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Abstract

The article considers the essence of scientific theory as a process and the result of creative search. Scientific
theory is considered as the highest form of organization of knowledge acquisition. Scientific theory in action is an
effective, effective method of scientific creativity by increasing a new scientific formation. The method in scientific
knowledge is both the method and the reception of the study of creation, and, at the same time, the implementation
of the accumulated knowledge, which exists in the form of theory.

Annomayusn

B cmamuve pacecmompeHa CyujHocmbo Haylmoﬁ meopuu Kak npoyecc u pesyibmant meopiyeckoco noucka.
Hayunas meopus paccmampueaemcst Kax Haugvlcuiast (hopma opeanusayuu noayyenus snanui. Hayunas meopus
6 Oeticmsuu - 9¢hPexmugHblil, OeliCMEeHHbIIL MeMO0 HAYYHO20 MBOPUECmEd Nymém npupauerus Hoeol HAYYHOU
Gopmayuu. Memoo 6 HayuHOM 3HAHUU - IMO U MEMOO, U NPUEM UCCTIe008AHUS MBOPEHUs, U, OOHOBDEMEHHO, pe-

anuzayusl HaAKonjaeHHo20 3HAHU, Komopoe cyuiecmeyem 6 suoe meopuu.

Keywords: scientific theory, idealization, creativity, hypothesis, verification, falsification
Knrouessie cnosa: nayunas meopus, udeanuzayus, meopiecmeo, cunomesd, sepupurayus, ganscupurxayus

IIponiecc TBOpUECKOTrO HAYYHOrO TO3HAHUA,
HAYMHASICh HA ONBITHOM, 3MIIMPHYECKOM YPOBHE C JIO-
ObIBaHUsI, MOJTyYeHHs] HAYYHBIX (DAKTOB B XO/I€ OIIBITA,
HaOJIOEHUST WIN SKCIEPUMEHTa, MPOJOJIKAETCS 3a-
TeM Ha clieayroleM, 0oJiee TITyO0KOM, TEOPETHIECKOM
YpOBHE.

ITpoBepka Hay4HBIX JIOTaJO0K, BEPCHH W TUIIOTE3
npu momomy mpouenyp Bepudukanun (M.Imuk,
I'.Petixenbax, P.Kapnan, @.®pank, A.Tapckuii u mp.)
mwm ¢panscudpukanm (K.Ilommep, T.Kyn, U.JlakaToc.
I1.®eiiepabenn, 5. Jlaynan u p.) mO3BOJSET BEIOpaKo-
BbIBaTh HETOJHBIE THMIIOTE3bl, OCTaBIsisl Haubosee
MPaBIONO00HBIE (BepUPHUINPYEMBIE WIIH, COOTBET-
CTBEHHO, (anbCcupUIUpyemMble) W3 HHUX. [ HIIOTE3HI,
MPOIIE/IINE TECT Ha COOTBETCTBHE MX COJIEPKAHUSI HC-
TUHHOMY TMOJIOKEHHIO JIell, MEHSIOT CBOM cTaryc B
CTPYKTYpE TEOPETHYECKOTO MO3HAHUS: U3 3HAHHS Be-
POSITHOTO, OHU CTAHOBSITCS 3HAHHEM JIOCTOBEPHBIM U
o0peTaeT craTyc Hay4HOTO 3aKOHA WJIM 3aKOHOMEPHO-
CTH. 3aKOH - 3TO YCTOWYHBOE, TIOBTOPSIOIIEECS, He00-
XOANMOE, MHBApUaHTHOE, CYIIECTBEHHOE B CTPYKType
sBJIeHus. V3yueHne HaydHOTro 3aKOHa MO3BOJISIET TITy-
0GOKO OCMBICIIUTD U OIIPEACIUTh CYIHOCTh U IPHUHHY
N3y4aeMoro SIBICHUS.

Teoperudeckuil ypoBEHb HAy4HBIX 3HAHUU U
TBOpPYECTBA HAYMHAETCS C KOMILIEKCHOTO aHAIM3a, OT-
paXeHUs, HHTEpIIpeTaIli HaydHO!H nHpOopMannu, Ko-
TOPY0 HayuyHbIH IIOMCK IOJy4YWJ] HA NPEABIAYLIEM -
sMnupuueckoM ypoHe. Ha TeoperuueckoM ypoBHE
BHAYaje TBOpPYECKAas MBICIb HCCIEN0BATENs BBIIBU-
raeT 6oJiee MM MEHee IPaB/I0NI0I00HbIE JOT KK, BEp-
CHH, TUIIOTE3bI, MO3BOJIsIONME Oosee M Oojee MOIHO
MOHATH CYTh MOJyYEHHBIX 3MIUPUYECKUX 3HaHUH. To-
I/1a DBITJIMBBIA pa3yM Y4€HOTO OTBEPIaeT BEPCUIO U TH-
N0TE3y, KOTOpBIE HE YAAJIOCH NPOBEPUTH, IBITAECTCA
BBISIBUTB OIIPEAEIEHHBIE 3aBUCUMOCTH U Y30Pbl MEXKIY
CBOWCTBAMHM HCCIIETyeMOT0 00BEKTa i BHYTPEHHUMHU 1
BHEIIHUMH YCJIOBUSAMHM €r0 PAa3BUTUS U HBOJIIOLUU.
Hanpumep, B coyyae pu3MUECKUX HCCIEAOBAHUHA Ta-
KAMH YCIIOBHSIMU SIBIISIIOTCSI CIEAYIOIINE (PaKTOPHI:
BpeMsl, TeMIIepaTypa, JaBJICHUE, U3MEHEHHE KOTOPBIX
HanpsIMy!0 BIIMSET Ha XapakTep NOBEIeHMs (Qu3Hude-
CKOro o0bekTa. B ciydae GHOIOrHYecKUX HccienoBa-
HUI, HallpUMep, B OMYJSILIMOHHON T€HETUKE, TAKUMU
YCIOBUSIMH MOTYT OBITh (DaKkTOpBI OKpY»Karomei
Cpenpbl.

Tax, HaOm0qas1 32 )KU3HBIO IBYX TOMYJISAIMNA KH-
BOTHBIX HA INPOTSKEHUU HECKOJIBKUX AECATKOB JIET -
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phICEl U KPOJIMKOB - B 3a10BeIHUKE Ha ceBepe Kananapl,
y4eHbIe ATOJOTH (OMOJIOTH M3ydaloliue MOBEJICHUE H
MOBA/IKM KUBOTHBIX) BBISIBUJIM CIIEIYIOILYIO BAYKHYIO 1
JFOOOTBITHYIO 3aKOHOMEPHOCTh: COBMECTHOE IPOXKH-
BaHHUE Ha OJJHON TEPPUTOPUU MOMYJIALUH «XULITHUKOBY»
(pBIcK) U «KepTB» (KPOIMKH) IPUBEIIO UX K B3aUMHOU
aJanTalyuu ¥ KOppesul YUCICHHOCTU OJHON U3 HUX
OT YHUCICHHOCTU Apyroil momymsuuu. Kponuku pas-
MHOXKAIOTCsl OBICTPO U B TEOMETPUIECKON ITPOTPECCHH,
YTO SBISETCSA IOJIOKUTENBHBIM BHEIIHUM YCIOBHEM
JUIA Pa3MHOXEHHS PBICEH - MHOTO KOpMa, MO3TOMY
YHCIICHHOCTD PHICEH TOXKe OBICTPO pacTeT. UncaeHHBIN
POCT TOMYJAIHMH pBICEH - 3TO HEeOIArONPHUATHBIN
BHEUTHUH (AaKTOp Ui KPOJMKOB U UX UYUCICHHOCTD
HauMHaeT MajaTh, YTO B KOHIE KOHIIOB NPHUBOJUT, B
CBOIO OYepellb, K NaJCHUI0 YUCIEHHOCTH pbiced. Ma-
JI0€ KOJIMYECTBO PhICEH - OUeHb OJIAroNnpHsTHOE YCIIO-
BUE ISl OBICTPOrO Pa3MHOXKEHHSI KPOJIMKOB, IOATOMY
UX TOMyJNALUS CTPEMHUTEIBHO PACTET U BECh LUKI
CIIO’)KHOTO B3aHMMOJACHCTBHSI IO CXEME «XUIIHUK-
JKEPTBA» MOBTOPSIETCS BHOBb. BBISBIECHUE TAKOHN 3aKO-
HOMEPHOCTHU MEXJY YHCIEHHOCTSAMH JBYX COCEICTBY-
IONIMX MOMYJIALUN MO3BOIWIO 3aMedyaTelbHOMY HTa-
IbSTHCKOMY MaremaTHky Burto BombTeppa co3maTh
CTPOMHYI0O MAaTEMAaTUYECKYI0 MOJENb TAKOTO SIBICHUS
U Ha OCHOBE MaTEeMaTH4eCKOT0 aHaJIn3a 3TOW MOIEIN
u N ypaBHEHHH, ONUCHIBAIOLINX €€, C(HOPMYIUPOBATh
MaTeMaTHYECKYI0 TEOpUI0 OOPHOBI 32 CyIIeCTBOBAaHUE
B HOHyH}IHI/IOHHOﬁ T'CHCTHKC.

PesynbpraTom TeopeTHuecKoro aHanusa u abcrpa-
THPOBaHMSA sIBIAETCA (popMHUpOBaHHE OOBEKTOB NaH-
HOM TEOpHH WM TBOPYECKHX 00BeKTOB. Jt0bas Teo-
p¥s, OCHOBAaHHAs HA UCTWHHOM 3HaHMH, ONIKE K IO-
3HAHUIO KOHKPETHOTO B €ro IEIOCTHOCTH, 4YeM J0
TEOPETHYECKHE pa3pO3HEHHbIE 3HAHMA. TeopeTnde-
CKHE OOBEKTHI - 3TO MBICICHHBIE KOHCTPYKIHMH, a0-
CTPaKIUH, B KOTOPBIX OTPaKaeTcsi 0OBEKT MO3HAHUS C
3aBEJIOMO OTPENEIEHHON CTENEHbI0 NPHOIMKEHHUS.
Hampumep, MOXHO pemate 3agady O KojleOaHHAX
BIIOJIHE PEAJBHOTO (hU3MYECKOro Teja abcTparupysch
OT ero 0COOCHHOCTEW M MHIWBUIYaIbHBIX YEpT, pac-
CMaTpHBast 3TO TeJO Kak abCTpaKTHBIA «MaTeMaTHue-
CKHUI MasiTHUK.

OBpHCTHYECKas LEHHOCTh HAy4YHBIX HAeaIH3a-
M, abCTpaKIUi OIpeesIieTCs BO3MOXHOCTBIO OCHO-
BAaHHOW Ha HHMX TEOPHU OOBACHITH IaHHBIE ONbBITA, a
TaKXe MpeICKa3bIBaTh CYIECTBOBAHNE HOBBIX, PAHEE
HEW3BECTHBIX XapaKTEPUCTUK M CBOHCTB OOBEKTA.

9BpI/ICTI/I‘-IeCKa$[ HCHHOCTh HAYYHBIX HACaIn3a-
U, abCcTpakiuil onpeneIsieTcss BO3MOKHOCTBIO OCHO-
BaHHOW Ha HUX TEOPHH OOBSACHATH JAaHHBIE OMBITA, a
TaKXKE MPEACKA3bIBATh CYHICCTBOBAHUEC HOBBLIX, PaHEEC
HEM3BECTHBIX XapaKTEPHUCTHK H CBOWCTB 00BEKTA.

Teopernueckoe Mo3HAHUE B HAyKE HE OCTaHABIIH-
BaeTCs Ha BBIIBMXEHUU U MPOBEPKE OCTPOYMHBIX T'U-
note3 1 GopMynMpoBaHUM 3aKOHOB U IpaBuil. Bepm-
HOM, JOTMYECKHM 3aBEpLICHHEM, HUTOTOM HAay4HOIrO
TBOpUYECTBA SIBJISETCA CO3AaHHE TOYHOH, IiryOOKoil U
UCTHHHOW Hay4Holl Teopuu. IlocTpoeHue HaydHOI
TCOPHUH - 3TO C.TIO)KHBIﬁ, JAAIICKTUYCCKH IIPOTUBOPECUYHN-
BBIH MPOIIECC BBISBICHUS M OTIEPHUPOBAHUS TITyOOKUMHU
H COACPKATCIIbHBIMU HAYYHBIMU a6CTpaKLII/I$[MI/I, po-
mecc aOCTparupoBaHHs Ha TEOPETHYECKOM YPOBHE

HaydHOro no3HaHus. IIpuMepamu Takux TiyOOKHX U
LICHHBIX HAyYHbIX a0CTpaKIMii CITyKaT «MaTepHaIbHas
TOYKa» B MaTeMaTHKE «aOCOJIIOTHO TJajKasi IOBepX-
HOCTB», «IBWKEHHE 03 TPEHHUS U POCKAIb3bIBAHMS
B MEXaHHKE, «HJeaJbHBIH ra3», «abCOJI0THO YepHOe
Teno» B ¢pusuke u 1p. Hayunsie abcTpakumu o6nasaoT
rIyOOKOH 3BPUCTUYECKOM, TBOPUYECKHU-TIO3HABATENb-
HOH cunoi. HayuHblil 3aK0H, Hay4Hasl TEOpUs OIUpA-
eTcs Ha OJ00HbBIe a0CTpaKTHBIE OOBEKTHI, YTO TI03BO-
JISET UM JydIIe ¥ oApoOHee OOBACHATH IMOBEICHIE H
JKM3Hb PEaNbHBIX cUCTeM. [IpuMep NpOTyKTHBHBIX, CO-
JepKaTeNbHBIX a0CTpaKIUi B SKOHOMHYECKOH TeO-
pHUH: TOBap, MEHOBAs M MOTPEOHTEIbHAS CTOMMOCTb,
PBIHOK U T.[.

Baxknoii ¢popmoii Teoperrueckoro abcTparupona-
HUS SBJISETCS HIealn3alys - 3T0 abcTparupoBaHue OT
TaKUX CTOPOH IpeaMeTa UM yCIOBUH ero CyIecTBO-
BaHUs, 0€3 KOTOPBIX OH pEalbHO HE CYIIECTBYET.
Hanpumep, B ontuke roBopsAT 00 UI€aIbHO OTpaXkaro-
LIUX U UAEaTbHO NOTIOMAOIINX TOBEPXHOCTAX, B TEP-
MOJMHaMHKe 00 MealbHbIX Ta3ax | T.II. Takue Hayd-
Hble HJACaNW3allid WHOIZAA HAa3bIBAIOT BBEICHHEM
MIPUHOMIHNAIEHO HEOCYIIECTBUMBIX YCIOBHH (HampH-
Mep, TIOJIHOE OTCYTCTBHE MH(ISIINN B PEIHOYHON KO-
HOMHUKE).

JIrobast HayuHas uaeanu3aus co3facTcs s pe-
LICHUS OTIpeIeNIeHHON MpoOieMbl. XapakTep Haeanu-
3allM ONpENEeNsAeTCs COAEPKAHUEM ITOH MPOOIEMBI.
Tak, co3naBas celUaIbHYIO TEOPHIO OTHOCUTEIBHO-
cTd, A. DUHINTEHH UCKITIOYHI U3 PU3NYECKOU TEOPUH
Takue QyHIaMEHTAIbHbIC HCANN3AINN KIACCHIECKOM
(U3UKHM KaK «a0COJIIOTHOE NMPOCTPAHCTBO» M «abco-
JIIOTHOE BPEMS», YTO IO3BOIMIO eMy C(OpPMHUPOBATH
COBPEMEHHYIO DPEIATHBHCTCKYIO HAYYHYK KapTHHY
Mupa. TBOPUECTBO BEIUKOI0 T'€HUSI IIPUBEINIO HE TOJIBKO
K BEIMKOMY OTKPBITHIO B HAyKe, HO M IIOBIMSLIO HA U3-
MEHEHHE BCEro YeJI0BEYECKOr0 MUPOBO33PEHUS], OTHO-
HIEHHE YeJI0BeKa K 0OBEKTUBHOI peaabHOCTH. OTHBIHE
HOHATHS JABIWKEHHSA, NMPOCTPAHCTBA, BPEMEHU OBIIH
00BETMHEHBI B €IHHOE HAYTHOE MOHATHE 0 4-X MEPHOM
HNPOCTPAHCTBEHHO-BPEMEHHOM KOHTHHYyMe€, CBOWCTBA
KOTOPOTO OIPECISIOTCS MOBeleHHEM (U3UUECKUX
TeJ U MOJEH.

Hayu4nas Teopus - 0CHOBa Hay4YHOrO TBOPUYECTBA -
CHCTEMAaTH3HPYET, 0000maeT u OOBICHAET CBOWCTBA
OIIpeAEIEHHOI 00JacTH peanbHOCTH W, Ooiee Toro,
MIPEICKa3bIBACT HOBBIE, HEM3BECTHBIE (D DEKTHI U SABIIE-
Hus. CucremaTH3alus, COINIaCOBAHUE, MOAYUHEHUE
HAay4YHOTr0 MaTepuaja OCYLIECTBISETCS HAy4HOU Teo-
pueil. Anpom m060i HayIHOH TEOPHH SBIIAIOTCS €€ 3a-
KOHBI, TPUHIIUIIBI, HCXOAHBIE PEATION0KEHHS U THIIO-
Te3bl. IMEHHO B 3TOM s1Jp€ COCPENOTOUYEH TBOPUECKUN
MTOTEHIMAJ TEOPHH 11 OOBSICHEHUS ¥ IPOTHO3UPOBA-
HUSL (PaKTOB.

Teoperuueckuil ypoBeHb Hay4YHOTO TBOPUYECTBA -
9TO HEYKJIOHHOE MOTpPY>KEHHUE MO3HAIOILEro pasyma B
CYIIHOCTb HAaKOIUIEHHOTO 3HaHMsI, YILIOTHEHHUE, HAChI-
LIEHUE €T0 U MOBBIIICHNE NPAKTHUECKON OTAAYH.

HawnGosnee rinmy6okue HaydHbIe TEOPUH, TAKUE, KAK
3BoMOLMOHHas Teopus Y.J/lapBuHa, Teopus BbICILEH
HepBHOU AestenpHocTH M.I1.I1aBnoBa, kBaHTOBas TEO-
pus O.llpenunrepa, B. I'eitzenbepra, H. bopa u muO-
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THE Apyrue, OyIaydH pe3ylbTaToM TBOPUYECKOTO MBIII-
JICHWS TUTAaHOB COBPEMEHHOH HAayKH, OMHPAIOTCS Kak
Ha OrPOMHBIH (paKTHUECKUI MaTepHall, TaK ¥ Ha IIHPO-
KHe, cMeJible 0000IIeH s M UEH, C TOMOIIBIO KOTOPBIX
BECh HAKOIIJICHHBIN Hay4YHBII MaTepHai IHOoJBepraeTcs
panuoHanbHOM 00paboTke. MHOTME SBPUCTHYECKHE,
TBOpYECKHE, IIJIOAOTBOPHBIE UAEH, JEKAIUE B TEOpe-
THYECKOM (pyHJaMEHTE COBPEMEHHOI HayKH, BEJIMKUI
marckuii ¢pmsuk Hwmmse bop octpoymHO Has3bIBas
«6e3yMHBIMI». OH 4acTO TOBOPHJI CBOMM YYEHHUKAM:
«Bamma uest He TOCTaTOYHO Oe3yMHa, YTOOBI OBITH HC-
TUHHOI». DTH BBICKa3bIBaHUS BEIMKOTO COBpPEMEH-
HOTO (PM3MKA CIIEAYeT TIOHUMATh B TAKOM CMBICIIE, UTO
TBOpYECKass CMEJOCTh TEOPETHKA JOJDKHA CMENIO JIO-
MaTh CIJIOKUBIIHECS CTEPEOTHUIIBI HAyYHOI'O MBIIILIE-
HUS, OTBEpraTth YycCTapeBIIME TEOPUH, BTOPIaThCs
BIIIyOb M3Yy4aeMOro SIBJICHHMS, OLIyIIas €ro BHYTPEH-
HIOIO IIyOMHY U CKPBITYIO 11apaIoKCaIbHOCTb.

B uctopuM M 3NHUCTEMONOTHM HAayKd HEpBBIH
YCIICIITHBIH OITBIT IIOCTPOSHHS TITyOOKO# conepiKaTeb-
HOW HAay4YHOH TEOpHHU IaeT dIIEMEHTapHAas TeOMETPHUS
EBknuzaa, noctpoeHHasi Ha CTPOWHOM, JIOTUYECKU HE-
MIPOTHBOPEYHUBOI CHCTEME aKCHOM, T.€. HCXOIHBIX T10-
JIOKCHUH, TPUHUMAEMBIX B JAaHHOW TEOpHH Oe3 oKa-
3aTeNbCTB M JIOKA3hIBAEMBIX HA WX OCHOBE TEOPEM O
CBOMCTBax TCOMETPHUUCCKUX TEII - INIOCKUX (HHaHI/IMeT-
pust) u 06beMHBIX (cTepeoMeTpus). Jlanee, ucnonp3ys
B CBOEM TBOPYECTBE AKCMOMATHYECKUI METO] TOCTPO-
C€HUA TCOMETPHUU, MHOTHUEC BBIJAIOIUCCA MAaTEMAaTUKU
OTKPBUIM 1I€JIBIM KJacC APYTuX, HEEBKIMIOBBIX €O-
MeTpHil. AKCHOMATHYECKUE TEOPUH HAXOIAT OOIBIIOE
MpUMEHEHHE B TeX 00JacTAX HAayKH, TIle UCIOIb3ye-
MBIC TOHSATHS O0JAamaloT 3HAYUTEIHHON CTaOMIHHO-
CTBIO 1 MOXXHO abCTParupoBaThCs OT WX M3MECHEHUS U
pa3BuTHA. VIMEHHO B 3THX YCIOBHSX CTAHOBHUTCS BO3-
MOJKHBIM BEISIBUTB COJIepIKaTeNbHBIE U (popMaTbHO-TI0-
TMYCCKHUE CBA3U MEXKIAY Pa3IMYHBIMKU KOMIIOHCHTaMH
TEOPHH.

