme X; € B(X;x---xX,,R), zj; e X{ mpu i=1...,n u a, €R. Scno, uro

K . )
IV, Xq, . Xy ) =SUP X (Xreen Xy ) + 20y (X)) ++ -4+ Zpe (X ) + 00 )
teT i=l

k. .
e v=Y X1 ®---®X}, , ke N, npunagnexur [o(X; ®---®@ X, x Xy x---xX)).

i=1
OtmeTumM, 4TO eciau fe AX x---xX,)), TO CYILECTBYET MHOXKECTBO
ScB(Xy x--x X, R)x (X; x-+-x X, )" xR TaKoe, 4TO
f(Xp,o0Xp)= sUp (X (Xgyeo0s X)) +27 (X000 X ) +01)

(x*,2",a)eS
mpu (Xq,...,Xp) € Xg X x Xy, Z5(Xg,ee X ) =27 (X)) +++ 27 (X)) -
O6parno, ecmu Felj(X; ®---@ X, xX; x---xX,), 10 u3 npemnoxkenns 3.1[10, c¢.24] cnemyer, uToO

Obyukuus F(v,Xq,...,X,) ABIAETCS MOTOYEYHON BEPXHEH IPaHbI0 HEKOTOPOTO HEMYCTOro ceMeiicTBa adpUHHBIX

k . .
ynxmmii Buga b(v, Xy, Xy ) = XX (X100, Xp) +27 (%) ++-+ 2} (X,) + ., rae
i1

k . )

X" eB(X;x:--xX,,R), zj eXj, i=1...,n, aeR u v=X; ®---®X|, . [109TOMy CYLIECTBYET MHOXKECTBO
i1

uHIEeKcoB T Takoe, 4To

3 : ,
F(V,Xq5e-Xp ) =SUPDL (V, Xq,..0, X ) =SUPC Xt (X 5e 0 X ) + 230 (Xg) o+ 2 (X ) +0u) -
teT teT i=1

OTcrona cnenyer, 9To

O(Xq,. X)) = F(x1®---®xn,x1,...,xn):squ(xf(xl,...,xn)+zi‘t(xl)+---+zfn(xn)+at)
te

OpHHAIUISKUT B A(X; x---x X)), T.e. ¢ A(X;x---xX,) . OT™MeTuM, 4To GHyHKIUSI BUIA

A(Xq,eeX ) =SUP(Xs (Xq,eee Xy ) + 231 (X)) ++ -+ 21 (X,,)) HasbiBaeTcst kaHOHUHECKOH n(A)—CyOIuHEHHO.
teT

Orverum, uto ecmu  F(V,Xy,...,X,,) SBIAETCA TOTOYEUHOW BEPXHEN TPAHBIO HEKOTOPOTO HEMYCTOTO
cemeiicta apdunnbix pyukiuii Buga b(v,Xy,...,X,,), T0 u3 npenoxenus 3.1[10] cnenyer, yro
F(v,Xq,..-,Xp,) BBIYKJIas MOJyHENPEPbIBHAs CHU3Y PyHKIMsS Ha Xq ®--- @ X, x Xy x-+-x X, .
Jlemma 2.1. Ecnin F(v, Xq,...,X,,) BoinyKiIast GyHKus Ha Xq ® -+ @ X, x Xy x---x X, , TO
O(Xq,..o X)) =F(X; ®---® Xy, Xq,...,Xy) N-BbIyKiIas GyHKuUs Ha Xq X+ X X, .
Jloka3aTebCTBO. Ecimu (Ve Vit Xin Vet Yn) € Xy XX X
Y1r- 0 Yir ZinYigar - Yn) € Xy X x X,
ae[O,l] ni=1...,n,T0
O(Ypr-rYia, 0X; +(1=0)Z;, Yisg oo Yn) =
=F(y; ®---®y; 1 ®(ax; +1-a)z;) @Yy ®--® Yy, Y1,.... Yicg, (0X; + A= 0)Z;), Yisgs--0Yn) =
=Fa(y;®--®Yi 1 ®X; @Yy ®-- @Y, Y11, Yig: Xin Yisnr - Yn) +
H1-0)(y, @ ®Y; 1 ®Z; ®Yiy @ ®Yp, Y1, Yi1s Zin Yists-- 1 Yn)) <
SoF(y; ®--®Yi ) ®X; @Yy ®-- @Yy, Y1, Vi Xy Yigase-- Yn) +
+1-a)F(y; ®---®Yi 1 ®Z; ®Y; 1 @ @Y, Y1, Yi1: Zin Yigase- Yn)) =
=0 Y1, Vi Xin Yiets-- Yo ) # A= a)@(Ya,- -, Yia, Zin Vi Y )
T.€. Xi D> OY1s--Yigr Xis Yigts--» Yp) BblykIas Gyrkums npu i =1,...,n . Jlemma nokasana.

Orcrona takxke cienyer, uro ecii Fe (X ®--- @ X, x X; x---x X,,), To
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Q(Xq,..Xp) =F(X; ®---® Xy, Xq,...,.X,,) N-BbimyKias Gyskuus Ha Xg X---x X, .
Eciu Felg(X;®---®@X, xX;x---xX,)), TO TI0JIOKUB O(Xy ®---® X, Xq,.. X)) =
=F(X; ®---®X,Xq,...X,) mpH (X & @ Xy, Xq,eeeXy) €Xg @@ X, x Xy X+ x Xy, @V, Xq,... Xpy) =400
mpa (V, Xq,.. Xp) # (X @@ Xy, Xq,-.0 X ) s (Vi Xq,0 X)) € X @@ X, x X X-+-X X, paCCMOTPHM BBIIYKIYIO
o6ornouxy ¢pyukium ¢ . Tak kak ep(Conv ¢) =conv ep ¢, To u3 Teopemsr 1.6.1[14, ¢.162] cnenyert, uto
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_ k : o : k
CoONV @(V, XX ) = F(V, X100 Xy ) = INFL 0 0(X] @+ @ X1, X1, X ) 10 20, Yoy =1 (V,Xg,e0Xy) =
i=1 i=1

k . o : : :
=0 (X ®- - ® Xy, X1yev s Xy )y (Xyeenn Xpy) € Xy %2 x Xy, Ke N}=
i1

k . . . . Kk Kk . . . .
=inf{> oiF(X] ® - ® X}, X1,.. 0, X ) 10 20, Yoy =1, (v, Xq,0 X ) = 2.0 (X ® - ® X}y, X],..., X)),
i=1 i=1

An
i=1

: : k : o 4 K
(X1, Xp) € Xy xoox Xy, ke N} Iinf{F(X o (X ® - ® X}, X1,..., Xp)) o 20, Yoy =1,
i1 i1

kK . S . . .
(Vi Xqeee X ) = 204 (X ® - ® X}, X1,y X1 )y (X{,ees Xy ) € Xy % Xy, ke N}=F(v, Xy, X,,)
i=1
mpu (V, X, X, ) € Xy ®+--® X, x Xy x-+-x X, . OTCIO1a IMEEM, UTO
FOX, ®- - ® X, XXy ) 2 F(Xy @@ Xy, Xq 1o X )
(X; ®---® X, XqpeeiXy) €X R+ @ X x Xy x-+-x X, . Tak

npu
KakK
FX), @@ Xy, X1,eeeX ) SF(X @+ ® Xy, Xg o X ) TIPH (Xg @@ X, Xy, X ) € Xy @+ @ Xy x Xy x---x X,
TO F(Xy ®---®Xpy, X, Xy ) = FOX; @+ @ Xy, Xq,00X ) npu
(X ®---® Xy, Xq,se.0 X)) €Xg B+ @ X, x Xy x--x X,

Ecmm f:X;x---xX, >R,
n—ep f ={((Xy,04),....(X;,,05)) € Xy xR) x---x (X, xR) 1 F(Xyq,...,X,) <0y}

Jlemma 2.2, Oynxmua f:X;x---xX, >R, N-Bellykiasg ¢GyHKUUS TOrda M TOJNBKO TOrza, KOrja
MHOXeCTBO N —epf N-BBIIyKIIO€ MHOXKECTBO.

TO ITOJIOXKHUM

Hokaszarenbcrso. [lycts f n-emyxnas gpynkuus. [okaxem, uto n—epf n-semykioe
muoxkectso. Ecmu ((Y1,00),- -+ (Yicy, @ica)s (Xis Br)s (Yisa, %isa) e (Vs 0)) en—epf

(O1:00)se s (Vi @i 0), (23 B2), (Vi @i ) (Vo ) €n—epf , 4. €[0.1], 10 mokasem, uro

(Y 00), - (Vi @ig) AMX, Br) + A= 2)(Z3,B2), (Viens @isa) o+ (Y @) €n—epf . Tak kak

YL Yi Xin Yiggre oo Yn) S0 gBiotyg o, TV Vi Zin Vi Yn) S0 -0 gBo0liyg - -0y
TO UMEEM

FyLe Vi WX+ Q=220 Yisgr 0 Yo ) SAM (Y1 Vi Xin Vi Yn) A= MT (V10 Vi Zi Yiese 0 Ya) <

S0y 0 gPyltpg Oy + (A= A)og 0oty oty =0 oy (AP + A= A)B2) oty -y,

T.e. TV, 0 Vi AX +(@=A)Z5, Yisgs- -0 Vo) a0 (AP + L—=A)By)atiyg - o, - OTcrona crieayer, 4o

((1,00) -0 (Yigs 02) MK, Br) + A=2) (2. B2). (Yiag, Xisa) -1 (Vi 0 )) €n—epf .

ITycte n—epf n-Beimyxinoe mHokecTBO. [Tokaxem, uro f N-Beimykias GYHKIWs, T.e. MOKAXKEM, YTO IS
moBoro i m moGeix Yje€X;, cooTBeTcTBYIOmMX BeeM j#i, dynkumunm X; = F(yy, .. Yi, X Vi Ya)
BBINYKJIBIE ITpU 1 =1,...,N .

Mycts  (Yi,--4 Vi Xi v Yisto--Yn)s Vs Yic1,Zin Yiaas- - Yy ) € domf u Ae[0]]. Tak kak
(oD Vi D K F Va0 Yids X Yisaoe -0 Ya ) (Yiaa Do 0 (Y D)) e n—epf

(01D Vit D2 F YoVt 2 YooY D)oY Do (Y D) € NPT, 0 mvtcen, st

(YD) (Vig DG F (Y0 Vi X0 Yigan- -0 Yn)) +

+HA-M)@i f V1 YiaZin Vi Ya)) (Yisg Do (Yo D) € n —epf
npu A €[0]]. [Tosromy

FY1 i A+ A=A)Z3, Vi Yn) SM(YL 0 Vi X3 Vi o Vo) F =AY Vi 2 Yise o Yn)
opu (Yq,--+ Yics Xio Yiar-- - Yn)s Vir--Yicar ZivYias---Yn)€domf u Ae[0]]. Ecmm A e(0)), to ciyuaii
Yisee Vi Xis Yisas- - Yn) € domf UIH (V1. Yi1,Zi Yisas-- - Yn) €domf | a TaKKe
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V1o Yia s X0 Yisas - Yoy gdomf o1 (Yy,...,Yia:Zi:Yis1r--- Yo ) € domf  oueBunen. [Momydanm, 9o dyHKIHH
Xi =>F(Y1s--1Yi1r Xi» Yiegs---» Yp) BblOyKisle npu i=1,...,n . Jlemma nokasana.

W3 nemmsl 2.2 crienyeT, 4To N-BHINYKIYIO (QYHKLIMIO MOYKHO OTPENENSITh CIEAYIONMM 00pa3oM: QpyHKIUS
f:X;x---xX, > R, Ha3pIBaeTCs N-BBIIYKJIOM, eciu N —ep f N-BIITyKI0€ MHOMKECTBO.

OrMeTHM,  4TO  €CIH (Y1, 00)se, (Y0, ))en—epf, o f(yy,.-0Yy) <oy, T
(Yire-0Ynoogoeoy) €epf ={(Xg,..., X A) € (K x---x X ) xR 1 (Xq,..., X, ) <A}, TTo3TOMYy MOXKHO TIONOXHTH
N—E(f)=(Xq,..., X, 0,0, 0 ) € (Kg X x X )} (Rx+--xR) 1 F(Xq,..., X)) S0q -, }

Jlemma 2.3. @yukumst f:X; x---x X, — R, N-BbInyKIas QYHKIMS TOTA U TOJIHKO TOT/A, KOTA IS JIH0-
epf(ys,--Yic Yiewo - Yn) ={(Ve - Yi X Yiga - Yoo M) €
e (X x-x X )XR (Y100 Yicts Xi s Yiego- - Yn) S A}

Hoxka3zatenberso. ITycts f n-oimykinas dyakuus u (Yy,...,Y, ) € domf . ITokaxem, 4To
epf (Vi o YiasYisar---Yn) BBIIYKJIOE ~ MHOXecTBO.  Ecim V11 Yicts Xis Yiaar- - Yno M) € €pf
Y1+ Vi Zi Yisdo- - Yo Ay) € epf u vel[0]], TO HOKaXKeM, 910
V(Y1 Yia X Yiste o Yoo M) + Q= V) (Y1oe 0 Yia 2 Yisas - Yoo Ag) €epf

Tak kak F(Yq,.-, Vi, Xi Yistr-- Yn) <A, TV Vi ZioYisas- - Yn ) £ Ay, TO HMeeM, 9TO

FOVYe Vi X Vi Y ) # A= V) (Y1 Yia Zin Vi -0 Yn)) <

SVE(YL - Vi X Yisaoe o Ya) # @=V)E(Y10 0 Vi Zi Yisaoe - V) S VA (L= V)R,
T.e. T(Yy,eo0 Vi, VX +(=V)Z,Yigs- - Y ) S VA + (- V), . Otcrona creayert, 4to
(Yire- 0 Vi, VX + (A=Y Zi, Yisgse - Y VA + (L= V)X, ) eep .

Iomyaum, uto epf(Yy,..., Vi) Yiss---Ypn) BHIIYKIOE MHOXKECTBO.

6oro (yy,...,Y,) €domf mHOXecTBO BEIITYKJIOE.

Iycts epf(Yy,...,Yi1s Yis1s---1Yp) BBIIYKIOE MHOKeCTBO. [Tokaxem, uto f Nn-peimyknas GyHkuus, T.€. HO-
KaxxeM, 94T0 GyHKIMH X; —> F(Yq,.., Vi, Xis Yists---» Yn) BBIIYKIBIC IIpH i=1,...,Nn.
IMycts (Yq,--+ Yics Xi Yiar-- - Yn)s Vv Yica: ZinYias-- - Yn) €domf u ve[0]]. Tak kak
Yreoo Yias XinYias oo Yo T Ynee 0 Yicas Xi0 Yisao oo Yn )
Y1 Yictr Zin Yistr oo Yo F Y0 Vi Zin Yicao -0 Yan))
npuHaIeKuT B epf , To umMeem, uro
(Yar-- Vi VX + Q= V)Z Vi Yo VE(Y 1 Yicdn X3 Vi Ya ) +
+@=F(Y1-Yian Zi Vi Vo)) € epf
npu v €[01]. IlosTomy

FYL Vi VX +A=V)Z3 Yiggoe -0 V) SVEYL 0 Yin X Vi -0 Ya ) # A= V)E(YL -0 Vi Zin Vs Vi)
mpd (Y1, Vit XisYisas-- - Yn)y Vive-o Yictr ZirYiss--- Yn) €domf , ve[0]], i=1...,n. Cuyuaii
Yiree o Yica s Xis Yigas- - Yn ) € domf U Yire-a Vi Zi v Yistr- - Yo ) € domf a TaKKe
Wir--o Vi Xi Yists-- oY) gdomf  u  (Yq,..0,Yi1,Zi, Vi Y,n) €¢domf  oueBugen. Ilomydum, dro
f:X;x---xX, >R, N-oimykias Gpynknus. Jlemma qokasaHa.

IMycts f:X;x---xX, >R, 1 (Xy,...,X,) edomf . [Tonoxum

D f(Xy,.., X)) ={(X X}, X5) € BOXy x---x X, R)x X x---x X,

F(Xgree X ) = F (Ko X ) 2 X (X Xy )+ X5 (Xg) oo+ X5 (X)) —

—X Ry, X)) = XS (Xy) == X5 (%) mpu (Xy,..., X)) € Xy x---x X, },

D f(Xpr...,X,) ={X € B(Xy x---xX,R): (X5 ,...,X1) € X} x---x X, um0

F(Xp0eon X)) = F (Ko X ) 2 X (X ees X ) X5 (Xg) +- 4 X5 (X)) —

X (Koo X)) = X5 (Xg) == X5 (X)) mpm (Xq,..., %) € Xy x--x X}y

S(F) ={(X", X5 ,....X5,€) € B(Xy x---x X, R)x X; x---x X5 xR :f (X0, %) >

2 X (Xgyeon Xy )+ X5 (Xg) o+ X0 (X ) +C mprt (Xy,..., X ) € Xy x--x X}
Jlemma 24, Ecmn (X7, X}, X5) €D F(Xy,....Xp) s TO X (RueeoXig,n, Kigrn X)X €05 F(Xy,.. %)

npu i=1...,n.

Jlokazatenberso. Ecmu (X, X;,...,X5) €D f(Xy,...,X,), TO IO ONpEETEHUIO NMEEM, UTO

F(Xpse e X0 X 0 Kigae e X ) = F Ko X ) 2 X (R Ky g0 X0 Kigae e 0 X ) =X (R X )+ X5 () = X5 (X;)
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npu X; € X;. Iloatomy

— j— j— j— — j— * j— [R— p— j—
TRy, 0 X X Kiggre e Xy ) = F Xy X ) 2 X (R gy Kigs Xi = Xi 3 Xig 00 Xy ) FXT (X5 = %;)

npu X; € X; . Orciona cieayer, uto X (X ,.. ., X 1, X X)+X €, f(Xy,...,X,) npu i=1...,n.
pu X i Y 1 i-1 n i x| A1 n) 1P

Lo
JlemMa nmoxka3saHa.

Ecmu (x*,xf,...,xﬁ) eDf(Xy,...,X,), TO

F(Xqe e X150, Xigse e Xy ) = F (X gy, X ) 2 X5 (Xq) -+ X5 (Xig) +

+ X7 (X)) + 4 X0 (X ) =X Ry, X ) = X7 (Xg) == X5 (X))

opr (Xq,..Xi_1,0, X441, -, Xy ) € Xy x-+-x X, . [ToaTOMy
F(Xq0e s X200, X0 X ) = Xq (Xg) =+ = X1 (K1) = Xig (Xisg) =+ = X (X)) 2
>F(Xy,ee X)) =X (Xpyoo0s X ) = X1 (X)) == X5 (X))

opr (Xq,.. 4 Xi_1,0, X405, X ) € Xy x--x X, i=1...,n.
W3 onpenenenns S(f) cnexyer, uro

f(Xp,...Xp)2  sup X (Xgaee sy X )+ X5 (X)) +---+ X5 (X)) +C }
(XX 1o Xp,€)eS(F)

mpu (Xq,...,Xp) € Xy x--x X, .
OGosna1um uepe3 By eanHu4Hble 3aMKHyTH! Wapsl B X; mpu i=1...,n, Te.
Bx, ={xeX;: ||X|| <T} uobo3Haumm yepe3 CONVM BeiyKiTyto 0605104Ky MHOKecTBa M .

Ecmu T muoxectso, f:X;x---xX,, > R n-eimyknas Gpyuxuus npu t €T, To u3 npemnoxe-uus 2.2 [15,

C. 27] cnenmyer, uto f(Xy,...,X,)=sup f, (X4,...,X,) TaxxKe N-BBHITyKIas QYHKIHS.
teT

Jlemma 2.5. [Tycte T HemycToe KOMIakTHOe MHOXKeCTBO, T, 1 X;x---xX, — R n-eimyknas yHkums npu
teT, cymecresyer 8>0 Ttakoe, uro ¢ynkuus t—T,(Xy,...,X,) NOIyHENpepbIBHO CBepxy MpH

(xl,...,xn)e(>‘(1,...,>‘<n)+(ESBX1 ><---><5an), f(xl,...,xn)zsqu fo(Xq5me 0 X)),
te

TRy, X)) ={te T:f (Xy,... %) =T (Xy,.... X))} Torma conv [ JDF, (Xy,....X,) € D F(Xy,....X,,) -

teT(%y .. %)
Hoka3zatenbcerso. [To yenosuio umeeM, uto T(Xy,...,X,) Hemycro. Ecn te T(Xy,...,X,) u
(X" X71,...x5)eD f(Xy,...,X,) » TO
(X X ) = Fr (R0 X ) 2 X (X, X ) + X5 (X)) -+ X (X ) —
X (Ryyee Xy ) = X5 (Xg) = = X5 (X)) 1pH (X, Xy ) € Xy X% X,
mpu (Xy,...,Xp) € Xy x+--x X, . [loaromy
F (g0 X)) = F (R0 X ) =X (X, X)) + X5 (X)) -+ X5 (X ) —
X (Ryyee X)) = X5 (Xy) ==X} (X)) 1pH (Xq,.. X ) € Xy XX X,
T.€. (X*,XI,...,X:) eDf(Xy,...,X,). Hostomy D f,(X;,...,X,) <D f(Xy,...,X,,) . Orcrona cienyer, 4ro

conv. [ JDf(Xy,...,X,) c Df(Xy,...,X,). Jlemma nokasana.
teT(Xy. %)

Iycts f:X;x---xX, >R, n X eB(X;x--xX,,R), Z =(z1,....25,) € Xi x---x X}, Tonoxunm

f'(x",z)= sup X (X X ) +Z (Kgree X ) = F(Xq,en 0 X )}
(X0 e X )EX X XX,

Jdemma 2.6. (X, z") e Df(Xy,...,X,,) TOT/a U TOJBLKO TOT/IA, KOT/Ia

£ (x5 Z2)+F (X X)) =X (R0 X)) +2Z (Rppee 0 Xp). (1)

JlokazareancrBo. Eciu (x”,2%) e Df (X1,..-1Xp), TO

X Xy X)) +Z Kpyeo X)) =F (R0 X ) 2 X (KXo X )42 (Ko n X ) = F (X0 X))
opu (Xyq,...,X,) € Xy x---x X, . [Toaromy

X (Xyroon X)) +Z Ry X)) = F Xy X)) = max X (Xgpeo X)) +2 (Xg,eo X ) = F(Xg,ee0 X )
(Xl,...,Xn)exlx...xXn

re. £ (x",2") +f(Xy,.. X)) = X*()_(l,...,in) +Z*(>_(1,. .., Xp). Haobopor, ecu (1) ynonerBopsiercsi, T0
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( s)u)p: X{x*(xl,...,xn)+z*(x1,...,xn)—f(xl,...,xn)}=x*(il,...,in)+z*(il,...,in)—f(il,...Yn).
Xpyee o Xp JEX XXXy

[051oMY X (Xq,ee i X)+Z (Xppee X)) =F (g X ) X (g e X ) +2Z (Rgye e Xy ) —F (Xy,..., X)) 1IDH
(Xgy-2 X)) € Xy X x X, To€L
F(Xgseo X)) = F(Rpre Xy ) ZX (X X )42 (Kpree X)) =X (R X ) =2 (K. Xy)
mpu (Xq,...,X,) € Xy x-+-x X, . [Toaromy (x",z%) e Df (Xy,...,X,,) . Jlemma noka3saHa.
Iycte g: Xy x---xX, >R,, u domg# . Tak kak 15 Kaxaou (Xy,...,X,) € Xy x---x X, 0T00-paxe-
aie (X*,2°) = X (Xg,.. X)) +2Z (Xq,...,X,,) HEeHHAS bysKmms Ha B(X, x---x X, R) x (X; x---x X,,)*, To m3

onpenenenns g*(x*,z") cnenyer, uro (X*,z2*) —g*(x*,2") Bbinyknas Gpyukims. [lonoxkum
97 (Xq,.-,X,) =SUP

X (Xgyee 0 X)) +Z (Xq,-.00 %) =07 (X5, 2)}.
(X",2")eB(Xyx - %X, R)x(Xyx - x X, )"
Seno, uto (Xyq,..., X)) =X (Xgye. 0 X ) +2° (Xgs. X ) =97 (X5, 2%) n-adpdunnas pyuxums. [losromy u3

npeioxkenus 3.1 [10] Bwitekaer, uto (Xq,...,Xp) =09 (Xy,...,X,) N-Beimykias dynkuus. V3 onpenenenus
9" (x*,z") HOJTY9IHM,

(X150 Xp) € Xy xe--x X,

4TO 9 (X", Z") =X (Xq,e o X )+ 27 (Xqse o X ) = 9(Xgs - 0 Xpy)

(X*,2") e B(Xy x---x X, R)x (X x+--x X,)""
9" (Xgsee X)) <O(Xyg,e .., Xpy) 018 MO60TO (Xg,..0y Xy ) € Xy X x X,
Ecmu (V,Xq,...,Xp) € Xy ®---@ X, x X; x---x X,, TO MOJIOKUM

g (V,Xq,...,X,) =sup
(X",2")eB(Xyx- - x Xy , R)x(Xyx- - x X))

pu
u

ITosTOMy

{uW) +27 (%, %) =97 (x7,27)},

k : . ko . - "
e U(v) =Y X" (X],....Xp) mpu v=>X; ®---®X}, . Slcno, uto g™ (X; ®-+-®X,,,Xq,..,X) =07 (Xq,.. 4 X;,)
i=1 i=1

npu (Xg,-eXp)EXyx-ox X, U3 mpemnoxeHus 1.5 wu 22 [15] cliemyer,  4To
g7 X, ® - ®X, x Xy x--x X, — R momyHenpepeIBHAS CHU3Y BBITYKIas ()yHKIIS.

Teopema 2.1. Eciiit g() e [(X, ®@--- @ X, x Xy x---x X)) u F(X1,....X,)=09(X; ®---®X,,, Xq,...,X,) 1pu

(Xqyee 0 Xp) € Xy X x X, 10 £ (X000 X ) =F(Xq,.00 X)) 1018 M060TO (Xy 0.0 Xy ) € Xq X0 x X

* K . .
Jokazareabcrso. [Tycts Ue (X, ®---®X) =B(X; x---xX,R), rae u(v) =>x"(xy,...,X;,) 1pu

i1
k. .
v=Y X1 ®---®X}, , ke N. INonoxus
i1

_ F(X1,e o0 X)) T (VX gy X ) = (X @ - @ X Xy s X ) €Xy @@ X X Xy X x X
g(v,Xq,.., X)) =

+ 00! BAPYTHX Cllydasx
nMeeM

g"(u,z") = sup {UOV) +25(Xgye 0 X)) =TV X, 0 X ) 3=
(Vi X0 X JEX @ - @X  x Xy x: - XXy

= sup O (X X))+ 25 (Xgre e X)) = F (X0 X )} =
(X0 X )EX X+ XX,
=f*(x",y") <

sup {UV)+Z2"(Xq, .0 X)) =9V, X, X ) 3= 07 (X5, 27)
(ViXqe X )EX @ - @X XXy x- - XXy

pu (X*,2%) € B(X;y x--+x X, R)x (X x---x X,,)". [TosTomy

£ (Xq,..., X, ) =SUpP (X X ) +Z7 (X, X)) =5 (X5, 27) 32
(X",27)eB(Xyx- - %X R)x(Xyx - %X, )"

20" (X ® - ®Xy, Xq,oo 0 X) =SUP X (Xpvee s X ) +Z (Xq,ee 0 Xy) =9 (X,2°),
(X",27)eB(Xyx- - %X R)x(Xyx - %X, )"

rae 2 (Xp,...Xy) =25 (%) +---+2 (X,,) . Torza noydmnm, 4ro

(X X)) 2T (X0 X)) 207 (X ® - ® X, Xq,ye e X ) =0 (X ® - ® Xy, Xq,. vy Xy ) = F(Xgyen 0 Xy)

pH (Xgy.- 0 Xp) € Xy x---x X, Orcrona HMeeM,

4TO 7 (Xghe 0 X)) =F(Xq,en 0 X))
(X1, X)) € Xy x---x X, . Teopema JjoKa3aHa.

npu

Teopema 2.2. Ecin q: X, x---x X, - R, , 10 (X*,Z") e Dg(X,y) TOrma u ToisKO TOrAa, KOIAa
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@UE,ZHNedg™ (% ®-®Kyy, Xy,.. X)) B 47 (X ®-+-®Xpp, Xy, X ) =Xy, . ., Xy ) 5 THE

K _ _ ko :
U(v) =2 X" (X,...,X},) IpU v=2.X; ®---®X, , ke N.
i=1 i=1

JoKa3aTebeTBo. [Iycts 97X ® - ®X,,,Xq,...,X,) =q(Xq,.. ., X,,) u
@), Z) e (X ®---®X,) x(Xy x---x X)) =B(Xy x---x Xy, R)x (Xy x-+-xX,,)* NpUHAITEKHAT

09" (X, ®---®X,,Xyq,...,X,) . Torna

07 (v Xg, X)) =07 (X ®---® Ky, Xy, X ) 2T (V) =T (X ®---®K, ) +Z (Xg,ev s X)) =Z (Ryer s X))
npu (Vi X1, X)) €X ®---@ X x Xy x---x X, Ecmu y4eCTh, 4TO
A(Xqse X)) 207 (Xgsee X0 ) =07 (X ®---® Xy, Xq5.+.,Xpy), TO MO YCITOBHUIO TOTYYHM

(X Xp) = AXg, . X ) 2T (X R+ ® X)) =T (X ®-+-®K,)+Z (Xg,o X)) =Z (Xpyee 0 Xpy)

mpr (Xq,...,X,) € Xy x---x X, . [oatomy (X*,Z%) € DG(Ry,...,X), THE X (Xq,. X)) =1 (X, ®---®X,) 1ipu

(Xqyeen Xp) € Xy X x X . OG6paTHo, ecnu (X*,Z2") e DQ(Xy,... X,), TO
AXgre 0 X)) = AR X ) 2 X (Ko X))+ Z (Ko Xy ) =X (Koo X)) =2 (Rgyee e Xpy) npu
(X1, X)) € Xy x---x X, . OTcrona crneayer, 4to

sup DX (X e X )2 (X Xy ) =A(Xg o0 X ) 3Ky X ) <

(X e e Xy )EX X+ XXy

< sup X (XX )2 (X oo X ) =X (Xgyee X)) —
(X, Xp)EX X XX,

—Z (X X ) I X (R X)) 425 (R0 X ).
IToaTOoMy
sk N N ke o oo o 0:(x",2")=(x",z%),
9 (X,2)+q(Xqse - X)) X (Xgy e X ) +Z7 (Xq,e e, X)) + ( ) )* ( . _)*
+o0:(x",2)=(X,Z)

k. .
mpu (x*,2°) € B(Xy x---x X, R)x (Xy x---xX,,)". BEemu veX; ®--®X,, v=Y x| ®---®X|, , TO N0J0KHUB
i1

k ; . k . .
u(v) =3 x"(X1,...,Xp) # U(V) =D X"(X],...,X;,) UMeeM, 94TO
i=1 i=1
sup {U(V)+Z (Xll---lxn)_q*(X*!Z )_q(ilrnain)}2
(X",2%)eB(Xyx-- %Xy ,R)x(Xyx- - x X )"

>TWV)+Z" (Xq, .y X ) =X (Rgyees X ) =2 (X s Xy ),

a7 (Vo Xg,e 0 Xn) =A(Kgse o0 X ) ZTUV) +Z7(Xq,- 00 X)) =X (Rgye e X ) =27 (Xq, .0 Xpy)
mpi (V, X1, X)) € Xy @@ X, x Xy x++-xX,,. B3siB (V,Xq,...,X) =Xy &+ ®X,, Xq,...,Xp,) , HOTYIHM

T (R ® - ®K, Ky e Xy ) = ARy Xy ) 2 UK, ® @K, ) =Z (Ko X)) =X (Rpyer s Xy ) = Z* Ry X ) =0,
Te. (X ® - ®X,,Xq,... %) =2(Xq,..., X,). Tak kak 7 (X, ®--® X, Xp,..00 X)) =0 (Xq,...,X,) H
a4 (Xgsee X ) AKXy, -0 Xp) npu (Xqye-0r Xp) € Xy x---x X, TO MOJTYYUM, 41O
97 (X ® - ®X,,Xy,..., X)) <A(Xy,.., Xy ). Tostomy 7 (X ®---®X,,,%q,...,X,) =0q(Xy,...,X,) . Torma
" (ViXgsee X)) =07 (X @ ®K,, Xq,.. 0, X ) 2TV +Z7 (X, ., X ) =T (X ®-+-®X,) - Z"(Xy,...,X,)  1pH
(Vi Xq,ee 0 X)) €X @@ X, x Xy x---x X, 16, (U(),Z7) €09 (X ®---®X,,, Xq,...,X,,) - Teopema nokasana.
Ecmn Z° e (X, x---xX,)", To monoxus
Onf Ky X)) ={X € B(Xy x++-x Xy, R) 1 F(Xq,o oo X ) = F(Rp, 0 K) 2 X (X, X)) +

+7 (Xppeo X)) =X (Xpyeen Xp) =2 (Rppee s Xpy) IpH (Xq,ee X)) € Xy x--x X }

nomyanm, uto Dpf(Xy,....X)= U = 0,f-(Xq,....Xp).
Z e(Xpx-xX,)

Bosznukaer BOIIPOC, KOrJa

f(Xp,...Xp)= sup X (Xgaee o X )+ X5 (Xg) +--+ X5 (X, ) +C}
(XX 1. X7,C)eS(F)

mpu (Xq,...,X,) € Xy x---x X, . Eciu
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f(Xg X)) =F (X Xg) = sup L (Xqee X )+ X (Xg) o+ X0 (X)) =
(X7 X1 e X )EB (X% x Xy R)x(Xyx - X))
—F (X X)L X5 )Y = sup I (K X )+ X5 (Xg) + oo+ X5 (X ) = F (X, XT . x0T

(X" X1 ... x5 )edomf*
10 CO{(X",X},...X},C) € B(Xy x---x X1, R) x (Xg x---x X, ) xR (X", X} ,...,X};) edom f*,
c=—F"(x",x},...x2)}= S(F) .

3. XapakTepu3anuu N-BbIMYKJIBIX MHOKECTB U N-BBINYKJIbIX (yHKIMIA
MmuoxectBo Cc X; x---x X, HaseBaeTrcst BD -Brmykmoii (ctporo BD -Bemmykioit), ecnu mmst mo6oro

(Xy,...,X,) € C cymectyer byHkums (X*,X7,...,X5) € B(Xy x---x X, R)x (Xy x---x X,,)" TaKas, 4o
XKy Xy )+ X5 (Ky) X5 () 2 X (Ko e X )+ X5 (X)) +- -+ X5 (X))
(X Ry X))+ X5 (Ry) A X (R ) > X (Kg e X))+ X5 (Xg) 44X (X))
mpu (Xq,...,X,) €C.
MuoxectBo C c X; x---x X, HasbiBaeTcs ciiibHO BD -BhImyKInoit, eciu ms mo6oro
(Xy,...,X,) € C cymectBytor dyHKums (X", X7,...,Xp) € B(Xyx---x X, R)x (Xy x---xX,)* u >0 Takue,
9T0 X (Xypyee 0 Xy )+ X5 (X)) + -+ X5 (X)) =€ > X (Xgpen 0 Xy )+ X5 (Xg) 4+ X5 (X,,) 1pa (Xy,...,X,,) €C.
Jlemma 3.1. Ctporo Bb —BBITyKIT0€ MHOKECTBO N-BBITYKIIO.
JokaszareabcerBo. I[Tycte C crporo BD -Beiykii0e MHOXECTBO, (yl,...,yi,l,x%,yi oY) €C,
2 1 2
Yir--+Yiito Xi» Yisgs- - Yn) € C meymectsyer A € (01), ato (Yy,...,Yig, O + A=A)X{),Yisr---Yn) €C
Torna o OTPEJIETICHHUIO CTpOro Bb -BeimyKII0rO MHOKECTBa CYIIECTBYET
(X", X740 X)) € B(Xy - -x Xy, R) x (Xq x--+x X,)" TaKoit, 4T0

X*(Y1w~~:Yi_1,(7in1 +(1—7¥)Xi2)’Yi+1--~IYn)+XI(Y1)+"‘+X?—1(Yi—1)+X?(7"Xi1+(1_7“)Xi2)+X?+1(yi+1)+m+

X5 (Yn) > X V1o Vit X Ve Yn) #X1 (V0) o X0 (Vig) + X7 (06 + X0 (Yiaa) +- 4 X3 (V)

X (Y100 Vit AXT+ @=2)XE), Visg oo Y )+ X1 (V1) 0+ Xy (Vig) + %] AX] + Q= A)XE) + X g (Vigg) +.0+
X0 (V) > X V1o Vi X Yigre o Yo ) X1 (V) o X (Vi) X (XD 4 XG0 (Vi) +ooo 4 X5 (V).
OTCIO,Ha BBITCKACT, 4YTO
X Yareeor Vit Q=X Yoo Yn) X5 (@=R)XE) > X (Va0 Yias A= R)XE Yigoe 0 Vo) + X5 (A= 2)X),
X (V1o Yigs A Yz Y ) X5 XT) > X (Y10 Vi AXD Vg Vi) + X5 (AXD),
T.C.
XYoo Yid X2 Yiare - Y ) X5 (XF) > X5 (Vgee e Vid X Yig o0 Vi) + X (X)),

* 1 *r 01 * 2 *0 2
X (Y1 Vit Xin Yiso- - Yn) + X (X)) > X (Va0 o0 Vit Xi 3 Yigg e -0 Yo ) + X5 (X7)-
[omyunm mpoTtuBopeune. JleMma okaszana.
OTMCTI/IM, qToO HepeCC‘IeHI/Ie n'BLIHyKHBIX MHOXECTB n'BbIHyKJ'IO. C (e Xl XX Xn n-BLIHyKJ'IOe

0:(Xq,...,X,) €C,

N-BBITTyKJIAst (PyHKIIHS.
+00: (Xq,...,X,) 2C

MHOECTBO TOTZAa M TOJIBKO TOTrAa, KOoTAa O¢ (Xq,...,X,) ={

Jlemma 3.2. Ecim fiXyx--xX, >R, N-BBIMYKJIAs ¢dyHKIMA, aeR u
C={(Xq,--Xp) eXyx---x X, 1 F(Xq,..., X, ) S a}# D, 10 C N-BBIIYKIOE MHOKECTBO.

JlokazareaberBo. Ecmn (V... Vi1, X1 Yoo Yn) €C0 (Yoo o Vi X2 Yings--0Ys) €C mpu i=1,...,n,
10 F(Y1re o Vi1 X5 Vst o0 Yn) S0 F (V100 Yiids X2 Vit se - Y ) S 0. THootomy eci A € [0], To umeem, uto

F(V1reYia X+ @=2XE), YiearonY) SM (Y1 Vi X3 i oY) +

+@=FYiree Vit X2 Yigse- 0 Vo) SA0+ L= A)a = o

OTcrona cienyer, 4to (yl,...,yi_l,(kx%+(1—k)xi2),yi+1,...,yn)eC npu i=1,...,n. Jlemma nokaszana.

Ecmm X" € B(Xy x---xX;,R), 10 C={(Xy,...,Xp) € Xy x---x X, : X" (Xq,...,X,,) =d} N-BoimyKI10€ MHOXKE-
CTBO.

