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Agricultural sciences
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MPUOPUTETbI NCI10JIb30BAHWSA BUOJIOMMYECKMX YAOBPEHNA /11 YCTONYNBOIrO
PA3BUTUA PACTUTEJIbHbIX AFPOSKOCUCTEM

brycynosa Japus

Jlokmop buosioeudeckux Hayk, npogeccop

Kazaxckoeo HayuoHanbHo20 edazozudecko2o YHusepcumema um. Abas,
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Abstract

The use of biological fertilizers is aimed at the formation of closed cycles in agroecosystems,
contributing to the conservation of biodiversity, maintaining ecological balance and ensuring
sustainable agricultural development on a long-term basis. The development and application of
advanced biotechnologies plays a key role, allowing the effective use of biological fertilizers in a
variety of conditions, which increases plant adaptability and resilience. Thus, priorities in the use
of biological fertilizers become a significant element of the strategy for sustainable development
of agroecosystems and guaranteeing food security.

AHHoOmayus

Vicnosib3oBaHue — buosioeuyeckux — YyoobpeHuld — ueseHanpassiieHo HA — GHOPMUPOBAHUE
3AMKHYMbIX UYUKOB B d2PO3KOCUCMEeMax, Cnocobcmaya coxpaHeHuro 6uopaszHoobpasus,
NOO0ePHAHUI 3KOI02UYECKO20 PABHOBECUS U 0becnevyeHuro Yycmolyuso2o pa3Bumus Ce/ibCKo2o
x0350cmBa Ha 00/120CpPoYHOU OCHoBe. Paspabomka u npumeHeHue nepedoBkix buomexHono2ull
u2paem KJro4esyro poJib, NO3BOJISS 3PeKmuBHO UCNO/Ib30Bamb buosio2uyeckue yoobpeHus B
PazHo0bPA3HbIX YC/IOBUSAX, YMO NOBbILIAEM adanmuBHOCMb U Ycmolyusocms pacmeHud. Tak,
npuopumemsl 8 NPUMeHeHUU buosoeudeckux yoobpeHul CMAaHoBIMCS 3HAYUMbIM 371eMeHMOM
cmpameauu  YcmoUl4yuso20 pazBUMUSI  A2POIKOCUCMEM U 2dpaHMuU  NPOO0BOJIbCMBEHHOU
6esonacHocmu.

Keywords: agroecosystem, biofertilizers, chemical fertilizers, sustainable agriculture, soil.
Knroyesble co8a: azposkocucmema, buoyoobpeHus, xumuyeckue yoobpeHus, ycmolyusoe
cesibckoe x03a0cmBo, NOYAA.

B Hacmosiuee spems Habrodaemcss meHOeHyus K passumuro bosee ycmolyuBo20 CeslbCKo20
X0350cmaa, Komopoe 0CHOBAHO HA UCNO0JIb30BAHUU buo02UYecKuUX YOobpeHul, cnoCobHbIX NOBLILIAMb
naodopodue noys. Imu yoobpeHus npedcmassigrom cobol NosaesHble buosiocudeckue npendapamsei,
KOmopbie Mo2ym Y/y4uums cOCmosiHue no4Ysbl. OCHOBHAA 3adada 0718 obecnedyeHuss ycmolyusocmu
CeNlbCKo20 X0380CMBA 3aKI4aemcs B8 COXPAHeHUU 3KOCUCMEeMHbIX YC/ye npu  00HOBPemMeHHOU
ONMUMU3AUUU YPOXAUHOCMU CE/IbCKOX038UCMBEHHbIX Ky/Ibmyp. BaxHo paccmampusams 3adadu 0J1s
noucka 6anaHca mexcoy yBenudeHuem yporaldHoCmu 3a cyem Ucno/ib308aHUs MPAdUYUOHHbIX U HOBbIX
YoobpeHul u coxpaHeHuem 300p0BbA NOYBbI U OKpyxarowel cpedbl, Ymo ABI9emcs KIHHYOM K
ycmoUlyusol UHMeHcuguKkayuu azpapHo2o cekmopa [1].



B Hacmosujee BpemMs  KOJAUYeCmBO — Bewlecms,  NOCMynarowux B8 obpaujeHue B
CeNIbCKOX039lCMBEHHOM Npouecce, He ycmyndem Bewecmaam™, BbloesaeMbiM C NPOMbIULICHHbIX
npednpusmud (puc.1).

IlecTunuamr;

Hedts n MuHepanbHbIC
HE(PTETIPOAYKTHI. yaoOpeHus;

OTXO0IBI
I'azomsIMHBIE MIPOMBITIUICHHOCTH
BEIECTBA H CEJILCKOTO
XO035MCTBA;

PucyHok 1. OCHOBHbIe UCMOYHUKU 3a2PA3HEeHUS NOYBbLI

CnoxcHocmu, BO3HUKarowue 8 pesysbmame Heob0YMAHHO20 UCNOJIb30BAHUS a2pOXUMUKAMOB
(exce200HO B Mupe 0J1 NOBbIWEHUS YypoxalHoCmu npumeHsemcs: cabiwe 100 MuaIuOHOB MOHH
azommHbix yoobpeHul u 6osee 90 MUIIUOHOB MOHH KanulHbIX U GOCHOPHbIX), CMAHOBIMCS
04eBUOHbLIMU, YMO Bedem K pPoCmy NPOU3BOOCMBEHHbIX 3ampam U 3d2ps3HeHUr0 NoYBbl U BOOBI.
Hecmompsi Ha pasnuyus B xdpakmepe U YpOBHE 3A2pS3HEHUS NOYB, 3KOJI02UYecKas Hazpyska Ha
azposkocucmemMbl  onpedesisemcs CBOUCMBAMU NOYB U UX CNOCOBHOCMbLK  CONPOMUBJISMbLCS
3a2pA3HeHUr.  A2pO3KOCUCMEeMa - 3MOo UCKYCCMBEHHO CO30aHHAs, NPOCMPAHCMBEHHO 02pAHUYEHHAs!
cucmema, omuYaroWdsaca HecmabuibHOCMbHO U B3aumModelcmBuemM Mexoy XUBbIMU Op2aHU3MAaMU U
UBMEHEHHbIMU  abUOMUYeCKUMU KOMNOHeHmamu. Eé kirdeBas 0cobeHHOCMb 3aKk/a4yaemcs B
CcNocobHOCMU NOOOEPHUBAMb OMHOCUME/IbHO CMAabu/ibHOe PYHKYUOHUPOBAHUE 3a CYEM NOCMOSIHHO20
BB00A 3HepauU Yesioseqeckol 0esmesibHOCMU. Ljesib aeposkocucmembl — obecneqeHue Npou3soocmad
onpedesiéHHo20 Koau4yecmaa pacmumesibHol NPoOyKYUU 01 Ce/lbCKo2o xo3alcmaa [2].

Azposkocucmembl KazaxcmaHa npedcmassistom cobol YHUKA/IbHOe COYemaHue NPUpPOOHbIX
JaHOwagmos U AHMPONO2EHHbIX  Bo30elicmaul,  HANPABIEHHbIX  HA  NPOU3BOOCMBO
cenibckoxosatcmaeHHoU NPOOYKYUU. Imu cucmemMsbl BKOYArom 8 cebsi He moJibKo NAawHU U nacmbuwyd,
HO U J1yea, sieca, a Makxe BOOHble 06beKMbl, KOMOPbIe U2Parom BAXCHYH POJib B NOOOEpIHaHUU
buo2eoOXUMUYeCKUX YUK/IoB U buopasHoobpasus. B KazaxcmaHe azposkocucmembsl CMAaKuBaromcs C
PSIOOM  BbI30BOB, BKJ/IKOYAS ONYCMbIHUBAHUE, 0e2padayuro 3emesib U NOomeprd Na000poous. Imu
npobsiemMbl  0KA3bIBAKOM  3HAYUMEsIbHOe BJIUSHUE HA YCMOUYUBOCMb  Ce/IbCKOX0358UCMBEHHO20
Npou3BoOCMBA U 3KOHOMUKY CMpPaHsbI 8 uesaom [3].

M3BecmHo, Ymo cmolKoCMb a2po3IKOCUCMeMbl B NEPBYI0 04epedb 3asUCUM OmM MUNd NOYBbI.
lo4Ba, a8/199Cb pyHOameHmMOoM 0J1F pecypcos U Npou3Bo0CMBA, HaX00UMCS B C/I0#HOU, pazHoobpasHol
u yassumol cpede, noodsepx3ceHHol 3po3uu U obnadaroweld HU3KUM YPOBHEM ecmeCcmBeHHO20
ns1000podus, YMO OKA3bIBAEM 3HAYUMesIbHOe BJIUSHUE HA CesibCKoX03aUCmBeHHoe Npou3BO0CMBO,
npou3soouMeIbHOCMb MPYAa U CNOCOOHOCMb K CO30aHU YCMOoU4YUBbIX CUCMeM NPou3BOOCMAQ.

Takum obpazom, BoCcCMaHoseHue U No0oepx3caHue nao0opoous NOYBbI CMAHOBUMCS KJ/IHOYeBbIM
¢akmopom, Komopbil CNOcobCcmByem pasBUMUK  Ce/IbCKOX03AUCMBEHHO20 NPOU3BOOCMBA  HA
2/106a1bHOM ypoBHe. Mo Nnod4yepkusaem Heobxoo0uMoCmb pPaclUupeHuss UcciedoBaHul C UesbHo
VAyHweHus: 00/120CPOYHOU YCmoU4uBoCMU U NPOOYKMUBHOCMU SMUX CUCMEM.

MHo2ue cesbXxo3npoussooumenu Ce200Hs CMpPeMsmcs OMKA3ambsCs Om  UCNO0JIb30BAHUS
MUHepasibHbIX yoobpeHuld U/iu MUHUMU3UPOBAMbL UX NPUMEHeHUe, nepexoosl K OpeaHU4yecKomy
3emnedenuro. [nasHou 3adaqell A819emMCs BbIpAUUBAHUE IKO102UHeCKU Yucmol NPOOYKUUU U SKOHOMUS]
cpedcma. B smom KoHmekcme, buosiocudeckue yoobpeHus npedcmassisatom cobol nepcnekmusHYH
3KOJI02U4ECKU YUCMYHO AJIbMEPHAMUBY XUMUYECKUM YOOOPEHUSIM, MeM CambiM CIMUMY/IUPYS NOBbILICHUE
YPOXAUHOCMU, NOBbIWEHUe Kad4ecmBd KyJbmyp, VayduweHue CconpomusisemMocmu  pacmeHull



Heb1a2onpusiMHbIM YC10BUAM B a2poskocucmemax. OOHOBPeMeHHO C 3MUM, XuMu4eckue yoobpeHus
WUPOKO — UCNOJIL3YIOMCS B Ce/bCKOM — xo3aUcmse 0719  NOBbIWEHUS  NPOOYKMUBHOCMU
cenbCckoxossaticmBeHHbIX Ky/bmyp. OOHAKo, OHU OKA3biBarom KpaliHe HezamusHoe Bo30elicmsue Ha
OKDYM#aroWwyro cpedy, CHUXas Nio0opodue NOYB U YPOXAUHOCMb Ce/IbCKOX03AUCMBEHHBIX Ky/bmyp.
Bonpoc 0 Bpede MuHepasibHbIX YyoobpeHul ABASemcs CI0MHbLIM U MHO202paHHbIM. C 00HOU CMOPOHHI,
npu NPABUIIbHOM UCNOJIb30BAHUU U CObJIH00eHUU pekomMeHOayud, MUHepasbHble yoobpeHus mo2ym bbimab
6e30NacHbIMU, MAK Kak OHU NOOBEpP2aromcs CepmuuKayuu u NPOBEPKAM HA 3KOI02UYECKYH YUCMOmY
u 6ezonacHocms. C 0py2ol CMOPOHbI, HeNpPasuUibHoe NPUMEHeHUe /U HapyuleHue 003UpOBOK MOXem
npusecmu K spedy 0718 oKpyxarowiel cpedbl, NOOABJIeHU) MUKPOOP2AHU3MOB B NOYBE, CHUMCEHUO
ns1000podust U HakonseHuro 8 3emse. Cyujecmsyem MAakie MHeHue, Ymo MUHepasbHble yoobpeHus
MO2Ym BbI3BAMb Ype3MepHbIt pocm pacmeHul, Ymo He2amuBHO CKA3bIBAGMCA HA N000HOWIEHUU,
3UMOCMOUKOCMU U UMMYHHbIX Peakyusx pacmeHul Ha bonesHu u speoumered.

Henpasu/sibHoe npumMeHeHue MUHepasibHbIX Y0obpeHud, 8 MOM Huc/ie a30MHbIX U POCHOPHBIX,
npuBooUM K HAPYWeHUro @GYHKUUOHAIbHbBIX CNOCObHOCMeU MHOo2UX NJI000POOHbLIX NOYB, YMO
NoOMBEPIOAemcsa XuMUYecKUMU, puzuyeckumu u buosioeu4deckumu NoKaamenamu. Takas mexHo102us
BHeceHus1 yoobpeHull He2amuBHO CKA3bIBAEMCS HA 300pOBbE NOYBbLI U 3IKOCUCMEMHbIX YCiyeax,
CBSA3AHHbIX C NOYBOU. HecbanaHcupoBaHHoe UCN0/Ib30BAHUE XUMUYECKUX YOobpeHul MoXem npusecmu
K u3MeHeHuro pH noyssbl, ycuneHuro spedumered, 3aKucaeHuro U 06pa3oBaHuro NOYBEHHOU KOPKU, 4mo B
CBOH 04Yepedb CHUXaem Co0epxaHue Op2aHU4yeckoz2o Y2iepodd U NOJIe3HbIX Op2aHU3MOB B NOYBE,
3amedsigem pocm U YpoxalHoCmsb pacmeHul, a makxe cnocobcmayem BbI6pocy NAPHUKOBbIX 24308.

OcHosHas 3adaya 0719 obecneyeHus YCcmMoUYUBOCMU Ce/IbCKO20 X03AUCMBA 3aK/o4aemcs B
COXPAHeHUU  3KOCUCMEeMHbIX — yCaye — npu  00HOBpeMeHHOU — onmumMu3ayuu  ypoxcatHocmu
CesIbCKOX039UCMBEeHHbIX Ky/bmyp. B HACMoawut MOMeHM BAXCHO pACCMampusams 3adaqu 07189 NoUcKa
basnaHca Mmexoy yBesudyeHuUeMm YpoxcaldHoOCmu 3d cYem UCNO0JIb30BAHUS MPAOUUUOHHbBIX U HOBbLIX
yoobpeHul u coxpaHeHuem 300pOBbSI NOYBbLI U OKpyxMcaroueld Cpedbl, YmMo SBJISeMCs K/HHYOM K
ycmoU4usol UHMeHCUGUKayuu azpapHo2o cekmopd.

buoydobperus ueparom Kao4esyro posib B8 0602aWeHUU NOYBbI, NOCKOJIbKY OHU BHOCAM
MUKPOOP2aHU3Mbl, NPOU3BOOAU4UE Op2aHUYecKue NUmame/ibHble Belwsecmsd, u cnocobcmayrom bopbbe
¢ namozeHamu. OHU He MoJIbKO 0becneyusarom pacmeHus 00CMyNnoM K HeobX00UMbIM NUMAMesibHbIM
Bewecmaam 0J151 UX meKyuw,e2o pocma u passumusi, HoO U cNOCobCMBYM Y/1yHuWeHUr CMPYKMYpPbl NOYBbI
Ha 0doneocpoyHol ocHose. Kpome moeo, 6uoydobpeHuss Cmumysupyrom pocm pacmeHud u
cnocobcmayrom KOMNOCMUPOBAHUK0, YmMo Bedem K bosee 3¢pdekmusHol nepepabomke opeaHu4ecKkux
omxodos. B pamkax ycmol4yuso2o — ce/bckoeo  xo3Alucmaa  buoyoobpeHus  CMAHOBAMCSH
npednoymumesibHol asbmepHamuBol XUMUYecKum YOobpeHUsIM, NOoBbIWAs N00opooue NoYsbl U
ypoxcatHocms 6e3 8peda 0715 okpyxarowiel cpedsi [4].

buonoeuyeckue yYoobpeHus ABNSHOMCS eCMmeCcmBeHHbIM aHAI020M  XUMUYECKUX Beujecms,
obecneyusarowux na00opodue NOYBLI 3a CHem CO0ePHAHUSI NOIE3HbIX MUKPOOP2aHU3MOoB. [1100opodue
3emM/lu 3aBUCUM He MOJIbKO OM HA/AUYUs MAakpo3/ieMeHmoB U Opy2ux NUMAamesibHbIX Beliecms.
MUKpOOP2aHU3Mbl UePArom 2/1aBHYK POJib B HU3HEHHbIX NPOUECccax pacmumesibHbIX KyJbmyp: OHU
NomMo2arom YycBauBAmMb BCe BUObI NOJIE3HbIX KOMNOHEeHMOoB. Kak u3BecmHo, bakmepuasibHble y0obpeHus
cumbuomuyecku B3aumooelicmsyrom ¢ pacmumesibHbIMU  KY/JbMypamu, Mo eCmMb 3HAYUMesbHO
VAYYWAemcs Ka4ecmao NoYBbl, NOBbILAemcs niodopodue. Kpome moeo, pacmeHuss CMAaHoBImMcs
ycmodyusbiMu K HebnazonpusimHomy Bo3sdelicmauro spedumesnel u bonesHel [5]. lNpeumyujecmsa
buoy0obpeHull BK/IHOYArOM HU3KYH CMOUMOCMb, NOBbLIWEHHYH 00CMYNHOCMb NUMAmMe/lbHbIX BeUJECMS,
YAyYweHue n100opooust NOYBkI, 3aWuUmy pacmeHul om NAMo2eHoB, NEPEHOCUMbIX NOYBOU, YcmolyuBoe
cesibckoxo3salcmBeHHoe  NPou3BOOCMBO,  NOBLIWEHHYH — YCmOoU4YuBoCMb K BUOMUYeCKUM U
abuomuyeckum cmpeccamM, CMUMYIUPOBAHUe BbIpdbOMKU GUMO20PMOHOB, Y/ydweHue 300p0Bbs
NOYBbI, MeHbuIee 3azpsa3HeHue oKpyxcaroujell cpedbl, a UX NOCMOSHHOE UCNO/Ib30BAHUE 3HAYUMESbHO
nosbkiwaem nj1000pooue NOYBbI.

B 3aBUCUMOCMU OM UCMOYHUKA U Cbipbs 6uoydobpeHus nodpazodenstomcs Ha 0Be OCHOBHbIO
Kamezopuu:

1. buoyodobpeHuUs Ha 0CHOBE OP2aHUYEeCKUX OCMAmMKoB

2. buoydobpeHusi Ha 0CHOBE MUKPOOP2AHU3MOB.

3esienHbili HABO3, pacmumesibHble OCMAameku, 06pabomaxHble 0Cadku CMOYHbIX BOO U HABO3
pepmepckux 0BopoB, KAK Npasusao, ABASHOMCca  6uoyoobpeHusMU Ha op2aHu4yeckold OCHOBe.
buoydobpeHusi Ha OCHOBE MUKDPOOP2AHU3MOB COOEPXam NOJIe3Hble MUKPOOP2AHU3Mbl, MAKue Kak
bakmepuu, 2pubbl u BOOOPOC/IU. MUKPOOP2aHU3MbI U2PArOM 2/1aBHYH POJib B MU3HEHHbIX NPOYeccax



pacmumesibHbIX Ky/Jibmyp: OHU NOMO2Arom yCBAUBAMb BCe BUObI NOJIE3HbLIX KOMNOHEHMOB. [IpAMo uau
KOCBEHHO 3mu buoydobpeHus 8aUSOM HA pocm pacmerud. [psmble MexaHu3mbl, Komopbie 0elicmayom
Ha pacmeHuss HenocpeocmBeHHo, BKJ/IYarom Gukcayuro dsoma, cosrobunusayuro ¢Gocgpamos,
conrobuIU3aUUKD MUKDPO3/IEMEHMOB U NPOU3B0OOCMBO (PUMO20PMOHOB. Henpamol MexaHu3m 06bIYHO
3awuuiaem pacmerue om nazybHo2o B030elcmBuUA NAMO2EHOB NYMeM BblOeaeHUs JIUMUYeckux
pepmeHmoB, aHMubUOMUKO8, cudepogopoB U NPOU3BOOCMBA UUAHUOOB.

Kpome moeo, buoydobpeHus cmumysupyrom —pocm — pacmeHud u  cnocobcmayrom
KOMNOCMUpPOBAHUro, Ymo Bedem K bosiee 3ppekmusHol nepepabomke opeaHuyeckux omxodos. B
pPaMKax ycmol4yuso2o Ccesibcko2o Xxo3zsaucmsa buoydobpeHus CmMaHoBaImcs npeonoYmumesibHol
asibmepHamuBoU XUMuYyeckum yoobpeHUsM, NoskILLAas naodopodue NoYBsb! U ypoxcaliHocms 6e3 speda
0J19 OKpyXarousel cpeosbi.

B buosioeudeckom 3emsiedesniuu NepcnekmuBHbIM HANPABieHUeM ABASemcs UCNO0J/Ib308AHUE
nonesHol  no4yseHHolU U  pu3ocgepHol  MUKPOGJIOPbI,  BK/IKYAS — A30M@UKCUpyrouue U
pocpammobuuzyrousue MuKpoopeaHU3Mbi.

buoydobpeHus U NPUPOOHbIE  MUKPOOP2AHU3MbI,  Makue Kak dzomeukcamopbl U
pocpammobuiuzamopsl, Uparom  KaYesyo posib B pasBumMuU  pacmeHud, obecnequsas ux
MUHepasibHbIM NUMaxuemM, 3awumol om namoeeHos U spedumesied, a makxe adanmauued K
cmpeccam. OHU Makxe cnocobcmayrom NpedomspaleHuro UCMOUEHUS NOYB, BOCCMAHOBIEHUK UX
n000p0o0Ust U NOOOEPIAHU bUOI02uU4eCKo20 pa3zHOObPA3Us.

Knroqesble ocobeHHocmu buoydobpeHul:

e buoydobpeHus npedcmasnisaom cobol NpeumMyulecmaeHHO MUKPOOP2aHU3Mbl, Maxkue Kak
bakmepuu, 2pubku, B000OPOC/IU U Opyaue.

e OHu cnocobcmayrom 0bo2auseHuro NOYBbI NUMAMe/IbHbIMU BeU,eCMBAMU.

e Yyacmsyrouwjue opeaHu3Mbl U2parom KioYesyro poJib B YUK/ NUMAmesbHbIX BeWecms.

e buoydobperus skao4arom 8 cebs buosocudeckue azeHmsl, NOJYYeHHbIe U3 Pa3HO0Opa3HbIX
0p2aHU3MOB.

e OHU He npuBoOsSIM K MOKCUYHOCMU OJ1 NOYBbI U BOOOEMOB.

e Cnocobcmsyrom pasBUMUKD 0P2aHUHECKO20 CeslbCKO20 X03aUcmad.

[peumywiecmsa UCNoIb30BaHUs 6UOYO0bpeHUl HeoCNOPUMbI: OHU BbINOJHSAIOM MHOXeCMBO
¢yHKYUd, 4mo No3B80os1gem 3amMeHUMb UX 0OHUM NPOOYKMOM BMeCmo UCNO0JIb30BAHUS Uesio20 Habopa
Heop2aHu4ecKux U op2aHu4eckux yoobpeHud, a makxe cmumyasmopos pocmd.

Takum obpasomM, buosocudeckue yoobpeHus npedcmassistouue cobol  3ppdexkmusHyro
asbmepHamusy, cnocobcmayrom ycmolyuBoCmu a2po3KOCUCMEM.

JKonoeudeckull acnekm ucnosib308aHus buoydobperud, Komopble 061a0arom KoMNJIeKCoM
NoJIoMUMeEsIbHbIX CBOUCMB U ABASAOMCA a/lbMepHamuBol Xumuyeckum yoobpeHusim, Oesnaem Uux
npusaeKamesibHbIMu 0J1F Ce/IbCKOX038UCMBeHHbIX npou3sodumenel, CmpemMawuxcsa K NoJyYeHuro
BbICOKOKAYECMBEHHO20 Ypoxcas be3 npumMeHeHUs MUHepasabHbIX yoobpeHud.
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Abstract

In our study, chlorophyll a, b (Chl a, b) and phenological observations of the physiological
characteristics of 20 (5 hard, 5 soft, 5 wild tetraploid, and 5 wild hexaploid) wheat genotypes were
conducted. Chl(a+b) content and productivity of wild wheat genotypes were higher than soft and
hard wheat.

Keywords: hard, soft, wild, ploidy, genotype, chlorophyll content, productivity

Introduction

Wheat occupies a very important place among grains for the food supply of the world and the
population of our country. Although yield-based wheat breeding has achieved significant yield gains
worldwide, future success will be determined by the cooperation of breeders and plant physiologists and
the support of physiological criteria. (Jackson et al. 1996).

Among cereals, wheat is one of the most important elements of food security for the world's
population due to both production volume and nutritional value, and it has an important strategic
importance as an irreplaceable food product. For this reason, increasing the productivity of the wheat
plant and raising the efficiency of its production is one of the important issues (Ellazov ve.b 2020). Due
to the number of photosynthetic pigments, which play an important role in increasing the productivity
of wheat genotypes, it is possible to make an opinion about the development level of the photosynthetic
apparatus, the physiological state, and the potential of crop formation and collection in different
cultivation conditions. The chloroplast pigment system is represented by two types of pigments, green-
chlorophyll "a" and "b". The main functional pigment is chlorophyll "a" found in all photosynthetic
organisms (except bacteria). Chlorophyll "a" acts as a direct enerqy donor for photosynthetic reactions,
other pigments only transfer absorbed energy to chlorophyll "a". The amount of chlorophyll provides an
idea about the potential of plants to absorb CO: and produce products, which allows for a more accurate
assessment of the role of individual organs in product formation. Since the amount of chlorophyll varies
significantly depending on the growth phase of the plant, leaf layer, and growth conditions, it is
necessary to monitor the dynamics of chlorophyll in plant organs during physiological studies. During
photosynthesis, antenna pigments in chloroplasts absorb sunlight and the resulting excitation is directed
to the reaction center pigments, which release electrons and initiate the photochemical process (Kalaji
va.b 2017; Richardson ve.b 2002). Chlorophyll absorbs strongly in the red (650-700 nm) and blue (400-
500 nm) regions, although absorption in the blue by carotenoids often prevents this region from being
useful in chlorophyll estimation. The most common types of chlorophylls are a and b, which
complementary absorb most of the light in two bands of the visible spectrum: chlorophyll a in the red-
orange band (640-670 nm), and chlorophyll b absorbs more. mostly in the blue-violet band (430-460 nm).
In addition, the presence of a methyl group in chlorophyll a instead of an aldehyde group in chlorophyll
b shifts the absorption peaks to red (669 nm vs. 644 nm) and blue (432 nm vs. 455 nm) (Liew et al. 2008),
which allows discrimination between these two types of chlorophyll. Both types of chlorophyll have a
minimum of 550 nm, which is what makes plants appear green. The research aims to study the structural
components and chlorophyll analyses of the local and introduced durum wheat genotypes.

Material and methods:

The field experiment was conducted in 2022-2023 in the field laboratory of grain and lequminous
plants of Azerbaijan State Agrarian University. 20 durum wheat genotypes (5 hard, 5 soft, 5 wild
tetraploid, and 5 wild hexaploid) were taken as the research object. Phenological observations were
made according to Kuperman (Kuperman 1984). Productivity indicators were performed based on the
"Methodology of field experiments on research works in the field of selection of cereal crops"(Musayev
va .b 2008). Among the structural elements, the width, length, mass of the spike, the number of spikes
in the spike, the number and mass of grains in the spike, and the mass of 1000 grains were determined



by generally accepted methods, and the yield was calculated according to the seam taken from the unit
area. Determination of chlorophyll in the leaf extract was determined with a spectrophotometer
(DR6000 UV VIS Spectrophotometer, Germany) in "a", and "b" 96%-ethanol in the biotechnology
laboratory of the biology department of the Azerbaijan State Agrarian University, respectively, at 645,
663, 470 nm wavelengths and according to the wet mass. calculated in mg/q (Lichtenthaler va.b 2020).

Results and their discussion.

The amount of photosynthetic pigments of leaves in wheat genotypes was determined in the spike
phase of vegetation. The following calculations were performed to determine sample chlorophyll
concentrations. Concentrations will be expressed on an area basis.
Chlorophyll a [milligrams/milliliter (mg/mL)] = 12.7 A663 - 2.69 A645
Chlorophyll b (mg/mL) = 22.9 A645 - 4.68 A663

where:

A645 = absorbance at a wavelength of 645 nm;
A663 = absorbance at a wavelength of 663 nm.
Total Chlorophyll (mg/mL) = Chlorophyll a + Chlorophyll b.
Total chlorophyll (mg) in original tissue sample = Total chlorophyll (mg/mL) x final volume (mL).
Total chlorophyll a (mg) in original tissue sample = Chlorophyll a (mg/mL) x final volume (mL).
Total chlorophyll b (mg) in original tissue sample = Chlorophyll b (mg/mL) x final volume (mL).
Chrolophyll at least -0.008 (T.aestivum var. barbarossa), and from wild samples T. spelta var.
menabdii (0.05), T. timopheevii has the highest rate. viticulosum (4,28) and T. Dicoccum var. rufum
(12,68) were observed.

Table 1.
Physiological indicators of wheat genotypes with different ploidy
Ne | Variants Waves Abs Cl(a) Cl(b) (a+b)
663 nm | 645nm

1 | T. timopheevii var. viticulosum | 0,004 0,017 0,029 0,00507 -4,2867 | 4,28
2 T. polonicum var. attenuatum 0,003 0,003 0,030 0,03003 0,05466 | 0,09
3 | T. dicoccumvar. rufum 0,648 0,370 2,951 7,2343 544463 | 12,68
4 | T. spelta var. zhukovskyi 0,003 0.003 0,030 0,03003 0,05466 | 0,08
5 | T. spelta var. zhukovskyi 0,001 0,001 0,009 0,01001 0,01822 | 0,03
6 T. spelta var. zhukovskyi -0,002 -0,003 -26,647 | -36.2658 0,07806 | 0,2

7 | T.aestivu var. lutescens -3,455 -2,830 0,016 0,00732 004112 | 0,05
8 T. spelta var. menabdii -0,001 -0,002 0,013 0,00732 0,04112 | 0,05
9 T. turgidum var. fumidum 0,003 0,005 0,052 0,02465 0,0911 0,3
10 | T. durum var. leucurum -0,001 0,000 0,006 00127 0,0468 0,02
11| T.aestivum var. erythroleucon -0,003 -0,005 0,022 00172 -0,0453 | -0,01
12 | T.aestivum 0,005 -0,006 -0,094 0,4736 -0,1608 | -0,1

var.erythrospermum

13 | T. durum var. hordeiforme 0,002 0,002 0,024 0,02002 0,03644 | 0,05
14 | T. durum var. affine 0,005 0,002 0,016 0,05812 0,0224 0,08
15 | T.aestivum var. albidum 0,000 -0,004 -0,046 -0,0508 -0,0916 | 0,04
16 | T. turgidum var. nigrobarbatum | 0,003 0,004 0,048 0,02734 0,07756 | 0,1
17 | T. durum var. apulicum 0,002 0,001 0,014 0,02271 0,01354 | 0,03
18 | T.aestivum var. barbarossa -0,001 -0,000 -0,001 -0,0127 0,00468 | -0,008
19 | T. spelta var. menabdii -0,001 -0,018 0,033 -0,22591 0,6134 0,4
20 | T.durum var. melanopus 0,001 0,002 0,015 0,00732 0,04112 | 0,05

At the same time, the yield and yield elements of wheat genotypes were determined and shown in

Table 1. Table 2 shows the length of the spike, the number of spikes in the main spike, the number and
mass of grains in the main spike, and the mass of 1000 grains. The length of the spike from the genotypes
of the wild forms varied between 5.2-16.5 cm and from the cultivated forms - 8, 9, and 12 cm in the
samples of T. aestivum, and the least in the samples of T. durum - 5, 6, 7 cm. The number of spikelets in
the main spike fluctuated between 16-27 in both genotypes. The number of grains in the main spike was
the highest in wild hexaploid T. spelta samples (72), cultivated tetraploid T. durum samples (48), and
cultivated hexaploid T. aestivum samples (62). The mass of 1000 grains was the highest T. Durum (46.2
g), and the least T. dicoccum (19.8 g).