HayuHoit Teopun, kak Beiciielt Gpopme opranuza-
U TOJIYUYCHHUSA 3HaAHUA, CBOMCTBEHHBI IIPOTUBOIIO-
JIOXKHBIC TCHACHIIMN. CUCTCMHOCTHU M JJICMCHTHOCTH.
Kax HUHTETpaJibHasd, HEJIOCTHAA, IMHAMHWYHAasA CUCTEMA
pacTyImero 3HaHHs TEOpHs B HayKe JaeT IeIOCTHOE
MPEJICTaBICHAE O COOBITHSAX W IMPEeaMeTax BHEIIHETO
MHUpa, UX BHYTPEHHEH CTPYKType U 3aKOHOMEPHOCTSIX
ObITHs. Teopust BBIABISACT NMPHYHMHHYIO 3aBUCHMOCTD
MeXay (akramu, GOpMYIHPYET Hay4dHBIC 3aKOHBI U
BCKPBIBACT pealbHBIC 3aKOHOMepHOCTH. HayuHas pe-
BOJIIOOUA MPOUCXOJUT TOrJga, Korja Ha CMEHY UMCIO-
IIMXCsl HAyIHBIX Teopui, mapagurMm (Tomac KyH) nc-
cienoBaTensckux nporpamm (Mmpe Jlakaroc) mpuxo-
AT HOBBIE OoJiee coJaep)KaTenbHbIE, TIIyOOKHeE,
I/IH(I)OpMaTI/IBHO HACBIICHHBIC UJICU U TCOPUH.

Paznnyasics o hopme, HayuHbIe 3HaHUS ((PAKTHI),
TEOpUs U METOJ COBHAJAIOT B COAEPKAHMU - OHH
UMEIOT IIETbI0 OTPa3sUTh OOBEKT TAKMM, KaKOB OH Ha
CaMOM JieJie peasIbHO ecTh. B coBpeMeHHOI Hayke 00b-
€KT MCCJIEJOBAHUS PAacCMAaTPUBAETCS B Pa3BUTHH, C
Pa3NIUYHBIX CTOPOH, CO BCEMHU €0 CBSI3IMU U OTHOIIE-
HusMU. [ToaTomMy, OaX0a K 0OBEKTY HOCHT CHCTEM-
HbII, KOMIUIEKCHBIN XapakTep, clieI0BaTeIbHO, TOJIBKO
CHCTEMa METOJIOB, TEOPHii, 3aKOHOB, THIIOTE3 B COCTO-
STHUU XapaKTepru30BaTh OOBEKT ITO3HAHMUS TOJTHOCTHIO.

Hayunast Teopust siBisieTcss HanOojiee pa3BUTOM,
COBEpIICHHOH, 3penoi Gopmoii mo3Hanus. OH Hanbo-
JIee MOJTHO M ITy0O0KO OTPaXkaeT peabHOCTh. DTO CTPO-
rasi, JOTHYECKH NoCcIeloBaTeNbHas CUCTeMa 3HaHUH, B
KOTOPOH Ha JaHHBII MOMEHT JOCTUTaeTCs BBICIIAS CTe-
NeHb MPaBAUBOCTHU 3HaHUA. Pa3BuTHe HayuyHOU Teo-
pHUH, CEMHU TEOPUI U MapaaurM, TECHO CBA3aHBI C COLU-
IBHOM MPaKTHKOM, 00YCIOBIEHBI HAIMYUEM WJIH OT-
CYTCTBHEM B OOIIECTBE COLMAIBHOTO MOPSIKA IS
TOTO WJIM MHOTO TEOPETHIECKOTO 3HAHUS.

HayuHas Teopusi, Kak aKTUBHBIN, IOCTOSIHHO pPa-
OoTaromuii 1 000TAIIAONINI AIIEMEHT HAYTHOTO TBOP-
YecTBa, SBISETCA CHCTEMOW OOBSICHEHHs B Hayke. B
HeM 0000IIar0TCsl HAaKOIUIEHHBIE (DaKThI ¥ 3HAHUS, BbI-
SIBJISIFOTCSI OOBEKTHBHBIC Y30DbI, BBISIBIISIOTCS TEHJICH-
LMK OT U3MEHEHUs 00bEKTa U MPEABUIUTCS OyyIee.

Ienp TeopeTHYECKUX UCCIIEIOBAaHUMN - yCTAHOBIIE-
HUE CBs3el MeXIy CYLIECTBYIOIIUMH JKCIEPUMEH-
TaJbHBIMUA JaHHBIMH, OoJyiee TiIyOOKOe NOHMMaHHE
CYIIHOCTH ¥ CTPYKTYPBI OBITHS, OTKPHITHE HOBBIX IIEp-
CIIEKTHB, O IUPEKTHBAX U ITyTSAX HAYIHOTO TBOPUECTBA.

OCHOBHBIMHU 3JIEMEHTaMHU BCSKOM COAEp KaTeIb-
HOI Hay4YHOH TEOPHHU SBJISETCS:

- HIMITUPUKO-TEOPETHYECKAsE OCHOBA,;

- JIOTUYECKUH ¥ KaTerOpHalIbHBIA anmapar;

- BBIBOJIIMbBIE CJIEJICTBUSA U 3aKITIOUCHHUS.

[MTonHoTa, rmy0MHA, ICTUHHOCTH HAYYHOH TEOPUH
npoBepsieTcst GYHKIHUIAMH, KOTOPbIE OHA BBIMIOJIHSET B
HaYYHBIX HCCJICOBAHUAX: OOBSICHATh W MPEACKA3bI-
BaTh. [TogCHsA, TEOPHSI OTHOCHUTCS K MPOIIOMY, K YK€
nMmeromuMest GakTrnaeckuM 3HaHusIM. [Ipenpacmoa-
ras, Teopus obpamaercst B Oymyiiee, BBIOIHSAS POJIb
HaYYHOTO NPEACKa3aHUs U TIPEIBUACHHUS, SKCTPAIIOIH-
pysl UMeloInecs 3HaHUS BO BJIACTh HEM3BEIAHHBIX U
JI0 CHX TIOp HEN3BECTHBIX.

Cucrematn3anms - BaKHEHMIIHH, HEOOXOIMMBIN
9Tan TOCTPOEHUS Hay4yHOM Teopuu. Ha sTtom stame
MPOHMCXOINT MEePBUYHAs, rpy0as 06paboTka (akToB Ha
OCHOBE Pa00YMX MPEOI0KEHUI, BEPCUH U THIIOTE3,
KOTJ[a TPOUCXOIUT COPTHUPOBKA, OTTOP)KEHHE, O0TOOP
CYIIECTBYIOIUX (DaKTHYECKUX 3HAHUN U NpennpHUHHU-
MaeTcs IepBasi, 4acTo poOKas, HeBepHast ONbITKA BHI-
CTPOUTH cylecTByIomue (akTel B Oojiee WM MEHee
CTPOMHYIO JIOTMYECKYIO CTPYKTYypy. B nanbHeimem
9Ta NepBUYHAs CTPYKTypa [0 Mepe CO3pPEBaHMS TEOPUHT
OylIeT TOCTOSHHO KOPPEKTHPOBATHCS, YTOUHSTHCS,
TpaHc()OPMHUPOBATECS M, JIaXKE, MOKET HE BOWTH B
OKOHYATEeJILHBII BapHaHT TEOPHH.

BaxHoil cTOpoHOW cucTeMaTU3allMu 3HAHUS B
CTPOSIILIEHCS] TEOPUHU SIBISICTCS OMUCAHUE - UCXOIHBIN
Marepuan s o0bscHeHus. OmnucaTenbHBIA METOJ
HAXOJWT YacToe MPUMEHEHHE B TAaKMX HayKax, KaK Iie-
JIaroTHKa, TICUXOJOTHA, OMOIOTHS, T€0JIOTHs, TeoTpa-
¢bust, COIMOIIOTHS, KPUMUHAIMCTHKA, SI3BIKO3HAHHME.

Crenyromuii atain - 00bsICHEHHE, TO €CTh PACKPBI-
THE CBsI3ei MeXIy (akTaMH, 3aKOHAMH, W3JI0KCHHE
0000maomyx nael, BCKphITHE BHYTPEHHUX M BHEII-
HUX IPUYUH CYIIECTBOBAHMS M M3MEHEHHUS! OOBEKTOB
teopun. [Ipu 0ObsicHeHNN (aKTOB JIOTHYECKH BBIBOXKY
3aKOHBI HayKHd M3 OCHOBHBIX TOJIOKEHUH Teopuu (e€
aKCHOM, OCHOBaMH OyKBaJIBHBIX HIEH U T. 1.). HYacto
OOBSICHEHHE CUUTACTCS OCHOBHOW (DyHKIMEH Teopuw,
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€€ IBPUCTUYECKON CYIIHOCTHIO. CHcTeMaTH3aIus 3Ha-
HUS W €ro OOBSCHEHHWE IO3BOJIAIOT PEryIHpOBaTh,
HanpaBJIAITh U KOHTPOJMPOBATH MPOLIECC HAYYHOTO
TBOpuecTBa. ViMesi Teopuio, MOKHO 3apaHee CKa3aTb,
KaKue SMIIMpUYECKHUEe JaHHBIE CIeAyeT HaWTU U MpHu
KaKUX yCJIOBUSX UX MOXHO OOHAPYKUTh.

3a 3TUM CleayeT pacUIMpeHHe, YIIyOJCHHE U
yTOUHEHHE HaydHbIX 3HaHuM. [locTpoeHune Hay4yHOI
TEOPUH HE CBOTUTCA K TPOCTOMY COYCTAHHIO TUHA-
MUKH CYIIECTBYIOIIETO 3HAHUS, & UMEET IpeAroIarae-
MY BO3MOXHOCTH JIOTHYIECKOTO BBEIBEJICHHS Ha OC-
HOBE CYIIECTBYIOIIEH TEOPHH 3HAHHA, KOTOpas Oblia
W3BECTHA JI0 €TO IIOCTPOCHUS, TO - MOJTYICHNE HOBBIX,
paHee HEM3BECTHBIX 3HAHUI U, TAKUM 00pa30oM, paciiiu-
pCHHE TPaHUIl HEMIPU3HAHHOTO W, HAKOHEI, Yriy0ie-
HUE U UCUCPIIAHUE CYIICCTBYIOIIUX MPEICTABICHUH 00
n3y4aeMoi 00J1aCTH PealbHOCTH.

PykoBopsiiiast poiib, MOAIMHHO TBOpYECKash CO3MIa-
TeNbHAast IEHHOCTh HAYYHOM TEOPUH 3aKITI0YEHA B BO3MOXK-
HOCTH TIpeICKa3aHMs HOBBIX (DaKTOB, KOTZIa HA OCHOBE
TEOPUH CTPOUTCS AOCTOBEPHBIA, CTPOTO BHIBEPEHHBIH
Hay4HBIN TIPOrHO3. MHOTHE paHee He HAOIIOIaBIIHeCs B
TIPUPOJIC SBICHUS OBUTH CHAaYala MpeacKa3aHbl TCOPHEH,
a JuIb 3aTeM OOHApY>KeHBI OMBITHBIM IyTeM. Hampu-
Mep, o0mmas Teoprs OTHOCHTEIBHOCTH A. DHHINTEHHA
npezickasaia 3P(EKT OTKIOHESHHUS TPACKTOPUH PACIpOCTpa-
HEHUSI JTyUeii CBeTa BOJIM3U MACCUBHBIX TEJT, CKAKEM 3BE3],
a 3aTeM acTPOPU3UKKA CBOMMH HAOJIOJCHHUSMHU MOTBEP-
JIAIIM 3TO 3aMeyaTeNbHOe TpeNicKa3aHue. DIEeKTPOIUHA-
muka J[.K.MakcBemna mpenckasana CylIeCTBOBaHHE
AJIEKTPOMATHUTHBIX BOJTH, a 3aTeM [ .I'epir oOHapyuT nx
9KCIEPUMEHTATRHO. Ha oCHOBE CBOEH neproanyecKoi cu-
creMbl 3neMeHToB /I 1. MenneneeB npeickasai CyIiecTBo-
BaHUE Ps/Ia HEN3BECTHBIX XUMIYECKHUX JIEMEHTOB, JTAJTb-
HelIee pa3BUTHE XUMUH OJIECTAIIE TIOATBEPIUIO 3TO
npenckazanue. [.H.BonkoB mpenckazanr u 060cHOBaI
(yHKIIMOHMpPOBaHNE HAYKH JTHOIEAroTUKa, yueHbIe-
MeAarory pa3HbIX TOCYapCTB MOITBEPAUIN U PA3BIIN
9Ty HayKy, BHECS HAIIMOHANbHBIE TPAIUIINH, 00bIUaH,
¢donbkiiop U T.1. YUnciio nogo0HbIX PHUMEPOB MOMKHO
yBEIWUYNTh. Bce OHM CBUIETENHCTBYIOT O TOM, YTO
npeJsicKa3aHue, IpeIBUIeHIe HOBBIX, HEU3BECTHBIX SIB-
JICHUH - BayKHEHIIas (PYHKINS HAYIHBIX TCOPHI.

Teoperideckoe 3HaHWE B HayKe HOCHUT CHHTCTHYC-
CKHM, KOMIUIEKCHBIH XapakTep.

Teopws 310 He IPOCTAst COBOKYITHOCTb, apH(hMeTHYe-
CKasl CyMMa SMITMPUYECKUX U TCOPETHICCKIX 3HAHHH, a FX

TTyOOKHUI CHHTE3, MHTETPAITHLHOE 1ieioe 13 (PaKToB, COOBI-
THIA, THTIOTE3, 3aKOHOB 1 (DyHIAMEHTAITHHBIX TOJIOYKEHHHA, Jie-
JKallX B OCHOBAHMU J]AHHOH TEOPHU: aKCHOM, UCXOIHBIX
TIPEIITIOJIOXKSHHH 1 JIOMYIIICHHMI U T. 1T, Takim 00pa3om, CBoeit
CHHTE3UPYIOLIEH POJbI0 3penas HaydHas TEOpUs MOKPBI-
BaeT KaK TEOPETUUYECKUH, TaKk ¥ SMIUPUIECKUN YPOBHU
Hay4YHOTO TBOPYECTBA.

BbIxos Ha MPaKTUKYy MUMEET BaXKHYIO 3BPUCTHYE-
CKYIO POJIb KaK AJII CAMOM TEOPUH, TaK KaK IMEHHO ITPaK-
THKA BBICTYTIA€T B KOHEYHOM CUETE TeM KPUTEPUEM HCTHH-
HOCTH, KOTOPBIH MOATBEPKIACT HIIH OIIPOBEPracT MPaBUIIb-
HOCTh M TNIyOMHY TEOpHH, TaK W JUIA CaMOM IPAKTHKH,
KOTOpAst, OTTHPAsCh Ha TEOPETUIECKHE 3HAHNS 1 BHIBOJIBI BHI-
JIOU3MEHSIET U YIy4IllaeT 4eJIOBEUeCKyro »ku3Hb. OCHOBa-
Tenb KoneHrareHckoil IKoiIbl KBAHTOBOM MEXaHUKH, BbIIa-
towiicst usuk Hunbe bop mpopouecku ckazan: «Het
HUYETo MPAaKTUYHEEe XOPOoIIel TeOpUm». ITOT BbIBOJ Te-
HUAJILHOTO Y4EHOTO HAXOAUT HOJTBEPIK/ICHNE U B PA3BUTHI
HAyKU U B [IOBCETHEBHOI JKU3HEIESTEILHOCTH YENOBEKa.

Hay4ynoe TBOpYecTBO - OfHA W3 CIOKHEHIINX H
YBJIEKATEIbHEHIIINX, UHTEPECHESUIITNX o0IacTei denoBe-
yeckor xu3HH. [lowck (axToB, nX TeopeTnyeckoe o0bsc-
HEHHUE, BBIIBIDKCHHUE TUIOTE3, TEOpHH, (HOpMYyIHpOBaHHE
HAy4YHBIX 3aKOHOB U JIOTHYECKUX CJIECTBUN U3 HUX - B 9TOM
CyTb Hay4IHOT'O TBOPUYECTBA, a €0 PE3yJIbTaT - PHONIDKEHNE
YeJIOBEYECKOT0 MO3HAHMUSI K OOBEKTUBHON HCTHHE.
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The article describes the specifics and method of financial law in a combination of methods of legal regula-
tion, defined by the main directions and principles of state financial policy, as well as the essential features of

financial resources.
Annomauusn

B cmamvwe onucana cneyuguka u memoo Qurancosozo npasa 8 couemanuu cnocob608 npasosozo pecyiu-
posanus, onpeodeneHtblll OCHOBHbIMU HANPABIEHUAMY U NPUHYUNAMU 20CYOaPCHEEHHOU PUHAHCOBOT NOTUMUK,
a mak gice onpeoeeHvl CYWHOCmublie NPU3HAKU QUHAHCOBBIX PeCYpPCos.

Keywords: finance, financial resources, finance, finance of the state, fiscal and legal policy, budgetary, in-

tergovernmental relationship.

Knrouesvie cnosa: unancel, unancogvie pecypcul, gunancogoe npago, unancvl eocyoapcemed, 0i00-
JHCEMHO-NPABOBASI NOAUMUKA, OI00HCEMHbIE, MENCOIONCEMHBLE NPABOOMHOUEHUS.

PerynupoBanne u ympaBiieHHE T'OCyIapCTBEH-
HBIMH (UHAHCAMH OBLTIO OCHOBHOW IESITEIHHOCTHIO
JF000T0 rocynapcTBa B 000N HCTOPUUSCKHUI ITEPHOI.
Benps rocymapcTBO He MOXKET CymliecTBOBaTh 0e3 (u-
HAHCOB, KOTOpHIC OMPEHCIAIOT CaM IOJUTHYSCKUI
POCT M UCTOPUYECKYIO TUHAMHUKY rocynapctsa. MHO-
THe TMOMUTHYCCKHE TIEPEMEHBI U TOTPACEHHS B 001IIe-
CTBEHHOI M3HU MMPOM30ILIH M3-3a (PMHAHCOBOTO Xa-
oca. Bo3MoXxHO, momuTHYecKasi KapTa KakIoro rocy-
JapcTBa ObuTa OBl IPYTroi, eciiu Obl HE (PUHAHCOBBIA
kpu3uc. OCOOCHHOCTH METOA0B (DHHAHCOBOIO IIpaBa
00yCIIOBJIEHBI TIPEXKIE BCErO OCOOSHHOCTSMHU TMpeN-
MeTa TPaBOBOTO PETYIMPOBAaHUS B JAaHHON 0OmacTH
npaBa. [IpaBoBble HOPMEI O cOOpe, pactpeaeIcHUH U
HCIIOJIE30BaHUH F'OCYIapCTBEHHBIX CPEIICTB OCHOBHIBA-
IOTCS Ha METOJIaX, IIPUMEHSIEMBIX UCKITFOUUTEIHFHO JIIS
JTAHHOM KaTeropuy MPaBOOTHOIICHHA.

OuHAHCH SBILTIOTCS 0€3 UCKIIOUYCHHS TEePBOWC-
TOYHHKOM HH(popMarum 000 Bcex Mmporeccax oOrie-
CTBEHHOM JXM3HH M TOCYHAapCTBa, CIYXAT OpyAHEM
dopmupoBaHns ¥ (QYHKIIMOHHUPOBAHUS CHCTEM IIps-
MOT0 ¥ 00paTHOTO JEHCTBUS BO BCEX OOIACTIX HAPOI-
HOW >Xn3HH 1 0011ecTBO. OCHOBHBIMH CPEICTBAMH pe-
aJu3alvy HalpaBJeHU N HAIIMOHAJIbHOW MOJTUTUKH, KaK
MPaBUJIO, SBJISIOTCS MIPABOBBIC MEXaHU3MBI U METOJBI.
IIpoBeneHue NEeHEKHO-KPEAUTHOW MOJUTHKU MOJTMA-
JIaeT o]l HOPMBI (PMHAHCOBOTO TIpaBa M IMO3TOMY ITOJI-
YUHSAETCS (PUHAHCOBO-TIPABOBBIM METOIAaM. Y UHTHIBAs
TECHYIO U HEpPa3phIBHYIO CBSI3b METOJOB ()MHAHCOBOTO
mpaBa C COIMAJbHO-YKOHOMHUYECKAMH IPOLECCAMH,
MPOUCXOSAIINMH B OOIIECTBE, OJHOW M3 CYIIECTBEH-
HBIX XapakTepUCTHK METOAOB (PMHAHCOBOTO IpaBa M

IOPUINYECKOTO MpaBa SABJSIeTCS HAlMOHATbHAS IEHEX-
Hasl MOJINTHKA 3aBUCHUT OT [losaraem, 4To HaIllMOHAJIb-
Has (pHCKaIbHAS MOJUTHKA OMPEeIIeT NN 1 3aJa9l
pelIeHN, HalpaBICHHBIX HA TO, YTO OBl MPOIECCHI
(dbopMupoBaHUs, pacIpeleIeHusT U Iepepacipeele-
HUS 00IIECTBEHHOTO OoraTcTBa 0OeCIeunBal U (GUHAH-
COBBIE PECYPCHI ISl OCYIIECTBIIIEMOTO BOCIIPOH3BO/I-
CTBEHHOTO TIpoliecca. PenmpoayKTHBHBIE MHAUBUTYaTb-
HbIE MOTPEOHOCTH. CunbHas 3aBUCUMOCTD
(UHAHCOBOTO IMpaBa OT MOJUTHKH OOYCIIOBJICHA,
TPEeXKIe BCEro, TeM, YTO Ha MPHUHSITHE (UHAHCOBO-TIpa-
BOBBIX HOPM, & 3HA4YWT, U Ha ()HHAHCOBO-IIPABOBHIC
JICHCTBUS OKA3bIBAIOT BIUSHHUE PA3IMYHBIC TOJTUTHYC-
CKHE CHIIBL. DTO BBIPaXKaeTCs B TOM, UTO HanboJee M-
pOKOE BHEIPECHHE TPACKTOPHS IMOJUTHICCKOTO TPO-
mecca; BO-BTOPHIX, TOT ()aKT, YTO MpPHHATHE (HUHAH-
COBO-TIPABOBHIX HOPM Yalle BCEr0 IPOUCXOIUT B
YCIOBHAX MONUTHYCCKUX TPOLECCOB, MPUBOMSIINX K
KOH(IJIUKTAM MEXKIY Pa3InIHBIME IOJIHTHYCCKUMHE CH-
namu. COOTHOIIICHNE MEX Y MMOJTUTUIECKOH 11e51eco00-
Pa3HOCTBIO ¥ FOPUINIECKON HEOOXOAMMOCTRIO B TIPaK-
THKE (PUHAHCOBOM JESITEILHOCTH U YKa3bIBAET HA BaXK-
HYH0 KOHCTPYKTHBHYIO POJIb OFOPKETHBIX OTHOIICHUI
KaK YacTH NpenMeTa (MHAHCOBOTO mpaBa. B cBs3m ¢
STHM, 110 MHCHHIO aBTOPOB, MIPEJCTABISACTCS BO3ZMOXK-
HBIM OTBECTH (DHCKATBHOW W MPaBOBOH MOJIUTHKE Be-
OYUIYIO pOJIb B MeXaHu3MaX (YMHAHCOBO-IPAaBOBOTO
perynupoBaHusi. biaromaps TEcHOW B3aUMOCBS3H
MpaBa, MOJUTHKH W SKOHOMHUKHU OIOKETHO-TIPABOBas
MTOJUTHKA TPUAACT TUHAMUKY, BOILUIOIIACT, HAIPaB-
JIIET W OTpeeIsseT MyTH COBEPIICHCTBOBAHUS MeXa-
HU3MOB (D)MHAHCOBOTO U TIPABOBOTO PETYIUPOBAHUSI.
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Ha coBpemenHnom stame pasputus PecmyOmuku
Kazaxcran (uckanpHas moauTHKa HalpaBiIeHa Ha J10-
CTHXXEHUE SKOHOMHMYECKOro OajlaHca MEXAY yIOBIe-
TBOPEHUEM MOTPEOHOCTEH rocyAapcTBa M MOBBIIIE-
HHEM OO0IlIero ypoBHsl OOLIECTBEHHOIO 0JIarococTosi-
HUA. B cBs13u ¢ 3TMM npoBoAsTCS pehopMbI HAJIOTOBOM
CHUCTEMBI, C OJTHOH CTOPOHBI, YCUJIEHBI MEPHI 10 OTHO-
HICHUIO K HeTaTelbIUKaM U MOBBIIIEH YPOBEHb CO-
o6upaemoctr HasoroB. CpoKy IJIaTHl HAJIOTOB U MPEIo-
CTaBJICHUsI Pa3IMYHBIX HAJIOTOBHIX JILIOT. B cdepe
OIO/DKETHOM TIOJIMTHKYA HaMETWIach TEHIECHINS K 00-
Jiee YeTKOMY pa3TpPaHUICHHUIO JOXOIHBIX M PACXOIHBIX
TIOJTHOMOYHMH MEXIY YPOBHIMH OIOKETHOH CHCTEMBI
C LIENBIO [EHTPAIN3AINHU OI0XKETHON CHCTEMBI U YCH-
JICHUsI KOHTpOJISI 33 PAacxXxoJOBaHHMEM OFOJDKETHBIX
cpencts B ctpane. CructemMa 00CTyKMBaHUS Ka3HAYCH-
CKUX CYETOB.