Jlemma 3.3. Ecmu f e A(Xyx---x X)) 1 F(Xq,000X,) =8UP (X (X, X ) +23 (Xg) -+ Zp (X)) +Cy)
teT

e (X¢,Z 40000 Zp ) € BOXy % X, R)x (X x---x X,)", ¢, eR, aeR n
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C={(Xqs-.,Xp) e Xyxo-x X, 1 F(Xq,...,Xp) S0} =D, 0 C cunpro Bb -BhIIyKII0€ MHOXECTBO.

oka3areyabcrBo. Eciu (X,,...,X,)¢C , 10 f(X;,...,X,) > a. [Ipeanonoxxum, uro uncino f(X,...,X,) ko-
1 n 1 n p 1 n

HedeH. [1ookuB €= umeeM, uto f(Xy,...,X,)—2e> a. Ilo ycnosuto cymectsyer T€ T Takoe, 4To

(R, Xg)—at
3
F(Xp 0 Xn) =8 <X (Xpyo o X )+ 20 (Xq) +oo-+ 2 (Xp)+C,

[HoaTOoMy

F(Xy,ee 0 Xn) =26 <X (Xgyo 0 X ) +21 (X)) +o--+ 25 (X)) +C, —¢.

TOF)Ia MOJY4YUM, 4TO

Xt (Xgoeo X )+ 20 (Xg) 42 (X)) +Cp ST(X,00 X)) S <F(Xy,.., Xy )~ 26 <
<X (Xgyee X)) +21 (Xg) +-0 42, (Xp) +C, —€

mpu (Xq,...,X,)€C u teT. Orcrona cienyer, 4to
Xe(Xgpe o Xn) 20 (X)) +o0o+ 2 (X)) <X (Xpyeo X)) +21 (Xg) +- 425 (X)) —€

mpu  (Xq,...,X,)€C, Te. (Xf,Zi,...,Z:l)eB(Xlx---XXn,R)X(Xlx---xxn)* CHJIBHO OTIENSACT TOUKY

(X1,-.-1X,) u MHOXeCTBO C.

Ecmu (Xy,...,X,) =+, TO Sup(xf()_(l,...,)_(n)+zz ()_(l)+-~+z:ﬁ1t (X,,)+C;) =+ . [Toatomy cymiecTByeT
teT

teT Takoe, ut0 X (Xy,...,Xp)+27 (Xq)+--+2 (Xp)+C, —&>o . Torna nomydum, 4ro
Xe(Xgoe o X ) 20 (%) +o0 42 (X)) <X (Xpyeo X)) +27 (Xg) +- 425 () —€
mpu  (Xy,...,X,)€C, Te. (x’;,z’l‘l,---,zf1 ) cuibHO oTaensetr T04Ky (Xy,...,X,) u MHOxkectBo C. JlemMma joka-

3aHa.

Jlemma 3.4. Ecmu f1X %o x Xy >R w0 F(Xq,..., X)) =SUP(XE (Xq,e0 0 X ) +27 (X)) ++ 42 (Xp) +Cy)
teT

rae (X:,ZZ,...,Z;[)GB(Xlx-uxxn,R)X(Xlx--‘xxn)*, c,eR, 10 Nn—epf cumpro Bb -BBIMyKITOE MHOXKE-

CTBO.
Jdoxka3zateabcrBo. Ecmu (X1, 04),...,(X,,a,))gn—ep f, 1o f(Xq,...,X,,) >0y -y . [ToaTomy

f(Xqg,... X)) =0y -0, £0<F(Xq,...,Xp)—0y---,  OpH (X1, 0),...,(Xp ap))en—epf . Ilycts
0<2e<f(Xy,...Xp)—0y---0,, U T€T Takoe, 4o f()_(l,...,)_(n)—s<X:()_(l,...,)_(n)+zi()_(l)+---+Z:t(in)+cr.
Torna MOJy4YHuM, 4YTO

xﬁ(xl,...,xn)+z;‘r(xl)+-~+z:‘]r(xn)—ocl---ocn +C, <F(Xq,. 0 Xp) =0y 0 <

<F(Xyy o Xp ) =0 0 =28 <X (Rqyeeey X)) +20 (Xg) ++ 42 (X)) +C =0y -0y —8
opu ((Xq,04),...,(X,,0,))en—ep f . Orcrona caenyet, 4to

Xy (X X )+ 20 () o2y (X)) =0 w0y <X (Xy,ee ey X)) 2 (X)) #0042 (X)) =04 0Ly —&
npu (X1, 09),.. ., (X)) en—epf, T.C.
(X021 oo Zp =) € B(Xy 3 -x X, R)x (X x---x X, )" x B(Rx---xR,R)  cribHO ~ OTAENSET — MHOKECTBO
n—epf utouky ((Xq,0),...,(X,,0,)). Tak kak ((Xy,ay),..., (X, a,))gn—ep f mobas Touxa, To n—ep f

cuwibHO Bb -BRITIyKITOE MHOKECTBO. JleMMa foka3aHa.
MuoxectBo Cc Xy x---xX,  sBmiercs BD -Bemmykioit  (cmipHO — BD -BRImykmoit) |,  ecnm

~ ko . _ _ n
C={C X1 ®-®Xp, X150 s X ) s (X1se s X)) €C, (Xgye X)) €C, A 20, YA =1} BrImykitOE (BBINYKJIOE 3a-
i=1 i=1
MKHYTOE) MHOKeCTBO. [Toatomy MuOKecTBO C={(X{,...,X;,) € Xy x---x X, 1 F(Xq,...,X,) <o}
sBisiercst BD -Beimykioii (cueHO BD -BBIMYKII0#) , €CITH MHOKECTBO
k . . . . k
{EAX1 @ ®Xp, Xy X)) 1 (Xgr 0 Xp) €C, (X, X) €C, A 20, 300 =1 ke N}
1= 1=
BBIIYKJIOE (BBITYKJIOE 3aMKHYTOE) MHOXECTBO.
Iycts By < Xyx---xX, m B, cX;x---xX,. Muoxectea B; n B, HaswBatorcs (cTporo) n(B)-
OTJENIUMBIMU, €CJIU CYIIECTBYIOT e (Xyx-x X, )* uXe B(X; x---xX,,R) rakue, uto (x*,z") =0 u

X (Xg o X )+ Z Ko X)) ZX (Vi Y )+Z Y1 n Vi)
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(X (Xgree Xy ) +Z (X X)) > X (Y10 Vi) 42 Vpaee V)
mpu (Xy,..,X,) €By, (Y1,--Y,) €B,.

MmuoxectBa B; u B, maseBarorcst cmibHO N(B)-OTAETHMBIMH, €CIH CYIIECTBYIOT z e(Xlx-uxXn)*,
X €B(Xyx---xX,,R) u £>0 Takue, uto

X (X X ) +Z Kppee X)) =2 X (Y10ee Y0 ) +Z Ypree V)

mpu (Xq,..,X,) €By, (Y1,...Y,) €Bs.
Cumnraem, 4TO MPOCTPAHCTBO X1 ®--@X; x Xy x---x X, CHaA0XEHO

(X ®--- @ X, x Xy x-+-x Xy, B(Xyx+-x X,,,R)x (X x---x X)) Tononoruei.

Teopema 3.1. Ecmi C; < X, x---x X, C; ={(X; ®--®X,,Xq,...,Xp) : (Xq,...,X) € Ci},
CrXyx-xX,, Co={(y1®®Y,,Y1,--,¥n): (Y1,---,¥n) € C,}, T0 MHONKECTBA C,ucC,
n(B)-OT,IIeHI/IMLI, TOTJa U TOJIBKO TOTda, Koraga COEl u COEZ OTJICJIUMBI.

Hoka3zatesaberso. Ilycts C; u C, n(B)-oraenumsl. Toraa cyliecTByoT Takue X e B(X;x--xX,,R) u
z e (Xyx--x X)), amo X (Xg,e. 0 X +Z (Xgree 0 X ) X (V0o Y )42 Vpoeen¥y) TP (Xq,..X,) €Cy 1
(Y1,--4Yn) €Cyp, rae u=(x",z")=0. IMostomy nMeeM, 4TO
X, ox ) +z2 (L ox DYy ) 2 () pu Xl ®---®x! xi.. . x)eC,

. o S K . o :
(Y1 ®-®yp,Y,...Yn) €Cy, i=1...k, tne keN. Honoxus &= o;(X]® - ®X},X],...,X},) Tpu
i1

o

N

OLi :1,

(Xqr-- %) €Cy, V=20 (Y1 ®®Yy,Y1...Yn) npu (Y1r--Yn) €Cy, a; >0,
i=1

K . L . Kk . L .
u(g):éai(x (X{, 0 Xp)+Z (X1,..0, X)) © u(o):éai(x (Yir- 0 YR)+Z (Y1,...,Y})) (MOXKHO cuMTaTh, uTO

qucino K paBHBI 110 MPECTABICHHUIO & M L) MOJYYUM, YTO
K . L ) K . L .
20 (X (Xq, e X ) +Z (X3 X)) < 204 (X (Y10 V) +2 (V1Y) npu
i i=1

X ®---@xi x,...x1)eC, (Y& @yl vl .. y)eC,. Orcoona crenyer, uto u(£) <u(v) mpu Beex
Ee COEl u oeCOEZ, T.€. COEl u Co 62 otaenumsl. O6patHo, ecinu COEl u COE2 OTJEIUMBI, TO
cymectByet GyHkms U € (X; ®---@X,,) x (X x---xX,)", u=(x*,z*)#0 Taxas, aro U(£) <u(v) npu
£ecoC, m vecoC, Tloaromy X (Xg,o.0Xp)+Z (XpreonXp) <X (YooY ) +Z (ViaoonnYy)  TIDH
(X, ®--® X, Xq,...,X,) € Cy u (Y1 ®®Y,,Yir..,Yy) € Cy. Orcrona CIenyer, 4TO
X (Xg e X )2 Kpre X)) SX VoY) +Z V1o Yp) TPH (Xq,.. %) €Cy B (Yy,...0Y,) €Cy , T.€. MHO-
xectBa C; u C, n(B)-ornemmumer. Teopema nokaszana.
Ormerum, 9T ecnu C e Xy x--x X, C={(X; ®-®X,,Xpy..., Xy ) s (Xq,...,X,) € Ci 1,
C, c X x---xX,, 62 ={(y,®---®Y,,Y1,--¥n) : (Y1,.-,Y,) €C,}, TO aHANOTHYHO MPOBEPSAETCS, YTO MHO-

xectBa C; i C, cuimbHO N(B)-oTaemmmMer (ctporo N(B)-0TaemimMbr), TOra 1 TobKO Tora, korma COC; u c0C,
CHJIBHO OTJEITUMEI (CTPOTO OTJICIIUMBI).

Iycts C e Xy x--xX,,, C={(X; ®--®Xy,X1,....,Xp): (Xq,...,X,) € C},

D=(X;x---x X I\NC={(Xq,....,Xp) € Xy x---x X, 1 (Xq,...,X) € C},

D:{(y1®"'®ynvy1!---!yn):(yll-“lyn)eD}'

Jlemma 3.5. Eciin E)EHB:Q u (Xq,...,X,) € C, 10 MHOXecTBO C 1 TouKa (Xy,...,X,)
cwibHO N(B)-oTmenumsi.

JokazareabcTBo. Tak  Kak (X1,..,X,)€C, 1O Xy ®-~®¥n,)_(1,...,)_(n)els. [oatomy
()_(1®~-®)_(n,il,...,)_(n)éc_06. Torma u3 Teopems! 3.4[17] crenyer, uto (X; ®---®X,,Xq,...,X,) H coC
cuinbHO otaenuMsl. [Toatomy Touka (Xy,...,X,,) 1 MHOKecTBO C cunbHO N(B)-ornennmer. Jlemma roka3aHa.

Scuo, uto ecim €0 CN{(X @+ ® Xy, Xy, Xy )t (Xgre . X ) € Xq x---x X }=C, 10 coCND=0.

Jlemma 3.6. Ecmn  (Xy,...,X,)¢C, touka (Xy,...,X,) u C crporo n(B)-ormemumsl, TO

(X, ®--®X,,%y,...,X,) € C0C.



50 Annali d’Italia Ne66/2025

oka3zareiabcTBo. Tak kak (X,,...,X,) ¢ C urtouka (X,,...,X,) u C crporo n(B)-ormeaumsr, TO
1 n 1 n |y

cymectByioT dynkin z € (X, x---xX,)" u X e B(X, x---xX,,,R) Takue, aro (x*,z*)#0 u
X (Xgye o X)) +Z (Xgpee 0 X)) > X (Xqyee 0 X ) +2Z (X, Xp)
mpu  (Xq,...,X,)€C. Tokaxem, uto (X;®--®X,,Xy,...,X,)€c0C. Ilpexmomoxnm mnporuseoe. IlycTs

_ K _ o o
(X, ®---®X,,Xy,...,X,) €coC. Toraa cymectByior o; =0, > o; =1 n (X; ®---®X},,X],...,X,) € C npu
i1

K . o .
i=1,...,k Takue, uto (X; ®---®X,X1,.... %) = 2.0 (X] ®...®X},,X1,...,Xp) - [lo ycnosuto umeem, uto
=
X (Ryyeo X ) 425 (Xge 0 %) > XL xD) + 27 (. xE)
npu i=1,...,K. IToatomy

X (Xyyee 0 X)) +27 (X, X)) >iai(x*(xil,...,xin)+z*(xi1,...,xin)) ,
i=1

T.e. (X;®--®X,,Xq,...,X,) & coC. [Tonyuum nmpotuBopeune. Jlemma nokaszana.

OrmeruM, uro ecm (Xy,...,X,)€C, Touka (Xi,...,X,) # C cumbHO N(B)-0THEennMSEI, TO aHANIOTUYHO
umeeM, 410 (X3 ®---®X,,Xy,...,X,,) & coC.

PaccMOTpUM KOHKpETHBIE CITy4aH.

1) Myers fe AQXyx---xX,) 1 F(Xq,000 X, ) =8UP (X (X, X ) +23 (Xg) +---+ 25 (X)) +C), KER
teT

C={(X1,.--1Xp) € Xy x---x X, : F(Xq,..., X, ) <k} = D . [Tonoxum
CO={(X, ® - ®Xp,Xq,.. 1 Xp) 1 (Xq,..., X) €C},

fO(x, ® - ®X,y, Xy, X)) :su$ (U (X ®---@Xp) +2 (Xg) ++--+ 2, (X) +C)
te

e Uy (X ®--®X ) =X{ (Xg5-- %) 1pH (Xq,..., X)) € Xg X---x X, HMeeM, uTO
CO={(X; ®-®Xpy, Xq,.. 1 Xp) € (Xy ®--® X, ) x (Xy x---x X)) 1 FO (X ®---® X, Xy, X ) <KD,
TTonoxum
f°°(v,x1,...,xn)=sthp (U (V) +25 (%) +++ 25 (Xp)+Cp).,

e ut(v):zk:xf(xil,...,xL) npu v:ixi(@---@xin L (o xE) e Xy x-+-x X, . U3 onpeenenus
i=1 i=

£, Xy,...,X,) crenyer, aro £ (X, ®---® X, )x (X; x---x X,) = R ., BBIIyKJIasi [I0TyHENIPEPIBHAS CHH3Y
¢ysaxuus. [Toatomy

CO ={(v,Xg,.., Xp) € (X ®---®X ) x (Xy x---x X)) : TP (v, Xy, X, ) < K}
BBIMYKJIO€ 3aMKHYTOE MHOXKECTBO. Tak Kak C® =C%, 10 nmeem, uto coC’ =C®. Ecom
(X1,.-4X,)2C, To w3 omnpexeneHus co cumemyer, d9ro (X ®m®)_(n,)_(1,...,in)eCo, T.€.
0%, ®--®X,,,%y,...,X,,) > k. Tosromy FP(X, ®---®%,,,%y,....%,) =F(X, ®---®%,,,%y,....X,) > k. Or-
croaa crenyert, 9to (X; ®---® X, ,Xq,...,Xp,) & C%. Toraa us reopemsi 3.4[17] cneayer, uro
(X%, ®--®K,,%q,....%X,) 1 C% cupro ormennmsr. Tlostomy Touka (Xy,...,X,) U MHOKeCTBO C CHIBHO

n(B)-otaenumei.

2) Tyers e Ay x---x X)) 1 F(Xg,0.Xg) =SUP (X{ (Xgs- 00 X ) +24 (Xq) ++2- 42 (Xn) +Cy),
teT

2—E(f)=C={(X1,---sXp0q,--,0p) € Xy X+ x X, x Rx- xR F(Xq,..., X)) Ly -+, } 2 D . Tonoxkum
c? ={(X; ® - ® X, X11-+ s Xy, 0) T (Xq,e e s X}y, 040,00, ) EC, AU =01g...004 ),

fO(x, ® - ®X,y, Xy, X)) :squ (U (X ®---®@Xp) +27 (Xg) ++--+ 2, (X) +C)
te

e U (X ®--®X,) =X (Xq,-.Xp) TpH (Xq,...,X,) € Xg X---x X, uMeeM, 41O
CO={(X, ® - ®Xp, X, 0, Xy, ) € (X; ®---® X, ) x (X x---x X)) xR :
fO(X, ®-®X,y, Xy, X, ) S O

IMonoxum

f°°(v,x1,...,xn):sthp (U (V) +25 (Xg) +-+ 25 (X)) +Cy),
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K . . k. . . .
rae U (v) =Y X5 (X],...,X) mpu v=>X; ®---®X;, , (X,...,Xp) € Xy x-+-x X,, . U3 onpenenenus
i=1 i=1

foo(v,xl,...,xn) Cle/lyeT, 4To fOO:(X1®---®Xn)x(xl><---><xn)—>R
cuuzy Qyukius. [Toaromy
CO ={(v, X, X, &) € (Xg @+ @ X ) x (Xy x---x X )x R FO(v, Xq,..., X)) <o}

BBIITYKJIasA NOJYHETIPCPbIBHAA

+00

BBIITYKJIO€ 3aMKHYTOE MHOXECTBO. Tak Kak C%=C®, 1o umeem, uto co C° = C®. Ecim

(Xyree X, 0y,.., 0 ) €C , T w3 ompenenemms C° cnenyer, uto (X, ®---®X,,,Xy,....%,, &) €C°, rae
a=o,---d,, Te. fOX, ®---®%,,,%y,...,X,,) > 0. TTosToMy O, ®--®X,,,Xy,...X,) =
=fO(X,®---®X,,%;,....X,) > . Orciona cienyer, uto (X; ®---®X,,,Xy,...,X,,a) € C® . Torma us Teopemsr
3.4[17] cnenyer, uro (X;®---®X,,Xq,...,X,,0) U Cc%  cumho ornenumbsl. [losToMy TOukKa
(Xq,..1 X, 0., 0, ) M MHOXKecTBO C cuibHO N(B)-oTaemuMbL.

OrmernM, uto ecnu fy 1 X; x---x X, —> R, kaHoHnueckas N-ormyknas Gpyskmms, fy: X, x---x X, >R

COOCTBEHHAsI TOJTYHEIPEPBIBHAS CHI3Y BBIMYKIIast QyHKI[HS, TO CYLIECTBYIOT MHOXECTBA HHICKCOB 1 U S Takwue,
4TO

f(Xq,e 0 X)) =Fo(Xq,e 0 X)) +F1(Xq,0 -0 X)) :squ (X (Xgyee s X)) +Cp) +
te

+su§ (2, (X)) ++ 42 (X)) +dg) = s,TupS (X (X000 X ) +C +21 (Xg) +-o-+2p (X,) +s)
Se! teT,se

opu (Xq,...,X,) € Xy x---x X, . [ToaTomy, ecinu
2—E(f)=C={(Xg,-- . X, 0q,-. 0y ) € Xy X x Xy xRx- xR (Xq,.., X)) Sy 0 3}~ D
u (Xq,...,.Xp,0,...,0,) €C, To TOUKA (X4,...,X},,04,...,0,) U MHOXecTBO C cuiapHO N(B)-oTaenumer

Jlemma 3.7. Eciin X%,Xﬁ,...,xﬁ € X,, THHEIHO He3aBUCUMBI, X},XJ?,...,XIJ-( er u

k. . .

X% ;zf&O,Xj2 ;tO,...,X'j( #0 mpu j=1...,n u Y. X ®---®X}, =y, ®---®Yy, , To napsl {X;,y;} IMHEHHO 3aBUCHMBI
i=1

opu i=1,...,K, T.e. cymecTByIoT uncna f3; takue, 4To X'1 =By, mpu i=1....K.

Jlokaszarenbero. [Ipeanonoxkum npotusHoe. [lycts s nekoroporo i=1...,k maps {X],y;}
JUHEHHO He3aBUCHMBL. Torma mo jemme o GMopToroHansHOM 6asuce (cMm. [9, ¢.25]) cymiecTByeT
* * * * i i

dynxums X; € X; takas, uro X;(y;) =0 u xj(X;) =1. [ycts dynkuun Xj € Xj taxue, uro Xj(xj) =1

npu j=2,...,n—1. Takxke No JeMMe 0 GHOPTOrOHATLHOM Oa3zuce CymEeCTBYeT QyHKIHs X, € X, Takas, 4To

Xp(x3)=0 npu s=i u X;(x;)=1. fcno, ut0 (X; ®---®X})(X1,....Xp) = X7 (X])+-X (X)) =1. Tak xak

k . . .

X1 (X1) X5 (X)) =1 u X7 (y)---X5(Y,) =0, To nomy4dum npotuBopeune, T.e. napsl {Xj,y;} nuHeiiHO 3aBU-

i=1

cumbl ipu i =1,...,K . Tlostomy cymiectByroT uncia B; Takue, uto X; =P;y; npu i=1,...,k . Jlemma nokasana.

AHAJOTMYHO MMEEM, 4YTO €ClIH Xﬁ,xﬁ,...,xﬁexn JIMHEWHO HE3aBHUCHUMEBI, X%,XJZ,...,X'J-(er u

K. : .
X% ;zf&O,XJ-2 ;tO,...,X'j( #0 npu j=1...nu _Zixi@---@x'n =y, ®:--®Y, , To Hapsl {X'j,yj} JIMHEHHO 3aBHCHUMBI
i=
mpu i=1...,k, j=1...,n—1, T.e. cymecTByioT uucna B TaKue, 4To xij =Byy; npu i=1...k, j=1...,n-1.
Jlemmbr 3.8. Ecin f: X; xX, > R 6usbinyknas, 1.e. 2-Boinyknas QpyHKIus U
~ k . S
C% ={(v, X1, X,,0) € X1 @ X, x Xy x Xy xR (v,Xq,X5,0) = S, (X] ®X5, X1, X5, 01;),
i=1
. L k
rae (X} ® x5, x},X5,0;) €C% 420, X4 =1, ke N, x5,X3,...X5 € X, smneiiro HesaBHCHMBI},
i=
To U3 cooTHomerHHs (X, ®@X,,Xy,X,,0) & C? cremyer, uto (X, ®X,,%;,X,, ) & c.
JoxkazarenbcTBo. IIpennonoxum mnporusHoe. Ilycts cymectByer (Xg ®)_(2,Y1,Yz,a)eCo TaKas, 4TO

~ . L k
(X, ®X,,%X;,X,,0) € C®. Torma cymectsyer (X; ®x5,X},%5,04)€C?, keN u A; >0, 34 =1 Taxue, uro
i-1
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K S Kk o
(X ®X,, X1, X0, a) = > A (X ®X5,X{,X5,0) . Orcroma  umeem, urto (X, ®X,) =D A;(X; ®X}),
i=1 i=1

k o k
(71122)227%()('1,)('2) " 6227%0% :

k . . k
Ecim X5,X3,...X5 € X, nnmeitno Hesasncnmbl 1 (X ®X,) =D 4, (X] ®X5), e A; >0, Y4, =1, 10 u3
i=1 i=1

nemmbl 3.7 cepyer, uto napsl {X},X;} nuHelHO 3aBucuMbl pu i =1,...,K, T.e. CymecTByIOT uncna [B; Takue,

: k :
aro X3 =PBiX, mpu i=L1...,k. Tlostomy (X, ®X,)=>AiBiX,®X5. Torma noayunm, 4TO
=

k : K :
(X, ®X,) =2 %X, ®KiBiX5 =X; ® D AifiX5 .  Orcroma  cuepyer, 410 X, =

LiBix5. W3  pasencrBa
i1 i1 i1

M=

k L k .
(X1, %,) = Y0 (x4, xb) cremyer, ato X, = D A;Xb . Tak Kak X5,X3,...,X5 € X, 7HHEHHO HE3aBHCHMBI, TO W3 pa-
i=1 i=1

k ok k .
BEHCTBA Y A;BiX5 =D A;X5, cremyet, uto Y. (AiB; —A;)x5 =0. [ostomy Aif; —A; =0. Orcrona cnenyer, uto
i=1 i=1 i=1
Bi =1 mpu i=1...,k. Torna umeem, 4ro
_ & K iy K S .S o v\ w =
o =2 Ao = D AT (X, X5) =D AT (X, X5) = F (X, DA x5) =F (X, X,) > o
= i= i=1 i=1
ITonyuyum nmporuBopeuue. Jlemma nokasana.
Jlerko mpoBepsieTcs, YTO eCiu X%,X%,...,XE € X, IMHEWHO He3aBUCHUMBI U x'1 #0 opu i=1,...,k,
TO Xil ®Xi2 JuHeiHO He3aBucuMBI pH i =1,...,K.

Jlemma 3.9. Eciu f e A(X; x---xX,,) U CyIIeCTBYeT MHOXECTBO UHAEKCOB T Takoe, 4To

F(Xgh.. 0 Xp) =squ(xf(xl,...,xn)+z{t(x1)+-~+z’,:t(xn)+ct)
te

mpu (Xq,.... X, ) € Xy x---x X, tme X; e B(X;x---xX,,R), z; eX{ mpu i=1...nuc, eR, u
CO={(X, ®--® X, Xq,.. s Xy, 0) € (g ®--- @ X, ) x (Xy x---x X, ) xR :F(Xq,...,X,) <0,
C® ={(v,Xy,.., Xy, 0) € Xy ®--- @ X, x Xy x+-x Xy xR (V,Xq,..0, X, 0) =
k . . . . . . . k
=30 (X @ ® X!, X, Xh,04), Te (X] @ ®Xh,X],..., Xh,0;) €C°, Ay 20, YA, =1, ke N},
i=1 i=1
TO U3 COOTHOMICHUS (X; ®-~®)_(n,Y1,...,)_(n,a)eC0 cienyert, 9to (X; ®-~-®)_(n,il,...,in,6)ecoo.
JoxkazarenbcTBo. [Ipenmonoxnm nporusHoe. [Iycts cymectByer (X ®---®X,,Xq,..., X, q) & C? raxas,

aro (X ®--®X,,,Xy,..., X, @) €CP. Torma cymectsyer (X} ®---®x,x},...,xh,a;)eC’, keN wu

k k . L .
L 20, XA =1 takue, uto (X; ®--®X,,,Xy,..., Xy, &) = XA (X] ®- - ® X}, Xq,-.., Xp, ;) . OTCIOAA HMeeM, YTO
i-1 i1

K ) _ k ) ) K
(X, ®--®X,)=2Ai(X] ®-®Xp), (Xy,.., %) =D Ai(Xq,...,X},) 1 &= Ao . Tak kax
i=1 i=1 i
f(xl,...,xn)=squ(x;‘(x1,...,xn)+zi‘t(x1)+~-+z:t(xn)+ct),To
te

k k . . k . . . .
= D ey 2 YA (X XB) = DA SUOXG (Ko Xh) + Z3 (K1) +---+ 25y (X)) +€)
i=1 i=1 i=1 teT

k _ _ _ _ K . _
ZSUPZM (xf(xi,...,x'n)+2It(xi)+~~~+zfn(x'n)+ct)=su$ X CAX ®---®@X;,) +
teT i=1 te i=

k . k :
+ZL(ZMX'1)+--'+Z§t(Z7~iXh)+Ct)=S;UT|O (X (X, ®--®X,) +
i= i= S
+25 (X)) +- -+ 2 (X)) +¢) =F(Xy,.., X)) > @

[Tonyuum mpotuBopeune. Jlemma nokasasa.

Ecmu Qg :X; x---x X, &> R neorpuarensHas gernas N-cydnuneiHas GpyHKIms,
gy : Xy x---x X, &> R HeorpuuarenpHas cybnunHeHas GyHKIHMS, TO MTONOKUM (g (Xy @+ ® X)) =0q (Xy,...,X;,)
u

C={(X;® - ®X,Xq,..;Xy) € Xy ®---@ X, x Xy x---x Xy 1o (X ®---® X))+ 0y (X0, X,y ) ST}
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TTonoxus

pc(Xl,...,Xn):pC(X1®"'®Xn,X1,...,Xn)=inf{a: (X1®"'®XH,X1,...,Xn) 66, (l>0};
(0

paccMoTpuM aHaor GyHKIMH MUHKOBCKOTO, Te  (X1,...,X,) € Xy x---x X, . Toraa monxy4um, 4to
. _ Xipe. o X
pc(xl,...,xn)=|nf{oc:qo(%xl®-~-®xn)+ql(%)Sl, o>0}=

=inflo: o (X ®---® X, )+ 01 (Xq,.., X)L, a>0F=0q0(Xq,-..,Xp) +01(Xq,--0Xp)
mpu (Xq,...,Xp) € Xy X x X, .
Ecimu C={(v,Xq,....Xp) € X; ®---® X, x X; x...x X, } BoimyKioe muoxkecrso u (0,0,...,0) eint C

. XiveonXp) =
TO TIOJIOKUB pc(v,Xl,--.,Xn)=Inf{a:MeC, oc>0}, u3 Teopemsl 1.35[17] umeem, uto
o

Pz (ViXq..sXp) cyOnuneitnas KonedHas QyHKIHA.

Iycts f:X;x---x X, >R, . [Tonoxum

N—EM) ={(Xg,-- X, 0gyen 0y 0 ) € Xy X x X xR xR f(Xyq,..., X)) <oy -0}
Ecmu f(Xq,...,X,) =F"(Xq,...,X,), TO

f(Xy..xp)= sup O (X X)X (X)) + X5 (X ) = F (X X X5}
(X" X1, X5 )edom F*

mpu (Xy,...,X,) € Xy x---x X, . Kpome toro, ecmu f : X; x---xX,, > R, T0 u3 iemms1 3.4 cnenyer, uro
n—ep f cumpro BD -BBIMyKIOC MHOMXKECTBO. J[oKaXkeM 0O6paTHOE YTBEPKICHHE.
Teopema 3.2. Eciu f:X; x---x X, &> R n-Beinyknas nonyHenpepbiBHas cHU3y QYHKIUS,
n—E(f) ctporo Bb -BeimyKinoe MHOXECTBO, TO f(Xy,..., X, ) =F" (X1,...,X,) mpH (Xq,...,X,) € Xy x---x X, .
Hoxka3zateabcrBo. Ecin (Xy,..., X, 0,...,0,) €n—E(f), to f(X;,...,X,) >, -, . Tax kak n—E(f)
crporo Bb -BBIIyKII0€ MHOXECTBO, TO CYIIECTBYIOT (X", X;,...,Xn) € B(X;x---xX,,,R)x (X;x---xX,)" 1
beR,4ro
X5 (Xqsen s X))+ X7 (X)) -4+ X5 (X)) —boy oty <X (Xq,yen 0 X)) + X1 (X)) +-- -4+ X5 (X)) —boy -+,
mpu (Xq,...,Xp,04,...,0,) €N—E(f) . Homoxus (Xy,...,X,) =(Xy,...,X,,) 1 0oq---0, =F(Xq,...,X,,) nmeem, uro
X5 (Xpyeear X ) F X1 (Xg) 4000+ X0 (X)) = 0F (Xq,e 0, X)) <X Ry, X ) + X7 (Xg) +-+ -+ X0 (X)) — b -+,
r.e. b(f(Xy,....X,,)—0y @) >0. Orcrona BeiTekaer, uro b > 0. Toraa nMeem, 4to
1

* 1. 1.
EX (xl,...,xn)+6xl(xl)+~~+Exn(xn)—oc1~-ocn <

1 ., _ 1 .. 1 .. _
<BX (xl,...,xn)+Bx1(x1)+---+6xn(xn)—ocl---ocn

mpu (Xq,-.., Xy, 0., 0 ) €N —E(f) . Honoxus ay---a, =f(Xyq,...,X,), Y*(xl,...,xn)=%x*(xl,...,xn),

% 1 * % 1 *
X1 (Xq) =EX1 (X1)se-s X (X)) =Exn(xn) HMeeM, 4TO

)_(*(Xlx--~:Xn)+)_(I(X1)+"'+7(r1(xn)_f(xly---;xn)<i*(ily---yin)_"ii(il)+'”+)_(:j|()_(n)_al'”an
pu (Xyq,...,Xp) € Xy x---xX,, . [Toaromy

sup LR (Xgyen Xy )+ RE(Xy) oo+ K (X)) = F (oo X, )} <
(Xq e X )EX X - XXy

<X (Xypeee X)) + X7 (Xg) 4o+ X7 (X)) — Oy -+ @y,
T.e. F (X", X1, X5) XXy, 0 X)) + X7 (Xq) +--4+ X5, (X)) — 0 -+ @y - OTCIONA MMeeM, 4To
(X", X},...,Xy) edomf”
Gy Ty X (R X) R (Rg) 04 K (R) —F (K %) ST (%K)
Homy4nm, 910 0 -ty < F7(Xy,..., X, ) <F(Xyq,...,X,,) . Crenoatensro, f™(Xy,..., X, ) =F(Xq,....X,) .

Teopema nokaszana.
Teopema 3.3. Eciu f:X; x---xX,, >R, coGcTBeHHas N-BhIMyKIas MONYHENPEPBIBHAS CHU3Y (yHKIHS,

n—E(f) cunpro BD -Beimykioe MuOKECTBO, TO f(Xy,..., X, ) =" (X1,..., X)) mpu (Xq,...,X,) € Xy x---x X, .
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JoxkazarenbcrBo. Ecun (Xy,...,X,,00,...,0,) €n—E(f), o f(Xy,...,X,)>0, - a,. Tak xkak n—E(f)
ciibHO BD -BbIMyKI10€ MHOKECTBO, TO CYIIECTBYIOT (X, X1 ,...,Xp) € B(Xy x-+-x X, R)x (X, x---xX,)*, beR
u £>0, uro

X5 (Xqyee s X )+ X7 (Xg) -+ X0 (X)) —boy - oy <X (K, Xy )+ X (X)) +--+ X5 (X)) —boy - o, —€
mpr (Xq,.. Xy, 00y ) €N—E(f). Homoxus  (Xy,...,X,)=(Xy,...,.Xp)edomf u f(X;,...,X,) <oy -,
HMeeM

X5 (Xqye e X )+ X7 (X)) -+ X0 (X)) = boy -y <X (K, X))+ X1 (X)) +-+-+ X5 (X)) —bay - o, — €.

Orcrozma pu oy -0, —> +00 uMeeM, uto b>0.
1
Ecnu b >0, To aHATOTHYHO TOKAa3aTEIbCTBY TEOPEMBI 3.2 UMEEM, YTO B(X* \X1s.. Xy ) edomf”

u 7 (Xy,...,X,)=F(Xy,...,X,). Takxke aHaTOrM4HO [OKA3aTEILCTBY TeopeMbl 3.2 mmeeM, uro b >0 mpu
(Xq,...,X,) edomf .

IIyctb (Xy,...,X,)¢dom f. Torma, ecnm b >0, To mmeem, uro £ (X,,...,X,) =f(Xy,...,X,) . Eciu

b=0, TO XE(Kqye X ) F X3 (Xg) o+ X (X)) S X5 (K, n 0 Xy ) + X1 (Rg) +- 4+ X0 (X)) —€ pu
(Xq,...,X,) edom f . BosbMeMm (X*,X{,...,X,) edomf”. Torma
Fr(X, XD, 0 X5 ) 2 X (X, X ) + X7 (X)) +o o+ X5 (X ) = F (X, X3)
npu (Xq,...,X,) edomf . [Tosromy

X5 (Xgye oy X )+ X7 (Xg) +o o+ X (X )+ X (Xgyen o, X )+ (KT (X)) +0+ X5 (X)) —

—F(Xgyee X)) SF(XT XD, X ) H X (Ko, X )+ KT (Xg) + -0+ X5 (X)) — pe
npu p>0. Orcrona cienyer

(X7 + X7, XY Xy Xy X ) S ET R XE LX) X (R X))+ R(RE (Xg) oo X (X)) — e
KOTOPYIO MOKHO 3aIIMCaTh B BUIIE

X5 (Xpyeon X )+ X5 (X)) ++ X5 (X ) +pe—F (X5, X1, X)) S (X + X)) (Xy,..0 X ) +

+ (X7 +pX1) (X)) +o+ (X + X5 ) (X ) = F (X7 +px ™, X] +uxg, -, Xy +pxg) < F75 (X, .00 X,)

a+f (X%, X0) =X (Ry, 0 Xn) = X5 (Rg) == X3 (Xp)

HOZ[CTaBI/IB n= OTCrOJIa UMEEM, UTO
€

a<f™(Xy,...,X,) npu gocrarouno Gonpmmx a . [losromy f*(X,,...,X,) =+w. Teopema nokasana.
Eciu n—E(f) crporo Bb -Bemmykioe muoxectBo, To Qynkumo f:X;x---xX, >R, Hazosem n(A)-

BBIYKJIOM.
Hpyrue Bapuantsl Teopemsl 3.2 u 3.3 nokaszansl B [4, c. 96].
4. UcciienoBanne CBOiCTB KAHOHHYECKHX N-BBIMYKJBIX (pyHKIHIA
B 1.4 uccnenyercst N-cyouddepeHpyeMocTs KAHOHNIECKUX N-BBITYKIBIX QYHKINH U U3ydaeTcs P UX

cBoifcTB. AQdrHHas HenpepbIBHAS GyHKIUSA Ha X ®---@ X, - 310 PpyHKIMA BUAa v — U(v)+C, Tae U - Hempe-

*
pbIBHas nuHeitHas GyHkuus Ha X, ®@---@ X, T.e. Ue(X;®:---® X)) u CeR . CoBOKYNHOCTh COOCTBEHHBIX
byakuit g:X; ®---®X,, > R, , Kaxxaas U3 KOTOPHIX SBISIETCSI IOTOUYCYHON BEpXHEil IPaHbI0 HEKOTOPOTO Ce-
MeiicTBa HempepbIBHBIX ahdUHHBIX QYyHKIWMIA, 0603HauaeTcs yepe3 (X, ®---® X)) . 3 onpeneneHunst umeeM,
uro Bee pyrkimn g € IH(X; ®---® X)) Bbimykisl 1 HoTyHeNpepsIBHBI cHU3Y. BepHo 1 o6patHoe (cm.[10, ¢.24]),
ecnd  ( coOCTBEHHAst BBINYKIAs W MOMyHENpepsiBHAs cHu3y O¢yHkmmst w3 X;®---®X, B R, TO
g EFO(X]_ ®“'®Xn) .

Ecm X* € B(X; x---xX,,,R), ceR, 1o dynkuun b(Xy,...,X,)=X"(Xy,...,X,)+C HazoBem
n-adpuuabM. MHOKECTBO Beex N-aphuHHbIX GyHKuud u3 X; x---x X, B R 06o3naunm Ba(X; x---xX,). Co-
BOKYIHOCTh COOCTBEHHBIX PyHkimi T X; x---x X, — R, KakKas U3 KOTOPBIX ABISETCS OTOUEUHON BEPXHEH
[PaHBI0 HEKOTOPOro cemeiictBa N-apduuHbix GyHKUMEA 0603Haunm uepes AB(X;x---xX). Ecmu

[ . . k . .
x" e B(X; x---xX,,R), CeR, 10 sicho, uto > X" (X1,...,X,)+C, rae v=>X; ®---®X; , ke N, apdpunnas
i=1 i=1
¢byukuumst Ha X ®---@ X, . [T03TOMYy MHOXKECTBO (YHKLHIA, KOTOPBIC SBJIAIOTCS MOTOYCYHOM BEpXHEH IPaHbIO
K . .
HEKOTOPOTO HEIYCTOro ceMeiictBa HenpepbIBHbIX apduuubx QyHKumil Buga Y X" (Xj,...,X},)+C COBHmagaer ¢
i=1
Fo(xl ®"'®Xn) .
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W3 onpezesnenns HeMeUIeHHO cienyer, uto Bee pyHkimn T e AB(X; x---x X)) N-BBIMYKJIBI U TTONyHENpe-
PBHIBHEI CHH3Y.