Table 2.
Fertility elements of wheat genotypes with different ploidy

Genbank number sowing The length The number The
s/s number | of thespike, | of spikelets | numberof | Weight of
cm in the spike, | grainsin | 1000 grains,
number the main g
spike, no
1 2 4 5 6 7 8
1 T. timopheevii var. viticulosum 135 52 25 46 251
2 T. polonicum var. attenuatum 136 9,0 19 44 32
3 T. dicoccum var. rufum 137 6,1 16 22 19,8
4 T. spelta var. zhukovskyi 138 9,8 19 22 36,2
5 T. spelta var. zhukovskyi 139 9,5 24 72 40,9
6 T. spelta var. zhukovskyi 140 10,5 21 62 35,9
7 T.aestivum var. lutescens 141 9.5 23 41 27,5
8 T. spelta var. menabdii 142 16,5 22 30 28,2
9 T. turgidum var. fumidum 143 872 20 41 345
10 | T. durum var. leucurum 144 10 22 48 32,1
11 T.aestivum var.erythroleucon 145 10 18 62 33,5
12 | T.aestivum var.erythrospermum | 146 97 19 42 35,6
13 | T. durum var. hordeiforme 147 55 21 35 42
14 | T. durum var. affine 148 6,9 18 25 381
15 | T.aestivum var. albidum 149 12 23 55 33,5
16 | T. turgidum var. nigrobarbatum | 150 89 799 28 383
17 | T. durum var. apulicum 151 7.5 27 39 46,2
18 | T.aestivum var. barbarossa 152 85 20 36 44,1
19 | T. spelta var. menabdii 153 9,8 17 34 383
20 | T.durum var. melanopus 154 7,2 19 28 31,7
Conclusion

Thus, when looking at the productivity elements of the genotypes, the mass of 1000 grains was
high in the samples of durum wheat species, but the physiological indicators prevailed in the genotypes
of wild species and they can be used as a starting material in selection. Research work is ongoing.
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Introduction

During the implementation of the innovation model, the economic development of the
country is based on the latest trends of technological and social development based on high-tech
and capital-intensive production. The innovation model of the industrial policy allows the
development of the country's scientific and technical potential, and the increase of its
competitiveness in the international field. It stimulates the development of education and ensures
the satisfaction of domestic demand and directs the economy to the production of high-quality
products.

Export-oriented industrialization, sometimes called export-substitution industrialization,
export-led industrialization, or export-led growth, is a trade and economic policy that aims to
accelerate a country's industrialization process by exporting the country's goods.

In the Nakhchivan Autonomous Republic, the processing, light and food industries that
ensure the processing of local agricultural raw materials and the production of final products, the
modernization of the production infrastructure, and the development of innovative activities of
entrepreneurs and enterprises can be attributed to the development priorities of the industry.

Keywords: Innovation, Year of export, Export-oriented industry, Import substitution,
Entrepreneurship, Enterprise, Tax concession

The term 'innovation” comes from the Latin word "innovato" which means renewal and
improvement. A characteristic feature of the modern stage of world development is the transition of
human civilization from an industrial society to a post-industrial society. This is related, first of all, to the
global nature of the increasing influence of science and technology on all aspects of social life, and to
scientific and technological advances that lead to large-scale socioeconomic and historical changes.
Accordingly, the set of main factors and sources of economic growth also changes. Among them, along
with natural resources and capital capable of influencing the level of development of the economic
system, scientific knowledge that can become an integral resource is becoming more important. At the
practical level, it foregrounds the process of innovation, which ensures that new knowledge is
transformed into product or technological innovations. In fact, the innovation process begins to play a
dominant role in the activity of the entire economic system by changing the type of reproduction, the
quality of socioeconomic relations, and creating a new innovation-oriented economy, which acquires a
unique form of accumulation, a special wealth structure, and special evaluation criteria of accumulation
efficiency.

State support and stimulation of innovation activity in the country's industrial sectors is carried
out in several ways. Maximum participation of scientific-research, design-technological institutes,
scientists, specialists, inventors in the process of subsidizing fundamental and search research, which
performs innovation activities of the state;

Directing the funds of the scientific funds created by the state to the following areas that master
the innovation process of the industry.

« Creation of alternative and renewable energy systems;

* Production of new types of devices, machines and equipment;

* Adoption of new industrial products, constructions and technologies;

* Creation of fertile financial and regulatory-legal conditions for the purchase of patents and
licenses from abroad.

Export-oriented industrialization, sometimes called export-substitution industrialization, export-
led industrialization, or export-led growth, is a trade and economic policy that aims to accelerate a
country's industrialization process by exporting the country's goods. It has a comparative advantage.



Export-led growth involves opening domestic markets to foreign competition in exchange for market
access in other countries. This may not apply to all domestic markets, as governments may aim to protect
specific emerging industries in order to develop and exploit their future comparative advantages, and in
practice the opposite may occur. Reduced tariff barriers, a fixed exchange rate (devaluation of the
national currency is often used to facilitate exports), and government support to exporting sectors are
examples of policies adopted to promote export-oriented industrialization and consequent economic
growth. Export-oriented industrialization is particularly characteristic of the development of the national
economies of the Asian Tigers: Hong Kong, South Korea, Taiwan, and Singapore in the post-World War Il
era.

Export-led growth is an economic strategy used by some developing countries. This strategy tries
to find a place in the world economy for a certain type of export. Industries that produce these exports
can get government subsidies and better access to local markets. By implementing this strategy,
countries hope to obtain enough hard currency to import goods produced more cheaply elsewhere.

After Azerbaijan gained independence, significant progress was made in carrying out economic
reforms, developing entrepreneurship, creating property diversity, as well as creating and developing
social and economic infrastructures. This has created conditions for the development of industry and
efficient use of production capacities. Industry, which is an important sector of the economy, equips all
enterprises with equipment. Therefore, the technical and economic level of transport, agriculture,
construction, communication, etc. depends on the level of development, speed and character of the
industry. Restructuring of industrial enterprises, which play a leading role in the economy of Nakhchivan
Autonomous Republic (modernization of enterprises based on new techniques and advanced
technologies, improvement of labor productivity and standard of living) is also important. In this regard,
the development of regions is determined by the level of development of the industry. World experience
shows that 3 models were used in the process of economic development.

1. Export-oriented industrial policy model

2. Import substitution model

3. Innovation model

The development and support of export-oriented competitive areas is the main direction in the
industrial policy. The advantage of this model is that, on the one hand, through the development of
strong competitive fields, the country is integrated into the world economy, has access to world markets
and technologies, and on the other hand, it creates conditions for the development of other fields due to
efficiency.

The import substitution model reflects the strateqy of meeting the demands of the domestic
market based on the development of national production.

During the implementation of the innovation model, the economic development of the country is
based on the latest trends of technological and social development based on high-tech and capital-
intensive production. The innovation model of the industrial policy allows the development of the
scientific and technical potential of the country and the increase of its competitiveness in the
international field. It stimulates the development of education and ensures the satisfaction of domestic
demand and directs the economy to the production of high-quality products.

In the Nakhchivan Autonomous Republic, the processing, light and food industries that ensure the
processing of local agricultural raw materials and the production of final products, the modernization of
the production infrastructure, and the development of innovative activities of entrepreneurs and
enterprises can be attributed to the development priorities of the industry.

Furthermore, a recent mathematical study shows that export-led growth is associated with
increased productivity of non-tradable goods in a country where wage growth is suppressed and the
currency is undervalued. In such a country, the increase in the productivity of export goods is greater than
the proportional increase in wages and the increase in the productivity of non-tradable goods. Thus, in
an export-driven developing country, the export price decreases, making it more competitive in
international trade.

The "State Program for the Socio-Economic Development of the Nakhchivan Autonomous Republic
in 2019-2023", approved by the Decree of the Chairman of the Supreme Assembly of the Nakhchivan
Autonomous Republic dated March 29, 2019, is the next important state document that envisages the
innovative development of the economy. Taking measures to increase investment and innovation activity,
strengthening local economic potential based on the application of new technologies, and creating
innovative economic forms are set as priority tasks in the program.



The decree of the Chairman of the Supreme Assembly of the Nakhchivan Autonomous Republic,
Vasif Talibov, on February 6, declaring 2020 as the "Year of Export" in the Nakhchivan Autonomous
Republic, is the result of the care shown to business and entrepreneurship.

As the industry is a decisive field among the fields of the economy, the number of industrial
enterprises created on the basis of new technologies has increased significantly by implementing a
successful industrial policy in the Autonomous Republic. The declaration of 2014 as the "Year of Industry”
in Azerbaijan and the "State Program for the Development of Industry in the Republic of Azerbaijan for
the years 2015-2020" gave impetus to the rapid development of industry in the Nakhchivan Autonomous
Republic. In 1995, the production of industrial products was 9.1 million manats, in 2015 it was 917.0
million manats, in 2018 it was 990.1 million manats, and in 2020 it was 1040.5 million manats. Thus,
the work done in the field of industry has paid off. In general, the increase in the production of
competitive industrial products has strengthened its place in the export potential of the Autonomous
Republic. It is enough to say just one fact that in 2015, the export potential of the Autonomous Republic
was only 414.4 million US dollars, of which 316.8 million US dollars fell on the share of industrial
products. According to the Decree No. 831 of the President of the Republic of Azerbaijan dated
September 13, 2019, Sharur Industrial District was established. Currently, construction works are
underway in the Industrial District. The creation of industrial parks and neighborhoods plays an
important role in the faster development of the industry. World experience shows that the creation of
industrial parks and neighborhoods is of great importance in bringing the highest technologies to the
country, attracting investments and solving many issues.

Realization of innovative product production involves modernization of processing industry
enterprises and arming them with technology according to world standards. With the versatility of this
process, it directly depends on the implementation of advertising measures, as well as product packaging.
The application of innovations in the field of production of food products produced in the processing
industry can ultimately have a significant effect on increasing the specific weight of local products in the
domestic market, and at the same time strengthening the positions of local products in the foreign
market.

Measures implemented in Nakhchivan Autonomous Republic ensure sustainable development. The
socio-demographic indicator, socio-economic situation, business environment, infrastructure, welfare
and agricultural areas of the Nakhchivan Autonomous Republic were included in the annual investment
rating prepared by the Caspian European Club, of which the President of Azerbaijan Ilham Aliyev was the
first chairman, for 10 economic regions of our country in 2017 and 2018. and was the leader for the
second time, having scored the highest points on a total of 18 parameters.

One of the most important conditions for the expansion of export potential is the adaptation of
the products of processing areas and its quality to world standards and competitive conditions, and the
development of priority areas with high export potential, such as the studied market areas of the
industry. In order to strengthen the competitiveness of export-oriented sectors, the government should
grant them concessional loans, cancel duties on imported raw materials and industrial equipment, and
provide financial assistance and concessions to companies that use local raw materials.
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Abstract

The article analyzes strategic approaches to managing IT companies in the context of global
economic instability with a focus on the situation in Ukraine, which has been the subject of
numerous special studies. Despite the wide range of scientific research in the field of IT company
management, the issues of adaptation to external unstable factors remain relevant and poorly
understood. The paper focuses on the analysis of the impact of economic crises, political conflicts,
technological changes and social transformations, especially in the context of the military conflict
in Ukraine, which significantly affects the industry.

The research was conducted using an interdisciplinary approach that combines methods of
strategic analysis, case studies, and theoretical modeling. Particular attention is paid to the cases
of Ukrainian IT companies that have successfully adapted their strategies to external challenges,
including military operations, which emphasizes the importance of flexibility, innovation and
transparency in the management process.

Based on the analysis, it is proved that the ability of Ukrainian IT companies to respond
quickly to changes in the external environment and effectively manage risks and innovations
determines their long-term success. The paper emphasizes the importance of strategic planning
and internal corporate culture, which contribute to resilience and adaptability in the context of
military operations.

The article will contribute to a better understanding of how Ukrainian IT companies can
effectively manage instability, including military instability, ensuring sustainable development in
the IT sector. It will provide managers of IT companies with recommendations for the formation of
flexible management structures in accordance with the dynamics of the global and local market.

AHOMauis

Cmamms npucsa4YeHa aHasizy cmpameeiqyHux nioxodis 0o ynpassiHHs IT KoMNaHismu 8
YMOBaAx 2/106a/1bHOI eKOHOMIYHOI Hecmabi/ibHOCMI 3 AKUeHMOoM Ha cumyauito 8 YKpaiHi, ska cmana
06°€EKMOM YUCTIHHUX CNeyia/ibHUX 00C/iOM(eHb. He3Baxarodu Ha WUPOKUU Cnekmp HAyKoBUX
docnioxceHb y cepi meHeOxmeHmy IT Komnawil, NuUMAaxHHa adanmauii 00 308HIWHIX HECMAabiibHUX
akmopis 3a7uWarombscs akmyaabHUMu ma manodocaioxeHumu. OCHOBHA yBaza 8 pobomi
30CepeodxeHa Ha aHaizi BNaUBY eKOHOMIYHUX KPU3, NOJIIMUYHUX KOHGIIKMIB, MexHOI02IYHUX 3MIiH
ma coufaabHUX mpaHcghopmauit, 0cobuso B KOHMeEKCMI BilICbKOBO20 KOHGIIKMY 8 YKpaiHi, KUl
CYMMEBO BNJIUBAE HA 2AJ1y3b.

JlocnioxceHHs NpoBedeHo 3 BUKOPUCMAHHAM MiXOUCUUNJIIHAPHO20 NIOX00Y, W0 NOEOHYE
Memoou CmMpame2iyHo20 aHasizy, Keldc-cmaditi ma meopemuyHo2o MoodesosaHHs. Ocobausa
yBaza npudineHa Kedcam ykpaiHcbKux IT Komnawit, SKi ycnituHo aoanmysasnu c8oi cmpamezii 0o
30BHIUWHIX BUK/IUKIB, BKJIOYAKOYU BOEHHI Oii, U0 NIOKPECIIHOE BAXU/IUBICMb 2HYYKOCMI, iIHHOBAUIU Ma
nNpo30pocmi 8 ynpasiiHCbKOMY NPOUECH.

Ha ocHosi aHanizy 0osedeHo, w0 30amHicmb YKpaiHCcbKux IT KomnaHild WwBUoKo peazysamu
Ha 3MIiHU B 30BHIUWLHBLOMY CepedoBuli ma epekmuBHO ynpasismu pusuKamu ma HHOBAuiIMU
BU3HAYAE iXHIO 00B20CMPOKOBY YCNiWHICMb. Poboma akueHmye ysa2y Ha Ba uiusocmi
cCmpameziyHo20 NAAHYBAHHS MA BHYMPIWHBOI KOPNOPAMUBHOI Ky/ibMypu, SIKI  CNPUSHOMb
cmilikocmi ma adanmusHOCMI 8 YyMOBAx BOEHHUX Oill.

Cmammsi cnpusimume Kpawjomy PO3YMIHHIO MO20, SK YKPAiHCbKI IT KOMNAHI MOXCYymb
epekmuBHO ynpasasmu Hecmabi/ibHICMH, BKIHOYAKOYU BOEHHY, 3abe3neyyrodu cmidkul po3BuUMoK
8 IT cekmopi. BoHa Hadacms meHedxepam IT KomMnaHil peKkomeHoauii 07151 popmMyBaHHS 2HYHKUX



YNPasiHCbKUX CMPYKmMyp B8I0N0BIOHO 00 OUHAMIKU 27106a/1bHO20 MA MiCYeB0o20 PUHKY.
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Bcmyn

Y cyqacHomy csimi cmpimMKux mexHos02i9HUX 3MiH ma 2106ani3auii, IT KOMNAaHii cmukaromscs 3
YUC/IeHHUMU BUK/IUKAMU, WO 3MYWYHOMb iX NOCMIiUHO nepezisdamu cBoi cmpameeii ma adanmysamucs
0o HoBUX YMOB. B YKpaiHi, 0e eKoHOMI4YHi ma noaimuyHi Kpu3u NOEOHYHOMBCS 3 BOEHHUMU KOHGIIKMAamu,
HecmabinbHe cepedosuule Habysae 0cobuB020 3HaYeHHS. IT cekmop 3mMyweHUl He uwe BuXcusamu,
ane U 3Haxooumu HOBI W/ISXU O/ PO3BUMKY MA 3POCMAHHS. Y Makux ymoBax cmae HeobXiOHUM
3AaCMOCYBAHHA epekmuBHUX cmpameeill ynpassiHHS, SKi 003B0SI0Mb KOMNAHIAM 6Ymu 2HYYKUMU,
iHHOBaUIGHUMU Ma cMitKumMu 00 30BHILLIHIX 3MIH.

L{a cmammsa aHanizye, K pisHi ¢akmopu HecmabibHOCMI, MAaki SK MexXHOI02iYHI 3MiHU,
eKOHOMIYHI KOJIUBAHHS, NOJIIMUYHA Hecmabi/ibHICMb, CoUia/ibHi MpaHc@opmauii ma BOEHHI KOHGIIKMU,
BNJIUBAIOMb HA YNPasiHHA IT KOMNAHIaMU B YKpaiHi. TexHo102i4Hi 3MIHU 3MYUlYytoMb KOMNAHIT WBUOKO
peazysamu Ha HOBI MeHOeHUii ma BnpoBadxysamu nepedosi mexHosoel, modi K eKOHOMIYHI
KOIUBAHHSA BUMA2AOMb pemesibHo20 GiHaHCOBO20 NJIAHYBAHHS MA YNPAB/IHHS pu3ukamu. [losimudHa
HecmabifibHICMb Ma BOEHHI Oii’ YCKAAOHHOOMb onepauitiHy 0ig/IbHICMb, 3MYUWyrHYU KOMNAHII wyKamu
HOBI pUHKU mMa napmHepcmad.

Memoro uiei cmammi € 00C/IO#(eHHA KHHY0BUX Gakmopis, Wo BNJIUBAOMb HA YcniwHicms IT
KomnaHit 'y HecmabinbHoMy cepedosull, ma HAOAHHS peKkomMeHOauil 0Ji CMBOPEHHS 2HYYKUX
YNPABAIHCbKUX CMPYKMYP, SKi 00380/15mMb eekmusHO adanmysamucs 00 3MiH ma 3abe3ne4ysamu
cmidkut po3Bumok. /[locnioxeHHs NpoBooUMbCS 3d 00NOMO20H) MIiXOUCUUNJIIHAPHO20 NIOX00Y,
NOEOHYYU MmeopemuyHUU aHaniz ma NpakmuyHi Kelcu yKpaiHcbKux IT KoMnaxid, sKi ycnituHo noo0oaau
BUKJ/IUKU Ma 3mMo2/1u adanmysamucsi 00 HOBUX YMOB.

BucHoBKU ufei pobomu Maroms BaXJiuse 3Ha4YeHHs 018 KepisHUKi8 IT koMnaxit, nosiimukiga ma
O00C/IOHUKIB Y 2ay3i MeHeOXMeHmy, AKI npazHymsb 3Halmu epekmusHi nioxoou 019 NiOBUULEHHS
adanmusHocmi ma iHHoBauitiHocmi 8 ymoBax HecmabinbHocmi. Cmamms CNPUSIE KPAW,OMY PO3YMIHHHO
Mmoe2o, AK YKPAIHCbKI IT KOMNAHIT MOXCYmb YCNiluHO ynpasasamu HecmabisibHicmto, 3abezneyqyroqu cmilikud
PO3BUMOK MA KOHKYPEHMOCNPOMOXHICMb B YMOBAX OUHAMIYHO20 CBIMOBO20 PUHKY.

OCHOBHA YACTUHA

Y cywacHomy csimi mexHoso2ii po38usarombCsa Ha038UYAlHO WBUOKO, [ IT KOMNAHIT CMUKArombsCs 3
BUKJ/IUKOM He Jsuwe Biocmexysamu Ui 3MiHU, ane U akmusHO iX iHmezpysamu 0719 36epexceHHs
KOHKYPeHmMOoCNPOMOXCHOCMI. Lje 0cobnuso BaxwiuBo 8 KpaiHax 3 HecmabilbHUM eKOHOMIYHUM ma
NoJIiMUYHUM HOHOM, 0 MexHOI02i4HI IHHOBAUji cmaroms IHCMpyMeHmamu 015 WBUOKoi adanmauii 0o
3MIHHUX YMOB PUHKY MA 30BHIUWLHb020 CepedoBuLd.

lepuwi 3a 8Ce, c/1i0 38epHy MU yBa2y Ha 3pOCMAro4y poJib AsMOMAamu3auii ma wmy4Ho2o iHmesiekmy
B 6i3Hec-npouecax. BnpoBaodxeHHs Lux mexHoso02ill 003B0/ISE€ KOMNAHISM ONMUMI3yBsamu onepaui,
3MeHWwumU BUMpPAmu ma nidBuwuMuU epekmusHicms pobomu. Hanpukaad, asmomMamu3sauis PymuHHUX
3aB80aHb 3BI/IbHAE pecypcu 018 bisibUl CKIAOHUX MA KpeamuBHUX NPOUECIB, WO € KPUMUYHO BAX/IUBUM
Niod 4ac eKoHOMIYHUX NOMPSACIHb abo NoiMuYHUX KoHGikmis [1, c. 287-289].

[HWUM BAM CIUBUM ACNEKMOM € XMApHi mexHo102li, ki 3abe3nedyyrtoms IT KOMNAHIIM 2HYYKICmb Ma
macwmabosaHicme. XMapHi pitueHHs 00380/190mb WBUOKO 36i1bwysamu abo smeHwysamu IT pecypcu
B 3anexHocmi 8i0 nomoyYyHuUx nompeb bi3Hecy, Wo € Be/IUKOH NEpesazor B yMoBax HecmabliibHOCMI.
BuKkopucmaHHa XmapHux naameopm maxkox« cnpuse Kpawit konabopauii ma KoopouHauii 0ig/ibHocmi 8
YMOBAX, KOJIU KOMAHOU MOXCYmb 6Ymu po3noodinieHi 2eoepagpidyHo [2, c. 467-469].

Kpim moeo, HoBI mexHosoell, maki K 6/10KYelH, MOXCymb pAadUKA/IbHO 3MIHHOBAMU CNOCobu
BedeHHs bi3Hecy. briok4yelH 3abe3neyye npo3opicmb [ 6e3neky B MpaH3akyisix, Ujo Moxce 6ymu KOpucHUM
014 IT KoMnaxid y KpaiHax 3 BUCOKUM piBHEM Kopynuii abo Hecmabi/ibHo Npasosor cucmemoro [3, C.

1727-1729].

IT KOMNGAHIi, AKI AKMUBHO iIHMezpyrtombs HOBIMHI MexHo/102ii ma nioxoou, Marome Kpawyi WaHcu Ha
yenix Yy HecmabinbHOMYy cepedosulli. IHHoB8auilHicMe He auwe 8 npodykmax, asne U Yy npouecax
YNPABAIHHS, cmpameaidyHe NAAHYBAHHS, SKe BPAX0BYE NOMEHUIUHI MeXHOI02I4HI 3MiHU, MA 2HY4YKICMb Y
BUKOPUCMAHHI HOBUX [HCMPYMEHMIB € K/1o4em 00 mpUBaAsol KOHKYpeHmocnpomoxcHocmi [4, c. 78-80].



HacmynHumM YUHHUKOM HecmabiibHo20 30BHIUIHBE020 CepedoBuULd € eKOHOMIYHI KOIUBAHHS, SKi
21uboKO BNIUBAIOMb HA YNPABJIiHHA IT KOMNAHIAMU, 0CObIUBO B YMOBAX @KOHOMIYHOI HeBU3HAYeHOCM.
HecmabinibHiCmb pUHKY 4Aacmo CynpPOBOOMCYEMBCA KOMUBAHHAMU BAJIKOM, IHGAAUiEr0 ma 3miHamu y
piHaHCoBUX | KpeOumHUX YMOBAx. SK 3a3Ha4yae [pHOHCOH y cBoill pobomi "EkoHomiyHi cmpameeii ons IT
komnaHit" (Johnson, 2015), "YnpasniHHS 8 yMoBax GiHaHCOBOI HEBU3HAYEHOCMI BUMAAE Bi0 KEPIBHUKIB
He Jsiuwe po3yMiHHS 3a2a1bHOI KAPMUHU PUHKY, aze U 30amHocmi weuoko aoanmysamu bi3Hec-mooesi
0o miHausux ymos” [5, c¢. 107-109].

QiHaHcoBe NIAHYBAHHA MA PU3UK-MEHeOXMeHm CMAaromb KPUMUYHO BAMUIUBUMU dACNeKMamu
019 3abe3neyverHsa cmabineHocmi ma cmitikocmi IT komnarid. Le niomsepoxcyembca @piomaHom y cBoill
KHU3i "TnobanbHi puHku ma IT iHdycmpis” (Friedman, 2018), 0e 8iH nuwe: "IT KoMnaHii, aKi po3susaroms
PO320PHYMI NAIAHU YNPABJIHHA pU3UKAMU MA onMuUMi3aufi sumpam, 30amHi ecpekmusHoO MiHimMi3ysamu
He2amuBHUl BNIUB EKOHOMIYHUX NOmMPACiHb" [6, ¢. 124-125]. IT Komnaii NOBUHHI pemesibHO
aHanisysamu csoi ¢iHaHcosl pecypcu, onmumizysamu BUMPAMU mMa iHBeCmMysamu 8 MexHO/02il, SKi
MOXCYmb 3abe3nequmu 00B820CMPOKOBUL PO3BUMOK.

nobasabHa eKoHoMiYHa HecmabiibHicMmb BNAUBAE HA T KOMNAHI, Wo 3anexHi 8i0 c8imosux
PUHKIB, a ye biibwicmb KOMNAHIU 8 YKpaiHi. 3MiHU Y 2106a/16HOMY eKOHOMIYHOMY 1aHOWAadmi MoXymas
BNJIUBAMU HA IHBECMUUI, UiHU Ha 06/1a0HAHHA Ma JiueH3yBaHHA NPo2pamMHo20 3abe3neyeHHs. LLIsapy y
cgoiti npaui "IT ma enobasnbHi ekoHoMiyHi mpeHou” (Schwartz, 2020) 3a3Haqae: "IT KoMnaHii NOBUHHI
b6ymu ocobuBo yBaxcHi 0o 3MiH y 2106asbHIl eKOHOMIUL, OCKIIbKU ixHil 6i3HeC micHo nos'a3aHull i3
MEexXHOJI02IYHUMU IHHOBAUIAMU MA MiXHAPOOHUMU GpiHaHcosumu nomokamu” [7, c. 45-47]. Lle 3mywiye IT
KOMNawii- NocmitiHo Bidcmexysamu MiXHAPOOHI MeHOeHyii ma npucmocosysamu csoi cmpameeii
BIONOBIOHO 00 3MIH.

MiKpoekoHoMIiYHI pakmopu, maki K 3miHu y nonumi Ha IT nocayeu abo 3p0CMAHHA KOHKYPeHUil,
Makox« sumazaroms nocmitiHoi ysazu. Cunibsa 8 "Cmpameaii ynpasniHHs IT komnaxiamu” (Silva, 2017)
nuwe: "IT KOMNAHIi, AKi WBUOKO peaz2yroms HA 3MiHU B8 nonumi ma adanmyroms CB0I NPOOYKMU ma
nocnayeu, 36epiearoms s1i0epcbKi NO3UUli Ha PUHKY HABIMb B Nepiodu ekoHoMiyHuUX 3miH" [8, ¢. 83-85].
PuHok IT nocmiliHo eBOIFOUIOHYE, | KOMNAHI Marome bymu 20mosi WBUOKO peazysamu Ha HOBi BUK/IUKU,
Maki sk 3mMiHa nompeb cnoxcusayis abo NosBa HOBUX MexHo102id.

MMonimuyHa HecmabisibHiCMb MAakox« Mae beanocepedHill BNAUB HA ynpasiHHA IT KomMnaHiamu,
OCKIJIbKU BOHA MOXM(e Npu3sooumu 00 3aKOHOOABYUX 3MiH, KOJIUBAHb B8 €KOHOMIYHIU nosimuui ma
2e0no/IiMmuUYHUX KOH@IIKMIB, SIKi 3MiHOHOMb bi3Hec-cepedosuule. B ymosax nosimu4yHoi HecmabiibHocmi
IT KoMNaHIi cmukaromscsa 3 HeobxioHicmro adanmauii 00 WBUOKUX 3MIH Y Npasosili ma pe2yasmopHil
6a3i, w0 6esnocepedHbLO BNIUBAE HA IXHi cmpameziyHi ma onepamusHi naaxu [9, c. 1506-1508].

3akoHooasyi peopmu Modymb 3MIHKBAMU YMOBU BeOeHHs bi3Hecy, BNaUBaro4u HA Maki
acnekmu, K no0amKoBe HABAHMAX}CeHHS, NPasu/a 36epexeHHs 0aHuUx ma sumoau 0o Kibepbesneku.
Ocobnusy posib 2pae NooamKose HABAHMAMXEHHS. Hanpuksnao, 8 YKpaiHi nodamkosi ninkeu ons IT-
cekmopy, 3anposadxeHi we y 2013 poyi, npo0oBxyroms dismu. 30Kpemda, 3aCMOCOBYEMbCS 3HUXEHA
cmaska nodamky Ha npubymok 015 IT-komnaHid — 3 19% 00 5%, a makox< 38isbHeHHs 8i0 1B 015
BHYMPIWHIX NPpOOaxis8 Npo2pamHo2o 3abe3nederHs, ke padiwe nionseano 20% 4B. Kpim moeo, IT-
cneuianicmu, 3adHami 8 IT-KOMNaHigx, mMaroms NOOAmMKoBI ninkeu. Lli ninkeu nepedbaderi 0o Oii
Npoms2oM 0ecamu PoKiB 3 MOMeHMY iX BBEOEHHS.

Adanmauis 00 nonimu4yHux 3MiH Bumazae 8i0 IT Komnawil eHy4kocmi y cmpamezidHomy
NIaHYBAHHI. Baiusum € BUKOPUCMAHHS cmpamezill pusuK-mMeHeoXmMeHmYy, IKi BpaxoBYrMb MOXIUBI
noslimuyHi  pusuku | 3abe3neqyroms KOMNAHIi iHCMpymeHmamu 071 ix  MiHimizauii. Hanpuknaao,
KOMNIeKCHUU aHasi3 pusuKis, U0 OXONJIOE MOXCIUBI NOJIIMUYHI 3MIHU, Moxce donomozmu IT KOMNAHIAM
Kpauje nidzomysamucsi 0o panmoBUX 3aKOHO0ABYUX 3MiH abo eKOHOMIYHUX KoauBaHb [10, ¢. 83-85].

MMonimuy4yHa HecmabiibHICMb MAKOXC MOXe BUKUKAMU BHYMPIWHI 3MiHU B KOMNAHIAX, MAKi K
HeobxiOHIcmb nepe2sigdy KopnopamusHUX UiHHOCMeUd ma noslimuk 3 027180y Ha Couid/ibHO-NOIIMUYHI
meHoeHuli. Lle ocobiuso akmyasibHo 015 IT KoMnarid, 0is/IbHICMb SKUX MICHO NOB'A3AHA 3 3aXUCMOM
daHux ma npusamHocmi kopucmyaadyis [11, c. 85-87].

IHBecmuuii 8 HOBIMHI MexHo102ii Mma ocsimy NepCoHas1y Moxcyms donomo2mu IT KoMNAaHiam Kpauie
adanmysamucsi 00 3MiH Y NOJIIMUYHOMY JiaHOWagmi, 3abesnedyroyu iM nepesazu y WBUOKOMY
BNPOBAOHEeHHI HoBOBBEOeHb ma Bi0N0BIOHOCMI 27106a/IbHUM CMAHAAPMAam i HOPMAam.