AHAJOTHYHBIM 00pa30oM MOXKHO OXapaKTepH30-
BaTh TOJIMTHKY (DMHAHCOBOTO KOHTpOJIS 3a MpOBEIe-
HHEM BaJIOTHO-OOMEHHBIX oOIepanuii (hUHAHCOBBIM
opuandeckuM rnepcoHanoMm. ITockonbsky meron ¢u-
HAHCOBOTO TIpaBa IMpPEAHAa3HA4YeH YIS PETYINPOBAHUS
OTHOIICHHUH B cpepe HaITMOHAIEHOU (PMHAHCOBOH JTesi-
TENIBHOCTH, HCTIOIb3YEMbIE UM METOIBI B TOI MM HHOH
Mepe JOJDKHBI OTPaXaTh CIIOKHUBIIMECS TEHACHINU
HAIIMOHAJIPHON JICHEKHO-KPEIUTHOW MOJUTHKH. [ HO-
KOCTb 3TOTO MeToja oOycJOBJE€Ha JeTalnu3anuei
cdepsl IelCTBHS MPAaBOBBIX HOPM. ['ocynapcTBeHHas
(uHaHCOBas JESATENFHOCTh HMEET MHOrooOpasHble
(hOpMBI U SIBISIETCSI IOCTATOYHO TOABMYKHOW U U3MEH-
4uBOH cepoii 0OIECTBEeHHBIX OTHOIICHMI, UTO, 0e3-
YCIIOBHO, BIMSIET Ha €€ IIPaBOBOE PETYJINPOBAHHE.

Ha mam B3risi1, OTNIMYHUTENBEHON YepToi puHaH-
COBO-TIPABOBBIX METOJIOB SIBIISIETCSI X TE€CHAS CBS3D C
HAllMOHAJbHOW MAaKpO’KOHOMUYECKOW TOJHUTUKOM.
Hannuue npsiMoii 3aBUCHMOCTH MEX/y METOJIOM HaJIO-
TOBO-TIPaBOBOI'0 PET'YIMPOBAHMUS U OCHOBHBIM HallpaB-
JIEHUEM TOCYAapCTBEHHOW HAJIOTOBO-O0IOKETHOH MO-
JUTHKHA, a TakXkKe DPa3IUYHBIMU 3aKOHOAATEIbHBIMHU
MIPaBOBBIMH METOAAMHU MPUHITUITHAIBEHO OTINYAET ITOT
METOJ OT POJICTBEHHBIX OTPACJIEBBIX METOJOB, OCO-
OEHHO aIMUHUCTPATHBHO-IIPABOBBIX.

VYuuTteiBast, 4TO (UHAHCOBOE MPABO PEryJIUpYyeET
(hPMHAHCOBYIO JIEATEILHOCTh TOCYAaPCTBEHHBIX M MECT-
HBIX 00pa30BaHUM, YTO SBISIETCSI OAHUM U3 OCHOBHBIX
MyOJIMYHO-TIPaBOBBIX HHTEPECOB, CYIIECTBEHHBIM IIPH-
3HAaKOM METO/ia IIPAaBOBOT'O PETYIMPOBAHHMS SBILIETCS
ero npeoOIagaronIi MaHaaT. BEICOKOMEpHEIH Xapak-
Tep IUPEKTHB, N3aBAEMbIX OpraHaAMH T'OCYJapCTBEH-
HOM BNacTH (MECTHBIMU OpraHaMH BIIACTH), IIO3BOJISET
OCYIIECTBIISATH KOHTPOJIb Ha/l (PHAHCAMH U 00ECTIeUn-
BaeT COIMAIBFHO-?KOHOMUYECKHE HHTEPECH! 00IIecTBa
B IIEJIOM ¥ OTJENBHBIX JIXIl B 9acTHOCTH. CormacHo mo-
CTaHOBJIEHUSIM TPaBHUTENLCTBA, CYOBEKT (DUHAHCOBBIX
MPaBOOTHOIIEHU! COOTBETCTBYET CHUCTEME Trocynap-
CTBEHHBIX TpeOOBaHUH 0 HEOOXOAMMOCTH I(PPEKTHB-
HOTO OCYIIECTBIEeHUs QyHKIMH 10 cOopy, pacmpese-
JIEHHIO U HCIIOJIb30BAHUIO TOCYAapPCTBEHHBIX CPECTB.
OTKa3 OT BBHINOJHEHUs (PUHAHCOBO-TIPABOBBIX 00s3a-
TEJBCTB, BO3JIOKEHHBIX HA CyOBEKTa, (yIuiaTa HaJoroB,
MOTallIeHHe KPEAWTOB, MEPEUYHCICHHE CTPAaXOBBIX
B3HOCOB, IIEIEBOE  HCIIOJIB30BAaHUE  OFOJKETHBIX

CPEIICTB U JIp.), BIEUET 32 COOOH HeraTUBHBIC ITOCIIEI-
CTBHS B BHAE INPUHYAWTEIbHBIX ACHCTBUI rocynap-
CTBa, COIPOBOXKAAIOIINXCS pe3ynbTaTtaMu. I[lomHOMO-
YMsl KaK HEOThEMJIEMasl YepTa METO/I0B (PMHAHCOBOTO
IpaBa HE TOXKIECTBEHHBI CYLIECTBEHHOCTH METOIOB
aJIMUHUCTPATUBHOTO TIpaBa.

Crienyer OTMETUTh, 4TO (DMHAHCOBO-TIPABOBBIE
METO/IbI CHHIKAIOT JKECTKOCTh BJIACTHO-NOAYMHEHHBIX
OTHOIIEHHUH MEXIy CyOBEKTaMH II0 CPABHEHHMIO C ajl-
MHHHCTPAaTUBHO-TIPAaBOBBIMU MeTonamH. IlpeamerHas
MIOJYNHEHHOCTh (DUHAHCOBBIX OTHOIICHHH pa3BUBA-
eTcs B cepe cOopa, pacTipeieTICHNS | UCTIONb30BaHH
TOCYAapPCTBEHHBIX CPEJICTB M BOSHUKAET TOIBKO B paM-
KaX THOKMX M (YHKIMOHAIBHBIX MPaBOOTHOIICHHH.
I'mOKOCTh BNIACTHOM MOJYMHEHHOCTH IPOSIBISIETCS B
TOM, YTO B CJIOXHBIX ()MHAHCOBBIX NPABOOTHOIICHHUSAX
(OroKeTHBIX, MEKOIO/DKETHBIX M Jp.) OJIHA M Ta Ke
IpyIIa y4acTHUKOB MOXKET OJHOBPEMEHHO 3aHUMATh
KaK JJOMUHHPYIOIIEe, TaK U IMOJUNHEHHOE MOJ0KEHHE.
OcoOeHHOCTh TaKMX NPABOOTHONICHHH O0O0YyCIOBIEHA
TeM, TO (PMHAHCOBAs NESATEIHLHOCTh TOCYIAPCTBEHHBIX
1 MECTHBIX OPTaHOB IO cOOpY, paclpeAeIeHHIO 1 1c-
TIOJIb30BaHMIO TOCYIAPCTBEHHBIX CPEACTB OCYIIECTB-
JSIeTCsl Yepe3 MHOTOYPOBHEBYIO (PMHAHCOBYIO CUCTEMY
rocyaapcTsa. Pa3anaHbIX MHAHCOBO-TIPABOBBIX OTHO-
IICHUM MEXJy OpraHaMu I'OCyJapCTBEHHOH BJIACTU U
OpraHaMi MECTHOTO CaMOYIPaBJICHHUSI.

HpaBOBI)Ie 1 HOPpMATHUBHBIC METOABI OIPEACTICHUA
IpaHuUI] OCYILECTBJICHUs MMOJHOMOYMI (UHAHCOBO-3a-
BUCHMBIMHU CyOBEKTaMu TPeOYIOT OIpezeseHHOM cTe-
TICHN CaMOCTOSITENIFHOCTH CyOBEKTOB B BbIOOpE hopm
1 BapHaHTOB OCYIIECTBICHUS BO3JIOXKEHHBIX Ha HHUX
(hMHAHCOBO-TIPABOBBIX 0053aTENbCTB. B TO ke Bpems
«cBOOOZA YCMOTpEHHS», OoOecrednBacMasi METOAOM
JICHE)KHOTO NpaBa IPH OCYIIECTBICHUH BIIACTH, SIBIIA-
eTcst TpeOOBaHUEM IroOCyJapCTBEHHOM (DHCKAIBHOM TI0-
JIMTUKH, HaHpaBHeHHOﬁ Ha pcajin3allvio MPUHIUIIOB
cOanaHCUPOBaHHOTO M A(P(EKTUBHOTO YIPaBICHUS
rOCYAapCTBEHHBIMH (DPMHAHCOBBIMH pecypcamu. [Ipu
9TOM, B OTJIMYKE OT IPYTUX METOAOB IPABOBOIO PETY-
JUPOBAHUSA, NPUMEHIEMBIX B IIyOJIWYHO-TIPABOBOM
cdepe, MeTObl (PMHAHCOBOTO TpaBa MpeHa3HAYCHBI
JUISL TIepeJladdl 9acTh MOJTHOMOYMH TOCyIapCTBEHHBIX
OpraHoB (OpraHoOB MECTHOTO CaMOYIIPABJICHHS) HEro-
CYAapCTBEHHBIM OPTAaHHU3AIMSIM, a B psijie cirydaes, (hu-
3WYECKHUE JIHIIA.

Takue nubepanbHble TEHACHIIMU B Pa3BUTHU Me-
TOIOB (PMHAHCOBOTO TIpaBa OOBSICHSIIOTCS OOIIeH
HAaIpaBJIEHHOCTBIO TOCYIAPCTBEHHOI JEHEXHO-Kpe-
quTHON nmonutruku. CoueTaHne KOHTPOIUPYEMBIX TOC-
yIapCTBOM BMEIIATENBCTB B (DYHKIIMOHUPOBaHUE (HH-
HAHCOBOW CHCTEMBI M JJIEMEHTA CaMOPETYJIHPOBAHUS
OTJENBHBIX CETMEHTOB MO3BOJIET Oosee 3PPEeKTHBHO
KOHTPOJIMPOBATH BHITTOJHEHHE (PMHAHCOBBIX M IOPHIM-
YEeCKUX 00s3aTeNIbCTB MOAYMHEHHBIMU CYOBEKTaMH, B
pe3ysbTaTe Yero yCWJIMBAaeTCsl KOHTPOJIb MEXIY MOJ-
YUHEHHBIE CYNTHOCTH. MeXaHU3M B3auMOJACHCTBUS
TaKKe 3HAYUTENbHO ynpolieH. CyObeKTsl U IpencTa-
BUTEH (PUHAHCOBBIX CIIyk0. B pamMkax HanoroBbIx, Ba-
JIIOTHBIX, BAJIFOTHBIX U MHBIX OTHOIIIEHUH JOITYCKacTCA
nepenada HEKOTOPBIX ITOJIHOMOUYMH W (UHAHCOBBIX
MOJTHOMOYH I HETIPABUTCJILCTBCHHBIM OpraHu3alusaMu
JIULAM.
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ITosiBneHNE NEMOKPATHYECKUX MPHHIUIIOB B TOC-
YIapCTBEHHOM YIIPABIECHUH SBUJIOCH IPEATIOCHITKON
WCIIOJIb30BAaHMSI aKTHUBHBIX METOJIOB MPABOBOIO pETy-
JIMpoBaHus B (PMHAHCOBO-TIpaBoBoH cepe. Hampasie-
HHE BJIACTH M COOCTBEHHOCTH B (PMHAHCOBBIX Jielax,
3aKOHOJIATEIN MCIOJIB3YIOT METOABI TIOOLIPEHUS] UHH-
[IMaTHBHI CYOBEKTOB B IOMCKE ONTUMAJIBHBIX ITyTeH pe-
IICHHS BOSHUKAIOIIHX ITPOOIIEM.

VYmpaBneHus: TOCYIapcTBEHHBIMH (prHaHCaMHu,
TpeOYIOUIHA B3BEMICHHOTO MMOAX0Aa, HAyYHOTo 000C-
HOBaHMS U NMPaKTUYECKOW MPOBEPKU. B CBA3M ¢ 3TUM
ocoboe 3HaueHHEe MPHOOPETaeT BOIPOC O COACPIKAHUH
U CTPYKTYpE METOZAa NPaBOBOTO PEryanpoBaHMs (Hu-
HaHCOBBIX OTHOIIEHHH. [Ipr3HaBas coBpeMEeHHbBIE TEH-
JICHIIH Pa3BUTHS HAIIMOHAIBHOM IEHEKHO-KPEIUTHON
MOJIMTHKH, METOIbI (PMHAHCOBOT'O NpaBa MEHSIOTCS B
MOMCKaX MOJIEH IIPaBOBOTO PETYJINPOBAHUSI, COOTBET-
CTBYIOILIEH HOBBIM OOIIECTBEHHBIM OTHOLICHUSM. [le-
pexox (hMHAHCOBOW CHUCTEMBI M3 INEPEXOJHOI B CTa-
OuIBbHYI0, OE3yCIIOBHO, MOBIHAET HA COJCpPKAHUE WH-
CTPYMEHTOB ()MHAHCOBOTO MIpaBa, a TaKke OymeT
CIOCOOCTBOBAaTh IOSIBICHUIO HOBBIX IIPaBOBBIX HH-
CTPYMEHTOB, IOMNOJHSIOMMX MHaIuTpy (UHAHCOBO-
MPaBOBBIX HOPM.
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Abstract

The article considers the solution of a boundary value problem for a second-order partial differential equa-
tion with a negative sign at the highest derivative. This equation is obtained as a result of mathematical modeling
of creeping movements in a two-layer viscous liquid, when the density of the lower layer is less than the density of
the upper layer, and is bounded on both sides by "walls". It is known that due to the difference in the densities of
the layers, there is a violation of the equilibrium state of the boundary between them; the materials of the lower
layer rise up, and the materials of the upper layer - down. The mathematical description of these movements led
to the definition of the law of boundary change between layers. Here there was a need to solve a differential
equation, the form of which differs from the usual parabolic equation in that the sign for the highest derivative is
negative. uch a difference from a well-studied parabolic equation leads to the need to study the solution of the
problem for such a partial differential equation.

Annomauusn

B cmamve paccmampusaemcs pewenue kpaesoii 3a0auu 0 Ou@epeHyuanbHo20 YpasHeHUs: 8 YaCHHbIX
NPOU3BOOHBIX 8MOPO20 NOPSAOKA C OMPUYAMETbHBIM 3HAKOM HPU cmapuiell npou3gooHoll. [lannoe ypasHerue no-
JIYYEHO 6 pe3ybmanie MAmeMamuiecko20 MOOeIUPOBaHUs NOJ3YWUX OBUICEHUTI 8 O8YXCIOUHOU 833KOU HCUOKO-
cmu, K020a NAOMHOCMb HUICHE2O0 CLOS Menbvule, 4em njiomrocntb 6€pxXHeco Clos, U 02PpaAHUYEeRH0c0 C 03yx CMOpOH
«CMEHKAMUN. H38ecmH0, umo u3-3a pasHocmu niomuocmen cioee 603HuKaem Hapyuwenue paéHo8eCH020 COCmMo-
SIHUSL 2pAHUYbl Me.?fC()y HUumu, mamepuaibl HUMNCHE2O CJ105 NOOHUMAIOMCSL 66epx, a mamepuaibl 6epxXHeco ClosA —
6nu3. Mamemamuueckoe onucanue 3mux O8UNCEHULL npueeio K onpedeﬂemuo 3AKOHA UBMEHEHUSA cPDAHUYbL Meofcdy
cnosimu. 30eco 6o3HUKIA NOMPebHOCHb peuleHus OUP@EPeHYUATbHO20 YPABHEHUS, U0 KOMOPO20 OMIUYACMCS
om 06b61YH020 ypasHerus napa6011uttec:<020 muna mem, 4¥mo 3HAK npu cmapwezl I’lpOLlS’BO()HOZZ Aenaemcs ompuya-
menvubim. Tlooobnoe omuuuue om xopouio UCCe008AHHO20 YypaeHeHus napa6oz1uttec1<020 muna, npueodum K
HeoOX00UMOCIMU UCCIe008AHUS PEUEeHUs. 3a0ayu OISl MAK020 OUPPepeHyUaIbHO20 YPAGHEHUS 8 YACTHbIX NPOU3-
BOOHDIX.

Keywords: partial differential equations with a negative sign at the highest derivative, hydrodynamic insta-
bility, motion in a two-layer fluid, general solution of the equation, boundary value problem.

Knroueswie cnosa: ouggpepenyuanvrvle ypagrenus 6 4acmuvix RPOU3BOOHbIX C OMPUYATNETbHBIM 3HAKOM NPU
cmapueii npou3800HOU, 2UOPOOUHAMUYECKASL HEYCMOUYUBOCb, OBUNCEHUSL 8 0BYXCAOUHOU JHcUOKOCmU, oduee
peutenue ypasHenus, Kpaesas 3a0aud.

Ilocmanoexa npobaemvl. MHOTOUHCICHHBIE WC-
CIIeZIOBaHUS MIPUPOAHBIX MpoleccoB [ 1-7], mpoucxonas-
IIMX B 3¢MHBIX HeJIpaX, Ha4aThle aKTUBHO C CEPEIHbBI
JIBaJIIaTOr0 BeKa M MPOIOJDKAIOIIMECS B HACTOsIEe
BpeMs, IOKa3ald aKTyalbHOCTh U 3((HEKTUBHOCTH
MPUMEHEHHUS METOJ0B MaTEMaTHYECKOTO MOAEITUPOBa-
HUs 1715 uX u3ydeHusi. OJHON U3 BaXKHBIX 33]1a4 B 3THX
HCCIICIOBAaHMUAX ObLIAa CBs3aHA C U3YYCHHUEM TEKTOHU-
YECKMX JBI)KCHUH W3-3a pa3uuus (PH3HMYSCKUX
CBOWCTB, B YaCTHOCTH, Pa3JINYus MJIOTHOCTENH BEPXHUX
cioeB 3emun. Paznuane GU3MUeCKuX CBOMCTB 36MHBIX

CIJIOEB SIBJISIETCS OJTHUM M3 HCTOYHHUKOB ITPOUCXOISAIINX
TEKTOHHYECKHX MPOIECCOB, N3YUCHHE KOTOPBIX SIBJISI-
eTcs akTyalsHOH mpobiemoii [ 1-7]. MonensHoe nccie-
JIOBaHHE B JIA0OPATOPHBIX YCIOBUSX BIEPBBIE OBLIO
MIPOBEJICHO [5] ¢ MpUMEHEeHHEM HEHTPUPYTH.

B pesynbrare MaTeMaTH4ecKoro MoJieIMPOBaHUS
MIPOLIECCOB, MPOHUCXOIUX HA TPAHUIIE IOJ3YIINX)»
CJIOEB C PA3JIMYHBIMU IIOTHOCTSIMH, OBIIIHM IOJIyYEHBI
pas3yIMuHbIe 33/1a4d YpaBHEHUH MaTeMaTHYecKol ¢u-
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3uKH [8-12]. AKTYaJbHOCTh UCCIICIOBAHHS ITHUX IPO-
[IECCOB CBfA3aHA C W3yYCHHWEM TPHYUH OO0pa30BaHUA
3eMHBIX CTPYKTYP U UX HOCIJICJCTBHH.

J71st MOJIENTBHOTO UCCIIEIOBaHUS TAKUX MPOIIECCOB
B pabotax [8,9] Obuia MCHONB30BaHA MOJCIH JIBYX-
CJIOMHOM BSI3KOM XUAKOCTH. I3MEHEeHHEe rpaHMIIbI ATHX
CJIOCB CTAJI0 MPUYUHON BO3HUKHOBCHHUS Pa3TUYHBIX
3EMHBIX CTPYKTYP, B YaCTHOCTH, B 3eMHO# kope [1-3].
MHOrOYHCICHHBIEC HCCICI0BAHNS, CBI3aHHBIC C OIIpe-
JIeIleHeM (PU3MYECKUX CBOMCTB MaTEpUAIOB BEPXHIX
cnoeB 3emnu [4-6], mpuBeNH K WCHOIB30BAaHUIO MO-
JIEITN TTON3YIINX IBVKSHUH CHITBHOBA3KHUX KUIKOCTEH.