Ecmm g() eTo(X; ®---®X,)) u f(Xq,...,X,) =9(X; ®---®X,) mpu (Xy,...,X,) € Xy X---x X, TO GyHK-
o X x---x X, >R, Ha30BeM KaHOHHYIECKOM N-BBIYKIIOHN. SICHO, YTO KiacC KAHOHMYECKOH N-BBITYKION
¢byukuun comagaer ¢ kimaccom AB(X;x---xX,). Ecmu f:X;x---xX, >R, KaHoHHYecKas N-BBITyKIas
dyskmma, To gma mobGoro i m  moOHIX y;€X;, COOTBETCTBYIOIMX BceM J#I1, dyHKimm
Xi > TV Vi X Yiea - Yn) BBIITYKJIBIC npu X; € X u i=1...,n,
F(oyXqsee ey O Xn) =T (Xq e X1, 0 -0 Xy X1y Xy ) TPH (Xq,..., X)) € Xy X x X, # 0y,...,0, €R.

B uactHoctn otcrona umeem, uto f:X;x---xX, >R, 4erno uf(Xy,...,Xi_1,0,Xi,1,..-.X,) =F(0,...,0)
opa (Xq,..., X, ) € Xy x--x X, .

Ecnu  nms moGoro | m mobeIXx  yje€Xj, COOTBETCTBYIOIMX BceM  J#i, dyHkuun
Xi > TV Vi Xi s Yisas - Yn) BBIITYKJIBIC npu X; € X u i=1...,n, u
FlagXg, e 0 X ) =F(Xqe e Xig, 0y 0 Xy Xty X)) TPHE - (X, X ) €Xy x--x X, H dy,...,0, €R, TO
oynkumo f:X;x---xX,, >R, Ha30BeM MPOCTOii N-BBITYKIOH.

Ecmm 1 X x---x X, > R, mpoctas n-Bermykias Gpyskms, To f: X x--x X, >R, gerHo n

F(Xq,e 0 Xi21,0, X495+ - X ) =F(0,...,0) mpu (Xq,..., X ) € Xy x---x X, .

Iycts Xy ..., X,  medictBuTenbHBle  GaHaxoBBl  mpoctpanctBa,  fIX;x---xX,—>R,, ®u

(X4,-.-1X,,) edomf . TTonoxum
OnF(Xpreo X)) =X €B(Xy x---x X, R) :F (X, X ) = F(Xpyon s X)) 2
>X (Xppeo X)) =X (XgseonXp) mpH (Xq,..n X, ) € Xq X x X F
Jlemma 4.1. Ecin X* €0, F(Ry,... %) » 70 X (Rpy. X g0, Kigge o0 X)) €05 F(Rp,..0 X)) mpu i=1,...,n.
JokasarenbcrBo. Ecim xX* 0,f(Xq,...,X,) , TO IO ONIPENETICHUIO HMEEM, YTO
£ (g X g0 X 2 Kigae e X)) = F (Ko Xy ) 2 X Ry e K 0 Xy Kigre e Xy ) =X (Kpree X))
mpu X; € Xj. Tostomy  f(Xy,..,X; 1,X;i, Xigree X ) = F(Kpree X ) 2 X (Xpyo X 1, X =X, Xii1.. 0 X,)  TIPH

Xj € X;. Otcroza ciefyer, uTo X*()_(l,...,Xi_l,-,XHl,...,in)eaxif()_(l,...,in) npu i=1...,n. JleMma oka3aHa.

Teopema 4.1. Bcom ¢:X;x---xX, >R,,, 10 X €8,q(X,...,X,) TOTJa H TOJBKO TOTMA, KOT/A

K . .
uedq™ X, ®--®x,) u g (X ®-®X,)=0Xy,...X,), 1tHe  U(V) =X (X{,...,Xp) npu
i1

ko :
v=YX1®--®x, keN.
i1

Jlokazatenberso. [Tycts ™ (X, ®-+-®X ) =q(Xy,....X,) 1Yy € (X, ®---®X,) =B(X;x---xX,,,R)
npusamiexut g7 (X, ®---®X,). Torma q*(V)-q" X ® - ®X,)2y (V)-y (X, ®--®X,) upn
veX; ®---®X,,. Ecim yuects, uto ((Xy,...,Xp)=q" (X, ®---®X,,), TO [0 yCIOBHIO MOIY4nM
A(Xgre e X)) =Xy X)) ZY (X B ®X,) =Y (X @+ ®K,)

mpr (Xq,...,Xp) € Xy x---x X, . Tloatomy X* €9,0(Xy,.... %), T X (X, X)) =Y (X ®---®X,,) 1pu
(Xq,---1Xp) € Xy x-+-x X, . O6patHO, ecmu X €3,q(Xy,...,X,,) » TO
A(Xgree 0 X) = QXKoo X)) 2 X (Xg,e X)) =X (Xsee 0 X)

mpu (Xq,...,X,) € Xy x-+-x X, . OTCI0/1a BBITEKAET, UTO

sup Y (Xpree X)) =A(Xgree X )3 Q(X .., X ) <

(le'“vxn )EX1><~~~><Xn
< osup Y (X X)) =X (g X0 )X (K X).
(Xq e X )EX X XXy

noamMyq*(y*)+q(xl,...,in)sx*(il,...,in)+{ RPN

mpu Yy e (X, ®---®X,) =B(X, x---xX,,R).



56 Annali d’Italia Ne66/2025

. . K o, . .
Ecm  veX;®---®X,, v=YX;®--®X,, To nomoxus  U(WV)=DVY (X;,...Xp) H
i i1

Ko, .
U(v) =X (X1,.. 0 Xp)
i=
rae ke N, umeewm, uto sup {UMM)-a () -q(Xp,.., X)) u(v) = x* (Xq,.... X)),
y eB(Xyx-xX,,R)
Te. 7 (V) —q(Xp,.. . X)) Uu(v) = x* (Xq,...,X,) mpu veX; ®--®@ X, . B3 v=X; ®---®X,,, nomyunm
g7 (X, ®--®X,)—q(Xy,.... X)) 2 UK, R+ ® X, ) =X (Xq,.... %) =0,
Te. 97 (X ®--®X,) > q(Xy,...,X,). U3 onpenenenns q° (X, ®---®X,,) BbITEKAET, 4TO
4" (R, @ ®X,) <q(Xy,.... X,,). osTomy g™ (X, @+ ®X, ) =q(Xy,....X,,) . Torna
4" (V) -q" (X ®--®%X,) > u(v)—u(X, ®--®X,) mpu veX; ®---®X,, 1e. u()edq™(X; ®---®X,).
Teopema jlokasaHa.

MuoxectBa B, B, © X, x---xX,,  HasblBaloTCs N-OTAETUMBIMH, ecTu  cymectByer X #0,

X € B(X; x---xX,,R) TaKoit, uto u X (Xi,...,Xy) =X (Yi,-.Yy) 1pH (Xg,....X,) €By, (V1,...,Yn) €By.
Amnanornuno Teopeme 3.1 0Ka3bIBAETCA CIEMYIOMAS TEOPEMA.
Teopema 4.2. Iycts Cpc Xy x--xX,, C,cX;x--xX,, C={X ® - ®X, :(Xq,...,X;) € Ci},

C, ={y; ®---®Y, :(Y.....Y;) € C,}. Muoxectsa C; u C, n-oTmenuMEl, TOTAa U TOJIBKO TOT/a, Koraa CoC, u

C 062 OTACIUMBI.

Jlemma 4.2. Ecnin f:X; x---xX,, &> R, co0cTBeHHas mpocTast N-BhITyKias QyHKIHS U

CO={(x, ®---®%,,0) € (X; ®--®X,)xR:f(Xy,...X,,) <o},

~ k . . . .
C¥={(v,a)=dA (X ®---®x ;) eX; ®--®X, xR: (X ®---®x!, a;) eC,
i=1

k
220,24 =1, keN, x},x2,...xK e X, nmmeiiHo HezaBrcHMBbI},
i=L

TO U3 cOOTHOMCHUA (X; ®---®X,, Q) ¢ C° crenyer, uto X, ®---®X%X,,a) ¢ c%.

JoxkazarenbcTBo. [Ipeamonoxum nporusHoe. [lycts cymectByer (X; ®---®X,, ) ¢ C° raxas,

~ - . k
aro (X, ®---®X,,d) e C? . Torma cymectsyer (X;®--®xh,0;)€C’, keN u A; >0, Y\, =1 Takue, uro
i=L

k . . k . .
(X, ®.--®in,a)=§xi(x'l®.-.®x'n,ai) . Orcroza umeem, uto (X, ®~-®)_(n):§}\,i(x'1®~-®x'n) u
1= 1=

k
a=z7uioti .
i1
‘ Kk . .
Tak kak X5, X2,...xK € X, nmueiino nesapucnmer n (X, ®---®X,) = > A; (X! ®---®x!), rae
i1

k .
A; >0, Y.\ =1, T0 U3 nemMMsI 3.7 CIIeyeT, YTO Maphl {X'J ,X;} muneiino 3asucume ipu i=1,...,K,
i=1

j=1...,n=1, T.e. cymecTByIOT unCcaa fj; Takue, 4TO xij =B;X; mpn i=1....k, j=1,..,n-1. Ilostomy
K .

(X ®---®X,) = 2 A (BinXy @+ ®P; 1 X g ®Xy,) . Torza momydum, 4ro
i=1

K .
(X ®®X,) =2 % ® - ®Xp4 ®7\'iBil"'Bi,n—lxln) .
i=1

k .
Orcroza criesyet, uto X, = > AiBi - -BinaXn (cM.[4,6.43]). Torna umeem, uto
i=L
& K i i K < < i
o =200 2 2 A F (X, X0 ) = 2 M (BXy, - Bin 1 X 1. Xn) =
i=L i=1 i=1
k B 3 , B ok , N o
=20 Xy X g Big e BinaXn) 2 F(Xes o X 2 0B - BinaXn) = F Xy X0, X)) > @
i=1 i=L

IMomyunm mpotuBopeune. Jlemma noka3asa.
Amnanornyso gemme 4.2 10Ka3bIBaeTCA ClEAyIOIIas JeMMa.
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Jlemma 4.3. Ecin T:X; xX, - R, 4erHas npocras GuBbIyKias QyHKIUS U

CO ={(x; ®X,,a) € (X; ®X,) xR :F(xy,X,) <},

~ k . . . .
CO® ={(v,a) e X; ®X, xR : (v,a) = Y 4 (X; ® X}, a;), re (X} ®x5,a;) e CP,
i=1

k
Li20,>X; =1, keN, wm X%,Xg,...,xg € X, IMHEIHO He3aBUCHMB,
i=
2 k o 1,2 .
WA X5,...,X5 € X, JHMHEHHO HE3aBUCUMBI, a X3,X5 € X, JIMHEHHO 3aBHCHMBI,
TO U3 cooTHOMCHUs (X; ®X,, Q) & C cuenyer, uro X, ®X%,, ) ¢ c®.
Jlemma 4.4, Ecniu f:X; x---x X, >R, KaHOHHYecKas N-BbITyKiIas QyHKIHS U

CO={(x, ®---®%,,0) € (X; ®--®X, ) xR :f(Xy,...X,,) <o},

k . .
C¥—{(v,a) e X; ®--@X, xR:(v,0) =D (X! ®--- @], 01;),
i=1

. : k
rae (X ®---®x5,04)eC’ ;20,32 =1, ke N},
i=1
TO U3 COOTHOMICHNA (X; ®---®X,, Q) & C° crenyer, uro X, ®---®X%X,,a) ¢ c%.
Joxka3arenabcTBo. [Ipeanonoxum nporusHoe. Ilycts cymectByer (X; ®---®X,,, ) ¢ C° Taxas,

. : K
a0 (X, ®---®X,,,a) e C? . Torma cymecrsyer (X ®---®x!,0,)eC’, keN u A; >0, > A; =1 rakue, uro
=]

k . . k . .
(X, ®.-.®>—<n,a)=§xi(x'l®--.®x'n,ai). Ortcrona umeeM, 4to (X; ®---®X ) :.Zl'}”i(xll®m®x:“) u
1= 1=

k
a =Y Ao . Tak kak f:X;x---xX, >R, kxaHoHmuecKas N-BBIIyKIast GYHKIHMS, TO CYIIECTBYET MHOXKE-
i=L
CTBO MHzEeKCOB T Takux, uto f(Xy,...,X,)=sup (X (Xy,...,X,)+C;) . [TosTomy

teT
k k ) _ K _ _
=D A0 = YA F(X],. .0 X5) = DA sup (X; (X],.. . X ) +C) >
i=1 i=1l i=1 teT

k . . k . .
2SUPY A (X{ (X1, Xp) +Cp) =SUP YA (X{ (X ® -+ ®@Xp) +C¢) =
teT i=1l teT i=1

ko .
=sup (X . AiX]; ®---®Xp) +¢;) =sup (X; (X, ®---®X,)+¢;) =F(Xy,....X,,) > .
teT i=1 teT
ITonyuum mporuBopeune. Jlemma nokasasa.

Ecimm f:X;x---x X, >R, TO momoxum

Ot1metnm, 4TO eciu )(Ill®---®Xn - HaJIENICHO MIPOECKTUBHOM TOIOJIOTHEH, TO
X ®--® X)) =B(Xy x--xX,,,R) (cm.[12]).

Jlemma 4.5. Ecin §: X, ®---® X, >R, cobcrBenHas Bbimykiast QyHKIUS 1

F(Xpye. X)) =0(X; ®---®X,,) mpu (Xq,...,X,) €Xyx---x X, , 10 f(v)=g(v) mpu veX;® - ®X, u
f(x, ®-®X,) =g(X; ®-®X,,) mput (Xy,...,X) € Xy x---x X, .

Joka3zareabcrBo. Tak kak §:X; ®---@X, - R, Beimyknas QyHKUHUS, TO HMEEM, YTO

_ K . _ K k . . : .
f(v) =inf{> o, f(Xq,.... %) 10 >0, Yoy =1L v=Y0;(X; ®-®X), (X{,...,X}) € Xy x-+-xX,,, ke N}.
i=1

_ k : : k k : _ : :
f(v) =inf{Oa;g(x1 ®®x;):0; 20, Yo, =L v=>0; (X3 ®--®X},), (X1,...,Xp) € Xy x--x X, ke N}
i-1 i-1 i-1

ko _ k k : . : 4
>inf{g(X o] ®-®x1):0 20, Yo =L v=>0;(X] ®--®X}), (X1,-..,Xp) € Xy x--x X, ke N}=g(v)
i1 i-1 i-1

npu Ve X; ®---®@X,, T.e. f(v)zg(v) npu veX; ®---®@X, . [Toaromy f(xl@)m@)xn)Zg(x1 ®---®X,,) npu
(X, Xp) € Xy x---x X, . U3 ompemenenms f(v) cuexyer, uro 1:(X1®---®Xn)ﬁg(xl ®---®X,) mnpu
Xy x---x X, . Tora nomyunm, uto f(X; ®---®X,)=g(X; ®---®X,) mpu (Xq,...,Xp) € Xy x---x X, . Jlemma

JI0Ka3aHa.
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Ecmu C < X x---x X, n-seimykioe muaoxectso u (0,...,0) €int C, To nonoxus

X X
21,80 e, o, >0,...,a, >0¢,
Ol Oy,

pc(Xl,...,Xn)=inf{a1---an :[

qC(X15~--!Xn):inf{al"'an :(ﬁlu.,x_nJEC, (ll"'(xn >O},

Op Qg
paccMoTpuM aHaIOr GYHKIHHA MHHKOBCKOTO, TIe (Xq,...,X,) € Xy X---x X, . SIcHO, 41O
Ac(Xqyee o X)) SPc(Xqse. 00 Xp) mpr (Xq,...,Xp) € Xy x---x X, necmu C 4erHo, T.c. U3
(Xgse X Xis Xigg oo X g0 Xy XX ) € C comentyeT, 910 (Xq,e Xig, =X Xjg oo X g, =X, X X,)€C, To
Ac(Xqye- X)) =Pc(Xgs-- 0 Xp) mpr (Xq,-..,Xp) € Xy x---x X, tme I, jefl,...,n} mi<j.
W3 onpenenenus Pe(Xq,...,X,) caemyet, 9to Pe(Xq,....X,) <1 mpu (Xy,...,X,) €C u pe(Xq,...,X,) 20
mpu (Xqg,..., X, ) € Xy X x X, .

o

. X X
Jlemma 4.6. Eciu C n-geinykioe muoxectso, (0,...,0) eintC u ycnosue [—l—nJeC
o QA
Xi
BBIMOJTHAETCS B TOM U TOIBKO B TOM Clly4ae, koraa | Xq,...,———,...,X, |€C mpu a4 >0,...,a, >0,
Qg ooy
i=1...,n, o
. X X
Pe(Xgyoon X)) =infaoy -0y | =1,..., =2 |€C, 0y >0, ...,a, >0
O &
n-cyGnuneiinas GyHkuus u P(Xq,...,X,) <1 opu (Xy,...,X,) €C.
Joka3zareancTBo. Eciu A >0, To
. X AX, X
Pe Xy, AXjye ey X)) =iy -0y, 4 A0 iec, oy >0,...,0,>0¢=
o j Qp
. o X X; X
=infahoy - —eay | =2, o, S eCoay >0, .0 > 0= AP (Xgbeeny Xy Xy )
A oy % o,

opu (Xq,...,Xp) € Xy x---x X, .

Bt (Yiree 0 Vito Xt Vit oo ¥n) s (Voo Yig X2 Yisgee o0 Y ) € Xy x---x X, mpu i =1,...,n, T0

1 2
. X Xig Xi+X© X; X
Pe(Xqre o X+ X2, 0X,) =infoy o | =2, AR 20 T 2 e Cloy >0, .0, > 0=
o Qg Q4 Qi ®n
1 2
. Xi +X;
=inf{oy ooy T (X X Xjy1,-- X ) €C, 0y >0, .0, >0} =
l.-.an
1 2
. t X;j S X;
=inf{oy - o, T (Xq,e 00 X, ( L+ ) Xiy1he- X, ) €C,

Ol -+0ly, t Op -0,
oy >0,--,0, >0, t+S=0;---a,,t>0,5>0}<

1 2
. Xi X;
S|nf{t+s:(xl,...,xi_l,T',xi+l,...,xn) eC, (xl,...,xi_l,?',xm,...,xn)eC, t>0,s>0}=

=P (Xar o Xi 1 X5 X000 X0 )+ P (K00 X XE Xt X0),
T.e. Xj > P(Xy,-. 0 Xjye., X)) CyOnuueiinas Gpyuxuus npu i =1,...,n . Takxke scHO, 4TO
P(X1y - Xi1:0, Xigs-- X)) mpE (Xqpee 0y Xig,0, X400 00 X ) € Xy X-oox Xy, i=1...,n.  Tlostomy
P(Xy,...,X,) N-cybnuueiinas pyuxuus. SIcHo, uto P(Xyq,...,X,) <1 mpu (Xy,...,X,) € C. Jlemma nokazana.
Caencrsue 4.1. Eciy BbIIOIHEHB! ye10BuUs ieMMbl 4.6 1 C ueTHOE MHOXKECTBO, TO
P(Xq,...,X,) N-cyOnuHeiiHas yeTHas HePEepbIBHAS ()YHKIIHSL.

Hokaszarenbcrso. Tak kak (0,...,0) eint C, to cymectsyer 8 >0 Takoe, uro 8B, x---x86B, < C.

Mostomy  0<P(Xy,....Xy) ST mpu x|+ + X [ <&. Tosromy ng(%,...,%)sl pu

(Xproo X)Xy xox Xy, X 20,..,X, #0. Otciona cnemyer, uto  [p(Xy,..., X)) < (2)"[Xq|--+[[Xn|| mpm
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(X1, X)) € Xy x---xX,,. Torna aHamoru4no jgemme 1.7[3] mmeem, uto p:X; x---x X, — R HenpepsIBHas

¢yakaus. Tak kak C deTHOE MHOXECTBO, T.C. U3 (xl,...,xi,l,xi,xm,...,xH,xj,xjﬂ,...,xn)eC cleyeT, 9To
(Xgse X=Xy Xiggse- X 1= X Xjygpe-Xp ) €C
mpu i,jefl...,n}, i<j, o0
P(Xqs- e Xicgs Xis Xiggse oo X 10 X o XX ) = PRy X=Xy Xigg oo X j15—X s XX )
mpu (Xq,..., X, ) € Xy x-+-x X, T.e. P(Xq,...,X,,) derHas pyHKums. CreCTBHIE J0KA3aHO.
Teopema 4.3. Eciu M  n-semmykioe yernoe 3amkayro wmHoxectBo, (0,...,0)eintM wu mpu

X1 Xj Xn
a; >0,...,a,>0 ycmoBue |—,...,—,...,—~|€M BbImomHACTCS TOrAa U TONBKO TOIZA KOTJA,
oy O O

X . - o
Xl,...,xi_l,ﬁ,Xi+1,...,xn eM mpu i=1...,n u (Xq,...,X,) € M, To cymecTByeT HeHyJIEBasK
1---0p

N-nuneiinas HenpepbiBHast GyHKIUA X (Xg,...,X,), KOTOpas CHIBHO OTJEISET MHOKeCTBO M M TOuKy
(O
Joxka3zarenabcrBo. U3 cnenctsust 4.1 cenyer, uro (cm.taxoxke [18])
. X, X, y
Pc(Xy,.., Xp) =inf{oy--a, | —,...,— L |eM, 0y >0, ...,a, >0} n-cyGnuneiinas ueTHass HeNpepbIBHASL
Oy o)
HeoTpuuarensHas GyHkuust, P(Xq,...,X,) <1 npu (Xy,...,X,) €M

u p(Xy,...,X,)>1 (Ecma p(Xy,...,X,) <1, To cymectByer 04, ...,0, €R,rne 0<o, ---0, <1 Takoe, uto

X X
2L 20 |eM uma cymeetsyer af,..,0KeR, of ---ak>1nm of ---aK 51 Takoe, uto
oy ®n
3 Xolem.m ©,...0) cint M
—cr- |€M . Io yemosuro (0,...,0) € , TO CYIIECTBYET OTKPBITAsl BBIIYKJIasi OKPECTHOCTD HYJIS
o Qn
Q rTakas, uro Qcint M. TTosromy u3 jgoka3zaTennpcTBa Teopembl 1.35[17] ciemyer, 4TO CyHIECTBYET YHCIIO
il Xn
Ao >0 Takoe, uro TR €eQcM mpu A>Ay. IlockonbKy N-BEITYKIOE MHOMXECTBO, TO JIETKO
TIPOBEPHUTH, 9TO0 (X1,--Xp) M. Homywam MIPOTHBOpPEYHE). ScHo, 9T0

Xo(AXpye oAy Xp) =Aq... AqP(Xy,...,X,) N-IuHeliHAas 4YeTHas HenpepbiBHAs (YHKUMSA HA MOANPOCTPAHCTBE
Z={(MX1,-- A Xp) i A, hy € RY. Hockombky Xo(AgXy,ee o AnXn) =Aq - ApP(Rpse X ) = PXy e AnXy)
mpu Aq-chy 20 1 Xg(MXq,. ., AXD) = Ay AnXo (Ryse 0 X ) <O<p(AqXyq,...,AX,) mpu Aq---L, <0, TO nmeem,
910 X (AgXyse A0 Xy) SPAXy,eeAnX,) TpH Aq,..., A, €R . o cnenctsuio 2.8.2[5] cyuecTByeT N-nnHelHas
ueTHas  HempepbiBHas — QyHkius X (Xg,...,X,) onpemenennHas Ha  X;x---xX,  Takas, 4TO
X (Xgyee 0 X)) =X (Xqse ey Xpy) npu (Xy,...X)€Z u X5 (Xqy e 00 X)) SP(Xypye 0 Xpy) npu
(Xq,.. 0 Xp) € Xy x--x X, . Orcrona cnemyer, uto X (Xy,...,X,) <1 mpu (Xq,...,X,) €M B To *xe Bpems
X" (Xy,...,X,) >1. Takum o6pazom, X*(Xq,...,X,) CHIbHO pasaenser MHoxecTBo M u Touky (Xi,...,X,) . Teo-
peMa J0Ka3aHa.

Honoxum (X x---x X, xRx---xR)" =B(Xy x---x X;,R)xB(Rx---xR,R) (cm.[12, ¢.36]). OTmeTum,
uto (X; ®---®X, xR®---®R)* =B(X; x---xX,,,R)xB(Rx---xR,R) .

Iycts f:X;x---x X, >R, . [lonoxum

N—Ef) ={(Xs,.... X, 04, -+, 0p) € Xy X x X, xR x- - xR f (Xyq,...,X,) <oy -0}

OtMeTnM, 4TO KaHOHMYECKas N-BBITYKIas (QYHKIMS SBISETCS NMPOCTOW N-BBIMYKJIOH IMOJIYHEIPEpbIBHOM
cHM3y (yHKumei. JlokaxxeM oOpaTHOe yTBEpKICHHE.
Teopema 4.4. Ecnu f:X; x---x X, &> R npocras n-Beimykiias nonyHenpepslBHAsS CHU3Y

Gyuxuust u (0,...,0) eint(n—E(F)), to £ (X1,...,X,) =F(Xq,..., X)) IpH (Xq,..., X)) € Xg XX X, .

Hoxka3zarenaberBo. Tak kak T :X; x---x X, = R uernas gpynkuus, ro n—E(f) yernoe
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X X; X X;
MHOXeCTBO. 10 yCIoBuUIO f[—l,...,—',...,—"j=f(xl,...,xi_l,—',xm,...,an npu oy >0,...,0,>0.
o a; Oy, 1---0y
X X; X ;
TTostomy u3 (—1,...,—',...,—”,&,...,&,...,B—”)en—E(f) CIIEYET, YTO
0y QL op 0y a Qp
X; B;
(Xl""’Xifl’—l’XHl""’Xn’Bl"'"Bifl’—l’BiJrl""’Bn)en_E(f) HpI/I (11 >0,...,(X,n >0.
1.0 0y...0,

IMycts (Xy,...,X,,00,...,0,) €N—E(f) . Toraa mo Teopeme 4.3 cymiectBytor X" e B(X; x---xX,,R) u
beR, uto X*(Xy,...,X,)—boy ---a, <X*(Xy,...,Xy)—boy o, mpu (Xq,...,X,,0,...,0,) € N—E(f) . TIomno-

KUB Oy -0, =F(Xy,...,X,) momyuum, uro X*(Xy,...,X,)—bf(X,...,.X,) <x"(Xy,...,X,)—boy ---a,, T.e.

b(f(Xy,....X,)—0y---a,)>0. Orcoona BBITEKAET, 4yTO b>0. Torna AMeEEM, 4TO
1 . 1 ., = _
EX (X1,e0s X ) =0y ool <BX (Xg,oe0nXp)—0g--a,  mpa (Xq,..0Xp,0,-..,0,) €N—E(f).  BozsMem
_x 1 .
o0y =F(Xg,.0 0 X,) X (Xl,...,Xn):BX (Xq,--0Xp) - ScHo, 9TO
X (X e X ) = F(Xgpee 0y X ) < X5 (Xq, .o X)) — 0 - 0Ly pH (Xgseee Xp) € Xy %% X, [Toatomy
sup LK (Xqpee X)) = F Xy s X ) S X (Xq,ye e X ) — O -+ Oy T.€.

(XX JEX e 5Ky
(X)) <X Xy, X)) =0 -0y, - Otcroza uMeem, qT0 X" edomf” u
Oy Oy SX5(Xy,. e X)) =T (XT) <7 (Xq,...,X,,) - Homyunm, uto
oo, < T (X, X)) (X0, X,) - CiepoBarenso 7 (Xy,...,X,) =f(Xy,...,X,,) . Teopema nokasana.
Teopema 4.5. Ecim f :X; x---x X, = R, npocTas N-BbIMyKIIas IOJyHENPEPHIBHAS CHU3Y
Gyskuust u (0,...,0) eint(n—E(F)), To £ (X5,...,X,) =F(Xq,..., X)) OpH (Xq,..., X ) € Xg X=X X, .
HoxkazareabcrBo. Eciu (Xq,...,X,,,0,...,a,) € N—E(f), To no teopeme 4.3 cymecrByror
X" e B(Xyx--xX,,R), beR u e>0 TaKue, 4TO
X*(Xg,.. 0 Xp)—boty -0, <X¥(Xg,..., %) —boy @, —¢
mpu (Xq,..., X0 ,-..,0) €N —E(f) . Honosxus (Xy,...,X,) =(Xy,...,X,) edomf u f(X;,....,X,)<ay--a,

OTCIOZIa IPH Olg -+ -0L, —> +00 uMeeM, 4to b>0.
—k 1 £ £
Eciu b >0, To aHanmorn4yHo 10Ka3aTeNnbCTBY TeopeMbl 4.4 umeem, 4to X = EX edomf™ u

™ (Xq,.., X)) =F(Xq,...,X,,) - Takxke, aHATOTHYHO JOKa3aTeIbCTBY TeopeMsl 4.4 nmeem, uro b >0 mpu
(Xq,...,X,) edomf .
ITycts (Xy,...,X,)edom f. Torxa, eciu b >0, To mmeem, uro ™ (X,,...,X,) =F(X,,...,X,) . Eciu
b=0,10 X"(X1,...,X;,) <X (Xq,.., X)) —€ 1pH (Xq,...,X,) €domf . Bozsmem X" e domf ™. Torna
F (X) =X (Xyq,.. ., X)) —F(Xq,...,X,,) - [ToaTOMYy
K (Kpye o X ) F X (X e 0 X ) = F(Xg, ey X)) S FH(XT) +uxX* (Xy,.. ., X, ) —pe

npu p> 0. Orcrona cnexyer f*(X™ +pux™) <f*(X*) +px* (Xy,...,X,) — e, KOTOPYIO MOXKHO 3aIHCaTh B BUIC

X (Kpye o X)) +pe—F (X*) < (X +uxX )Xy, .. 0 X)) —F (X +ux) <7 (Xq,...X,,)
a+f (X")-X"(Xq,....X,,)
€
umx a . [osromy f™(Xy,...,X,)=+o. Teopema n0Ka3aHa.

IloacraBu W=

orcrona nmeem, 4ro a <f*(Xy,...,X,) IpH HOCTATOYHO GOIb-

Hpyrue BapuanTsl TeopeMsl 4.4 u 4.5 noxasassl B [4, c. 96].

U3 teopembl 4.5 cnenyer, uto f(Xy,...,X,)=f"(X,....X,) = sup X (X, X ) =5 (x*)} 1pu
X*eB(Xyx-xX,,R)

(X1, X)) € Xy x---x X, . Hoatomy, ecim f:X;x---xX, >R, mpocras N-Beimykiias MONyHENpepbIBHAS
cuuzy dyuxuus u (0,...,0) eint(n—E(f)), to f:X; x---x X, &> R,,, kaHOHHYeCKast N-BHIIyKIAs (yHKIHSA.

Ecmu fiX;x---xX, >R N-BBIMTYKJIAs 4yeTHast byHKIHSA u
FlayXy, oy 0, X)) =F (X0 X900 -+ O X Xisg s X ) TpH (X, X ) € Xy % x X, 04>0,...,0, >0,
i=1...,n,71o f:X;x---xX, = R mpocras n-Beinykias GyHKIHS.
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OrmernM, uro ecan ¢ykums T:X;x---xX, >R, nenpepeisra B Touke (0,...,0)eintdomf u

£(0,...,0) <0, 10 (0,...,0) eint(n—E(f)).

Ecmu f:X; x---xX,, = R, mpocras N-BbIIyKJIas ONTyHeNpepbiBHas cHu3y GyHKIms 1 hyHkius T Hempe-

poisaa B touke (0,...,0) eintdomf, To f(xy,....x,)=F(Xq,....X,)—F(0,...,0)—1 mpocras N-Biykias deTHAs

nomyHenpepsiBHas cansy Gyuxuus u (0,...,0) e int(n —E(f)) . Iostomy, ecim f:X; x---x X, — R mpocras n-

BBIITYKJIasd

(Xl,...,Xn)€X1X‘-'XXn.

(deTHas

N-cyOnmuHeWHasi) HempephIBHAS

oyuaxkmmst, T F7(Xq,...,%X,)=F(X(,...,X,) TpH

ScHo, UTO BCE Pe3yNbTaThl ITYHKTOB 2 U 3 CIIPaBeUTHBEI I IPOCTOM N-BBIMTYKIIBIX ()yHKITHIA.
Ecim Xy,...,X,, TMHEIHBIE IPOCTPAHCTBA, TO MOXKHO MCCIICIOBATh U aHAIOTHYHBIE 3a1a4t (CM.[4])
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One of the main tasks of labor education is to form the right attitude to labor in children. One of the main
features of the effective organization of labor is its implementation in accordance with age and individual charac-
teristics. The article emphasizes that the curriculum reform in Azerbaijan is conditioned by the need to ensure the
adequacy of education in the XXI century, to cultivate a creative, self-developing personality, and draws attention
to the new, personality-oriented and developmental training, which is more widely applied in the practice of pre-
school education, and the interest shown by the child in the life and work of the elderly, as the main condition for

the psychological preparation of the child for labor.

The article presents education that serves the comprehensive, harmonious development of preschool children,
and how the study of Technology serves the development of preschool children's technolo gical thinking, the
formation of technological skills in them, and the acquisition of the necessary knowledge to continue their

education in later stages.

Keywords: Technology, equipment, resources, technical progress, hard work, economic and social,

preschool pedagogy, professions, labor process.

Relevance of the research topic. Preparing the
young generation growing up in modern conditions for
a free life and certain labor relations requires great
competence. Every young person who is brought up in
the spirit of free creativity and self-confidence, who is
able to take on the responsibility of making decisions
and drawing conclusions, can play a unique role in the
socio-economic deve lopment of society tomorrow.
The analysis of the materials | have collected gives
reason to say that familiarity with the fields of labor;
familiarity with labor tools; familiarity with
professions; respect for working people, as well as the
implementation of labor organization in various
directions requires great effort from the educator, along
with knowledge and skills.

Interpretation of generalizations formed on the
basis of research materials.

“Technology” is an integrative field of education,
a human activity that synthesizes knowledge from other
subjects and shows its application in various fields. The
study of the new integrative field of education,
“Technology”, and the presence of an appropriate
material and technical base, allows children to acquire
general labor and partial special knowledge and skills,
ensuring their intellectual, physical, ethical and
aesthetic development. One of the most important tasks
of preparing children for school education is to educate
them in readiness for labor.

The current stage of development of science and
technology and the new discoveries made in this field
make it an important task to raise comprehensively
developed young people. [1; 32] In our republic, which
is building an independent and legal state, and
considers the development of free enterprise, market
economy, and private ownership as its highest goal, the
labor education, vocational orientation, and
development of aesthetic tastes of children and
adolescents are of particular importance. In this regard,
technology has a unique place and role among the

educational subjects that serve the comprehensive and
harmonious development of preschool children. Thus,
technology should awaken in children from the first
stages of preschool education a sense of love and
respect for labor and working people, and should
cultivate in them the ability to participate in socially
useful productive work within their capabilities.

In the modern era, when technical progress is
gaining momentum, the role of electronic and
information technologies is increasing, and competition
in a market economy is intensifying day by day, this
subject serves to develop the technological thinking of
preschool children, form technolo gical skills in them,
and acquire the necessary knowledge to continue their
education in later stages.

At a time when the need to direct resources and
information to serve the interests and benefits of people
is put forward as a necessary requirement, it is
becoming an important task for preschool children to
acquire technological knowledge and skills and to be
able to use them purposefully in their activities. The
teaching of "Technology" as a subject in preschool
institutions primarily stems from this necessity and is
of great importance in terms of instilling life skills in
preschool children.t carries. Teaching the subject
"Technology", that is, Labor, in preschool institutions
creates comprehensive conditions for the formation of
creative abilities in children, for their continuation of
education in technical fields. In the process of training,
children determine the possibilities of technical
activity, put forward "ideas" for solving problems,
perform simple technological work and get the
opportunity to evaluate the results. Teaching this
subject also creates the basis for the formation of
children's character, their moral, intellectual and
aesthetic development. [4; 61]

Labor is the basis of human life. The foundation
of happiness is built through labor. The first condition
for good upbringing is that the child understands that
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all the material blessings he uses do not fall from the
sky ready-made and can feel that they are the fruit of
someone's labor.

It is essential to start developing industriousness
in children who have just entered life, who are very
interested in the world around them and things, and
who are eager to learn everything, from preschool age.
In this regard, children are involved in labor work that
is appropriate to their abilities from preschool age. The
scope of their labor activity is gradually expanded and
complicated. Labor forms in children, along with
industriousness, such moral qualities as endurance,
courage, companionship, friendship, caring, kindness,
zeal, and patriotism.

Properly organized and purposefully implemen
ted labor has a positive impact on all of a child's
personal qualities and plays a decisive role in deter
mining their future life path.

The Russian educator K.D.Ushinsky noted that
real and free labor is of such great importance in a
person's life that without it he loses all his value and
dignity. Labor is not only a necessary condition for the
development of a person, but also necessary for
maintaining the degree of dignity he deserves.
Therefore, the labor education of preschool children
should be properly structured. This leads to the gradual
formation of their ability to perform physical labor. In
the process of physical labor, they receive extensive
knowledge about the properties of objects, plants,
animals and birds they care for, which gradually forms
individual and mental characteristics in children.

It is important to start developing industriousness
from a young age. Because the success of educating this
quality depends largely on this period. On the other
hand, in children who have just entered life, who are
very interested in the world around them and things,
and who are eager to learn everything, it is necessary to
start developing industriousness from this period. If
work is not done with children from this age towards
developing industriousness, they may develop laziness
or an indifferent attitude towards work. Once these
qualities become a sign of character, it is very difficult
to eliminate them.

The work of preschool children has its own
characteristics. Their work is often related to play. This
manifests itself in various forms. For example, in the
game “Car Inspector”, children serve passengers in the
role of an inspector. In the game “Chef”, the chef tries
to cook a delicious dish. In the younger group of
children, they feel the need to do physical work in the
process of playing. [3; 48]

Combining work with play encourages children to
act in a certain role (large group) and wear professional
insignia (wearing a sailor's hat, carrying traffic signs, a
flag, a flashlight, etc.). In the labor process, children
sometimes set goals, plan work in advance, organize
their activities accordingly, and work until they achieve
a certain result.

Children acquire many skills and habits that are
vital in their daily work activities, and they acquire the
ability to work independently. In the process of work,
children study the objects around them, observe the
growth and development of plants. They take care of

animals, get acquainted with their lifestyle. Children
compare and contrast all this and try to find answers to
many questions. As a result, their interest in studying
these patterns gradually increases.

Preschool pedagogy sets certain goals for child
labor: to acquaint children with the labor of adults, to
instill in children respect for their labor, to form simple
labor skills and habits, to form an interest in labor, to
teach that labor has a social nature. Although it is
primitive for a one and a half to two-year-old child to
put on and take off his clothes, shoes, and comb his
hair, its importance is quite great. By performing these
actions, the child achieves the labor goal set before him.
At the age of three or four, he joins in more complex
household chores. Often, child labor is carried out in
the form of a game. Attempting to do something has a
positive effect on the development of activity,
independence, purposefulness, initiative, physical
strength, and mental tension in the child's character.

One of the tasks carried out during labor education
is the psychological preparation of the younger
generation for labor. What does psychological
preparation of the younger generation for labor mean?