IT Komnawii, aKki 30amHi 2Hy4YKO peazysamu HA NOJIMUYHI 3MiHU MA BUKOPUCMOBYBAMU Ue AK
MOXCIUBICMb 019 IHHOBAUIU | poCcmy, 3MOMXC(YMb He MilbKU BUXUMU, a U npousimamu Hasims B
HenepedbayyBaHux ymosax. [lonimuyHa obi3HaHICMb Ma akmusHe YNpassiiHHA pU3UKaMu € KHo4o8UMU
019 3a6e3neyeHHa cmabiibHoCmi ma ycnituHocmi 8 00820CMPOKOBI Nepcnekmusi.



CouioKyibmypHi pakmopu 2paroms BaAXJUBy poJib Yy dopmysarHHi ma po3sumky IT KomnaHid,
BNJIUBANOYU HA IXHIO Op2aHi3auitiHy KyJbmypy, cnocib cninkysaHHS ma iHHosauitiHicmb. OOHUM i3
KJIFO4OBUX ACNEKMIiB € MYJIbMUKY/IbMYPHICMb pobo4o20 Kosiekmusy, AKa 003B80/I9€ KOMNAHIAM
ompuMyBamu pi3HOMAaHimHI No2ag90u ma ioei, Wo cnpuse MBOPYOMY PO3BUMKY MA BUPIUIEHHIO CKIAOHUX
3a80aHb. [flocnioxeHHs, nposedeHe Kim ma Jli 8 cmammi "MynbmuKkysabmypHa poboya cunaa 8 IT
komnaHiax" (Kim & Lee, 2020), niokpectoe, wo "8i0KpUMMS Pi3HOMAHIMHUX KYJIbMYPHUX NIOX00iB Y
poboyomy cepedosuli MOXe Cmamu BaAXUIUBUM CMUMYJIOM 0719 [HHOBaAuil ma nioBUUEHHS
npodykmusHocmi" [12, c. 124-125].

Pasom i3 mum, yugposa mpaHchopmauis CycniibCmsd ma 3MIHU Y CNOXUBYUX YNoOOOAHHSX
BNJIUBAOMb HA NONUM HA NpoOykmu ma nociayau IT Komnaxit. Ak sio3Ha4yae Cmim y cB80Ill KHU3I
"ugpposa mpaHcpopmauis ma maldbymHe IT iHoycmpii” (Smith, 2021), "IT komnarii noBuHHI 6ymu
20moai WwBuoKo adanmyaamu cB8oi Npono3uuli 00 3MiH 8 NONUMI MA MeXHOI02IHHUX MeHOeHUISX, uob
3a/1UWamucs KoHKypeHmocnpomoxcHumu" [13, ¢. 107-109].

Llle 0OHUM BaXU1UBUM ACNEKMOM € KOPNOpAmMuBHA BidNoBI0asbHICMb, KA cmae Bce bibw
BA}CIUBOKO 0J1F CNOXMCUBAYIB MaA iHBecmopis. [jocnioxeHHsa bpayH ma Xappic 8 cmammi "KopnopamusHa
sionosidanbHicme 8 IT cekmopi” (Brown & Harris, 2019) nokasye, wo "Komnawii, AKi akmusHo
npuoinIaromMb yBazy ekoso2ivyHitl ma coulianbHit 8i0noBioanbHOCMI, 30amHi 3aay4amu bisibwe KaieHmis
ma iHBecmopis ma ompumyBamu KoHKYpeHmHi nepesau” [14, c. 78-80].

36in1bWeHHSsI POJli YIHOK Y MexXHo02i4HIl 2a/1y3i € we 00HUM BAXUIUBUM ACNeKkmom, sKul Bapmo
Bpaxosysamu. 3a 0aHUMU OCMAHHb020 00CioxeHHS Jli ma YxcaHa "Posb xciHok 8 IT cekmopi” (Lee &
Zhang, 2020), "po3s8umok npo2pam ma iHiuiamus, CNPIMOBAHUX HA 3AJ1y4eHHS Ma NIOMPUMKY HCHOK y IT
2asy3i, CNPUSIE CMBOPEHHIO PIBHUX YMOB 0719 PO3BUMKY Kap'epu 8 ubomy cekmopi” [15, c. 124-125].

Ll edpekmuBHO20 YNpassiiHHA COUIOKYIbMYpHUMU BNauBamu, IT KOMNAHIi NOBUHHI cmasumu Ha
nepwudll NiaH po3BUMOK JIHOOCLKUX pecypcis, po3pobssmu cmpamezii po3sumky nepcoHasay ma
cmBsoproBamu cnpusmsuse poboye cepedosuuse 0/18 BCix cnispobimHuKis [16, ¢. 1504-1506].

IT KoMnaxii nocmiliHO CMUKAromMbCa 3 BUKAUKAMU MA MOMUIUBOCMAMU, fKI B8UNIUBAOMb i3
HecmabislbHO20 cepedosula. He3saxcaroqu Ha ue, ICHYromMb NeBHI NepcnekmuBU pPO3BUMKY, SKi MOXCYMb
donomozmu iM npucmocysamucs 00 3MiH Y Cy4acHomy cBimi ma 0docsemu Ycnixy B8 YMOoBax
HecmabinbHocmI. [lepwa nepcnekmusa Nosigede Yy PO3BUMKY eHYYKUX ma adanmuBHUX cmpameail
ynpassiiHHA. IT KoMNaxii noBUHHI 6ymu 20mosi 00 WBUOKOI 3MiHU cmpameziti ma makmuk YnpasJsiiHHS,
Wob epekmusHO peazyBamu HA 3MIHU Y 30BHIWHLOMY CepedoBulWi ma BUKOPUCMOBYBAMU HOBI
MOXCIUBOCMI 0J11 3pOCMAHHA [17, ¢. 124-125].

/Jlpy2a nepchekmuBsa Nosisi2ae y po3BUMKY HOBUX MexHO102it ma iHHoBauit. IT KoMNaHii NOBUHHI
NPO00BXCYBAMU [HBECMYBAMU B 00C/IIOXEHHS Ma po3pobKU HOBUX MexHOs02il, MAakux K Wwmy4yHUd
iHmesnekm, 6710Kk4elH ma KBaHmMosi ob4ucieHHs, wob 3abe3nedumu CBOE Micue HaA pUHKY ma
3a/1UWamucs KOHKypeHmocnpomoxcHumu [18, ¢. 78-80].

Tpems nepcnekmuBa nepedba4yae po3BUMOK MiXHAPOOHO20 CNiBPObIMHUYMABA Ma NapmHepCms.
Ymosu HecmabiibHO20 cepedoBUULa MOXCYMb CMBOPHBAMU NEPeUIKoOU 015 0id/ibHocmi IT komnaHil Ha
BHYMPILWHLOMY PUHKY, MOMY BAXIUBO PO3BUBAMU MiXHAPOOHI 38'A3KU Ma napmHepcmaa 0715 docmyny
00 HoBuX puHKiB ma pecypcia [19, c. 83-85].

Yemsepma nepcnekmuBsa nosisi2ae y 36ibuweHHi poKYcy Ha KopnopamusHyY BiONoBi0a/IbHICMb Ma
cmanicms. YMosu HecmabisibHO20 cepedosuld CMAsAame Nid 3azpo3y He auwe npubymkosicmb
6i3Hecy, ane U 0oBipy cnoxwBa4is ma [Heecmopis. Tomy Baxwiuso 048 IT kKomnail 6ymu
8i0N0BI0AILHUMU CYCNISIbHUMU 2pABUAMU MA 00OMPUMYBAMUCS NPUHUUNIB CManozo po3sumky [20, c. 85-
87].

l'ama nepcnekmusa nepedbadyae 36ibWeEHHS yBazu 00 Kibepbesneku ma 3axucmy 8i0
Kibep3azpo3. YmMoBu HecmabiyibHo20 cepedoBuLLa MOXCYMb 30i/IbLUUMU PU3UKU Kibepamak ma nopyuieHb
6e3neku daHux. Tomy IT KomnaHii NOBUHHI aKMUBHO iHBecmysamu 8 Kibepbesneky ma po3pobismu
epekmusHi cmpameeii 3axucmy 8i0 Kibepsazpos [21, ¢. 107-109].

LLlocma nepcnekmusa nepedbaqae 36inbUIeHHS yBaz2u 00 eKOsI02iYHUX acnekmis Oisi/ibHOCMI.
Ymosu HecmabinbHo20 cepedoBuLLLAa MAKOX CMAB/IAMb Ni0 3a2p0o3y eKkos102idHy cmiliKicmb 6i3Hecy. Tomy
Baxuso 0419 IT KoMNaHit po3suBamu 3es1eHi MmexHoI02ii ma 3MeHWwysamu He2amusHUl BnuB Ha
HasKo/UWHeE cepedosuuye [22, ¢. 1504-1506].

Cboma nepcnekmusa noJifeac y 36ibweHHi ysazu 0o couiasibHoi BionosidasbHocmi bizHecy. Ymosu
HecmabislbHO20 CcepedoBuUd MOXYMb Npu3Becmu 00 3POCMAHHA  couiasibHux npobnem ma
HepisHocmed. Tomy IT KoMNaHii NOBUHHI GKMUBHO BKJIFOYAMUCS Y PO3B'A3aHHS CoulianbHUX npobiem ma
CcnpUsMU CmMasaomy po3sumky cycninbcmaa [23, c. 83-85].



BocbMa nepcnekmusa NoJsisiede Yy po3BUMKY 2/106aibHO20 YNpassiHHS ma Jidoepcmad. YmMosu
HecmabisibHO20 cepedosuLd BUMazaroms 8i0 IT KoMNaHill BUCOKO20 PiBHS yNpABJIiHHA ma 1ioepcmad 014
YCNIWHO20 BUPILEHHS CKIA0HUX Npobsiem ma BUKIUKIB [24, ¢. 1506-1508].

3AKJ/IFOYEHHA

IT Komnawii, SKi 30amHi epekmusHO adanmysamucss 00 YMOB eKOHOMIYHOI HecmabiibHOCM,
Marome Kpawj WAaHcU Ha ycnix ma 36epexeHHss KOHKYPeHmMOCNPOMOXCHOCMI. BuKopucmaxHs
cmpameziyHux nioxo0iB, MAKUux K iHBECMYBAHHA 8 HOBIMHI MexHO02l, po3BUMOK NAPMHEPChLKUX
BIOHOCUH Ma NiOBUWEHHS KBAsipikauii nepcoHasy, 003B0S€ KOMNAHIIM 6ymu 20mosumMu 00 BUKJ/IUKIB
ma moxciusocmed, SKi BUNAUBAOMb (3 HecmabiyibHo20 cepedoBuwyd. [jocsio ycniluHUX YKpaiHCbKux IT
Komnarit, makux Ak SoftServe, Intellias, N-iX ma EPAM Systems, NoKasye, Wo eHy4YKicms, iHHOBAUitUHICMb
ma cmpameziyHe NAaHyBaHHS € KYOBUMU 071 3abe3nedeHHs: CcmabiibHOo20 pPo3BUMKY mMa
KOHKYPeHmMOoCNPOMOXCHOCMI B YMOBAX 2/106a/1bHUX BUK/TUKIB.
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Abstract

This article evaluates the current practices and challenges associated with accounting for
capital repair expenses in Uzbekistan's budget organizations. It identifies key shortcomings such as
inadequate asset management, inconsistent accounting practices, inflexible budgeting, and
technological deficiencies. Proposed solutions include implementing asset management systems,
standardizing accounting protocols, introducing flexible budgeting approaches, and adopting
advanced accounting technologies. These measures aim to enhance financial management
efficiency, ensure asset sustainability, and improve transparency.

Keywords: Capital repair expenses, budget organizations, asset management, accounting
practices, flexible budgeting, technology adoption, financial management.

Introduction

Budget organizations, which often operate within tight financial frameworks imposed by
government regulations, face the critical task of managing their capital repair expenses effectively. These
organizations are responsible for maintaining infrastructure and facilities that are essential for public
service delivery, such as schools, hospitals, and government buildings. Given the substantial nature of
capital repairs, which may include significant restorations, upgrades, or replacements of existing assets,
precise and diligent accounting practices are imperative.

Capital repairs differ from routine maintenance as they enhance the utility, efficiency, or lifespan
of assets rather than merely preserving their current state. The financial management of such repairs is
complex, involving large-scale budgeting, forecasting, and long-term financial commitments. These
expenses must be meticulously planned and monitored to ensure that they do not compromise the
organization's ability to meet its other financial obligations or service delivery commitments.

In this context, the importance of systematic accounting for capital repairs cannot be overstated.
It ensures that every expenditure is justified, aligns with strategic goals, and complies with stringent
regulatory standards. Effective accounting practices not only support fiscal discipline but also contribute
to operational continuity by preventing the unexpected failure of critical infrastructure.

Literature Review

The literature on accounting for capital repair expenses in budget organizations is extensive and
covers various aspects ranging from asset management, financial accounting standards, to budgeting
and expenditure control. Scholarly works have extensively discussed methodologies, challenges, and
strategic approaches essential for managing substantial capital repair costs effectively within the
constraints of public sector budgeting.

Significant contributions to the literature include studies on asset lifecycle management and the
importance of accurate asset registration and valuation. Anderson and Young (2015) emphasize the
critical role of proper asset categorization in facilitating effective capital expenditure management,
including repairs. Their work outlines methods for enhancing the precision of asset valuations, which is
crucial for accurate depreciation and capitalization of repair expenses. Similarly, Thompson and Jones
(2017) explore various accounting treatments for capital repairs and emphasize the need for distinct
accounting policies that separate capital repairs from routine maintenance to ensure clarity in financial
statements.

Financial planning and budgeting processes are crucial in managing capital repairs. Brooks and
Peters (2018) provide a comprehensive review of budgeting techniques that can accommodate the often
substantial and unpredictable nature of capital repair expenditures. They advocate for a flexible
budgeting approach that allows for amendments as repair needs arise and suggest a contingency fund
specifically earmarked for unexpected capital repairs. Additionally, Wallace (2016) examines the impacts
of stringent budget controls on the ability of public organizations to maintain their infrastructure,
highlighting the need for more adaptive financial planning tools that can respond to the dynamic needs
of asset management.



Compliance with regulatory standards is a pervasive theme in the literature. Green and Kaplan
(2019) discuss the complexities of adhering to governmental accounting standards in the context of
capital repairs, focusing on the challenges of meeting both transparency requirements and managerial
accountability. Their analysis suggests that enhanced training and clear guidelines are essential for
compliance and effective financial reporting.

The role of technology in streamlining capital repair accounting practices is also well-documented.
Martinez and Hobson (2020) investigate the adoption of advanced accounting information systems in
public sector organizations. Their findings indicate that technology, particularly enterprise resource
planning (ERP) systems, plays a pivotal role in improving the accuracy and efficiency of accounting for
capital repairs, though they also note the challenges related to system implementation and staff training.

Analysis and Results

The analysis of capital repair expenses in Uzbekistan's budget organizations reveals key
shortcomings in current practices and potential solutions to enhance the efficiency and effectiveness of
financial management.

Table 1.
Shortcomings in Capital Repair Expense Accounting
Shortcomings Description
Inadequate Asset Lack of accurate and comprehensive asset registries.
Management
Inconsistent Accounting Variability in how capital repairs are classified and recorded.
Practices
Budget Rigidity Inflexibility in budget allocations limits responsive spending on urgent
repairs.

Technological Deficiencies  Limited use of advanced accounting systems to manage and forecast
capital repair needs.
Source: Developed by the author

Inadequate Asset Management: The absence of accurate asset registries often leads to
undercapitalization of repair costs or misallocation of funds, which can affect the longevity and
functionality of assets. Establishing comprehensive and up-to-date asset registries would ensure better
tracking and valuation of assets, leading to more accurate budgeting for capital repairs.

Inconsistent Accounting Practices: The lack of uniformity in accounting for capital repairs can
create confusion and inefficiencies. Standardizing accounting practices across all budget organizations
can help in achieving clarity and consistency in financial reports, making it easier to track expenses and
comply with financial regulations.

Budget Rigidity: The current budgeting process often does not allow for flexibility needed to
address unforeseen repairs, leading to deferred maintenance. Implementing a more flexible budgeting
system that includes provisions for unexpected repair needs can prevent the escalation of minor issues
into major expenditures.

Technological Deficiencies: The underutilization of modern accounting technologies impedes
efficient management of capital repair projects. Investing in specialized accounting software would
enhance forecasting, budget tracking, and overall financial management of capital repairs.

Table 2.
Proposed Solutions for Enhancing Capital Repair Expense Accounting
Solutions Expected Benefits
Implement Asset Management Systems Improved asset tracking and valuation accuracy.
Standardize Accounting Protocols Enhanced consistency and transparency in reporting.

Introduce Flexible Budgeting Approaches  Greater adaptability in managing unforeseen expenses.
Adopt Advanced Accounting Technologies  Better forecasting and resource allocation efficiency.
Source: Developed by the author

Implement asset management systems: By implementing comprehensive asset management
systems, budget organizations in Uzbekistan can maintain accurate records of all assets, which is crucial
for planning and executing capital repairs. This system would facilitate better decision-making regarding
when and how to allocate funds for repairs (Ostanaqulov A, 2018).

Introduce flexible budgeting approaches: Adopting flexible budgeting approaches that allow for
adjustments in the face of unexpected repair needs can significantly enhance the responsiveness of



budget organizations. This could involve setting aside contingency funds specifically for capital repairs,
which would ensure that necessary repairs are not delayed and that the functionality of critical
infrastructure is maintained.

Adopt advanced accounting technologies: The implementation of advanced accounting
technologies, such as Enterprise Resource Planning (ERP) systems, could revolutionize the management
of capital repair expenses. These systems provide comprehensive tools for budgeting, forecasting, and
reporting, which can greatly enhance the accuracy and efficiency of financial operations. Such
technologies also support better data integration across different departments, improving overall
decision-making processes (Abdukarimovich O. A, 2021).

Conclusion

The analysis of capital repair expense accounting in Uzbekistan’s budget organizations highlights
several critical shortcomings, including inadequate asset management, inconsistent accounting
practices, rigid budgeting, and technological deficiencies. Addressing these issues through the
implementation of comprehensive asset management systems, standardization of accounting protocols,
flexible budgeting approaches, and the adoption of advanced accounting technologies is essential. These
improvements will not only enhance the efficiency, transparency, and responsiveness of financial
management but also ensure the sustainability and functionality of public assets. By implementing these
solutions, Uzbekistan can significantly improve its public sector financial management, aligning it with
international standards and optimizing the use of public resources.
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Abstract

The article discusses the experience of foreign countries in the taxation of self-employed
individuals. The procedure of acquiring the status of self-employed, peculiarities of taxation of self-
employed individuals, the foundations of legal regulation in the United Kingdom of Great Britain
and Northern Ireland, Belarus and Latvia are analyzed. The author considers the current situation
in the Russian Federation on the establishment of an institutional platform for tax regulation of
activities of self-employed individuals. The article is based on the results of research carried out at
the expense of budget funds for state department mission of "Financial University under the
Government of the Russian Federation" for 2015. The methodological basis of the article is a
summary of the general and special methods. The main method is a general scientific dialectical
method. The direct supplement is a methods of system analysis. The novelty of this article is
conducted a special study of the experience of taxation of self-employed individuals in foreign
countries. New materials (legal acts, the name of self-employed persons in accordance with the
laws of foreign countries, names of taxes) are introduced into scientific circulation, that allows to
expand the theoretical base and source of domestic science of the tax law.

Keywords: patent taxation system, simplified taxation system, micro-enterprise taxes, farm
tourism, national insurance

In the Russian Federation, the issue of taxation of the self-employed is relevant both in the scientific
community [1] and in government bodies. In particular, in 2014, in pursuance of the Address of the
President of the Russian Federation to the Federal Assembly of the Russian Federation on December 12,
2013. in terms of improving the procedure for applying the patent taxation system in order to make it
possible to apply this special tax regime by small businesses operating independently, without the
involvement of hired workers (“self-employed citizens”), as well as improving the procedure for applying
the simplified taxation system and the patent taxation system (hereinafter - PSN) in order to apply these
special tax regimes to newly registered small businesses engaged in business activities in the production,
social and scientific spheres, a draft Federal Law “On Amendments to Part Two of the Tax Code” was
developed and submitted to the State Duma of the Russian Federation [2] .

The bill provided for the introduction of the term “self-employed citizens” for the purpose of
applying Chapter 26.5 of the Tax Code of the Russian Federation, which recognized individuals who do
not have employees, who have received a patent for one of the types of business activities in respect of
which PSN can be applied in accordance with the Tax Code of the Russian Federation, registered with tax
authorities authorities as individual entrepreneurs for the period of validity of the patent. It was proposed
to establish a tax rate of 6 percent, and to give the constituent entities of the Russian Federation the
right to adopt laws on establishing a tax rate of 0 percent under the simplified taxation system and PSN
for a period of one to two calendar years during 2014-2018. Self-employed citizens, in accordance with
the bill, were required to pay tax at the place of registration with the tax authority no later than the
expiration date of the patent. The same requirement was established for the payment of insurance
premiums to extra-budgetary trust funds of the Russian Federation [3].

However, the bills were rejected. In the fall of 2015, the Public Chamber of the Russian Federation
began reading a new draft Federal Law “On Amendments to Legislative Acts of the Russian Federation
in Connection with the Creation of Conditions for the Activities of the Self-Employed.” In accordance
with new legislative initiatives, individual self-employed entrepreneurs will acquire a certificate of the
right to conduct business in a “one window”. The proposed validity period of the certificate is from 1
month to 1 year, the cost is 10 thousand rubles, regardless of the region. Self-employed people will be
deregistered from tax authorities automatically 5 days after the permit expires. Their activities do not
require cash register equipment. Discussion is raised by the issues of conducting control activities
(inspections) and determining the number of types of activities [4].

At the same time, there are countries in which the practice of taxing specific types of small income
without registering a business has a long and widespread use. Experience of the United Kingdom of Great



Britain and Northern Ireland Let's look at the UK experience. If a person begins to work for himself, then
he is classified as an individual entrepreneur (sole trader) even if he is not registered with the UK Tax
Service [5] .

In order to become an individual entrepreneur, you must: a) register with the Inland Revenue
Service of the United Kingdom of Great Britain and Northern Ireland as self-employed. The registration
process is necessary to ensure that Income Tax and National Insurance contributions are paid correctly
and in full. Additionally, an individual entrepreneur can register as a VAT payer if the turnover is more
than 82,000 pounds. Art., or as a user of the Construction Industry Scheme, if the individual entrepreneur
provides services in the construction industry as a subcontractor or contractor. The registration
procedure is as simplified as possible: just send a letter by mail, via the Internet or call a special line; b)
keep records of commercial income and expenses, c) pay taxes, usually twice a year on January 31 and
July 31. Let us now consider the features of taxation of the self-employed. In income tax, general tax
rules apply to self-employed persons. All taxpayers have a tax-free minimum of £10,600. Art. Further, if
the taxable income does not exceed 31,785 f. Art., then a basic tax rate of 20% is applied. With an income
of 31,786 f. Art. up to 150,000 f. Art. a high rate of 40% applies, and with income over 150,000 f. st —
increased rate (additional rate) 45%. When paying contributions to the National Insurance System, 2
types of contributions are provided for self-employed persons: Class 2: if the self-employed person's
income is £5,965. or more per year, then he pays £280. in Week Class 4: if the self-employed person'’s
income is £8,060. or more per year, then you must pay 9% on profits from 8060 to 42385 f. Art., and 2%
on profits over 42,385 f. Art. Fees are paid through self-assessment. Some self-employed people are able
to pay National Insurance contributions voluntarily.

These include: — experts, moderators, observers; - people who are engaged in business related to
land or property; - clerqy who do not receive a salary or stipend; - people who invest for themselves or
others, but not for business purposes, and without receiving interest or commission. Agroecotourism or
the experience of Belarus The experience of the Republic of Belarus is also of interest. Since 2006, in
order to improve the living conditions of citizens in rural areas, small urban settlements and improve
rural infrastructure, individuals permanently residing in rural areas, small urban settlements and running
personal subsidiary plots, as well as agricultural organizations, have the right to carry out activities to
provide services in the field of agroecotourism.

This type of activity is not a business activity. Agroecotourism is understood as a temporary stay
of individuals in rural areas, small urban settlements for recreation, health improvement, familiarization
with the natural potential of the republic, national cultural traditions without engaging in labor,
entrepreneurial, or other activities, paid and (or) generating profit (income) from a source in place of
stay. Activities to provide services in the field of agroecotourism are carried out by individuals without
state registration as individual entrepreneurs, and by agricultural organizations - subject to maintaining
separate records of income received from this type of activity and income received from the sale of
produced and processed agricultural products and other types economic activities not prohibited by law.
Subjects of agroecotourism can carry out activities to provide services in the field of agroecotourism if
there are free living rooms in a residential building to accommodate agroecotourism, subjects of
agroecotourism carry out activities for the production and (or) processing of agricultural products, as
well as opportunities to familiarize agroecotourists with natural and architectural objects, national
cultural traditions of the respective area. Subjects of agroecotourism have the right to provide the
following types of services in the field of agroecotourism:

— provision of living rooms for accommodation of agroecotourists, and the number of such rooms
should not exceed ten. When providing services in the field of agroecotourism using more than ten rooms,
this activity is recognized as entrepreneurial, must be carried out taking into account the requirements
of the law and is subject to taxation in the prescribed manner;

— providing agroecotourists with food (usually using home-produced products);

— organization of educational, sports, cultural and entertainment excursions and programs;

— other services related to the reception, accommodation, transport and other services of
agroecotourists.

Before starting activities to provide services in the field of agroecotourism, subjects of
agroecotourism are required to pay a fee for carrying out activities to provide services in the field of
agroecotourism and inform in writing the relevant Council of Deputies of the primary territorial level of
their intention to carry out such activities. The fee rate (regardless of the number of activities carried out
to provide services in the field of agroecotourism) is set at one base amount per calendar year,
determined at the time of its payment, which amounts to 180 thousand rubles. (510-11).



Subjects of agroecotourism are obliged annually, before January 10 of the year following the
reporting year, to submit to the tax authority at the place of residence (agricultural organizations - at the
location) information on the conclusion (non-conclusion, absence) of contracts for the provision of
services in the field of agroecotourism in the reporting year in the form approved Ministry of the Republic
of Belarus for Taxes and Duties. To represent the interests of agroecotourism subjects, public associations
can be created in the prescribed manner, which have the right to: develop and, in the prescribed manner,
make proposals for establishing standards in the field of agroecotourism; summarize and present to
interested legal entities and individuals information about agroecotourism entities and the services they
provide; in order to support agroecotourism, create consultation and information centers; interact with
individual entrepreneurs and organizations engaged in tourism activities. Subjects of agroecotourism for
the implementation of projects in the field of agroecotourism by the open joint-stock company
"Belagroprombank" in 2010-2020. loans are provided in the amount of up to 2000 basic units (per one
subject of agroecotourism for the entire lending period) for a period of up to five years (for individuals -
up to seven years) in Belarusian rubles with interest paid at the rate of five percent per annum. At the
same time, compensation for losses associated with the provision of such loans is provided for JSC
Belagroprombank, carried out annually, starting in 2010, at the expense of funds provided in the
republican budget for these purposes, in the amount of half the refinancing rate of the National Bank
established on the date of compensation , increased by one percentage point. According to the Ministry
of Taxes and Duties of the Republic of Belarus [6], at the end of 2014 the number of agroecotourism
entities in the republic was 2,037 (156 entities more than in 2013), including in the Brest region - 296,
Vitebsk - 502, Gomel - 228, Grodno - 281, Minsk - 541, Mogilev - 189. The number of tourists who took
advantage of agroecotourism services in 2014 amounted to 318.8 thousand people, which is 17.3% more
thanin 2013.

Citizens Republic of Belarus in the total number of agroecotourists amounted to 86.9%. The right
to choose or Latvian experience In the future, Russia will be interested in Latvia’s experience in providing
different tax regimes for the self-employed. In accordance with the legislation of the republic, the
following persons are recognized as self-employed: — performing individual work (for example,
hairdressers, cosmetologists, personal sports trainers, persons providing minor repair services, etc.); —
permanently residing in Latvia and receiving remuneration for copyright and related rights, with the
exception of heirs of copyright and other assignees; — who are practicing doctors, pharmacists,
veterinarians, optometrists; — registered as a payer of tax on income received as a result of economic
activity; — who are individual merchants [7] .

If a person wishes to become self-employed, he must contact the State Revenue Service at the place
of declared place of residence and submit an application, a passport and present documents confirming
the right to conduct business activities (residence permit, visa), or confirming that the person can or will
conduct business activities (for example, a registration certificate issued by the Register of Enterprises, a
doctor’s certificate and a registration certificate of medical practice issued by the Latvian Society of
Doctors, a document confirming receipt of royalties). However, if the person is not a citizen of Latvia,
then it is additionally necessary to submit to the Office of Citizenship and Migration Affairs a set of
documents confirming the existence of a business plan, sufficient financial resources to start the activity
specified in the business plan, a permit (license, certificate), if they are required to conduct business, etc.
You must register with the tax authority before the 10th day of the month following the month when
your monthly income is one-twelfth of the minimum tax payment established by the Cabinet of Ministers
of Latvia for a self-employed person. As a general rule, self-employed persons are registered as payers of
personal income tax (ledzivotaju ienakuma nodoklis) and social insurance contributions (Valsts socialdas
apdrosinasanas obligatas iemaksas), which amount to 30.27 percent of the amount of declared income.
But when paying contributions, the legislator established benefits for a self-employed person. So, if his
income does not exceed the established minimum, then social payments are not paid. If the income of a
self-employed person reaches the established minimum, then social insurance payments are made only
from the minimum amount, without taking into account the amount of income. In accordance with Art.
15 The Law of May 11, 1993 “On Personal Income Tax” taxes self-employed persons in the amount of 23
percent of the amount of declared income [7] .

Moreover, a self-employed person has the right to deduct from his income justifiable expenses
economically related to his receipt and pays tax only on the remaining difference. The taxation period is
one year. Categories of self-employed people, such as persons receiving income from business activities
and individual entrepreneurs, can register as payers of the micro-enterprise tax (Mikrouzpémumu
nodoklis), introduced by the Law of 09.08.2010 [7].



The microenterprise tax (MUN) is a single tax payment that includes personal income tax,
enterprise income tax (if the microenterprise becomes an LLC), and social security contributions. The
basic tax rate is 9 percent of net turnover, costs are not taken into account. The taxation period is a
calendar year, the tax is paid four times a year for the turnover of each quarter [7] . Thus, paying this tax
is beneficial for self-employed persons who provide services but are not involved in production.
Conclusion As the analysis of foreign experience has shown, the main task of the state is to create, with
the help of a carefully developed and economically sound regulatory framework, attractive conditions
that encourage self-employed people to transfer their activities to the legal sphere, which will increase
the revenues of the budget system of the Russian Federation and increase the level of employment and
well-being population.
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Abstract

This article delves into the fundamental nature and qualitative nuances of blockchain, a
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In 2008, a groundbreaking digital technology emerged known as blockchain, which functions as a
distributed ledger technology (DLT1) and is considered one of the most promising computer software
systems.

Blockchain possesses numerous distinguishing features, including:

e A series of data blocks, presented as records, are integrated into the system to facilitate
continuous transactions2.

e This comprises a computer software product wherein inputted data undergoes conversion into
cryptographic3 data through a mathematical algorithm, a process known as hashing;

e Independently operating global-decentralized system;

e An electronic ledger comprising expanding records, facilitating transactions between two
parties without the need for an intermediary (e.g., bank, notary).

e Additionally, it serves as a platform for the creation of cryptocurrencies and smart contracts.
[1, 183]

The genesis of blockchain technology can be traced back to an enigmatic figure or group identified
as Satoshi Nakamoto [2; 386]

Blockchain operates independently of any governmental jurisdiction. Transactions, namely
payments, are executed through the utilization of public and private keys, without ascertaining the
physical whereabouts of the involved parties [1; 187-189]

With blockchain technology, transactions are automated, rendering the involvement of a third
party unnecessary. All operations are transparently executed within a singular digital ecosystem.