Ilocmanoska mamemamuueckou 3zaoauu. Jns
OTPENCIICHUS] TPAHUIIBI MEXKAY ITUMHU JABYMS CIIOSMH
Obuto mpeasioxkeHo auddepeHnHanIEHOe  ypaBHEHHE
cienytomiero suna [8,9]:

& 9%¢&
3% ow (1)

IZIe X — TOPU3OHTAIbHAs KOOPAWHATA, t — BpeMs,
&= &(x, t) — uckomas GyHKIHS, KOTOPAs OTPEAEIACT
M3MEHEHHE TPaHHLBI MeXy CJIOSMU. Bce BennunHb! B
ypaBHeHuH (1) SBISIOTCS Ge3pa3sMEepPHBIMH.

Cremyet 3aMETUTh, YTO JaHHOE TU(QepeHIInATb-
Hoe ypaBHeHHe (1) oTiruaeTcs OT U3BECTHOI'O YpaBHe-
HHS 1apaboIMuecKoro THIa 3HAKOM TIPH cTapliueit mpo-
W3BOJIHOM UCKOMO# ()YHKIIHH.

N

[Mpeamnosaraercs, 4To peLIeHHE TAaHHOTO ypaBHe-
Hus (1) HmeTcst B HEKOTOPO OrpaHMYEHHON 001acTH
X € (—a,+a). 3uauenus wuckomoil QyHkimu &=
&(x,t) u ee TpadMK CUUTAOTCS CUMMETPHYHBIMH OT-
HOCHTEIILHO OCH OPJIMHAT M B Ha4YaJlic KOOPJUHAT (X =
0) oHa mocTHraeT CBOEro MaKCHMAalbHOTO 3HAYCHHUSL.
CuunTaercs, 4YTO MPOLECC U3MEHEHUS TPAHUIIBI MEKIY
CIIOSIMU  TIPOMCXOJAUT TOCTE MOSBJICHUS HEKOTOPOTO
HapYUICHHsI €€ PABHOBECHOTO COCTOSIHUS C MaJIoil aM-
IJIUTYAOU, ¥ IO BO3AEUCTBUEM Pa3HOCTH IUIOTHOCTEN
MaTepHuaisl 0oJiee MJIOTHOTO BEPXHETO CJIOs OMycKa-
FOTCSl BHH3, @ MaTepUallbl MEHEE IUIOTHOTO HUKHETO
CJIOSI IOTHUMAIOTCS BBepX. [103TOMY, HE OrpaHUYHBast
OOIIHOCTh TMOCTAHOBKH 3aJla4d, MOXHO MpPEIIOJIo-
JKHTh, YTO B ONPECICHHBIII MOMEHT BPEMCHH, T.C. JJIS
t = 0, MoxxeT OBITH 33/1aH BUJ UCKOMOW (DYHKIIHH.

Pewenue mamemamuueckot 3a0auu. 3nech npe-
naraercst o0llee aHATUTHYECKOEe PELICHUE YPaBHEHUS
(1) B cnemyromem Buze:

o t) =u(®) e 0 [1-2-x2 9(®)], (2)

rae @(t), u(t) —HensBecTHBIE QYHKIIAH, TPUYEM
e(t) > 0.

OO6umit Bun rpaduka manHOW (QyHKIMH Oymer
HUMETb CICIYIOLINI BU:
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Pucynox 1 — O6wuii 6ud gpynxyuu E(x, t).

B nanHom pucynke 1 mo ropu3oHTaibHOH OCH
PacIoNoXKeHbl 3HaYeHHs NEPEMEHHOH X, a IO BEpTH-
Kaiu 3HaYeHus Qyukmun E(x, t).

Hcxona W3 chenaHHBIX MPENON0KEHUI, MOTYT
OBITH 3aJjaHBI HA4YaJbHOE U TPAHUYHBIC YCIOBUS IS
pemenns aupdepenuansHoro ypasaenus (1). B mo-
MeHT BpeMeHHU t = 0 1oyioKeHHne MCKOMOH (PyHKINU
3aJ]aHo B CIEAYIOLIEM BUJIE:

§x,0) = u(0) - e [1-2-x* - 9(0)]. (3)

Ha rpanunax npu x =a U X = —a HCKOMas
(hyHKIHSA UMeeT OMHAKOBBIC 3HAUCHHS U3-3a MPEIo-
JIOXKEHHUSI O CAMMETpPHUU:

é’(a, t) = 5(_0,, t) = U(t) (4)

3nece Gpyrkuumst v(t), KOTOpasi OIMKUCHIBAET U3Me-

HEeHHUe 3HaYeHNs] ICKOMOH (YHKIIMM Ha TPaHUIAX, CUH-

TaeTCs HEM3BECTHOI; OHA JOJDKHA OBITH ONIpEesieHa B
pe3yabpTaTe pemeHus MOCTaBICHHON 3a1a4H.

IMpoussoanble uckomoit (ynkmmn &= &(x,t),
MOTYT OBbITh ONPE/IENEHBI B CIELYIOIIEM BHU/IE:

%

2. d
%, x2<p(t).{d_1;-d[1— 2:x% ] —u(t)-
R, T 89,
[3-x?—2-x*-o®)] _}

% = e~ () - [<6-x- @(t) + 4 - x3 -
o*(O];
% = e P .y (t) - [-6- @(t) + 24 - x2 -

@*(t) —8-x*- @O

IMoacTaBisist 3TH BBIPAXKCHHS IS MPOU3BOIHBIX
HUCKOMOU (yHKITUH B UCXOHOE ypaBHEeHHE (1), 1 mociie
MIPOCTBIX MPE0OPa30BaHUI MOXKHO MOJYYUTH CIEIYIO-
LIYIO CUCTEMY YPaBHEHHI OTHOCUTEILHO HEM3BECTHBIX
GyHKUIHH:

= =6-9(t) - ul®); )
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20 = 4 92(1). (6)

dt
OO0mmue permeHns dTUX YpaBHEHUH 3aIUChIBAIOTCS

B BHJIE CIIEAYIOIUX (OPMYIT:
pO=(C-40 (@)
u(t) =4-(C—-4-t)z. (8)
B stux ¢popmynax A u C — MOCTOSTHHBIE HHTETPH-
pOBaHMS, 3HAYCHMS KOTOPBIX JOJDKHBI OBITH OIIpEae-
JIeHbI M3 YCIOBUil 3anaun; u3 ycinous @(t) > 0 ciue-
nyet, uto C > 4 - t.
Torna oOiee penienue 3aganHoro ypasaenus (1)
3aMUCBIBAETCS B CIEAYIOLIEM BUIE:

Hr, ) = A (C—4- 1) e 407",

[1—-2-x%-(C—4-t)1]. 9

Ha rpaHunax npu x = a u X = —a 3HaYCHHUE ITOM
(hyHKIHH oTIpeneneHo hopMyIoit

Ha ) =A-(C—4- )7 e-ab =407,
[1—-2-a%-(C—4-t)1]. (10)
Teneps 0 HauanbHOM ycnoBuH. [JlomycTum, uTO
paccMmarpuBaeMblii (pU3MYECKUH Tpolecc B TCUCHHE
BCETO PACCMaTPUBAEMOT0 IIEPHOJIa BPEMEHH IIPOUCXO-
JWUT TI0 3aKOHY, ONHMCBIBAEMOMY IPUBEICHHOW BBIIIC
tdhopmynoit (9). Iloatomy st m0OOTO0 MOMEHTa Bpe-
MEHH t, B 9aCTHOCTH, U151 t = 0 OHA TaK)Ke CUUTACTCS
crpaBeAIuBON. MOXHO IPEANoNoKuTh, uTo Ipu t = 0
HavyanbHOoe 3HaueHune QyHkuuu (9) Takoe, 4TO HEU3-
BecTHad BeqnunHa A = 1. (MOXHO IpeaIONI0XKHUTE,
4To 11000€ APYroe 3HaueHHEe He BIMSAET Ha XapaKTep
W3MeHeHUs 3HaueHn pyHknnu.) [losToMy B nanpHel-
meM OyZeT MCCIIeoBaHa Cleayronas (GyHKIH:

En ) = (C—4-t) 7 e @407 . [1 _ 2.
x2-(C—4-t)1].

MakcumanbpHOE 3HaYCHHE NAHHOW (YHKIHH JO-
CTUraeTcst B OTHOM Touke, mpu x, = 0:

3
gmax(o' H=(0C-4-0)- (11)
Orcrofia cieiyeT, 9To ¢ TeICHHEM BPEMEHH t MaK-
cumanbHoe 3HaueHne GyHkiun £(X, t) yBeauauBaeTcs.

Ecnu npeanonoxuth, 4To B Ha4aJIbHBIH MOMEHT Bpe-
Mern (t = 0) makcuMaibHOE 3Ha4YeHUE (QYHKIIHUU
pasno & (0) = £(0,0) =1, 1o € = 1. Torna makcu-
MalibHOe 3HaueHue GpyHkuuu npu x = 0 paBHsAeTCS

3
Smax (0D =u@®) =1 -4z (12)
a MHHUMAJIbHOE €€ 3HaYECHUE ONPEJIENAETCS B Clie-
JYIOLIEM BHUIIE

3
SminF1, ) =& (X, ) = =2-(1—4-t) 2~
exp(—1.5). (13)
MuHHUMaJIbHOE 3HaYeHHE PYHKIUH JOCTUTAETCS B
CIEAYIONIMX ABYX TOYKAX:

3(1-4-t) ’3(1—4't)
xl = 2 nu x2 = - T. (14)

Otcrona crneayeT, 4To TOYKM MHHHMYyMa (12)
oyukuun £(x,t) OyOyT TOMBIDKHBIMH, W 3aBHCAT OT

BpeMeEHH t.
3HadyeHrne (QYHKIMM Ha TPAHWIAX TIPH X = 4 |
X = —a, C y4eTOM CJ/IeJIaHHBIX IIPENOI0KCHUI, UMeeT

CJEeAYIOINHA BUA:

Ha ) =v(t) = (1—4- )72 e @@+
[1-2-a?-(1-4-t)71],

YTO O3HAYaeT

v(t) =u(t) e @4+ [1-2-a2-(1—4-

)71, (15)

PaccmarpuBaeMsbIil mporiecc MPOUCXOTUT TaKUM
obpazom, uro paccmarpuBaemas ¢yakuus E(x,t)
WMEET IOJIOKUTENbHBIM M OTPULIATEIbHBIN 3HAKU B
Pa3IMYHBIX O0JIACTAX e¢ OmpeieicHUs. DT 00JacTu
paszieNieHbl CIeAYIONIMMU TOYKaMHu, KOOPAWHATBI KO-
TOPBIX OIpEJIENICHbI B CIIETYIOLIEM BHIC:

’1—4-t ’1—4--t
x3 = 2 u x4 = — > . (16)

Yucnennvle pezynvmamul ucciedoganus. Tereps,
HCTIONB3Ys MmoirydeHHbie Gpopmyisl (12) — (16), xapak-
TEPH3YIOLINE pacCMaTPUBAEMBIN IPOLIECC, MOTYT OBITh
BBIYMCIICHBI X 3HAYCHUSI; KOTOPhIC IPUBE/ICHBI B Clie-
nyrorieit Tadmune 1.

Ta6mumna 1.
3HaueHHUs NoKa3aTeJsieii paccMaTpHBaeMoOro npoiecca
t, X3, X1, gmax (O: t), é:min (xl! t),
TOYKa MUHAMYMa TOYKA HYJIS MaKCUMyM MHHUMYM
BpeMs

dhyHKIIH hyHKIIIH byHKIMN byHKIMH
0.00 0.7071 1.2247 1.0000 - 0. 4463
0.01 0.6928 1.2000 1.1303 - 0.5044
0.02 0.6782 1.1747 1.2842 -0.5731
0.03 0.6633 1.1489 1.4674 - 0.6548
0.04 0.6481 1.1225 1.6872 -0.7529
0.05 0.6325 1.0954 1.9531 -0.8716
0.06 0.6164 1.0677 2.2780 - 1.0166
0.07 0.6000 1.0392 2.6792 - 1.1956
0.08 0.5831 1.0100 1.0100 -1.4193
0.09 0.5657 0.9798 3.8147 -1.7023
0.10 0.5477 0.9487 4.6296 - 2.0660
0.11 0.5292 0.9165 5.6942 - 2.5411
0.12 0.5099 0.8832 7.1120 -3.1738
0.13 0.4899 0.8485 9.0422 - 4.0352
0.14 0.4690 0.8124 11.7393 - 5.2388
0.15 0.4472 0.7746 15.6250 -6.9728
0.16 0.4243 0.7348 21.4335 - 9.5649
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ITycTe Tenmeps paccMaTpuBaeTCsl OLEHKA «ILIOMIA-
JIEM» TTOTHUMAFOIIUXCS BEIECTB HUXKHETO U OITyCKAal0-
IIMXCSI BELECTB BEPXHETo ciosl. I'paHuLbl UX onpene-
JICHBI TOYKAaMHU, I'7ie (YHKIMS, ONPEACIISIONmas ux rpa-
HHUIly UMEET 3HAYCHKE, paBHOE HyJIo, T.e. £(x,t) = 0.
W3-3a cuMMeTpUu MOKHO OIPAHUYUBATLCSA TOJIBKO
MpaBO YacThIO 00JAaCTH omnpeseeHust QyHKIUH, T.C.
0 < x < a. 3neck paccMaTpUBAIOTCS BE YYaCTKH, CO-
OTBETCTBYIOLIME CIEAYIOINM NpoMexyTkam: 0 < x <
X3 U X3 < x < a. [l aHanu3a OLEHKH TUIOMIAIN «II0-
JIO)KUTETBHOW» YacTH paccMarpuBaeMoii obmactu 0 <
X < X3 UCNONB3YETCA CICAYOLUINN HHTErpalL:

11(t>=fF§(x,t)-dx=[x/2-e-(1—4-

Jlns «oTpUIaTeIbHOWY» YacTH OLICHKA IUIONIAIN
MMEET B/

J,(0) = [[=m & t)-dx=a-e
2
J1(0). (15)

31ech MOCTOSIHHAS V 2 * € BENMYIMHA UMEET 3HaUe-
HHE

V2-e = 2.331643981597124, TaK Kak
€=2.718281828459045.

Bbruucnenuss npoBOAMIMCH UL ABYX CIYyYaes,
Korjla paccMaTpuBaeMas o0nacTb —a < x < a uMeer
pazmmunyto qmHy. Hioke, B Tabmumax 2 u 3 mpuBe-
JCHBI PE3yJIbTaThl BBIYMCICHUH IO BBIMICIPUBEICH-
HBIM (POpMyIIaM.

—a?-(1-4t)"1 _

O] (14)
Tab6muma 2.
3navenus unrerpaioB (14)u (15) pnsa=1
t JAQ) JHAO) k=],():J,(t)
0.00 2.3316 - 1.9638 -1.1873
0.01 2.4288 - 2.0759 -1.1700
0.02 2.5344 -2.1972 - 1.1535
0.03 2.6496 - 2.3286 -1.1378
0.04 2.7758 - 24717 -1.1230
0.05 2.9146 - 2.6281 -1.1090
0.06 3.0680 - 2.7997 - 1.0958
0.07 3.2384 - 2.9890 -1.0834
0.08 3.4289 -3.1991 -1.0718
0.09 3.6432 - 3.4336 - 1.0610
0.10 3.8861 - 3.6972 -1.0511
0.11 4.1636 - 3.9960 -1.0420
0.12 4.4839 - 4.3378 - 1.0337
0.13 4.8576 -4.7331 - 1.0263
0.14 5.2992 - 5.1962 -1.0198
0.15 5.8291 -5.7470 -1.0143
0.16 6.4768 - 6.4146 - 1.0097
0.17 7.2864 - 7.2425 - 1.0061
0.18 8.3273 - 8.2992 -1.0034
0.19 9.7152 - 9.6997 - 1.0016
Tabmuna 2.
3uauyenus unrerpanos (14)m (15) s a = 2
t J1(8) J2(8) k =],():J,(t)
0.00 2.3316 - 2.2950 -1.0160
0.01 2.4288 - 2.3978 -1.0129
0.02 2.5344 - 2.5085 -1.0103
0.03 2.6496 - 2.6284 -1.0081
0.04 2.7758 - 2.7587 - 1.0062
0.05 2.9146 -2.9011 - 1.0046
0.06 3.0680 - 3.0576 - 1.0034
0.07 3.2384 - 3.2307 - 1.0024
0.08 3.4289 - 3.4233 - 1.0016
0.09 3.6432 - 3.6393 -1.0011
0.10 3.8861 - 3.8835 - 1.0007
0.11 4.1636 -4.1621 - 1.0004
0.12 4.4839 - 4.4830 - 1.0002
0.13 4.8576 -4.8571 - 1.0001
0.14 5.2992 - 5.2990 - 1.0000
0.15 5.8291 -5.82 90 - 1.0000
0.16 6.4768 - 6.4768 - 1.0000
0.17 7.2864 - 7.2864 - 1.0000
0.18 8.3273 - 8.3273 - 1.0000
0.19 9.7152 -9.7152 - 1.0000
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[MosyueHHbIC YUCTICHHBIE PE3YIBTATHI TO3BOJISIOT
CJ/IeNaTh CIEYIOLINE Gbl8OObL:

1. C TeucHHEM BpeMeHH t TOYKHU X3 U X4, B KOTO-
PBIX JIOCTHUTAIOTCS HYJCBBIC 3HAYCHUSA (YHKIIMU
&(x,t), TOCTENEHHO «IEPEMENIAIOTCA» B CTOPOHY
Havana (x = 0) KoopAWHATHOM cucTeMbl. Takxke, B TOM
)K€ HAIMpPABICHUH, MPOUCXOJHUT MEPEMEIICHHE TOYEK
MHHUMYMa QYHKIHH X; H X.

2. AGCOMIOTHBIC BEJIMYMHBI Makcumyma &

(MakcuMaspHOE 3Ha4YeHHEe B TOUKe X = 0) ¥ MUHUMYyMa
& min OYHKLMH, ONPENETAIOWEH TPAHULBI MEKITY CIIO-
MU, (MUHUMaJIbHOE 3HaYeHUE B TOUKAX X; U X;) YBe-
JIWYIUBAIOTCA C TEUCHHEM BPEMEHH &, 1 MOTYT JOCTHUT-
HYTh TOCTATOYHO OONbIINX 3HaueHHWH. [Ipmuem, ¢ He-
KOTOPOTO MOMEHTa BPEMEHH 3TOT pOCT 3HAYCHUH
(YHKIIMHM MOXET NMETh 3HAYNTEIbHYIO BEIUIHNHY, U B
npenensHoM 3HadeHnH t — 0.25 3HaueHwe (yHKUNUN
crpemurcs K 6eckoneunoctu £(x,t) — oo,

3. Ilnomane 001acTH MOMHATHS TAKXKE YBEIUUH-
BAaeTCsl, HECMOTPS Ha «CyXeHHue» rpaduka GpyHKInH C
TeueHneM BpemeHH. C TeueHHeM BPEeMEHH t IUIOIIaan
noaHATEIX J; (t) U omyrueHHBIX J,(t) obmacTei uMeroT
TCHJCHIUIO CTATh YHCICHHO PaBHBIMHU.

4. CpaBHEHHE pe3yIbTAaTOB BBIYMCICHUH TUIOIIA-
neit moHsTHi J; (t) 1 omycKanuii J, (t) st pasauaHBIX
3HA4YeHUH MapaMeTpa a IMoKa3ajo, YTO €CIM IIMPHHA
OTpaHUYEHHUM Mo Tropu3oHTaNu Oousbine (a = 2), TO
3TOT HPOLECC TOCTUIAETCsI PaHbIE YEM IIPH MEHBIIIEM
3HaYeHuu 3toro napamerpa (a = 1). OdyeBUIHO, YTO
€CII paccMaTpuBaeTcss OecKOHedHass 00macTp —oo <
x < 00, TO IUIOWIAAN MOJHATHH W OMyCKaHWH OymoyT
paBHBIMH. DTO O3HAYaeT, YTO MaTepualbl BEPXHETO,
Gosiee TIIOTHOTO, cosi OyIOyT MepeMeIaTbesl Tak, YTo
YCIICIOT 3aIOJIHATH BO3HHUKAOIIEE MPOCTPAHCTBO, BbI-
3BaHHOE MMOJJHATUEM MaTEPUAJIOB HHKHETO CIIOS.

3axnmouenue. Ypauenue (1), moiaydeHHoe B pe-
3yJIbTaTe MaTeMaTHYECKOTO0 MOJEINPOBAHUS IPOLec-
COB, MPOUCXOMSIINX B JBYXCIOWHON BA3KOM KUIKO-
CTH, KOI'/1a HUOKHUM CJIOM MMEET MEHBIIIYIO IUIOTHOCTb,
UMeeT 0COOCHHOCTD, KOTOPask 3aKII0YAETCS B HAININN
OTPHIATEJIFHOTO 3HaKa IPH CTapliel MPOM3BOIHOH,
uMeeT obmee pemenne B Bune QyHkmum (2). Ilomy-
YeHO ol11ee perIeHue 3a1a4u JUIsl TaHHOTO ypaBHEHHS.
[IpoBeneHHBIN aHAN3 ITOJyYEHHOTO pEIIeHUs MOKa-
3aJ, 9YTO OHO JIOCTATOYHO HATJISAJHO OIMCHIBAET IPO-
LECC TMAPOIMHAMUUECKON HEYCTOMYUBOCTH, IIPOUCXO-
JUILUHA Ha TPAHHULE MEXAY ABYMSI CIOSIMH KHIKOCTH,
KOT'/1a OHa OTPAaHUYEHA MEXIY JIBYMSI «CTEHKaMM.
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Abstract

Doctors have long noticed that the oral cavity is an indicator that warns of the development of any general
disease. As you know, our organism is a single whole and therefore the first manifestations of the disease can be
found in the oral cavity. One of the symptoms of disorders in the organism can be vesicovascular syndrome. It
often manifests itself in people with blood hypertension (BH) [1]. Currently, BH is quite widespread and is one of
the causes of death and disability of the patients. Diagnosing the disease at an early stage is the first step to its
successful treatment, since the disease is easier to cope with in the initial period and the likelihood of complica-
tions is less. An important role in the prevention of hypertension is played by a dentist and a general family doctor,
since one can suspect the disease, and the other can prescribe necessary examinations, treatment and preventive
measures.