To make the educated understand the importance
of labor in economic and social life, to explain to them
the role of labor in the normal development of the
human body, the formation of moral qualities and
psychological processes, as well as to instill in them a
love for labor and a sense of respect for working people,
and a sense of hatred for those who despise labor,
means psychologically preparing them for labor.

The practical preparation of the younger
generation for labor is also the task of labor education.
What is its essence? It consists in instilling ordinary
labor skills and habits in children, adolescents and
young people in the areas of self-service, household,
and socially useful activities in the family,
kindergarten, and school. The work carried out in this
direction serves to prepare the younger generation for
labor in a practical way.

In the conversation about preparation for work,
one cannot forget about another type of work, mental
labor. Because mental labor also has its own specific
skills and habits. For example; writing poetry, drawing,
composing music, scientific research, preparing for
lessons, organizing and conducting lessons, etc.
activities belong to mental labor. There are a number of
skills and habits that characterize each of them.
Instilling such skills and habits in the younger
generation is also an integral part of practical
preparation for work. [2; 41]

Instilling work culture, skills and habits in
children is one of the tasks of labor education. When
we say work culture, we mean arranging the workplace,
bringing the necessary items, devices, tools, equipment,
etc. for work, tidying the workplace after work, and
taking safety measures.

Children are given relevant information about the
measures we have listed, and are also armed with those
skills and habits. The foundation of labor education is
laid in the family. In the family, the various types of
work of parents serve as an example for children: they
strive to do the same work as their parents. Experienced
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parents involve their children in household and self-
service work from an early age, which they are capable
of.

Labor education continues in Kkindergarten.
Children here enthusiastically participate in games
depicting professions such as teaching, medicine,
driving, and others.

Thus, it can be said that the development of a
child's personality is formed in the process of activity.
From this point of view, conveying to children what the
role of labor in society is, as well as instilling in them a
sense of hard work, explaining to them how necessary
labor is for survival, is one of the important tasks today.
The organization of children's labor activities in
preschool institutions depends largely on the planning
and correct understanding of work. H. Zardabi, who
once highly appreciated the correct planning of labor,
wrote: "It is possible to educate morally corrupt people,
even criminals, with properly organized and
consciously directed labor."

The child must see the connection between what,
how, and why it is being done. When planning the
child's work, the educator must take into account the
relevance of the existing difficulties to the child's life
experience and determine in advance ways to overcome
them.

Work planning is related to the sequential
execution of the work to be done. Tasks such as what
to do first, what to do later, and why not do it differently
generally require a systematic approach to work. For
example, when children clearly understand the
sequence of washing their hands and face, such as first
rolling up the sleeves of their clothes, then washing
their hands, and finally washing their face, they
perform the work more efficiently. Thus, the educator
determines the sequence of work, and the children
follow this sequence in the process of activity.

The more purposeful and clear the children's labor
activity, the more interesting and neat its
implementation will be. By directing the children's
actions in a logical sequence, the educator achieves
more effective work with less effort and time.[8; 52]

Children in the older group often prepare the plan
of the assigned work themselves. The main goal of the
educator is to teach the child what he cannot do. Of
course, in order for the child to plan his own activities,
it is necessary to give him an example, use previous
planning, and accustom him to think about his own
activities in advance.

The purpose of Labor Lessons in the preschool
education curriculum is to prepare children for
independent life, promising professions, to acquire
general skills and habits, and to adapt to various
conditions based on creative thinking and active
activity. Preschool children's acquaintance with
different professions and gaining a certain idea
encourages them to engage in direct labor. It is true that
during preschool age, a child's labor activity is mainly
episodic, random in nature, and cannot be considered
organized, regular, planned labor aimed directly at the
production of material goods. Moreover, their
acquaintance with certain labor activities and labor
tools occurs mainly in the process of play, and

sometimes their performance of any labor tasks bears
the stamp of game activity, in other words, has a game
character. In the lesson models prepared on the basis of
the content standards of Technology in the areas of
development, the development of children's cognitive,
informative-communicative, psychomotor activities, as
well as the acquisition of necessary habits, is in the
center of attention. The lesson is the product of the
creativity of each teacher. Therefore, it is up to the
teacher to enrich and make labor activities more
interesting by taking a creative approach.

Children take the labor tasks they undertake in the
process of play relatively seriously, and make
considerable volitional efforts to complete a certain
task. If a child plays the role of a watchman, he does
not leave his place for a certain period of time in
connection with this task, trying to fulfill the norms
required of him. In such games, children develop
endurance, volitional effort, accuracy, etc. necessary
for labor activity. It should be taken into account that
since labor activity is always aimed at obtaining a
certain result, material and moral product, creative
elements always play an important role here. True, in
the labor process, a completely new, original product is
not always obtained, in many types of labor, a product
is obtained that mainly corresponds to a certain sample
or standard.

But what serves as such an example for a child in
the process of play, what should he liken his product
to? This example is mainly the actions and behavior of
adults, as well as labor activity. Children also strive to
ensure that their actions and behavior, the performance
of labor tasks, closely correspond to this example.
However, they do not always act as imitators. They also
strive to “create”, “discover”. Moreover, such
“discoveries” are not uncommon in their lives.
However, it should be noted that children's creations
are "discoveries" of what has already been created, and
their “discoveries" are "discoveries” of what has
already been discovered. In other words, they
themselves try to determine these or other issues for
themselves, independently, "without taking an
example" and "without imitating”, and they tend to be
creative. Such creativity is most noticeable in their
games related to assembly. True, in order to make this
or that new object, they do not first prepare it in their
heads, in an ideal form, as adults do, and then try to
translate their ideas into material form. This is not
relevant to their age level. However, they make this
"discovery" in a visual-practical process. Sometimes,
while assembling an object in the process of the game,
the child himself can get a completely new object
without expecting it. So, in the process of the game, the
child understands the world around him, and also
masters various fields of labor, labor tools and the rules
for using them.

There is a special tendency for children to work in
preschool age. However, it should be taken into account
that in kindergarten children, work is more attractive to
them because it resembles a game, in other words, it is
carried out as a game. In other words, preschool
children give a playful spirit even to serious work tasks
assigned to them, it is this spirit that attracts them more.
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Thus, even children's household work is performed
because it attracts them, on the contrary, the motive for
doing this or that work for others is still very weak in
them. However, it is precisely in the process of such
work that qualities such as organization, independence,
perseverance and a sense of responsibility begin to
form in children, which is useful for future work. As a
result, older preschool children, when on duty, are able
to perform the tasks assigned to them without any
reminders. They are able to organize their work in an
organized manner.[5; 12]

One aspect that cannot be overlooked is that
preschool children strive to do work that attracts and
interests them. It is very difficult to attract preschool
children to do work that does not attract or interest the
child. For this, it is important to set interesting tasks for
them. The research of the Soviet psychologist Elkoni
attracts attention in this regard. For example, preschool
children are given a piece of wood, a hammer, nails,
etc., and are given the task of “making something”.
72% of children give up work and do not make
anything. However, as soon as they receive the task of
making a small table from them, the children's attitude
changes and they begin to work enthusiastically.

One of the factors that plays an important role in
labor education in kindergarten children is the proper
guidance of children's labor by adults. This work goes
in two directions. On the one hand, adults organize
interesting conversations about various types of labor,
instilling interest and enthusiasm in them for labor. On
the other hand, children are taught the rules for using
tools and materials. It should also be noted that
measures to encourage children in the work process
have a very serious impact, and special attention should
be paid to this aspect. It is also important to
consider that a need develops when different means are
used to satisfy it. When the same thing is repeated many
times, a person's attitude towards it changes, and
indifference towards it may arise. Therefore, it would
not be right to direct a child to engage in the same thing
- a labor task - for a long time, and in this case to use
the same means.

As the child achieves success in that activity
process, he becomes more inclined towards it. In other
words, as the activity and abilities develop, the
inclination also develops. This clearly shows that the
development of children’s abilities directly depends on
the strengthening of their inclination in this or that field
of activity. [9; 21]

It is of great importance for children to have
spatial imagination in order to be creative in the work
process.

The wider the children's spatial imagination, the
more diverse their creative possibilities and the wider

their field of vision. If imagination is superficial and
limited, it will have a negative impact on creativity,
regardless of the level of development of abilities.

Thus, it can be said that one of the main tasks
facing technology classes is to develop the technical
thinking and creative activity of preschool children,
which can be further realized in the process of
technology classes.

Result.In general, it can be said that Technology-
Labor classes reflect all activities aimed at achieving
general learning outcomes by determining the main
goals of teaching this subject in preschool educational
institutions and are focused on the capabilities and
needs of each child. Labor, as the main type of activity
of children, plays a key role in the comprehensive
development of children. Currently, the theoretical
problems of labor training include the optimal selection
of its content, the improvement of labor training
systems, methods for developing children's technical
and technological thinking, and the effective formation
of simple labor skills and habits.

At the same time, teaching this subject creates the
foundation for the formation of children's character,
their spiritual, intellectual, and aesthetic development,
and their adaptation to socio-economic conditions by
acquiring technological skills appropriate to the era.
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A language achieves a genuinely global status when it develops a special role that is recognized in every
country. This might seem like stating the obvious, but it is not, for the notion of “special role” has many facets.
Such a role will be most evident in countries where large numbers of the people speak the language. In this article
authors shows the English as a global language as a mother tongue — in the case of English , this would be mean
the USA, Canada, Britain, Ireland, Australia, New Zealand, South Africa, several Caribbean countries and a sprin-

kling of other territories.

Keywords: language achieves, development, between categories, interdependently, foreign-language speak-

ers

To achieve such a status, a language has to be
taken by other countries around the world. Because of
the three-pronged development- of first-language, sec-
ond-language, and foreign-language speakers — it is in-
evitable that a global language will eventually come to
be used by more people than any other language. Eng-
lish has already reached this stage in our country too.
Our Universities teach this language to the specialists
in all spheres, especially to the military servicemen.

Linguistic knowledge is often ranged along a cline
from the big picture, e.g. knowledge of the way an an-
ecdote typically unfolds, to the fine print, e/g/
knowledge of grammar and vocabulary. In fact, the
boundaries between categories are blurred, and they
work interdependently, such that in reality it is difficult
to account for particular features of a speech event by
reference to any single knowledge system.[1] However,
for convenience, we shall discuss these different levels
in turn.

Genre knowledge

Very broadly, there are two main purposes for
speaking. Speaking serves either a transactional func-
tion, in that its primary purpose is to convey infor-
mation and facilitate the exchange of goods or services,
or it serves an interpersonal function, in that its primary
purpose is to establish and maintain social relations. A
typical transactional speech event might be phoning to
book a table at a restaurant. The story that Lath tells
about her domestic science class is motivated less by
the need to convey the facts of the matter (i.e. a trans-
actional purpose) than by the wish to amuse her audi-
ence and thereby maintain a sense of shared community
between friends (i.e. an interpersonal purpose).[2]

These two basic purposes for speaking generate a
host of different types of speech events. These, in turn,
will be sequenced and structured in accordance with the
kinds of social and mental processes that they accom-
pany. We saw for example, how Kath told her kedgeree
story according to a narrative script, which, to put it
very simply, has a beginning, middle, and end.

Service encounters, such as buying goods, get-
ting information, or requesting a service, are transac-
tional speech events that follow a fairly predictable
script. Typically, the exchange begins with a greeting,
followed by an offer, followed by a request, and so on,
asin: [3]

Good morning.

Good morning.

What would you like?
A dozen eggs, please.
Anything else?...

etc.

A certain amount of variation is generally permit-
ted; some of the moves may be dispensable, while oth-
ers of a more interpersonal nature — such as a comment
about the weather — might be optional. Different cul-
tures and sub-cultures may develop their own variants.
Some service encounters in some cultures may permit
bargaining, for example.

Over time and within particular speech communi-
ties, certain, ways of realizing these speech events have
become conventionalized to the point that they have
evolved into specific genres. Genre is an elusive term.
Here we will use it to mean simply a type of speech
event, especially in terms of how that speech event
might be labeled by its participants. Hence, there is a
difference between saying “I had a chat with the boss”
and “I had a job interview with the boss or “I did a
presentation to the boss”. Knowledge of how specific
genres —such as chatting, job interviews, or business
presentations- are realized is part of the linguistic
knowledge that speakers in a particular speech commu-
nity share.

An important factor that determines the structure
of a genre is whether it is interactive or non-interactive.
Multi-party speech, as in a shopping exchange or casual
conversation between friends, is jointly constructed and
interactive. Monologues, such as television journalists
live report, a university lecture, or when you leave a
voice-mail message, are non-interactive.

Finally, a distinction needs to be made between
planned and unplanned speech. Certain speech genres,
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such as public speeches and business presentations, are
typically planned, to the point that they might be com-
pletely scripted in advance. This means that their lin-
guistic features will resemble or replicate features of
written language. On the other hand, a phone conversa-
tion to ask for train timetable information, while fol-
lowing a predictable sequence, is normally not planned
in advance: each participant has to make strategic and

spontaneous decisions on the basis of the way the dis-
course unfolds. This, in turn, will affect the kind of lan-
guage used.

On the basis of these criteria, we can classify
speaking genres according to their general purposes,
the kind of participation they involve, and the degree of
planning (bearing in mind that these distinctions are
less polarities than stages on a continuum). For exam-

ple: [4]

purpose participation planning
Airport announcements transactional Non-interactive planned
Sports commentary transactional Non-interactive unplanned
Job interview transactional interactive (partly) planned
Service encounter transactional (partly) interactive
Leaving a voice-mail | Transactional or interper- | Non-interactive unplanned
message sonal
Casual conversation interpersonal interactive unplanned
Joke telling interpersonal (partly) interactive (partly) planned
Conclusion etc. language. But speakers of another language do not,

We started this article by making a distinction be-
tween what speakers can do- that is the mental and
physiological processes involved in speaking — and
what speakers know —that is the knowledge base that
speakers draw on that enables these processes.

The kinds of knowledge that speakers bring to the
skill of speaking comprise extra linguistic knowledge,
such as background knowledge of topic and culture,
and linguistic knowledge, including discourse
knowledge, speech act knowledge, and knowledge of
grammar, vocabulary, and phonology.

So we have described speaking skills and speaker
knowledge insofar as they relate to highly-skilled,
knowledgeable speakers, making no distinction be-
tween speaking in a first or a second or third, or fourth

initially, have easy access to these skills and this
knowledge.
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Abstract

In the article it has been dealt with the investigation of lexicography issues in Turkology and Azerbaijani
linguistics. The specific, clear and correct expression of different linguistic concepts of the terms related to the
science of linguistics shows that the science of linguistics is at a high level of development. Scientific development
in our modern times is also reflected in the researches in the field of Turkology. In the article information has also
been given about well-known scientists, researchers and their works who have conducted serious research in the
field of general linguistics in Azerbaijan and have a special place in Azerbaijani linguistics. In-depth research,
analysis and scientific summarization of the onomastic lexicon, which has a special place in the vocabulary of the
language, helps to solve the complex and necessary issues of our language and history. The information have been
given about the works of Turkologists who dealt with the most relevant problems not only with one branch of
linguistics, but also with phonetics, orthography, etymology, historical grammar, morphology, syntax, speech

culture, etc.
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Turkology is as a field of humanities studies the
history, languages, literature, folklore, ethnology of the
Turks in a comparative way. Turkology is a scientific
field that gained a system on the basis of oriental stud-
ies, which emerged as a result of the West's attempts to
study the East. The vast majority of turkological infor-
mation about the Middle Ages is available to us thanks
to the works of Byzantine/Greek scholars, historians,
ambassadors, geographers and travelers.

As we know, the lexical layer of the language con-
sists of two parts: general function and special function.
Noted these two functional parts complete each other in
the formation of the lexical layer of the language. The
linguistic units, which are the basis in its creation of the
terminological system, performing the special function
of the language cause the formation of the system. The
terms, which are linguistic elements of the terminolog-
ical system, differ from other elements in the language
system according to their specific characteristics, and
the terms play a decisive role in the formation of the
scientific style of the language. For this reason, the
terms organize a terminological system in the sense of
a sign of scientific concepts. A collection of terms be-
longing to different fields creates a terminological sys-
tem. The terms belonging to the science of linguistics
form an exhausted and full opinion idea about the sci-
ence to which it belongs. The concrete, clear and cor-
rect expression of different linguistic concepts of terms
related to the science of linguistics shows that it is at a
high level of development. There are two concepts that
we often encounter in the scientific literature: "linguis-
tic terms" and the term "linguistic terminology". One of
the first works of the world of linguistics is Mahmud
Kashghari's "Divanu Lughat-it-Turk", which is consid-
ered an encyclopedia of Turkology. Ethnological infor-
mation about the Turks was systematized for the first
time in the 11th century by the Turkish philologist

Mahmud Kashghari in the work "Divanu Lughat-it-
Turk™. This work was written primarily to fulfill the
function of teaching the Arabs this language. Only the
features of the Turkish language were not analyzed in
the work, at the same time, the philologist, who knows
the Arabic language well enough, analyzed the specific
characteristics of the Arabic language to the smallest
details. In the work of M. Kashghari, a large number of
terms related to various fields of science have been
used. Among the linguistic terms used in the work, the
following terms were used: yazi - "writing", kilegu -
"word", kok - "root", "main™, "ring", "syllable", etc. [9.
p. 235]. Multilingual dictionaries began to appear in the
thirteenth century, when trade expanded even more.

“Turk-tatar dilinin grammatikasi”, («Typemko-
tarapckoro ['pammaruka»)  written by  Mirze
Kazymbey in 1839, as well as “Turk-tatar dilinin
umumi grammatikasi” published in 1946 play an im-
portant role in Azerbaijani linguistics. The information
about the grammatical structure of the Azerbaijani lan-
guage was given clearly and extensively in these works.
The information reflected in this work is one of the ex-
cellent sources that maintain the importance of gram-
mar. The work written by M. Kazym bey was evaluated
as a new phenomenon not only in Azerbaijani linguis-
tics, but also in all Turkic languages [1, p.35]. As Y.M.
Seyidov mentioned, Mirza Kazim bey's grammar pre-
ceded dozens of works on the grammatical structure of
the Turkish language by a century. During the re-
search, it did not escape our notice that M. Kazymbey's
(«Typenko-Tarapckoro I'pammarmkay) “Turk-tatar
dilinin grammatikasi” is also called the grammar of the
Azerbaijani language [9, p. 265].

During the period of P.A. Pallas, the investigation
of the Turkish language was further developed. In his
work “Butun dillarin mugayisali lugheti” he also gave
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characteristics of Mishar, Tatar, Nogai, Bashkir and
other Turkic ethnic groups of Turks.

In the 19th century, Mirza Kazim Bey played an
important role in the development of Turkology. The
above-mentioned work written by him was a funda-
mental scientific discovery of its time. [10]. By the end
of the 19th century, the science of Turkology had al-
ready entered the fields of science such as history, phi-
lology, folklore studies, archeology, ethnology. And in
the 20th century, Turkology entered such fields of sci-
ence as physical anthropology, numismatics, genetics,
ancient Turkish alphabets, typology, genesis, etymol-
ogy, onamastics and toponomics.

An important feature of enlightenment in Azerbai-
jan at the end of the 19th century was closely related to
natural science. In this regard, the creativity of the out-
standing educator, naturalist, cultural figure, peda-
gogue, talented publicist Hasan Bey Zardabi is typical.
He is considered the founder of the democratic press in
Azerbaijan, which comes from national self-awareness.
The publication of the first "Akinchi" newspaper in the
Azerbaijani language on July 22, 1875 is connected
with his name, and this newspaper was being published
between 1875 and 1877. In his works with philosophi-
cal content, his views on enlightenment and natural sci-
ence have been reflected in the following works:
“Torpag, su ve hava”, “Barama gurdunun saxlanmasi”,
“Gigiyena hagginda”, “Aym fazalarimin yerde uzvu
hoyata  tesiri”, “Bedeni  selamat  saxlamaq
dusturuemeldir”. In addition, his articles that were
published in "Akinchi" newspaper are also important in
this regard.

H.B. Zardabi paid attention to other means, such
as theater, in addition to charitable societies in the field
of educated and enlightened the people and the young
generation. At the same time, H.B. Zardabi attracts
attention with his educational and social philosophical
ideas. He saw the progress and happiness of his people
in science, enlightenment, and the development of
education. Qualities such as humanism, patriotism, and
truthfulness took the main place in his educational
views.

Modern scientific developments allow us to use
calibrating, dendrochronology, metallurgy, chemistry,
textiles and other fields for help in research in the field
of Turkology. Among the representatives engaged in
the scientific research of the Azerbaijani language B.
Chobanzade, J. Khandan, M. Jafar, M. Shiraliyev, A.
Demirchizade, M. Huseynzade, A. Orujov, S. Jafarov,
A. Abdullayev, F. Zeynalov, and in later times A.
Akhundov, T. Hajiyev, Y. Seyidov, N. Jafarov and
other linguists have been trained, and served the scien-
tific development of the language. Living the values
formed by the nation for thousands of years, language
is also an important event for the transmission of these
values to the younger generations.

Language is an important event for the survival of
the values formed by the nation for thousands of years
and for the transmission of these values to the younger
generations. Therefore, language is not only a means of
communication, but also a system of values. It should
be emphasized that the existence of the literary lan-
guage is an important factor in the development of the

state language, and poets and writers have made great
contributions in this direction. At the same time, the
name of many intellectuals can be mentioned. How-
ever, the incomparable services of Mirza Ibrahimov, an
outstanding Azerbaijani intellectual, a fighter for the
national language, and the late academician, should be
remembered with special respect.

After the restoration of state independence in
1991, he had an exceptional role in establishing the
Azerbaijani language as the state language in the Con-
stitution adopted by referendum on November 12,
1995.

Compared to the traditional fields of language sci-
ence (language-production or linguistics) in Azerbai-
jan, the study of general or theoretical linguistics on a
scientific basis started relatively late —in 1919, with the
establishment of the Department of General Linguistics
of Baku State University. The most important reason
for this that Azerbaijani linguistics has been under the
influence of the Arabic school of linguistics since the
Middle Ages. The main priority direction in the study
of language in Eastern countries was lexicography —
vocabulary. Prominent Turkologist Professor Bekir
Chobanzadeh conducting research in the aspects of
general linguistics and Turkology laid the foundation
for a new stage of linguistic development in Azerbaijan
in the 1920s. B. Chobanzade, who has a rich and mul-
tifaceted theoretical and philological heritage, perfectly
knows Arabic, Persian, Russian, English, German,
French, Hungarian, Czech, Polish, Georgian and Slavic
languages, including all dialects and local languages of
the Turkish languages served unparalleled services in
the research and teaching of Turkology, language his-
tory and general linguistics. After the genius M. Kash-
ghari and the great Mirza Kazim Bey, he is one of our
most famous scholars in the field of Turkish language
and literature. In this sense, it was B. Chobanzade who
founded the first academic school of linguistics in
Azerbaijan. B. Chobanzade, who was one of the main
organizers of the 1st Turkological congress held in
Baku in 1926, is the author of books such as: “Turk-
tatar lisaniyyetine medkhel”, “Turk-tatar
dialektolojisi”, “Turk grameri”, “Krim-tatar elmi-serfi”
as well as dozens of scientific articles. But, the author
of the first work on general linguistics in Azerbaijan
was Professor Bekir Chobanzade, whose “Turk-tatar
lisaniyyetine medkhel” is an exception. So, considering
that this work was written in 1924, we can say that the
foundation of general linguistics in Azerbaijan was laid
in the 20s of the 20th century. Considered an event for
its time, this work is the first investigation on general
(theoretical) linguistics in Turkology [3].

Without exaggeration, it can be said that it is no
exaggeration to say that starting from the 1950s, B.
Chobanzade was the master of thought of the linguists
who wrote fundamental works on various directions of
Azerbaijani linguistics. B. Chobanzade's investigations
on the issues of Azerbaijani linguistics is the main
source of modern linguistic research. A. Demirchizade,
M. Huseynzade, M. Shiraliyev, A. Abdullayev, T. Haji-
yev, Y. Seyidov and other prominent linguists™ source
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of ideas of the well-known research on various prob-
lems of the Azerbaijani literary language is B. Choban-
zade’s scientific creativitry [1. P. 46].

Neriman Narimanov's dictionary plays a very im-
portant role in the development and formation of the
science of linguistics. In this dictionary not only the
correct use of linguistic terms, but also their equivalents
are shown [7]. He was published three books in 1899,
and one of those books is the textbook “Turk-
Azerbaijan dilinin muxteser serf-nehvi”. Here, the au-
thor's goal was to create a brief, clear idea of the Azer-
baijani language in the readers and students. The text-
book was in accordance with positive scientific-me-
thodical requirements. In addition, he wrote works
“Nadanlig” (1894), "Dilin belasi" yaxud "Shamdan
bey"(1895), “Bahadir ve Sona” (1896-1908),” Nadir
sah” (1899), “Ailemi-nisvan” (1910), “Pir” (1913),
“Bir_kendin sarguzeshti” (1915) and others which
brought him fame. Y.M. Seyidov wrote: Nariman
Narimanov's works are distinguished from other works
in linguistics. Excellent works have been written about
linguistic terminology since the past, and thanks to
these written works, we can clearly see the development
and formation of linguistic terminology today [9, p.23].

Prominent Turkologist, Professor Farhad Zeyna-
lov (1929-1984) is one of the first Azerbaijani linguists
who devoted all his works, in general, his whole life to
the study of Turkish languages and Turkology. He can
be considered the founder of modern Azerbaijani
Turkology after a prominent linguist Bekir Choban-
zade. The main instigator for the rise of Turkology to
the level of science doctor of philology, professor Far-
had Ramazan oghlu Zeynalov's services are very great.

The establishment of the Turkological school in
Azerbaijan is connected with his name. In 1962, this
great scientist, who became an associate professor of
the Department of General Linguistics of the Azerbai-
jan State University (now BSU), created the Depart-
ment of Turkology in the same university in 1969. He
solved many existing problems in the field of
Turkology with his research on the classification of
main and auxiliary parts of speech in the Turkish lan-
guages, comparative grammar of the Turkish lan-
guages, ancient Turkish written monuments. Professor
F.R. Zeynalov paid special attention to teaching Turk-
ish languages at a high level, including the Azerbaijani
language, which belongs to the Oghuz language group.
His investigations in the field of research of Turkish
languages created conditions for researching and teach-
ing our native language in a more perfect form. Profes-
sor F.R. Zeynalov gave a consistent and systematic
classification of the main and auxiliary parts of speech
for the first time. Although he died at an early age, the
Turkologist scientist left behind a rich scientific legacy.
The researcher, whose scientific activity is related to
the historical fields of Turkish languages and the Azer-
baijani language, is the author of 11 books and 70 sci-
entific articles. Investigations conducted by the scien-
tist during his scientific-pedagogical activities have
found its reflection in his articles and theses as well as
his monographs and textbooks such as: “Muasir turk
dillorinds baghlayijilar”, “Turk dillerinin mugayiseli
grammatikasi”, “Turkologiyanin esaslari”, “Muasir

turk dillerinde komekchi adlar”, “Muasir turk dillerinde
goshmalar”, “Muasir turk dillerinde modal sozler”,
“Soz sonluglari leksikgrammatik kategoriya kimi”,
“Turk dillerinde sifetin kategoriyalari, ifade formalari”
etc.. All his works were written in the direction of solv-
ing current problems in linguistics according to his
time. The textbook “Turkologiyanin esaslari” pub-
lished in 1981 is of special importance. This book
aroused the interest of students as an excellent textbook
not only in the universities of our country, but also in
some universities of Turkey. In the textbook extensive
information is provided about the origin and language
characteristics of the Turkish languages, and the alpha-
bet of the Turkish languages is grouped by periods. Far-
had Zeynalov's services in the field of Turkology are
priceless and undeniable.

Farhad Zeynalov also tried his hand in the field of
textual studies, and together with Samat Alizade, he
compiled the scientific-critical text of the epic "Kitabi
Dede Gorgud" with an extensive introduction. "Kitabi-
Dede Gorgud ve diinya shergshunaslighi”, "Dastani-
Ahmadi Harami — Azerbaycanin en gedim edebi
abidesi" etc. scientific works are valuable scientific
sources in the study of our language history [1, p. 16].
One of the main points worth noting is that F. Zeynalov
connected the subject of all his works dedicated to
Turkology with the Azerbaijani language. He raised the
research of the Azerbaijani language to the level of
Turkology and thereby he laid the groundwork for other
Turkologists to comment on existing problems to ex-
press their opinion.

A well-known scientist with a special place in the
Azerbaijani linguistics, a phenomenon researcher of
our language, an academician of national and interna-
tional academies, an honored scientist of Azerbaijan, a
laureate of the State award, the founder of the school of
onomastics in Azerbaijan, a wonderful pedagogue, a
real or honorary member of many scientific societies
and organizations Afad Mahammad oglu Gurbanov has
a special place in the history of the development of the
Azerbaijan linguistic science. There is no field of lin-
guistics that cannot be excluded from the research of a
scientist.

Afad Gurbanov, who made great contributions to
the development of the Azerbaijani linguistics, compre-
hensive research and teaching of the language, is the
author of “Azerbayjan edebi ve danishig dili” (1965),
“Muasir Azerbayjan edebi dili” (1967), “Umumi

dilchilitch” (I, II cildler -1988,1993), “Poetik
onomastika” (1988), “Azerbayjan dilinin
onomalojiyast” (1988), “Azerbayjan onomastika

meseleleri” (1986), Dunyanin dil aileleri” (1994),
“Muasir Azerbayjan edebi dili” (2003), “Azerbayjan
dilchiliyi problemleri” (Baki, 2004), “Azerbayjan
onomalojiyasinin esaslari”, 2 cildds, (Baki-2004) and a
number of monographs and textbooks, up to 500 scien-
tific articles.

A. Gurbanov is a well-known scientist in the field
of linguistics. He had great services in the field of gen-
eral linguistics almost in the 20th century. In the history
of world linguistics, he ranks with the scientists such as
Panini, Xu Shen, Franz Bopp, Jacob Grimm, Wilhelm
von Humboldt, Francois Champolin, Baudouin de
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Courtenay, Carl Fossler, Ferdinand de Saussure, Franz
Boas, Leonard Bloomfield.

A. Gurbanov's books are dedicated to the explana-
tion and investigation of the theoretical and practical
problems facing modern linguistics. While determining
the state of development of Azerbaijani linguistics and
its prospects, he clarified the science and its character-
istics, issues of the creation of science, the formation of
linguistics on two — linguistic and philosophical theo-
retical bases, the problem of classification of sciences,
and the problems of defining the history of linguistics.
The textbook “Muasir Azerbaycan edebi dili” which
was published four times, has attracted attention not
only in our country, but also abroad since its first pub-
lication. The well-known Turkologist A. Kononov
wrote a review for this work and praised it highly. He
wrote: Afad Gurbanov's book “Muasir Azerbaycan
edebi dili” reflects not only Azerbaijani literary lan-
guage materials, but also topics related to the Turkish
language materials [1. p. 54]. In this book, the author
has explained the Azerbaijani literary language materi-
als in detail.

The book “Umumi dilchilich” is Afad Gurbanov's
masterpiece. That book consists of 7 chapters:
“Dilchilich elmi”, “Dilchiliyin inkishafi”, “Dilchiliyin
saholori”, “Dilchiliyin shobeleri”, “Dilin mahiyyeti”,
“Dilin mensheyi”, “Dil va yazi”. This textbook quickly
became popular, attracted the attention of the scientific
community, and was highly valued by many scientists.
The book was also received positively in the former So-
viet Union. Even V.I. Kodukhov, a professor of the
University of Leningrad (now St. Petersburg) and a lin-
guist, was interested in the same book. After getting ac-
quainted with the book, he called the work a product of
original ideas.

The book “Umumi dilchilich” that was published
first was Afad Gurbanov's concept in the field of gen-
eral linguistics. He confirmed this concept both after
teaching this subject for a long time and after getting
acquainted with the concepts of world scientists in this
field. Afad Gurbanov reworked those works. As a re-
sult, he created the 2-volume work “Umumi dilchilich”
which is the result of tireless work. The second edition
of both volumes of the book was published in 2004, and
the third edition was published in 2014 with a beautiful
and elegant design. About the presentation of the 2004
edition of the work in the same year, Z. Guliyev's article
entitled “Umumi dilchilich” kitabinin tegdimati” was
published in "Azerbaijan" magazine (March 15, 2005).
All fields of general linguistics are reflected in this two-
volume fundamental work. Here, it can be said that the
most pressing problems of world linguistics are cov-
ered in detail.

The terms expressing concepts related to the de-
velopment of each science cause certain changes in
terms of semantics and functionality over time. In such
cases, the inability of the terms to accurately express
the concept, the creation of synonymy, and the appear-
ance of terminological defects made the author think as
a specialist scientist. Because the lack of precision of
the term creates confusion in the science itself. Taking
this into account, the author uses the "vocabulary com-
position" of the language instead of the "vocabulary

fund", the "philosophical basis" instead of the method-
ology/methodological basis, the broad meaning of the
term "dialect”, as well as clarified and specified the
meaning of a number of terms such as a series of ono-
mastics — onomastics, onomalogy, ethnonymics, eth-
nonymy, toponymics, toponymy, anthroponymics, an-
throponymy, hydronymics, hydronymy.

In terms of expanding the horizons of linguistics
and defining its development areas, the role of onomas-
tic research is great. In-depth research, analysis and sci-
entific summarization of the onomastic lexicon, which
has a special place in the vocabulary of the language,
helps to solve the complex and necessary issues of our
language and history. For the first time in Azerbaijani
linguistics, the systematic solution and research of the
issues of onomastics is related to the name by prof.
Afad Gurbanov. Up to 100 of his articles on onomology
have been published, including monographs such as
"Azerbaijan onomasticasi", "Azerbaijan onomolojiya
meseleleri”, "Poetic onomastica"”, "Azerbaijan dilinin
onomolojiyasi*. Academician Mammadaga Shiraliyev
writes in his article “Azerbaijanda onomastika mektebi
ve onun gelejeyi”. “Azerbaijan dilinin onomolojiyasi”
is very valuable not only for our linguistics, but also for
world Turkological linguistics. I can say with full re-
sponsibility that Afad Gurbanov founded the School of
Onomastics of Azerbaijan with this work [4. p. 14].

The modern Azerbaijani literary language is one
of the developed languages with a rich vocabulary. A
large part of the vocabulary of this language is made up
of the onomastic lexicon — a series of special names.
The groups of words included in the onomastic lexicon
are the product of certain social and historical develop-
ment and are an invaluable wealth of words that reflect
the life of the people to which they belong. A compre-
hensive research of the onomastic lexicon is very im-
portant for the study of fields of the modern language,
dialectology, the language history, etc.

Afad Gurbanov's book “Azerbaijan
onomalogiyasinin esaslari”’, which deals with the scien-
tific-theoretical aspect of the problems of onomastics in
Azerbaijani linguistics, was published in two volumes.
The work was published both in Turkey and in Russia.

Since then, the author was interested in specific
names (ethnonyms, hydronyms, zoonyms, cosmonyms
and ktematonyms) systematically searched the for-
mation and change of onomastic units, their stylistic
features, orthographic and orthoepic problems in a the-
oretical way. In particular, a number of issues related to
anthroponymics in onomastics — Azerbaijani personal
names and their characteristics, the system of personal
names, the structure of names, the composition of the
origin of names, traditions of name selection and nam-
ing, rhyming of names, pronunciation of names — have
been explained with specific facts. As we know, the his-
tory of human names is very ancient. Therefore, there
are different divisions in world languages and
Turkology regarding the formation of human names.
Based on this, the author broadly explaining the unique
sources and methods of formation of personal names
used in the Azerbaijani language, divides them into two
groups: a) pure Azerbaijani names; b) personal names
of a foreign language origin.
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Professor A. Gurbanov wrote: “Each word should
be thoroughly investigate. There is no meaningless
word in the language and there cannot be, every word
and phrase has a certain meaning. However, some
words can have more than one meaning. Almost all per-
sonal names in our language are lexical units with ap-
pellative meaning. After the appellative word becomes
an onomastic unit, it turns a proper name" [4, p. 68]. In
general, the research of anthroponymic units has taken
an important place in the creativity of the scientist, the
issues of anthroponymics have been investigated in the
historical-linguistic direction, and he tried to eliminate
the problems in this field.

Gurbanov is a scientist with scientific creativity
covering almost all fields of linguistics. His research
interests include the modern Azerbaijani literary lan-
guage, Turkological linguistics, the language univer-
sals, general linguistics, onomology, lexicology,
speech culture, translation studies, the language of lit-
erary works, stylistics, and higher education pedagogy
and methodology.

Academician Aghamusa Akhundov is one of our
scientists who created a school in the Azerbaijani lin-
guistics. A.Akhundov is the author of such works “Dil
ve uslub meseleleri”, “Felin zamanlari”, “Dilchiliys
girish”, “Umumi dilchilitch”, “Riyazi dilchilitch”,
“Azerbaijan dilinin foneticasi”, “Dil ve edebiyyat” (in
2 volumes), “Azerbaijan dilinin izahli lugheti. These
works are dedicated to the current problems of lan-
guage history, the modern structure of the Azerbaijani
language, the language theory, and general linguistics.

The world-wide Azerbaijani linguist — Aghamusa
Akhundov said: “The Azerbaijani language is my des-
tiny. If you love it like your mother tongue, it is also my
art. It's my sleepless nights, my searches” [11].

In the creativity of A. Akhundov his monograph
“Azerbaijan dilinin fonemler sistemi” can be especially
noted. For the first time, the scientist summarized the
phonetic system of the Azerbaijani language on the ba-
sis of experimental analysis and presented it at the the-
oretical level. In the creativity of A. Akhundov a lan-
guage and society, a language and culture, social differ-
entiation of the language, sociological aspects of the
language evolution, language system, actual problems
of the language system which attract worldwide atten-
tion related to general linguistics and language theory
have been solved. For the first time in Azerbaijani lin-
guistics, methods and methodology, sociological, logi-
cal, psychological, physiological, acoustic, distributive,
mathematical, statistical research methods of learning
the language have been defined. Agamusa Akhundov
was published the book “Umumi dilchilich”, the mas-
terpiece of his scientific creativity. In the book, a brief
history of the science of linguistics is given, the philo-
sophical and social issues of the language are illumi-
nated, the internal system and structure of the language,
and the methods of linguistics are analyzed.

To study the actual problems of the Azerbaijani
language, which has an ancient history, to reveal the so-
cial nature of the language, its specific mechanism ob-
jectively, to raise our language to a high level of devel-
opment from Mirza Kazimbey and made prominent in-
tellectuals and scientists of our nation think until today.

In the 20th century, with the academic researches of B.
Chobanzadeh, Azerbaijani linguistics, in general,
Turkology entered a new stage of development, and an
army of highly respected linguists and Turkologists
was created in Azerbaijan. In this sense, one of the
founders of Azerbaijani Turkology is the outstanding
linguist Alovsat Abdullayev. He had a unique creative
concept. Scientific works of the scientist were pub-
lished in Germany, France, Turkiye, Russia and Central
Asian countries and caused great interest. A.Abdul-
layev, who has a wide range of creativity, is not only
engaged in one field of linguistics, but also phonetics,
orthography, etymology, historical grammar, morphol-
ogy, syntax, speech culture, etc., and created significant
works dedicated to the most current problems of
Turkology as a whole. Specialization and additional
categories, adverbs, predicates, complex sentences of
mixed type, transformation of constituent parts of sub-
ordinate complex sentences and other issues were com-
piled by him for the first time and included in the higher
school program. A.Abdullayev, a state prize winner, a
full member of the Turkish Language Institute, a mem-
ber of the International Congress of Altai Scholars, ren-
dered invaluable services in the training of many
Turkologist scholars in Azerbaijan and outside the bor-
ders of our country. Prof. Mehman Musaoglu writes:
“Azerbaijani Linguistics in the Context of Turkish Lin-
guistics and Prof. Dr. Elovset Abdullayev's article titled
"The School of Vocabulary™"...12 years...during the
period of the Soviet Union, and after that, during the
time | worked in Turkiye, | always identified myself as
the famous linguist Tiirkologist Prof. Dr. As a repre-
sentative and student of Elovset Abdullayev's school, |
always tried to continue where my teacher left off...
Turkishness= Turkish knowledge= Turkish language
knowledge= Turkish grammar and linguistic
knowledge... [1, p25].