Every participant within the blockchain network possesses a complete copy of the database.
Historical blocks persist indefinitely, while new blocks are continually appended to the data registry. This
characteristic ensures the integrity of the system, making it resistant to manipulation through document
forgery, transaction tampering, or misinformation. Notably, any attempt to falsify a single record results
in the alteration of the entire blockchain sequence [1; 182].

Blockchain technology encompasses three primary qualitative characteristics:

1) Any modification within a block renders subsequent blocks invalid, thereby nullifying their
credibility and integrity. This implies that altering or falsifying the initial transaction record is virtually
impossible. The system autonomously rectifies such attempts through the consensus mechanisms of
other network participants, automatically reverting any unauthorized changes [1; 182]. In essence, any
alteration to a block triggers a cascade effect, impacting preceding blocks in a sequential manner akin
to a 'domino effect.' This disruption to the block sequence prompts automatic rejection by the system.

1 Distributed Ledger Technologies.
2 Proceedings. Carrying out some operation, for example, transferring money.
3 A method of protecting information with coded algorithms.



Consequently, every modification becomes readily apparent to all participants. While it remains feasible
to clandestinely alter or delete information

2) Information pertaining to all operations is publicly disclosed and validated by its participants,
known as miners, with a consensus mechanism typically requiring a majority vote (e.g., 51%). This process
guarantees the inclusion of a new block within the system's ledger. Moreover, data is stored in a
decentralized fashion within these blocks. Simultaneously, autonomous replicas of these records are
generated across numerous computers. Consequently, in the event of system disruption or compromise,
previously recorded data remains intact and accessible, mitigating the risk of deletion or loss.

3) The rules governing blockchain are mathematically underpinned, eliminating the necessity for
any central authority intervention to definitively ascertain the validity of a transaction within the
specified timeframe. [1; 182]

Every block within the blockchain, with the exception of the initial one, incorporates encrypted
references to preceding blocks. This design feature renders it impossible to delete or alter information
contained within existing blocks, thereby ensuring the integrity and immutability of the data.

Blockchain technology has three features:

1) Immutability or irreversibility, denoting that the data within the blockchain remains unchanged
and impervious to destruction, ensures its integrity.

2) New data can be incorporated by creating additional blocks within the system.

3) Moreover, each block within the system is intricately linked to its predecessor through a
cryptographic algorithm, facilitating the establishment of a continuous chain of blocks.

In the digital society, trust is often correlated with content that is generated and disseminated via
open transactions, where any alterations are technically infeasible. Blockchain technology fulfills these
conditions impeccably, ensuring the immutability of transactions involving specified assets.

The foundation of blockchain technology lies in cryptographic algorithms.

Blockchain technology operates based on the following principles:

1. Decentralization, denoting autonomous operation free from central authority control;

2. Universal access for all participants to the distributed ledger;

3. Impossibility of changing or canceling existing records;

4. Consensus protection ensures that the acceptance or rejection of any transaction is contingent
upon the unanimous consent of the participants;

5. Operation without an intermediary;

6. Anonymity: Ensuring the impossibility of identifying participants within the system. [3]

To participate in the blockchain system, a 'public key'is necessary. This key, comprising a lengthy
sequence of randomly selected numbers and Latin letters, functions as the user's address and is
exclusively employed to authenticate online transactions using a ‘private key'. [2; 382-383]

The key advantage of blockchain technology lies in the transparency of transactions, as all
activities within the system are meticulously documented and accessible for review by its participants.
Moreover, the cryptographic algorithm ensures that records remain encrypted, preventing unauthorized
decryption. Only the rightful owner of the cryptographic key possesses the capability to access and
decrypt the information.

The essence of blockchain technology lies in the creation and storage of immutable information,
definitively establishing ownership of a particular asset and its chronological transactions. This
technology ensures a singular and unalterable truth regarding asset ownership. Its robust technological
framework fosters a climate of trust, wherein technical systems are increasingly relied upon over human
counterparts. Blockchain technology introduces unique technical conditions that practically ensure trust
in the civil relations among individuals, even those who are strangers to each other. These conditions
obviate the need for third-party intervention or intermediaries.

As evidenced, blockchain technology demonstrates significant resilience against internal or
endogenous factors, yet comparatively less so against external environmental or exogenous factors, such
as instances of improper ownership of private keys.

The banking sector is increasingly adopting blockchain technology, primarily for the issuance and
circulation of cryptocurrencies, with Bitcoin being the most prevalent. However, beyond financial
applications, blockchain technology holds significant appeal for non-financial assets and appendices.
These include various registers, electronic voting systems, document circulation, logistics, smart
contracts, and more, all of which contribute to bolstering social trust.

The popularization of blockchain technology was significantly expedited by the emergence of
Bitcoin, a groundbreaking cryptocurrency.



In 2018, blockchain technology made notable strides in various electoral and administrative
processes. Its application ranged from the use in the presidential elections of Sierra Leone, albeit limited
to a single district, to the utilization in the municipal elections of the canton of Zug in Switzerland.
Furthermore, Estonia’s 'Digital Estonia’ initiative emerged, presenting a comprehensive development
concept amalgamating multiple services, including digital document circulation.

These initiatives have introduced novel mechanisms that extend beyond constitutional rights and
freedoms, such as the freedom to engage in entrepreneurial activities and enter into contracts.
Additionally, they have provided algorithmic assurances for civil interactions among participants, even
when geographically separated.

The information generated by blockchain technology and stored in a decentralized manner is
practically immune to falsification or loss.

Blockchain technology has found successful application in the development of smart contracts,
addressing a pivotal aspect of contemporary international trade.

According to various estimates, the capitalization of the global blockchain technology market,
which stood at 5708 million in 2017, is projected to surge to S60 billion by 2024 [4; 3]. This technological
innovation holds versatile applications across various sectors. Presently, blockchain technology finds
significant utilization in online tax systems, international trade, and global value chains.

The Economic and Social Council of the United Nations (ECOSOC) asserts that the advancement
of blockchain technology will play a pivotal role in addressing the challenges of sustainable development.
To this end, governments of nations and transnational corporations are urged to bolster their efforts.

e To foster progress in this endeavor, the establishment of expert groups, associations,
laboratories, experimental zones, incubators, and innovative hubs is recommended;

e To further advance this goal, the adoption of national development programs and strategies is
advocated;

e To formulate guiding principles and guidelines is essential for guiding this endeavor effectively.

Blockchain technology facilitates the creation and execution of smart4 contracts, which
automate and execute operations.

A smart contract5 can be defined as:

% An independently managed and legally binding agreement;6

% An electronic contract manifested within a computer program and established through
blockchain technology;

% It is a computer algorithm (program code) within which the rights, obligations, and terms of a
contractual agreement between parties to a transaction are recorded in the distributed ledger.

% Such an agreement that automatically provides the participating parties with information
about their property ownership, formation, changes and control.

The software algorithm empowered by blockchain technology ensures the autonomous
administration of terms and conditions delineated by the agreement of the parties, precisely upon the
expiration of their execution deadline. Thus, in contrast to a traditional agreement, the risks of violating
its terms or encountering other manifestations of "adjustable factors” are significantly mitigated.
Specifically, it's akin to dividing by zero.

Through smart contracts, economic actors can get the benefits that can be achieved by using
digital technologies.

It's worth noting that a smart contract is frequently mislabeled as "smart." A contract earns the
designation of "smart" only when the computer program can surpass the mere automation of
predetermined, simplistic conditional actions. This entails automation built upon a certain level of
artificial intelligence (Al). [2; 422]

Two entities, namely the buyer and seller, are involved in the smart contract. The intermediary
between them is not a third party but rather a technological system —a computer algorithm facilitating
the parties' control over the execution of the agreement and enabling them to determine whether to
terminate or extend it.

There are many types of smart contract: [2; 418]

e Control of property relations involves the ownership and execution of digital operations with
digital assets, including cryptocurrency.

4 Content of letters: S — Specific); M — Measu-rab-le); A — Attainable, Achievable); R — Relevant) and T — Time-bound).

5 Its history is connected with the American scientist of cryptography and informatics, Nick Szabo, who developed and used
the concept of "smart" contract for the first time in electronic commerce in 1994.

6 However, there are different views depending on the legal systems.



e Financial services encompass trading on exchanges and participation in auctions.

e Loan obligations encompass the fulfillment of responsibilities incurred upon acquiring banking
products.

e Social services such as voting procedures in elections and intelligence processes are facilitated.

The risks of the parties are eliminated through the smart contract.

Smart contract has both advantages and disadvantages.

A) Advantages:

e Direct interaction with diverse digital assets, devoid of intermediaries, leads to a reduction in
both the time and transaction costs incurred by the contracting parties.

e By reducing the risk of human errors, there is a potential decrease in the occurrence of court-
related disputes.

e The transparency of the contract and the automation of obligation fulfillment enhance
accountability. Parties can monitor the progress of their obligations, facilitated by computer-run
algorithms that prevent tampering or bribery attempts, ensuring the integrity of the contract remains
intact.

e /[t is notably advantageous for sectors that employ standard contractual conditions with minimal
modifications, thereby enhancing operational efficiency and effectiveness.

B) Disadvantages:

e In the context of international transactions, the absence of a unified mechanism for resolving
disputes between parties poses a challenge.

e The inability to account for several contractual legal categories, such as reasonable terms,
timely performance, and others, presents a notable limitation.

e In line with changes in the external environment (exogenous factors), such as force majeure
events, the inflexibility of the contract — characterized by the immutability of transaction terms and
obligations — becomes apparent.

e In crafting the terms of the contract, the involvement of programmers, also known as 'the
human factor,"is notable. These programmers create computer-run algorithms and program codes, with
their professional qualifications and integrity contractually bound to ensure the integrity of the resulting
outcomes.

Conclusion

1. The evolution of digital technologies has ushered in the advent of a decentralized network of
cryptographically interconnected blocks, known as blockchain technology. This technology is
distinguished by several key features, including immediacy, transparency, and immutability of data
inputted into the system. These attributes engender a high level of trust in both the system's integrity
and technical capabilities.

2. Blockchain technology facilitates the creation of "binding" electronic agreements known as
smart contracts, which automatically enforce the fulfillment of obligations by the parties within
predetermined terms. This mechanism mitigates the risk of contractual breaches or other "human factor”
events. However, despite its advantages, smart contracts also exhibit certain limitations, indicating the
need for ongoing refinement and enhancement of their mechanisms.
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Abstract

This article examines the challenges and solutions associated with expense accounting
practices in Uzbekistan's public sector. Key issues include complex requlatory compliance, budget
constraints, technological resistance, and a lack of transparency. Proposed solutions focus on
regulatory simplification, budget optimization, technology adoption with corresponding training,
and enhanced auditing for greater transparency. Implementing these measures can significantly
improve financial management efficiency and public trust in government operations.
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Introduction

In public sector organizations, managing expenses is not just a financial obligation but a pivotal
responsibility towards the taxpayers. The stewardship of public funds demands a high level of
transparency, accountability, and efficiency, as these organizations are primarily funded through
taxpayer money. This financial management goes beyond mere compliance with statutory requirements;
it is about ensuring that every dollar is spent judiciously and contributes to the public good. Given the
public’s investment, the management of these funds must uphold the highest standards of integrity and
public trust.

Public sector accounting involves complex systems and procedures that differ significantly from
those of the private sector. Unlike private companies where the emphasis might be on profitability and
shareholder value, public sector entities prioritize service delivery within the constraints of approved
budgets. This difference fundamentally shapes how expense accounts are handled, necessitating a
unique set of accounting practices tailored to the needs and challenges of public administration.

Literature Review

The literature on expense accounting in public sector organizations encompasses a range of studies
focusing on the methodologies, challenges, and impacts of financial management practices. These
scholarly works provide crucial insights into how expense accounting is implemented in different public
entities and the resultant outcomes on efficiency and accountability.

A significant amount of literature focuses on the role of budgetary control in public sector expense
management. For instance, Joyce (2011) explores how budgeting practices in public institutions are
designed to ensure that expenditures align with governmental priorities and legislative mandates. This
work emphasizes the importance of budgetary frameworks that enforce fiscal discipline and prevent
overspending. Similarly, Robinson and Jimenez (2016) discuss the integration of performance-based
budgeting in public sector organizations, highlighting improvements in spending efficiency when
budgeting is aligned with specific performance outcomes.

The allocation of costs in public sector entities is another well-discussed topic. Lapsley and Oldfield
(2001) provide a detailed examination of cost allocation methods used in government agencies, noting
that accurate cost allocation is essential for transparent financial reporting and effective resource
utilization. Their study finds that sophisticated cost allocation techniques are critical for justifying
expenditures and facilitating inter-departmental chargebacks.

Compliance with legal and regulatory frameworks is a cornerstone of public sector expense
accounting. Gupta and Mills (2012) explore the compliance aspects of public financial management,
particularly how adherence to governmental accounting standards ensures transparency and maintains
public trust. They argue that regulatory compliance not only helps in accurate financial reporting but
also mitigates risks associated with fiscal mismanagement.

The adoption of technology in public sector accounting has been transformative. O'Leary (2017)
examines the impact of enterprise resource planning (ERP) systems on the efficiency of public sector
financial operations. The study indicates that while the initial implementation can be challenging, the
long-term benefits in terms of process automation and data integrity are substantial. Furthermore, Heald



and Georgiou (2011) analyze how information technology has been leveraged to enhance the
transparency and accessibility of financial data, thereby improving stakeholder engagement and public
accountability.

The role of auditing in reinforcing expense accounting practices in the public sector is critical.
According to Halachmi and Bouckaert (2013), regular audits ensure the accuracy of financial records and
affirm that public funds are used appropriately. Their research highlights the role of both internal and
external audits in fostering an environment of accountability and transparency.

Analysis and Results

In the context of Uzbekistan, the analysis of expense accounting practices in the public sector
reveals several key challenges. Each challenge is accompanied by potential solutions that could enhance
the effectiveness and transparency of financial management within state organizations.

Table 1.
Challenges in Expense Accounting in Uzbekistan
Challenges Potential Solutions
1. Compliance with complex regulations Streamline regulations and provide training
2. Limited resources and budget Optimize budget allocation and seek additional funding
constraints sources
3. Resistance to technological change Implement phased technology adoption and training
programs
4. Lack of transparency and Strengthen audit practices and public reporting

accountability
Source: Developed by the author

Compliance with Complex Regulations: The regulatory environment in Uzbekistan can be quite
complex, which makes compliance a significant challenge for public sector accountants. Streamlining
these regulations and providing ongoing training for accounting personnel can simplify compliance
processes and ensure more accurate financial reporting.

Limited Resources and Budget Constraints: Public sector organizations in Uzbekistan often operate
under tight budgetary constraints. Optimizing the allocation of existing resources and exploring
additional funding sources, such as grants and public-private partnerships, can help alleviate financial
pressure and enable more strategic use of funds.

Resistance to Technological Change: The integration of advanced accounting software and ERP
systems is often met with resistance, primarily due to the lack of familiarity and fear of change among
staff. Implementing phased technology adoption strategies, coupled with comprehensive training
programs, can facilitate smoother transitions and improve the acceptance of new systems.

Lack of Transparency and Accountability: Enhancing the transparency and accountability of
financial practices in public sector organizations is crucial. Strengthening audit practices, both internal
and external, and increasing the frequency and detail of public financial reporting can build public trust
and ensure more responsible use of funds.

Table 2.
Potential Solutions for Enhancing Expense Accounting Practices
Solutions Expected Impact
1. Regulatory simplification Reduce compliance burden and increase efficiency
2. Budget optimization Better resource  utilization and  financial
sustainability
3. Technology adoption and training Improve accuracy and efficiency of financial
operations
4. Enhanced  auditing  and Increase public trust and accountability
transparency

Source. Developed by the author

Regulatory Simplification: Simplifying the regulatory framework for expense accounting can
significantly reduce the burden on public sector accountants, making it easier to comply and less likely
to encounter errors. This approach also frees up resources that can be redirected towards more strategic
financial planning and analysis.



Budget Optimization: By optimizing the budgeting process, public sector entities in Uzbekistan can
ensure that limited funds are used in the most effective manner. This includes prioritizing funding for
essential services and projects with the highest return on investment (Abdukarimovich O. A, 2021).

Technology Adoption and Training: The adoption of modern accounting technologies can
revolutionize expense accounting in Uzbekistan’s public sector. Training is a critical component of this
solution, as it ensures that staff are capable and comfortable using new systems, thereby maximizing the
potential benefits.

Enhanced Auditing and Transparency: Strengthening auditing practices and increasing the
transparency of financial operations are essential for maintaining public trust. Regular and detailed
reporting of financial activities allows citizens to see how their taxes are being used, which can improve
governance and accountability (Ostanaqulov A, 2018).

Conclusion

The analysis of expense accounting practices in Uzbekistan’s public sector highlights a series of
systemic challenges that hinder optimal financial management. However, with the identified challenges
come opportunities for significant improvement. By streamlining regulatory frameworks, enhancing
resource allocation, adopting modern technology, and improving transparency and accountability,
Uzbekistan can not only overcome these challenges but also set a standard for excellence in public sector
financial management.

In conclusion, while the road to refining expense accounting practices in Uzbekistan's public sector
may be challenging, the potential benefits of such improvements are considerable. By addressing these
challenges head-on and implementing robust solutions, Uzbekistan can enhance the effectiveness of its
public sector, thereby ensuring better service delivery and strengthening the trust of its citizens in
governmental financial management.
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Abstract

The article presents the results of research in the field of foreign countries, as one of the
main elements of the economy. The results of the work of foreign and domestic researchers
showed that its development is possible only with an established system of state support. The main
methodological approaches to the management of the industry development are considered. It has
been proven that in order to reduce the backlog in the level of small business development in all
spheres of activity, it is necessary to develop a comprehensive impact on the sector of the economy
that is being researched, which should be based on the system of measures, at the level of business
opportunities for all business entities for Interrelated issues, Analytic, analytical, analytical and
analytical reports. small business.
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The development of innovative forms of activity in any state is closely related to the modernization
of economic, financial and political systems, the effective development of which predetermines the level
of development of the business environment. Currently, the domestic economy is going through a period
of adaptation to completely new socio-economic operating conditions and the realities of the current
processes of globalization of the world economy, especially since such conditions can change significantly
under the influence of many external economic and political forces. For the successful and effective
development of the modern national economy, new views and approaches are needed to improve the
forms and methods of doing business. To develop them, it seems advisable to study foreign experience in
managing the sector of the economy under study.

The development of small businesses in foreign countries is given great importance by government
authorities and management, providing various support for financing and providing a wide range of
benefits. In many developed and developing countries, small business plays an important role in both the
social and economic development of the state, providing employment to the population, the formation
of a middle class and economic stability (Table 1).

Comparing the level of development of small businesses in Russia with other countries, we can
conclude that there is currently a noticeable lag in a number of indicators of the development of small
business entities. So, for 2009 - 2014. The share of the small business sector in the gross domestic product
on average in the Russian Federation was about 24%, while in developed countries this figure is more
than 50%. However, the density of small enterprises (the number of small enterprises per 1000
population) in the Russian Federation (30 units) is comparable to the indicated countries.

A similar situation is observed with the share of the employed population in the small business
sector - during the period under study, small businesses provided only 21% of permanent jobs, while in
the analyzed countries it ranges from 35% to 80%. Thus, 75% of jobs in Russia are provided by enterprises
employing 250 or more workers, while in other countries this figure averages 30 - 40%. At the same time,
enterprises with a workforce of 50 to 250 workers provide less than 4% of jobs; in other countries,
enterprises of this category employ 15 - 20% of the total number of employees (figure).

It is worth noting that the largest employment in the small business sector occurs in developing
countries, such as China and Hungary, etc. (the share of people employed in small enterprises is from
60%,). At the same time, in developed countries this figure rarely exceeds 50%. The current situation
indicates the high role of small business in the economy of developing countries, confirming the relevance
of the study for the Russian Federation.

Analyzing scientific research on issues of territorial development based on stimulating the
activities of small business organizations [5 - 13], we can conclude that state support is one of the
important forms of interaction between government and business structures. In this regard, one of the
main factors in managing the functioning of the economic sector under study, requiring additional study,
is the support of small businesses from government authorities and management.



Analysis of the works of domestic (A.l. Ageev, N.G. Agurbash, R.S. Grinberg, etc.) and foreign (J.C.
Galbraith, J. Ax, I. Kitzner, T. Bartik, etc.) researchers devoted to this topic, allowed us to highlight the
main tasks of state regulation of small business development:

- formation of a favorable legal and economic environment that allows to reveal the
entrepreneurial potential of the territory and promote its development;

- creation of an effective MB support infrastructure;

- development and improvement of the system of government support measures.

Thus, government support is mainly aimed at activating all forms of entrepreneurial initiative and
determines the qualitative state of the institutional business environment. Its provision can be carried
out by various methods (Table 2).

Table 2 - Methods of state management of small business development

Group of methods Methods

Administrative methods of state regulation of entrepreneurial activity - state registration of legal
entities and individual entrepreneurs; - taxation of MB; - state control (supervision) over the activities of
the Moscow Bank; - licensing and control over business activities; - requlation of monopolistic markets,
control over the level of income and the volume of social benefits; - tariff regulation; - development of
financial institutions; - ensuring stability of legal support, etc.

Economic methods of state regulation of entrepreneurial activity - financial, credit and budget
policy; - planning and forecasting of socio-economic development; - program-targeted management
methods; - customs regulation, - state and municipal orders, - state support and protection of the
interests of entrepreneurs, etc.

As a result of applying the “administrative” approach, control procedures on the part of the state,
such as the need for registration, administrative, public and financial control of current activities;
recognition as a legal entity; manipulation of taxation, etc., are built on the basis of taking into account
the external manifestations of entrepreneurship, its formal structures and their social significance. The
predominance of managerial emphasis over the factors of freedom of decision-making and responsibility
for obligations and the almost complete disregard for the level of collectivity in the activities of
entrepreneurs classifies this management model as a framework, rough, and lacking a sufficient degree
of flexibility and mobility. The administrative approach is more restraining than stimulating in relation
to entrepreneurship, although it is necessary from the point of view of regulating social relations.

The “economic” approach is aimed at stimulating small business as the main component of the
socio-economic development of society, i.e. to manage the qualitative characteristics of entrepreneurship
and the structural components of the system. In addition to solving issues of employment and the
formation of the “middle class” - a stabilizing part of society, small business is considered as a potential
source from which large, socially and economically significant enterprises can “grow”.

Analyzing the existing experience of supporting small businesses within the framework of the
presented approach, we can distinguish five main areas: organizational, regulatory, economic,
methodological and informational.

The organizational activities of government bodies are a fundamental component of state support
for small businesses. It includes the creation of institutions and institutions necessary to manage the
sector of the economy under study. The absence of a presented direction in the activities of state
authorities and management leads to the impossibility of providing this support in any of the forms
presented above [2; 4, 7].

Legal regulation. This direction includes the creation, improvement and adjustment, in accordance
with the requirements of the time, of the legislative framework for determining the criteria for small and
medium-sized businesses and measures to support them. It provides for the organization of special
government bodies responsible for the implementation of the adopted policy at all levels of government
and in all territories of the state, which partly overlaps with the organizational direction.

The US Small Business Administration (USA), for example, checks adopted legal acts for compliance
with the standards of small business laws and facilitates their adjustment. The implementation of the
policy of state protectionism, the provision of significant support to one socio-economic group that is part
of the general socio-economic system (which is entrepreneurship), the creation for it of special conditions
for increasing competitiveness involves the organization of special measures to control the prevention of
“penetration” into it that does not comply with the established element criteria. Bodies ensuring the
implementation of such measures as the competence, competence, necessity and sufficiency of their
actions are also subject to control. This circumstance leads to an increase in the number of government
officials, the costs of their maintenance and support of their activities.



Economic benefits and incentives. This area includes simplification of financial reporting and
reduction of the tax burden, provision of preferential loans and government guarantees for them, free
subsidies, transfer to

use of state property on preferential terms, placement of government orders, etc. [eleven; 12; 15].

This is the most costly and effective, in the short term, set of measures. The stimulating effect is
achieved through the direct reduction of risks, mainly for beginning entrepreneurs, due to which the
number of newly opened enterprises increases, and citizens who are hesitant and hesitant to open their
own business under normal conditions are involved in entrepreneurial activity.

However, the conditions created for starting a business do not always lead to its successful
development. The disorientation of a beginning entrepreneur regarding real external risks leads to a
significant number of bankruptcies of new enterprises after the expiration of the benefits. In addition,
supporting economically “weak” (low revenue, capitalization, number of employees) enterprises reduces
the efficiency of budget expenditures and the economy as a whole. The attractiveness of obtaining
“artificial” competitiveness due to a privileged position, and not through the use of internal resources
(cost optimization, increasing labor productivity, profitability, etc.), not limited in time, can lead to the
emergence of a significant number of ineffective, weak, “ parasitic" economic entities [6; 13].

Information and methodological support. This group of measures includes the creation and support
of various information and analytical systems aimed at providing relevant services to small businesses in
the field of training and advanced training, legal support, tax and accounting support, marketing,
logistics, etc.

The provision of services of this kind by the state produces a positive long-term effect on the
development of not only small, but generally all entrepreneurship [7; 9]. At the same time, the
predominant use of such resources by small enterprises is due to the insufficiency of their own funds and
the irrationality of organizing such services within small or start-up companies.

The indirect, non-selective nature of such events stimulates the use of the proposed tools to
increase the sustainability and competitiveness of business without violating the conditions of market
equality [14; 16]. Thus, a complex of educational, informational, organizational, consulting, etc. public
services can be considered a toolkit for internal influence on the development of small businesses,
supporting the active behavior of the individual, helping to acquire a competitive advantage through the
development of one’s own intellectual potential with a long-term and lasting effect.

However, it should be noted that a management approach that takes into account only economic
parameters and ignores the characteristics of the scale of group formation and the degree of
collectiveness of entrepreneurial activity is not able to ensure the full-scale development of small
businesses, but only leads to the functioning of “weak or ineffective entrepreneurship.”

To summarize, it can be argued that the mechanism for managing such a special system as small
business must contain an integrated approach that combines both administrative and economic methods
of stimulating the activity of the sector of the economy under study at all levels of government. The
experience of Japan, the USA, France, Hungary and China in managing regional economies based on the
development of small businesses suggests that only with coordinated work of all levels of government
and joint cooperation will development

personal public organizations operating in local areas can ensure quantitative and qualitative
growth of the small business sector and, as a consequence, the entire socio-economic system of the
region.

In turn, the activities carried out should be aimed at enhancing the activities of these elements of
the system, taking into account existing factors affecting the sector of the economy under study, existing
problems and needs of the MB. Their implementation will maximize the efficiency of public
administration and increase the main indicators of its activities, which will result in the development of
the economy of the region as a whole. Further publications of the author will be devoted to the
development of a system of these activities.
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Abstract

If the planned procedure for conducting metrological examination in a particular company
is voluntary, it can be carried out either independently or with the involvement of a specialized
organization. However, in both cases, there are a number of general rules regarding this procedure
that the head of the organization must take into account in order to ensure the legitimacy of the
results of the examination.
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One of the key stages in preparing for metrological examination at an enterprise is the formation
of a local regulatory document, which will spell out all the essential conditions and rules for its
implementation . At the same time, however, it is necessary to strictly ensure that the provisions of such
a document do not conflict with the current legislation regulating the activities of enterprises in this
area, otherwise it will be declared illegal.

Thus, in the corresponding order or regulation it is advisable to reflect:

e how the examination procedure will be implemented - by attracting experts from among the
company’s employees or by an authorized organization that has proven experience of effective work in
this area ;

e what objects will be subject to the examination procedure;

e what documents should be analyzed during its implementation;

e what is the general procedure for implementing the examination procedure and the specific
requirements established for its implementation;

e how the results of the analysis will be presented.(2)

Regardless of how the metrological examination will be carried out at a particular enterprise, the
regulatory document establishing the procedure for its implementation must be agreed upon with the
technical director of the company and signed by the first person of the organization.

Documentation analyzed during the examination

In general, in the process of planning the metrological examination procedure in terms of
determining the list of documents that must be provided to experts for analysis, the head of the
enterprise should be guided by the provision that, first of all, the relevant package must include those
documents the provision of which is mandatory. At the same time, the inclusion in the package of
documents that are not mandatory, but can give the most complete picture of the nature of the analyzed
object or the procedure for its operation, is also desirable.

In particular, the list of documents provided for metrological examination should include:

e current state and interstate standards in the field of examination;

e reference materials regarding the characteristics of the objects in respect of which the
examination is being carried out;

e technical documentation for means and 2qg2measurements used for the purpose of carrying out
analysis within the framework of the examination;

e methodological recommendations regarding the procedure for carrying out tests and research in
relation to the presented objects.

When organizing metrological examination at the enterprise, the following activities are carried
out:

- appointment of a unit whose specialists conduct metrological examination;

- development of a document establishing the procedure for conducting metrological examination
at a specific enterprise;

- planning metrological examination;

- appointment of experts;

- training and advanced training of experts;

- formation of a set of documents, reference materials necessary when conducting metrological
examination.(4)


https://www.centrattek.ru/info/metrologicheskaya-ekspertiza-1/
https://www.centrattek.ru/info/metrologicheskaya-ekspertiza-1/
https://www.centrattek.ru/metrologiya/metrologicheskaya-ekspertiza-dokumentacii/
https://www.centrattek.ru/metrologiya/metrologicheskaya-ekspertiza-dokumentacii/

Typical forms of organizing metrological examination are as follows:

- by expert metrologists of the metrological service of the enterprise (this form of organizing
metrological examination is preferable for relatively small volumes of technical documentation being
developed).

- by the forces of specially trained experts from among the documentation developers in the design,
technological, design and other departments of the enterprise (this form is preferable for large volumes
of technical documentation being developed);

- by the forces of a specially created commission or group of specialists when accepting technical
(draft, working) designs of complex products or technological objects, control systems, as well as at other
stages of the development of technical documentation;

- by a group or individual specialists involved in conducting metrological examination under a
contract.

The organization of metrological examination of draft standards is entrusted to technical
committees or national metrological institutes (hereinafter referred to as NMIs).

Draft standards and other documents of the State System for Ensuring the Uniformity of
Measurements (hereinafter - GSl), developed by NMIs, are not subject to metrological examination.

The document defining the specific procedure for conducting metrological examination at the
enterprise establishes:

- product range (types of objects), technical documentation for which is subjected to metrological
examination;

- specific types of technical documents and stages of their development, at which these documents
are subjected to metrological examination, as well as the procedure for submitting technical
documentation for metrological examination;,

- units or persons conducting metrological examination;

- the procedure for considering disagreements arising during metrological examination;

- procedure for processing the results of metrological examination;

- rights and obligations of experts;

- planning metrological examination;(4)

- procedure for conducting unscheduled metrological examination.

The list of technical documents subject to metrological examination primarily includes documents
for products (types of objects), the requirements for which are mandatory.

The document establishing the procedure and methodology for conducting metrological
examination does not indicate the requirements for metrological support and metrological requirements
for technical documentation.

Specialists who:

- clearly represent their functions and do not replace the designer, technologist, designer in the
development of technical documentation, the quality of which rests solely with the developer;

- bear responsibility for the correctness and objectivity of conclusions based on the results of
metrological examination;

Conclusions

The research conducted shows that there is no unity in the views of the scientific community on
integrating risk-oriented thinking into the management of the metrological examination processes of
the enterprise QMS. Scientific discussions in the field of risk management of metrological examination
processes, caused by the complexity in identifying and structuring risks, the limited methodological
documentation in this subject area, can be solved within the framework of applying a risk- oriented
approach to the object of research. The proposed procedure for identifying and structuring the risks of
metrological examination based on the modular-hierarchical model of the enterprise QMS, which takes
into account the variety of processes under study and characterizes their parameters, allows to integrate
risk management into all processes included in the register. The practical application of the approach to
risk management of metrological examination considered in this paper will undoubtedly contribute to
ensuring the quality of the process under study and the products as a whole.
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Abstract

The report is dedicated to the experience of using Big Data in the oil industry, as well as how
it is effective when implemented in production. In particular, this method was considered using the
example of the company PJSC Gazprom Neft.
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Oil and gas companies receive petabytes of data every day in the course of their operations, the
use of big data opens up the possibility of analyzing and predicting trends in geology, engineering,
production and the best way to use equipment to achieve the most optimal operating results at all stages
of their activities, from exploration and production, ending with processing and sale of finished products.
The most successful application of this technology reduces costs and maximizes profits through the use
of complementary prediction methods.