Annomauyus

Bpauamu 0asno 3ameueno, umo pomosas noiocme A6Aemcs UHOUKAMOPOM, NPedynpesicoarouum o paszeu-
muu Kako2o- aubo 05114620 3abonesanus. Kax u3zeecmmno, 6ecob Haul opeaHusm- eounoe yeunoe u ,noamomy nepevie
npossieHus D01e3HU MONHCHO 0OHapYHCUmb 6 norocmu pma. OOHUM U3 CUMNIMOMOS8 HAPYULEHUTI 8 OP2AHUZME MO-
JHcem CAYACUMb RY3bIPHO-COCYOUCMblil cunopom. OH Yacmo nposesaemcs y aooetl ¢ SunepmonHuieckol 6oes-
noio(I'b) [1]. B nacmosiwyee epems I'B docmamouno wupoko pacnpocmpanena u s8isemcst OOHOU U3 NPU4uH
cmepmHocmu u Hempydocnoco6H0cmu nayueHmoe. ﬂuaenocmupoeanue 3a001e6aHUs Ha PpPaHHem smane- neprllZ
uiaze K ee yCneuwHomy j1e4eHuro, makKk KaxK ¢ 60/Ze3HbIO Jecdue cnpasumsCsi Ha Ha4ajlbHOM nepuode U 6eposAmMHOCMb
OCNOJHCHEHU MeHbuULe. BOJlbmyIO PpPOJib 6 np0¢uﬂa1<muke eunepmommecxoﬁ bonesnu uzparom cnmomamaoiioe u ce-
MeliHblLL 8pay 00we20 npoguiis, Max KaKk 0OUH MOJCem 3an0003pums 3a001e6anue, a GMopol HA3HAYUMb HeoO-
Xooumvle 06credosans,nedenie u npoPUIaKmuyecKue Meponpusimusl.

Keywords: hypertension, vesicovascular syndrome, general family doctor, prevention.
Knrouesvie cnosa: cunepmonuyeckas 601e31b, Ny3biPHO-COCYOUCHBIL CUHOPOM, CeMelHbll epay ooujeco
npoguns, npodunrakmuxa.
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BBenenune. OgHol W3 aKTyalbHEHITUX MPOOIIEM
MEIMIUHBI B HACTOSIIUA MOMEHT SIBIISIETCS TUIIEPTO-
H14eckast 6ose3Hb. Ecii o0paTuThes K CTaTUCTHKE, TO
MOXHO YBUJIETh, YTO CEPACYHO-COCYAMCTHIE 3a00JIeBa-
HUS 3aHHMAIOT OJIHO U3 BEAYILUX MECT CpeAU NMPUUUH
CMEpPTHOCTH B MHpe.

Ecnu panblie cuuranock, 4To JaHHOH 00JIE3HBIO
CTpaJaroT TOJBKO B3pOCIbIE, TO celyac €€ Yacto
MOXHO HaOJIIOAaTh CpeAd IMOJAPOCTKOB, a MHOTJIA U
HIKOJIBbHHUKOB.

B crnoxxuBmmxcs 0OCTOSTENBCTBAX Bce OoubIee
3Ha4YeHHE MproOpeTaeT MpOoPHUIAKTHKA TaHHOTO 3200-
nesarnsa. OpHO# M3 Mep mpodmmaktuku Al Moxer
CIIy>)KUTh PAHHEE BBISBICHHE ITy3bIPHO-COCYIUCTOTO
cuaapoma. OH mposiBisieTcss B Buae oOpa3oBaHUs
IUIOTHBIX My3bIpel B poToBoil noioctu [2]. OrpoMHas
POJIb MPH 3TOM OTBOJIUTCSI CEMEHHOMY Bpady oOliero
npoduiIs ¥ CTOMATOJIOTy, TaK KaKk UMEHHO K HUM IpU
MOSIBJIEHUU JTUcKoMdopTa oOpalaroTcs manueHTsl [3;
4].

Matepuansl 1 MeToAbl. OCHOBHBIMU METOJAMH
IIPY HAaNTMCAHUM CTaTbU OBUTH TEOPETUYECKHI aHaIM3,
a Taxoke 00obmieHue. bplto H3yueHo OrpoMHOE YHCIIO
paboT KaK OTEYECTBEHHBIX, TAK U MHOCTPAHHBIX yde-
HBIX O POJIM CEMEHHOro Bpaya OOIIEro TepameBTa U
CTOMATOJIOTa B PAHHEM BBIBICHUM ITY3BIPHO-COCYAU-
CTOTO CHHJpOMa B TIOJIOCTH pTa Kak Mepa npoduiiax-
Tuku Al

Pe3yabTaThl McciaenoBanus. ['uneproHudeckas
00J1e3Hb — ATO MATOJIOTHS, IPU KOTOPOI HabIroKaeTCst
MOBBILIEHUE apTEpHUAIBHOTO AaBieHus [S]. Y mropew,
MMEIOINX JTaHHOE 3a00JIeBaHME, MOXKHO HAOIOAATh
W3MEHEHUsI B POTOBOI moyoctH. Ha cnmsuctoit 060-
JIOYKE MOSIBIIAIOTCS IMy3BIPHU C TEMOPPArMYeCKON KU~
KocThi0. OHM MOTYT OBITH PAa3HOTO pa3Mepa, OJNHOY-
HBIE U MHOX€ECTBEHHBIE. [1y3bIpH BO3HHKAIOT BHE3AITHO
1 MOTYT B HCU3MEHHOM COCTOSIHIH HaXOJUTHCS KaK He-
CKOJIBKO 4acoB, Tak M JHeH. OHM MOTYT paccocaThCs
00 BCKphIThCA. Ilpn mociegHeM BapHaHTE MOXHO
HaOJIOAATh 3PO3MI0, 3aKHUBAIOIIYI0O B TeueHHH 3-7
nHeH [6].

CroMaTosor — 3TO CHEIHAUCT , K KOTOPOMY
cpa3y ke 00paIaroTCsi HalMeHTHI ITPHY MOSBICHUH JIUC-
KoMdopTa, Ooelt u my3bIpelt B moyoctu pra. IMeHHO
OH TIepBEIi MokeT 3amono3puts Al [7]. [Toatomy, 00-
Hapy>KUB U3MEHEHHUS B POTOBOII IIOJIOCTH, CTOMATOJIOT
cpasy e HalpaplseT MalUueHTa K CEMEHHOMY Bpady
JUIsl fanbHelero oocnenoBaHus U JieueHus . TouHo
MOCTaBUTh TUATHO3 MOXKET TOJBKO CeMEHHBII Bpay 00-
mero npoduis . Panee oOHapyxeHHe My3bIPHO-COCY-
JIUCTOTO CHUHJIPOMA MOXKET SIBJISITHCS IECTBEHHOHN Me-
poit mpodunaktuku Al

[IpodunakTuaeckne MEpONpUATHS apTePUATbHON
THIIEPTEH3MH BKIIIOYAIOT B cE0sL:

- OTKa3 OT TaKUX BPEJHBIX INPUBBIUEK, KaK Kype-
HHE U aJIKOTOJIb;

- TIOCTOSIHHOE€ OTCJIEXKHBAHHE XOJECTepUuHa B
KPOBUH;

- 3aHATHUE CIIOPTOM;

- KoHTpoJb A/l;

- panroHaIbHOE MMUTAHNE,

- IPaBUIbHBIN U YETKUN PACTIOPSIIOK JHS;

- IOXYy/ICHHE, €CTH HabJII0gaeTCs 0)KUPEHHE,

- m3beranue crpecca [8].

K BTopuunoit npopunaktuke A" OTHOCAT ekap-
CTBEHHYIO TEpalui0 U HEMEIUKAMEHTO3HBIE METOMbI
(mampumep, ctporas nuera). OHa B OCHOBHOM Harlpas-
JICHa Ha TPEeAOTBpAIllEHUE MOSABICHUS OCJIOKHECHUH
[91.

BeimonHeHne mpoQuIakTHUECKUX MEPONPUSITHI
B OOJIBIIMHCTBE CIIy4aeB IIOMOTaeT OCTAHOBUTH Pa3BH-
Tre 6one3Hn. OIHAKO WX HECOOIOIEHIE, MOXKET IPH-
BECTH K OBICTPOMY IPOTPECCHPOBAHHIO OOJIC3HH U TIO-
SIBICHUIO TaKMX T'PO3HBIX OCIOXXHEHMH Kak HH(papKT
MHOKapAa W HHCYIbT. Al' — XpoHHUeckoe 3aboneBa-
HHE, C KOTOPBIM TSDKEJIO0 OOPOTHCS, HOATOMY JIETYe €ro
MIpeayIpeauTh.

3AKJ/IIOYEHHE. Bce mporecchbl, IpoucXomas-
1Me B OpraHU3Me 4YeloBeKa, B3auMocBsA3aHbL Ily-
3BIPHO-COCYIUCTBII CHHIPOM 3TO OJTHO U3 MPOSBICHUN
AT, xoTOpoe MOXET CBUJCTEIbCTBOBATh O PAa3BUTUU
Ooyie3HH, eIie 1O pasBUTUS OCHOBHBIX CHMIITOMOB
[10]. Panee BbIsiBIICHHE NAHHBIX U3MEHEHUU SIBIISICTCS
OJHOM M3 Mep NpOo(WIAKTHKA OCHOBHOTO 3a0ojeBa-
HUsL. MeTonoB NepBHYHON MPOQUIAKTHKH IOIKHBI
TIPUACPKUBATHCS BCE JIIOJH, JKEJIAIOIINE OBITh 3710pO-
BbIMU. OHH HampaBJIeHBI Ha MPEAOTBPAIICHUE PAa3BH-
U Oone3Hu. Toibko Oaromapsi ClIaXCeHHOW paboTe
CEMEHHOro Bpaya M CTOMATOJIOra MOXHO JOOUTHCS
ycriexa B pO(QUIAKTUKE U JICYEHUH KaK caMOM Turep-
TOHHYECKOH 0O0JIe3HU, TaK U €€ MPOSBICHHUI B POTOBOH
MIOJIOCTH.
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Abstract

In the article, it is emphasized that the curriculum reform is conditioned by the need to ensure the adequacy
of the implementation of education to the demands of the 21st century, to train a creative, self-developing person-
ality, and the content of the abilities that must be transformed into the subject of the student who has completed
his general education is shown.

The importance of the educator’s reference to the "system-structural approach” in the research work both in
familiarizing himself with the essence of the educational program and in his practical activities related to its
implementation, the relevance of subject-oriented curricula to the content of the scientific field, the attention di-
rected to the mastery of these concepts directly by covering its perfect system of concepts is drawn to the center.

In the article, the "block-scheme™ form of the structure of the Technology subject curriculum at the general
education level, the general learning results, content lines, learning results on content lines, content standards,
integration concepts included in the "Content of the subject” block, generalizations made on the basis of the "sys-

tem-structure" dialectical approach interpretation is presented.

Keywords. Educational program; curriculum; subject curriculum; "block-scheme™ form; overall learning
outcomes; content line; content standards; content elements; educational stages and levels; lines of action; house-
hold culture; processing technologies; technical elements; graphic.

Relevance of the research topic.

Observations show that mistakes are made in the
activities of educators in the application of the Technol-
ogy subject curriculum at the general education level.
This has a negative effect on the level of efficiency of
the teaching process of Technology. It is undeniable
that the level of understanding of any real thing has a
determining effect on the results of using it in adequate
directions. Based on our scientific observations over
the past ten years, we have come to the conclusion that
the mistakes manifested in the activities of practical ed-
ucators in the process of using the Technology subject
curriculum are based on a number of reasons, as well
as a lack of honest understanding of the essence of the
Technology subject curriculum by these subjects.
Based on our scientific experience, we believe that
"'system-structure™ approach is the most reliable dialec-
tical method of understanding any existing thing, get-
ting to its essence. The analysis of the materials we
have collected gives reason to say that this method has
not been used enough in the theoretical and technolog-
ical directions regarding the discovery of the essence of
the Technology subject curriculum and the determina-
tion of its application ways. Therefore, we claim that
one of the issues that lead to the solution of the prob-
lem, which is the basis for the manifestation of the mis-
take given above, should be formulated as "Interpreta-
tion of the elements of the "Content of the Subject"

block of the Technology subject curriculum at the gen-
eral education level based on the "system-structural™
approach” and that it should be an actual research topic.
The analysis of the materials we have collected gives
reason to say that this method has not been used enough
in the theoretical and technological directions regarding
the discovery of the essence of the Technology subject
curriculum and the determination of its application
ways. Therefore, we claim that one of the issues that
lead to the solution of the problem, which is the basis
for the manifestation of the mistake given above,
should be formulated as "Interpretation of the elements
of the "Content of the Subject™ block of the Technology
subject curriculum at the general education level based
on the "system-structural” approach” and that it should
be an actual research topic. The analysis of the materi-
als we have collected gives reason to say that this
method has not been used enough in the theoretical and
technological directions regarding the discovery of the
essence of the Technology subject curriculum and the
determination of its application ways. Therefore, we
claim that one of the issues that lead to the solution of
the problem, which is the basis for the manifestation of
the mistake given above, should be formulated as "In-
terpretation of the elements of the "Content of the Sub-
ject" block of the Technology subject curriculum at the
general education level based on the "system-struc-
tural" approach™ and that it should be an actual research
topic.
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Interpretation of generalizations formed on the
basis of research materials.

It is known that in the 21st century, the main value
in the life and development of both society and each of
its members is a creative, self-developing personality
[14; 16]. Education also cannot exist outside the reali-
ties of a changing world. Modern psychology considers
the creation of favorable conditions for the discovery
and realization of the child's creative abilities as the
main goal of education [6; 290-292]. Therefore, since
the main value in the modern period is a creative, self-
developing personality, the educational process should
form creativity and self-development abilities in the
child. This, in turn, is based on the following activity,
the need to understand and the abilities: 1) logical
thinking; 2) critical approach to objects and events of
the surrounding world; 3) independent decision-mak-
ing; 4) change the surroundings at a creative speed; 5)
independent acquisition of knowledge; 6) solving prac-
tical problems; 7) setting new goals for personality de-
velopment.

The skills that a student who has completed his
general education should acquire - the general learning
results are formed as a synthesis and dialectical unifi-
cation of the results targeted in the teaching process of
all subjects taught in general education schools (includ-
ing the subject of Technology).

It is undeniable that it is of particular importance
for the teacher teaching Technology to honestly know
the tasks set before the general education (general ex-
pected results). However, this is one side of the issue
and it is necessary to put the activity related to the edu-
cational process into a result-oriented system. Thus, the
goal is the system-creating component of the activity.
At the same time, it is very important to implement the
training process in what content, based on what strat-
egy, based on what evaluation mechanisms, in order to
achieve the goal. "The new necessary minimum of ed-
ucation at the levels of general education, knowledge
limit, linking the general learning outcomes and skills
to be acquired in the subject with the learning outcomes
to be achieved at separate levels of general education is
considered one of the most important problems of edu-
cation" [11; 71]. The teacher should be able to find both
theoretical and practical answers to all questions related
to the learning process. He should know which model
he uses in the process of which he is a facilitator and
what are the specific features of this model. This model
incorporates the superior merits of traditional models
(it should not be forgotten that innovation is not a com-
plete denial of the old, such a denial can bring more
harm than good) and what success it promises to the
real pedagogical process. Based on what we have said,
we summarize that the "effective organization of all ac-
tivities related to the educational process" currently ap-
plied in general education schools,

The teacher is one of the subjects of the "enabling
function" in the implementation of the educational pro-
gram. The level of his penetration into the essence of
the mentioned program has a conditioning effect on the
effectiveness of its activity. Therefore, it is important to
refer to the "system-structure” approach both in famil-
iarizing with the essence of the program and in the prac-

tical activities related to its implementation, the analy-
sis of research materials and our work experience
brings us to this conclusion.

It should be emphasized here that the essence of
the system is determined by its structure and function,
that is, by the nature of the relationship between the el-
ements and their behavior, and by the specificity of the
relationship between the object and the conditions.
Without studying the elements that make up the system
and their mutual influence, it is impossible to distin-
guish the continuous, important and necessary relation-
ships here. Such continuous, important and necessary
interaction of elements characterizes the structure of
the system. The law of relationships of structural ele-
ments acts as an invariant of the system. Without learn-
ing and opening the relationship of the elements with
the whole formed by them, both the function of the sys-
tem and the functions of each element with regard to
the whole remain in the shadows. The full concept is
understood in terms of the system, it is the organization
of that system. Each system has its own structure and
the function that this structure carries. A system can be
viewed as a whole consisting of the unity of its structure
and function. Systems differ from each other not only
by their structure and functions, but also mainly by the
nature of the unity of structure and function, the nature
of this unity.

The educational program (curriculum) determines
the content of education and the rules of mastering it
for different levels of education in accordance with
state educational standards [8; 106-107]. The educa-
tional program includes the curriculum, curricula for
subjects, recommendations on methodical provision,
assessment and other relevant educational technologies
[7; 173]. Educational curricula are divided into two
types according to their nature: functional and person-
ality oriented

Science-oriented curricula are directly oriented to
the assimilation of these concepts by covering the field
of science and its perfect system of concepts in terms
of content. Personality-oriented curricula are distin-
guished by their direct emphasis on life skills and hab-
its. "Personality-oriented"”, "pupil-oriented” and "re-
sult-oriented" approaches of the curriculum indicate
that the student is at the center of the learning pro-
cess"[13].

Subject curricula (including the Technology sub-
ject curriculum): take a balanced and comprehensive
approach to learning different skills; enables achieve-
ment of content standards using active learning meth-
ods; implies constant assessment of students'
knowledge and understanding, making corrections dur-
ing the academic year; ensures the involvement of stu-
dents in training, preparation and motivation for con-
tinuous education; it envisages the use of modern tech-
nologies while studying, evaluating students'
knowledge, improving their literacy; has adequate
training resources and administrative support.[4; 189-
190]

The block diagram form of the structure of the
subject curriculum (as well as the Technology subject
curriculum) can be drawn as follows [9; 38] (see
scheme 1)
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Scheme 1

Summing up, it can be said that the curriculum of
the subject of Technology is a set of documents that re-
flect all the activities aimed at achieving the general
learning results by setting the main goals of the teach-
ing of this subject in secondary schools and are directed
to the capabilities and needs of each student. It is in-
tended for teachers, school leaders, textbook authors,
parents and the general public. The subject curriculum
is the basis of the rules to be prepared in the form of
appropriate guidelines for the preparation of textbooks
and teaching aids, planning of teaching materials, de-
termination of teaching methods and implementation of
teacher training.

In the process of defining content standards, the
focus is on the expected balance of the main learning
outcomes for the subject (calculation procedural skills,
cognitive understanding and problem solving). This
curriculum presents key learning outcomes through the
interaction of content and action lines to determine
what students should "know" and "be able to do".[14]

The document included in the "Introduction"
block allows determining the place of the Technology
subject among the subjects taught in general education
schools, as well as the general definition of the main
goals of its teaching.

The teaching of the subject "Technology" in sec-
ondary schools creates comprehensive conditions for
students to use processing technologies in their inde-
pendent life, to form their creative abilities, and to con-
tinue their education in technical fields. In the training
process, students determine the possibilities of tech-
nical activity, propose ideas for solving problems, per-
form simple technological tasks and get the opportunity
to evaluate the results. At the same time, the teaching

of this subject lays the foundation for shaping the char-
acter of students, their spiritual, intellectual and aes-
thetic development, and their adaptation to socio-eco-
nomic conditions by acquiring technological skills ap-
propriate to the era.

In addition, through this subject, students are pre-
pared for productive work in different service areas,
their polytechnic worldview is expanded and conscious
career choices are ensured.

By studying this subject, students get acquainted
with computer equipment and modern technologies in
detail, acquire knowledge and skills related to pro-
cessing technologies in production, and acquire the
ability to solve problems.

The purpose of the "Technology" subject is to en-
sure that students prepare for independent life, mass
and promising professions in new socio-economic con-
ditions, acquire general skills and habits, and easily
adapt to various conditions based on creative thinking
and active activity.

As it is known, "revealing the child's creative pos-
sibilities and realizing them, creating favorable condi-
tions for the formation of his personality is one of the
main goals of education™ [9; 290-292]. There is no
doubt that subjects, which are the main enabling com-
ponents of the implementation of general education, are
of high value as an important tool in the formation of
the personality of schoolchildren. The “enabling" func-
tions of the subjects are expressed in the "Education
Law of the Republic of Azerbaijan" in the following
content:

-ensures that students are taught the basics of sci-
ence, inculcated the necessary knowledge, skills and
habits, prepare them for life and work;
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-enables physical and intellectual development of
students, acquisition of necessary knowledge, for-
mation of civic thinking based on healthy lifestyle and
civilized values, inculcation of respect for national and
worldly values, determination of rights and responsibil-
ities in front of family, society, state and environ-
ment[2; 21-23].

Based on the official state documents, we can say
that "... the content of general education subjects aims
at the following iyearxic goals by focusing on different
levels of education™:

- to improve reading, writing and calculation skills
in primary education, to form basic knowledge about
man, society and nature, elements of logical thinking,
aesthetic and artistic taste and other characteristics;

- oral speech and writing culture, communication
skills, cognitive activity, the development of logical
thinking, the formation of relevant knowledge and
ideas about the subjects included in the educational pro-
gram as well as the development of world civilization,
the ability to use modern information and communica-
tion tools, events to provide the ability to evaluate and
determine their own future directions of action;

-realization of talents and abilities, preparation for
independent life and professional choice, formation of
an active citizen position, respect for national and uni-
versal values, human rights and freedoms and toler-
ance, free use of modern information and communica-
tion technologies and other technical means, acquiring
the basics of economic knowledge, communicating in

one or more foreign languages, etc. provide (see [1] for
more information).

In the mentioned system of knowledge, skills and
habits, what is obtained at different educational levels
in the teaching of Technology is included as a compo-
nent. The relevance of the mentioned components has
found its expression in the official document. In ac-
cordance with the framework document "Concept of
general education in the Republic of Azerbaijan (Na-
tional Curriculum)”, the tasks of the subject "Technol-
ogy" in secondary schools are defined as follows:

At the primary education level, students are
trained in comparison and sorting, primary processing,
self-service and cooperative habits, simple design, lay-
out, modeling, design, living nature service skills,
measurement, proportion, symmetry and other geomet-
ric concepts, the ability to perform simple constructions
and creative works. Vaccination is provided.