One of our prominent scientists is Honored Scien-
tist, State Prize Laureate, Corresponding Member of
ANAS, Doctor of Philological Sciences, Professor Ab-
dulazal Demirchizade. Demirchizade who was a stu-
dent of the great Turkologist, professor Bekir Choban-
zade school, gave valuable information about the rules
of orthography in the book “Azerbaijan dili
orfoepiyasinin esaslari” published in 1969. The scien-
tist, throughout his creativity, expressed his objection
to inappropriate foreign words in the language and con-
vey his attitude to this problem in his works. The author
dedicated the books“Dilin lughet terkibi hagginda”
(1952), “50 soz” (1962), “Muasir Azerbaijan dilinin
esas lughet terkibi vo grammatic gurulushu” (1965),
“Azerbaijan dilinin uslubiyyati” (1962) to the investi-
gation of the vocabulary of the Azerbaijani language.
In these works, he tried to carefully summarize his
ideas about words and meaning, the lexical and gram-
matical meaning of the words, vocabulary, the main
and additional parts of the vocabulary, general, neces-
sary and special characteristics each of them. It is pos-
sible to get enough information from these works to
learn the rules of development and enrichment of the
vocabulary. He did his best in the field of initial re-
search of problems related to the grammatical structure
of the language, morphology and especially syntax.
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These works of A. Demirchizade are important sources
in the study of lexicology.

A. Demirchizade is the author of the textbook
“Muasir Azerbaijan dili” (phonetics), which is included
in the gold fund of our linguistics. More than twenty his
books and more than two hundred his scientific articles
have been published. In these writings, the scientist ex-
pressed his opinion on linguistic issues such as phonet-
ics, etymology, stylistics, etc. The author's “Azerbaijan
dili tarixi xulaseleri” (1938), “M.F.Akhundov dil
hagginda ve Akhundovun dili” (1941), “Azerbaijan
dilinin tarixi” (1948), “Azerbaijan edebi dilinin
inkishaf yollari” (1959) etc. books are valuable scien-
tific sources for studying the history of our language.

Prominent linguist of Azerbaijan, the creativity of
academician Tofig Hajiyev, who became a full member
of ANAS, is wide and multifaceted. Academician Tofig
Hajiyev's services in the development of the Azerbai-
jani education, enlightenment, Turkology are unexam-
pled. The textbook “Azerbaijan edebi dilinin tarixi” by
the eminent scientist was published in 1976. In 2012,
the author reprinted the mentioned work. Using the
works of our valuable classics and ancient manuscripts,
he studied the creation, formation of the Azerbaijani lit-
erary language, its norms and styles at a high level.

The textbook "History of Azerbaijani Literary
Language™ by the eminent scientist was published in
1976. In 2012, the author reprinted the mentioned
work. Using the works of our valuable classics and an-
cient manuscripts, he studied the creation and for-
mation of the Azerbaijani literary language, its norms
and styles at a high level. It is possible to say that the
history of the literary language in Azerbaijan improved
and became more widespread starting from the 19th
century. The 19th century is a turning point in the his-
tory of socio-economic and cultural development of the
Azerbaijani people. Tofig Hajiyev writes: "One of the
cultural achievements of the era is the development of
the press, which is a strong impetus to the populariza-
tion of the national literary language” [1. p.40]. The
eminent scientist emphasizes that the press polished the
literary language and created a perfect norm, applied
and stabilized this norm, preaches to the readership and
promotes it. The norms of the literary language are a
historical event and it is formed in connection with the
process of formation of the nation, the national lan-
guage. Enrichment of the vocabulary of the literary lan-
guage, introduction of borrowed words into the lan-
guage is realized through journalistic style. Therefore,
journalistic style is considered the most popular style of
literary language. If earlier the artistic style was the
leading style, after the journalistic style emerged, it be-
came the leading style of the Azerbaijani literary lan-
guage. So, at the same time the journalistic style brings
the literary language closer to the colloquial language
and acts as an active tribune of the struggle for the na-
tional language. But all these directs to a new direction
of the future development of publicist style, which oc-
cupies an important place in the system of styles. Acad-
emician T. Hajiyev's textbook “Azerbaijan edebi
dilinin tarixi” is priceless for studying the historical
landscape of journalistic style.

Professor Yusif Mirahmed oglu Seyidov, who
gave a new direction to Azerbaijani linguistics and had
a great role in the teaching and development of mor-
phology and syntax, systematically dealt with gram-
mar. The honored scientist was one of the great scien-
tists who always took care of the purity of our language
and carried out serious propaganda in this field. Among
the main services of the linguist, due to his scientific
content and methodological excellence, more than two
hundred scientific works, more than thirty books dedi-
cated to the theoretical and applied issues of linguistics,
including that prepared and were published for the stu-
dents of the Faculty of Philology such as “Muasir
Azerbaijan dili” IV parts, “Sintacsis”, “Azerbaijan
dilinin grammatikasi”, Morfolojiya”and etc. takes the
main place as the author of high school textbooks. Pro-
fessor Yusif Seyidov, who played an exceptional role
in the development of Azerbaijani linguistics, was one
of the scientists distinguished by the breadth of his re-
search in the field of literary studies, as well as linguis-
tics. He created a concise chronicle of the linguistic and
literary studies of the Azerbaijani people in his works
“Yazichi ve dil”, “Sozun shohreti”, “Sozun gudreti”,
“Sozun hikmeti” etc. collected and systematized the
opinions of Azerbaijani writers who lived in the XI-XX
centuries about words and language [1, 42].

One of our scientists who has conducted serious
research in the field of general linguistics in Azerbaijan
is Abulfaz Rajabli, professor of the Department of Gen-
eral Linguistics of Baku State University. A. Rajabli's
first research on general linguistics was the book
“Dilchiliye girishden tapshiriglar”, which he was pub-
lished in 1979. Although the book is small in volume,
it is valuable in terms of being the first work of a young
researcher. After that, he consistently dealt with general
linguistic issues and published a large-volume book
called “Dilchilich tarixi”. This book has attracted the
attention of experts due to a number of parameters and
has been highly appreciated. It should also be noted that
the author continued his research on this work and was
published it in two volumes. In a comparison of both
publications, the integral elements exceed the
differential elements. The differential elements show
themselves in the fact that in the final version of the
work, the discussions about

V. von Humboldt and F. do Sossiir were
completely rewritten.

Rajabli can be compared with any classical
linguist in the world in terms of the number of books
which he wrote in the field of general linguistics.
Scientist's Books such as: “Nezeri dilchilich”,
“Dilchilich  metodlari”,  “Struktur  dilchilich”,
“Sosiolingvistica”, “Tipoloji dilchilich”, “Universaliler
dilchiliyi”, “V.fon Humboldt — umumi dilchiliyin
banisi kimi”, “U.D.Uitni-linqvist kimi?, “F.do
Sossurun dilchilich gorushleri” have become table
books for scientists, teachers, and students in terms of
studying general linguistic issues in Azerbaijan. A.
Rajabli is considered an innovative scientist mostly due
to his Turkological research.

Azerbaijani linguistics, which does not lag behind
world linguistics and Turkology is developing on a
rising line. Azerbaijani linguistics, which was laid the
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foundation in the Middle Ages, developing very rapidly
increased its reputation. In the following periods, our
scientific grammar was formed, linguists with strong
potential were trained, new areas of our linguistics
appeared, the theoretical level of our linguistics
increased, and its application expanded.

As a result, it was analyzed that the onomastic
lexicon makes up a large part of the vocabulary of the
modern Azerbaijani literary language, and that the
vocabulary reflecting the life of the people it belongs to
and included in the onomastic lexicon being an
invaluable wealth of words. It was understood that it is
necessary to conduct new research in order to succeed
in solving the ontological and methodological problems
of linguistics, to conquer new horizons in the
philosophy of the language and the philosophy of
linguistics, to reveal and show the connection of
linguistics with society, literature, culture, informatics
and other fields.

It was clarified that it is necessary to bring the
world heritage of linguistics to our country along with
the creation of a strong material base that ensures the
future development of our linguistics. Regarding the
position of our independent state in the world
civilization in modern times, it was analyzed that it is
necessary to study and teach our language both inside
the country and abroad, as well as the integration of
Azerbaijani linguistics into the world linguistics.
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Abstract

In some asemantized correction words the suffixes change their initial form by undergoing a phonetic change.
Grammatical suffixes with asemantized roots are relatively rare. Many of them have lost their functionality in the
modern Azerbaijani language. Some of the lexical suffixes that come into morphological contact with asemantized
roots are still used in the Azerbaijani langiage today.

In the process of development towards asemanization, two stages are distinguished that lead to a change in
the structure of the word; stages in which the phonetic structure and morphological structure are functional. In the
first stage, the phonetic structure of monosyllabic words undergoes various changes. Phonetic variants appear as
a result of sound transitions and phonetic events. Sound transitions cause structural and semantic changes.

In the second stage, the intensity of changes in the phonetic structure decreases. One of the phonetic events
of the previous stage, only metathesis is observed. In general, there are no changes in the phonetic structure of the
root. Metathesis serves a morphological structure rather than a phonetic structure. In the second stage, the aseman-
tized root and the suffix together form an indivisible structure (As in the words of aldan- “to be deseived”, danig-
“to talk”, giilos- “to wrestle). In complex words, the morphological structure is simplified.

AHHOTALUA

qu)(l)I/IKCBI, noJABEepraromurecs (bOHeTI/I‘IeCKI/IM HU3MCHCHUAM B HEKOTOPBIX MPOU3BOJAHBIX CJIOBAX C ACEMaH-
TUYIECKAMU KOPHSMH, 0OBIYHO YTPAaYHBAIOT epBUYHYIO hopMy. CrioBom3MeHstomuecs ahQUKCH B COCTaBe CIIOB
C AaCCMAHTUYCCKUMHU KOPHAMHU HEMHOTI'OYUCICHHDI. Ot a(l)(I)I/IKCBI B COBPEMCHHOM $3bIKE JIMIIICHbI I'PaMMaTU4YC-
CKOM (I)YHK]_II/IOHaJ'IBHOCTI/I. HGKOTOpLIC CJ'IOBOO6pa3OBaT€J'IbeIe a(l)(I)I/IKCBI B COCTaB€ JICKCUYCCKHUX C€AUHHUIL C aCe-
MaHTHYECKHMH KOPHIMHU YHOTPEOUTEIbHBI B COBPEMEHHOM a3epOaiiInKaHCKOM SI3bIKE.

B mporniecce acemaHTH3aIMH IEPBUYHBIX KOPHEH OTIMYAIOTCS ABE CTaJMU PAa3BUTHUS; CBA3AaHHBIE C (DOHETH-
YECKUM 1 ¢ MOP(HOJIOrHYEeCKUM CTpOeHUEM. B 1epBoii ctasinu 3ByKOBO# CTPOI OJJTHOCIIOKHBIX CJIOB IOJIBEPraeTcs
HEKOTOPHIM M3MEHEHHUsIM. B pe3ynbrare uepeioBaHust 3ByKOB M (DOHETHYECKHUX SIBIICHUH 00pa3yroTcs poHeTnye-
CKHC BapHaHTBI. 3ByKOBBIe nEepEXOAbl MPUBOIAT KaK K CTPYKTYPHBIM, TaK U K 3HAYUTCIIbHBIM CEMAaHTHYCCKUM
U3MCHCHUSIM.

Ha BTOPOM 3Tane pa3sBUTHUA YMCHbBIIACTCA MHTCHCUBHOCTD (1)0H6TI/I‘I€CKI/IX n3MeHeHni. B uncie (1)0H€TI/I‘1€-
CKHX SBJICHUH CBSI3aHHEIC C npeAbIAyIIUM 3TAIIOM Ha6J‘IIOIIa€TC$I TOJILKO MeTaTe3a. A B HIEJINKOM B (I)OHCTI/I‘IGCKOM
CTPYKTYPE aCEMAaHTUYCCKUX KOpHeﬁ HE BO3HUKAKOT UBMCHCHUA C (l)OHCMaTI/I‘{eCKI/IM XapaKTepoM. A aBieHue Mme-
TaTe3bl, MPOSIBISONIMNCS B MOP(OJIIOrHYECKOM KOHTaKTe KOpHel u cyddukcoB nmeer 3HaueHue aist Mophoo-
THYCCKOT'O CTPOs, HEKEIN q)OHCTI/I‘IGCKOFO. BHOCJ‘ICI{CTBI/II/I ACCMAaHTUYCCKNE KOPHS BMECTE C a(l)(bI/IKcaMI/I 06pa-
3YIOT HEPA3JEIIEMYIO CTPYKTYPY U 00pa3yroTcs MPOCTHIE ClIoBa (HapuMep, B ciioBax aldan- «ObiTs 0OMaHyTEIMY,
glilog- «6opoThcs» u ap.). HabmomaeTcs mporece ynpoIeHus CI0KHBIX CIIOB.

Keywords: root, word, suffix, morphological structure, meaning
KutioueBblie cjioBa: KOPEHb, CIIOBO, CyPPuKc, MOPGHOIOTHIECKUI CTPOid, 3HAUCHHE

Brenenne 9TOM H3MEHSETCS 3BYKOBOM CTPOH OJHOCIOXKHBIX
[lepBuuHBIE KOPHM MPOXOMAT JBE CTAAUU B Mpo-  ciioB. OOpasyrorcs GpoHeTHYecKne BapuaHThl U CEMaH-
Lecce pa3BUTHS MO HANPABICHUIO K ACEMAHTH3aLUU.  TUYecKue pasnuuusa. OZHOCIOKHBIE aCEMAHTHUECKUE
CHavana cTaHOBSTCS (PYHKUHMOHAJIBHBIMUA (POHETHYE-  KOPHU OTPaXKAIOT CJIOTOBBIE CTPYKTYPHI COTJIACHBIM-
cKHe, a 3ateM M Mop¢oiornueckue cTpykrypsl. Ilpu  riacHslit-cornachsiii (CI'C), rnacHslit-cornacusii (I'C;
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il-ari>irali «Bnepenmn»), cornacusiit-riaacueiii (CI'; ti-
tok «rpyba», ba-g «caa»). Ha Bropom srtame otcyT-
CTBYIOT (pOHEMAaTHIECKHE N3MEHEHHS B (POHETUIECKOM
CTPYKTYpe KOpPHSL.

doHeTHYeCKOE SABICHUE CIYXKHUT Mopdonornye-
CKOM cTpyKType. MeTtaTe3a mosiBisercst B Mopdooru-
YeCKOM KOHTaKTe KOpHs ¢ cyduxcom. [locmeananii co-
[TIACHBIA KOPHSI MEHSIETCS MECTaMHU ¢ MepBoil cormac-
HOU cyddukca (yas-fig>yat-siqg “noaymka”). Ha stom
3Tare KOpPEeHb, YTPATHUBILUKA CAMOCTOSTEIBHOCTD 3HA-
JYeHHs 00pasyeT HEeACTUMYIO CTPYKTYPY BMECTE C KOp-
HeM (al-dan «ObITh 0OMaHyThIMY, daN-1§ «KrOBOPUTHY,
gii-lag «GopoThC»).

Mopdonorrmyeckuii CTpoi TakKe YIPOIIaeTCs B
CIIO)KHBIX CJIOBaX. YTPOLICHHBIE CJIOXKHBIE CJIOBA
MUMEIOT pa3Hble cocoObI 00pa30BaHMsL.

1. AcemaHTH3anusi B NPOM3BOIHBIX CJI0OBaX

B HEKOTOpBIX MPOHM3BOJHBIX CJIOBaX C KOPHEM,
YTPaTUBILINE CAMOCTOSITEILHOCTD 3HaUeHHS Cy(PHUKCHI
nozaBeprasich (OHETUYECKUM HM3MEHEHHSIM yTpadu-
BalOT NepBUUHYIO Gopmy. A.Paxumos numrer: CrnoBo
tarla cocrour u3 xommounenton tar u la. Ilepsas co-
CTaBHas yacTh tar He COXpaHWII EpBUYHYIO (POHETHYE-
CKYyIO CTPYKTYypy M CEMaHTHKY Ha a3epOailJKaHCKOM
s3plke. M1 KoMIOHeHT -la He monBepraics HUKaKOMY
n3MeHeHnto. KoHeuHo, mpaBmiibHEe CpaBHUBATH Cy(Q-
¢uxc -la ¢ omunakoBbM cyddurcom, 0003HAYAIOIINM
IPOCTPaHCTBO B cocTaBe cioB Yayla- («mposectn
nero»), kisla- («3UMOBaTh»), a HE C TJIAr0JI0 00pa3yro-
wuM cyhdukcom -la. Ecnu mpuHATH BO BHUMaHUE pa3-
BUTHE 3aKPBITOTO Cliora B a3epOaii/pkaHCKOM SI3bIKE B
CTOPOHY OTKPBITOTO ciora (Hamp. yaylag>yayla- «ve-
CTO JIJIs IPOBEJICHNUE JIETHEE BPEMSI», KIIPOBECTH JIETOY,
qislag>qisla- «3UMOBKay», «3UMOBaTh»), MOXKHO CKa-
3aThb, 4TO cioBo tarla mpoucxoaut ot Gosiee craporo
Bapuanra tarlaq (6, c. 67).

Bcnencrere BO3HMKHOBEHHE METaTe3bl B CIIOBE
yastiq «nopymka» (Tak Kak IOCIEHHSS COTJacHas
KOpHSI M TepBasi coriacHas cypdurca MeHIETCS Me-
CTaMH) pU MOP(HOJIOTMIECKOM KOHTAKTE KOPHS U Cy(-
(huKca n3MeHseTcsl 3BYKOBOM COCTaB Kak KOPHSI, TaK
cyddukca. Takxe BO3MOXXHO BEPHYTh IEPBUYHBIN BU
cydukcHo# MOpheMBbl, BOCCTAHOBHB CJIOBO MOBEPT-
IIeecs CMEIIEHHIO COTJIaCHOT0. BrInouHss Takylo ore-
panmio BeISICHSETCS, 4TO cypduKCcHas Mopdema uMeeT
(hOHETHUECKYIO CTPYKTYPY Ha -sig. yastig>yatsiqg (B
cioBe yatsiq; yat- “cnare”). Cyhdukc Bcrpedaercs B
JIPEBHETIOPKCKUX NMMCbMEHHBIX NaMATHUKAX B pOpMe -
stk. Cyddukcnas mopdema oOpasyer CymecTBUTENb-
HOE OT KOpHS TJIaroJIOB: a¢sik «royomy, todstk «cbl-
TOCTBY. JICKCHUYECKIE eTUHULIBI ¢ CYPPUKCOM -sik yII0-
TPeOISIIOTCSL B SI3bIKE JPEBHETIOPKCKUX MHUChMEHHBIX
naMATHUKOB. Tiirk bodun agsik to(d)sik 6mazson, bir
todsar ag¢sitk omozson (IlamsTHuk B udecTh Krojb-
TUTHHA, IOXKHSSI CTOPOHa, 8-51 cTpoka. [Iepeox: Tropk-
CKHi1 HapoJ, Tbl He OyJellb 3HATh, YTO TAKOE TOJIO] U
CBHITOCTh. EciiM BBI HE CBITHI, BB HE OylieTe 3HATh, YTO
TaKoe roJIoj).

CrnoBommenstonmx cyddurcos cpenu cyddukc-
HBIX MOp(EM C aceMaHTHYECKUMH KOPHSMH CPaBHH-
TeNbHO HeMHOro. CioBooOpa3oBaTesbHbIe CyPPUKCHI,
BCTYMAIOIIKME B MOP(OIIOTHYECKYIO CBSI3b C KOPHIMH,

YTPaTUBLIMMHU CaMOCTOSITEIbHOCTh 3HAYEHUS, 10 CHX
TOp YMOTPEONIAIOTCS B HAIIEM S3bIKE W JIETKO Pa3iv-
YUMBI B CTPYKTYpE CJIOBA.

CrnoBomMeHsOIMe cyQPUKCH — 3TO M0 OO0IB-
mied 9acTH OKaMeHeBIHe CY(QHUKCH, yTpaTHBIIHE
CBOIO (PYHKIMOHAIBHOCTh B HAIlEM COBPEMEHHOM
s3bIKe. ECII BOCCTAaHOBHTH OTIEPEMEIIIEHHOE TTOJIOMKE-
HHe coracHbIX I 1 | B croBe irali («Bmepen»), moaBepr-
LIMXCSl B3aUMHOMY CMELICHUIO, TO MOKHO OIPEEIIUTh
HanpaBUTENbHBINA cypdukc -ari Toro xe cnoso. Cyd-
¢uKcHas enuHWIA HaONIONAaeTcs B CIOBAax i¢ari
(“BryTpn”), yuxari (“BBepx”), a TAKXXe B COCTaBE CIOBO
disart («cHapyxw»). HampaBurensHsii cypduxc -ra
YTPaTUBIIUHA CBOIO (DYHKIIHIO B COBPEMEHHOM SI3BIKE,
TaKKe SIBISIETCS] OKAMEHEBIIMM MOP(GEMHBIM KOMIIO-
HEHTOM CIIOB Ora («ryma»), bura («croma»), hara
(«kyma»). Eme omma okameHeBmmnii cydduxc-mMop-
(bema -1rga B crnoBax qovurga («obGxapka MIICHHIBI),
yadirga (“3abwiBath”), gabirga (“pedpo”). Mopdema
nposiBisieTcsl Kak cypdukc WHPUHUTHBA C aIOMOp-
(bamu -irge, -orga, -0rge B GyIrapcKoi rpyie TIOPK-
CKHX SI3BIKOB: aytirga (“‘ckaszatv”), barirga («unTn»).
TIOpKOJIOTH CUUTAIOT, YTO OHO TPOU3ONLIO OT COYETa-
Hus cybdukca npudactus -ir (-1r) cyhukcamu Hanpa-
BUTENbHOTO mangexka -ga, -ge (10, c. 487). Axan.
T.W.I'amxnueB oTMEYaeT, YTO HApSALY C KMITYAKCKUMHU
YepTaMH B HOpMax azepOaiykaHCKOTO JINTEPaTypHOTO
sI3bIKa MIPUCYTCTBYIOT M Oynrapckue sneMeHTsl . OH
mumer: «HenpaBuiabHO BUIETH B a3epOailKaHCKOM
SI3BIKE TOJBKO OTY3CKO-KHITYaKCKHME dYepTel. Ecmm
OT'Y3CKHUH SI3bIK BKJIIOYAET B CE0sl HECKOJIBKO ILIEMEH-
HBIX SI3BIKOB B ITIpaBe IMPOCTOPEYUsi, TO OE3yCJOBHO,
azepOaiiKaHCKUI SI3bIK OXBATHIBAET HECKOJBKO S3BI-
KOB Ha YPOBHE OTI'y3CKOI'O $I3bIKa. 31€Ch TAK)K€ CKOH-
LEHTPUPOBAHbl YEPThl  IUIEMEHHBIX-POCTOPEYHBIX
SI3BIKOB Xa3ap, cyBap, eMeK, apry, sirMa, yiuryp u np. B
TO K€ BpPEMsI 3TU SA3bIKH OepyT cBOe Ha4ajo B HeIpax
azepOaiikaHCKOTo TpocTopeuns. Hampumep penukT
XapaKTepHBIH Il Oynrapckoro s3plka (W SI3BIKOB)
CJIOBa SAMSa («HOC») A0 CHX TIOP COXPAHSETCS B HEKO-
TOPBIX CIIOBAX (stimstinmak “OpoauTh Kak nec”, simsiik
“Oponmsamuil Kak Tec”, simsig/sumsirig W BapHaHT
mismirlg C METare30d cOrjlacHbIX S M t B 3HaUeHHUH
«CKOPYHTH JIHI0») YIOTPEOISIEMBIX B MPOCTOPEUHH.
[puyactHelii cydduKce -mLs, AEHCTBYIONIMN KaK Cero-
JIHSI, TAK U MICTOPHUYECKH KaK JiuTeparypHas hopma, sB-
JIIETCS 0COOCHHOCTBIO OYJITapCcKOro s3bIKa U YIIOTPeO-
nsiercst BMecTe ¢ cydukcom -an, KOTOpbIi sBiIseTCs
OT'Y3CKHM 3JIeMeHTOM» (2, S. 60).

TakuMm o0pa3om, B mporecce pa3BUTUS OT OJIHO-
CJIOKHOTO K MHOTOCJIOXXHOMY, OT NEPBHUYHBIX KOPHEH
K aCEMaHTHU3alMI0 MOKHO BBIJICJIUTD /1B dTarla:

a) ATanm Ha KOTOpOoM (hOHETHYecKas CTPyKTypa
(yHKIMOHUPYET;

6) sTam Ha KOTOPOM MopdosToruUecKas CTpyKTypa
(yHKIMOHHPYET.

Ha nepBom sTane B (hOHETHUECKOH CTPYKTYpPE OJI-
HOCJIO)KHBIX CJIOB IPOUCXO/ISAT Pa3INuHbIe U3MEHEHHSI.
B pesynbraTte oHETHUECKUX COOBITHI 1 3BYKOBBIX 3a-
MEH BO3HHMKAIOT ()OHETHYECKHE BapUAHTHI. 3BYKOBBIC
TIepexo/ibl U3MEHsIST CTPYKTYpY M (OopMy KOpHS, OHH
TaK)Ke BBI3BIBAIOT Pa3IH4Ms B 3HAYCHUH. OTHOCIIOKHBI
KOpHH TIPEJCTAaBICHbl HECKOJIBKMMH  CIIOTOBBIMHU
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ctpykrypamu. H.backakoB mumiet: «/lias TIOpKCKHUX
A3BIKOB XapaKTEPHbI IIECTh OCHOBHBIX THIIOB CJIOTOB,
KOTOpBIE COBIAAIOTCS C HMIECThIO KOPHEBBIMH MOpde-
MaMu. B 3aBucuMocTtH OT coctaBa (JOHEMBI CIIOTH CO-
CTOSIT W3 OJHOM rinacHo# (V), rIacHOW M corjacHOU
(VC, CV), rnacuoii u naByx coriacusix (CVC, VCC),
rimacHo# u Tpex cornacHbix (CVCC). Onuy, B CBOIO OYe-
pensb, nensarcs Ha aBa ocHoBHBIX THna: V u CVCCy (9,
€. 179). Cpenu OIHOCIIOXKHBIX KOPHEH, yTPaTHBIIMX
CaMOCTOSATENILHOCTh 3HAUCHMSI €CTh IMPHUMEPHI TOTO,
YTO OHH KPOME CIJIOTOBOI CTPYKTYpBI COTIIaCHBIH-TIac-
HBII{-COTJIACHBIN, OTPAXAIOT CJIOTOBBIX CTPYKTYP TJac-
uerii-cormacubiit (VC; il-ari «Bmepemy), coriacHbIH-
rnacuslii (CV; ti-tok «nynkay», bag-la “3akpsiBars”).

Ha BTOpOM 3Tare cHmWkaeTcss ”HTCHCUBHOCTD U3-
MEHEHHH (QOHETHYeCKOH CTpPYKTyphl. IIposBisercs
TOJBKO OJHO W3 (POHETHUECKUX COOBITHH — MeTaTe3a,
CBSI3aHHBIX C MPEIBIIYIINM 3TarmoM. A (JOHETHUECKUX
U3MEHCHUN B (POHETHYECCKON CTPYKTYpE KOPHS B Iie-
JoM HeT. MeTtaTesa, SBISIOIIUIICS eIMHCTBEHHBIM (O-
HETHUYECKHM SIBJICHHEM, TaKXKe CB3aH ¢ Mopdooruye-
CKOW CTPYKTYpoH (Hapsimy ¢ (OHETHUEecKOH), U co0-
CTBEHHO caMoO (DOHETHYEeCKOE SBJICHHUE BBISABISIETCS
Mopdooruyeckoii ctpykrypoil. [loromy uto MeTaresa
MPOUCXOJUT IPH MOP(OIOTHIECKOM KOHTAKTE KOPHS
¢ cydukcom; meppast coriacHas cyppurca MEHICTCS
MECTaMH C TOCJIEIHEH COriacHON KOpHs (Hamp. yas-
tig>yat-siq, «IOOyIIKa»; st>ts). IMeHHO Ha BTOPOH
CTaJMu KOPEHb, YTPATHUBIINI CaMOCTOSTEILHOCTh 3Ha-
YyeHue, 00pa3yeT HeAETUMYIO CTPYKTYPY BMeCTe ¢ Cy (-
(ukcom 1 oOpasyeTcss HOBOE CIIOBO (Hamp.: B CIOBax
al-dat «oGmanyte», dan-is «roBoputhb», gii-log «60-
potecsy). @. ne Coccrop Taxxe MUIIET 0 GPaHITy3CKOM
S3bIKE, YTO OJHMM W3 TPaMMaTHYECKUX IOCIEICTBUI
(hoHETHYECKUX U3MEHEHHH SIBIISETCS TO, YTO OTAEIb-
HBIC 3HAYMMBIE YACTH CIIOBA TEPSAIOT CBOIO CaMOCTOS-
TENIBHOCTB: CJIOBO CTaHOBHUTCSl HEIECTUMBIM IIEJBIM.
[pumepsl: Ha (paHIy3cKOM enemi «Bpar» (cpaBHHTE:
HA JIATHHCKOM IN-IMICUS «He apyr» - amiCus «apyr»)
(7, s. 280). B pe3ynbraTe 00pa3yrOTCsi MHOTOCIIOKHBIE
KOPHHM M HOBBIE CJIOTOBBIE CTPYKTYpHI. Eci Ha iepBom
atane GoHeTHYECKUE (U IPpyrue) U3MEHEHUs! TIPOSIBIISI-
JIMCh TPEMMYILIECTBEHHO B CJIOIOBOI CTPYKType CO-
riacHelii-rmacusiii-cornacubii (CVC), uHOTHAa Tiac-
Hblii-cormacublit (VC), To Ha BTOPOM 3Tarie 9rucio Ciio-
TOBBIX THUIIOB YBEJIMYHBACTCS 3a cuer
aCEMaHTU3UPOBAaHHBIX KOPHEH.

IMpod. B.AXmMe0B KpaTKO ONHUCHIBAET MPOLIECCHI
BTOPOTO THIIAa THKUM oOpa3oM: «B nexcuueckom co-
cTaBe a3epOail[PKaHCKOTO s3bIKa €CTh CJIOBA, IIOJ-
BEPIIIUECs IIPOLECCY COEIMHEHMS Pa3NYHBIX CyQ-
(PMKCOB C OJTHOCTIOXKHBIM JAPEBHUM KOPHEM CJIOBA WIIH
ero QoHoBapuaHTaMHU. DTOT TPOIECC UMEET OUYEHBb
JIABHIOIO MCTOPHUIO. B pesynbTaTte MHOTHE CIIOBa HPO-
M30IIUTH OT JAPEBHETO OJHOCIOXKHOTO KOpH:» (1, C. 28).

2. Tlpoumecc aceMaHTH3allMM W YNPOIIEHHSs
MOp}0JIOrHYecKoil CTPYKTYpPbl B  CTPYKTYPHO
CJI0KHBIX CJI0BaxX

IMpod. FO. MamenoB BhIIETSIET TPH IIYTH Pa3BHU-
TUsSL KOPHEH, KOTOpHIE TEPSIOT CBOIO CaMOCTOSTEINb-
HOCTB COCTABJISIIOT CBOM CJIE/ B JPYT'MX CJIOBAaX M BBI-
paxxenusix. OH numiet: «B TeyeHue onpeeaeHHoro me-
puosia pasBUTHS S3bIKa HEKOTOPBIE OJHOCIIOXKHBIC

cJioBa MpuHUMas /1Ba cyddurkca nmeror Om3Kyro (Hiu
OJMHAKOBYI0) 3HAYEHUIO C MPEABIAYIIAM CIOBOM.
Hamp.: yed- // yedoklo- «Bykcuposate», diig- [/
diiyiinla- «3aBS3BIBaTBY, Sin- // sindir- «cIOMaThy, SOF-
/I soragla- «cmpammuBate», quc- // qucagla- «oGHu-
Matby». J[peBHUI ONHOCIOXXHBII KOPEHb U IPOU3BOJ-
HOE OT HETO CJIOBO HEKOTOPOE BPEMsI HCIIOIB3YETCsI T1a-
paJuleIbHO W 00pa3yloTCsi CHHOHHUMEL... B wHOM
HalpaBJeHUH MOILIO Pa3BUTHE IPYrod 4YacTH OJHO-
CJIOXKHBIX CJIOB, yTPAaTHBIIMK CAMOCTOSITEILHOCTD U Te-
Tieph COXpaHSIOLIEH CBOM OTIEYaTOK B APYTHX CIOBAX
1 BeIpakeHUsIX. OTHOCIIOKHBIH (M YaCTHYHO JIBYCIIOXK-
HBI) KOPEHb IPUHAMAET TOJIBKO OAWH cyPPuKc (cyd-
¢ukc 3anora riarona). XotTs BHadane cyddukc co-
3Ma€T COOTBETCTBYIOIIEE JIEKCHKO-CEMAaHTHYECKOE
3HAYEHHE, MO3JHEE CIMBACTCSA CO CIOBOM U YTpadH-
BaeT CO3/IaHHOE MM 3Ha4YeHHE. XOTS CTPYKTYpa CIIOBa
N3MEHWIACH, €r0 3HAYCHUE MPAKTHYECKH HE M3MEHH-
nock. Harmpumep, B MMChbMEHHBIX MaMITHUKAX IJIAroJl
tog- Il dog- ynotpebisieTcst B 3HAYEHUH «POJUTHCSI.
Teneps 3T0 3HauCHHWE BhIpAXKACTCs TIaroioM dogul-
(«pomuthcsi») coznaHHbIi oT npubasneHus cyddukca
-ul k kopHIO dog- «poauTh». TPeThs YACTh TIEPBUYHBIX
KOpHEH, yTpaTHBILIasi CBOIO CAMOCTOSTEIBHOCTh U CO-
XpaHAIOIIas Teneph CBOM CJIEA B IPYTHUX CIOBAX M BbI-
pPaKCHUAX, MPOILIA WHOH IIyTh Pa3BUTHA. 3HaUCHHE
JPEBHETO CII0Ba BBIPAXKACTCSI COOCTBEHHBIMH CIIOBAMH
a3epOaiKAaHCKOTO $3bIKA (M HENPOM3BOAHBIMH OT
HEro) WJIM 3aUMCTBOBAaHHBIMHU JIEKCHUECKHMH €INHH-
[[aM{ HE MMEIOIUMH C HUM JIEKCHKO-CEMaHTHIECKON
cBs3u. JlpeBHEE CIIOBO CTAHOBHUTCS apXaWyHbIM HIIH
BBIXOJIUT W3 SI3bIKA, OCTABJISAS JIMIIb CIEAbl B APYTHX
CIIOBax W BBIPAXCHUSIX (art — tomiz «aucThiity) (5, C.
60-62).

C ycTaHOBJIEHHEM YIOMSHYTOTO BBIIIE BTOPOTO
sTanma (Ha KOTOpoH Mopdosornyeckas CTpyKTypa
(YHKIIMOHHPYET) WAET MPOLECC CTAOMIM3ALUH OJJHO-
CJIOXKHBIX TIEPBUYHBIX KOPHEH, pa3inyHbIX ()OHOBApPH-
aHTOB B CJIOBapHOM COCTaBe s3bIke. Kaxplii U3 HHUX
CTaHOBUTCS OT/ENBHON €JUHHUIEH JISKCHYECKOTO CO-
craBa. MeHseTcs XapakTep I'paMMaTHYECKHUX CBs3ei
MEX/1y JPYrMMH KOPHEBBIMH WK cyPPHUKCHBIMU e/1u-
HHULIAMH, KOTOpBIE CIMBAIOTCSI C OJHOCIOKHBIM KOp-
HEM M CTAHOBSITCS (OPMAIIbHBIM DJIEMEHTOM, YTPaTHB-
UM cBOIO QyHKIMOHAIBHOCTE. D. e Coccrop muier,
91O (POHETUIECKAS IBOJIOIUS H3MEHSIET (HOPMY CIIOB U
pa3pbiBaeT CBS3BIBAIOIINE MX I'PAMMATHYECKHE CBS3U
(7, c. 289). 'pammaTHYECKHE 3HAYCHHS TEPSIIOTCS B OJI-
HOCJIOKHBIX KOPHSIX, M3HA4aJbHO COZAEpKammx cyd-
¢ukc (uam ciuThX ¢ cypdurcom). MHOr1a rpaMmary-
YecKkoe 3HaueHHe, co3jaBaeMoe Cy(pPpHUKCOM, CMEUIH-
BaeTcsl C OOLINM JIEKCHYECKHM 3HAYCHHEM CIIOB. XOTS
CIIOBa M CoJiepXKaT rpaMMaTHIECKHe CY((PUKCH, OHH
MIPECTABILIIOT cOO0M HE UTO MHOE, KaK (hopMasbHBIE
AJIEMEHTBI, yTPaTHBLINE CBOIO (YHKIHOHAJBHYIO Ca-
MOCTOATEIBHOCTL. OJTHAKO B CIIOBE yarts («COPEBHOBA-
HHE») NOSBIISIETCS U 3HAYCHUE B3aMMHOCTH, CO3/1aBae-
Moe >TuM cyhdurcom. B pesynbrare, kak nmucan b. Ax-
MeJIOB, KOPEHb M ero ()OHOBApUAHTHI MPETEpPIEBAIOT
MIpOLIECC MPEBPAIICHHUS B CaMOCTOSTENIbHBIE CIIOBA C
nobaBineHneM paznudHbIxX cyddukcos. ITo sToit mpu-
YMHE Yepe3 OINpEleNCHHBIH NPOMEXYTOK BpPEMEHHU
KXl M3 PasIMYHBIX CY(PQHUKCOB C OAMHAKOBBIM
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KOpHeM 00pasyeTcs oTaenbpHoe cioBo (1, ¢. 28). Tlpu
ATOM H3MEHEHHE MOP(OIOTHIECKOH CTPYKTYPHI TPO-
HCXOIIUT HE TOJBKO Y CJIOB C TPAMMATHUYECKUMHU HIIH
nexcmdeckumu cypoukcamu. I'. T'acanoB mumer o6
VIPOIIEHHBIX NEPBUYHBIX KOPHAX ¢ cyddukcom, gTo
W3MEHEHNS B (POHETHIECKOM CTPOCHUH CIIOB BIUSIOT U
Ha ero CTPYKTYpY U MOp(eMbI, YIacTBYIONIIE B 00pa-
30BaHUU 3TOTO CJI0Ba. KOpEHB U CIIOBO CIIMBAIOTCSI, YTO
3aTpyIHseT onpeJelieHne ux rpanull. [loatomy nene-
cooOpasHee JeIUTh POU3BOHBIE CJIOBA Ha (hyHKIIHO-
HaJIbHbIE eUHUIIBL. [IpOU3BOJIHBIE CIOBa COCTOST Kak
MUHHMYM U3 JIBYX (QYHKIIMOHATBHBIX eauHUIL. [TepBoe
W3 KOTOPHIX SBISETCS HEM3MEHsAEMON (KOPEHBIO HIIH
OCHOBOM), BBIpA)KAIOIIMM OCHOBHOE 3HAuY€HHE, a BTO-
poe u3MeHsieMoii acthio (3, €. 33).
OYHKIINOHAFHBIMU €IUHUIIAMH CIIOKHBIX CIIOB
0e3yCIIOBHO SsBISETCS JIeKcHdeckue eauHuIpl. Cro-
coOBI 00pa30BaHUs YIPOIIECHHBIX CIIOKHBIX CIOB pas-
nuyHbl. Clle0BaTeNIbHO M IPAaMMaTHYECKUE CBS3U MX
KOMITOHEHTOB HEOJMHAKOBbI. KOMIIOHEHTHI ynpomeH-
HBIX JIGKCUYECKHX EJUHUI] KOMOMHHMPYIOTCS 1O pas-
HOMY, Tepsisi CJIOXKHYIO CTPYKTYpy. HekoTopbie uMeroT
MOJIeTIb aTPUOYTUBHOTO CIIOBOCOYETAHUs, NPYrHe CO-
CTOSIT U3 CJIOB CO CXOKMMHU M CXOJHBIMU 3HAYCHUSIMU.
Tpersss wacTe mpexacTaBiseT coboil codeTaHHe
CJIOB C pa3HBIM 3HaueHHeM. B coBpeMeHHOM azepoOaii-
JUKaHCKOM SI3BIKE CIIOXKHBIE CIIOBa YIOTPEOISIOTCS B
COCTaBe IEPBOTO M BTOPOTO THIIOB aTPUOYTHBHBIX CJIO-
BOCOYCTAaHHN (HAmp. garaqas «IepHOOPOBEIIY,
qaragéz ‘‘depHOTNA3bBIL”, stoliistii «HACTOIBHBIN,
soharlorarast “mexmayropoansiit”). Jlaxe B ympoiieH-
HBIX CJIOXHBIX KOHCTPYKIHMSX HaOJIIOZaeTcs omnpeje-
JICHHass MOJeNb aTpUOyTHBHOIO cCJOBOcoYeTaHus. B
3TOM Cilyyae OJUH WM 000 KOMIIOHEHTa MOTYT IO/JI-
BEPrHYThCS (POHETHYECKOMY HM3MEHEHHI0. B pesyib-
TaTe COCTABHAS YacTh OTIMYAETCS OT UCXOMHOU (hoHe-
tHaeckoil popmel. CioBo yumurta («IH1o») cocTout
u3 (OHETHUECKH W3MEHEHHOTO CiioBa yumru (yumur
«KpYTIBI») U U3 cioBa tag («ropa») moaBepriIHics
IMHM3HI0 B ayciayte. [locimeaHuii corlacHBIN BTOPOTO
KOMIIOHCHTa JAaHHOTO CJIOBa TPHUCYTCTBYET B CIIOBE
yumurtga B COBPEMEHHOM TYPKMEHCKOM sI3bIKe (CM. 8,
€. 999) moaBepruMiics MECTOM3MEHEHUIO C TJIACHBIM
3ByKoM (Yumurta — yumuru tag - yumurtga). A nepBbiii
KOMITOHEHT COXPaHseT CBOI (OHETHUYECKYIO (OpMY B
cioBe yumrutka («sio») B COBpeMEHHOM raray3ckom
s3bike. [lepBuuHas Qopma cioBa, Mo-BuaAUMOMY ObLIa
B Bujie yumru tag («kpyrmast ropay). Jis cpaBHeHUs
OTMETHM, YTO B NHCHMEHHBIX MaMITHUKAX a3epOaii-
JOKAHCKOTO sI3bIKa CJIOBO YUMIU («KpYyTIIBIN») yIoTpeo-
JSKTCSI KaK OmpereNieHust cioBo tag. B mamsTHuKe
«Kitabi-Dodo Qorqud» («Kmmra orma Hamero
Kopkyra») ymoTtpebnsercs crmoBocouderanue tag
yumrusu (“KpyriocTh, T.e. BepIimHHa TOpBI’). Bir
yigidin Qara tag yumrusinca malt olsa, yigar-dorar,
nasibindon artigin yeya bilmaz (4, c. 31). Ecm y
xpabperma GOraTCTBO CTOJBKO K€, CKOJBKO BEpIITMHA
TOpbl, OH HAKOIHMT W HE CMOXET CbECTb/TPAaTHTh
Oousibiie cBOeit monM). XOTS OCHOBY YIPOLIEHHOTO
CJIOKHOTO CJIOBA COCTaBJISAET aTpUOyTHBHOE CIIOBOCO-
YyeTaHue MepBoro TUIA, XapakTep cBs3eil (B TOM yuncie
rpaMMaTHYeCKUX CBs3€i) MEXIy KOMIIOHEHTAaMH HE
TaKOH, KaK B CIIOKHBIX CJIOBaX C TOHM K€ CTPYKTYPOM.