Data collection can be carried out not only at the extraction and processing stage, but also when
forecasting the cost of products, which generally gives a general idea of optimizing the company’s
business processes in order to select the best production cycle, which generally increases the company’s
capabilities in the market.

For each production cycle, the following advantages of using big data technology can be identified:

Exploration - modeling and prediction of the most likely production sites with potentially optimal
volumes of raw materials;

Extraction - collection and processing of data in order to optimize the use of equipment and
extraction methods.;

Processing - improving the methods and results of processing raw materials into final products,
depending on market prices, as well as to preserve the resource of processing equipment;

Transportation - big data will help identify the potential needs of a particular raw material in the
relevant regions and also identify the most optimal load on delivery vehicles;

Implementation - in this section, big data contributes to maximum impact when forecasting the
regional market, in order to determine the potentially profitable needs for a particular type of raw
material, as well as its quantity.

According to estimates by Gazprom Neft PJSC, the introduction of predictive analytics systems
based on big data analysis in drilling can reduce well construction time by 30%, and the total cost of a
well, including completion and development, by 15% [1]. Also, using Big Data tools, a wide range of
problems in logistics are successfully solved: from optimizing transport routes and equipment supply
schemes to increasing the efficiency of gas stations. One of the promising, but not new, areas is predicting
the failure of submersible equipment. Thus, the BP company has successful experience in implementing
a system for predicting and anticipating complications during the operation of wells using electric
centrifugal pumps on offshore platforms [2, 3]. Already during the test application of the technology, the
company was able to reduce operating costs by 52 million or more by increasing the turnaround time of
wells and reducing downtime waiting for repairs.

Gazprom Neft PJSC has identified priority areas for the implementation of Big Data technologies.
The most promising are those in which a priori modeling does not allow obtaining reliable and timely
results.

The main disadvantages of a priori modeling are:

— limited scope of models;

— low computation speed (impossibility of solving a wide range of problems online);

— large labor costs for creating the model and processing the results;

— increased requirements for the quantity and quality of input data for complex models.

Due to the current external environment, Gazprom Neft, like other oil and gas companies, is faced
with the need to increase operational efficiency and optimize existing business processes. In addition to
optimizing processes using traditional tools: lean manufacturing, rationalization, sequestration of the
investment portfolio, emphasis is placed on high-tech tools. Having studied global experience and



analyzed the strategies of the largest players in the IT market (IBM, Google, Amazon, etc.), the company
determined that Big Data and cognitive analytics technologies in the near future will occupy one of the
key positions in the technology portfolio of the energy sector [4, 5].

According to the results of a full-scale diagnostic carried out jointly with the world's leading IT and
technological development consulting vendors, more than 20 business factors out of 130 in the upstream
block of Gazprom Neft PJSC were recognized as promising for the implementation of Big Data
technologies.

Priority tasks have been identified:

— search for analogue objects;

— processing of seismic data arrays;

— surrogate geological and hydrodynamic modeling;

— restoration of historical operational data;

— integration and analysis of field-scale research data;

— processing research data in real time;

— processing data from well operations and enhanced oil recovery methods;

— identification and prediction of complications in real time,

— automation of the processes of collecting, processing and preparing large amounts of data
within the framework of the Digital Field project.

Separate components of Big Data technologies have been tested or used to solve business problems
in predicting the effectiveness of complex geological and technical activities, clustering wells by facial
characteristics, automating the interpretation of seismic survey results, etc.

One example of such projects is the implementation of predictive analytics in the control processes
of electric centrifugal pumps, carried out jointly with Teradata. The goal of the pilot project, entitled
“Analysis of self-starts of electric centrifugal pump installations after emergency power outages,” which
was completed in August 2015, was to use Big Data tools to identify the causes of failures in the
automatic restart of pumps after an emergency power outage. To conduct the research, the working
group, which included specialists from the Scientific and Technical Center, the IT department of Gazprom
Neft PJSC and Teradata, used more than 200 million records received in 2014 from control system
controllers at 1,649 wells, as well as restart records voltages from emergency logs. Exploring and
analyzing this information using traditional tools was not possible due to the large volume of
unstructured data: each management system model uses different record formats. At the same time,
solving the problem was complicated by the dependence of pump operation on many different factors:
well conditions, operating conditions, power supply circuits, etc. Using the analytical system, all data was
processed, visualized models of chains of events related to the self-start of pumps were created, as well
as probability distribution maps of causality - investigative connections. The use of Big Data tools made
it possible not only to form and test a set of different hypotheses about the causes of failures in autostart,
but also to obtain information about previously unknown relationships in the operation of pumping
equipment, in particular, about the appearance in some cases of the effect of turbine rotation, leading
to reverse drainage of oil during turning off the power supply to the pump. And this is only the first step
that the company has taken towards the use of Big Data technologies.

However, such a process of “spot” application of Big Data technologies does not allow obtaining a
breakthrough effect that can radically increase the efficiency of current activities. In this regard, the
company has initiated a number of full-scale projects where Big Data technologies are fundamental.
Together with IBM, algorithms are being developed to automate the process of selecting the optimal
system for developing newly commissioned fields and optimizing operating conditions of wells in long-
term fields to maximize production. The use of this technology will allow the company to select the most
effective technology for field development already at the planning stages, and during their further
operation, integrally consider all processes occurring in the reservoir and increase the efficiency of
production of residual recoverable reserves. The effect of introducing this technology is estimated by the
company at 1 million tons of potential additional production.

Based on cognitive technologies, a project is being implemented aimed at finding missing intervals
based on geophysical well survey data. The potential effect of its implementation is estimated at 500
thousand tons of additional production from current production assets. A project has been launched for
the intelligent search for analogue objects based on a given set of criteria using machine learning. As a
result of its implementation, costs are expected to be reduced by 4 billion rubles. until 2025 Additionally,
Gazprom Neft pays special attention to the accumulation and dissemination of critical production
knowledge. The Knowledge Dissemination Information System introduces hybrid intelligent search



technology capable of responding to user queries submitted in natural language. For example, if a query
is formulated in the format “What is the best geological exploration method for finding oil and gas
deposits,” then the system will respond with the answer “Seismic exploration is most likely, although
electrical and gravity surveys are also used” and sorts the results by relevance based on sources and
documents indexed by the system.

All of the listed technologies are aimed at increasing the efficiency of existing processes and
creating a technological backlog at Gazprom Neft PJSC. The introduction of these technologies will allow
businesses to gain a number of unique advantages.

1. Improving the quality and timeliness of production decisions based on geological-hydrodynamic
models (GHDM) by improving the quality of digital models, reducing the duration of the GGDM cycle and
minimizing the influence of the “human factor” in the interpretation of studies.

2. Increasing the validity and quality of investment decision-making in conditions of extremely high
uncertainty in the initial data, and often their lack.

As part of the approach to searching for open innovation in related fields (pharmaceutical,
aerospace, telecommunications, etc.) in order to identify promising technologies, a project was launched
Jointly by Innopraktika, one of the leading vendors in scientific and technological brokerage. Teams of
leading scientists, engineers and experts in the field of cognitive and information technologies from
Gazpromneft Scientific and Technical Center and Moscow State University were involved in the work on
the project.

According to the technological strategy of the Exploration and Production Block, the company has
set a vector for the development of information technology, which involves an evolutionary transition
from decision support systems to full-fledged expert systems that solve a wide range of problems with
minimal human participation.

Thus, not a single modern company can do without processing digital information, and the growth
rate of the volume of information is increasing every day. The quality of processing and completeness of
information are the key to making the right management decisions. Those companies that will remain
afloat of the large flow of information are those that correctly understand the problem and adequately
address it, including by developing and implementing Big Data technologies.
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Abstract

Global changes in the Earth's climate, which can be observed in all regions of the planet, are
occurring before our eyes. Climate change refers to changing weather patterns and long-term
temperature changes. In recent years, the climate on Earth has changed noticeably: some countries
suffer from abnormal heat, others from winters that are too harsh and snowy, unusual for these
places.

Based on data from series of average monthly surface air temperatures at 7 weather stations
in the plain zone of the North Caucasus region, an analysis of average seasonal and average annual
temperatures, as well as temperatures of the cold and warm periods for the period 1961-2023,
was carried out and for the period 1976-2023.

Time series were studied by methods of mathematical statistics and supplemented with
linear trends characterizing the tendency of the value under consideration. A comparison of the
averaged values of climatic characteristics with the climatic norm (average for 1991-2020) was
carried out.

The study showed that in all seasons there is a statistically significant positive increase in
average temperatures, both for the entire observation period (1961-2023) and in the modern
period (1976-2023). It was found that the growth rate in the current period is higher than during
the entire observation period.

A comparison of the average values of the average monthly air temperature with the
climatic norm showed that the long-term average temperature exceeds the norm in November and
December, in April the average value coincides with the norm, and in all other months the average
temperature value is below the norm. Based on the analysis of the annual variation of the average
monthly temperature, the highest and lowest average monthly temperatures for the entire
observation period were determined. The highest average monthly air temperatures occurred after
2002, which confirms the fact of warming in the lowland zone of the region.

When comparing changes in the temperature regime of the cold and warm periods, it was
found that during the study period from 1961 to 2023 in the plain zone there was a statistically
significant increase in average temperatures, both in the warm (May-September) and in the cold
(October-April) periods. The resulting trend lines indicate ongoing warming.

Keywords: North Caucasus region, plain zone, temperature, climate norm, trend.

INTRODUCTION

Climate is an important natural resource that determines the development of many sectors of the
economy and the health of the population of any state. The fact of a significant increase in the average
air temperature at the Earth's surface is not in doubt. Climate scientists confirm global climate change,
which includes an increase in average annual temperatures, leading to melting glaciers, and rising sea
levels. Climate change is also clearly occurring in Russia, which is accompanied by more frequent sudden
changes in weather, abnormally high and abnormally low temperatures. These phenomena indicate the
negative impact of climate change on the regional climate. Abnormal weather conditions can affect
agriculture, the economy, the ecosystem and public well-being.

Analysis of changes in the global climate and the climate of Russia, as well as the study of seasonal
characteristics and trends in climate change throughout the last century and the beginning of the current
century, is the subject of many studies [1-4]. During this period, significant changes in climate were noted



both globally and in specific regions. These changes include increases in average temperatures, changes
in precipitation, the spread of extreme weather conditions and other factors that affect human life, plant
and animal life, agriculture, industry and the economy.

Every year, Federal Service for Hydrometeorology and Environmental Monitoring releases a report
on climate change in the Russian Federation. The latest edition of the report was released in 2024 and it
says that 2023 for Russia as a whole took 3rd place in a series of average annual temperatures ranked
in descending order. Temperatures above the climatic norm were observed almost throughout the entire
country.

The year 1976 was arbitrarily chosen as the beginning of modern warming, in accordance with the
course of global temperature. Analysis of the characteristics of the linear trend of average temperature
on the territory of the Russian Federation for 1976-2023. showed that a statistically significant increase
in temperatures is observed in all seasons: winter — b=0.42°C/10 years at D=12%, spring — b=0.64°C/10
vears, D=47%,; summer — b=0.41°C/10 years, D=70%; autumn — b=0.52°C/10 years, D=38%. The linear
trend coefficient of the average annual temperature was b=0.50°C/10 years at D=58% [5].

The object of study of this work is the North Caucasus region, rich in diverse natural landscapes
and characterized by climatic diversity. — The climatic features of the North Caucasus region are
determined by a number of factors, including zonal and altitudinal zones. The entire territory of the
region can be divided into four main climatic zones: plain zone with an altitude above sea level (a.s.l.) of
less than 500 m, foothill zone (500-1000 m a.s..), mountain zone (1000-2000 m. a.s.l.) and high
mountain (more than 2000 m a.s.l.) zones [6].

This paper examines temperature changes over the entire observation period and during the period
of modern warming.

Materials and methods of research. In this work, changes in the air temperature regime in the
lowland zone of the North Caucasus region were studied over a 62-year period. The plain zone (with a
small elevation difference of up to 200 m) occupies most of the region’s territory and extends from its
northern borders to the south, to the Terek River.

Climate series were obtained from data from 7 meteorological stations of the state observation
network of Federal Service for Hydrometeorology and Environmental Monitoring, provided by the North
Caucasus Department of Hydrometeorological Service and data using the electronic resource
https://rp5.ru. The series were complete with no missing values.

Physiographic characteristics of weather stations in the lowland zone of the North Caucasus region
are presented in Table. 1.

Table 1
Physiographic characteristics of weather stations in the lowland zone of the North Caucasus
region
Weather stations Geographic coordinates Height (a.s.l), m
Prokhladnaya (Kabardino-Balkaria) 43.46°N; 44.05°F 198
Izobilny (Stavropol Territory) 45.22°N; 32.42°F 194
Makhachkala (Dagestan) 42.59°N; 47.31°E 173
Mozdok (RNO-Alania) 43.44°N; 44.39°F 126
Derbent (Dagestan) 42.04°N; 48.17°F 30
Izberg (Dagestan) 42.34°N; 47.45°F 21
Kizlyar (Dagestan) 43.51°N; 46.43°F -5

The average rate of temperature change over the time interval under consideration is
characterized by the angular coefficient of the linear trend (b, °C/10 years), and the strength of the trend,
its significance, is described by the contribution to the total dispersion (D, %).

Changes in average temperature were assessed using the regression method. In the linear
regression equation

y=ax+b, (1)

coefficients a and b determine the specific form of the linear equation.

Linear trend coefficients are expressed in degrees per decade, °C/10 years. The strength of the
trend, its statistical significance, was assessed by the value of D (%), the contribution of the trend to the
explained variance.

D= (R?) 100% 2)
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The studies were carried out for series of average monthly, average seasonal and average annual
temperatures for the entire observation period (196 1-2023) and in the modern period (1976-2023). The
average temperature values obtained from data from 7 stations were averaged for the entire plain zone.
The normal value of the studied value was determined as the average value for the period 1991-2020
(as recommended by World Meteorological Organization).

Results. In the plain zone of the North Caucasus region in the period 196 1-2023 the average annual
air temperature was 11.9°C, varying from 10.9°C in the steppe zone (weather stations Prokhladnaya,
Izobilny, Mozdok) to 12.6°C at the weather stations of the Caspian zone (Makhachkala, Derbent, Izberg,
Kizlyar).

An analysis of the course of the average annual air temperature throughout the plain zone of the
North Caucasus region showed that starting from 2012, the average air temperature exceeded the
climatic norm. Figure 1 shows that the greatest excess of the norm was recorded in 2023, when the
average annual temperature (13.7°C) exceeded the norm by 1.5°C. A significant excess was also observed
in 2010 — by 1.2°C. The coldest year was 1993, when the average temperature of the year was 9.8°C.
Over the entire observation period, the average annual temperature was equal to or above the climatic
norm in 29 cases and below the norm in 33 cases. These data show that climatic conditions in the plain
zone of the North Caucasus region are changing, and the tendency towards an increase in average
temperatures is more pronounced than towards their decrease. This may indicate climate change and
global warming.

Rate of increase in average annual temperature from 1961 to 2023 amounted to b=0.31°C/10
years, with the contribution of the trend to the explained variance D=36% (Fig. 1). A statistically
significant positive increase in average temperatures is also observed in all seasons. Average summer
temperatures are growing at the highest rate at a rate of 0.4°C/10 years (D=45%), while average winter
temperatures are growing at a rate of 0.32°C/10 years (D=12%). In the spring and autumn seasons,
average temperatures increase at approximately the same rate: b=0.26°C/10 years (D=22%) and
b=0.25°C/10 years (D=15%), respectively.

Due to the fact that 1976 was chosen as the beginning of global warming, a study was carried out
on changes in temperature conditions in the period 1976 to 2023. Just like in the period 1961-2023.
There was a statistically significant increase in the average annual temperature, which amounted to
0.50°C/10 years, with a coefficient of determination D=57%. Analysis of the characteristics of the linear
trend in different seasons also indicates an increase in temperatures in all periods of the year.

In the winter period from 1976 to 2023, the average temperature increased by 0.48°C/10 years,
with a coefficient of determination D=20%. In spring the increase was 0.4°C/10 years (D=33%), in
summer — 0.61°C/10 years (D=58%), and in autumn — 0.47°C/10 years (D=26 %). This indicates that
warming is noticeable in all seasons and throughout the year during this period.
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Figure 1. The course of average annual and average seasonal air temperatures in the plain zone of the
North Caucasus region, for the period 1961-2023.

The trend lines of average annual and average seasonal air temperatures indicate continued
warming in the plain zone of the North Caucasus region. The obtained parameters of linear temperature
trends indicate that the rate of growth of average temperature in 196 1-2023 warming in the plain zone
of the region in the summer season exceeds the winter, spring and autumn seasons

It was revealed that the average annual air temperature over a 63-year period is below the climatic
norm by 0.3°C and in all months (except November and December) the average monthly air temperature
was also below the norm. In November and December, the average monthly air temperature was 0.3°C
and 0.1°C above the climate norm, respectively. April is the only month of the year where the average
long-term temperature is equal to the climate norm, and in March the greatest excess of the norm was
observed by 0.7°C.

Values of average monthly, maximum and minimum values of average monthly air temperature
for the period 1961-2023 are given in table 2.



Table 2
Average long-term air temperature in the plain zone of the North Caucasus
region for the period 196 1-2023

Month Climate norm Average value Max of average values Min of average values
(1991-2020),°C (1961-2023),°C (1961-2023),°C (1961-2023),°C
/ 0.3 -0.2 3.8 -10.1
Il 0.7 0.3 5.0 -6.3
I 5.1 4.4 8.3 -1.1
vV 10.8 10.8 14.2 7.2
% 16.9 16.7 19.5 14.2
% 22.1 21.7 25.3 18.8
Vil 24.9 24.5 274 22.1
VIl 24.6 24.0 27.3 21.3
X 19.5 19.1 22.3 15.8
X 13.2 12.6 16.9 /7.7
Xl 6.4 6.7 10.5 -2.6
Xl 2.1 2.2 6.5 -5.5
year 12.2 711.9 13.7 9.8

Over the entire studied observation period, the minimum average monthly temperature (37 cases)
in the winter period occurs in January, i.e. more than half. In 21 cases, this is the month of February and
only 5 cases occur in December.

The coldest winter in the plain zone of the North Caucasus region was the winter of 1971-1972,
when the average winter air temperature was -3.9°C, with anorm of 1.0°C (Fig. 1), due to the low average
winter temperature in Mozdok and Prokhladnaya (-6.8°C and -6.7°C, respectively). The lowest average
monthly temperature in December was recorded in 2002 (-5.5°C), January in 1972 (-10.1°C) and February
in 1976 (-6.3°C). The winter of 2001-2002 can be considered the mildest, when the average winter
temperature was 3.8°C, which is 2.8°C above normal. The highest average monthly temperature in
December was recorded in 2010 (6.5°C), in January in 2005 (3.8°C), in February in 2002 (5.0°C).

The coldest spring was in 1987 with an average temperature of 8.5°C, with a normal temperature
of 10.9°C (Fig. 1). In March of this year (1987), the lowest temperatures were observed in Izobilny and
Prokhladnaya (-0.1°C) at a norm of 5.0°C and 4.8°C, respectively, and in April and May in Izberg (6.2°C at
a norm of 10.0°C and 15.2°C at a norm of 16.2°C, respectively). The maximum average spring
temperature occurred in 2023 and amounted to 12.6 °C, while the norm was 10.9°C.

An analysis of the annual variation of the average monthly temperature in the summer months
showed that out of 62 years of observations, the maximum occurs in July in 57.1% of cases. In 41.3% of
cases, this is the month of August and only 1 case (2019) occurs in the month of June, which is 1.6%.

The hottest summer in the plain zone was 2010, as well as in the entire North Caucasus region [6].
The average summer air temperature in 2010 was 25.9°C (with the norm being 23.8°C), with the highest
temperatures observed in Derbent (26.5°C), Kizlyar (26.3°C) and Makhachkala (26.1°C). The warmest
June was recorded in 2019 (25.3°C), July in 2018 (27.4°C), August in 2006 (27.3°C). The coldest summer
occurred in 1978, when the average summer temperature was 21.3°C. The lowest average monthly
temperature in June was recorded in 1978 (18.8°C), July - 1985 (22.1°C) and August in 1964 (21.3°C).

When analyzing the autumn season, it was revealed that in 2012 the highest average autumn
temperature was observed, which was 15.5°C, which is 2.5°C above the norm, and the lowest was in the
fall of 1993 (8.6°C at a norm of 13.0°C).

Based on the analysis of the course of the average monthly temperature, a monthly ranking of
vears was carried out according to temperature conditions. Based on the ranking results, a table 2 was
compiled, which presents the years with the highest and lowest average monthly temperatures.



Table 2
Highest and lowest average monthly temperatures (196 1-2023)

Highest Lowest Normal

Month Years °C Years °C °C
/ 2005 3.8 1972 -10.1 0.3
Ik 2002 5.0 1976 -6.3 0.7
i 2023 8.3 1985 -1.1 5.1
v 2012 14.2 1965 7.2 10.8
4 2012 19.5 1999 14.2 16.9
Vi 2019 25.3 1978 18.8 22.1
Vil 2018 27.4 1985 22.1 24.9
Vil 2006 27.3 1964 21.3 24.6
X 2015 22.3 1997 15.8 19.5
X 2012 16.9 1976 7.7 13.2
Xl 2023 10.5 1993 -2.6 6.4
Xl 2010 6.5 2002 -5.5 2.1

As can be seen from table 2, all the highest monthly temperatures occurred in the period after
2002, which confirms the fact of warming in the plain zone of the region, as well as in other climatic
zones of the region and throughout Russia [5-9].

Of interest is the increase in average temperature in the warm (May-September) and cold (October-
April) periods (Fig. 2).
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Figure. 2. The course of the average annual air temperature in warm and cold periods

Figure 2a shows that during the study period from 1961 to 2023, a statistically significant increase
in average temperatures was observed in both warm and cold periods in the plain zone. In the warm
season, average temperatures increased at a rate of 0.34°C/10 years with a coefficient of determination
D=48%, in the cold season the average temperature increased at a rate of 0.28°C/10 years with D=21%,
that is the temperature increase is more pronounced in the warm period.

Conclusions. As a result of studies of the temperature regime in the plain zone of the North
Caucasus region, it was shown that starting from 2012, the average air temperature exceeded the
climatic norm. The highest excess of the norm was recorded in 2023, when the average annual
temperature exceeded the norm by 1.5°C.

The rate of increase in average annual temperature during the period from 1961 to 2023.
amounted to b=0.31°C/10 years (D=36%) and increased since 1976 (b=0.5°C/10 years, D=57%,). Average



summer temperatures are growing at the fastest rate, as in the period from 1961-2023. (b=0.4°C/10
years, D=45%), and in the modern period from 1976-2023 (b=0.61°C/10 years, D=58%)

A monthly ranking of years by temperature conditions was carried out and it was shown that all
the highest monthly temperatures occurred in the period after 2002, which confirms the fact of warming
in the lowland zone of the region. The hottest summer in the flat zone was the summer of 2010, when
the average summer temperature was 25.9°C (the norm was 23.8°C).

When comparing changes in the temperature regime of the cold and warm periods, it was found
that the increase in temperature was more pronounced in the warm period, when the growth rate was
b=0.34°C/10 years at D=48%, while in the cold season the increase in average lower temperature
occurred at a rate of b=0.28°C/10 years at D=21%.

The analysis of changes in average annual and average seasonal air temperatures indicates
ongoing warming in the plain zone of the North Caucasus region.
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LOBACHEVSKY'S GEOMETRY
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TEOMETPUIA JIOBAYEBCKOIO

LokmebipixaH E.

Vyqerbie, komopbie nbimasaucs dokasams \/ nocmysam EBKIUOA, u ux 00CMUMEHUS

Jlo Ha4ana XIX cmosemus He BO3HUKAIO COMHeHUU B8 He3blbiemocmu eeomempuu Eskauda u
HeBO3MOMCHOCMU J102u4ecko20 0OO0CHOBAHUS U NOCMPOeHuUs opy2ol 2eomMempuu, OmMJUYHOU om
eskaudosol. Ho 3mo «Heso3MoxcHoe" coenan Benukul pycckul y4eHbil, npogeccop KazaHCKo2o
yHuUBepcumema Hukonal MeaHosu4 Jlobadesckul (1792-1856). OH OMKPbI HOBYH) 2€0Mempuro,
KOMOpas 0Kasandcb Makxe so2udecku besynpeyHol u BepHou, Kak u eeomempus Eskiuda. OOHako He
cedyem 0ymams, YmMo ecsiu co30aHHas Jlobaqyesckum eeomMempus A878emcs Hosol, Mo OHA BO BCeM
omJiu4aemcs om esKk/udoBsol 2eomempuu. Imo 0as1eKo He Mak.

Ha4aneHble cBedeHus eeomempuu Eskiuda u eeomempuu Jloba4eBcko2o BO MHO20M,
ecmecmseHHo, cosnadarom. [ia Hux 0OUHAKOBbI OnpedesieHus U akCuoMbl (UCK/IHOYas akcuomy
napasnnesbHoCMu NPAMbIX), a makxe pad meopem o6 yenax u o mpeyeosibHuUKax. Omau4amscs
Ha4yuHarom >mu eeoMempuu 00HA om Opyeol J/ulb moedd, Ko20d Heu3bex HbIM CMmAaHoBUMCS
npumeHeHue mod uu UHol akcuoMbl NAPAsIIEIbHOCMU. [les1o0 8 MOM, YmMo akcuoma NapasniesibHoCmu
Jloba4escko20 padukasbHO OMJuUYaemcss Om aKkCUoMbl NAPAsiebHoCmu Eskiuda.

CoBOKYNHOCMb NpedJioxdceHul 2eoMempuu, 00KA3amesbCMmBd KOMOPbIX He ONnUparomcs Ha
akcuomy NapasniesibHOCMu NPAMbIX WU HA NPeOsIOXCeHUS], yxe paHee 00KA3aHHbIE C ee NOMOWbHO,
NPUHSIMO HaA3biBamb abcosiromHol eeomempued. [1pu 3mom COBOKYNHOCMb NpedsioxeHul 2eomempul,
doKkazamesibCmBa KOMOopkIX ONUPAKOMCSE HA AKCUOMY NAPA/IIe/IbHOCMU EBKAUOA WU HA NPEOIOXEeHUS,
YMe paHee 00KA3aHHbIe C ee NOMOWLbO, HA3bIBAOM 2eomempuel EBkiuda (cobcmseHHo eBKudoBoUl
2eomempuell), a COBOKYNHOCMb NPedsioxeHuUl 2eomempuu, 00KA3amesibCmaa KOmopblX ONUPAroMCcs Ha
akcuomy napasanesibHocmu J106a4eBcKo20 u/lu Ha NPeosiodeHUSs, yxe paHee 00Ka3aHHbIe C ee NOMOWbH,
- eeomempuell Jloba4yescko2o (Heeskaudosol eeomempuell). V3 CKA3aHHO20 BUOHO, 4YMO BCe
npeosioxceHuss abcoiromHol 2eomempuu CNpasedsiuBbl Kak 8 2eomMempuu EBkiuda, mak u 8 2eomempuu
Jloba4eBckoezo.

locne «Hayvan» EBKiuda, 8 KOMOPbIX CGHOPMYIUPOBAHA aKCUoOMd napasiesbHocmu (oHa
nosBusIack B8 «Hayvanax» nood HazsaHuem «[Iambid NOCMY/Iam»), Npowsio okosio 20 BeKoB, B medeHue
KOMOpbIX npobsieMa ngmo20 NOCMY/1ama B0JIHOBA/IA YMbl MHOMECMBA KPynHelwux MamemMamuKkos
MUPA Mo2o BpemMeHU.

Jleno 8 mom, ymo npu aHasnuze «Hayan» obHapyxusaemcs, Ymo V nocmysnam EBKauda
CYWecmseHHo OomJu4aemcs om OCMA/bHbIX C/IOMHOCMBI  HOPMYIUPOBKU. IMOm NOCMyaam
EBkudom ceopmynuposar mak: «Ecau, npu nepeceyeHuUU 0BYX NPAMbIX, PACNOJIOXEHHbIX B 00HOU
nsockocmu, mpemsel CyMMa BHYMPEHHUX OOHOCMOPOHHUX Ye/loB He pasHa 2d, mo 3mu NpsmMble
nepecekaromcs U NpUmMom ¢ mol CMOPOHbI, 20€ 3ma cymma meHbwe 2d»(Cumsosom d paHbuie
0003Ha4anu BeauqUHy NPSIMOoR0 yesia,).

B mo e Bpems \/ nocmynam Haxodum 00BOJIbHO NO30Hee CBoe npumeHeHue: «Havana»
pasbusaromca Kak bbl Ha 0Be He3asucumble 4acmu - abcosromHas eeomempus («eeomempus 6es V
nocmynama») u cobcmaeHHo esKaudoBa 2eomempusi («2eomempus ¢ V. nocmysamom»). B 3mod cBs3u,
ecmecmBeHHO, BO3HUKAKOM BONPOCHI: HyxceH iUV nocmysiam? Hesb3s /iu 1o2udecku BbIBeCmuU e20 U3
OCMAsIbHbIX NOCMY/IAMOB U AKCUOM? VIHadye 2080ps, He 3asucum Jsu V' nocmysaam om OCMAalibHbIX
NOCMYy/1IamoB U aKCUOM eBKIudoBoU 2eomempuu?

Hayaswuecs yxce 8 31/IUHCKYH0 3N0XY NONbIMKU BbIBECMU NSIMbIU NOCMY/IAM O NAPAsIIesIbHbIX
NPAMBIX KAK J102U4eckoe C/1ledcmaue U3 0CMasbHbIX NOCMYAAmOoB U aKCUOM eBKIudoBoU 2eomMempuu
HeusMeHHO Npodosxanuck 8 CpeoHue u Hosbie Beka. Becb CMbIC/ 3a0a4u 3aK/I4AICS 8 MoM, Ymobbl
dokasamse 3MOom NoCcmy/iam, He BBOOSI BMECMO He20 HUKAKux dpyeux donyuweHud. TpyoHO yKazame
BbIOArOWE20Ca MamemMamuka, HaquHas ¢ lTmonemes (Il 8.) u KOHYAs ABMOPOM K/IACCUYECKO20 Kypca
anemeHmapHol 2eomempuu JlexcaHopom (1752-1833), komopsit He npusiaean bbi ycuaut K momy,



ymobbl, NO BbIpAXeHUro JToba4yeBcko2o, «3adeams bpelib 8 meopuu napasienbHbix». [1poks (410-485),
Hanpumep, NUCAs1 0 NIMOM NOCMYJIame: «3mMo NOJIOXEHUE 00JIHHO bbIMb COBEPUIEHHO U3bSMO U3 YUC/IA
nocmy/s1amos, NOMOoMy YmMo MO - Meopemd, Bbi3bIBAOULASI MHO20 COMHEeHUU».

OwubKu y4eHbIx npu 00Kazamesibcmaax V Nocmy1ama uHo20a 3aKk/iYaauch 8 NO2PeUIHOCMSX,
KOmopble 0oNYCcKaau asmopkl, 3anymMasWUCh B C/IOXHbIX NOCMPOEHUSX, Yauje e BCe20 B MOM, Ymo
BMecmo 00Ka3biBAemMmo20 NOCMy/iIama $SIBHO UJIU KOCBEHHO BBOOU/CS Opy2ol, paBHOCU/bHBIL emy
nocmynam. O6bIYHO 3Mu 00KA3amesibkcmsd NPoBOOUIUCL MemOodOM OM NPOMUBHO20: NPUHUMA/IU
noJioxeHue, NPoOMUBHOe 00KA3bIBAEMOMY, U CMAPAIUCh NYyMeM J102U4eCKUX paccyxoeHul nosy4ums
npomusopeyue C yx#e YCMAaHOBIeHHbIMU NPEeOIoXeHUAMU. Kpome mo20, asmopbl 8 My NOpy euje
HedoCmamoy4yHoO YemKo ONepupoBasu ¢ 6eckoHe4yHo 60bWUMU U BeCKOHEeYHO MAasbiMU BeIUYUHAMU,
«CBOHOOHO» NOJIb3YSACh KOMOPBLIMU MOXCHO O0KA3amMb BCE, YMO Y200HO.