At the basic education level, by developing the ac-
tivities intended for the fulfillment of the functional
tasks set at the primary education level, improving
technological and applied skills, implementing non-
simple technological processes, forming creative tech-
nical thinking, expanding students' opportunities to use
modern information technologies, guiding them to
choose a profession, diligence and education in the
spirit of creativity is ensured.

The general learning outcomes of the technology
subject can be schematically described as follows
(scheme 2):
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General learning outcomes

e e

A student at the primary education level: =

compares and sorts materials, uses appropriate
technological means (measuring, cutting, cutting,
joining, etc.), makes simple products;

performs simple household services;

demonstrates cooperation skills, expresses his <

attitude to the products made by himself and oth-
ers;

interprets safety equipment and sanitary-hygiene
rules and observes them in practical activity;

performs simple tasks that require creativity,
builds models and projects.

plans and manages labor activities in advance in <&—

order to establish them efficiently;

é

— Secondary education student:

applies basic technical and technologi-
cal knowledge that is considered neces-
sary in independent life, performs im-
portant technological tasks in cveryday
life by observing the rules of safety
equipment, prepares simple products;

prepares simple projects and imple-
ments them, follows design require-
ments in the preparation of products,
performs uncomplicated repair and
construction works;

collects and systematizes information
related to technological processes, uses
them in the preparation of products;

is able to cultivate plants, take care of
domestic animals, supply and process
agricultural products according to con-
ditions and natural possibilitics;

is able to work individually as well as in a group in the process of labor activity.

Scheme 2

The content line is the part of the content that is
considered necessary to ensure the realization of the
general learning outcomes of the subject. Content lines
are defined to more clearly describe the content that stu-
dents will learn and aim to systematize it.

As a result of the study of national and world ex-
perience, their comparison and analysis, the below-
mentioned content lines of the subject "Technology"
have been determined, which serves the purpose of
more clearly describing and systematizing the

knowledge and skills that students will acquire: Pro-
cessing technologies; Technical elements; Household
culture; Graphic.

As in all subjects, although the content of the tech-
nology subject is enriched from class to class, from
simple to complex, from easy to difficult on a concen-
tric basis, the content lines remain unchanged.

It is possible to give a schematic description of the
general training results by content lines as follows
(Scheme 3.1; 3.2; 3.3; 3.4):
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Processing technologies (one of the main content lines of the "Technology” subject) ensures
that students are introduced to professions, acquire basic general skills and elementary work
habits.

selects and sorts the materials needed for
the processing process and prepares them
for use;

distinguishcs procgssing tcchnologi?s‘from cach 2 S
other, interprets their unique characteristics;

marking, cutting, cutting, sewing, joining, etc. in «———> makes various products individually, as

preparation for the processing process. demonstrates well as in a group, using processing tech-

skills; nologies;

complies with safety and sanitation — hygiene rules demonstrates rudimentary skills in plant

in the processing process; <——> cultivation and domestic animal care tech-

presents processed finished products; nologies (especially for rural schools).
Scheme 3.1

Technical clements (on the content line, it is intended to tcach students the gencral
characteristics of the cquipment they encounter in cveryday life, the achiecvements of scientific and
technical progress, the improvement of production technologies, providing preliminary information
about modern technical devices and constructions, and mastering relevant skills and habits in this field.

interprets the types, structure and working
principle of technological machines, draws
their kinematic scheme;

classifies technological machines, devices and tools;

interprets the essence of electric energy, the
ways of its acquisition, transmission and use,
working principles of electrotechnical, radio-
clectronic and automatic devices and devices;

prepares and maintains technological machines, de-
vices, devices, and tools used in the houschold;

uses eclectronic, radio-electronic, electrical household appli-
ances and demonstrates the ability to service them.

Scheme 3.2
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Household culture (through the acquired knowledge and skills in the content line, students are
able to observe the rules of behavior necessary for a person in life, participate in the management of the
family and its budget, observe safety and sanitary-hygiene rules, perform simple repair and construction
work and take care of plants At the same time, the students develop the skills to follow the rules of behav-
ior and communication, to organize their own work and living spaces, family - household meaning and
traditions, interior layout and design, as well as in public places, in transport, at school, when visiting, etc.

interprets the rules of cultural behavior and
communication in public places;

comments on the family and the management
of its budget;

training — makes presentations on the design of
teaching and living space, interior design, demon-
strates design skills in the design process;

demonstrates mastering the rules of providing
first aid in case of illness and injury;

Scheme 3.3

performs

simple repair-construction and

decorative-decoration works.

Graphics (activities on the content line of graphics are aimed at forming the ability of students
to determine the description, scheme, drawing, shape and dimensions of the product, and design

the products to be made).

/\

draws a graphic description of the item, drawing
of details, technological maps of the item and
details, interprets the technical specification of
the product;

performs detail assembly drawings and assembly
drawings.

Scheme 3.4

The content lines of the technology subject serve
to structure the curriculum and, in this case, conduct
reasoning. It should be noted that any concepts or skills
included in the content of the subject may not be limited
to only one content line. When determining the content
lines, it is assumed that each of them will be given equal
importance in the teaching of the Technology subject.
As the content of the subject varies from grade to grade,
the content of each of the lines and their weight in the
overall content varies considerably.

A curriculum designed along content lines should
cover a wide range of content. Taught in an integrative
way, this broad content allows students to understand
the interrelationship of various vital knowledge not
only within the subject of Technology, but also in other
subjects and in real life.

It is emphasized in scientific sources that the con-
tent standard is the state requirement set for the level of
knowledge and skills of the student [3;468]. The stand-
ards for the subject of technology cover the content that
is important for all students within the secondary edu-
cation course, describe the knowledge and skills of stu-
dents in the subject of technology, determine the issues
that every student in the country can and should learn
in the field of life sciences, and prepare students for the
next level of secondary education.

The new approach to setting the content of the
standards envisages that each standard consists of sev-
eral defined objectives (sub-standards) and is repeated
throughout the grades in an appropriately expanding
capacity.

The content standards of the technology subject
are systematized by classes and represented by the
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above four content lines. Each standard goal includes
several expected learning outcomes defined according
to the primary, secondary education levels. The compo-
nents of technology teaching and learning are not iso-
lated from each other, but rather they are interconnected
and complement each other.

The function of the core standard is to explain the
defined learning outcomes in a general way along the
content lines. It is related to the functions of sub-stand-
ards: it creates a reliable basis for the precise determi-
nation of learning objectives; plays an important role in
the correct selection of training strategies; ensures inte-
gration in training; ensures continuous development of
training content; provides summative assessment for
classes and subjects.

Implementation of content standards in the subject
"Technology" is carried out along the following lines
of action: Problem solving; Analysis and reasoning;
Non-judgmental; Communication; Presentation.

While action lines are distinct from content lines,
they are related to each of them. These lines aim to de-
fine and describe ways of acquiring and using content

knowledge, and serve to help students understand the
importance of computer science and view it as a set of
complex skills.

The student can achieve the content of the subject
of Technology through various activities. Different
stages of student activity in the process of mastering the
content ensure that the acquired knowledge and skills
are more solid and long-lasting. Performance standards
ensure that students master the content standards for
implementing the curriculum. Each performance stand-
ard describes what is covered in the grade and what the
teacher's role is in achieving the content standard. It
should be noted that each performance standard varies
across educational levels and grades, with use in all
grades. Therefore, it is convenient to adopt these stand-
ards in general.

Knowledge and action components of content
standards, their classification is as follows (see
scheme 3)

Content standard

/\

Knowledge

s

Declarative (Factual) Conceptual

Procedural

Activity
Communication

Cognition

Psychomotor

Scheme 3

Curriculum theorists have identified verbs that
represent all stages of all three taxonomies (cognitive,
emotional, psychomotor) considered useful for educa-
tion to aid standard setters. Verbs are a very important
indicator in expressing skills. The verb reflects the
stage of taxonomy of the skill. [10; 41]

Taxonomies make learning more consistent and
efficient. Taxonomies play a major role in the learning
process. They provide the following opportunities: cor-
rectly define training goals; correctly define problems
and design tasks for students; choose evaluation tools
according to the set goals; properly conduct reflection
based on learning outcomes; to determine what diffi-
culties students face in learning this or that material.

The formation of knowledge, skills and habits that
students can acquire and apply in their daily lives in the
educational process requires the teaching of both sub-
jects and the topics they cover in a connected-integra-
tive way. Integration is to form a whole and indivisible
image of the world in the thinking of students within

the framework of a certain educational system, to es-
tablish structural connections between all content com-
ponents of training and to systematize them in order to
direct them to development and self-development. In
modern world experience, they distinguish 3 levels of
integration.

Intra-subject integration is the systematization of
the facts within the subject, the integration of concepts,
knowledge and skills instilled in a certain subject. Inte-
gration at such a level can also be considered as the
concentration of the given material in separate educa-
tional units. This ultimately leads to changing the struc-
ture of the subject's content. In this sense. Integrated
content becomes more innovative, helps students to de-
velop thinking skills with more comprehensive catego-
ries. Interdisciplinary integration can be both horizontal
and vertical.

Rapid social, cultural and technological changes in
the modern world greatly increase the importance of a
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global mindset. In this case, in the learning process, stu-
dents are not passive consumers of the knowledge and
skills given in individual subjects, but on the contrary,
it leads to being treated as subjects who have a creative
attitude towards understanding the world around them.
This is possible when the subjects studied at the educa-
tional levels and the topics covered by them are taught
not separately, but in a connected-integrative way. In-
terdisciplinary integration is the synthesis of concepts,
knowledge, skills and principles covered by two or
more disciplines. This integration involves the expres-
sion of laws, theories and methods related to one disci-
pline in the study of another discipline. Systematization
of the content according to this model not only creates
a whole and indivisible image of the world in students'
thinking, but also promotes the formation of a new type
of knowledge characterized by universal concepts, cat-
egories and approaches. Similar and complementary
topics of different subjects are planned and taught in
such a way that a certain framework is created for them,
that is, they are taught simultaneously.

Cross-curricular (trans-subject) is the highest level
of integration and includes the synthesis of the main
and additional content components covered by the
training. That is, with this integration, the content that
students learn at school and the content they receive
outside of school are synthesized. , it requires both the
change of educational paradigms and the idea of form-
ing a new generation in communities.[5; 171]

The teaching of integrative subjects such as life
science involves not only intra-subject, interdiscipli-
nary and supra-disciplinary integration, but also the in-
tegration of teaching methods and technologies.

Scientific novelty and theoretical significance of
the research work.

1) The importance of the application of the "sys-
tem-structure” approach method, formed as an im-
portant branch of the dialectic regarding the discovery
of the essence of the technology subject curriculum and
the determination of its application methods, has been
brought to the attention of researchers; 2) "The solution
of one of the cognitive issues that determines the solu-
tion to the problem of revealing the essence of the
Technology subject curriculum at the general education
level and developing its application in the optimal ver-
sion - the interpretation of the "Technology subject con-
tent” block based on the "system-structure” approach”
was presented.

Practical significance of the research work. We
hope that the solution of one of the important cognitive
issues that determine the solution to the problem of re-
vealing the essence of the Technology subject curricu-
lum applied at the general education level and its appli-
cation in the optimal version - the "interpretation of the
"Technology subject content" block" on the basis of the
system-structural approach™ will be presented in the ap-
plication of the Technology subject curriculum will
have a positive effect on the formation of the environ-
ment of elimination of mistakes manifested in the ac-
tivities of educators.

The result.

1) The level of understanding of any real thing has
a determining effect on the results of taking advantage

of itin adequate directions; 2) Mistakes in the activities
of educators in the application of the Technology sub-
ject curriculum at the general education level have a
negative effect on the level of efficiency of the Tech-
nology subject teaching process; 3) In the process of
using the technology subject curriculum, the basis of
the mistakes manifested in the activity of practical ed-
ucators is based not only on one of the reasons, but also
on the lack of honest enough understanding of the es-
sence of the technology subject curriculum by these
subjects; .4) "System-structural approach” is the most
reliable dialectical method of understanding any exist-
ing thing, getting to its essence; 5) The "system-struc-
ture" dialectical method of the "system-structure™ ap-
proach was not used in the theoretical and technological
directions regarding the discovery of the essence of the
technology subject curriculum and the determination of
its application methods; 6) One of the cognitive issues
aimed at solving the problem that creates the basis for
the manifestations of the error caused by the "gap" re-
garding the discovery of the essence of the technology
subject curriculum and the determination of the ways
of its application is "Interpretation of the elements of
the "Subject Content” block of the subject curriculum
at the general education level based on the "system-
structure™ approach" and the presented research in this
direction benefits the teaching process of our subject.
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Abstract

This article was written in order to determine the cause of the problem of the formation of a certain
competence of students in the English lesson in accordance with the changes made to the education system of
Kazakhstan. The question included in the article is aimed at the formation of the current socio-cultural competence
of schoolchildren through foreign language lessons. And do all teachers fulfill this requirement, or do they accept
sociocultural competence as a necessary and important skill? According to the results of the survey conducted
during the writing of the article, it was determined and analyzed how teachers of different levels take responsibility

for this competence.

Keywords: competence, sociocultural competence, formation of sociocultural competence, teachers’ percep-

tion, English classes

Introduction

The intense political, social and economic trans-
formations in the society of Kazakhstan under the in-
fluence of global development led to radical changes in
the education system. The directions in the education
system are determined according to the requirements of
modern society [1]. In addition, the goals and objec-
tives of education in the education system are con-
stantly updated in the strategic plan of each period. One
of them is to educate competent and qualified genera-
tion starting from the school walls so that the citizens
of the state can become competitive individuals [2].

According to the state program of education and
science development of the Republic of Kazakhstan for
2020-2025, combining the socio-economic develop-
ment of the country with science, the main goal is to
increase the literacy level of citizens by eliminating re-
gional differences, to learn foreign languages in depth,
and to form the competencies inherent in a highly intel-
ligent person [3]. Supplementing the aforementioned
legislative program with such directions was directly
related to the progress of the modern innovative and in-
tegrated borderless society.

The modern education system requires the devel-
opment of critical thinking ability of a person, the abil-
ity to analyze it and express one’s point of view in the
era of large-scale information flow, as well as to have
communication skills. Based on this, a person can over-
come any misunderstandings and difficulties through
cultural experience in the process of establishing a re-
lationship with a representative of another culture. Cul-
tural awareness and communication skills ensure suc-
cessful interpersonal dialogue [4]. As a rule, learning
and mastering the differences between cultures takes
place in foreign language classes. Based on this, it can

be said that sociocultural competence is a component
that plays a major role in human development.

That is, the importance of formation of sociocul-
tural competence was directly related to the growing
trend of learning any foreign language and the inter-
mingling of different world cultures. The presence of
sociocultural competence in a person and the compo-
nents that are the basis for its formation have been in-
tensively studied in recent decades. In addition to for-
eign researchers, this article will discuss the work of
scientists who studied this competence in coordination
with the needs of the education system of Kazakhstan.

Literature review

During the analysis of social and cultural compe-
tence on a theoretical and methodological basis, it is
necessary to consider the origin of this competence.
The American linguist N. Chomsky reintroduced the
concept of competence in teaching a foreign language
into the circulation of science [5]. In his studying, the
concept of competence is described as consisting of a
set of abilities aimed at the implementation of linguistic
activity.

Over time, the content of the concept of compe-
tence increased, and the components or sub-competen-
cies that are part of it began to be studied individually.
Among them, its communicative competence within
the framework of language competence was mentioned
for the first time in the work of the American sociolin-
guist D. Hymes [6]. According to his description, cog-
nitive and social factors interact in knowing and using
a foreign language within the framework of communi-
cative competence.

It has become known that this communicative
competence, which has not lost its relevance, but is con-
sidered the main prerequisite for learning a foreign lan-
guage, cannot guarantee the success of intercultural
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mutual dialogue [1]. Here, in teaching a foreign lan-
guage, there is a problem of teaching communication,
taking into account the social factors and cultural fea-
tures of that language.

In teaching a foreign language, Safonova [7],
Sysoev [8], Galskova [9], Elizarova [10] considered the
sociocultural concept as a component of communica-
tive competence and formulated its content using its
main components. Safonova [7] says that for the for-
mation of sociocultural competence in an individual, it
is necessary to learn different civilizations and norms
of communication, some special facts, while develop-
ing his personal qualities, knowledge and skills, to rely
on these guidelines in intercultural communication.

In addition, according to the research of Sysoev
[11], the content of socio-cultural competence consists
of a set of national and spiritual values, national men-
tality, communication and traditional features of the
language culture being learned.

According to Efremova [12], sociocultural compe-
tence of students consists of the sum of their knowledge
about their own culture and the culture of the language
they are learning, and it is considered as one component
of communicative competence. On this basis, com-
municating skills are formed in the student depending
on the relationship situation, and he is taught to adapt
his behavior depending on the environment.

Furthermore, in the research of Kunanbayeva [13],
who contributed to the development of domestic sci-
ence, sociocultural competence is a prerequisite for un-
derstanding between two cultures when establishing a
relationship with a representative of another culture.
Therefore, mastering a foreign language only as a
means of communication cannot be the key to success-
ful communication [13]. In this regard, in the process
of teaching a foreign language, teaching the semantic
content of that country’s culture was given the main at-
tention. Because the greater the difference between lan-
guages and cultures, the more difficult it is to communi-
cate and establish a dialogue with representatives of
those languages.

Then it can be summarized that sociocultural com-
petence is a person’s knowledge in the social and cul-
tural sphere and the ability to establish relations with
other cultures, the ability to use the integrative process
correctly.

The importance of sociocultural competence in the
society of Kazakhstan is caused by raising the level of
domestic education to a new innovative level, based on
international education models, within the framework
of the country’s transition to a trilingual education sys-
tem [14].

The importance of this problem is not only in Ka-
zakhstan, in fact, in many educational systems of the
world, the development of students’ ability to establish
intercultural relations, teaching to maintain tolerance,
or the formation of general personality traits have not
yet been fully addressed [12]. Therefore, here the
teacher’s role in the development of sociocultural com-
petence prevails.

For many years in Kazakhstan, foreign language
educational materials and curricula have been prepared
in accordance with the content of general education. At

that moment, it was necessary to prepare educational
requirements and tasks according to competence-based
context. In particular, in accordance with the require-
ments of the Law on Education, it was required to cre-
ate a sociocultural component in foreign language ma-
terials in order to train future teachers, compile text-
books, and to form competence in teaching students
[15].

In addition, many foreign language specialists of
Kazakhstan did not fully understand the importance
and meaning of this competence. For that reason, they
did not create a specific plan for the formation of soci-
ocultural competence. As a result, the formation of this
competence in the educational system was developing
differently in all educational institutions.

Another reason for such disparity is that teachers’
lack of special professional knowledge or sociocultural
experience aimed at competence has a negative impact
on the educational process. In this regard, in recent
years, the criteria determining the formation and devel-
opment of sociocultural competence in a foreign lan-
guage teacher [16] have been studied and conducted a
special examination with the research of pedagogic and
methodical specialists of Kazakhstan. In their study, the
social and cultural competence of a foreign language
teacher consists of an integrated complex of knowledge
that forms their social and cultural knowledge and
skills, abilities, and personal qualities. Based on these
characteristics, the authors [16] divided the criteria for
the formation of sociocultural competence into the fol-
lowing groups: cognitive (the culture, traditions, geog-
raphy, history of the language being studied, the socio-
cultural content of words, the behavior of representa-
tives of that language norms, etc.), operational and
technological (skills to search, analyze and use social
and cultural information), personal (showing tolerance
and empathy for another culture, learning its peculiari-
ties, etc.).

Foreign language teachers with the above-men-
tioned criteria can assess their students’ sociocultural
competence at a special level to determine whether it
has been formed and developed [17].

Although the directions of the foreign language
learning process are gradually changing towards the
formation of sociocultural competence, there are still
teachers who do not include this competence in the cur-
riculum. Its reasons can be different in addition to the
factors mentioned above. Therefore, the relevance of
this article lies here. In order to determine the causes of
this problem, the following research questions are
asked:

1 What are the teachers’ perceptions of forming
sociocultural competence in secondary school stu-
dents?

2 Do teachers include sociocultural competence as
an important skill in the teaching process?

3 What kind of tools and approaches do teachers
use to form sociocultural competence of students?

Methods

1 Research design

This research paper was carried out at Kazakh
Ablai Khan University of International Relations and
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World Languages at the Department of Foreign lan-
guage education Methodology. The data were collected
through a questionnaire, which analyzed and deter-
mined the level of understanding and application of so-
ciocultural competence of foreign language teachers
teaching in secondary schools. The study of the factors
influencing the perception of English language teach-
ers, using questionnaire questions, revealed the main
key feature that affects the formation of the sociocul-
tural competence of their students.
2 Participants

This study involved 21 teachers working in vari-
ous types of schools in Almaty. The teachers who par-
ticipated in the survey varied in age, university educa-
tion, work experience, as well as the teaching require-
ments and teaching materials of the school where they
work, and the classroom environment and the number
of students in their class. In this regard, when formulat-
ing the survey questions, various aspects of determin-
ing their professional knowledge and sociocultural
competence were taken into account.

Table 1
Participants (teachers’) profile
Gender Degree Experience School Class
Female — 19 Undergraduate — 4 1-1,5 years Private school — 4 oth 0
(90,5%) (19%) 5 (19%) 5-7" grades — 8 (38,1%)
Associate degree —1 | 2-4 years — State school — 8
_ 0 -gth _ 0
Male — 2 (9,5%) (4.8%) 13 (38.1%) 8-9" grades — 5 (23,8%)
Prefer not to say Master’s — 15 5-9 years — Language school —8 | Only primary school — 6
-0 (71,4%) 3 (38,1%) (28,6%)
10 and more Private tutor — 1 Only high school — 2
_ 0,
Doctorate — 1 (4,8%) 0 (4.8%) (9,5%)

As it is illustrated in table 1, most of the teachers’
gender is female and most of the respondents have mas-
ter’s degrees. More than half of the participants have 2-
4 years of work experience, which means that many of
them have already been aware of new requirements of
the education system, where they must be acquainted
with competence-based learning.