BrionHe BeposITHO, 4TO ceMaHTHYeCKas CBs3b (Kak at-
pUOyTHBHAs CEMaHTHYECKash CBSA3b B aTPHOYTHBHOM
CIIOBOCOYETAHMH MEPBOrO THIA) MEXKAY KOMIIOHCH-
TaMH SIBJISIETCS] NACCUBHOM, IOCKOJILKY BTOPOM KOHUIIO-
HEHT Tpereprien (HOHETHIeCKOe M3MEHEHHe (DIIH3H;
tag>ta). 1 BooOIe cama rpaMMaTiiecKkas CBsI3b Heak-
TUBHA.

OnuH i 002 KOMIIOHEHTA COCTOSIINE U3 CeMaH-
THYECKH OJIM3KMX JIEKCHYECKHX EIUHHI] B YIPOILIECH-
HBIX CJIO’KHBIX CIIOBAaX COCTOSIT U3 CJIOB YTPauMBAaIOLINE
CaMOCTOSITENIbHYIO 3HAUeHHI0. KOMIIOHEHTHI B TakMX
JIEKCUYECKUX eAMHUIAX 00BbEJUHSAIOT MOTHBAI[HOHHBIE
cxoJcTBa. Mex 1y KOMIOHEHTaMU 00pa3yroTCs CeMaH-
THUYECKHE U rPaMMaTHYECKHe CBSI3H. B COBpeMeHHOM
a3ep0aiiKaHCKOM SI3bIKE CIIOMKHBIE CJIOBA, COCTOSIINE
13 CEMaHTHUYECKH OJM3KUX JIEKCHYSCKHUX eNHHUI, 00b-
eIMHSACT MPEMETHI, COOBITHS, TIpoIiecch (Harp. el-oba
«HApomy», sOz-s6hbat «Oecemay, ev-esik «mom», adat-
onana «TpagULMsy, glil-¢cicak «IBETHI») WK MIPU3HAKU
(dash-kosokli “KaMEHHBIH”, giillii-gicokli
“userounsiit”, elmi-kitlovi “HaydHO-mOMYNIAPHBINA"),
KOTOpBIE TECHO CBSI3aHBI APYT ¢ ApyroM. Mwmes cxon-
HBIE TpaMMaTH4ecKre GpopMbl OHU OOBEIUHSIOTCS CO-
YUHUTEIBHOM CBA3bI0. B CIOKHBIX JEKCUYECKUX €U-
HUIIAX C ACEMAaHTUYECKHUMHU KOPHSIMH, OJIU3KUE 1O 3HA-
YCHUIO CJI0OBA COYETAIOT B ceO€ CXOJHbIC MPU3HAKH,
OTHOCSIIIKECS K OfiHOMY nipeameTy. Kopens kar- ytpa-
TUBIIUI CAMOCTOSTENbHYIO 3HAUYEHHIO B CIOBe karpic
(«xuprnnu») o3HadaeT «pe3ath». [lepBUUHBII KOpEHBb
HaOmomaeTcss B cloBax koronti («KOCBUIKA»), korki
(«pe3err»), UMEIOIUX MEXIy co00il CeMaHTHYECKYIO
cBsI3b. Jlpyras 4yacTh IaHHOTO CJIOBa SBISTCS (DOHETHU-
4YeCcKH U3MeHEeHHOH (opMoii riarona big- (mak) B 3Ha-
yeHHH «pe3arb». O0a JacTu clioBa ¢ OJIM3KUM JIEKCH-
YECKUM 3HAYCHUEM B KaKOW-TO Mepe OTIINYAIOTCS JPYyT
oT Apyra. [ 1aronbHeli KOpEHb kar- 03HAYAET «Pe3aThy,
a cioBo pi¢-/bi¢- 03HAUAET «BBIPE3aTh MO HOpME, MPHU-
JaBasi eii onpeneneHuyio Gpopmy». IIposBisieTcst CBA3b
MEXy 3THM 3HAYCHHEM BTOPOr0 KOMIIOHEHTa (pi¢-
/bi¢-) n obuieit ceMaHTHKO# CcioBO karpic “‘kuprnnd”
(«cTpouTeNbHBII MaTepua u3 rIMHbI, BhIPE3aHHBIN 110
dbopme u 000MOKeHHOUW Ha orHe»). Ilocie Toro, kak
KOPHH TEpSIIOT CaMOCTOSITENBHOCTh 3HAYCHUs], HCYe-
3aI0T ¥ FPaMMAaTHYECKHE CBSI3H MEXY KOMIIOHEHTaMHU.
[Ipouecc 3akaH4YMBaeTCs IPEBPALICHHUEM CJIO0XHON
JIEKCUYECKOW eIMHMIBI B MPOCTOE CJI0BO. ['0BOpsi 00
YIPOILEHUHU CIOKHBIX ciioB, I'. ['acaHoB crpaBeyinBO
OTMEYaeT, YTO YNPOIIEHHE MPOU3BOJHBIX CIOB 00Y-
CJIOBJICHO JIUOO (POHETHYCCKUMH U3MEHEHUSAMU, JTHOO
CEeMaHTHYECKON apXau3alneil ero KOMIoHeHToB (3, C.
33).
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3aki0ueHne

B npoun3BoAHBIX CIIOBaX ¢ aCEMaHTUYECKHUMHU KOP-
HAMH Cy((HUKCHI IpeTeprieBaoT (HOHETHIECKHE H3Me-
HEHHS W TEePSIOT NMepBOHadanbHy0 (popmy. CroBous-
MEHHTENbHBIE CY(P(PUKCH yrmoTpeOiseMble C aceMaH-
THYECKUMH KOPHSIMH COCTABILSIFOT MEHBIIMHCTBO, a
HEKOTOpBIE CIIOBOOOpa3oBaTeNbHBIE Cy(PQUKCH HC-
MOJNB3YIOTCSL B COBPEMEHHOM  a3epOaifiKaHCKOM
s3bIKe. MI3MeHeHns B (POHETHYECKON CTPYKTYpE CIIOB C
ACEMaHTHUYECKMM KOPHEM CKa3bIBAIOTCS Ha CTPYKTYype
cioBa. l3meHeHnsT MOpP(OJIOrHYECKOH CTPYKTYPEHI
MPOUCXOJAT HE TOJIBKO B CIIOBAX C JIEKCUYECKUMH, UITH
rpamMmmaTHdeckuMu cypdurcamu. CIoBa co CIOXKHOU
CTPYKTYPOH CTaHOBSITCS TPOCTHIMH JIEKCHYECKHMH
ennHAaMy. OMH U3 KOMIIOHEHTOB, WM 002 KOMIIO-
HEHTHl YIPOIICHHBIX CIIOKHBIX CIIOB SIBISIOTCA KOp-
HEM, YTEpsABUIMI CaMOCTOSTENLHOCTh 3HaueHUs. B
CJIOKHBIX JIEKCHYECKUX CIUHUIAX C aCEMaHTHYECKUM
KOpHEM OJIM3KHE 110 3HAYSHHUIO CIIOBA BHIPAXKAIOT OJIH3-
KUEC TMPU3HAKHU, OTHOCANIUECA K OAHOMY U TOMY XKE
npeMeTy.
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Abstract

In this article, the authors in the framework of paradigmatics reveal a syntactic phenomenon, defined by
researchers as a constructseme in which the structural-semantic and predicative properties of the syntactic con-
struction are concluded, expressed by the general properties of the part of the syntactic unit containing a whole-
some utterance that lies beyond the boundaries of the traditional sentence delimited by punctuation and a common
syntagma but having a common semantic whole and connected with the previous construction, the constructseme
in its turn complets and refines the basic structure.

Syntactic theory has received some new directions, which in general should be defined as semantic syntax.
Along with the development of semiotics, the science of the sign, semantic syntax as a science contributed to the
emergence of the idea that a sentence is an integral sign and, as such, has a content side (semantics), and not just
a syntactic structure, i.e. plan of expression. The present study examines the structural-semantic and predicative
properties of the sentence and its functions: constructive and predicative. The theory of syntactic relations, based
on the degree of connectedness of words in a sentence, is based on the opposition of the concepts of hypotaxis and
parataxis.

In order to comprehensively and fully describe the structure of a sentence, it is necessary to consider its
structural, semantic and predicative properties in the context of paradigmatic syntax. It is this consideration that
gives us a complete picture of the nature of the syntax of the complicated and complex type.

AHHOTAIHUSA

B HaCTOﬂHleﬁ CTaTh€ aBTOpaMH B paMKax MapaaurMaTUKH BBIABIISACTCA ABJICHHUC CUHTAKCHCA, ONIPEaACIaeMast
aBTOpaMHU KaK KOHCTpyKTCeMa (COnstructseme) B KOTOpPO#l 3aKIOUEHBI CTPYKTYPHO-CEMAaHTHUECKHE W TIPEIUKa-
THUBHBIE CBOMCTBA CHHTAKCHYECKOI'O TIOCTPOCHMA, BBIPAKCHHBIC 06H_II/IMI/I CBOMCTBAMHM 4YaCTH CHUHTAKCUYECKOH
CAUHUIIBI COCTABIIAOIINX IICJIBHOEC BBICKA3bIBAHUC BBIXOJIS[L[Ieﬁ 3a TpaHUulbl TPAAUIHUOHHOTO NPEAJIOKECHUA, OT-
TPAaHUYEHHOTO MMyHKTYallMOHHBIMU 3HAKaMH U OOIIEH CHHTarMoO, HO UMeIoIIee 00Iee CMBICIIOBOE IEI0€ U CBS-
3aHHOE C NpPEIbIIyIIeld KOHCTPYKIMEH, BbIpaKCHHAs NOJHO-NPEAUKATUBHON JIMHUEH, KOHCTPYKTCEMA B CBOIO
odepeib JIONOJIHACT U YTOUHSET 0a30BYIO CTPYKTYPY.

CuHTaKcHYeCKas TCOPUI MOJTYyUnJIa HEKOTOPLIC HOBBIC HAIIPABJICHUS, KOTOPBIC B LICJIOM CJICAYCT ONPCACTIUTL
KaK CEMaHTHYECKHI cuHTaKkcuc. Bmecre ¢ pa3BUTUCM CCMUOTUKU, HAYKHU O 3HAKE, CEMAaHTUYECKHUH CHHTAKCHUC KaK
HayKa CII0COOCTBOBAJIO IOSIBICHUIO npeaAcTaBJICHUA O TOM, YTO HNPCAJIOKCHHUE — ITO IleJ'IOCTHLIﬁ 3HAaK U KakK
TaKOBOW MMEET COJEPIKaTeIbHYI0 CTOPOHY (CEMaHTHKY), a HE TOJbKO CHHTAaKCHYECKYIO CTPYKTYpY, T.€. IUIaH
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BbIpaXeHUs. B HacTosIIeM HCCIENOBaHMM PACCMATPUBAIOTCA CTPYKTYPHO-CEMAHTHYECKHE U NPEAUKATUBHBIC
CBOWCTBA TPEMIOKEHUSI M ero (YHKIWH: KOHCTPYKIMOHHBIE W TIpeIWKAaTHBHBIE. Teopms CHHTAKCHYECKHUX
OTHOIIICHHUH, OCHOBAHHASI HA CTENCHH CBSI3aHHOCTU CJIOB B IPEUIOKEHHHM OCHOBaHA Ha MPOTHBOIOCTABICHUH
TIOHATHH THIIOTaKCHCA M MTapaTaKcHca.

st Toro, 9TOOBI BCECTOPOHHE W TOJHO OMFCAaTh CTPOSHHE MPEIIIOKEHHU, HEOOXOAUMO PacCMOTPETh €To
CTPYKTYPHBIE, CEMAaHTHYCCKHE M TPEIUKATHBHBIE CBOWCTBA B KOHTEKCTE MapagNTMAaTUYECKOTO CHHTAKCHCA.
VMeHHO maHHOE PAacCMOTPEHHE NaeT HaM MOJHOE IPEACTaBICHHE O MPHUPOJAE CHHTAKCHCA OCIOXKHEHHOTO U

CJIOKHOTI'O THUIIA.

Keywords. constructseme, tagseme, syntactic construction, full-predicative line, semi-predicative line, se-

mantics, predicative property, communicative property.

KiaioueBble ciioBa: KOHCTPYKTCEMaA, TarceMa, CMHHTaKCHUICCKad KOHCTPYKIUA, ITOJTHONIPCANKATUBHAA JINHUS,
TMOJIYNIPEANKATUBHAS JIMHUS, CEMaHTHUKA, IIPEAUKATUBHBIC CBOfICTBa, KOMMYHHUKAaTHUBHBIC CBOIICTBA.

Bsenenue

K cpencrtBaM CTpyKTYypHOH M CEMaHTHUECKOH
CBSI31, OOBEIUHSIONINX TPYIIIBI CHHTAKCHIECKUX KOH-
CTPYKIMHA B OCTIOKHEHHOE FITH CII0)KHOE CHHTaKCHYe-
CKOE IIeJIoe, OTHOCUTCS M HETOJIHOTA MOCIETYIOIINX
MpeJIoKEHUI 3a cueT npeAmecTByonmx. JlaHHbie He-
TOJIHBIE KOHCTPYKITUHU OCIIOKHSIOT BCE BHICKAa3bIBAHUE,
co3faBas OCIIO)KHEHHBIE TPEUIOKEHHS, KOTOPbIE
MPEJICTABIISIIOT OO0 CHUHTAKCHUYCCKYIO CUHHUIY BbI-
paKEeHHas OJHAa TMOJIHOTPEAUKATUBHOW, a japyras
BKITIOYEHHOM, OTHOW WIJIM HECKOJIKAMHU MTOTYTIPEIUKa-
THBHBIMH JIMHUSIMH.

OpHa U3 BaKHEHITIX 0COOCHHOCTEH pa3BUTHS CO-
BPEMEHHOTO TEOPETHYECKOTO CHHTAKCUCAa — HEYKIIOH-
HOE COBEpPIICHCTBOBAHHUE METOIWKH M NPUEMOB CHH-
TAKCHYECKOTO HCCIeAOBaHUA. MOXXHO C YBEpEHHO-
CTBIO CKa3aTh, YTO B 3TOM HANpPaBICHUH JTOCTHUTHYTHI
onpezenennpie yenexu. OJHAKO JejaaTh OKOHYATEINb-
HBIN BBIBOJT 00 3((EKTUBHOCTH Pa3HBIX HOBBIX METO-
JIUK 710 anpoOMpPOBaHUS MX Ha BIOJHE KOHKPETHOM U
JIOCTATOYHOM MaTepuane ObLIO0 Obl MPEKICBPEMEH-
HBIM. B psine mcciienoBaHMiA, TOCBSIIEHHBIX CHHTAaK-
CHUCY, BCC HACTOMYMBEE BBIIBUTACTCS OIMCAHHE TIPEII-
JIOXKCHHUS Yepe3 ero mapagurMaTuky. Hanbonee momao
U TIOCIIeIOBATEeIFHO OHA MpoBoauTCs B padorax [LA.
Anamer [1], M.A. broxa [2], E.A., I1. Po6eprc [3], Ix.
Bpunrton [4], V. Yeiid [5], H. Xomckwuii [6].

XOTs CHHTaKCHYeCKasl mapajurMaTuka Kak caMo-
CTOSITETIbHBIM ACMEKT CUHTAKCUYECKOTO U3YUYEHHS HC-
MOJIL3YETCS JTAaBHO, OJTHAKO TIOTIBITKA YHUBEPCATUZUPO-
BaTh MapaJurMaTHUECKOe OMNHCAHUE B KadecTBE MpHU-
€Ma CTaJio JIMIIIb OTHOCUTEILHO HeaBHO. TOJKOBaHKE
MapaIurMaTHdeckoro W TpaHcHOpMAIMOHHOTO aHa-
JHM3a KaK CcIoco0a pacCMOTPEHUS CIOXKHBIX U OCIIOXK-
HEHHBIX PEJIOKEHUI TPOBOAUIIOCH B UCCIIEIOBAHUSX
[7; 8;9; 10; 11]. TepMuHOJIOTHYECKOE BBIpA)KEHUE Na-
pazurMaTHKa MPEIJIOKECHUS JIMIIaeT ero (GopMabHO-
CHUHTAKCUYECKOI0 COAEpPX aHHUsI U CTAHOBUTCS YacTbIO
00111eaccoMaTUBHOTO TJIaHA PACCMOTPEHUS €IMHUIL
SI3BIKA B €70 CHHTAKCHYECKOM MPETOMIICHHI B 3HAYH-
TEJIHHOU CTENEHHW CONMPUKACASICh C MOHATHEM CHHTAaK-
crhyeckas CHHOHMMHMKA. B HacTosIeM HCCIeIOBaHHHU
paccMmaTpuBaeTCs MapaJIurMaThKa IpejIoKeHs dYepes
MpPU3MY €ro KadyeCTBEHHO-KOJIMYECTBEHHOTO TOKa3a-
TeJsl, KOTOpasi XapaKTepU3yeT ee CIO0KHOCTh MOCTPOe-
HUS C YYETOM CTPYKTYpbI, CCMAaHTHKH U CTEIEHH Tpe-
JIMKATUBHOCTH BCErO BHICKA3bIBAHUSI.

Mertonauka

B nccnenoBaHMm HCHONB3YIOTCS METOJ TpaHC-
(hOpPMaIIOHHOTO aHAJIN3a, a TAKKE B paMKax CHHTaK-
CHYECKOW MapaJAnTMaTHKN MPUMEHSCTCS CeMaHTH4e-
CKHUi, TUCTPUOYTUBHBIN 1 KOHTEKCTHBIN aHAIH3.

OO6cyxaeHue
B paMmkax aHamu3UpyeMOro sSBJICHUS BBIABIIACTCS
CHHTaKCHYeCKast CTPYKTypa KOHCTpyKTCEMa

(constructseme) (0T cioBa construct — KOHCTPYKT TO-
HATHE O HEHAOJIOJaeMBIX 00BEKTaX HAYKH, MOCTYIIU-
PYeMBIX Juisi 00bsicHeHUs (HAaKTOB, JaHHBIX B HAOMIOIe-
UM [12]; seme — ceMa, 3HaUEHHE), B KOTOPOU 3aKITO-
YEHBI CTPYKTYPHO-CEMAaHTHUYECKNE U MPEANKATHBHBIC
CBOMCTBAa CHHTaKCHYECKOTO IIOCTPOCHUS, BBIPAXKEH-
HBIE OOIMMH CBOMCTBAMH YaCTH CHHTAKCHUYECKOH €11~
HUIBI COCTAaBIISIOIUX [EIbHOE BBHICKA3BIBAHUE BBIXO-
JSIIel 3a paMKH TPAIULHOHHOTO HPEUIOKEHHS, OT-
IPaHUYEHHOTO MYyHKTyaluel u oOIiel CHHTarMoi, Ho
UMerollee 00Iee CMBICIOBOE LIENoe C MpeablayIiei
KOHCTPYKLUEHN, BBIPAXKEHHAs IIOJHO-IIPEIAUKATUBHOM
JIMHUEW, NOMNOJHAIOMAS W YTOuUHsIomas 0a30ByIO
CTPYKTYpy. B paccMoTpennu 10601 CHHTaKCHYECKOH
KOHCTPYKIIMH HEOOXOAMMO YYHTHIBATH €TI0 IPEUKa-
THBHBIE CBOMCTBA, TaK KaK 0e3 HAIMYMS MPEANKATHB-
HOCTH HET caMoro mnpezioxenus. Cuuraem, 4To A
MIOJTHOTO W3Y4YEHUS! CHHTAKCHYECKOTO IOCTPOCHUS
HEOOXOANMO paccMOTpPETh €r0 CTPYKTYpHBIE, CEMaH-
THYECKHE, NPEANKATHBHBIE W KOMMYHHKAaTHBHBIC
CBOMCTBa 00BEIMHEHHBIE B 001llee YHUBEPCAIBHOE SIB-
JIeHHE KOHCTPYKTCEMa.

PaccmoTpuM pmaHHOE SBIEHHE Ha CIEAYIOLIEM
npumepe:

“I don’t know the game.” say I. “That’s for you
and Mr. Bill to decide. He’s your playmate for the
day. ”I’'m going away for a while, on business. Now, you
come in and make friends with him and say you are
sorry for hurting him, or home you go, at once.” [13]

B npumepe u3 orpeiBka pacckaza O. I'enpu
“Boab KPACHOKOXHX  BBIIENSAETCS KOHCTPYKTCEMaA
That’s for you and Mr. Bill to decide, BoIpaskeHHOU
000c00JIeHHO, BEIHECEHHO! 3a MPEIeIIbl TOJIHOTIPETH-
KaTHBHOTO, Oa3zucHoro npeioxenus I don’t know the
game. B mpuBeneHHOM IpuMepe, KOHCTPYKTCEMA BEI-
paXaeT MBICTb JIOTIONHSIOMAs 0a3uCHOE MpeasioxKe-
HHE, B KOTOPOIl NPUCYTCTBYeT NpPEAWKATHBHAS €Iu-
HHUIA B UMIUIMOUTHOM BuAe. VI3 mpuBeneHHOW KOH-
CTPYKTCEMBI ITPH TOMOIIH JIPUBALINN MOXKHO BBIBECTH
ckpeityto npeaukanuto That’s for you and Mr. Bill to
decide —You should decide yourself and Mr. Bill
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should do it. B omuyre oT mapueUTMPOBaHHO# KOH-
CTPYKIMH, KOHCTPYKCEMa UMEET CBOM MpeInKaTHBHBIIN
LEHTP, KOTOPHIA BHIPaXECH B MMIUIMIUTHOH (hopMme U
Ooree aBTOCEMAaHTHWYCH B IUIaHE (DYyHKIHOHUPOBAHUS
Ha YPOBHE TEKCTA, XOTS CEMAaHTUYECKH M CTPYKTYPHO
CBsi3aHa ¢ 0a30BBIM ITOHOTIPEIUKATUBHBIM ITPEIIOKE-
HHUCM.

“Hello, Slug! Slug’s the early bird that caught the
worm this time.”

“Up all night watching for it, weren’t you, Slug?”

“No more stopping up the chinks in your hut with
paper, eh?”

You'll get a new house out of it. [14]

B BbIIENIPHUBEIEHHOM IpUMEPE KOHCTPYKTCEMOM
SBIIAIOTCS ToJTynipenukaruBubie yactu Up all night
watching for it, No more stopping up the chinks in your
hut with paper, ¢pyHKIOHUpYIOIIHE B TPEITOKCHAH
Kak 100aBOYHAas KOHCTPYKIHUSA K TMOJTHONPEIUKATHB-
HOM 4YacTu, MpeACTaBi€HHas B SJUIMMHUHUPOBAHON
dhopme Tarcemoit weren 't you. Tarcema — CHHTaKCH4e-
CKasl MPpUCOCAMHUTCIIbHAA 3aBUCUMas €AWHHIA PpEYH,
TpeOyromas NOATBEPKICHUE WM OTPUIIAHHUE OCHOB-
HOTO TIOBECTBOBATEIbHOIO IMPEUIOKEHHs, KOTOpas
CTPYKTYPHO M CEMAaHTHUYECKH OTPa)KaeTcsi B CBEPHY-
TOM, HWMIUTHIIATHOM BHJC IIOJHONPEIUKATHBHYIO
4acTh NMPEATIOKEHUS U IMEET B PEUYH CMCEIIaHHBIA BO-
MIPOCHUTEIBHO-YTBEPAUTENLHBIN XapakTep. s Boc-
TIOJTHEHUST HEKOTOPHIX AJUIMIMHHHUPOBAHHBIX KOHCTPYK-
UM, €CTh HEOOXOIUMOCTh PACCMOTPETh HX B KOH-
TEKCTHOM OKpPY)KEHHH, TaK KaK TOJBKO Ha ypPOBHE
KOHTEKCTa €CTb BO3MOXHOCTD OKCINIMIIUPOBATH HECBbI-
paKEHHBIE KOHCTPYKIIHH.

I've heard. Different crowds everywhere, too. All
the old-timers will be dead. Sam Tyers of Murgha...
[14].

3akitoueHue

Takue BUIBI CHHTAKCHYECKOTO TTOCTPOCHUS BO3-
MOKHO paccMaTpHBaTh B TEPMHUHAX KYMMYJISTHBHBIX
KOHCTPYKIMH, TaK KaK IMOJOOHBIE CTPYKTYPHI BBIHE-
CEHHBIC 3a TIPEJEITbl MPEIOKEHUS SIBITIOTCS YaCTHIO
OCIIOKHEHHOT'O TIPEJIOKCHHS, KaK OBl BKIIMHHUBAIOTCS
B CTPYKTYPY OKPYKaIOIIETO MPEAT0KEHUS, IPUBHOCSAT
JOMOJIHUTCIIbHYTO MPECAUKATUBHOCTD, JTOMOJIHAA U pac-
mUpsd €ro U HaXOAATCA B 3aBUCUMOCTU OT MPEAbIAY-
IIET0 WM MOCIEAYIOMEro MPeIyIoKeHNs, B KOMMYHH-
KaTUBHOM IIJIAHC BBICTYIIAIOT peMaTquCKOﬁ YacCTbIO
BbICKa3bIBaHMA. OlHaKO, B OTIMYHE OT HapIeJIHPO-
BAaHHBIX KOHCTPYKIMH HMEIOT OoJyiee HE3aBHCHUMYIO

npupoay. Ilpu mapagurMaTuyeckoM aHajgu3e UX BO3-
MOJKHO TpaHC(OPMHUPOBATH B CAMOCTOSATCIBHYIO CHH-
TaKCHIECKYIO CIUHHUITY.
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Abstract

Artificial intelligence is a set of technologies that enable computers to perform a variety of advanced func-
tions, including the ability to see, understand, and translate spoken and written language, analyze data, make rec-
ommendations, and more.

One of the distinguishing advantages of Al is its ability to automate repetitive tasks, thereby freeing up human
resources for more strategic efforts. Al-powered tools can handle everything from data entry to complex data
analysis and predictive maintenance. Al technology promises significant benefits for businesses, including cus-
tomer improvement, data analysis, process automation, strategic recommendations, and improved decision-mak-
ing.

Artificial intelligence is changing the world and people’s lives, and is becoming the engine of economic and
organizational growth. Whether it’s a simple Google Search, a conversation with Amazon Alexa, Google Home,
Apple’s Siri, or a simple Chatbot on some website you visit, you may already be interacting with Al/ML-based
tools and — well — bots — in many of your daily activities. This is undoubtedly changing the way we carry out our
daily activities, organize our work, work, and make decisions in our daily lives [1].

As our society becomes more and more involved in data-driven technologies every day, it is important to
master Al tools. Join our Master in Artificial Intelligence and Digital Strategy Management to learn about logistics
and supply chains, data analysis and predictive market analysis, automation of commercial and financial processes,
improving customer experience through personalized recommendations, developing cybersecurity solutions, de-
veloping cybersecurity solutions, developing user experience, improving cybersecurity solutions.

AHHOTALUA

I/ICKYCCTBGHHHﬁ HWHTCJUICKT IMO3BOJIACT KOMIIBIOTEPAM BUJACTh, IOHUMATL U IEPEBOAUTH YCTHYIO U IMCbMCH-
HYIO p€Yb, aHAJIM3UPOBATH JAHHBIC, 1dBAThb PEKOMCHAAIIUU U MHOT'OC APYroc. 3T10 COBOKYIIHOCTb TeXHOHOFHﬁ,
MO3BOJIAONIUX BBITOJHATH Pa3JIMYHbIC PACHIUMPCHHBIC (bYHKI_[I/II/I, BKJIFO4Yas1 BO3MOXHOCTH.

OZ[HI/IM N3 OTJIIMYUTCIIbHBIX IPEUMYIICCTB WU sBinsteTcs ero criocoOHOCTD ABTOMATU3UPOBATH MOBTOPAIOIIN-
ecsi 3a/1a4M, TEM CaMbIM BBICBOOOK/1asl YEJIOBEUECKHUE PECYPCHI ATt 60Jiee CTpaTerniecKux yCuianid. MTHCTpyMEeHTHI
Ha 0aze HNCKYCCTBCHHOT'O MHTCJJIEKTA MOT'YT 06pa6aTI:-IBaTB BCE€: OT BBOJa JAaHHBIX 1O CJIOXKHOT'O aHAJIN3a JaHHBIX
1 IPOTHO3HOTI'O O6CJ’Iy)KI/IBaHI/I${. Texnonorus HNCKYCCTBCHHOT'O MHTCJUICKTA o6emaeT 3HAYUTCJIBbHBIC TPEUMYIIC-
CTBa I 6H3Heca, BKJIIO4asa yJIydHICHHUE KadyeCTBa 06CJ’Iy)KI/IBaHI/I${ KJIIMCHTOB, aHAJIU3 JAaHHBIX, aBTOMATU3AIIUIO
IIPOLIECCOB, CTPATErMUECKHE PEKOMEHIALUU U YIYUIIEHUE IIPOLECcca IPUHATHSI PELICHUH.

I/ICKyCCTBCHHBIﬁ HWHTEJUIEKT MEHACT MUP U XKU3Hb II}O)ICI\/'I 1 CTAHOBUTCA JABUTAaTCIIEM PA3BUTHUA SKOHOMUK U
opranmzanuid. byns To mpocroit nouck B Google, Amazon Alexa, Google Home, pasrosop c Siri ot Apple uin
HpOCTOfI 4ar-00T Ha KaKOM-JIH0O Beﬁ-caﬁTe, KOTOpLIﬁ BbI ITOCCHIACTE, TCIICPb BBl MOIKETC BBaHMO,HefICTBOBaTL C
MHCTpyMeHTaMH Ha ocHoBe AI/ML u — Hy, ¢ 60TaMM — BO MHOTHX CBOUX ITOBCEIHEBHBIX JIEHCTBHAX. JTO, Oe3-
YCJIOBHO, MCHACT TO, KaK MbI BBIITOJIHACM HAIly IMMOBCEAHCBHYIO ACATCIbHOCTh, OPTaHU3YEM HaAIly pa60Ty, pa60—
TaeM U IPUHMMAEM PEIICHUs B Halllel TOBCEIHEBHOM >KU3HU [1].

HOCKOJ’IBKy Hale 06H.[€CTBO C KaXIbIM THEM BCE 0OJIbIIIE BOBJIEKAETCS B TCXHOJIOTHHU, OCHOBAHHBIC HA JIaH-
HBIX, BKHO OCBOUTH HHCTPYMEHTHI HCKYCCTBEHHOTO MHTEIUIEKTA. [IprcoeMHsTECh K HallleMy MacTepy B o0Jia-
CTH UCKYCCTBEHHOTO HHTEIJIEKTA 1 I (PPOBOIi cTpaTeruu. Y mpapieHNe JOTHCTUKON U IIETTOYKaMH ITOCTaBOK, aHa-
JIN3 JAaHHBIX U HpOFHOSHBIfI AHaJIN3 PBIHKA, aBTOMAaTU3alud KOMMEPUCCKUX U (I)I/IHaHCOBBIX IpouecCoB, yiIydnie-
HUE KadecTBa OOCIY)XKMBAHHS KJIMEHTOB C TIOMOIIBIO TEPCOHAIM3MPOBAHHBIX PEKOMEHAANNHA, pa3padoTka
pelieHnii mo KubepOe30MmacHOCTH, pa3paboTKa penleHu 0 KHOepOe30acHOCTH, Pa3BUTHE MOJIb30BATEIHCKOTO
OIIBbIT, YJIy4IICHHE PEIICHUH 10 KnbepOe30acHOCTH.
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What is artificial intelligence (Al)? According to
Accenture Research, “Al is a set of technologies that
enable machines to detect, understand, act and learn on
their own or from human activity.” They will have
many of the same capabilities as humans — the ability
to learn and distinguish things. But they also have a ma-
jor advantage over humans — they do not need to rest to
work. The same Accenture study shows that artificial
intelligence could double annual economic growth
rates by 2035 by changing the nature of work and cre-
ating new relationships between humans and machines,
increasing labor productivity by up to 40%.

Artificial intelligence tools are becoming an inte-
gral part of many organizations in both the public and
private sectors. It is being applied to help improve the
performance of public authorities, their service levels
and accountability, and to develop solutions aimed at
the well-being of citizens [2].

Artificial intelligence is not new. To trace the ori-
gins of this concept, which sounds so innovative, we
need to go back to 1956. In the summer of 1956, a
group of scientists at Dartmouth University in New
Hampshire met and coined the term “Artificial Intelli-
gence (Al).” These researchers worked for two months
with a clear goal: to find a way to incorporate the be-
haviors of human rational logic into machines. 62 years
have passed, and there has been much research, some
successes, and some failures, to make machines think
like humans.

Interest in artificial intelligence began to revive in
the late 1990s after IBM’s Deep Blue supercomputer
defeated the great Russian chess master Garry Kaspa-
rov. Kasparov detailed this experience in his book “
Deep Thinking: Where Machine Intelligence Ends and
Human Creativity Begins ”.

As industries and customer expectations evolve,
businesses are facing increasing pressure to use emerg-
ing technologies such as artificial intelligence (Al) to
innovate and keep up.

Digital Transformation is one of the most im-
portant initiatives that many organizations have under-
taken or are undertaking. A perfect storm of a wide
range of technologies such as SaaS, Mobile, Robotics,
10T (Internet of Things), Virtual Reality (VR), etc. are
playing a crucial role in the Digital Transformation of
companies. However, we believe that Artificial Intelli-
gence (Al) and Machine Learning (ML) will be the key
technologies that organizations will move forward
through Digital Transformation. Digital transformation
is no longer optional—it’s essential. According to a re-
port by the International Data Corporation (IDC), 53
percent of organizations have enterprise-wide digital
transformation strategies [3].

To thrive in today’s rapidly changing marketplace,
it’s important to assess your organization’s approach to
operations, decision-making, and customer engage-
ment to adapt and capitalize on digital transformation
opportunities. Digital transformation embraces new
technologies to reshape how your business operates and
creates value. It includes:

* Rethinking business models

* Optimizing operations

* Improving customer experiences

It’s not just about technology, but also about elim-
inating inefficiencies, increasing agility, and making
data-driven decisions.

Digital model transformation

1. Strategy. As we embrace digital transformation,
Al is playing a key role in reshaping business strategy.
Unlike traditional strategies that rely on static data and
human judgment, Al-based strategies are continuously
evolving using cutting-edge technologies like machine
learning and data analytics.

“When you have digital networks, Al, machine
learning, all these cool things around you, your strategy
options really expand,” says Harvard Business School
professor Marco lansiti, who teaches the online course
Al Essentials for Business with HBS professor Karim
Lakhani. “And you can do strategy in a variety of
ways.” For example, Al is at the heart of Amazon’s
business strategy and is driving its digital transfor-
mation. By analyzing real-time data, Amazon is pre-
dicting inventory shortages, rerouting deliveries, and
improving shipping times. Al-based strategies don’t
just improve existing practices; they fundamentally
change them. With Al, you can use predictive analytics
to predict customer needs, automate processes to re-
duce costs, and personalize services to increase cus-
tomer satisfaction. [4].

Netflix provides another example of Al-driven
transformation. By using Al and machine learning al-
gorithms to analyze data including viewing habits, rat-
ings, and search queries, the streaming service creates
personalized recommendations for users, changing how
they consume content. This allows Netflix to predict
viewer preferences, optimize its content library, and
make investment decisions based on data about shows
and movies.