OOHUM U3 y4eHbix, pabomaswux Hao npobnemol namo2o nocmysama, b6bi1 npogeccop
Okcgopdckozo yHuBepcumema /[px. Bannuc (1636-1703). OH cyuman 6eccnopHbiM criedyroujee
nosoxceHue: «/]na kaxcool ¢uzypbi Bce2da cyusecmsyem nodobHas el pueypa Npou3BoIbHOU BE/TUYUHbI»
- u B 16632. HA 0OCHOBAHUU 3MOU AKCUOMbI U3/IOXUJ «DoKazamesabcmao» \/ nocmynama Esknuda. Ha
camom Oesle akcuoma Basnuca o cyuwsecmsBoBaHuu NOO0OHbIX gueyp 3KBUBANEHMHA V' nocmysiamy
(«<3abezas Bneped», cKaxcem, 4ymo B 2eeomempuu Jloba4yeBcko2o No00bHbIE MPeyeosibHUKU He
cywecmsyrom).

ZLlpyeum y4eHbIM, NpedBOCXUMUBUIUM HEeBK/IUOOBY 2eoMempuro, bbi1 UMAsbaHCKUG Mamemamuk
/1. Cakkepu (1667-1733), npenodasaswiuli 2pamMmamuky 8 ueyumckol Kosne2uu 8 MunaHe. 30eck, nood
susHUem /JpxosaHHu Yesbl ([prosaHHU Yesa (1648-1734)- umanbsHCKUl UHMCeHep-euopasiuk u
3KoHomucm), Cakkepu 3auHMepecoBascs MamemMamukod U CMaa Cepbe3Ho 3aHUMAMbCS  ero.
Bnociiedcmauu oH npenodasans MamemMamuky 8 yHusepcumeme 20poda llaswu. Ha nocieoHem 200y
csoell xu3Hu 8 17332. Cakkepu onybukosas (Ha 1amuHCKOM f3bIKe) KHU2y Noo0 HA3B8aHUem «EBK/IUO,
oquweHHbIl om Bcex nameH». B Hel Cakkepu nocmasusi neped cobol 3adadyy ucnpasums BCe
Hedocmamku (“namHa”) “Hadan” Esknuda, 8 nepsyro o4epeds, 0okaszams V' nocmynam. OH
pelwuumesibHee U 0aiblue BCex CBOUX NPeoueCcmBeHHUKOB COe1dl NONbIMKY 00KA3amb 3Mom NOCMY/1am
om npomusHo20. OOHAKO OH He cymes1 00 KOHUa npolmu HameveHHbId um nyme. (Jlobavyesckud, udst no
2MOMY NyMuU, CyMes1 OMKPbIMb HEEBK/IUOOBY 2e0Memputo.)

VimanesHey Cakkepu paccMampusasl Yemsblpexy2obHUK C mpems NpsMbIMu yesaamu (puc. 3).
Yemaepmnill Yy20/1 (0603HAYUM €20 Yepe3 @) Mo2 0KA3ambCs NPSAMbIM, MYNbiM UL ocmpbiM. Cakkepu
YCMAaHoBu/I, YmMo 2unome3sa NPsSIMo20 yenid, m.e. ymBaepxoeHue 0 MmomM, 4mo Yemsepmall Y201 @ Bce20a
pasgeH 90° no3sossem 0okazams NAMbIG NOCMysaam. VHade 20Bops, 2unomesa nNPSMo20 Yyeaa
npedcmassigem cobol HOBYH AKCUOMY, SKBUBAIEHMHYH NSIMOMY NOCMY/1amy.

_!90. ﬂ’\

L 9,
Puc. 3
funomesy myno2o yesnd, 00NYCKAWYH CYyuecmBoBaHUe Yemblpexy20/ibHUKA, Y KOmopo2o
yemaepmail yeon @ mynod, Cakkepu omaep2 Npu NOMOULU CMP0o2020 paccyxoeHus. OOHaKo 00Kazame,
Yymo U 2unomesa OCMPo20 yesnd HesepHa, Hu cam CakKepu, HU e20 NOC/Ied0BamesIu He CMOo2/u.
HenpucmynHas "kpenocms" nssmo2o Nocmy1ama 0Ccmasndck HenoKopeHHoU.

Cakkepu He3asucumbiM cnocobom 0oKaszbiBaem, 4mo CyMMa Y208 MpPeY20sIbHUKA He MOXem
b6bimb 6os1ee 180° ecsiu NpUHAMb NOCMY/IAM O NAPAJIIENIbHbIX JIUHUSX, MO 3ma cymma pasHa 180° eciu
@20 onNpoBepeHymMb, MO OHA 00/#HA bbimb MeHbwe 180°. Mcxods u3z donyujeHus, Ymo CymMma yasaos
mpeyeosibHUKa MeHbwe 180° («eunomesa ocmpoeo yena»), Cakkepu 0oKasbiBaem, 4mo 0B8e
HenepeceKkarouwuecs NpAmMble, PAcNOJIoXEHHbIe 8 00HOU NJI0CKOCMU, 1ub0 becKoHe4YHo yoansaromcs opye
om 0pyea B8 00HY CMOPOHY U HE02PAHUYeHHO COUXAroMCcsa 8 Opyayro CMOPOHY, Aubo umerom obuull
nepneHOUKY/ISip, 0M KOMOPO20 OHU pAcxo0simcs, beCcKoHe4YHo yo0anssck opye om opyaa 8 0be CMopOHbI.
OH dokasbisaem, 4mo (npu 2unomese 0CMpo2o Y2/1a) NEPNeHOUKYAP K 00HOU CMOpPOHe 0CMpo2o yena
CHa4yasna nepecekaem BMOPYH CMOPOHY, A NOMOM, N0 Mepe YOasieHUs Om BepuUHbl, Nepecmaem ee
nepecekams, YmMo Npu 3Mom Cyusecmayem npedesibHbIU - nepsBbil Henepecekarouwul NepneHoUKYsp.
Cakkepu 3assngem: «[unome3a oCmpo20 Ye/id COBEPUIEHHO JIOXHA, Uubo npomusopeyum npupode
npsmod IuHUU». 3mo 3assaeHue Cakkepu caudemesibCmByem 0 €20 HeKoOMNemeHMHOCMU 8 06paujeHuU




¢ beckoHe4YHo yoaneHHbIMU MOYKamu. ¥ mem He MeHee oH 3aKkaH4yusaem: «Ha 3mom g mo2 bbi CNOKOUHO
OCMAHOBUMbCS, HO S He XO4Yy OMKA3ambCs OM NONbIMKU 00KA3ame, YmMO 3Mda YNopHAs 2unomesa
0CMpPO20 Y2/1a, KOMOPYH A BbIPBAJ Yxe C KOpHeM, npomusopedum camol cebe...» [anee ciedyrom
BbIBOObI, COBNACArOULUE C NEPBBLIMU NPEOJIOHEeHUAMU 2eomempuu Jloba4escKozo.

3acnyea Cakkepu cocmoum 8 MOM, YMO OH NepBbIl o Bcel onpedeseHHOCMbIO CBA3AT YYeHue O
napasnniesbHbIX JUHUSX C BONPOCOM O CYMME Y2/108 MPey20sibHUKA. MPU 2UNOMe3bl, KOMOopble NPU 3Mom
BO3HUKarom, delicmBumesibHO Bedym K Mmpem BO3MOMHbLIM 2e0Mempuyeckum cucCmemam, mpem
Paz/IuUYHbIM 2e0MempuaM. 2eoMempuu EBkauda, 2eomempuu Jloba4yesckozo, 2eomempuu PUMAHQ.

b. PumaH (1826-1866) - sBenukuli Hemeukud MmamemMamuk, nociedosamesib Jloba4esckozo, 8 caoel
nekyuu «O 2unome3ax, J1exaujux 8 0CHOBAHUU 2eomMempuu», Npo4umMaHHou 8 18542. 8 FemmuH2eHCKoM
YHUBepcumeme, BKJIOYU B YUC/IO AKCUOM NPeodsioxeHue: «Kaxodas Nnpsamas, nexcauas 8 00Hol
nsi0cKocmu ¢ 0aHHoU NpAMOod, nepecekaem 3my NPAMYHO», OMKyoa c/iedyem, 4mo 8 2eoMempuu PumaHa
BOObWE He cywecmsyem napaniesibHbiX NPSAMbIX. IMA akKCUuomMa BbINOJIHAEMCS, Hanpumep, B
2eoMempuu Ha cgepe, 20e Cymma yesos cpepudeckoeo mpeyeosibHuka bosaswe 1800. 3amemum, Ymo
JIeKUUH BbICOKO OUeHUJ1 npucymcmaosaswull Ha Hel Kaps aycc, 00HaKko oHa oCmasndach He3ame4yeHHou
B Mamemamuy4eckom mupe. To/IbKo nocsie cMepmu b.PumaHa mexkcm sekuuu 6bi1 06Hapyx3eH B e2o
bymazax P./ledekuHoom, onybaukosaH B8 18682. u npousses 02pOMHOe BNeYamseHue Ha yYeHbix-
MamemamuKkoB BCez2o Mupd.

K qucny npedwecmBeHHUKOB Jloba4eBcko2o ciiedyem omHecmu U 4Yi1eHa bepauHckol Akademuu
HayK - acmpoHoMd, MamemMamuka u gunocoga W.I. Jlambepma (1728-1777), poduswiezocs 8 3/1b3dce, B
2.Mronibeayzere, komopsbit cocmoss 8 LLisetiuapckom coro3ze. B cepedure 60-x ee. Jlambepm 3aHumasncs
meopuel napannensHocmu u 8 cepeduHe XVIII 8. onybiukoBan codyuHeHue «Teopus NApaanesibHbIX
JIUHUL», B KOMOPOM CO0epIamcsa makue xce B8bi800bl, Kak u y Cakkepu. OH daxce 0esiaem 3aK/itoyeHue
0 MOM, 4YmO 2unome3d OCMPo20 Yeid UMeem MeCcmo «HA Kakol-mo MHumol cgepe». (Imo
3ameqamesibHoe npedBudeHue onpasoasoC NPUMEPHO Yepes CMo Jiem.)

B 3aKk/104eHue CBoUX UCCe00B8aHull 8 meopuu napasnesibHbix Jlambepm npuxooum K maepoomy
BbIBOOY O MOM, YmMOo BCe NoNbIMKU dokazams V' nocmysnam Eskiuda HU K Yemy He npusedym. XIX 8.
Ha4yuHaemcsl 3ame4amesibHbIMU UHMEePeCHbIMU UCC/Ie00BAHUAMU GPAaHUY3CKo20 mamemamuka A.M.
Jlexcanopa (1752-1833) no meopuu napannenbHbix JAUHUL, BbINYCMUBWE20 B cBem «Hayana
2eomempuu», a 3amem obWUPHYH CMAmMbHo, NOMeWeHHyro 8 «Memyapax [lapuxcckold akademuu», 20e OH
NoKasbiBaem, 4mo meopemMa O CYMMe BHYMPEHHUX Y2/I0B NPSMOY20/IbHO20 Mpey2osibHUKA
aKkBuBaneHmHa \/ nocmynamy. 20 KHU2d, NOCBAWEHHAs eBKAUO0BOU 2e0Mempuu, XOpPouwlo HanUCaHa u
BbI0epPH(asa HecKosbKO u30aHul. [loymu B KaxOoM U3 Hux JlexaHop npusodusi paccyxcoeHue, 8
KOMOPOM, NO €20 MHeHUto, 00KA3bIBAaCs NIMbIt nocmysaam. Ho HeusmMeHHo B ciedyroujem u3oaHuu
asmop, NPU3HABAs, 4YMO B €20 PACCY#OeHUU UCNO0JIb30BAJIOCh HeKoe ymaepxoeHue (He
copmynupoBaHHoe um A8Ho) - "o4esudHoe", Ho B delicmsumesibHOCMuU npedcmassissulee cobol HOBYH
aKCuoMy, 3KBUBAJIEHMHYH NSIMOMY NOCMY1amy. Hu 00Ha u3 NoNbIMOK JlexaHopa He npusesa K ycnexy.

Bom Kpamkoe onucaHue 00Hol u3 nonbimok JlexcaHopa. [lycmb a u b - 08e npsmele,
nepneHOUKY/IsipHbI 00HOU U mod e mpembel NpsmMol U nepecekaroujue ee 8 moykax A u B. mu ose
npsIMble a U B He nepecekaromcs. [onycmum, Ymo nambid nocmysnam Eskiuda He BepeH u Yepe3 A
MOXCHO NpoBecmu ewe O00HYy NPaMyro ad, mak xe Henepecekarowyo b. Paccmampusas 08a
NOJIYYaroWUXca ocmpbix yena a' u a” (cummempuyHbix 0pye opyey), JlexcaHop cmpo2o 0oKasbiaaem, 4mo
NpSMAasi @ Kak npu nNPoooJsIxHeHUU ee BNpaso, Mak u NpodosixeHue ee Bi1eso sce bosee yoasisemcs om
npsamoli 8. Ho npsimble a u 8 He mo2ym sBecmu cebs N000OHbIM 06pA30M: ec/iu OHU He NPUKACAOMCS, MO
00/I#CHBI HaX00UMbCS HA 02PAHUYEHHOM pAacCMOSHUU Opy2 om 0pyad Ha BCem CBOeM NPOMSMHeHUU. He
npasda au, ybeoumesbHo? OOHAKO HA camom 0esie 3Mmo NPOCMO 0py2as akcuoma: oHa ciaedyem u3
ngmoazo nocmysama Esknuda, u, B CBOK o4yepedb, U3 Hee BbimeKkaem CnpasedsiuBoCMb NSMO20
nocmysama.

K npedwecmaeHHUKam J1oba4eBcko2o OMHOCAMCS MAakxie Hemeykud ropucm u mMamemamuk
npogeccop Xapbkoscko2o yHusepcumema ®.K.LLUsetkapm (1780-1857) u e2o nnemaHHUK @.A. TaypuHyc
(1794-1874). Lligelikapm He3asucumo om Opyaux npuwies K ybexcoeHuro, Ymo Kpome esK/Iudosol
2eoMempuuU  MOXem CyujecmsoBamb ewe U 0py2as, KOMOPYH OH HA3biBaem «acmpasnabHOU»
eeomempuell U B8 Komopol CyMMa y2/io8 Mpey2osibHUKA MeHee 0BYX NPSAMBbIX Y2/108, HO CBOUX BbIBOOOB OH
He onyb/IuKoBan.

K.®. TAYCC

laycc obpamuscs K meopuu napasiesbHbix 8 1792 2. CHa4ana oH Hades/ica 00Kazams NImbil
nocmysam, HO 3amem npuwesl K MbICAU O NOCMPOeHUU HOBOU 2eoMempul, KOMOPYH HA3Basl



HeeskaudosoU. B 1817 2. B8 00HOM U3 NUCeM NPU3HAsICA: " NPUXoxy Bce bosee K ybexoeHuro, Ymo
Heobxooumocmsb Hawel eeomempuu He moxem bbimb dokaszaHa". Ho obHapodosams 3mu udeu oH He
pewusics u3 60s3HU bbimb HENOHAMbIM. [aycc He onybuKoBa HU 0OUH U3 CBOUX pe3y/ibmamos, XOmSs
U3 e20 nucem U JIUYHbIX bymaz BUOHO, YMO OH pas3pabomasi OCHOBHbLIE NOJIOMEHUS HeeBK/IUudoBoU
2eomempuu. [locne cmepmu aycca 8 e2o bymazax 6biiu HaloeHbl HAbpocku omoesbHbIX Haubosiee
nNpocmaix meopem 2unepbosiudeckol 2eomempudl.

6O/JIbsSN

TBOpUOM HOBOU 2eomempuu CMAs MAk Xe U BeHeepckul mamemamuk AHow bonead (1802 -
1860). B omauyue om [aycca oH CMpemMusics pacnpocmpaHums csou udeu, Ho 60JIbUUHCMBO
MamemMamuKkos moeoa euje He bbiu 20MoBbl UX BOCNPUHAMb. Pe3ysbmamsl AHowa bosbas 6biiu
oHamo us/ioxeHbl 8 1832 2. B8 npusioxeHuu KHuee e2o omua, ®Papkawa bosnbss. Tpyo A. bonbas
"TpunoxeHue, codepxcaujee Hayky o NPOCMPAHcmBe, abCo/ItOMHO UCMUHHY, He 3aBUCAWYH Om
UCMUHHOCMU Uau AoxcHocmu XI akcuomebl EBkiuda (ymo a priori HUKo20a peuweHo bbime He moxem)”
00bI4HO Kpamko Hasbisarom "AnneHoukc” (om nam. "npunoxerue”). B smot pabome, cocmasusuwel
NpUIoXeHUe K MamemMamuy4eckomy mpakmamy e2o omuya ®@apkawa 6osu, AHow bosu U310 My e
meopuro, Ymo u Jlobavesckud, HO B 3Ha4UMesIbHO MeHee pazsumoll popme. [Ipo4umas 3mo CoYUHeHUe,
raycc Hanucan csoemy y4eHuKy, mamemamuky epauwly: " cqumaro Mos00020 2eomempa ¢oH bosibsau
2eHuem nepsoll BesuyuHbl". OOHako B nucbme K @. bosbsiKo OH OMO3BA/ICS O COYUHEHUU SHOWA 20pa300
coepxcarHHee: "Tenepb Koe-ymo 0 pabome mBoe2o CbiHA. Eciu 8 Ha4yHy ¢ moeo, Ymo 3my pabomy He
dosm#eH XBaumb, MO Mbl KOHEYHO, HA M2HOBeHUe NOPA3ulIbCs, HO UHA4Ye S He Moa2y;, XBAjiUumb ee
3Hayus10 6bI XBA/IUMb CamMo20 cebsi: BCe Co0epitaHue COYUHeHUSs], NYMb, N0 KOMOPOMY MBOU CbiH NPOUIeST,
U pe3ysibmamsl, KOMOopble OH NOJIy4Us, NOYMU CNJoWbL CoBNAdarom C MouMU CobCmBeHHbIMU
00CMUXCeHUSMU, KOmopble 4YdCmuyHO umerom o0asHocmb 30-35 nem”. He Halds noddepxku y
coBpemMeHHUKOB, A. bonbal nepecmasn 3aHUMamscss mamemamukod. OH ymep B COCMOSIHUU 2/1y60KoU
denpeccuu 3a HECKOJIbKO siem 00 M020, KaK HeeBK/1udosa 2eoMempus NOJIY4U/IA BCeobuiee NpusHaHue.

B Ha4ane XIX 8. 8 "cpaxceHue" ¢ nsmbiM NOCMYamomM BCMYNUJ PYCCKUU Mamemamuk, npogeccop
KazaHckoeo yHusepcumema H./. Jlobavesckul. OH 6b11 UCK/IHOYUMEIbHO MAAAHMJIUB U Ype3BbiHaliHO
Hacmodyus. OH nucas, Ymo 3ada4ya o NApaanesbHbIX NPSAMbIX npedcmassisem cobod "mpyoHocms, 00
cux nop Henobeoumyro, HO Mex0y mem 3aKIYarouwyro B cebe UCMUHbI OULYMUMEIbHbIE, BHE BCSIKO20
COMHeHuUsl, U CMOoJib BMXHble 018 uenel HAyKu, 4Ymo HUKAaK He moeym bbimb oboldeHbl". [lsa
mabicadesiemuss 6ecn/io0HbIX NONbIMOK 00KA3ame NSIMbIt nocmyaam npusenu H./. Jloba4eBckozo K
MbICU O MOM, YMO 3MOM NOCMY/sam He 3dsucum om Opyeux akcuom eskiudosol eeomempuu, U
No3momy e20 00Ka3ame HeJlb3Sl.

Jlobayesckul obpamusics K memody 00Kd3amesbCmaad Om NPOMuUBHO20, donycmus, 4mo V
nocmysiam HesepeH. V13 3mo2o donyuieHust NOC/1e00BaIU NPeOsIOXEeHUs, NPoMuUBopeYauue MHo2UM
meopemMam  Kiaccudeckol 2eomMempuu U HAWuUM NpeocmassieHusm o NPOCMPAHCMBeE, KOmOopble
C/IOMUIUCH HA OCHOBE MHO20BeK0B020 onbimd. O2poMHas 3acsyea J106a4eBCcko20 3aK/IH4aemcs B e20
NOHUMAHUU, YMO 3MU NPOMUBOPEYUS KOPEeHSIMCca He B moM, 4ymo V nocmyaam ecmb credcmsue
0CMAJIbHbIX 200MeMPUYECKUX AKCUOM, U HE B MOM, YMOo, 0omBep2adsi e2o, Mbl BnA0dem 8 NPomMuUBoOpeYue C
3MUMU AKCUOMAMU, d 8 MOM, YmMo V nocmyiam eCmb HOBOE HE3aBUCUMOEe DoNyWeHUE, He BbiIMeKaroujee
U3 dpyaux NOCMY/IAMOB U AKCUOM, U NOIMOMY, He HAPYWdsl 3MuxX aKCUOM, Mbl MOMEM €20 NPUHSIMb U
MOXEeM e20 omBepeHyme. [IpuHUMAas €20, EBKIUO C030a/1 CBOH KACCUHECKYHO 2e0MempuUro; omaep2ast
e2o, Jlobayesckul C030as1 CBOK «BOOOPAXAEMYHD 2e0Mempuro», CMOJIb e CMPo2Yyr, Jloeudecku
6e3ynpeyHyro u HenpomuBopeYuUBYH, Kak u eeomempus Eskiuda. Obe 2eomempuu 00UHAKOBO BEpHbI C
J102U4eCKOl MOYKU 3peHus, U BO3HUKWUE NPOMUBOPEYUs - pe3ysibmam pas/iudus 08yX pasiudyHbIX
2eoMempuYecKux cucmem.

OcHoBHble pakmabl 2eomempuu Jloba4escko2o

Bce npeodnoxeHus abcosomHol 2eomMempuu  cnpaseodnusbi B8 eeomempuu Jlobayesckoeo.
[nockocmb, B8 KOMOPOU BbINOJIHAOMCS BCe AKCUOMbI abCOMOMHOU 2eoMempuu U aKkcuoma
napannenbHocmu Jloba4esckoeo, Hazbieaemcss 2unepboauyeckold NOCKOCMbIO UL NJIOCKOCMbHO
Jlobayesckoeo. [Tycmb 8 daHHoU eunepbosudeckol niockocmu a moyka C excum sHe 0aHHouU npsamol
AB. lNo akcuome napasnesnbHocmu J1oba4escko2o B NJIOCKOCMU a Yepe3 moyky C MOXCHO nposecmu nNo
KpalHel mepe 0Be npsMble, KOMopble He nepecekarom npsmyro AB. Obo3Ha4um 3mu npsmele CK u CP
(puc.1). Ecnu npambie CK u CP He nepecekarom npamyro AB, mo sirobas npamas CM, npoxo0sauw,as Mexcoy
npambimu CK u CP 8 BepmukanibHbix yenax K'CP u KC P!, makxe He nepecekaem npsimyto AB, m.e. Ha
OCHOBAHUU aKcUoMbl napasniessHocmu Jlobayesckozo Yepes moyky C B niockocmu ABC npoxodum
b6eCKOHeYHoe MHOXEeCMBO NPSIMbIX, He Nepecekarouiux Npsimyro AB.



Puc. 1

C dpyzol cmopoHbI, eciu X — irobas moyka npsamol AB, mo npamasi CX nepecekaem npsimyro AB
8 moyke X, npudem npsamas CX npoxodum yxe B BepmuKasabHbixX yeraax KCP u K'CP'. Bpawasa npamyro CX
BoKpy2e moyku C B HanpassieHuu npomus 4YacosBol CMpesKu, Mbl 6yoem nosy4ams NPsMble,

nepecekaroujue npamyro AB coomsemcmBeHHO B MOYKAxX TR ST PAacnNosIoHeHHbIX Npasee Moyku X
(cm. puc.1). Takum obpaszom, yepez moy4ky C npoxooum 6ecKOHe4YHO MHO20 NPAMbIX, NEPeceKkarouiux
npsmyro AB, U 6eCKOHEYHO MHO20 NPAMBbIX, Henepecekarouwux ab. [1pu 3mom «nepecekarouiue» nNpamble
J1eXam No 00HY CMOPOHY OM «Henepecekaroujux», m.e. ecau CF u CH - «<Henepecekaroujue» npsimble, mo
HU 00HA NPSMAs, 1exauids Mexcoy HUMU BHympu yeaa FCH, He Moxcem bbimb «nepecekaroujeli» npamod,
u Haobopom.

Takoe pasbueHue Bcex NPAMbIX NYYKa ¢ yeHmpom C 03Ha4aem, Ymo 00/IHHA CYU,ecmaosams iubo
NOC/IeOHSAS «nepecekarowas» npamyro AB, 1ubo nepaas «Henepecekarowds» 3my NPAMYro. Ho, Kak eeko
ybedumscs, nocnedHel «nepecekarouiel» npamyro AB bbimb He Moxcem, 3Ha4um, 2paHu4Hold Npsmod,
omoensarowel «nepecekaroujue» npamyro AB  Om  «Henepecekarouwjux» ee, ABJAEMCA Nepaas
«Henepecekarow,as». dmy epaHudyHyro npamyro Jloba4yesckull u Hasbisaem npamol, napasnnesibHol
npamol AB B moyke C. [lycmb 3mol npsmol fasnsemcsa npamas CY (puc.2). Toeda npsmas CZ,
cummempuyHasa CY omHocumenibHo nepneHoukysasapa CL kK daHHoU npsmol AB, makx3e napasnniesbHa

npsimol AB 8 moyke C. .

Puc. 2

Takum obpazom, 8 eunepbosiudeckol NJAOCKOCMU KAPMUHA PACNOJIONEHUS NPSMbIX, NPOXOOAULUX
yepe3 moyky C omHocumesibHo npsimoll AB, npedcmassisemcss 8 makom sude: 4epez moyky C npoxoosm
0se npsimble Y'Y u Z'Z, napannesnbHble npsmol AB, pacnosioxeHHble cCuMMempu4yHO OMHOCUMESbHO
nepneHoukyiapa CL kK 0aHHol npamoul AB; NpsiMbie, paCNOJIOXEHHbIE BHYMPU BEPMUKA/IbHbIX yesrnos Y'CZ
u YCZ', He nepecekarom npsmyro AB. Jloba4yeBckul Ha3bisaem 3mu NPsiMble pacxodsujumucs ¢ AB: Bce
0CMasbHble NpsiMble NYYKU ¢ ueHmpom C (oHu nepecekarom AB) JlobavescKud Ha3biBaem CXo0AWUMUCS
8 AB. B uesnisx Ha2iasoHOCMU HA pucyHKax byodem ykasbisame CMpesikol HanpasneHue npsmod u npu
2MOM 20BOpUMb, YMO HanpassieHHas npamas Y'Y napasanensHa HanpasieHHol npsmold AB, a
HanpasneHHasi npamasi Z'Z napasanesibHa HanpasiaeHHou npsimoll BA (cm.puc.2).

3amemum, ymo npsamasi EE', npoxodswias Yepez moyky C nepneHouKyaspHo npsmod CL (CL-L AB),
NPUHAOIeHUM K YUC/TY NPAMBbIX, pPACX00AWUXCA € AB, m.e. B 2unepbosiudeckol Nockocmu 08e NpsMbIe,
umeroujue obwul nepneHoukysap, pacxodsmcs. (B eskiudosol  niockocmu 0Be  NpsMble,
nepneHouKy/IspHbie 00HOU NPAMOU, NapasiiesibHbl.) [lapaninesbHbie NPAIMbIe KaK 8 eB8KIU0080U, MAak U 8
aunepbosiuyeckol niockocmu obadarom credyrowumu caoticmaamu: ecau AB || CD, mo CD || AB; eciu
AB | CD, CD || KP, mo AB || KP.

Hukonat MiesaHosuYy Jlobayesckuli 88es1 cedyrouiee NoHamue yesia napasanesisHocmu. [lycms AK u
AP - npsmeie, napasnesnbHbie npamol BC 8 moyke A, AD - nepneHoukyiap K BC (puc.3). (Mpambie AK u AP
CUMMempuYHbl omHocumesnbHo AD). B niockocmu JlobayeBckozo Y2/0M  NApasiesbHOCmU,
coomsemcmayrowum 0aHHol npamol BC 8 0aHHOU moyke A, BHe ee nexcawiel, Ha3biBaemcs oCmpbil
yeosn KAD mexcoy nepneHOuKyisgpom AD, onyuieHHbIM Ha moYku A Ha BC, u npsmol AK, napanniesnbHol
oaHHol npsimoli BC.
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Puc. 3

Ecnu 0/uHy nepneHouKky/iapa AD 0bo3Ha4yums X, mo 20e bbi moyYka A Hu 6biia pacnosioxeHa
omHocumesnibHo npsimol BC, Haxo0scb om Hee Ha pacCmosHUU X, BE/IUYUHA Y2/1d NAPAsIIesbHOCMU He
U3MeHsiemcs. VIHa4e 20Bops, Yeos NApaiiebHOCMU B NJ0CKOCMU Jloba4eBckoeo sBsiemcs
UHBAPUAHMOM O0BUXCEHUS. Dm0, B CBOK o4epedb, 03Ha4yaem, Ymo C U3MeHeHUeM pAacCmosHUS X Om
moyku A do npsmol BC y20/1 napannesibHoCmu MeHsiem CBOH BesIUYUHY, mM.e. Y201 NApasiebHOCMu
asngemcs ¢GyHKkyuel paccmosHus X om moYku A 0o npamold BC. dmy @yHKuuro Jlobadesckull
obosHa4yaem yepes [1(x): a = [1(x). (EBkaudosa eeomempusi xapakmepusyemcs mem, ymo 8 Hell yeos1 a =
(x) sBce20a npsmod, Kakos bbi HU bbis1 ompe3ok AD.)

T

Jlo6avesckuli dokasbisaem, 4mo 0<M1(x)< 2 . Mpu 3mom ¢yHkyus 1(x) MOHOMOHHO ybbiBaem ¢

lim 77(x) = 0, lim I7(x) = =
BO3pacmaruem apeymeHmax: *> x=0 , M.e. No Mepe yoaseHus moyku A om npamod
BC yzon a = [1(x) ymerHbwaemcsa om 90° 0o 0°. bonee mo2o, Kakos bbl HU bbis1 0CcMpbIll Y20 a, Bce20a
cywjecmsyem 00UH U MOoJIbKO 00UH ompe3ok 0suHol x makod, ymo [1(x) = a. m.e. ¢yHkuus l1(x)
obpamuma.

30ecb ymecmHo 3amemumsb, YmMO Mbl, BEPOSAMHO, NOMOMY numaem b60/bwoe dosepue K
esK/1udoBoU 2eoMempuu, YmMo Bce 0OCMYNHbIE HaM U3MEPeHUs: NPOUCX00AM B MAKOM HE3HAYUMes1bHOM
VeoJIKe BcesieHHol, 4mo He Nnpedcmassisemcs BO3MOXHbLIM OOHAPYX UMb omJudue esKaudosol
2e0MempuU OM HAWuUx ouyuieHud. 1o3momy He UCK/IHYeHo, Ymo Bepa B YmBepioeHue «Cymma
BHYMPeHHUX Y208 JIUHelHo20 mpey20sibHUKa pasHa 180°% 6biia obyc/iosieHa meM, 4Ymo
IKCNepuMeHmasabHoU NpoBepke 3mMo20 YmBepioeHUs NOo0BEP2aIUCh MPey2osbHUKU 00CMAmOoYHO
MaJsibix pasmepos. JlobaqeBcKul BbIHUC/IUIT CYMMY Ye/I0B MPeyeosibHUKA, BepUIUHAMU KOMOPO20 CYMUIU
3emns, ConHue u 38e30a Cupuyc, u noayqusn yenosol oOegpexkm (yenosol Hedocmamok 0o 180°)
0"000372. (faxe cmosb Mmasoe omaudue CyMmbl yesi08 3mo2o mpeyeosibHuUka om 180° He nokosebasio
ybexcoeHHocmu Jloba4escko2o 8 HEeBK/IUO0BOCMU MUPOBO20 NPOCMPAHCMAA.)