3 Instruments

The researcher formulated survey questions in
English, in which answers were received in English,
and. The survey was conducted in the form of a Likert
scale of 5 response options: from strongly disagree to
strongly agree. In addition to answering questions
based on close-ended questions, the questionnaire
method used multiple-choice questions, as well as
open-ended questions was utilized in order to gather a
more detailed answer from the participants’ point of
view. During the analysis of the answers to the ques-
tionnaire, the degree and work experience of teachers
in different categories were taken into account. In addi-
tion, the survey was piloted to preserve the anonymity
of the teachers and to ensure reliability and validity.

4 Research procedure

Before conducting the research, the author of the
article reviewed the relevant literature revealing the rel-
evance of the topic, and based on the previous research
works, she designed a questionnaire according to the
relevance of the article and checked the reliability of
the research tool. Taking into account the requirements,
after ensuring the originality of the work, the survey
questions were conducted online in the Google Form

format. Names, jobs and degrees of teachers participat-
ing in the survey were kept confidential. After the sur-
vey responses were collected, the data was analyzed.
On the basis of that, the study of the main factors that
influenced the different perception of sociocultural
competence and its use by English language teachers
was discussed.

Results

This research work conducted a questionnaire
about teachers’ awareness and attitude towards imple-
menting sociocultural competence in English class-
rooms. The responses were analyzed by the author of
this academic paper, and it helped the researcher to
have an overview of teachers’ perception and under-
standing of sociocultural competence, particularly,
their attitude in the formation of sociocultural compe-
tence among secondary school students in English lan-
guage classrooms.

Research question 1

The research question 1 was formed to identify
teachers’ perceptions of forming sociocultural compe-
tence in secondary school students. As Figure 1 shows,
the majority of the respondents (57,1%) agree with the
statements that according to the requirements of the Ed-
ucation system of Kazakhstan, the English language
curriculum should be created on the basis of a compe-
tency-based approach. This implies the teachers’ posi-
tive perception of forming a competence. In addition,
according to the results, 14,3% of teachers strongly
agree with the competence-based approach in teaching.
Only a few of them showed their negative attitude,
while 5 of the participants kept neutrality.
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1. According to the requirements of the Education system of Kazakhstan, the English language
curriculum should be created on the basis of a competency-based approach?

21 responses

@ Strongly disagree
@ Disagree
Neutral
® Agree
@ Strongly Agree

‘

Figure 1. According to the requirements of the Education system of Kazakhstan, the English language
curriculum should be created on the basis of a competency-based approach

As it is indicated in Table 2, the teachers’ attitude towards sociocultural competence was analyzed in order
to reveal participants’ clear picture about the essence of this competence and suitable environment for its forming.

Table 2
Teachers’ attitude towards sociocultural competence
Ne g'frongly Disagree | Neutral Agree Strongly
isagree agree

Due to the integration of world cultures and lan-
guages in the modern world, sociocultural com-
petence has become one of the most important 0 1(4.8%) | 4(19%) | 12(57,1%) | 4 (19%)
competences that must be formed in a person?
The English class is the only environment in
which a person's sociocultural competence is de-
veloped because learning English allows us to be- 0 3(14,3%) | 6(28,6%) | 38(38,1%) | 4 (19%)
come familiar with the cultures of the English-
speaking community.

Both Figure 1 and Table 2 demonstrates the posi-
tive attitude of English language educators towards the
use of sociocultural competence in practice.

Research question 2

The aim of the research question 2 was to discover
teachers’ readiness to include sociocultural competence

as an important skill in the teaching process of foreign
language (Figure 2). Based on the responses for this
question, if teachers incorporate sociocultural in their
classroom, what skills do they develop in their stu-
dents?

4. If you know the importance of sociocultural competence, do you include it in your lesson plan to

develop it in your students?

21 responses

@ VYes, | always include it in the curriculum.

® VYes, | do. But | only include it for certain
classes.

No, | do not know how to apply it.

@ No, | do not. Because, it is not
significant competence.

Figure 2. If you know the importance of sociocultural competence, do you include it in your lesson plan to
develop it in your students?
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5. If you incorporate sociocultural competence into your practice, what skills will it develop in your

students?

21 responses

Students will become an
intermediator of intercultural co...

They will be aware of differences
in appearance, behavior and c...

Students will achieve intercultural
understanding, which leads torr...

They will get acquainted with the

2 (9.5%
linguistic picture of the world an... ( %)

| agree with all of the
aforementioned

0 2

9 (42.9%)

6 (28.6%)

7 (33.3%)

8 (38.1%)

4 6 8 10

Figure 3. If you incorporate sociocultural competence into your practice, what skills will it develop in your
students?

6. If you have not implemented sociocultural competence in your classroom yet or if you have
difficulties in applying it, then what is the reason?

21 responses

| do not understand the
significance of this competence...

My students’ English language
level does not allow

| do not know the techniques and
methods of using this compete...

Lack of tools in the classroom
does not let to fully implement t...

Less interaction with the class
due to the large number of stud...

0.0 2.5

4 (19%)

11 (52.4%)

5.0 7.5 10.0 12.5

Figure 4. If you have not implemented sociocultural competence in your classroom yet or if you have difficulties
in applying it, then what is the reason?

Figure 3 provides us with the information about
the skills of students which will be formed with the help
of sociocultural competence in the English language
classroom. 42,9% of respondents teach their students to
become an intermediator of intercultural communica-
tion. Only 2 people think that to get acquainted with the
linguistic picture of the world and acceptable speech
practices are main skills. Other participants think that
achieving intercultural mutual understanding and being
aware of differences in appearance, behavior and cul-
tural identity are significant skills that students should
develop. Moreover, figure 4 shows the obstacles in im-
plementing sociocultural competence in the English
language classroom. Majority of teachers think that

lack of tools in the classroom does not let them fully
implement this competence, while others think that stu-
dents’ English language level does not allow them to
apply sociocultural competence.

Research question 3

The aim of the 3" research question was to iden-
tify the most effective tools or techniques to develop
sociocultural competence in the English language
classroom. As Figure 5 demonstrates, many respond-
ents chose gamification, role-playing or theatrical
games, because of their interaction and communica-
tion-based approach. More efficient types of tool for
second groups of teachers are multimedia, ICT technol-
ogies, audio-visual tools.
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7. Which of the technologies listed below, in your opinion, will be more effective for the
development of sociocultural competence of secondary school students?

21 responses

Gamification, role-playing,
theatrical activities

Multimedia or ICT technologies,
audio-visual tools

Literary and/or poetic texts,
songs

Case-study, communicative
situations, discourse

0 5

14 (66.7%)

10 15

Figure 5. Which of the technologies listed below, in your opinion, will be more effective for the development of
sociocultural competence of students?

Discussion

The primary purpose of this research was to study
the teachers’ perception of sociocultural competence in
English classes in secondary schools. Prior studies
showed that despite the existence of a professional
knowledge base of teachers, in practice, their failure to
consider the relevance of sociocultural competence and
the importance of including it in the class plan as one
of the problems that must be solved in the current edu-
cation system hinders the development of students’
communication [15].

However, the fact that teachers, discovering the
meaning and importance of sociocultural competence,
begin to consider this competence as one of the skills
that should be found in a modern person, shows that
their attitude towards this competence is positive. As
stated in the literature review, when English language
teachers possess all of the three criteria of sociocultural
competence characteristics [16], they can understand
the significance of this competence and can apply it in
their classroom. As in the current modern education
system, the requirements for the curriculum in foreign
language classes of all schools are the same [18], then
the findings of this research reinforced this study con-
ducted by Kim and Amirova [16], where English lan-
guage teachers’ implement sociocultural competence
into their secondary school classes, as well as they ap-
ply specific modes of techniques in order to develop
this competence on students. Therefore, based on Fig-
ure 4, the results of the research show that more than
half of the teachers, who participated in the question-
naire, use this competence only in certain classes. How-
ever, there still exist common issues on implementing
sociocultural competence properly. As indicated be-
fore, lack of tools in the classroom and students’ Eng-
lish language level interferes with the lesson. Since
most of the respondents here are young professionals
and the finding of the research cannot be a common sta-
tistic for all Kazakhstani schools.

Another reason for implementing sociocultural
competence is that this competence allows learners to

adapt in various kinds of cultures and those communi-
cative norms of interaction, phenomena and cultural
identity [19]. Apparently, there is a need for young
English language educators with advanced thinking ca-
pable and sociocultural condition of professional activ-
ity [20], who teach and direct their students to develop
this competence using approaches and techniques. The
findings suggested that activity-based techniques are
more effective tools to apply sociocultural competence;
a significant number of secondary school teachers uti-
lize gamification, role-playing and theatrical games in
their classroom. Since other tools such as multimedia
or ICT technologies, literary texts or songs are less im-
portant, which may explain the non-interactive method
used in the formation of sociocultural competence of
secondary school students. It can therefore be assumed
that the teachers’ awareness of sociocultural compe-
tence and its significance leads them to establish a so-
ciocultural competence-based environment in the class-
room is useful for maintaining secondary school stu-
dents’ positive attitudes, which will affect the
improvement of their competence.

Conclusion

The findings reveal teachers’ perception of form-
ing sociocultural competence among secondary school
students in English classes. Analysis of theoretical
sources set up sociocultural competence as one of the
significant competences of the modern world, which
led a person to own necessary skills and qualities that
will be useful in the communication with other cultures.
This study points out both teachers’ positive and nega-
tive outlook on utilizing sociocultural competence for
secondary school students in English classrooms. This
shows that developing sociocultural competence of stu-
dents in the English language will establish a certain
intercultural understanding.

This research work found out that regardless of
having various professional backgrounds, teachers
could not equally apply sociocultural competence in all
classes, because of some reasons. It is mainly due to the
classroom environment and students’ English language
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level. In addition, analysis of survey questions lets re-
searcher identify the tools and techniques that will be
used to apply sociocultural competence. However, due
to the time limitation, the survey covered only a small
number of teachers, which can not reveal the attitude
and perceptions of all educators towards sociocultural
competence in Kazakhstan. The recommendations for
further research would be: a) to identify the most effec-
tive tool for forming sociocultural competence of sec-
ondary school children; on this basis b) to conduct an
experiment to verify the usefulness of this technology
in forming sociocultural competence of students.
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Abstract

The issue of ensuring competitive activities’ efficiency of basketball players has been considered. It has been
established that the basis of this process lies in the choice of the most efficient means and methods of training
based on physiological functions control data. The purpose of the study was to assess the basketball players’
activity during the competitions and to establish changes in the players’ physiological functions during training
and competitions. For the experiment, highly qualified athletes — international tournaments participants — were
examined.

According to the pedagogical assessment of the physiological features of basketball players activities during
the competitions, changes in the players’ physiological functions during training and competitions have been
found out. It has been established that physiological changes in basketball players’ bodies depend on the nature
of the play activity and the protection system. The level of oxygen consumption during the game varies from 72.3
to 96.6% of the maximum oxygen consumption with an average of 85.8%. According to the results of the experi-
ment it became clear that the functions of various organs and systems of basketball players develop during the
competitions. Therefore, it is necessary to pay great attention to development of both aerobic and anaerobic qual-
ities of athletes in the course of training, in particular of anaerobic glycolytic the speed endurance depends on.
The change of protection systems during the game significantly influences aerobic and anaerobic metabolism
indicators. The presented empirical results of the research carried out allow us to conclude that the energy supply
of sports competitions in basketball is aerobic-anaerobic in nature with high proportion of glycolysis. In general,
physiological changes in basketball players’ bodies depend on the nature of the play activity and the protection

system.

Keywords: basketball, competitive activities, training, physiological changes.

INTRODUCTION

The choice of the most efficient means and meth-
ods of training aimed at increasing the functionality of
athletes is based on knowledge of the requirements to
the body set by certain sports [1,2]. The question of es-
tablishing criteria for certain functions and physical
features of athletes [3,4,5] still needs to be studied.

MATERIALS AND METHODSWe strived to
assess the physiological features of basketball players’
activities during the competitions and find out changes
in the players’ physiological functions during training
and competitions. We examined highly qualified ath-
letes — international tournaments participants. The
players’ activity among men's teams was evaluated us-
ing timing. The duration of the active and passive
phases of the game was recorded. The active phase —
from the moment the player touches the ball on the site
and until the ball has gone out of bounds, and the pas-
sive phase — since stopping the stopwatch which
counted the period of the active phase until the ball is
returned into the game. At the same time, the content of
these phases and reasons for stopping the game have

been analyzed. The games were timed during the ex-
periment.

The volume of shifts in the bodies of basketball
players was being detected in various ways. Thus, the
heart rate (HR) was recorded by four-channel system
«Sport» and one-channel system «Nec—spurt». In par-
allel, samples were taken using the Douglas-Holden
method to determine the volume of oxygen consump-
tion and oxygen debt in the course of work [6].

The results of the game timing during the national
championship and in international basketball tourna-
ments are shown in Table 1.

RESULTS AND THEIR DISCUSSIONS

Consequently, basketball players are in very tense
condition during the game for quite a long time. Ac-
cording to our observations, the game lasts for 69
minutes 27.7 seconds on average, not taking the breaks
between the two halves into account. Other authors rec-
orded values close to our results (65 min 53.6 sec)
[7,8,9,10]. Average duration of the first half is 34 min
20.6 sec, of the second half — 35 min.7.1 sec.
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Table 1

Results of the games timing in international basketball tournaments (p=50)

Indices First half Second half Total for the game
Total number of active 4551+]1.25? 43.5+1.34 89.0+1.34
phases during the game 6.5% 7.0 7.0
Total number of passive 44.5'+]1.25° 425+ 134 89.0+1.34
phases during the game 6.5% 7.0 7.0
Average duration of the active 26.9+0.77 28.4+0.84 27.7+0.84
phase of the game, sec 4.02 4.37 4.37
Average duration of the passive 19.3+0.55 21,5+0,7 20.4+0,7
phase of the game, sec 2.87 3.65 3.65
Game total duration 34 min 35 min 69 min
20.6 sec 7.1 sec 27.7 sec
Fraction of “net” playing time
in the total duration 58.3 57.0 575

Note: the numbers given in the table mean: * average, 2 standard error of average, ° standard deviation.

The active phase lasts on average for 27.7 sec. The
periods of active activity are repeated after every 20.4
seconds of the passive phase. In the course of the game
with ball running out, with technical errors, playing out
a jump ball, personal remarks, for which foul shot are
not assigned, the passive phase lasts, as a rule, 2-10
seconds. Provided minute breaks, performance of foul
shots and replacements its duration increases to 0.5-2.5
min.

As for the indices of the average number of active
and passive phases of the game, certain differences
have been identified (P<0.01). The same applies to av-
erage duration of the active and passive phases of the
game between the first and second parts. Longer dura-
tion of the passive phase in the second half, apparently,
is partly due to the fact that as a result of athletes’ in-
creased fatigue 35.7% of the fouls received by the team
are hit here, and only 25.7% in the first half of the game.

The time structure of the game somehow indicates
the nature of the energy supply of basketball players

during the work. During the gaming activity period
lasting for about 30 seconds, the aerobic process fails
to reach its maximum power, while the anaerobic one
is meanwhile being exhausted in the working muscles
[11,12]. The most important role in the energy supply
of the exercise at such time intervals is played by an-
aerobic glycolytic process [13,5]. However, since ac-
tive pauses with significant reference to glycolysis are
multiply repeated (89 times per game) through rela-
tively short (20 sec) rest intervals, then during the game
the conditions for aerobic process reference are also
created. It may be assumed that the energy supply of
basketball players during the game will have a mixed
aerobic-anaerobic character with high specific gravity
of glycolytic reactions.

The direct answer to the question of which func-
tions are most often used in the course of game can only
be obtained by direct recording of the volume and na-
ture of physiological changes in the bodies of basket-
ball players during the matches (Table 2).

Table 2
Results of study of the training and competitive games influence on the bodies of basketball players (p=50)
Indices Game time! Range of variability
Total time of participation in the game, 18.59 3.5-38.16
Min. 27.98 4.9-68.10
Maximum heart rate during the game, bpm 198,9 180-230
Average heart rate during the game, bpm 114,0 90.5-147.6
Maximum pulse sum, bpm 2346,7 637-4450
Maximum recovery sum, bpm 3396.9 1991-4059
O»-consumption level, I/min 85.8 72.3-96.6
O,-consumption, % from the maximal index 3.25 28.7-3.78
Total O, —debt, | 5.87 4.49-7.9
CO,-emission level, I/min 2.9 2.53-3.4
Pulmonary ventilation level, I/min 79.5 59.5-105.1
Oxygen pulse, ml per beat 17.0 15.0-19.9

I"Net" time of participation in the game in the numerator and total time of the game in the denominator.

It has been found out that basketball players spend
a lot of energy during the game. The level of oxygen
consumption during the game varies from 72.3 to
96.6% of the maximum oxygen consumption with an
average value of 85.8%.

Significant activation of aerobic changes in the ex-
ercised muscles is evidenced by high level (2.511/min)

of alactic O,-consumption. Indicators of lactic O2 con-
sumption are also moderately high (0.42 I/min.), which
shows the degree of myocardium metabolic activity.
Significant activation of cardiac activity is confirmed
by the maximum heart rate — 198.9 bpm on average
within the range from 180 to 230 bpm.
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Participation in a tense game along with signifi-
cant activation of aerobic functions leads to considera-
ble use of anaerobic energy sources. This, in particular,
is confirmed by the value of O-debt, which reaches
4.5-7.9 liters at the end of the game. The corresponding
value of heart rate insufficiency in these conditions var-
ies from 1991 to 4058 bpm. «Excess» of carbon dioxide
reaches 1.32 I/min.

The change in protection systems in the course of
game is significantly reflected in the indicators of aer-
obic and anaerobic metabolism. Most often this is ob-
served at the application of «pressing» protection sys-
tem. Changes in physiological parameters of basketball
players of different roles after 19 minutes of game are
shown in Fig. 1. The oxygen and heart rate debt of the
player, who played the role of the attacker, changes the
most. The level of Oz-consumption did not change sig-
nificantly during the game.
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Figure 1. The values of the heart rate (A), oxygen (B) debt and the level of Oz-consumption(C) in 1% class

basketball players: 1— data of central player; 2 — defender; 3 — attacker

Interpretation of the received data about the
changes in the players’ physiological functions in the
process of training and competition makes it possible to
better understand them. The result obtained during the
pedagogical control of the physiological features of
basketball players was consistent with the information
[14,8,10,15], that basketball players spend a lot of en-
ergy during the game.

The experiment analysis showed that the functions
of various organs and systems of basketball players de-
velop during the competitions. Therewith, we state it is
necessary to pay great attention to development of both
aerobic and anaerobic qualities of athletes in the course
of training, in particular of anaerobic glycolytic the
speed endurance depends on. It is as well necessary to
develop aerobic capacity because the efficiency of the
gaming activities implementation in oxygen supply of
the body is somewhat affected by the recovery rate of
energy processes’ disturbed balance, and this property
is determined by the level of development of players’
aerobic capabilities. This confirms the information
available in the literature [16,5,17,18].

We reconcile our results [1,9,19] that defenders
and attackers move more during the game than the cen-
ter players. However, the center players are actively in-
volved in the fight for the ball under the shield. There-
fore, the load on the body of basketball players of vari-
ous game functions is approximately the same players
with different roles have the same requirements for
functional training [3,2,15,20].

The results of the study supplement the infor-
mation on the pedagogical control of competitive and
training activities of basketball players regulating the

expediency of pedagogical influences to ensure the ef-
ficiency of the basketball players’ competitive activi-
ties [2,6,14].

CONCLUSIONS

Thus, the energy supply of basketball sporting
events is of aerobic-anaerobic nature with high specific
gravity of glycolysis. Physiological changes in basket-
ball players’ bodies depend on the nature of the play
activity and the protection system. The «pressing» sys-
tem is accompanied by considerably greater strain than
personal and zone protection systems.

The authors of this study confirm that the research
and publication of the results were not associated with
any conflicts regarding commercial or financial rela-
tions, relations with organizations and/or individuals
who may have been related to the study, and interrela-
tions of co authors of the article.
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Abstract

The article states that the existing version of the special theory of relativity (STR) is incorrect, since relativ-
istic formulas obtained therein are incorrect; they have been incorrectly explained by using the incorrect principle
of speed of light non-exceedance and entailed wrong conclusions about physical unreality of imaginary numbers
and existence of only our visible universe. It mentions experimental evidence of the foregoing, obtained by the
author within study of transient and resonant processes in linear electric circuits. It is shown that the existing
version of the STR implies conclusions on nonexistence of tsunami and bell ringing, piano music and swinging
children’s swings, as well as many other real processes. It is also shown that the existing version of the STR denies
even the possibility of existence of radio- and electrical engineering. Therefore, it is concluded that existing uni-

versity physics textbooks should be corrected.

Keywords: Special theory of relativity, physical reality of imaginary numbers, theory of linear electrical cir-

cuits, radio engineering, electrical engineering.

1. Introduction

The special theory of relativity is now presented
for study in all university physics textbooks and its cre-
ation by Joseph Larmor [1], Nobel Prize winner Hen-
drik Anton Lorenz [2], Jules Henri Poincaré [3], Nobel
Prize winner Albert Einstein [4] and other prominent
scientists is rightfully considered the greatest achieve-
ment of physics of the 20th century. However, its crea-
tion stopped halfway due to the lack of necessary ex-
perimental knowledge at that time and the inability of
its authors to correctly explain the relativistic formulas
obtained in STR. They did not know how to explain that
according to these formulas all the results of calcula-
tions at superluminal velocities turned out to be imagi-
nary numbers discovered by Scipione del Ferro, Nic-
colo Fontana Tartaglia, Gerolamo Cardano, Lodovico
Ferrari and Rafael Bombelli [5] 400 years ago. It is also
possible that Paolo Valmes [6] was even first to make
the scientific discovery, for which he was burned by the
sentence of Spanish inquisitor Thomas de Torquemada.
But it was necessary to explain these formulas, because
a theory that even its authors could not explain would
be of no use to anyone. Therefore, a postulate called the
principle of light speed non-exceedance was introduced
into the STR. The postulate implied that a situation at
superluminal velocities might be unexplained, as peo-
ple would never face it. Consequently, a belief that im-
aginary numbers were physically unreal turned out to
be possible. Thus, relativistic formulas appeared to be
explainable.

It was convenient, but unproven and, as it turned
out later, incorrect. But in this form, the generally ac-
cepted version of the STR was studied in all university
physics textbooks. And it is still studied today.