2. Governance. Strong data governance becomes
even more important as you integrate Al into your busi-
ness, as it provides the structures, policies, and pro-
cesses to manage the risks posed by advanced technol-
ogies. Without governance, your company could face
unintended consequences:

* Security vulnerabilities

* Ethical mistakes

* Operational inefficiencies

Governance is also critical to addressing ethical
concerns about algorithmic bias—which occurs when
Al systems are trained on biased or unrepresentative
data, leading to unfair outcomes. For example, a hiring
algorithm trained on historical data may reflect biased
hiring practices, such as favoring male candidates over
equally qualified female candidates [5].

In addition, governance facilitates accountability
and oversight, ensuring that digital initiatives align with
your business’s overall strategy. It helps establish clear
lines of responsibility to effectively track and measure
digital transformation efforts. By establishing stand-
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ards, reviewing performance, and continuously im-
proving processes, governance allows you to remain
agile in a rapidly evolving digital landscape.

3. Architecture. A strong digital infrastructure is
also essential. Your organization’s systems, networks,
and platforms must enable seamless integration of Al
and other emerging technologies. Without a well-struc-
tured architecture, Al integration can falter—Ilimiting
data flow, collaboration, and scalability.

Creating an environment where Al technologies
can thrive requires:

* Cloud-based platforms

* Scalable Al models

*» Connected systems that support data sharing

For example, General Electric (GE) transformed
industrial operations by deploying cloud-based plat-
forms across its machines and sensors, creating a uni-
fied framework for real-time data analysis to predict
equipment failures, optimize maintenance, and increase
efficiency.

4. Culture. Digital transformation relies heavily on
organizational culture beyond technology and infra-
structure. Not every organization has a culture that sup-
ports digital transformation. Avrtificial intelligence can
be essential to overcoming these barriers. By providing
improved data sharing, workflows, and real-time in-
sights, Al helps teams collaborate and make more agile
and effective decisions. For example, Microsoft has
transformed its organizational culture by embracing a
growth mindset, emphasizing cross-functional collabo-
ration, and using Al to provide data-driven insights to
make faster, smarter decisions. This approach has al-
lowed the company to fully embrace Al and cloud com-
puting and position it as a leader in digital innovation.
Such transformation is not possible without leadership-
led change. A culture that supports Al adoption By in-
tegrating Al into your decision-making processes, you

can not only drive change, but also ensure that your
team has the tools and insights to support and sustain
cultural change.

Conclusion

It is clear that Digital Transformation (DX) with
the help of Al is the way forward. This creates an ur-
gency to redefine the new Al-driven operating model,
organizational structure, roles and communication
strategy to effectively manage change.

Artificial Intelligence (Al) is here to stay and is
leading an industrial revolution to make organizations
more competitive and efficient. Al has already become
a strategic factor in creating sustainable growth and
providing organizations with a competitive advantage.
The challenge for all of us is how to manage the re-
quired changes in organizational structure, manage-
ment culture and investment in skills development so
that the workforce is equipped to adapt to this global
trend that we are already finding in our professional and
personal lives.
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Abstract

Hlexunckuu gpunuan

The teacher must know the main directions of the correction program, the age and individual characteristics
of the formation of the speech of preschool children, understand the pronunciation features and lexical-
grammatical aspects of speech, and take into account the speech capabilities of each child in the process of teaching

and extracurricular activities.
AHHOTAN NS

Ilenaror nobkeH 3HATh

OCHOBHBLIC HaIpaBJICHUA

KOPPEKIIMOHHON MporpaMMbl, BO3pacTHBIE U

WHIMBHyalIbHbIE 0COOEHHOCTH ()OPMHUPOBAHUS PEUU JAETEH JOIIKOJIBLHOTO BO3pacTa, MOHUMAaTh OCOOCHHOCTH
MIPOU3HOIIEHHUS U JTEKCUKO-TPaMMaTHYECKHE aCIIEKTHI PEUH, YIUTHIBATH PEUCBBIE BO3MOXKHOCTH KaXKJJOr0 peOeHKa

B TIpoliecce 00y4YeHUs U BHEKIACCHOM paboThI.

Keywords: individual characteristics, correctional work, speech therapy, traditional methods, non-traditional
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Ilemaror COBMECTHO C JIOTOIIEZOM IUTAHUPYET 3a-
HSTHS 110 PA3BUTHIO PEUYH, 03HAKOMIICHUIO C OKPYIKAIO-
MM MHPOM, TIOJITOTOBKE K IPAMOTE, MIOJATOTOBKE PYKHU
K mucbMy. [IpeeMCTBEHHOCTH B paboTe JIoromeia u me-
Jlarora BKJIFOYaeT He TOJBKO COBMECTHOE TUIAHUPOBa-
HHUE, HO U 00MeH uH(popMaIHel, 00CyKICHUE TOCTH-
JKEHUH JeTel Kak B peueBOy, Tak U B APYTUX BUJAX Jie-
ATENEHOCTH. Bce 3TO 3ammchIBaeTCs B CICIHATIBHYIO
TeTpanb. TakuM 00pa3oM, MOMHMO 00IIe00pa3oBa-
TENBHBIX 33734 MeIaror JOTOMeINnIeCKOM TPYIIIBI BbI-
TIOJHSIET U Pl KOPPEKIMOHHKIX 3a[a4, CyTh KOTOPBIX
3aKIIIOYAeTCs B YCTPAaHEHUHM HEIOCTAaTKOB B CEHCOP-
HOM, ad()eKTUBHO-BOJIEBOW 1 MHTEIJIEKTyalbHOU ce-
pax, BO3HUKAIONIUX B CBSI3U C OCOOECHHOCTSMHU pede-
Boro aedekra. B 310 BpeMs megaror yaenseT ocoboe
BHHMaHHWE HE TOJIbKO YCTPaHEHHUIO HMEIOIIUXCS HE0-
CTaTKOB B pa3BUTHH peOeHKA M 0OOTAIIEHHIO €TO MPeI-
CTaBJICHH 00 OKPYXAIOIIeM MUpE, HO U JalIbHEHTIIeMY
Pa3sBUTHIO U COBEPIICHCTBOBAHHIO (DYHKIIHOHHPOBA-
HUS BCEX aHAITM3aTOPOB. DTO CO3/IaeT OCHOBY JJIs OJia-
TONPHUATHOT'O Pa3BHUTHSL.

B X071 KOppEKIIMOHHOM pabOTHI EAror YACIsIeT
0oNBIIOC BHUMAHWE PA3BUTHUI0 MEJIKOH MOTOPHUKH.
Tak, BO BHCYPOUYHOE BPEMST MOYKHO HPEIJIOKHUTD ACTIM
MO3auKy, TMaslbl, CKJIaJbBaHUEe (DUTYPOK W3 CIUYEK
WA CYETHBIX MMaj04eK, MOTPSHUPOBATHCS B PA3BS3bI-
BaHUU ¥ 3aBSI3bIBAHUM THYPKOB, cOOpe pa3OdpocaHHbIX
MyTOBUI] UM MEJKWX MPEeIMETOB, a TaKKe KapaHjaa-
mel pasHbIX pa3MepoB. s pa3BUTHS HABBIKOB
MUCHBMa JICTSIM MOKHO MPEJUI0KUTH PA0OTY B TETPAISIX,
9TO PEKOMEHAYETCS ACTSAM C HAPYIICHUSIMH PEUH.

Ocoboe MecTo B paboTe BOCIUTATENS 3aHUMAET
OpraHM3aIys TOABMKHBIX UID /IS IeTel ¢ HapyIleHHU-
SIMH P€4H, TIOCKOJIbKY JIETH, OTHOCSIIIUECS K 3TOU KaTe-
TOpHUH, 4acTO OBIBAIOT COMATHUYECKU CIA0BIMHU, CUUTA-
10Tcs puzmdecku cnadbiMu, OBICTPO yTOMIISIFOTCS. [na-
HUpYysS  paboTy 1O  OpraHW3allid  UTPOBOIf
JeSITeIBHOCTH, MEAaror JOJDKCH YETKO TPEICTABIIAThH
ceOe peanbHBIC (U3UYECKHE BO3MOXKHOCTH Ka)IIOTO
pebenka u nuddepeHIPOBAHHO TOAOUPATE MOIBHXK-
HBIC UTPHL. B MOABMKHEBIE UTPHI, KOTOPBIE OOBIYHO SIB-
JISIOTCSI YacThl0O YPOKOB (DU3KYJIBTYpHl W MY3BIKH,
MOJKHO WTPaTh Ha BbIE3/1aX, HA MIPAa3IHUYHBIX BEUCPHH-
Kax WK BO BpeMs pa3BieueHuid[1.ctp 80].

AKXTHBHBIE UTPBI CJIEIyET COUETATh C IPYTUMHU BHU-
JaMU JIeITeNIbHOCTH JieTell. AKTHBHbBIE WIPBI TaKXe
CIIOCOOCTBYIOT YCHENTHOMY pa3BUTHIO pedu. OHU Ya-
CTO COCTOSIT M3 CTHXOB M YETBEPOCTHIIMHA U MOTYT
MIpeaBapsATHCS CYUTAIKON 1A BbIOOpa Boasmiero. Ta-
KHE WIPBI TaKXe CHOCOOCTBYIOT Pa3BHUTHIO YyBCTBa
pUTMa, TAPMOHUU U KOOPIMHAINH JBHXCHHUN, OKa3bI-
BaIOT ITOJIOXKHTENILHOE BIIMSIHUE Ha MCHXOJIOTHUECKOE
COCTOSIHUE JETEH.

[Ipu mnaHWpOBaHUM WHIWUBHIYaJHHOTO JIOTOIIC-
JMYECKOTO 3aHATHA BAXKHO YYMTBIBATh HEKOTOPBIE
Hambosee BayKHBIE aCMIEKTHl PaOOTHI.

1. PaccmompeHue mexanusmos HapyueHus pedu.
B niepByro ouepenp HEOOXOIMMO ONPEACTUTE IPHIUHY
TTOSIBJICHIISI JIOTOTIATOJIOT MM M YCTPaHUTh ee. Ecim mpu-
YUHOM SBIAETCS YKOPOUYEHHE MOIBS3BIYHON CBSI3KH
(y3meuku), y3/1€4Ky HEOOXOAMMO YUIMHUTH WU IOJI-
pe3aTsb.
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Hapymenus peun Taxke MOTyT OBITH NPUYUHOM
HEIOCTaTOYHOTO BHUMAaHHA CO CTOPOHBI OKpY’Karo-
mwmx; B 3ToM ciydae koppekunoHHas padoTa Harpas-
JIeHa Ha HOpMaJHM3aluio pedn peOeHKa, pa3BUTHE ap-
TUKYISIIIOHHBIX U (POHEMATHIECKHUX ITPOIECCOB.

2. Cnoacnocms. Peus — cinoxxusii mporecc. Kop-
PEeKIHsI PEYeBHIX HapyIICHHH TpedyeT paboTHl He
TOJIBKO JIOTOIENa, HO U APYIUX CIEHUAIUCTOB (JeT-
CKOT0 IICUXUATpa, HEBPOJIOTa, ICUXOJIOra), MOCKOJIBKY
MO3T — €AMHOE LIeJIOE U HapyllleHHe 3BYKOIPOU3HO-
HIEHUS MOXKET OBITh OJHUM H3 CHMITOMOB Oolee
CJI0’KHOTO PEYEBOr0 HApYyLICHHUS.

3. BosOeiicmegue Ha 6ce acnekmul peyu (NPUHYUn
cucmemHno2o nooxooa). Yacto poautenun oOpamaroT
BHUMaHKE Ha IPOOJIEMEI ¢ pedbio Y pebeHKa, He 00~
3peBasi, YTO pedb BOOOIIE HE Pa3BUBACTCH.

HeB03MOXHO OTpaHHUYUTHCS TOJBKO HCIIPaBIIe-
HHEM HETPaBIILHOTO Tpom3HomeHus; O0pamarT Ha
ce0s BHUMaHUE TaKHe HapyIIEHHs, KaK IMPOIyCKH U
CMEIIEHHS 3BYKOB U CJIOTOB B CJIOBaX, OETHOCTH CJO-
BapHOTO 3araca, HeNpaBUJIbHAsE KOOPIUHAIUS CJIOB B
MPEIOKCHUSX.

4. Ilooodeporcka coxpanennoeo anemenma. llpu
YCTPaHEHHUH pPEUeBOr0 HapYyIIEHHs CHEIHUAINCT B
TIEPBYIO OYEpeb OMUPACTCS Ha TO, 9TO OCTAIOCH OoJree
COXpaHHBIM, W JHIIb 3aT€M MOCTEIIEHHO MOIKII0YacT
TOBPEXKICHHYIO «CBSI3b)» K aKTUBHOMU IEATEIFHOCTH.

VY4er 3aKOHOMEPHOCTEH pPa3BUTHS HOPMaIbHON
peun. YCBOCHHE S3BIKOBBIX HOPM HMEET CBOH ajro-
PHUTMEBL, KOTOpEIE HEOOXOANMO YIUTHIBATh. OCHOBHAS
eJIb JIOTOTEMN — MaKCHMaJIbHO NPHOJIM3UTH peye-
BOE pa3BHUTHE pPeOCHKA, CTPAJAIOIIEr0 PeUeBBIM HapY-
IIEHHEM, K HOpMe.

5. Yuem pyrxoeoosweil oesmenvrocmu. Takum 3a-
HATHEM Ui JOMIKOJIBbHMKA SBJsIETCA urpa. Bo Bpems
UTPHI Y HET'O BOSHUKAET MHOTO BOIIPOCOB, a 3HAYUT, OH
UCTIBITBIBACT MOTPEOHOCTE B BepOasHOM 00mmeHnu. K
UTpe TPUCOCIMHSICTCS JIOTOIEN W IIOMOraeT peOeHKy
MPEOIOJNICTh PeUeBOe HAPYIICHHUE TaK, YTOOBI OH ATOTO
HE OCO3HaBal.

6. lllaz 3a wazom. Tlponecc pa3roBopHOM Tepa-
MU JJINTENIbHBIA U LeJIeHallpaBieHHbI. Brinenstor
CIEIYIOIINE CTAIIH:

- TUarHoCTHKa (OCMOTp, BBIBICHUE HAPYIICHUH
peun, pa3paboTka MHANBHIYaIbHON MPOTpaMMbI KOp-
peKImn)

- KOPpEeKIHMS: MOTHBAIMS YYCHHKA, MOATOTOBKA
ApTHKYJISIMOHHOTO amIapara, OTpadOTKa IPaBUIIb-
HOTO PEUeBOTo JIbIXaHHs, PACIIO3HABAaHHE 3BYKOB, aB-
TOMaTH3aIHs 3BYKOB B CAMOCTOSITEJILHON PedH, pas3iiu-
YEeHUE CMEIaHHBIX 3BYKOB.

- OLICHKA M KOHTPOJIb AWHAMHUKH O0ydeHHMs, IIPO-
BEpKa OTCYTCTBUS PEIHIUBOB

7. Yuem unousuoyanrvnvix ocobennocmeii. Kax-
IIbIid pebeHoK, 0coOeHHO pebeHOoK ¢ Kakoh-11bo dop-
MOW WHBaJHMIHOCTH, SBISETCS WHIUBUIYaTIbHOCTHIO.
YunuTeiBasgs MHIUBUAYaIbHBIE OCOOCHHOCTH, JIOTOIEN
HaXOJHT MOAXOM K JIIoOOMy peOeHKY, BEICTpAUBAET C
HHUM JIOBEPUTEIIbHBIE OTHOLICHUS, 3aMHTEPECOBLIBACT
ero, popMHUpyeT YBEpEHHOCTh B OBJIAJICHUH HOPMaJlb-
HOW peubto. HAMBUAYANBHBIA TOJAXOI K PeOCHKY —
3aJI0T ycIiexa JIOroneJuuecKoil paboThl.

8. Tecnoe compyonuuecmeso ¢ pooumensimu. Ponb
poauTenen SBIAETCS OJHOW M3 BEAYUIUX B MPEOJOJe-
HUUM PEYEBHIX MpobiieM y pebeHka. PebeHok 3aHmMMa-
€Tcsl C JIOTOIIEIOM OZIMH-Z[BA Yaca B HEAENIO, U Pa3BHU-
THE PEYN — 3TO HENPEPBIBHBIN npouecc. Tonapko yya-
CTHE, WHTEpEC, H300pETaTENbHOCTh, JSHEPTUS U
MIOCTOSTHHBIN KOHTPOJIb IPOIIECCa CO CTOPOHBI POANTE-
JIed MOTYT 3aBepIINTh paboTy, HA4aTYIO JIOTOIE/IOM.
CoBMecTHOE pelIeHre MpodIeMbl MOKET CIIOTUTD PO-
JUTENeH 1 1eTel, MOCKOJIbKY NpernosaraeT o0yueHne
yepes urpy.[2. ctp.67 ]

B paGore sioronena TpagulMOHHbIE TEXHOJIOTHUH
HCTIONB3YIOTCSI CIIEUATIICTOM B CIEAYIOIINX LIENAX:

* KOMIUIEKCHOE DPAaCCMOTPEHHE W BBISBICHHE
HapyuIeHUI];

* MCTPABIICHNE OMINOOK IPOW3HOIICHUS Pa3IHd-
HBIX 3BYKOB;

* pa3BUTHE HaBBIKOB MPABHIBHOTO PEUCBOTO IbI-
XaHUs;

* KOPPEKLUsI ToJI0ca, TEMIIAa U PUTMa PeuH, ee NH-
TOHAIIUY U PAaCCTAHOBKH Tay3;

* IIPOBEJICHHE JIOTOIeINUEcKoro Maccaxa. Pac-
CMOTPHM KaXKAbIH U3 HUX 00Jiee OAPOOHO.

= Jloromenndeckoe oOcieaoBaHne

JlaHHas TEXHOJOTHUS MPUMEHSETCS Ha TIEPBOM —
JUAarHOCTHYECKOM — JTame paboThl, M €e OCHOBHOM
LENBI0 SBISIETCS BBIABJICHHE TMPOOJIEMBI (IedexTa),
OIIpPEEICHNE CTEIICHH HapyLICHUs pedd W BHIOOD
HanboJee MOAXOAAIINX METOIOB KoppeKkmu. J{ns no-
CTH)KEHHS IIETIH JIOTOIIET PEIIaeT CIEeTyIONINe 3a1auu:

- aHAIM3UPYET YPOBEHb Pa3BUTHUs peur peOeHKa 1
BBIABJIACT UHAUBUAYAJIbHBIC OCO6CHHOCTH;

- BBIABJIICT HEAOCTATKU PA3BUTHUA U U3MCHCHUSA
peuw;

- JieNlaeT MPOTHO3bI OTHOCUTEIBHO MPUMEHEHHS
CIIEIMATBHBIX KOPPEKIIHOHHBIX METO/IOB U IIPHEMOB;

- TOTOBUT IUIaH AEHCTBUIL, pa3padaThIiBaeT WH/IH-
BUAYaJbHYIO IPOTpaMMy pabOTHI ¢ PeOEHKOM;

- aHAIN3UPYET Pe3yIbTATHI JIOTONEANIECKIX BMe-
1aTEbCTB.

= KoppekuyoHHas padoTa ¢ ONIMOKaMu MPOH3-
HOIICHUS

I[J'ISI HCTIPABJICHUA HETPABUJIBHOTO ITPOU3HOLIC-
HHS 3BYKOB HEOOXOIMMO CIIeIyIoIIee:

- IToaroToBuTh aHAMU3ATOPHI (PEUECIYXOBOW M
pEYE3BYKOBOI) K KOPPEKIINH, TPABUIHLHOMY BOCIPHSI-
THIO U NIPAaBWIBHOMY IIPOU3HOIIEHUIO 3BYKOB.

- Pa3BuBaTh HayaJbHBIE IPOM3HOCHUTEIHHBIC
HaBBIKU U YMEHUS U IOBOJIUTD UX JIO aBTOMATH3MA.

- O0y4aTh MCIOIB30BAHHUIO ONPE/IEIICHHBIX 3BY-
KOB B PEUH, Pa3BHBATh HABBIKM YCTAHOBJICHHUS KOMMY-
HUKaTUBHBIX CBS3EH.

=  @opMuUpPOBaHUE NPABUILHOIO PEUYEBOTO Jbl-
XaHUsA

MeTto/, KOTOPBI Jorore ] BIOUpaeT A CBOeH
paboThI, 3aBHCUT OT KOHKPETHOT'O HAPYIICHHS PEUH,
KOTOpOe HEOOXOINMO HCIIPABUTh.

Hampumep, 111 pa3BUTHS PEUEBOT0 IbIXaHUS IIPU
3aMKaHUU HEOOXOAUMO:

Pa3BuBare y peOeHka HaBBIKM IHadparMajibHO-
peOepHOTo BIXaHuS.

HayuuTe ero BbABIXaTh BO3YX Yepe3 POT B TeUe-
HHE JJIUTEIILHOTO BPEMEHHU.
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Cnuenaiite nonruit GOHATOPHBIN BBIJIOX.

Ienpro 3aKIIOYUTENHHOTO 3Tana CTaHeT (opMu-
POBaHKE PEUEBOTO BJOXHOBEHHUS.

Jnst pa3BUTHS HaBBIKOB PEUCBOTO ABIXAHUS IPHU
OU3apTpUN  NPUMEHSIOTCS  OOIIME  JbIXaTeNbHBIC
YIPKHEHHUS U YIPa)KHEHUSI Ha PEe4eBOE AbIXaHue.[3.
Crp.120]

3eykosas koppexyus

Takas KoppekuuoHHas paboTra TPOBOIUTCS,
HarpuMmep, Npu PHHOJAINH M BKIIOYAET YIPaKHEHUS
Y METOJIUKH JUIS:

* HOpMaJIM3aIus TeMOpa royioca;

* BOCCTaHOBJICHHE (QYHKIUII TopTand (0coOeHHO
ee IBUTaTeIbHON (DyHKIIHN);

* pa3pabOTKa roJI0COBBIX IaHHBIX;

* BOCCTAaHOBJICHNE HaBBIKOB TOCTAHOBKHM T'0JIOCA.

Jlocomun maccaosic

CyTb JaHHOU JIOTONEAMYECKON TEXHOJIOTMH 3a-
KJIFOYaeTCsl B MEXaHMYECKOM BO3/ICHCTBUM HA MBIILIIBI
apTHKYJSHOHHOTO amapara, 4To crocoOCTBYeT BOC-
CTaHOBJIGHUIO TOHYCA MBIIII, Y4aCTBYIOIIMX B PEyH.
Jloroneanyeckuii Maccaxx 0e3001e3HEH, 0I1aroTBOPHO
BJIMSIET Ha HEPBHYIO CUCTEMY U MBILILbI, CTUMYJIUPYET
KpoBooOpallieHne, yaydllaeT pedYeBOoe MAbIXaHUe, a
TJIaBHOE, €T0 MOXKHO MPOBOJHUTH B JAOMAIIHUX YCJIO-
BUSIX, O€3 MPUCYTCTBUS CHIEIUAIIICTA.

Hnnosayuonnvie mexnonocuu 8 1020neoutecKkou
npakmuxe

B koppekiroHHO-pa3BuBaroNe padoTe crerua-
JMCTHI BCE Yallle MCHOJB3YIOT HETPAAHUIMOHHBIE Me-
TOJBI U CPEACTBA. JTH MHHOBAIIMOHHBIC JJIEMEHTHI B
COYETaHUU C TPAIUIIMOHHBIMH, TPOBEPEHHBIMH BpeMe-
HEM JIOTOMEeIUYECKMMH TEXHOJIOTUSIMU IOMOTAIOT:

[1 Co3nath 6011ee KOMGPOPTHBIC YCIOBUS IJIS KaX-
JIOrT0 peOCHKa, YYUTBIBAsI €r0 MHIMBHIYaJIbHbIE 0CO-
GEeHHOCTH 1 MOTPEOHOCTH, B SMOIIMOHAIBHOM H IICHXO0-
JIOTHYECKOM IIJIaHe.

[] BoBiekaTp ¥ MOTHBHPOBATH JIE€TEH, JAesas X
AKTHBHBIMH YYaCTHHKaMH 00pa30BaTEeIbHOTO U BOC-
CTaHOBUTEJBHOTO TIPOIIECcCa.

[l TloBbicuTh 3((EKTUBHOCTH B3aUMOAEHCTBUS
JIOTOIIE/Ia C er0 MaJICHbKUMHU OJJONICYHBIMU.

[J VYckopurh AOCTHKEHUE IIOJOKUTEIBHBIX pe-
3yJIbTaTOB.

K WHHOBAallMOHHBIM TEXHOJIOTHSIM, KOTOpPbIE
YCIIEITHO TPUMEHSIOTCS B paboTe JIOTOIe0B, OTHO-
CATCSL:

METO/IbI apT-TEPAINH: MY3BIKOTEpPAIHNsi, CTOpUTE-
parusi, IecoYHasi Tepanws, apT-Teparus 1 T. 1.;

UTPOBBIE TEXHOJIOTUH;

TEJIECHO-OPUEHTHPOBAHHbBIE TEXHHUKH;

LBETOTEPATIHS;

apomarepanmus;

MabuMKOBasi THMHACTHUKA;

nH(pOPMAIMOHHBIE 1 KOMITBIOTEPHBIE TEXHOJIOTUU
(UKT);

MHEMOHHUKA;

JIOKaJIbHAsl THUIEP- ¥ TUIIOTEPMHUS WIIM KpHOTEepa-
IS U T. 1.

Mysvikanvras mepanus

JlBUraThcs B pUTME MY3BIKH, CIIyIIATh MY3bIKaJIb-
Hble KOMIO3HWIMH, TIETh CKOPOTOBOPKU IOJ MY3BIKY

WJIN UTPaTh Ha Pa3IMYHBIX MY3bIKAILHBIX HHCTPYMEH-
Tax — BapHaHTOB HCIIOJIb30BAHUS 3TOTO BHIA HCKYC-
CTBa MHOXXECTBO. My3bIKalbHas Tepamus OKa3bIBaCT
TaKoe OJIarOTBOPHOE BO3ICHCTBHE HA OPraHU3M Ma-
JICHbKHX IAI[HEHTOB TAKMM HEHABSI3UUBEIM, TaXe IPH-
SITHBIM 00pa3zoM:

- yIy4IIaeT ¥ CTaOHIN3UPYyeT IMOLIUMOHAIBEHOE CO-
CTOSIHUE;

- TOHM3HUPYET KOPY TOJIOBHOT'O MO3Ta;

- YYAT CIyIIaTh W aHAJIM3MPOBATh MEJOIMU U
3BYKH, CO3/1aBaeMble Pa3IMYHBIMU HHCTPYMEHTAMU;

- pa3BUBaET YyBCTBO PUTMa;

- CTUMYJIHPYET CITyX.

Ckaszxomepanus
Ckas3Ky MOTYT OBITh ANIAKTHYECKUMH, IICUXOJIO-
TMYECKHMH, MEAUTATHBHBIMH, ICHXOTEPaIlleBTHYC-

CKUMH ¥ TICHXOKOPPEKIHOHHBIMH. OHH 007agaroT
OTPOMHBIM TEPANeBTHYECKHUM ITOTEHINAIOM. McTopnn
MOYKHO COYMHSTBH M PaCCKa3bIBaTh, PUCOBAThH MJIH CLIH-
BaTh. DJIEMEHTHI CKa3KOTEPallK IOMOTalOT B KOPPEK-
LHOHHOW padoTe Jioronesa B JOMIKOJILHOM 00pa3zoBa-
TENLHOM YUPEXKICHUH:

- cozganue KoM(pOpTHOW armocdepsl Uil pe-
OcHka;

- PeryJupyoT B3aMMOJICHCTBHE aHAIM3aTOPOB -
3PHUTENILHOTO, CITyXOBOT'0O, IBUTATEJILHOTO;

- pa3BHBaTh y JeTell YMEHHE BBICKA3bIBATHCS
(cTpouTh MOHOJIIOT), BeCTH Oeceny (BeCTH TUAJIoT);

- paboTa Hax 3BYKOBOM M JIEKCHKO-TpaMMaTHye-
CKOHM CTOPOHOM peu U T. 1.

Apm-mepanus

CymiecTByeT MHOECTBO Pa3HOBHIHOCTEH 3TOTrO
BUJIa apT-Teparuu, Harpumep, Kisikcorpadus, pucosa-
HHE 36PHUCTOCTBIO WIIM PUCOBaHKE NalbIlaMu. ApT-Te-
panus JaeT BO3MOXHOCTH HEBEpOAIBLHOIO CaMOBBIpa-
KEHUsI ¥ aKTHBU3UPYET TBOPUECKUH MOTECHIMAM, Pa3-
BHBAaET MEJKYI0 MOTOPHKY, CIIOCOOCTBYET Pa3BHTHIO
apTUKYJSIIMOHHOTO alllapara W HaBBIKOB CBS3HOM
peun.

Ilecounas mepanus

ITecox — TPUPOIHBINA MaTepHai C IOJIOKHUTEIb-
HOH 3HepreTuKoi. OKa3pIBaeT MATKOE BO3/IEHCTBHE Ha
HEpBHbIE OKOHYAHHMSI, PACIIOJIOKCHHbIE Ha KOHYHMKAX
NajblieB, B CYXOXKHIHMSX, WIH, HA000pPOT, CHUMAET U3-
JIMIITHEE HAIpsHKeHUE (MBIIIEYHOE, TICHX0IMOIOHAb-
HOE), CIIOCOOCTBYET Pa3BUTHIO MEIKOH MOTOPHKH PyK
U HaBBIKOB IPOCTPAHCTBEHHOW opueHTanuu. [lecod-
Hasl Teparusi 6J1aroTBOPHO BIIMSIET HA HYMOLMOHAIBHO-
BOJIEBYIO Cpepy U MO3BOJIIET MSTKO, HENPUHYKACHHO
U B UIpoBOi hopMe KOppeKTHUpOBaTh Je(eKThl peun,
YUUT UCIIONIL30BATh Kak BepOaIbHbIE, TaK M HEBepOab-
HBIE CPEJCTBA OOIICHUS, CHUMAET NCHXOJIOTMYECKHE
OIOKH.

EcTb pa3Hble criocoObl UTPbI C IECKOM:

- PECOBaHME OTIICYATKOB JIAJIOMIEK FITH KYJIaKOB;

- OKYHUTE PYKH B IIECOK U [TOUIEBENNTE MAJIbI[AMH,
CXKMMANTE U pa3)KUMalTe KyJaKH;

- [IPOBEJHTE JIAJOHSAMH IO [ECYAHOW MOBEPXHO-
CTH;

- HapHCYHTE Ha TOBEPXHOCTH 3UI3ark, Kpyry Win
JpyTrHUe y30phbl;
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- 3aKarblBaTh pa3lIN4HbIC IPEAMETHI (MEJIKUE HI'-
PYIIKH), 3aT€M MEAJIECHHO CAyBaTh IIECOK M HaXOIHUTh
CTPSITAaHHBIA IPEIMET H T. A.

OnHAaKO CTOWT MOMHHTH, YTO HECOYHBIH METO
MMEEeT NMPOTHBOIOKA3aHMUs, TaKHE KaK LapanyHbl UIN
CCaaWHBl HA pyKaX, IMOBBIIICHHAs TPEBOKHOCTH Ma-
JIBIIIA WM AJUICPTHs Ha TIBLIb.

Mnemomexnuka

DTO TEXHOJIOTHUS, KOTOpasi IOMOTaeT BaM ObIcTpee
U Jierye 3arnoMuHath nHpopmanuio. CyTb ero B cieny-
IOIIEM:

CrnoBa, ¢pa3bl, QparMeHTB TEKCTa, CIIEHBI M3
MYJIbT(QHUIBMOB HIIM CKa30K HM300pakaloTCs CcXeMa-
THYHO C IOMOIIBIO OTAEIBHBIX CHMBOJIOB.

JleTnn BUIAT 3TH 3araJOvYHbIC CHMBOJBI M JHa-
TpaMMbI M TBITAIOTCS UX pacmn(poBaTh, YTO BBIZBI-
BAaeT y HUX JFOOOMBITCTBO U HHTEPEC.

IlepeBox m pacmmdppoBKa HCTOPHH pa3BUBACT
TBOpUYECKHE CIIOCOOHOCTH JIeTEeH, YTO IMOMOTraeT MM
JydIlle 3aIIOMHHATh.

Hcnonp30BaHne MHEMOTEXHHUKH B JIOTOIEIUH I10-
MOTaeT:

- aKTUBU3UPOBATh 3PUTENBHOE U CIYXOBOE BOC-
npusiTie HHPOpMaIuy;

- pa3BHBATh ACCOLMATUBHOE MBIIUICHAE U 3pH-
TENBHYIO TAMSITh;

- pa3BHMBaTh HABBIKH CBSI3HOH peuw;

- pPa3BHBATh 3PUTEIHHOE U CIIyXOBOEC BHIMAHHE;

- YIYYIIUTh TPOU3HOLIECHUE U T.JI.

TenecHO-OpUEHTUPOBAHHbBIE TEXHUKU

Bce B oprannsMe denoBeka B3auMocBs3aHo. Tpe-
HHUPYS IBUTATEIBHYIO c(hepy, MOXKHO CTUMYJIHPOBAThH
pa3BUTHE NCUXUYECKUX (QYHKIMH U CBOMCTB, hopmu-
pOBaTh YMEHHE YNPAaBJISITh COOCTBEHHBIMH JIBUKEHH-
AMU (ABWXKEHHUSAMH PYK W HOT), BIMSATH Ha SMOIHO-
HaJIbHO-BOJIEBBIE IPOSIBIICHUS, XapakTep, CIIOCOOHO-
CTH, peyeBbIc HABBIKH.

TenecHO-OpHEHTUPOBAHHBIE METOAWKH, HCIOJNb-
3yeMble B paboTe JIorore/ia, BKIIOYaoT:

- IbIXaTelIbHbIEe YIPa)KHEHNUS - IOMOTaI0OT Pa3BUTh
HaBBIKM CAMOKOHTPOJIS ¥ YIYYIIUTh PUTM TeJIa;

- OModHepreTHYecKas IIACTUKA - OJJUH U3 BUJIOB
ApTUKYJISAMOHHON TUMHACTHKH, KOTOpas IpeAaroia-
raeT OJHOBPEMEHHOE BBITMIOJHEHHE OIPENEICHHBIX
JIBIDKEHHII ¥ AaKTHBH3AIlMIO PEYEBOrO ammapara
(HanpuMep, MOIHITHE PYK U BBICOBBIBAHUE SI3bIKA),
YYUT KOOPAMHHPOBATH JBMKEHHS, Pa3BUBACT MPOU3-
BOJIbHOE BHHMAaHHE, BOCIpHATHE MH(OpManuu, CHH-
XPOHHU3UPYET MO3TOBYIO AEATENBHOCTD, BO3JEHCTBYET
Ha TOJIOBHOM MO3T M MO3TOBYIO JESITE€NBHOCTb. MBICIb
U peub;

- YIPa)XHEHUS Ha PeJIaKCaluIo - Pa3BUTHE HaBbI-
KOB CaMOHAO0JII0/ICHHUS,

Pactskka — cucrema ynpaxkHEHUM, HalpaBicH-
HBIX Ha IIOTIEpEMEHHOE HaNpsDKEHHE W paccialiieHue
Pa3IUYHBIX YacTel Tena, 3 (HEeKTUBHOE CPECTBO MPO-
THUB MBIIICYHON TUIIEP- U THIIOTOHHUH.

Ilanvuukoeas sumnacmura

HecmoTtps Ha cBOe HecepbE3HOE HAa3BAHUE, METO-
JUKa 1aét Xxopoumuid 3QQeKT: pUTMHYHBIC IBIKCHUS
NajblieB MOMOTal0T aKTUBU3MPOBATh MO3TOBBIE ICH-
TPbI, OTBEYAIOLIME 3a peyb. BBINOJHAS IPOCThIC

YIpaXHEHHs, AETH Y4aTcs KOHLEHTPHPOBATHCS, Ipa-
BIJIBHO pAacTpelelsITh BHUMAHWE W TPEHUPYIOT Ma-
MsATh. PerynspHsle ynpakHEHUS Ul MANbIEB TaKKe
SIBIIIOTCSL  OTJAMYHOM MOJTOTOBKOM K OBJIAICHHUIO
HaBBIKAMH MUCBMEHHOW peun. W camoe rmaBHOE, 3Ta
METOJMKA JOCTYITHA Ja)Ke MOI3AFONIAM JIETSIM.

Hugopmayuonno-koMMyHUKayuoHHsle mexHono-
euu (UKT)

KoMItproTepsbl, IIIaHIIETH! U Ipyrue TEXHUYECKUe
CPEJ/ICTBA HE TOJHKO MOMOTaOT JIOTOIIE1aM TOTOBUTHCS
K ypOKaM — HaIlpuMep, COCTaBIATh MPE3CHTALUH WIIN
pas3zaTouHble MaTepuallsl, — HO U pa3sHooOpassT cam
00pa3oBaTEeNBHBIN 1 00YJarOIIHIi ITpoIiece:

MOKa3bIBaTh JIETAM BHJICOMHCTPYKIUH TI0 BBIMOJI-
HEHHUIO HEKOTOPBIX YIPaKHEHHUH;

MpeoCTaBIIeHNE (PPArMEHTOB TOTOBBIX YICOHBIX
MIPOTpamMM KJIaccaM;

WCTIONIb30BAaHUE BO3MOXKHOCTEH MYJIbTUMEIHH-
HBIX TEXHOJIOTMH - HampuMmep, MPOBEJAECHUE YBIEKa-
TENBHOTO ceaHca (PU3MYECKOM Harpy3KH HITH IIPOCMOTP
MyJbTGUIBMA U T. A.[4.cTp 45]

CrpykTypa 3aHATHII IO aBTOMATU3alUU IPOU3HO-
nieHust U auddepeHnraniu 3ByKoB BKII0YaeT 00s3a-
TCJIBbHBIC DJICMCHTHBI:

1. Opranu3auvOHHBIA MOMEHT.

2. OOBsBICHUE TEMBI YPOKA.

3. XapaxrepucTika 3ByKa Ha OCHOBE apTHUKYJISLIH-
OHHBIX M aKyCTHIECKUX CBOMCTB.

4. IponsHoLIEHNE N3YyYECHHBIX 3BYKOB B CJIOTaX 1
CJIOTOCOYETAaHBSIX.

5. IIpon3HouieHKE 3BYKOB B CIIOBaX.

6. U3KyIbTypHasI MUHYTKA.

7. PaboTta Ha/i MPOU3HOIICHUEM.

8. IlponsHoIIEHNE 3BYKOB B CBA3HOM peun.

9. IoaBeneHre UTOTOB YpOKa.

PaccmoTtpum 6onee moapoOHO 3a1a91 ¥ BAPHAHTEI
OpraHM3ali CTPYKTYPHl YPOKOB IO aBTOMAaTH3alllu
TIPOM3HOLICHUS U TU((epeHIHAIIN 3BYKOB.

1. OpranuzanvoHHbIE.

Llenpro 3aHATHA SBISETCS 3HAKOMCTBO C TEMOH
YPOKa, CO3/[aHU€e TIO3UTHBHOTO HACTPOS, POOYXKIICHNE
HMHTEPECA K M3YUYCHUIO HOBBIX 3BYKOB, a TAaK¥XKC YJIy4d-
HIEHWE MICHMXOMOTOPHBIX (yHKumil. OCHOBHAs 3ajqa4ya
YUHUTENsT — 3aMHTEPECOBATh JIETe C MEPBBIX MUHYT
YpOKa. OpFaHH3aHHOHHbIe MOMCHTBI TMPOBOJAATCA B
pa3HBIX BapHaHTaX, HO B JIIOOOM ciydae MOJIE3HO
BKJIHOYAaTh YHOPAXHCHUA Ha pelakCcauuiro, MUMHUKY H
HUMHTALHIO.