CnedcmBsuem akcuombl NapasneibHocmu Jloba4yesckozo a8/15emcs poxcoeHue HoBoU 2eomempul,
Komopyro Hasbisarom 2eomempuel Jlobayesckoeo uiu eunepbosudeckol eeomempuel. B smol
2eomempuu  umeemcss psd NPeodsioxeHul, COBepUIeHHO OMIUYAOULUXCS Om COOMBEMCMBYHULUX
npeodnoxeHul 2eomempuu EBkiuda.

Ykaxem pao  saxHeUwux NJIAHUMEMPUYECKUX meopeM, OMHOCAWUXCS K  abcomomHol
2eomempuu. Kaxobit ompe3oK u Kaxobil Y201 MOXHO eOUHCMBEeHHbIM 06pazom pazdesums NONOJIAM.
Yepes Kaxcoyro MOYKY MOXCHO NPOBECMU e0UHCMBEHHbIU NepneHOUKYIap K 0aHHoU npamod.

CymMmMa 0BYX CMexCHbIX yes108 pasHa 2d

Bce npambie ya/ibl pasHbl mexcoy cobod.

BepmuKkasibHble Y2/ibl PABHb.

B pasHobedpeHHOM mpey20sibHUKe buccekmpuca yena npu BepuiuHe f[ssigemcs meoudaHol u
Bbicomod, Y2/ibl NPU OCHOBAHUU PABHbI.

[TepneHOUKY/ISp Kopo4Ye HAK/AOHHOU. M38ecmHble meopembl O CpasHeHuu nepneHOUKY/ISpos,
HAKAOHHbIX U UX NpoeKyud.

BHewHul y2o1 mpey2o/ibHUKa 60/1bwe BHymMpeHHe20 Yaid, C HUM HECMEX(HORO.

Bo Bcsikom mpeyeosibHUKe He Moxcem 6bimb 6os1ee 00H020 NPSIMO20 U/IU MYyNo20 yesa.

B mpeyeosbHuke npomus 60s1bwell CmopoHbI iexcum 6osbwud y2os1, u 06pamHo.

B npsiMoy20/1bHOM mpey2osibHUKe 2unomeHy3a 6osbwe kamemd.

Cymma 08yx CMopoH mpeyeosibHuUKa 6obuwie mpemased.

Tpu NPU3HAKA PABEHCMBA Mpey20s1bHUKOB.



Ecau npu nepeceyeHuu 0Byx NPsSiMbIX mpembell COOMBEemMCMBeHHbIe yeIibl PABHbI, UIU BHYMpPeHHUE
Hakpecm siexcaujue ye/ibl pasHbl, UU CYMMA BHYMPEHHUX 00HOCMOPOHHUX Y2108 paBHa 2d, mo 0aHHbIe
NpsiMble He nepecekaromcs.

/JlBa nepneHOuKynspa k mpemsed npsimol He Nepecekaromcsl.

Yepes mouKy, nexcawyro sHe npamod, B NJIOCKOCMU, umMu onpedesisiemol, Npoxooum no KpatHel
Mepe 00Ha NpAmMas, He nepecekarou,as 0aHHod.

Cymma yenos mpey20/1bHUKa He 6osee 2d(11-a meopema JlexcaHopa).

Ecnu 8 niockocmu 0Be MOYKU JIexam Nno pads3Hble CMOPOHbI NPAMOU, MO OMPEe3oK, UX
coeduHsarowull, nepecekaem OaHHYH NPAMYHO.

Ecnu nyd npoxodum 4Yepe3 BepliuHy MpeyeosibHUKd BHYMPb €20, MO OH nepecekaem
NPOMUBONOJIONCHYHO CMOPOHY MPeYy20/IbHUKA.

Tpu buccekmpucbl MpeyeosbHUKA nepecekaromcss B8 00HOU moyKke, nexcaweld BHympu
mpeyeosibHUKA.

B mpey20sibHUK MOMCHO BNUCAMb e0UHCMBEHHYH OKPYXCHOCMb.

[psimas nepecekaem OKPY*HOCMb He bosiee Yem B 0BYX MOYKAX.

PasHble dyeu OKpyMHOCMU CMAUBAOMCS PABHbIMU XOPAamu, U

Ecnu Bbibpame e0uHUYHbIT 0MpPe30K, Mo BCIKOMY OMPe3Ky MOXHO NOCMABUMb 8 COOMBEMCcmBUe
e0UHCMBEeHHOe NOJIOXUMEesIbHOe YUC/Io, HAa3bisaemoe O0JIUHOU OompesKka, U, obpamHo, Kaxcoomy
NOJIOXCUMESILHOMY YUC/Ty MOXCHO NOCMABUMb B COOMBEMCMBUE HEKOMOpPbIU OMpPe3oK, O/IUHA
KOMOPO20 BbIPAXACMCA SMUM HYUCJIOM.

Ecniu 8ce BHYMpeHHue Jly4u, BbiXo0awue u3 sepuluHb! yeaa AOB,a makxe cmopoHa AO u OB
pasbums Ha 08a Kaacca mak, Ymo 1) Kaxobil /1y4d NpUHAoexum 00HOMY U MOJIbKO 0OHOMY U3 3MuX
knaccos, ay4d AO npuHadnexcum nepsomy Kaaccy, a ay4d OB - Ko BMopomy, 2) Kax obil /Y4 Nnepsozo
knacca nexcum mexcdy OA u 110b6bIM J1y40M BMOPO20 K1Accd, Mo Cyuiecmayem 00UH U MOJIbKO 00UH 1y
1, NO2PAHUYHBIT MexXcOy y4amu 0bouxX K1accos, npudem cam syd 1 npuHadaexcum aubo nepsomy, 1ubo
BMOPOMY K/14CCy.

1.26. Ec/iu BbI6pamb HEKOMOopPbIU y20J1 8 KA4eCmBe e0UHUUb! U3MEPeHUS], MO KAXOOMY Y1y MOXCHO
nocmasums cCoOomBemcmaue e0UuHCMBEHHOe YUC/I0, Ha3biBaemoe Mepoll Ui BesauYuHod yana.

To4yku opueHmuposaHHoU npamod CD, napannenbHod npamol AB,  Heo2paHu4eHHoO
npubnuxaromcss K AB B CMOPOHY NApAs/IesIbHOCMU U HE02paHUYeHHo om Hee yoasstomcs B
NPOMUBONOJIOHCHYO CMOPOHY. IMO HeoepaHu4eHHoe npubsuxceHue napasnnenu CD K AB Bbipax)carom
Mak: NapasiesibHble NPSIMbIe 8 CMOPOHY NAPA/IIe/IbHOCMU ACUMNMOMUYECKU NPUbAUXCAromMCca 00HA K
dpyeol (puc.4) (Bo-B8uOUMOMY, UMEHHO acuMnmomuyeckoe npubsiuxceHue npsambix opye K opyay bbiio He
00 KoHYa noHamo Cakkepu npu Ucc/1iedoBaHuU UM 2UNOme3bl OCMPOo20 Ya/a).
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[pamas B 2unepbosiudeckod NI0CKOCMU umeem 0Be beCKOHeYHO yodasieHHble moYku. (B
eBKud0BoU NJIOCKOCMU NPAMAs 0ONOJIHAEMCS MOJIbKO 00HOU 6eckoHeyHo yoaneHHol mo4ykod.) B
eunepbosuyeckold  NOCKOCMU — cywecmsyem  psd  «UHMepecHbIx»  ocobeHHocmel  B3aUMHO20
PACNOJIoMeHUs NApaanesibHbIX NPAMbIX (napasnenell). [Jo2oBopuMcs, Ymo ecsiu 08e Napasiesu UMerom
06wyt beckoHeyHo yoasneHHy moyky B, mo b6ydem 3anucbisams AB || CD. Ha pucyHkax HanpasieHus
napasnesnbHocmu 6yoem ykasbiBame Cmpesakamu (puc.5).

Puc. 5
@ueypy, cocmoswyro us 0Byx ayqeld AB, AC u npsimol BC, Komopol OHU NapasiniesibHel 8 00Hy U B
apyeyro  cmopoHy (puc.6) (KoHguaypauus Jloba4escko2o-60/bAuU), MOMHO paccMampusams Kak
Mpey20sIbHUK ¢ 00HOU KOHeYHoU u 0ByMS 6eCKOHeYHO yoa1eHHbIMU BEPUIUHAMU.



Puc.6

B eeomempuu Jloba4eBcko20 mpeyeosibHUK ¢ 0BYMS KOHEYHbIMU U 00HOU 6eckoHeYHo yoaneHHoU
BepLIUHAMU UHO204 (puc.7) Ha3biBarom 08YY20/1bHUKOM.

A
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B
Puc. 7

Tenepb Bo3bMeM Mexcdy napasnnenamu AB u CB obyro moyky M u nposedem yepes Hee Npsambie
MA u MC, napannenbHbie mem xe NpsaMbIM, 06paleHHbIM B NPOMUBONOJIOMCHbIE CMOPOHbI, M.e.
HanpasneHHbiM npsmbim BA u BC (puc.8, a; MA || BA, MCJ| BC). Mycmb £ AMC = 2 a. To2da Ha
buccekmpuce y2na AMC cywecmsyem makas moyka H, yoaneHHas om moyku M Ha paccmosHue X, 4mo
M(x) = a. lNpamaa AC, npoxodauwiaa Yepe3 moyky H nepneHoukysapHo MH, napasnnenbHa Kaxoold u3
npambix MA u MC, 3Ha4um, napasnensHa BA u BC. Takum obpazom, mMbi NOay4UAU mpeyeosibHUK ABC,
BCE MPU CMOPOHbLI KOMOPO20 NONAPHO NAPAJIIE/bHbI (PUC.8, 6).
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Puc. 8

B a2unepbosnudeckol naockocmu 08e pacxooaujuecs npsamble umerom obwul NepneHouKyiap, No
obe CMOpOHbI OM KOMOPO20 OHU HeoepaHU4yeHHo yoasisaomcs o0Ha om opyeol (puc.9). iuHa smo2o
nepneHOUKY/ISpa NPUHUMAemcs 3a pPACCMOSIHUE MeX 0y pACXO0SWUMUCS NPSIMbIMU.
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lMycmb AB u CH — 0Be pacxodsauwjuecs npamble. V13 cepeduHbl M ux obuieco nepneHoukyispa KP
nposedem npsambie MB || KB u MA || KA, MH || PH u MC || PC (puc.10) (makue npsambie Cyuecmsyrom
coesiacHo obpamumocmu gyHKuuu Jlobavesckoeo [(x)). Toeda 0n19 Kaxcooeo u3 yenos AMC u BMH
cywjecmayrom coomaemcmBeHHO npﬂ/vhb/e AC u BH, napasnnesbHbie crgopOHaM SMUX Y2/108.
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KoHguzypayus, Komopyro Mbl makum obpazom noJy4uau, npedcmassisem cobol coeobpasHbill
yemabipexy2o/bHUK ABHC, 4embipe BepuiuHbl KOMOPo2o Jiexam B 6eCKOHeYHO YOasieHHbIX MOYKax
NPAMBIX, ABISIFOULUXCS €20 CMOPOHAMU, CMOPOHbI U OUA2OHA/IU 3MO20 YemMbIpexy20/1bHUKA NAPAI/ieslbHbI
mexcoy cobol B HAnNpasieHUsx, YKasaHHbix cmpeakamu. (O makom 4Yyemsbipexyeo/ibHUKE YnoMuHaem
LlIBetikapm 8 3amemke, Komopyro OH nocsias [ayccy.)

Jlanee, cymma BHYMPEHHUX Y2/loB MpeyeosibHUKa B8 2eomMempuu JlobayeBcko2o sBsemcs
nepemeHHoU Be/IUYUHOU - OHA MEHSIemcs Om MPey20bHUKA K MpPeyeosibHUKY, HO BCe20d ocmaemcs
MmeHbwe 180° [lpedsioxceHue «CymMma Yesio8 Yembipexyeo/ibHUKa MeHbwe 4d» Bbimekaem U3
npeobidywe2o. Omcrooa ciiedyem, 4ymo 8 2eomempuu Jloba4esckoeo Hem HU NPAMOY20/1bHUKOSB, HU
Kksadpamos. Boobuwe cymma yeno8 n — YeosbHUKA MeHbwe 2d(n-2). Cymma BHYMPEHHUX Y208
mpey2o/ibHUKa HenocmosiHHA. Omcroda cedyem, 4mo 4em 60sibuie CMOPOHbI MpPeyeosibHUKA, mem
MeHblwe CyMMAa e20 BHYMPEHHUX Yenos. YenosbiM 0epekmom mpeyeonbHuka ABC B8 niaockocmu

) .
Jloba4eBcko2o (e2o 0bo3Ha4arom ° ABC ) HasbiBaemcs pasHOCMb MeXdy YUCIOM 1 U CyMMOU BesluyuH

o
BCeX mpex e20 BHYMPeHHUX yenos, m.e. ~"8¢ =7 - (A + B + C), 20e A, B u C - BenuquHsbl
coomBemcmBYHWUX Yes108 B pAOUAHHOM U3MEpPeHUU.
B eunepbosiudeckol NiOCKOCMU NJa0uddb mpeyeosbHUKA NPONOPUUOHAIbHA €20 Ye/l10BOMY

2 2

decpekmy, m.e. Swec =K*Opge =k* (7 —A-B-C) , 20e k - aunepbosiuyeckas NOCMOSAHHAA. 3mo
o3Ha4yaem, Hanpumep, 4mo B8 2unepbosuyeckold NAOCKOCMU BCe MPeY20sIbHUKU, UMerowue obuiee
OCHOBAHUE U O0HY U MYy Xe CyMMY Y2108, paBHOBeUKU. B 2ceomempuu Jloba4eBcko2o Hem nooobHbIX
Mpey20sIbHUKOB, M.e. BCe MpeyeosibHUKU, UMeroujue COOMBEemCcmMBEHHO PABHbIE Yeslbl, PABHbI MeXy
cobol. Ecnu mpu yena 00HO20 MpeyeosibHUKAa COOMBEeMCMBEeHHO PasHbl Mpem Yeram 0py2020
MmpeyeosibHUKd, Mo Mmakue Mmpey20/ibHUKU PAasHbl. Mo  yYemsBepmbil NPU3HAK paseHcmaa
mpeyeosibHUKOB B 2eoMempuu JIoba4esckoeo.

Cywecmsyrom mpey20/ibHUKU, BOKPY2 KOMOPbIX Heslb3sS ONUCAMb OKPYHHOCMb U B KOMOPbIe
Heslb38 BNUCAMb OKPYXCHOCMb. [leno 8 mom, 4mo 8 eunepbosudeckold NIOCKOCMU CepeduHHbIe
nepneHOUKY/IAPbI K CMOPOHAM Mpey20/ibHUKA 1UbO nepecekaromcs 8 00Hol moyke, 1ubo NapassiesbHsbi,
ubo Bce mpu nepneHOUKYIapHbI K 00HOU npsmMol; mo e umeem Mecmo U OMHOCUMEbLHO
buccekmpucbl  BHYMPEHHUX Ye/loB  mpeyeosibHuUKd. B eunepbosiudeckol — eeomempuu  yesibl
PABHOCMOPOHHE20 MPEYy20/IbHUKA Mo2ym bbimb He pasHbl Mexcdy cobol (puc. 10,a)

N

Puc.10,a

B aunepbosiudeckol NI0CKOCMU UMEOMCS MPU MUNA NYYKOB NPAMBIX: NYHOK CXOOAULUXCA NPAMBIX,
NYYOK NApaanesibHbIX NPSMbIX, NYYOK PACXOOSUWLUXCS NPAMBIX - MHOXCE@CMBO BCEX NPAMbIX NJIOCKOCMU,
nepneHoUKY/ISpHbIX 00HOU npamol - bazucHold NPIMOoU NYYKA.

Jloba4esckull paccMompesi Ny4oK NPSIMbIX, NAPAJI/IesbHbIX Opy2 Opy2y 8 00HOM HaNPABIeHUU, U €20
0PMO2OHA/IbHbIE MPAeKMOopuU, M.e. JIUHUU, KOMOpbIe Nepecekarom nod NPAMbIM Y2JIOM BCe NPSMbIe
0aHHO20 ny4yka. B eBk1udoBol 2eoMempuu MOXEe MOMCHO pPACCMampuBams OPMO20HA/IbHbIC
mpaekmopuu. Hanpumep, 078 NYy4YKa KOHUEHMPUYECKUX OKPYyXHOcmel 3mo Jiyyu, ucxodsuwjue u3
ueHmpa, a 0719 NY4YKa NapasiesibHbIX NPAMbIX - NepNeHOUKYISpHbIe UM npsambie (puc. 10,6).

Puc. 10,6
B esknudosol NJ1I0CKOCMU UMEOMCA MOJIbKO 08€ JIUHUU NOCMOAHHOU KPUBU3HbI - NPAMAs U
OKPYXCHOCMb.




B nsiockocmu Jloba4yescko2o, Kpome npamol U OKPYHHOCMU, JIUHUSMU NOCMOSIHHOU KPUBU3HbI
ABJIAFOMCA 3KBUOUCMAHMA U NpeoesibHAsA JIUHUSA (ee ewie Ha3biBarom OpUUUKIIOM).
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JkBuducmaxma npedcmassisiem coboll MHOMECMBO BCeX MoYeK 2unepbosiudeckol NI0CKOCMU,
pasHoyoaneHHbIX om 0aHHolU npamol a; oHa cocmoum u3 08yx Bemsel, pacnosioxeHHbIX N0 00HOU B
PA3HbIX NOJYNJIOCKOCMAX OMHOCUMEbHO 0aHHOU npsamol a, Hazbisaemol 6azol 3KkBuUOUCMAHMbI (Ha
puc.11,a usobpaxeHa o0Ha BemaBb 3KBUOUCMAaHmel). (B eBKaud0BOU NIOCKOCMU MAKOe MHOXECMBO
moyek npedcmassisem cobol 08e napasnnesibHble npsmbie). pamyro 8 2unepbosudeckol NoCcKocmu
MOXCHO OMHECMU K 3KBUOUCMAHMAm, ecu pacCmosHue om 0aHHol npsmod - 6a3bl NOIOXUMb PABHbIM
HYJHO.

8) [lpedesibHyr IUHUK MOXCHO NPEOCMAasUumb KaK OKPYXHOCMb beCKoHeYHo 6016020 paduyca
(puc.11,6 u 8) (npedesibHbIl Nepexod oM OKPYXCHOCMU KOHEeYHO20 paduyca K OKpYyX#HoCcmu b6eckoHe4Ho
60/1bW020 paduyca BbIpaX3eH B HA38aHUU 3mol JIuHUU). [eomempuro 8 niockocmu Jloba4yesckozo (8
eunepbosuyeckold NJ0CKoCcmUu) Hasbisarom eunepbosiudeckol 2eomempued. He MmeHee uHmMepecHa
2eomempusi B8 nNpocmpaHcmsae J1oba4yeBckozo, m.e. B NPOCMPAHCMBE, B KOMOPOM BbINOJIHIEMCS
akcuoma napasniesbHocmu Jloba4eBckoeo. 3amemum, Ymo 8 eBKAUOOBOM NPOCMPAHCMBE CYUeCMBYHm
0sa sBuda nosepxHocmel NOCMOSHHOU KPpUBU3HbI — NJIOCKOCMb U Cgepa, Komopbie 00nycKarom
BHYMPEHHIOH 2e0MempUro, OCHOBAHHYH HA 0BUXeHuUU 6e3 degopmayuu: Ha nepsold umeem Mecmo
eBK/Iu00BA 2eoMempus, Ha BMopol - chepudeckas 2eoMempus.

He mMeHee uHmepecHas KapmuHa Habaooaemcsa 8 npocmpaHcmae Jlobayesckozo, B KOMOPOM B
eunepbosiuyeckol N0CKOCMU UMeem Mecmo 2unepbosiudeckasl 2eoMempus, d 2e0Mempus Ha cgepe ma
Je camasi, Yymo u B8 npocmpaHcmae Esknuda (cpepudeckas eeomempusi). Ho B8 npocmpaHcmse
Jloba4escko2o cyuwecmsyrom U Opyaue NOBEepXHOCMU, KOMopbie 00NYCKAKM BHYMPEHHIOK 2e0MempUr0
nosepxHocmu. Jloba4yesckull paccmompesnl 8 NPOCMPAHCMBE NYYOK NAPA/IIe/bHbIX NPSMbIX U
NoBepXHOCMU, OPMO20HA IbHbIE NPSAMbIM NYYKAM. Takue NoBEpXHOCMU (npedesibHbie NOBEPXHOCMU,) UsU
opucgepbi (npedesibHbie cgepbi) NosyHaromcs eciu NPedesibHY JUHUK Bpaldmb BOKPY2 00HOU U3
csoux ocell. Imy NoBepxHOCMb MOXHO NPedcmasums KAk cepy ¢ 6ecKoHe4YHo yoaieHHbIM UeHMpPOM.
Takass noBepxHOCMb MOXem CKO/b3umb no camol cebe; Ha Held MOMHO CMPOUMb BHYMPEHHHH
2eoMempuro.



Puc. 13

Opucgepbi obnadarom 3ameqamesibHbIMU CBOUCMBAMU. Yepe3 KaxOble 0Be MOYKU opucpepsl
NpOXooum OpUUUKII, UE/TUKOM Jiexcauiuli Ha 3mol NoBepxHOCMU.

A NOMOMY MOXHO PACCMAmpUBAMb MPeEYe0sIbHUKU, 06pAa30BaHHbIe MPems OPULUKIAMU HA
opucgepe (puc. 13). Okazanock, 4mo 8 2e0Mempuu Ha opucgepe cymma yenos 1106020 mpey2osibHUKA
pasHa 180 2padycos. To ecmb 018 OPUUUK/IOB HA opucgepe cnpasednus Nnamsbit nocmysam -
2ocnodcmayem eeomempus Eskiuda. [pyeumu cao8amu, u3 mamepuana csoel "Boobpaxcaemol”
2eomempuu Jlobayesckull Cymes nocmpoums Mo0esib 2eomempuu EBkauda. Kakas 31as upoHus cyobbbi!
Ecnu 661 Bce b6b110 Haobopom! [eHUaIbHbIU Y4eHbIl NOHUMAs: co30al OH U3 Mamepuasaa eskiudosol
2eomempuu (B HenpomuBopeyusoCmU KOmMopol HUKMO He COMHeBascs) mMooesis cobcmaeHHoU
"Boobpax;caemoll” eeomempuu - U 3AKOHHOCMb €20 2e0Mempu4eckol CuCmemMb! YCMAHoBIeHd. Imo
c0esiaiu Mamemamuku yxe c1edyrouleco NOKOIeHUS.

Jlobavesckull 0okasas, 4Ymo Ha npedesibHol NOBEPXHOCMU BbINOHSEMCS 06bIYHAs OBYMEpPHAs
2eomempus EBKaUOA. He cmpaqHo /u: 0mMKas om eskiudoBol 2eoMempuu Ha 08yMepHoU NJ1I0CKOCMU B
npocmparHcmsae Jloba4yescko2o NOpPoXodem esKIUudo8Y X3#e 2eoMmempuro Ha opyeol 0BYMepHOU
nosepxHocmu. Hocumesnem 3mol eskiudosol 2eomempuu B8 2unepbosuyeckom (HeeBKIUudoBOM)
npocmpaHcmae  ABJSemcs  NpedesibHas  NOBEPXHOCMb  (ee  HasbiBarom euwje  opucgepod).
BoccmaHossieHue eBK1udoBol NJIaHUMempuuU 8 HEeBK/UOOBOM NPOCMPAHCMBE UMeem Ype3Bbi4aliHo
bosibWwoe 3HavyeHue. Mcnosb3ys ¢akm CywecmBoBaHus eskaudosol 2eomempuu Ha npeodesibHol
nosepxHocmu, Jlobayesckull Npuxooum K MpPU2OHOMEeMPUU NPSAMOY20JIbHbIX MPey2osibHUKOB B
aunepbosiuyeckol NJIOCKOCMU, pACNOJIoXeHUe Komopol OH CMpoum B8 «Boobpaxcaemoll 2eoMempuu,
Kak ee Hasbisaem Jloba4yeBcKull, aHa/UMUYecKyro eeoMempuro, OupdepeHyuaIbHyro 2eomempuro,
passusaem oupoepeHuuaibHoe U UHmMezpasbHoe ucducieHue. OH pa3susaem CO30aHHYH UM
2eomempuro 00 MAKo20 YPOBHS, KOMOPo20 0ocmua/a 00 He2o0 B meyeHue Noc/ie0HUx mpex cmosemud
Kaaccudeckas, «ynompebsisemas» 2eomempusi. M1 4em 0asbie wiio 3mo pazsumue HoBol eeomMempuu,
He HamasKusasch HU Ha Kakue NpomuBopeYus, memM maepice Kpensid ysepeHHoCcms Jlobayesckoeo 8 ee
He3bibiemocmu. Jloba4yeBckum bbiia co30aHa CoBepuIeHHO HOBAS HAYKd, NPUHecWas Hosble udeu U
akmsi, cBudemenbCMByujUe 0 2eHUAILHOCMU ee mBopyd. [peyedeHma 3momy ucmopusi pazBumusi
yesioBeyecko2o 3HaHus He umesna.[29]

Vicmopusi omKpbimus HeeBK1udoBol 2eomMempuu

Kakum nymem nodowesn Jloba4yeBckull K paspeweHuro 0ByxmbicsyenemHeld — 3aeddku
NapasiesnbHbIX - HeU3BeCmHo. MOoxXHO moJibKO npednosiaeams, Ymo, 00KA3bIBAA NAMbIL NOCMYy/1am
CNOCOb6OM MO NPOMUBHO20, M. €. CMPOsT 2e0MEemMPUHD Ha OCHOBE NPOMUBONOJIOHHO20 OONYUIEHUS U BUOST
ee HenpomuBope4yuBoCMb, Jloba4yesckul npuwes K 3ameqamesibHO CMesol MbIC/IU O BO3MOMHOCMU
2e0Mempuu, OCHOBAHHOU HA NOCMy/iame, NPOMUBONOJIOHHOMY NAMOMY. V3 Henpomusope4yusocmu
2eomempuu JlobayeBcko2o HenocpedcmaeHHo c/iedyem, Ymo NambId NOCMY/AAm He3asucuM Om
0CMAJIbHbIX AKCUOM U nocmysiamos Eskiuda. [edcmaumesibHo, eciu bbl OH 3aBuUCes1 OM HUX, MO e20
MOXCHO 6b1/10 bbI BbIBECMU U3 HUX KAK C/IEOCMBUE, M. €. OH CO0epxcascs bbl B HUX B HESBHOM BUOE U,
cnedosamesibHo, 8 2eomempuu Jloba4yescko2o 0Kasasiuchb bbl NPOMUBOPEYUBbLIE NPEeONOIOH(eHUS:
akcuoma napasnesbHocmu Jlobayescko2o U akcuoma ndpasnnesbHocmu  Eskauda, Komopas
IKBUBA/IGHMHA NAMOMY NOCMY/IAMY.

Takum obpasom, co3zoaHuem csoell Henpomusopedusol 2eomempuu Jlobayesckul ycmaHoBsuJ,
ymo namabil NocMys1Iam 00KA3amb HeJslb3s, YmMOo OH O0eldCmBUMEe/IbHO AB/SemMCcs NOCMYAmoM, m. e.
donyujeHuemM, a He meopemol, 00Ka3biBaeMol HA OCHOBE Opy2ux akCuom U nocmysiamos Eskauda.
Cmposi 2eoMempuro Ha 0OCHOBe CB0e20, 0bwe2o0 nocmysiama, Jloba4yeBckul Cmpemusics co30amb HayKy,
Komopas npedcmassifna bbl cucmemy 2eoMempuyeckux 3HaHull, cCBO6OOHYH 0m BCSKUX NPOU3BOJIbHBIX



npednosioxceHull u Haubosee docmosepHo, Haubosee MOYHO OMPAXAIOULYH 2eoMempuyecKue
cBolicmBa peasibHo20, pu3U4ecKo20 NPOCMPAHCMAAQ.

[lepabil dok1ao o Hosol eeomempuu bbi1 coenar Jlobavyesckum Ha 3acedaHuu CoBema pu3uKko-
mMamemamuy4ecko2o ¢pakysibmema Ka3aHcko2o yHusepcumema 11 ¢espans 1826 200a (no cmapomy
CMUI0). 3mom OeHb HA3bIBarom «lJHem poxcoeHus HeesKaudosol ceomempuu». [ledyamHas paboma
Jloba4escko2o, nocssuweHHas Hosol 2eomempuu, Bbiwia 8 1829 200y nod HassaHuem « O Ha4anax
2eomempuu» (HypHaa «KasaHckul BeCmHUK»). B muposol sumepamype 3mo 6b11a nepsas Ne4amHas
paboma, codepxcawids CUCMEMAamuYyeckoe U3/1oxeHuUe Heeskaudosol eeomempuu. Cmapasck
U3/I0MUMb BECbMA MOHKOe U OYeHb C/IOXHOe CoOepicaHue HOBOU eeomempuu Haubosee SCHO u
noHamHo, Jlobayesckul nuwem psao pabom no Heeskaudosol eeomempuu: «Boobpaxcaemas
2ceomempusi» (1835 200), «Hosbie Hayana 2eomempuu ¢ nosiHoU meopuel napasnniesbHbix» (1835-1838
200bl), «[eomempuyeckue UCC/Ie00BAHUSA NO  Meopuu  NApaanesibHbix AuHUG» (1840 200),
«[TaHeeomempus» (1855 200).

B 3mux pabomax u3/ioxeHa, HeesK/udoBa 2eoMempusi BO BNOJIHE pa3BEPHYMOM BUOe, a UMEHHO:
He  MOJIbKO  3/leMeHmapHas 2eoMempusl, HO  MakXe  aHajiumuyeckass 2eomempus U
dupgeperuuposarHHas 2eomempus. Jlobayesckull He NoboAIC HACMeWeK HeBex U KOHCepsamu3ma
yyeHblx. OH ¢ HeobbiyaliHoU cmoUKOCmMb NPodosHaa 00uH 6opombCS NPOMUB HeBepusl B HOBYH
2eomempuro, BK1a0kbIBas ewe bosbuwe mpyoa 8 caou pabomsl, 4mobbi coenams ux 0ocmynHbimu. OH 00
nocsiedHe20 4aca csoell #U3HU BbICOKO HeC 3Hamsl Nepedoso2o y4eHo20 U daxce neped camoli CMepmbto,
6yoy4du yxce cenbiM, He Nomepssl Myxecmaa u Hawes 8 cebe cusibl NPOOUKMOBAMb CBOE BEJIUKOE
Hay4yHoe 3aseuwjaHue, cBoU NociedHul mpyo «[laHeeomempuro».

Benukud Hay4HbIl nodsuz Jloba4eBcko20 xapakmepu3yem e20 Kak 20psiHe20 nampuoma PoouHbl,
omcmosBWwe20 00 KOHUA NPUOPUMEM PYCCKO20 y4eHo20 8 Be/iudaliuiem HayYyHoM omKpbimuu. Kasaaocs,
ymo 2eomempus Jloba4escko2o, He NOJIyYUBWIAS NPUHAHUS NPU e20 X3U3HuU, bydem coscem 3abbima
nocsie e2o cMepmu. Ho cuna 2eHuasabHbIx udel Jloba4eBcko2o bbiia HACMOJILKO BeUKd, YmMo Cymesa
npobums cebe dopo2y 8 moll cmeHe Bpax30ebHocmu U Hedosepus, Komopds BCmMasid neped 3mumu
udessMu ¢ MOMeHMAa Ux BO3HUKHOBEHUS. bosibwyro posib B8 npusHaHuu pabom Jloba4eBcko2o Chi2paniu
UCC/Ie00BAHUSI UMA/bHCKO20 Mamemamuka besbmpamu (1868 200), ycmaHoBuUBWE20 UCMUHHOCMb
2eomempuu Jlobayescko2o Ha NOBEPXHOCMU NOCMOAHHOU 0mpuUUamesibHol KpUBU3HBI.