However, this postulate was refuted by the discov-
ery of Cherenkov radiation [7], for which Pavel Ale-
kseyevich Cherenkov, Igor Evgenyevich Tamm and
llya Mikhailovich Frank received the Nobel Prize in
1958. And at that time the generally accepted version
of STR was saved by specification that the principle of
non-exceeding the speed of light refers to the speed of
light only in a vacuum. But by numerous experiments
[8]-[23] performed in the 21st century it was proved
that such corrected formulation of the principle of non-
exceeding the speed of light is also incorrect. As it
turned out, this formulation was refuted by the exist-
ence of natural phenomena known from time immemo-
rial - tsunami, bell ringing, music created by pianos and
even swinging after pushing by parents children
swings, which the authors of STR at its creation did not
take into account. This formulation was also refuted by
the existence of radio- and electrical engineering.

As a result by all these experiments and the men-
tioned natural phenomena a very important general sci-
entific principle of physical reality of imaginary (and
consequently also complex and hyper-complex) num-
bers by which the really existing huge and still com-
pletely unknown to the modern science world is de-
scribed was proved. And the use of the principle of
physical reality of imaginary numbers as applied to the
universally accepted version of STR allowed us to con-

! This is reprint of the article “Antonov A. A. “Why the physics textbooks tech am incorrect version of the special theory of
relativity which denies the existence of radio- and electrical engineering”. Challenges and problems of modern science. Pro-
ceedings of the 11l International Scientific and Practical Conference. London, United Kingdom. 2022. pp. 78-86. https://con-
ference-w.com/
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clude that the relativistic formulas obtained in this ver-
sion are wrong in general, because at hyperluminal
speeds they correspond to an unstable, i.e. instantly
self-destructive, physical world.

What is the most surprising is that, despite all the
aforementioned sensational experimental refutations?
[24]-[44], the incorrect version of the STR has still been
groundlessly believed to be correct and studied in all
university physics textbooks, as well as naturally used
by physicists in their fruitless scientific research - for
example, in attempts to understand what is dark matter
and dark energy while performing research at the Large
Hadron Collider. It is completely unclear why a single
disproving experiment is enough to refute other hy-
potheses and theories in physics and other sciences,
whereas the existing version of the STR turned out to
be irrefutable despite all the experimental and theoreti-
cal proofs of its falsity. Moreover, in the USSR even
three times in 1934, in 1942 and in 1964 by the deci-
sions of the Central Committee of the All-Union Com-
munist Party (Bolsheviks) and the Presidium of the
Academy of Sciences of the USSR, which have not yet
been canceled, it was generally forbidden to criticize
this theory. That’s why the question raised in the article
title is very important and ways and rates of further sci-
ence development would depend on answer thereto.

Further, we will try to answer this question.

2. From STR it follows that radio engineer-
ing and electrical engineering should not exist in
nature

And we will make this attempt on the example of
one more refutation of the generally accepted version
of STR. On the assertion that STR on the one hand and
radio engineering (and electrical engineering too) on
the other hand mutually refute each other [45]-[54]. But
since there can be no doubt about the existence of radio
engineering and electrical engineering, it is obvious
that then the existing interpretation of SRT is incorrect.

But do the STR and radio engineering actually re-
fute each other? Let's check it out. Let's look at the ar-
guments of SRT. It follows from the fundamental prin-
ciple of the STR on light speed non-exceedance that
imaginary numbers® have no real physical content. In
other words, objects and phenomena described using
imaginary numbers do not exist. This expressly follows
from the version of the STR set forth in all university
physics textbooks. And neither authors of the textbooks
nor anyone else can still explain what, for example, 5i

meters, 200i grams or 300i meters, where | =~/ -1
is, whereas everyone knows what 5 meters, 200 grams
or 300 meters is. That’s why the principle of light speed
non-exceedance used in the STR has caused no objec-
tions.

2 Which, in contrast to the widely publicized unsuccessful
OPERA experiment, were quite reliable and, having been
done before the OPERA experiment, made it unnecessary

3 Naturally, it makes sense to talk about the physical reality
of imaginary numbers, as well as real numbers, only in rela-
tion to named numbers, equipped with indications of the units
used for the corresponding parameters of physical objects and
processes.

However back in 1893 Charles Proteus Steinmetz
(original name Karl August Rudolf Steinmetz) offered,
as applied to linear AC circuits, his interpretation* of
Ohm’s law, discovered by Ohm in 1826 as applied to
DC circuits. According to his theory, called a linear cir-
cuit symbolic analysis method, not only resistors, but
also capacitors and inductors have resistance referred

to in Ohm’s law. Herewith, resistance of resistors R is
measured by real numbers, and resistance of capacitors

C and inductors L is measured by imaginary num-

bers jeol and — j/@C, where J=~—1 isthe
so-called imaginary unit®, and @ is the frequency of
applied voltage. But in accordance with the principle of
light speed non-exceedance their resistances do not ac-
tually exist, just as on the same basis in accordance with
the STR there are no relativistic mass, time and length
at superluminal velocities. They are even called imagi-
nary resistances in the theory of electric circuits.
Consequently, real electrical resistance of any

LCR - circuit must always be determined only by re-

sistors R included in this circuit and be measured by
real numbers. Therefore, the current flowing through
such an electrical circuit should not depend on the value
of the frequency of the applied voltage. This means that
there could be no resonance in such electric circuits,
and electrical filters could not be created. For this rea-
son, existence of radio engineering and electrical engi-
neering is also completely impossible.

3. However, it follows from the existence of
radio engineering and electrical engineering that
the version of SRT studied in all physics textbooks
is incorrect

Now, let us come to think of it.

There is no doubt that nature is one and the laws
of nature are also one. Always and everywhere. Be it
on Earth, or in the depth of space, or in the microcosm,
or in animate or in inanimate nature. However, people,
due to their limited intellectual capacity, are able to ab-
sorb only a very small part of this knowledge. Norbert
Wiener wrote in this regard: “Important researches
sometimes delayed by the unavailability in one field of
results that may have already become classical in the
next field”

That was what happened in physics in the 20th
century.

Physical reality of imaginary numbers unknown in
physics to this day had been known in radio engineer-
ing even before the STR was created. Moreover, there
are other sciences that use imaginary numbers besides
physics. Unlike physics that has still had no idea of
physical interpretation of relativistic formulas of the
STR at superluminal velocities (therefore, the principle
of light speed non-exceedance proved to be in demand

4 On which he made a presentation at the International Elec-
trical Congress and, in addition, in the proceedings of the
American Institute of Electrical Engineers published an arti-
cle "Complex quantities and their use in electrical engineer-
ing."

5 In the theory of electric circuits the imaginary unit is com-
monly denoted by the letter j, whereas the letter i denotes
electric current.



40

International independent scientific journal Ne46/2023

in the STR), radio engineering textbooks perfectly ex-
plain the use of imaginary numbers.

In 1826, when there had been no electrical meas-
uring equipment, Georg Simon Ohm discovered a law
applicable to DC circuits. The law was named after him
[55], [56]. And in 1893 Charles Proteus Steinmetz pro-
posed his interpretation of Ohm’s law in respect to lin-
ear AC circuits [57],

Now millions of engineers all over the world use
it daily in their practice. According to the symbolic
electric circuit analysis method proposed by him, re-
sistance of any LCR-circuit would be measured by
complex numbers whose values depend on frequency
of voltage applied to an electric circuit.

This makes it possible to carry out a very simple
and comprehensible experiment that answers the ques-
tion whether imaginary numbers are physically real.
And all we need for this is to change the frequency ap-

plied to a considered LCR-circuit and once again meas-
ure the value of current flowing in it. If the value of
current does not change, resistances of capacitors and
inductors included in the circuit are actually imaginary
by its physical nature. And if the value of current
changes, then these resistances are imaginary only in
name and since they are measurable, they are actually
existent. After all, most of what we know about the
world around us, we have learned in physics, biology,
chemistry and all other sciences particularly with the
help of measuring devices. And if we learnt about the
world around us directly with the help of our senses and
trusted only them, there would be no science.

All engineers who have ever held a soldering iron
in their hands know that resistance of LCR-circuits al-
ways depends on frequency of voltage applied to them.
This dependence is called the frequency response. For
many decades, the industry has even mass-produced
devices for measuring frequency responses (see fig.1).

Fig. 1. In any radio engineering laboratory there are devices (one of them is shown in the figure), called
frequency response meters, which by their very existence prove the physical reality of imaginary numbers. Thus
they prove the incorrectness of the existing version of SRT, and the OPERA and ICARUS experiments at the
Large Hadron Collider made it unnecessary

Thus, radio engineering undoubtedly proves phys-
ical reality of imaginary numbers and thereby refutes
the principle of light speed non-exceedance, and, con-
sequently, the version of the STR presented in all uni-
versity textbooks of physics.

4. Why did the existing version of STR turn
out to be irrefutable?

Despite all the refutations mentioned above, the
version of the STR set forth in modern textbooks con-
tinues to dominate in physics and is studied even in the
most prestigious universities. And involuntarily the
question “why?” arises. Why is it that in other sciences
one experiment that refutes them is enough for the cor-
responding hypothesis or theory to cease to exist? .And
in physics, SRT, in spite of everything, turned out to be
irrefutable. Why did the existing version of STR turn
out to be irrefutable?

The answer to this question is obvious - because
this version of SRT is in demand. But this answer raises
another question - by whom and why is it in demand?
And the answer to it is also simple - by relativistic phys-
icists and for career reasons. But it's not entirely obvi-
ous.

Then let us remember. At the beginning of the
20th century, the STR was met with hostility. Nobody
understood and accepted it, since scientists had previ-

ously carried out their research based on classical phys-
ics, which even now is much more requested than rela-
tivistic physics. However, the STR overcame general
scepticism of physics community and began to be stud-
ied in textbooks. Now history repeats itself. For more
than 100 years of its existence, many studies have been
done, many theses have been defended, many articles
and books have been published, and many physicists
have created their careers on the basis of the STR.
Many physicists-relativists have headed academic de-
partments and journal editorial offices. Considering
that there is no antimonopoly law in science, but rather
competition, physicists have naturally begun to use
their position to stifle scientific dissent. Sir Karl
Raimund Popper [58] wrote: “... Struggle of opinions
in scientific theories is inevitable and is a necessary
prerequisite for the development of science. ”
Therefore, in order to answer the question posed
in the title of the article, it is necessary to take into ac-
count the psychological aspect of the problem of com-
petition in science, which is actually a kind of business.
Hans Christian Andersen's fairy tale "The Emperor's
New Clothes" perfectly illustrates the paradoxical na-
ture of the solution of this problem in STR. It is clear
from the tale that the indisputability of the existing ver-
sion of the (essentially incorrect) STR was achieved by
taking the problem of its existence beyond the bounds
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of common sense. The same way in Andersen's fairy
tale, in which knavish tailors suggested to the king that
he make clothes invisible to the unwise courtiers and
visible to the wise courtiers, thereby creating a situation
beyond common sense in which:

e courtiers, in order for the king to consider
them smart, began to pretend that they see the king’s
clothes that do not actually exist;

e courtiers who would like to tell the truth about
emperor’s non-existent clothes knew in advance that
they would be regarded stupid;

 thus, the situation forced courtiers to tell a lie
for career reasons, and thereby contribute to the suc-
cessful activities of the swindlers.

And as shown in the monograph of the Nobel Prize
winner Sir Roger Penrose "The New Mind of the King"
[59], which is an allusion to Andersen's fairy tale, quite
recently in computer science it was similarly argued
about the inevitability of the emergence of a computer
civilization [60]-[64], which over time supposed to en-
slave people. This witty reception of Sir Penrose was
so effective that now no one remembers the possible
enslavement of people by computers.

And in the situation considered in the article:

e the physical community now recognizes as
“smart” those scientists who understand (and at first no
one understood and accepted STR) the generally ac-
cepted version of STR and believe it to be uncondition-
ally correct, despite the fact that it is refuted by many
well-known physical realities;

e and these “smart” scientists even deliberately
created — for example, by the OPERA and ICARUS ex-
periments — an incorrect public opinion about the infal-
libility of the existing version of STR presented in uni-
versity physics textbooks, which justified their unsuc-
cessful long-term multi-billion dollar costs for the
implementation of erroneous scientific concepts;

e at the same time, scientists who try to criticize
the generally accepted version of STR, the physical
community creates a dubious reputation and difficulties
in creative activity.

Thus, from the set forth it follows that the univer-
sally accepted version of STR stated in physics text-
books, as it is incorrect, it is quite possible to call on
terminology H. H. Andersen's "New King's Delusion".
And in fact this new theory is as non-existent as the
king's non-existent new dress. But the physical commu-
nity, ignoring the physical realities refuting this version
of STR, as well as the "clever" courtiers in Andersen's
fairy tale praises it. And it is even studied in physics
textbooks. Nevertheless, as Hans Christian Andersen
argued, "the king is naked" and so the generally ac-
cepted version of the STR in physics textbooks must be
corrected.

5. Conlusions

Therefore it is time to realize that, despite the great
significance for science of the principle of relativism,
this principle, due to the lack of the necessary experi-
mental knowledge in the 20th century in the generally
accepted version of STR, was incorrectly stated using
the incorrect postulate about non-exceeding the speed
of light, that replaced this knowledge. And over the past
century since creation of this obsolete version of the

STR, physics community has canonized it, instead of
correcting and developing it further using the alterna-
tive version of the STR created in the 21st century [65]-
[69]. But Albert Einstein himself does not claim that his
version of STO is infallible. He wrote: "There is no idea
in which I am confident that it will stand the test of
time”

Therefore, the conclusion is logical: modern
higher physical education is imperfect, because now
even in the most prestigious universities students are
still being taught knowledge that has already been re-
futed by modern science.
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A scenario approach to the digitalization of educa-
tion based on the use of blockchain technology as an
approach to management, reflecting with a sufficient
degree of similarity (similarity) the implementing
structure of homeostat was developed.

The paper substantiates that the transition to the
management model based on the creation of a "decen-
tralized autonomous organization” (Distributed Auton-
omous Organizations, DAO), which is managed and
operated on the basis of blockchain technology can pro-
vide the necessary level of stability to the educational
organization.

The essence of the author's proposal is that the
management of the educational organization is not en-
trusted to a centralized management body, but to a set
of business standards, developed and concentrated in a
particular service, which allows the organization to op-
erate not on the basis of situational decision-making,
but with the formulated universal rules, which are pos-
itively perceived by each participant of the educational
process, cannot be changed arbitrarily, and their com-
pliance is controlled by the blockchain

It has been proved that it is the most rational to
build a model of educational institutions based on the
block principle, which allows transforming the tradi-
tional conceptual model of management, based on the
system of interaction of multiple elements of manage-
ment, into the block model of management.

By analogy, a homeostat is a management unit in
a self-organizing system, which provides it with home-
ostasis, i.e. the ability to maintain its self-identity dur-
ing adaptation to the changing conditions of internal
and external environment, to maintain its development
trends, providing self-protection and operational com-
pensation for arising functional overloads and failures
in the organizational structure of management [1;2].

Three autonomous groups of blocks of such a
model can be distinguished:

- the blocks of the first group are a simulation of
the external environment influences E on the manage-
ment system of the educational organisation S;

- the blocks of the second group are a homeostasis
model of the studied management system S;

- blocks of the third group serve for automated
control of decisions in accordance with the stated rules,

as well as for recording and processing the results of
decisions made.

To illustrate the possibilities of formalization of
the proposal we considered the process of the manage-
ment system of the educational organization S, which
can be divided into t subsystems with characteristics y2
(1), ... yhy(t) with fixed rulesh1h2, ..., xnh in the pres-
ence of inputs x1y, X2, ..., xnX and external influences
v1lv2, ..., vny. Then the mathematical model of the pro-
cess of functioning of distributed autonomous organi-
zations can be a system of relations of the form:
yi(t) = f1 (X1, X2, ... Xnx; V1, V2. Vav; D1, Dz, coBnn; ©)
Ya(t) = f2 (X1, X2, ... Xnx; V1, V2 Vs D, g, ks 1) (1)

Yy(t) = fm (X1, X2, ... Xnx; V1, V2. Vav; D, Dz, s )

n the case when f1 f 2, ..., fm - are known (mean-
ing that the established standards (rules) correspond to
the mathematical representation of the function, ac-
cording to which each element (rule) of the first set cor-
responds to one and only one element of the second set,
then the relation (1) appears to be an ideal mathematical
model of the management system functioning S, which
allows us to talk about the feasibility of the blockchain
principles and opportunities in the management of the
educational organization. The development of an inte-
grated model for the implementation of blockchain
technology implied the improvement of PBFT. A line-
arly scalable consensus mechanism in terms of commu-
nication complexity was proposed. Instead of asking all
validators to publish their votes, the leader runs a multi-
signature signing process to collect validators' votes in
00 (1), a multi-signature, and then broadcasts it. There-
fore, instead of receiving 000 (NN) signatures, each
validator receives only one multi-signature, thereby re-
ducing the communication complexity from 00 (N) 2
to 00 (NN) [1; 3].

The idea of using 000 (1)-multisignature is an
improvement of the BFT method from the ByzCoin
blockchain [4], which uses the Schnorr signature
scheme to aggregate multivalued signals of constant
size and forms a multicast tree among validators to fa-
cilitate message delivery. However, the Schnorr multi-
valued signature requires a secret commitment round,
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which results in a total of two round-trip requests for a
single multidrop.

The proposed consensus involves the following
steps:

1. The leader constructs a new block and broad-
casts the block header to all validators. Meanwhile, the
leader broadcasts the contents of the block with the cod-
ing to the eraser. This is called the "announcement"
phase.

2. The validators check the validity of the block
header, sign the block header with the BLS signature
and send the signature back to the leader.

3 The leader waits for at least 2f f + 1 valid signa-
tures from the validators (including the leader's own
signatures) and aggregates them into a BLS multi-sig-
nature. The leader then broadcasts the aggregated
multi-signature along with a bitmap of the changes the
validators have signed. Together with step 3, the 'prep-
aration' phase of the PBFT is completed.

4. The validators check if the multi-signature has
at least 2f f + 1 pidpisuvachiv, check the block content
transactions broadcast from the leader in step 1, sign the
received message from step 3 and send it back to the
leader.

5. The leader waits for at least 2f f + 1 valid sig-
natures and from step 4, combines them together into a
BLS multi-signature and creates bitmaps, registers all
those who signed. The leader then captures the new
block with all signatures, multi-signatures and bitmaps
and transmits the new block to all validators. Together
with step 5, the PBFT ‘commit’ phase is completed [1;
5].

Consensus validators are elected on a Proof-of-
Stake basis. The proposed protocol differs from the ex-
isting PBFT in that a validator with more voting shares
has more votes than others, rather than one signature
one vote. Instead of waiting for at least 2f f + 1 signa-
tures from validators, the leader waits for signatures
from validators who collectively hold at least 2ff + 1
voting shares.

The traditional procedure of uploading blockchain
history and reconstructing the current state is too slow
to allow changes to be repeated (it takes several days
for the Ethereum blockchain to fully synchronise his-
tory), given that the current state is much smaller than
the entire blockchain history. Uploading the current
state over a time period of an epoch is possible com-
pared to uploading the entire history. In order to opti-
mise the state synchronisation process, it is suggested
to make the blockchain state as small as possible.

In Ethereum, many accounts are empty and waste
blockchain state space. Empty accounts cannot be de-
leted due to possible replay errors when old transac-
tions are resubmitted to a deleted account . This prob-
lem can be solved by preventing replay attacks by al-
lowing transactions to specify a hash of the current
block: the transaction is only valid up to a certain num-
ber (e.g. 300) of blocks following the block of the spec-
ified hash. In this way, old accounts can be securely de-
leted, significantly speeding up blockchain state check-
ing [1].

Thus new validators that join the Shard first load
the current state of that shard so that they can quickly

start checking transactions. To ensure that the current
uploaded state is valid, the new node must do the ap-
propriate validation. Instead of loading the entire block-
chain history and replaying all transactions to verify the
current state, the new node loads the historical block-
chain headers and verifies the headers by verifying their
signatures.

As long as there is a cryptographic component
(e.g., hash pointers and signatures) from the current
state to the genesis block, the state is valid. Verifying
signatures is not computationally inexpensive and it
takes a significant amount of time to verify all signa-
tures, starting from the genesis block. To mitigate this
problem, the first block of each epoch is proposed to
include an additional hash pointer to the first block of
the last epoch. In this way, the new node can go through
the blocks during an epoch when tracing the hash point-
ers to the genesis block. This will greatly speed up the
verification of the current state of the blockchain [5].

The proposed consensus uses an approach that dif-
fers from those previously discussed - with Proof of
Share (PoS) as a validator registration mechanism or
Sybil attack prevention mechanism. In order to become
a validator, future participants (or interested parties)
must bid on a certain number of tokens to become eli-
gible to participate. The number of tokens pledged de-
termines the number of voting shares intended for the
validator. Such a method contains a main chain and a
Shardi set. The main chain serves as an identity regis-
try, while the Shardi chains store individual blockchain
states and simultaneously process transactions. This al-
gorithm uses randomness generation by combining a
random function checker (VRF) and a delay checker
(VDF) and includes PoS in the sharding process, which
shifts the fragment protection issues from a minimum
number of nodes to a minimum number of voting shares
[6].

Each voting particle corresponds to one vote in the
BFT consensus. Stakers receive voting shares propor-
tional to their tokens. VVoting shares are then randomly
assigned to the sharding. The tokens become validators
for the fragments for which they vote.

Assigning individual voting shares to Shards ra-
ther than individual validators.The safety of sharding
by voting shares is that even if for all pledged tokens
14 are malicious validators, one validator is assigned to
one Shard. In such a case, in the worst case scenario
where a single malicious validator holds all the tokens
(voting shares), it is less than 13 voting tokens in that
Shard. The reason is that the stakes for each Shard are
mm times less than the stakes of the whole network,
where mm is the number of Shards. Thus preventing
attacks by harmful validators instead of sharding by
validators, the voting shares are split (one share, enti-
tled to vote, is assigned to one shard).

In this method, the price of a voting share is set
algorithmically, so that it is small enough that harmful
participants cannot concentrate their voting power in a
single Shard. The share price has voting power is set in
tokens.

This solution is functional like the minimum num-
ber of nodes in a shard described in other PoW-based
solutions [1; 7].
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This approach is robust to fluctuations in the num-
ber of validators. It does not set a lower limit on the
number of validators in each fragment, as in other solu-
tions such as Zilliga. An adaptive PoS-based model is
adopted so that attackers can never occupy more than
13 voting shares in a single Shard, which makes it ro-
bust.

Developed criteria, indicators and methods to
evaluate the performance of the integrated model for
the implementation of blockchain technology in the
digital environment of the educational process.
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