2. OObsBIEHHE TEMBI YpOKa.

3ajanusl, IpeUIoKEHHBIE B 3TOM paszere, M03Bo-
JISIFOT TIJIaBHO M HE3aMETHO NEPEHTH K TeMe ypoka. Ile-
pel IeTbMH OOBIYHO BBICTABIISIOTCS MIPYLIKH, ILIOC-
ke QUTYPKH WIH W300paKeHHUS MEePCOHaXeH, ydacT-
BYHOIIUX B 3aHATHU. JIGTI/I 3HAKOMATCA C HHMMH,
Ha3bIBAIOT BBIYUYCHHBIC 3BYKH WU HMCHaA HepCOHa)Keﬁ.
Hanpumep, Ha ypoke «Tpu mopoceHkay Tema cooore-
HUA 3BYYHUT TaK: ((CCFOJIHH MBI HalTMIIEM CKa3Ky IIpO
Hud-Huda, Hadp-Hada, Hyp-Hyda n Beryunm 3ByK
H». [Ipyroii BapuaHT: AETAM IpeAaraeTcst HOBTOPHTh
W OTrajiaTh 3arajiKy, B K&XJIOM CJIOBE KOTOPOI PUCYT-
CTBYIOT U3y4YEHHBIC 3BYKH.

Takum oOpaszom, urpoBas Qopma, nepeaaromas
TEeMy ypOKa, HE TOJBKO BBI3BIBACT Y JIETEH MHTEpEC K
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YPOKY, HO U JOCTHTraeT IJIaBHOM L€ JAHHOTO ATama
— COCPEAOTa4YMBacT BHUMAaHHUE ACTCH HAa N3ydacMOM
3BYKE, BOCIPHSATHH HOBBIX 3BYKOB MJIM ITOBTOPCHUH
3HAKOMBIX 3BYKOB.

3. XapakTepucTrKa 3ByKOB Ha OCHOBE apTHKYJIA-
IIMOHHBIX U aKyCTHYECKHX CBOWCTB.

Ha sTOM 3Tame BBIMOMHSIOTCS CIEAYIONINE 3a-
Jlauu:

- YTOUHSETCS apTHUKYJSLHMS - TOJIOKECHUE TyO0,
A3bIKa ¥ 3yOOB IIPY MIPOU3HECCHUU H3y4aeMOro 3ByKa;
- Ha PUCYHKE M0Ka3aH «IpO(UIBHBIIN 3BYK;

- OMNpEeNeNAIOTCs aKyCTHYECKHE XapaKTepPUCTUKU
3BYKOB: COTJIACHBIC WJIM TJACHBIEC, TBEPABIC MM MST-
K€, TIyXUE WIN 3BOHKHE;

- oO0HapyXeHO oOpa3HOe CpaBHEHHE 3BYyKa (3BYK
[P] — peB Turpa);

4. Ilpon3HoIIeHNE U3Y9IEHHBIX 3BYKOB B CIIOBaX U
CJIOTOBBIX COYCTaHHUSAX.

OcHoBHas 3ajjaua — pa3BUTUE CIYXOpedyeBOi ma-
MSTH ¥ (POHEMATHYECKOTO BOCTIPHUSATHSI, MUMHUKH, TIPO-
COJIMUYECKUX KOMIIOHEHTOB pedM (pUTMa, yIapeHus,
uHTOHaUUM). [Ipon3HOILIEHHE CIOTOBBIX IMOCIIEIO0Ba-
TENILHOCTEI OOBIYHO COYETACTCS C Pa3BUTHEM MHTOHA-
IHOHHOHN BBIPA3UTEIBHOCTH pedr U MUMHUKU. Cioro-
BBIE COYETAHUS IMPOU3HOCSITCS B 3aBHCUMOCTH OT Xa-
pakTepa ypoxa.

5. I[IpousHoLIeHNHE 3BYKOB B CIOBAX.

Ha nanHOM 3Tame ypoka pemaroTcsi cieayromue
3aJaun:

- pasBuTHe (HPOHEMATHIECKOTO BOCTIPHATHA H (o-
HEMaTHYECKUX MPEJCTaBICHUH;

- YTOYHEHHE U pacIIupeHue CIOBAPHOTO 3aI1aca;

- OBJIJCTh TPAMMaTHYECKUMHU KaTETOPUSIMH CIIO-
BOM3MEHEHHS U CIOBOOOpa30BaHUs, TOHUMATh 3Haue-
HHE 1 MHOTO3HaYHOCTh CJIOB;

- pa3BUTHE CIIyXOBOTO BHHUMAHUSI M 3PUTEIHHON
MaMsITH;

- OCBOCHHE MPOCTHIX U CIOKHBIX BUJIOB 3BYKOCIIO-
TOBOTO aHAJIN3a U CHHTE3a.

Jast pemieHnst 3TUX IpoOiieM BaxkeH BHIOOp pede-
BBIX M BHU3yaJIbHbIX MarepuayioB. [lepBblil kpuTepuid
oTOOpa ompenensercss TeMOH M MPEeIMETOM 3aHATHS,
BTOpOH — 3ajanueM. B paboTe MOCTOSTHHO UCIIOJB3Y-
FOTCS IPEAMETHI, UTPYLIKH, KAPTUHKH, KOTOpBIe 060Ta-
IIAI0T CJIOBApHBIN 3amac JieTel U pa3BUBaIOT (oHEMA-
THYECKOE BOCTIPHSTHE.

BusyanbHelil MaTepuain He IPENbSIBISETCA B IIPO-
necce (opMHupoBaHUs (POHEMATHYECKHUX IpE/CTaBIIe-
HUM, a eCIIi ¥ NPeABbABISAETCS, TO TOJIBKO MOCIE TOrO,
Kak JIeTH Ha3bIBaloT cioBa. [Ipm atom QoHemaTnue-
CKUE MPEeJICTABIICHHs JeTel, OCHOBAaHHbIE HA paHee U3-
BECTHBIX 00pa3ax MpeIMEeTOB, MO3BOJISIIOT AKTHBH3HU-
POBAaTh MBICTHTENbHBIE IPOLIECCHI y I€TEH 1 Pa3BUBAThH
MaMsITh.

Vcnonp30BaHne HAa yPOKE CJIOB, OXBATHIBAIOIINX
OJIHY WJIM HECKOJBKO OOIMX TPyHH (ITHIIBI, KHBOT-
HBIE, 0JIFOJIa U T. [I.), CIIOCOOCTBYET Pa3BUTHIO JIOTHUE-
CKOM MaMsATH, a MCIIOJIb30BaHNE PEUCBOI0 MaTepHuaia
— CJIOB, HACBIIIEHHBIX U3Y4aeMbIM 3BYKOM (B Hayale,
cepelMHe WM KOHLE CJIOBAa), — Pa3BUBAET 3BYKOBOE
9yBCTBO.

IMapannensHo ¢ peleHeM NepeuncIeHHbIX 3a1a4
Ha IaHHOM 3Tarle BeAeTcs padoTa 10 OBIIaJCHUIO TpaM-
MaTHYEeCKUMH KaTeTOPMSAMH s3bIKa. Bompocsl 3ama-
IOTCSL TAKAM 00pa3oM, YTOOBI AETH MOTIH IMOBTOPHUTH
OJTHO | TO K€ CJIOBO B Pa3HBIX MAJIEKaxX, €AMHCTBEHHOM
1 MHOKECTBEHHOM HYHCJIE, B HACTOSIIIIEM HJTH TIPOILE/-
IIIEM BPEMEHH, a TAKXKE C pa3HBIMHU pedukcamu.

6. ®U3KyNbTypHast MUHYTKa

Ou3KyIbTYpHAsE MUHYTKa TECHO CBS3aHa C TeMOH
ypOKa M SBJSETCSA CBOEr0 Pojia MOCTHKOM K CIEIyIo-
LIEH 4acTH ypoKa.

OCHOBHBIE 1IeTH (PU3KYIBTYPHOH MUHYTKH:

- CHATB YCTaJIOCTh U CTPECC;

- 100aBHUTH SMOIMOHATHHBIN (OH;

- pa3BUBATh OOMIYI0 MOTOPHKY;

- pa3BHBaTh YETKHUE KOOPIUHHUPOBAHHBIE IBIKE-
HUSI, CBSI3aHHBIE C PEUBIO.

[Tnaaupyst QU3KYJIBTYPHYIO MHHYTKY, Ba)KHO
MIOMHHTB, YTO (PU3MYECKUE YIPAKHEHHS B COYCTAHUU
C MOJIBMYKHBIMU UTPAMHU U PEUbI0 CIIOCOOCTBYIOT yITyd-
LICHUIO KPYITHOM MOTOPHKH. DTOH ke IIeTH CIIy>KaT U
yHIpakKHEHHsI, IMUTHpYIolTe paboune apmwxeHus. My-
3bIKAa U PUTMHYHBIC JBHKCHUS CHUMAIOT YCTalIOCTh U
0JIarOTBOPHO BIIMSIIOT HA HACTPOCHHUE JIETEH.

CymiecTBYIOT pa3indHble (OPMBI MPOBEICHUS
(UBKYIBTYPHBIX MHHYT. DTO MOXKET OBITH MMHUTAIH
aKTHBHON WIPBI WIN TPYAOBOH AEATEIBHOCTH, POU3-
HOIIEHHE CKOPOTOBOPOK, COINPOBOXKIAEMOE IBHIKE-
HHUEM, 1 MHOTOE Jipyroe. MIHor1a pa3sBUTHE CIOKETa Ha
(GU3KYIBTYPHOM MHUHYTKE CBS3BIBACTCS C IIEMOYKOH
CUTyallMii U3 MpeabIIyIIero 3Tana ypoka, OHUM CJIO-
BOM. Du3KyIbTMHHYTKAa MOXET IPOBOIAWTHCS U B
¢dopme ncuxou3nuecKoil TMMHACTUKH, KOTJIA JIETH C
MOMOIIBI0 MUMUKH, KECTOB M JBIDKEHUH N300paXkaroT
COCTOSIHUSI PA3NMUYHBIX XUBOTHBIX. PU3KYIBTYpHBIC
MHUHYTKH MOXXHO HPOBOJAWTH TI0JI MY3BIKY, COOTBET-
CTBYIOIIYIO TEME ypOKa.

7. PaboTa Ha/ ipeyIOKEHIEM.

[TepBoHauanbHast paboTa HAJ 3aJaHUSIMH Ha COYe-
TaHUE CJIOB IIOMOTAET ACTSIM YCIIEITHO OCBAaUBATh 3aK0-
HOMEPHOCTH HEOOXOIMMBIX CIIOBOCOYETAHHH B Tpe-
JIOKCHUSAX.

Co3naHne 3aKOHOMEpPHOCTEH yCBOGHHS HEo0Xo-
JUMBIX CBSI3€H MEX[y CIIOBaMU B COCTHUHEHUSIX SIBJISI-
€TCsi OCHOBOW (hOPMHUPOBAHUSI JIEKCHKO-IpaMMaTH4e-
CKHX KOHCTPYKIMH MPEJII0KEHUM.

Ha sToM sTame 3aHATHII pemaloTcs CIEAyIOIIHe
3aJ1aun:

- YCTaHOBJICHHE JEKCUYECKUX U TPaMMaTHYECKHIX
CBsI3€l MEXy WICHaAMU MPEeIOKEHMNS;

- IONOJTHEHUE HAKOMJIEHHOTO CIIOBAPHOTrO 3araca;

- (hopMHpOBaHNE CBSA3HOCTH U SICHOCTH BBICKA3bI-
BaHUM;

- paboTa HaJl MBICIIUTETFHBIMHU IIPOLIECCAMH, OCO-
OCHHO HaJ TMPEIUIOKEHUSIMH KaK CPEJICTBOM BBIBOJA
3aKJIIOUYCHHI;

- aHAIM3 W CHHTE3 CJIOBECHOI'0 COCTaBa IPEAsio-
KEHHS KaK CpEeACTBO MNPOMWIAKTHKA HapyIICHUN
ITMCEMEHHOHN peud (aucrpaduu, TUCICKCHH).

CylLIecTBYIOT pa3jM4HBIE METOIbl PabOTHI Haj
MIPEAI0KEHUSIMH, HO B JIIOOOM CiTyyae Ba)KHO [IOMHHUTB,
YTO 3aJaHUsl JOJDKHBI COOTBETCTBOBAaTb OCHOBHOMY
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JUAAKTUYECKOMY MPaBUIYy — OT IPOCTOr0 K CIOXK-
HOMy. Ha HagaJlbHOM 3Tarie 3To OTBETHI Ha BOIIPOCHI IO
KapTHHKaM. 3aTeM 3aJaHMs YCIIOXKHSIOTCS: HIeTSIM
MPeIaraeTCcsl COCTABHUTH MPEIIOKEHUS, HCIIONB3YS
PSIT CITOB I KITIOYEBEIX CIIOB.

Co3maHuI0 KUBOH U TBOPUECKOIT aTMOC]EpHI CI1o-
COOCTBYIOT 3a/1a4H, KOTOPbIE HEOOXOIUMO BBIITOIHUTH
JIOTOTIEly 10 UCTPABIICHUIO HAMEPEHHBIX «HECOOTBET-
CTBHI1» U CMEICIIOBBIX OIIMOOK B «CKa3Kax».

Ha 3toMm 3Tamne paboThl HaJ MPEUIOKECHHEM 00sI-
3aTebHBIM YCIIOBHEM MPH BBIOOPE IPUHIIAIIOB H METO-
JIOB OpraHu3aliy 3aJJaHui JOKHA OBITh JIOTUYEeCcKas U
UTPOBAs CBA3b C CIOKETOM YpOKa.

8. [Ipon3HoIIEHNE 3BYKOB B CBA3HOU peyH.

OcHOBHasl 9aCTh CIICHKH — COBEPIICHCTBOBAHHE
HaBBIKOB IPAaBHJIHHOTO IIPOM3HOIICHUS 3BYKOB B
MPEIBIAYIIAX TEKCTaX, TO €CTh JOBEICHHE IPOHU3HO-
IICHHUS 3BYKOB 10 aBTOMaTH3Ma. Ha sToM mytu pema-
I0TCS CIIETYIOIINE 3aJauH:

- pa3BUTHE BOOOpaKEHHUS] U TBOPUYECKOH (haHTa-
3UU;

- Pa3BHUTHE CIOBECHOTO TBOPUECTBA;

- pa3BUTHE MEJOIUKO-MHTOHAIIMOHHOTO U TPOCO-
JIMYECKOr0 KOMIIOHEHTOB.

Heo0xonumMeiM 1 00s13aTEIEHBIM YCIIOBHEM 3a]1a-
HUM Ha STOM JTame SBISETCS CMBICIOBAas U WTPOBas
CBSI3b C TEMOH WIIM CIOXKETOM YpOKa M C 3aTaHUSMHU
TPEIBIAYIIETo dTama.

CHauaya OHHM Tpe[IaraloT OTAEIbHBIC CIIOBa U
pudmbl, a 3aTteM mensie (pa3el. Pa3sBUTHIO CBA3HOM
peun cnocoOCTBYET TUTAHOMEPHOE MIIH UMIIPOBU3ZHPO-
BaHHOE TMOCTPOCHUE CIOKETa ypoka. B xone 3aHSATHS
JIETH TPOTHO3UPYIOT NEUCTBUS MEPCOHAXEN, TOTOBST
JUTSL HUX JTHAJIOTH U PETTUKH, OTBEUYAIOT Ha BOIPOCHI,
HAXOJAT BBIXOJ] U3 IPOOIEMHBIX CUTYaIUH.

Ecimi mo3BomsieT BpeMsi, MOXKHO OpTraHH30BaTh Tie-
pecKas CKa3oK JETSM OT JIUIa TepoeB, C BO3MOXKHOI Te-
aTpanu3alued JeHCTBUM, pa3BUBAIOLIUXCA IO MeEpe
pa3BUTHA CIOKETa (MMHUTAIHS JBWKCHUAHN, TEMOHCTpa-
U CIICH | T. [II.).

9. [loaBeneHue UTOTOB YpOKaA.

Ha 3akmrodnTelbHOM 3Tare MOABOASTCS HTOTH,
T.e. ompenensercs ux 3PGHEeKTHBHOCTh. HadambHBIM
YCIIOBHEM SIBIISETCS Iepeliada MOJIO0KHUTEIBHBIX 3MO-
LHAH.

[Tpu mpoBegeHNN MHAUBU Y AJTFHOM OLIEHKH HEOO-
XOIMMO OTMeYaTh aKTHBHOCTB, YCIEXH, ITyCTh Ia)Ke
HeOoJIbIIe, WM TPOCTO XOpoIlee HACTPOCHHE KOH-
KpETHOTO peOeHKa, a peakiys Ha HeyJadd JOJDKHA
OBITh C HAJICXK/ION Ha yCIIEX Ha CICAYIONINX 3aHITHAX,
C YBEPEHHOCTBIO B TOM, YTO HE HYXKHO OTUYAUBATHCS —
€CIIM aKTHBHO paboTaTh, BCE MOITYUUTCs !

BaxHO BBIACHUTH, KaK JCTH OLICHUBAIOT MPOIIEC/-
LU ypOK 110 OTBETaM Ha BONPOCHL: «YTO BaM MOHpa-
Bmiock? Kakme 3amaHus MOKazalnch BaM HHTEpeEC-
aeiMu? Kaxkoe 3amanme Obuto cambiM TpyaHBIM? UTO
OBl BBI XOTEJH yCIBIIIATh B CICIYIONINH pa3?» u T. 1.

3aKITIOYUTEIBHBI «aKKOPI» YpPOKa JIOIDKEH 3BY-
4aTh KaK MMO3WTHBHAS OIICHKA M YBEPCHHOCTH B TOM,
YTO 3aBTpa OyJeT elne Jiyunie. BakHO 3aBepiIuTh 3a-
HATHE TaK, YTOOBI JCTH C HETCPIICHUEM JKIAIN CIICIY-
FOIIIEH BCTPEUH C JIOTONEAO0M.
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SOLUTION TO THE PROBLEM OF OPTIMIiZATIiON OF A CATALYTIiC REFORMING UNIT
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The refining, petroleum separation and petrochemical industries have high demands on the quantity and qual-
ity of the resulting products, which leads to increased process complexity both technologically and structurally.
The complexity of control also affects the complexity of the process structure. In such a situation, it is considered
appropriate to control the process under optimal conditions.

In the presented paper, an algorithm for solving an optimization problem based on a mathematical model of
the reactor block of a catalytic reforming unit has been developed. This algorithm ensures the conduct of the
technological process in the optimal operating mode and the optimal value of the control parameters.

Keywords: catalytic reforming unit, reactor block, regression equation, objective function

Introduction

Perfect study and mastering of technological
processes  continuously  running in  complex
technological complexes is considered to be one of the
important stages of creating optimal control systems. In
modern conditions it is necessary to create new, more
perfect control systems to improve the efficiency and
effectiveness of production in the oil industry, as well
as to change the quality indicators of products based on
the necessary requirements.

When we talk about optimization of technological
processes, it means the optimal conditions for the
implementation of the process in question.
Optimization is an activity aimed at obtaining optimal
indicators taking into account the specified conditions
of limitations. Before performing optimization, it is
important to select an optimization criterion.
Depending on the current states, economic (for
example, minimum cost price of production),
technological, etc. criteria can be used as optimization
criteria. The objective function is the basis of the se-
lected optimization criterion, which expresses the de-
pendence between the optimization criterion and the
parameters that affect its value. As a result, the extre-
mum of the objective function is found and determined
by means of the optimization problem [1,2].

At the same time, the presence of a number of
specific characteristics of such technological systems
makes it difficult to solve the issues of their
management. Examples of such characteristics are a
wide range of regime parameters, large measurement
errors of individual parameters, and in some cases the
lack of operational means of monitoring their
measurement, uncontrolled change in parameters,
changes in process characteristics and non-linearity, as
well as other features.

In general, we assume that the objective function
is given in the following form [3,4]:

F=f(X1, X2,....,Xn)

This function can be linear, a differential equation,

nonlinear, or in other forms.

Xi (J= 1n )- the variables can be expressed in

terms of constraints in the both form : equal as well as
inequality :

0i(X1, X2, Xn) = 0 i= 1,_m

0100 Xrx) = 0= 1 K

The main task of the platforming section of the
catalytic reforming unit is to increase the octane
number of gasoline obtained in the primary oil refining
unit. If the octane number of the catalyst in this process
is below the norm, some problems arise. This may be
due to low temperatures at the inlet of the platforming
reactors, increased pressure in the reactors, as well as a
change in the quality of the feedstock (a decrease in the
total amount of naphthenic hydrocarbons, a decrease in
the boiling point). To eliminate these reasons, the
pressure in the system should be reduced to 2-5 kg / cm?
and the temperature of the gas product mixture should
be lowered. It may happen that the octane number is
below the norm or above. The reason for this is an
increase in the volumetric velocity of the feedstock and
mixing of the feedstock with the reaction products due
to leaks in the tube bundles in the gas-feedstock heat
exchangers. To solve this problem, it is necessary to
repair the heat exchangers during the plant shutdown,
reduce the feedstock feed and increase the temperature
in the reactors.

Solving of the problem

Let's find the optimal values of the parameters
affecting the reactor, which is the main apparatus of the
hydrotreating block of catalytic reforming unit. The |
solution for the optimization problem for the reactor
unit of the catalytic reforming complex was found
using the mathematical software package MathCAD.
The optimization problem is solved by entering the
coefficients of the mathematical model of the reactor
and the constraint conditions based on the objective
function [5,6].

Main rejime parameters of the reactor block :

Xi- DR -111 temperature of the gas product
mixture entering the hydrotreating reactor °S
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X, - DR -111 temperature at the bottom of the
DR-111 hydrotreating reactor °S

X3- DR -111 pressure in the DR-111
hydrotreating reactor kq/sm?

Y - DR -111 gas consumption in the DR-111
hydrotreating reactort/ saat

Constraint conditions for input and control
parameters:

36508 < X
30598 < X,
10,8 kq/ sm2 < X3 <

136t/ h <y <138t h °
Regression equation in linear form:
Y=B;+B1 X1 +B:Xo + B3 X5

< 37498
310°S

| A

M

11,5 kg/ sm?

Consumption of gas obtained in the DR-111 hy-

drotreating reactor -F , t/h
Y=HX, X2, Xj) max

Y=220,7340-0,09398 X1-0,30364 X2+1.16309 X3

b0 :=220.734059

bl :=-0.009398
b2 :=-0.303646
b3 :=1.163097

f(x1,x2,x3) :=b0 + bl-x1+ b2:x2 + b3-x3

x1:=365

X2:= 305

x3:=10.8
Given

365 <x1< 374
305 =x2< 310
10.8=x3=<11.5

p :=Maximize(f,x1,x2,x3)

365
305
11.5

f(xLx2x3 =137.25%

The optimal values of temperature of the gas
product mixture entering the hydrotreating reactor
365°S, temperature at the bottom of the DR-111
hydrotreating reactor 305°S, pressure in the DR-111
hydrotreating reactor 11,5 kq/sm? . Consequently the
optimal value of gas flow rate in the hydrotreating
reactor is F=137,25 t/h.

Conclusion

Mathematical formalization of the issue of optimal
control of the reactor block of the catalytic cracking is
performed. An optimization algorithm is developed
that allows to calculate the optimal operating modes of
the reactor block. Values obtained as a result of solving
the optimization problem for reactor block.
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Abstract

A gas compressor station is a station whose main task is to increase the pressure of natural gas. This is done
both during its production and during transportation and storage. At the same time, it is necessary to constantly
maintain a given value of the discharge pressure, taking into account the main parameters that affect the operation
of the compressor of the unit.

Thus, it should be noted that the topic of creating control systems for compressor units is relevant today. As
is known, one of the initial stages of an optimal control system is the construction of a mathematical model based
on the identification problem of a technological object. In the presented article comprehensively examines the gas
compressor, which is the main technological device of a gas compressor station, as a control object A mathematical

model is constructed for the operating parameters of the compressor for gas compressor station.

Keywords: gas compressor station, device, regression equation, mathematical model, adequacy

Introduction

A gas compressor station is a whole complex of
various devices, structures and equipment that are used
in the extraction, storage and transportation of natural
gas to the consumer. It can be said that such a station
becomes the main component of the main gas pipeline.
It should be noted that such important characteristics of
a compressor station as efficiency and reliability di-
rectly depend on the quality of the equipment, or more
precisely on their fault tolerance [1].

One of the main equipment of a gas compressor
station is a piston compressor, the task of which is to
move natural gas and increase its pressure. In the cylin-
der, the volume of natural gas is changed by means of
a special device called a differential piston. Such a pis-
ton makes a reciprocating motion directly in the cavity
of the cylinder itself using a crank mechanism. The
principle of operation of this mechanism is based on the
transformation of the rotational motion of the engine
shaft into the final reciprocating motion of the differen-
tial piston [2].

Power failure — may cause a complete shutdown
of all available electric motors. In this case, the emer-
gency diesel generator will be started automatically —
in order to provide the station with electricity. This gen-
erator is not capable of providing the entire gas com-
pressor station with electricity, but it is enough to start
just one gas turbine, which will maintain the operating
mode.

During operation of a gas compressor station, the
air in the room may heat up due to heat emission from
gas turbine engines and compressors. In addition to
heat emission, the air in the room is polluted with harm-
ful gases, various combustion products, and saturated
with oil vapors. Such significant heat emission, as well
as air pollution and saturation with harmful compo-
nents, have a detrimental effect on the health of opera-
tors. In order to prevent significant heat emission, ther-
mal insulation is used, which covers all surfaces of
equipment that emit heat.

To build control system for a certain production,
first of all it is necessary to conduct a comprehensive
analysis of all controlled and regulated objects located
in this production. In this case, it is necessary to build a
mathematical model of the control object, by means of
which all aspects of interest to us, all properties of the
real object are studied.

Before building a model of a real object, it is nec-
essary to collect data on the processes occurring at the
control object. There are two methods of collecting data
- active and passive. The active method involves apply-
ing a control signal to the input of the control object.
This control signal is a binary signal, or a step or rec-
tangular pulse. The advantages of this method of col-
lecting data are the highest accuracy of the resulting
mathematical description, as well as the relatively short
duration of the experiment. The passive method does
not involve applying any control test signals, and all
data on the process are obtained during normal opera-
tion of the object. The accuracy of the mathematical de-
scription will not be very high. Due to the fact that an
automatic control system is used at the object, the rela-
tionship between the input and output of the object will
be carried out by means of a regulator, which also leads
to a decrease in the accuracy of the resulting mathemat-
ical description. In order to improve accuracy, it is nec-
essary to accumulate a large array of data on the pro-
cess, which can be considered a disadvantage of this
method.

Solving of the problem

When modeling a process object, a "black box"
model is used, where all input and output parameters
are determined and the relationship between them is es-
tablished [3] .

Construction of a mathematical model of a com-
pressor is a whole complex of actions aimed at a com-
prehensive study of the compressor, or the phenomena
and processes occurring inside it on the model by re-
producing all these processes while preserving the rela-
tionships between them and their structure.
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The main feature in mathematical modeling of a X; - is the gas pressure at the compressor inlet
compressor is the continuous reproduction of all X3 - is the gas temperature at the compressor inlet
changes in its parameters, as well as changes in the dy- X3-is the gas flow rate at the compressor inlet
namics of the movement of the distribution and work- X4 - the motor speed
ing bodies by calculating on a computer a sequence of Xs - is the required power
numbers that express these same compressor parame- Having the specified parameters at the input, we
ters. will show a schematic model of a gas compressor unit

Before building a mathematical model of the com-  (Fig. 1).
pressor it is necessary to determine its main parameters:
X1, X2, Xa,..., Xn, Where

X1 |
X2 - Y

X3 » COMPRESSOR ..
X5 >
Fig.1 Structural diagram of the compressor of the gas compressor unit
The regression equation for the compressor will After writing the compressor parameter values in
take like this [4,5] : MS Excel (table 1) and performing the calculations, we
Y =bo + b1X1 + 02X5 + b3Xs + baXs + bsX. obtain the following coefficient values:

by =-45,4701; by = 2,163585; b, = 0,106796; bz = 0,0000668;
bs=0,007829011; bs = - 0,00055.

In this case, our regression equation will take form:

Y =-45,4701 + 2,163585X; + 0,106796X; +0,0000668X3 + 0,00782901 1X4 —
0,00055Xs.
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11,6
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11,8
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12,3
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x2
20
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a0
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20,6
22,8
26,5

Primary statistic data

C
x3
15378
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D
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7469
7438
7407
7376
7345
7314
7283
7252
7221
7150
7159
T128
7057
7066
7035
7004
6973
6942

E
X3
7702
B3B0
8067
9128
8793
7956
9378
a045
B278
2632
8853
9752
9474
B671
a704
8123
9567
8904
7890
9336
B457
9417
7913
B837

E
y
37
38,1
37,5
39,1
36,3
39,3
38,8
36
40,1
39,5
37,1
39,7
36,9
38,7
36,5
40
39,9
37,9
39,2
38,2
39,8
36,8
39
36,6

Table 1

To check the obtained model according to Fisher's criterion, we will use the "data analysis" function of the
MS Excel program (table 2).

1
2
3
4
&
7

g
9

A

B

BeIBOO WTOIMORB

C

IBCCUOHHOA cmMamucmura

Muosecte 0,9474221
R-keagpa1 0,8720702
Hopmupol 0,8586546
CraHgapTt 1,3354664

Habmwoae

27

10 OucnepcuoHHBIA aHanus

11

12 Perpeccwur

13
14

15
16

17 Y-nepecet
18 NepemeH
19 NepemeH
20 NMepemaui
21 MNepemeHi

D E

E

df

55

M5 F

OcraTou
HToro

5 5141193 1,028239 15,85272 8,31E-06
21 37,45288 1,733471
26 42,55407

G

quuMocme F

H

Table 2

Checking the adequacy of the constructed model using Fisher's criterion

KosgguyueHrapmHaas 0TamucmupP-3HOYEHUUM HUE 952pxHue 350 wiHue 95, (pxHue 95,0%

-45,4701
2,163585
0,106796
0,0000668
0,007829

247,1567

6,42817
0,088291
0,000233
0,022885

-0,29185 0,773266
0,441806 0,663145
0,981831 0,33736
0,204225 0,840144
0,461675 0,649061

-586,123
-10,5281
-0,09692
-0,00044
-0,03703

441,8581
16,20812
0,270298
0,000532
0,058157

-586,123
-10,5281
-0,09692
-0,00044
-0,03703

441,8581
16,20812
0,270298
0,000532
0,058157
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Conclusion

In this paper, linear mathematical model is
developed, which is mainly determined as a description
of the operation of gas compressor device within the
regulatory limits, mainly by studying the gas
compressor apparatuse of the gas compressor station as
a control object and taking into account its specific
characteristics, in order to build a mathematical model
of this technological process. The adequacy of the ob-
tained model is determined.
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Development of scientific bases of the automated control system allowing to increase economic efficiency of
operation modes of vacuum block of oil refineries, which is one of the main technological processes of the fuel
and energy complex, is an urgent problem of great national economic importance

In the presented paper the main technological parameters characterizing the vacuum column have been
determined. A deterministic linear mathematical model capable of adequately reflecting the current technological
state of the main apparatuses of the vacuum block of the technological complex of primary oil refining is
developed. The adequacy of the obtained mathematical model has been checked and confirmed.

Keywords: oil refinery, K-4 column, regression equation, mathematical model, adequacy

Introduction

Among oil refining equipment, a vacuum unit is
considered to be a complex technological system
combining technological devices that differ in critical
operating modes, both from the point of view of
automation and control. Researches have shown that
the main functions of vacuum units in modern
technological systems of oil refining, carrying out
primary oil processing, are obtaining from fuel oil used
as a raw material the maximum amount of light and
heavy oil fractions, providing standard quality
indicators, with the minimum energy consumption.

The conducted studies have shown that the main
devices of the vacuum block of the technological
complex are:

- tubular furnace providing heating of fuel oil;

- vacuum boiler for fuel oil rectification;

- additional evaporative coolers.

It should be noted that the main apparatus of this
unit by the degree of influence on obtaining the target
products as a control object is boiler K-4, carrying out
rectification of fuel oil under vacuum conditions. The
main technological parameters characterising this
apparatus are temperatures and residual pressure in
different points - above and below the calorimeter, in
the plates from which light and heavy oil and gasoil are
extracted.

As a result of studying this device as a control
object, it was found that the most disturbance factors
are changes in consumption and quality indicators of
raw materials - fuel oil, which enter the atmospheric
unit for processing.

Analysis of scientific literature shows that the state
of any complex technological system is characterised
by limited information necessary to describe its current
state at a given time. For this reason, the primary oil
refinery can be considered as a deterministic or
incompletely deterministic system, depending on the
amount of a priori information characterising its current
technological state.

When studying the vacuum unit as a control object
in the primary oil refining technological complex of the

oil production profile, it was concluded that one of the
main difficulties arising in the development of a
complete mathematical model taking into account its
specific features is the lack of ability to quickly
measure the quality indicators of the product fractions
obtained as a result of the technological process (for
example, specific gravity of oil fractions, ignition
temperature, kinematic viscosity, etc.). The evaluation
of these parameters by means of laboratory analysis is
very time-consuming, which makes it difficult to
develop adequate mathematical models. On the other
hand, the fact that the quality indicators of the fuel oil
coming from the atmospheric block and used as a raw
material in the vacuum block are not measured at all
does not allow the transient processes and excitation
factors occurring in the system to be taken into account
in the mathematical models.

Taking into account all the above, a linear
mathematical model was developed to describe its
operation within the regulation limits, by studying the
K-4 column, which is the main apparatus of the vacuum
block of the primary oil refining technological
complex, as a control object, and taking into account its
specific characteristics, to build a complete
mathematical model of this technological apparatus.

Solving of problem

Mathematical model is a symbolic representation
reflecting functional mathematical dependencies of
output and input parameters of objects.

The vacuum column K-4 is taken as the main
apparatus for modelling in the vacuum block [1,2]. It is
possible to build a mathematical symbolic model of this
apparatus by means of passive experiments based on
correlation and regression methods.

To build the model, first of all, statistical
information is required. Collection of statistical
information is possible by passive experimentation,
since the investigated technological object has a risk of
a number of accidents. Thus, if an active experiment is
conducted at the object, the quality of the product
obtained will change, the parameters will deviate from
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the regime values and it will be impossible to stabilise
them [3,4].

When  developing  mathematical  models,
analytical and experimental modeling methods are
used. Using these methads, it is possible to develop
mathematical models that allow studying all
technological processes occurring in the system and the
impacts on them. Experimental-statistical methods
allow expressing mathematical dependencies between
operating parameters that affect the course of
technological processes in the form of both linear and
nonlinear regression expressions. Using these
dependencies, it is possible to determine the
dependence of any two operating variables at any time,
and it is also possible to study the processes occurring
in all complex technological objects, regardless of their
degree of complexity [5,6]. The specified methods are
based on the processing of statistical information
obtained as a result of passive experiments conducted
at the object, using various software. In general, we can
write linear regression models as follows:

k
Y=Bo+ Y BiXi
j=1

here B; — unknown regression coefficients., X-; is
input and Y; is output.

The mathematical formulation of the modeling
problem expressing the regression dependence between
the vacuum section light oil product output (volume
flow) and other parameters, and the sequence of solving
the problem according to the formulation, are as fol-
lows [7].

Main technological parameters characterizing the
vacuum column are follows:

X1 — fuel oil consumption supplied to the K-4
column,

X2 — fuel oil temperature in the column,

X3 — level in the column,

X4 — pressure at the top of the column,

Y — light oil consumption

X1 -
X2
" K. 4
X3 3
X4 5

v

Figure 1. Control object

As a result of the experiments, the following
statistical data were obtained. The obtained data are
shown in Table 1.

Based on the statistical data we have obtained, the
constraint condition will be as follows:

40<X1<44

171.1<X2<185.7

29.1 <X3<30.96

58.3<X4<6197

24.11<Y £26.19
Mathlab program is used to build a mathematical
model of the object.

y= Bo + B1 X1 + BoXs + B3aXs + BaXy
We enter the data getting from experiments into
the program.
The fuel oil consumption values:

X1=[40.15 41.23 41.56 40.39 42.69 42.4 42.63 42.5 43.6 43.56 43.65 43.89 41.23
42.56 40.8940.1 4041.241.23 41.6541.66 41.6541.32 41.9];

We enter the values according to the temperature of the fuel oil:
X2=[172.77 174.5 175 177 183.2 185.1 172.7 172.3 172.6 173.1 172.9 183.5 185.2

182.2171.1 174.56 177.8 179.5 176.9 185.7 183.8 180.2 179.6 178.2];

Fuel oil level ;

X3=[29.529.629.829.1 29.1 29.7 29.6 29.3 29.3 29.2 30.1 30.2 30.5 30.5 30.7

30.1 30 29.8 30.7 30.8 30.54 30.12 30.46 30.66];

Fuel oil pressure ;
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Table 1
Statistic data

Ne X1 X2 X3 X4 Y

1 40.15 172.77 29.5 58.3 25.19
2 41.23 174.5 29.6 58.9 24.87
3 41.56 175 29.8 58.6 24.2
4 40.39 177 29.1 58.96 24.2
5 42.69 183.2 29.1 58.32 24.87
6 42.4 185.1 29.7 59.32 24.2
7 42.63 172.7 29.6 59.62 25.2
8 42.5 172.3 29.3 60.34 24.2
9 43.6 172.6 29.3 60.4 24.2
10 43.56 173.1 29.2 60.44 24.87
11 43.65 172.9 30.1 60.55 24.87
12 43.89 183.5 30.2 61.2 25.18
13 41.23 185.2 30.5 62.61 24.2
14 42.56 182.2 30.5 61.87 24.2
15 40.89 171.1 30.7 61.3 24.2
16 40.1 174.56 30.1 61.15 24.2
17 40 177.8 30 59.65 24.2
18 41.2 179.5 29.8 60.25 24.2
19 41.23 176.9 30.7 60.36 24.2
20 41.65 185.7 30.8 61.97 24.45
21 41.66 183.8 30.54 58.67 24.45
22 41.65 180.02 30.12 59.45 24.2
23 41.32 179.6 30.46 59.46 24.17
24 41.9 178.2 30.66 59.2 24.19

X4=[58.3 58.9 58.6 58.96 58.32 59.32 59.62 60.34 60.4 60.44 60.55 61.2 62 61.87
61.361.15 59.65 60.25 60.36 61.97 58.67 59.45 59.46 59.2];

Light oil consumption;
Y=[25.19 2487 242 342 3487 342352342 3423487 3487342342342

34.234234234.234.234.4534.4534.234.17 34.19];

We include the number of experiments:

K=24

As a result of the calculations, the program calculates the coefficients of the equation:

B0=61.4590

Bl=1.1740

B2=0.2003

B3=-0.8598

B4=-1.1603

Substituting the coefficients into the regression equation, we obtain the following mathematical model:

Y=61.4590+1.1740X1+0.2003X2-0.8598X3-1.1603X4

To ensure the adequacy of the mathematical model, it must meet certain criteria. This assessment is shown in Table

2.
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Table 2
Assessment of adequacy
Riyazi Modelin gostoricilari Analizdon alinan giymotlor

1 Fisher criterion 3.9375

2 R squared 0.172415

3 Standard deviation 0.011492

4 Residual error 0.316329

5 Correlation coefficient 0.941523

6 Number of experiments 24

The results obtained confirm the adequacy of the
mathematical model.

Conclusion

In the paper has been studied the main device of
vacuum block-K-4 as control object in oil refinery fa-
cilities and the main mode parameters affecting the
course of the process have been determined. During the
study, it was established that the vacuum column (K-4)
as a control object can be studied as a system deter-
mined or not fully determined depending on the volume
of a priori information characterizing its current tech-
nological state.

The mathematical models of the main output co-
ordinates of the K-4 column is developed using the re-
gression analysis method and their adequacy is
checked.
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