B nepenucke KpynHeduwie2o HemMeyko2o MamemMamuka laycca, onyb6ukoBaHHoU Noc/ie e20 cMepmu,
co0epascs o4yeHb 1eCMHbIU 0M3bIB 0 2eoMempuu J1oba4eBckoeo. [aycc cneyuaabHo u3y4us pycckud
A3bIK, YMOobbI Yumams mMpyobl JlobayeBCcko2o B NOOJIUHHUKE. [aycc e ABASemcs UHUUUAmOopoMm
eduHcmBeHHoU Hay4HoU novyecmu, komopol bbia yoocmoeH Jlobaqesckull npu 3uU3sHU. B Hosbpe 1842
200a laycc BHec npeodnoxceHue us3bpams Jloba4eBCcko20 KAk « 00HO20 U3 NPesoCXo0Heliuuux
MamemMamuKkoB PycCKo2o 20Cy0dpcmBa» 4/1eHOM-KoppecnoHOeHmMomM [emmuHeeHCKo20 KOPOIeBCKO20
obwecmasa Hayk. 3mo obuiecmao umesio 3Ha4eHue akademuu. [lpedsioxceHue [aycca 6b110 NPUHSIMO, U
Jlobayesckull bbi1 uzseweH 0b u3bpaHuu.

B eeomempuu, omu4Hol om 2eomempuu Esknuda (u om 2eomempuu Jloba4eBcko2o), makxice
YCUAUAA UHMepec y4YeHblX K eeomempuu JlIoba4eBcko2o. YdeHble Bcex CmpaH Ha4uHarom muiamesibHO
uzyyams 2eomempuro Jlobayesckozo. B psde cmpaH okazanauch peBHOCMHbIE CMOPOHHUKU BO33peHull
Jloba4esckoeo: KomesbHuUKos, Cysopos, JlemHukos - 8 Poccuu, Yk - B0 @paHuuu, [HeHOKKU - B
Ymanuu, Knugppopd - 8 AHeauu, Komopblie pacnpoCMpaHs/iu udeu Besiuko2o PYCcCKo20 YHeHoR2o,
nepesoousIU COYUHEHUS e20 Ha Opyaue A3bIKU.

Ve 8 cemudecasmabix 200ax XX Beka 3ma 2eoMempus 3a80€8biBaem Bceobluee NpU3HaHue, a Ums
Jlobayesckozo - Benuqaluwlyro Muposyro ciasy. Feomempuu JIo6a4eBCKO20 NOCBAUWAOMCS MHo2ue
UCC/Ie00BAHUS BbIOAOWUXCA PYCCKUX U UHOCMPAHHbIX MamemMamukos. Cmosiemue co OHSI POXCOeHUs
JlobayeBcko20 6b1/10 MOPHECMBEHHO OMMeYeHo Y4eHol 0bWecmBeHHOCMbH BCex cmpaH. B 1896 2ody
6b1/1 OMKPbIM NAMIMHUK Jloba4yesckomy neped 30aHuem KazaHcko2o yHusepcumema.

HenpomuBope4qusocms  (coOepxcamesibHas) 2eomempuu  Jloba4esckoeo.  VIHmMepnpumayuu
(modenu) eeomempuu Jlobayesckozo MmaneaHckul eeomemp 3. benbmpamu nokasasa, 4mo B8
eBK/IU00BOM NPOCMPAHCMBe CyujeCmBayrom NOBepXHOCMU, KOMOpble Hecym Ha cebe niaHumempuro
Jlobayesckoeo, - ncesdocpepbl (puc.12). O6pPA3HO BbIPAXASCL, MOMCHO CKA3amb, YmMO Ha
ncesdocepuyeckyro NOBEePXHOCMb HABEpPMbIBAeMCs 2unepbosudeckas NaoCKoCms, NOOO6HO momy,
Kak Ha ob6bIKHOBEHHYH UUJ/IUHOPUYECKYH) NOBEPXHOCMb HABEPMbIBAEMCS eBKIUO0BA NJIOCKOCMb. Ha
puc. 12,6 MoxHO Budems, Ymo Ha «nj1ockocmu Jlobayesckozo» (Ha ncesdocgpepe) 4epez MoyKky A, He
JIeHAUYH Ha «NPAMOU» d, Npoxodsim 0B8e «npsiMble» b u ¢, He nepecekaroujue «npsmyro» a.[29]
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Vi38ecmHo, 4mo Ccgepy MOXCHO NOAYHYUMb BPALEHUeM NOJYOKPYXHCHOCMU BOKPY2 CBOE20
duamempa. [lodobHo momy, ncesdocepa obpazyemcs BspaweHuem sauHuu FCE, Hasbisaemol
mpakmpucod, Bokpye ee ocu AB (puc.13)./imak, ncesdocgpepa — 3mo NOBEPXHOCMb B 0ObIKHOBEHHOM
peasibHoM NPOCMPAHCMBE, HA KOMOPOM BbINOJHAKOMCS MHO2Ue aKCUOMbI U MeopemMbl HeesKu00BoU
naaHumempuu Jlobayesckozo. Hanpumep, ec/iu Hayepmume HA NCesoocoepe mpey2osibHUK, Mo /1€2KO
YCMOmpems, Ymo CyMMa e20 BHYMPeHHUX yenoB meHbwe 2d. CMopoHa mpey20sibHUKA — 3mo dyeu
ncesoocgepsi, darowjue kpamyadiee pacCmosHUe Mexcoy 0BYMs ee MOYKAMU U BbINOJIHAOULUE MY He
POJIb, KOMOPYHO BbINOJIHAOM NPSIMbIE HA NJIOCKOCMU. MU JIUHUU, HA3bIBAEMbIe 2200€3U4eCKUMU, MOMCHO
NOJYYUMBb, 3aXAB MY20 HAMSAHYMYIO U NOJUMYH KPACKOU U/IU MEJIOM HUMb, B BEPUIUHAX MPey20sIbHUKA.
Takum obpazom, 019 naaHumempuu Jlobayesckozo bbiia HaltdeHa peasibHas mMooesib - NceBoocoepd.
®Gopmyribl HoBOU 2eomempuu J106a4eBCK020 HAWIU KOHKPemHoe UCMOJIKOBAHUE. VMU MOXCHO 6bi/10
NOJIb30BAMbCS, Hanpumep, 0J151 pewieHusi NCeslochepuveckux mpeyeosibHUKOB.

[lcesdocgepy, KOMOPYo Mbl HA3B8A/IU  «MOOEJbrO», benbmpamu Hazsas uHmepnpemauvuel
(ucmosikoBaHuem) HeesKkuOoBoOU 2eoMempuu HA NJOCKOCMU. Bnocredocmsuu, ¢ passumuem u
BBeOdeHUeM B8 MamemMamuky akcuomMamuy4ecko2o memodd, nod uHmepnpemauvuel (uau Mooesibro)
HekomopoU cucmemMbl akCuoM CMaau NOHUMAmMb Jitoboe MHOXEecmBo 00beKmos, 8 KOMOPbIX 0aHHAS
cucmema akcuom Haxooum cCBoe peasbHoe BoNJIoWeHUe, mo ecme, J1H0bas COBOKYNHOCMb 06beKmos,
OMmHoWweHuUe Mexdy KOmopbIMU NOSIHOCMbHK COBNAOAOM C MeMU, KOMOpPbIe ONUChIBAOMCS B 0aHHOU
cucmeme akcuom. [lpu 3mom noJsia2arom, 4mo ecsiu 0/ HeKomopoU cUCmMeMbl AKCUOM Cywecmayem uu
MOX(HO NOCMPOUMb UHMepnpemayuro (Moodess), mo 3ma cucmema akCcuom Henpomusopeyusd, Mo
ecmb, He MOJIbKO CaMu aKCUOMbI, HO U JIH0bble meopembl, Ha HUX JI02U4eCKU OCHOBLIBAOULUECS HUK020a
He Mo2ym npomuBopeyqums 00Ha opy20d.

Vimak, 0okazamesibCMBO 102u4ecKol HenpomuBopeYUBOCMU Mod U/lU UHOU 2e0MempuU, MOXCHO
cBecmu K dokazamesibCmay CyuwecmaoBaHusi Modesiu coomsemcmayrouel cucmemsl akcuom. lepsol
Mooesibro naHumempuu Jlobavescko2o bbina uHmepnpemauus benbsmpamu 8 18682, kK Komopol
no3xe, Ho U3 opyaux coobpaxceHul u 8 uHom sude, npuwesn 8 18702. Hemeukuld mamemamuk Peaukc
KneliH. Mdero smod uHmepnpemauuu MoXHo YCMompems Ha puc. 14.
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B ka4ecmse niockocmu Jloba4yeBcko20, KOPOMKO «NJIOCKOCMb L», NPUHUMAEMCS BHYMPEHHOCMb
HeKomopo20 Kpyaa (UCK4aemcs makum obpazom e2o KoHmMyp) Ha 0bbI4HOU eBKIu00BOU NJIOCKOCMU.
lpambimMu L criy@cam XopObl Kpyed, UCK/IOYAs, KOHEYHO, UX KOHUbI. [IpUHAOIeHCHOCMb U Mexoy
NOHUMAaromcs 8 06bIYHOM eBK/IUO0BOM CMbICe. OKA3biBAemMcs, Ymo 8 3mol MoOesIu UMerom Mecmo Bce
akcuombl abcosiromHoU 2eoMempuu, Mo ecmab, AKCUOMbI NPUHADSIeXHCHOCMU, NOPAOKA, KOH2PYSHMHOCMU,
HenpepbIBHOCMU. Ymo e kacaemcsa akCUuoMbl NAPAIIeIbHOCMU, MO 8 Mol Modesu UMeem Mecmo He
nocmysnam Esknuda, a umeHHo, akcuoma Jlobayesckozo: yepe3 m. C, He nexcawyro Ha 0aHHoU npamod
(xopoe) AB, puc.14 moxcHo nposecmu xoms 6bl 2 npsambie (Xopobl), He nepecekaroujue OaHHYHo.
BbINOJIHAKOMCS, KOHEYHO, MAK e Bce c1e0CMBUS akCUOMbI. Tak, Hanpumep, cpedu NPOXO0AULUX Yepe3
O0aHHYH MOYKY pacXo0auuxca Npsambix L, umeromcs 0se npedesibHbie CL u CM, napasnesbHblie K AB B
cMbice Jlobayescko2o, mak Kak pazoesistom Kaacc pacxo0awuxcs ¢ AB npsiMbiX 0m K/1acca CX00SUWUXCS.
Camu napannenbHble He umerom ¢ ABC o0bwux moyek, NOCKOJbKY MOYKU A U B, nexawue Ha
OKPYXCHOCMU, UCK/THOYEeHBbl.

AHasnoau4Ho cmpoumcsi modesib KnelHa eeomempuu JlobayeBcko2o 8 NPOCMPAHCMBe.

3a "nnockocms" npuHUMaemca BHYmMPeHHOCMb Kako2o-aubo Kpyea (puc. 1), 3a "moyku” - moyku
amol BHYmpeHHocmu, 3a "npambie” - XopObl - KOHEYHO, C UCKJ/IFOYEeHUEeM KOHUOB, NOCKOJIbKY
pAccMampusaemcs mMoJsibKo BHYMPeHHOCMb Kpyad. 3a "nepemeueHus” npuHUMaromcs npeobpasoBaHus
Kpyea, nepesodsujue e2o 8 cebsi u Xopobl - 8 xopobl. COOMBEMCMBEHHO, "KOH2PYIHMHbIMU" HA3bIBAKOMCS
puzypbi, nepesoduMbie 0py2 8 Opyea maxkumu npeobpazosaHusIMu.
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Bcsikas meopema niaHumempuu Jloba4yescko2o s8/15emcs 8 3mol Modesiu meopemol eeomempuu
EBkiuda u, obpamHo, BCSKAs meopema ceomempuu EBK/UOA, 20B0pAwas 0 ¢uaypax BHympu 0aHHO20
Kpyea, aBnsemcss meopemol eeomempuu Jlobayesckoz2o. 3mo obuwee ymaepxcoeHue 00Ka3biBaemcs
nposepkol cnpasediuBoCMuU B8 Mode/u akcuom eeomempuu Jlobayesckozo. To, Ymo akcuoma
napasnesibHbIX He BbINOJIHAEMCS B 3Mol MoOesiu, BUOHO HeNOCPEOCMBEHHO. HA PUCYHKE 2 Yepe3 MoYKY
C, He nexcawyro Ha "npsmod” (mo ecmb Ha xopde) AB, npoxodum beckoHe4Ho MHo20 "npsambix” (xopad), He
nepecexkarowjux (AB).

[Tosmomy, ecau 8 eeomempuu J106a4escko2o UMeemcs NPOMUBOPEYUE, MO 3MO 3e NPOMUBopeYUe
(BepHee, e20 nepesod Ha "A3bIK B Kpy2e") umeemcs u 8 2eomempuu EBKauda. Jlanee, Bcskas meopema
eeomempuu JlobayeBckozeo onuckisaem B modenu KnelHa HeKomopble ¢akmsbl, umerousue mMecmo
BHYMPU Kpyad. MIMeHHO ¢pakmbl, eciu Mbl bepem He abcmpakmHbIl Kpye, a pedsibHbil Kpye U peasbHble
X0pObl V1 NOHUMaem meopembi KaK YmBepx0eHus 06 3mux pedsibHbIX Beuiax, B39mbie, KOHe4YHo, ¢ mol
MOYHOCMbIO, KOMopasi AoCMynHa 0J18 Hawux nocmpoeHud. Takum obpasom, ceomempusi Jloba4eBcKo2o
umeem BNOJIHe peadsibHbIl CMbICA ¢ Mol MOYHOCMbH), C Kakol BoobWe umeem CMbIC/T 2eoMempus 8
NPUMEHEeHUU K peasibHbIM MeJiam.



Cmano 6bimb, 2eomempusi Jloba4yeBCKO20 HACMOJILKO — HENpoOMUBOPeYUBd, —HACKOJIbKO
Henpomusope4usa 2eomempus EBkiuda, u umeem 8 maxkoll 3e cmeneHu pedsibHbil, 3KCnepuMeHma’sbHO
YCmaHasusaembll CMbic/. Takum 06pazomM, 6biid NOKA3AHA HenpomuBopeYUBOCMb 2eoMempuu
Jloba4escko2o. Ee akcuoMbl U meopembl He Mo2ym bbimb NPOMUBOPEYUBBLIMU, MAK KAK Kaxood U3 HUX
coomsemcmayem ¢akm esk1udoB8ol eeoMempuu BHYmMpU Kpyaa (uiu BHympu wapa). ECau 8 eeomempuu
Jlobayesckoeo Bcmpemu/iucb 6bl 08e npomusopedyaujue opy2 0py2y meopembl, Mo, Nepesods 3mu
meopembl HA A3bIK 06bI4HOU 2eomempuu nocpedcmaom modenu KnelHa, Mbl nosyyquiu  bbl
npomusopeyue Mexoy COoOMBEemMCMBYRWUMU meopemMamu B8 2eoMmempuu  Eskauda, mo ecms,
nocmpoeruem modesnu, KneliH nokasas, Ymo 2eomempus JIoba4escko2o HenpomusopeYusd 8 maxkol xe
mepe, B KaKol Henpomusope4yusa eeomempus EBK/UOA.
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Jlpyeyro modesib 2eomempuu Jlobadescko2o nocmpous 8 18822. ¢ppaHuy3ckuli MamemamuKk AHpU
MyaHkape (1854-1912), npumeHuUBWUU ee K pelieHUur0 HeKOmMOpPbIX BAXHbLIX 3a0a4y meopuu GyHKUuUd
KOMNJIeKCHO20 NepemeHHo20. 3a NjocKocmsb Jlobayescko2o npuHUMaemcs BHYmMpPeHHOCMb Kpyaa (puc.
15), npambiMu cHumaromcs oyau oKpyxcHocmed, nepneHOUKYISPHbIX OKPYHHOCMU 0aHHO20 Kpyed, U e20
duamempsl, 0BUMXCEHUAMU — NPeobpa3oBaHus, NoJy4aembsle KOMOUHAUUSMU UHBepCcUld OMHOCUMebHO
OKpyxcHocmed, dyeu KomopbIx C/yxam npsmbimMu. Modesb [lyaHkape 3ameyamesibHa mem, 4mo B8 Hel
VeJibl U306paxcaromcs 0bbIYHbIMU Y2/1aMu. VIcXo0s U3 Makux coobpax3eHud, MOXHO CMpoums Mooeslb
Puc. 15 Jlobayescko2o ceomempusi 8 NPOCMPAHCMBE.

Vimak, niockocms Pumara npedcmassieHa Eskiudosol cgpepod. Ha cihepe Hem npsambix UHUG, HO
UMerOMCs Mak Hasblsaemble 60sbwue OKpyx#HoOcmuU (puc.10), mo ecmb OKPYXCHOCMU C YeHMPOM B B8
ueHmpe cgepbl, Komopbie B Ka4ecmae 2eo0e3udeckux ee uHUl BbINOHIKM HA Chepe my Xe poJib, 4mo
U NPAMbIe Ha NJIOCKOCMU.

Jly2u 6osbLIUX OKpY#cHOCMel darom Kpamyaduwiue paccmosiHUS Mexdy 0BYMS MOYKamu Coepsbi,
yepe3 KOmopble OHU NPOX00Am, NOOOOHO MOMY, KAK OMpe30K NpAMoll Ha NJOCKOCMU Npeocmassisem
Kpamdyadwee paccmosiHue mMmexcoy 0ByMS MOYKamu cepbi, 4epe3 Komopyro OHU Npoxodsm, No00bHO
momy, Kak puc.10 ompe3ok npsimol Ha NJOCKOCMU Npedcmassisgem Kpamdyadwee paccmosiHue Mexcoy
€20 KOHUAaMu, Yyepe3 0Be MoYKU Cpepbl NPOX0OUM 00HA U MOJIbKO 00HA 60/1bWIAsA OKPYXHOCMb, NOOO6HO
momy, Kak 0B8e MOYKU NJIOCKOCMU 0onpeodesistom O00HY U MOJIbKO 00HY Npsmyro; u3 dye 60/biux
OKpyy#cHocmel Ha cgepe, Kak U3 0Mpe3KosB NPSIMbIX HA NJIOCKOCMU MOXCHO 06pa3oBams cgepudeckue
mpey2o/ibHUKU, Yemblpexy20/1bHUKU, MHO20Y20/IbHUKU.



OO0HUM c/1080M, 60JIbLLUE OKPYHCHOCMU Chepbl —3mo ee «npsmMbiex» (puc.11).

OOHako, Hapsidy C HeKomopbIMU Cxo0cmsamu, umeemcs U b6osbwoe paziudue mexioy
cepuyeckol eeomempueli ¢ 00HOU CMOPOHbI U eeomempuell Esknuda u Jlobayescko2o ¢ Opy2od.
AKCUOMBI, C/1edoBamesibHo, U meopembl, U popmysibi chepudeckol 2eomempuu BO MHO2OM OMIUYArOMCS
Om akcuom, meopem u opmys1 NJ10CKoU ceomempuu Eskiuda, a mak xe Jlobavyesckozo. B yacmHocmu,
npsiMble PumaHa Bce 3aMKHYMbI U KOHEYHbI, UMesi 00HY U my e oauHy. Cymma yenos cepuyeckozo
Mpey2oIbHUKA, KaK U3BecmHo, bosibwe 2d, Kax)oble 08e npsmMble UMerom 00HY 06ULYH MOYKY, MO ecms,
Ha pumaHoBoU NJI0CKOCMU Hem NapasiesibHbIX NPSIMbIX. 8 Hos6psa 18242 K.®. [aycc 8 nucbme cBoemy
YYeHUKY TaypuHycy Hanucasa onpedesieHHo, Ymo Heeks/udosa eeomempus, "8 Komopol CyMMa yenos
mpeyeosibHUKa MmeHbwe 180°, cosepweHHO nociedosamesibHa" u 4mo oH 'passun ee 0n8 cebs
coBepuleHHo yo0oB/iemBopumesbHO". Bmopoe ynoMuHaHue o Heesk/udoBol 2eomMempuu — PYKONUCh
y4eHuka [lyacca npogeccopa Lliselikapma (1870-18592.), komopyro oH nepedan layccy B8 1818e.
Pykonucb  Haszbisaemcs "HebecHas eeomempus”. Tam ecmb meopema O MOM, 4YMO B

AABC : ZA+/B+2C<2d . (Cpaghum ¢ meopemol  Cakkepu, Jlewandpa (18 8), ede
ZA+/B+2C<2d

XypHan «CbiH Omevyecmsa» 8 30-x 200ax uzdasasics H. M. pedem u @.B. byneapuHbim. V138ecmHO
OMHOWeEHUe 3M0o20 XYPHANA K [yWKUHY, u me edKue 3nuzpamMmbl, KOMOopbIMU BeaUKUU NO3M B Havyaae
30-x 20008 MCMUJI CBOUM 3/1bIM KpUMUKAM. B yucie compyoHUKoB xcypHana 6bin u C. A. bypadyex,
KopabesibHbIl UHMeHep, ¢ 1831 2o0a npenodasaswul 8 opuuepckux Kaaccax Mopcko2o Kademckoeo
Kopnyca, BbICWUM Yy4ebHoM 3aBedeHuu, B Komopom npenodasas u M. B. Ocmpoepadckud, u A. B.
3enerbil, 4umaswuld makxe B8 CaHkm-llemepbypeckoM yHUBEpcUMeme JeKyuu no Bbicwed
mamemamuke, asmop coduHeHus «Cnocob onpedesieHuss 00/120mbi Mecma u Hab1ro0eHUs NPOXOX0eHUs
3830 U JIyHbl Yepe3 MepuduaH» u y4ebHUKOB NpamMosiuHelHoU u cepudeckol mpueoHomempuu. Kak
compyoHuk «CbiHa Omeyvyecmaa», bypadyek om/u4asncs CBOUMU pe3KUMU HaNAOKAMU HA COBPEMeHHYH
emy lumepamypy, komopasi bbiaa 0719 He2o npoussedeHuem samazu pazbolHukos. E2o bolikoe nepo He
nowjaousio u lywKuHa, Bce eepou KOmMopo2o Obl/iu «Y20/0BHbIMU NPecmynHUKamu». B 6ubiuomexe
CenukoneHosa A. B. Bacusibes Hauwies1 e2o CmamaHo, CO0epHCalliyto BOCMOPH(eHHbIU 0M3bIB O JeKUUSX
Ocmpoepadckoeo, CMUib OM3bIBA  Ype3BbI4AUHO HANOMUHAem CMuib Xaecmkol cmambsu O
Jlobavesckom. A. B. Bacusibes ysepeH 8 moM, 4mo 3ma Cmamas HaANUCaHa bypaye-kom, moxem bbimb
Bmecme ¢ 3eneHbiM (4em obbsacHsemcs u ncesdoHum C. C.) u, BecbMa BeposamHo, He be3 sBedoma
Ocmpoepadckoeo. Ha 3mo ykasbisaem mo Mecmo Cmamau, 20e 20B0pUMBbCS «O HOBbIX UHMEe2Ppanax»,
¢paza, komopas npuHadnexana M. B. Ocmpoepadckomy 8 e20 YyCmHOM om3bige Ha pabomy H. .
Jlobavescko2o, nocmynusulyto 8 AKademuu HayK.

3akiroyeHue

Tak unu uHave, Hukonad MeaHosuy Jloba4esckul Cmasa NPU3HAHHBLIM, CMAa U3BECMHbIM. Yie
cnycms MHo20 BpemeHu 8 1899 eody 4 Hosbps sce mom xe «CbiH Omevecmsa» nuwem: «/lobayesckuli
NPU XU3HU He MOJIbKO He bbl/l OUeHeH COBPeMeHHUKAMU, HO CYUMAascs, 4Yymb JiU He Xasakol
NnocpedcmBeHHOCMb0, NpemeHOyUe20 Ha HOBoe C/I0BO B HAYKe. IMO COCMABUJ/IO HeCYacmbe e20
MHCU3HU». Yo 3acmasusio mak 8 KOpHe NOMeHAMb 8327190 Ha MPyobl Jloba4yescko2o ocmaHemcs 0715 Hac
madtHou. Ewe KaHm eosopus: «CyuHOCmbs Mamemamuku 8 ee csobodex. VIMeHHO 3my cBobody u
ocywecmsus Bnepsbie Jlobadesckul, cB0600HO, C beccmpawuem B388WUCL PpA3BUBAMbL CBOH
Boobpaxcaemyro meopuro. J1obaqeBcKull NOMIOXUT HAYa10 WUPOKOU 3B0/HOUUU 2e0Mempul, KOmopas
Kasasnacb B CBOUX OCHOBAX COBEPUICHHO 3AKOHYeHHOU Haykod. Ha ocHose ez2o 2 udel eeomempusi
pa3poc/iacb B 02POMHOE 30dHUEe, B KOMOPOM, KAK yxe HeoOHOKPAmMHO Obli0 CKA3dHO, 2eoMempust
EBkiuda cocmasisem moJibKo pyHOameHm, 0axe moJibKo OCHOBHOU KaMeHb B e20 pyHOameHme.

Co30aHue Heesk/udoBOU 2eomempuu NPUBEJIO K NepBOMY 3ABEPUIeHU) 00HO20 U3 OCHOBHBLIX
BONPOCOB Meopuu NO3HAHUS. Heeskaudosa ceomempusi NOJIYHUIA NPUMEHeHUe B8 aHaiu3e U meopuu



pyHKuUd. Mo cxeme u 3ambicty Jloba4eBcko2o0 CMPOSMCS Meopuu coBpemeHHol Gu3UKU, HeeBKIudoBa
2eoMempust 8 WUPOKOM CMbIC/Ie 3MO20 C/108d COCMassisgem 6asy HoBbIX BaxXcHelwux ee y4eHul. Bce smu
C/IOMCHblIe BONPOCbI OCHOBHO20 3HAYeHuUs ewe O0aseku Om OKOHYAmMesbHOo20 pda3peuleHus. Ho
UCc1e00BaHuUs, NOUCKU 3MOo20 pd3pewleHuss udym no nymu, obuwee HanpassieHue Komopozo
npedykasaHHo Jloba4yesckum. B xo0e pazsumus e2o0 mBOPeHUs euwje OMHOb He CKA3aHO NOoC/e0Hee
C/1080. Hem mex Becos, Ha KOMOopbIX MOXCHO bb1/10 bl B3BeCUMb CPABHUME/IbHOE 3HAYeHUe 2eHUA/TbHbIX
y4yeHuld B8 obnacmu ecmecmso3HaHusd. M. B. JlomoHocos, []l. W, Mendenees, M. [1. [lasnos, H. M.
Jlobayesckuli — He bydem 3ad0aBambCsi BONPOCOM, KMO Cpedu HUX 3dHUMAem nepsoe Mecmo.
HecomHeHHO, Mo, 4Ymo B nJesde 2eHUA/IbHbIX PYCCKUX Y4eHbix Hukonad Weavosud Jloba4yesckull
3aHUMaem 00HO U3 nepskix mecm. H. M. Jlobavyesckull 6bi1 Ha38aH «KONEPHUKOM 2eoMempuu», HO e20
MOXCHO Hassame U «Koiymbom HAyKu» OMKPbIBUIUM HOBYHO ee obsacms, 3a Komopol C/1edo8as
mMamepuk HoB8ol eeoMempuu U BoobWe HOBOU MamemMamuku.
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THE APPLICATION OF HIGHER MATHEMATICS IN THE TEACHING OF ECONOMICS AND CASE
STUDIES
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Abstract

Economics, as a discipline that studies the allocation of social resources and economic
behaviour, requires in-depth analysis and study of various economic phenomena. In specific
economic research, higher mathematics plays a very important role, which not only provides
economists with effective tools and means of investigation, but also provides support for enterprise
and government decision-making. This paper firstly discusses the role of higher mathematics in the
teaching of economics, then introduces the steps of using knowledge of higher mathematics to
solve economic problems, and finally, through analyses of cases in economics, explains how to use
concepts such as derivatives in higher mathematics to help students understand economic
phenomena and solve practical problems.

Keywords: higher mathematics; Economic specialities; marginal cost; marginal revenue;
profits

Higher Mathematics is one of the important basic courses in economics, which provides students
with mathematical tools to analyse and understand economic phenomena. In the field of economics,
many concepts and principles are closely related to higher mathematics, such as demand function, supply
function, total return function, production function, cost function, consumption function, investment
function, marginal analysis, maximum profit, inventory management, least-cost production, etc. .
Combining higher mathematics with economic professional knowledge can help students better master
economic theory and practical skills, and improve their analytical ability and decision-making level.

1 The Role of Higher Mathematics in Teaching and Learning in Economics
(1) Provision of quantitative analysis tools
In the field of economy, a large number of data statistics, the application of higher mathematics
methods, can make the statistical data more organised, but also to ensure the accuracy and efficiency of
data statistics. In the economic field of common wage accounting, population census, production sales
and other statistics, all need the support of higher mathematics, fully reflecting the unique functionality
of higher mathematics. Higher mathematics is also a powerful tool for analysing bank interest
settlements and corporate output and profits. The use of higher mathematics makes it possible to analyse
and compare changes in the economy quickly and efficiently, and to formulate appropriate
countermeasures against these changes/1].
(2) Helps to understand economic principles
Derivations and calculations using higher mathematics provide a deeper understanding of important
concepts in economic theory such as marginal effects and optimal decision making .
(3) Develop logical thinking and problem solving skills
The process of solving economic problems using higher mathematics helps to develop students'
logical thinking and ability to solve complex problems.

2 Steps in solving economic problems using knowledge of higher mathematics[2]

(1) Determine the independent and dependent variables by first analysing the scope of the
problem and the relevant factors in the light of the actual requirements of the economic problem.

(2) The key to solving the problem is to establish a functional relationship between the
independent and dependent variables according to the principles of economics and make it quantitative.

(3) Marginal analyses in relation to specific economic problems, so that they lead to more
objective conclusions, understand their practical significance in economics, improve the ability to analyse
and solve problems, and achieve the desired objectives .



3 Case study teaching process
(1) Presentation of the issue
In a market economy, firms need to make trade-offs between costs and benefits in order to
determine the optimal output to maximise profits or minimise costs .Suppose that the revenue function
of a yoghurt firm is R(X) =12Xx—x*,and the cost function is C(X) =3Xx+4, where x represents the
volume of yoghurt production in kilolitres, the units of R(X) and C(X) are in thousands of dollars.Ask
what is the most profitable yield of yoghurt?
(2) Create a mood
Teachers stimulate students' interest and desire to learn by guiding them to think about how
companies determine the optimal output in the production process.
(3) Explain the concept of marginal cost and marginal revenue
The concept of margin in economics, which usually refers to the rate of change of an economic
change, i.e., the derivative f'(X) of an economic function f(X) is referred to as the marginal function
of that function.The value of a marginal function at a certain point is called the marginal value, for
example, marginal cost and marginal revenue: in economics, marginal cost is the increase in cost per unit
of production, and marginal revenue is the increase in revenue per unit of production. When a company
produces a product, the comparison between the average cost and the marginal cost can determine
whether it is necessary to expand the production volume; if the company wants to obtain the maximum
profit it has to make the marginal cost equal to the marginal revenue [3].
(4) Calculate the optimal yield
Firstly, compute the derivative C'(X) =3 of C(X) .Students visualise how marginal cost varies with

output. Then calculate the profit function L(X), ie:
L(X) =R(X)-C(x) =12x—x* - (3x+4) =9x - x* -4
Then take the derivative of the profit function L(X) :
L'(x) =(9x—x* —4)' =9-2x
Let the derivative L'(X) =9—2x=0, solve for x=4.5
This means that the profit function L(X) has a stationary point when the output is 4.5 kilolitres.
The marginal cost at this point is:
ac =(3x+4)
x=4.5
The marginal revenue at this point is:

dR
Ry |><:4.5 =0 =12- 2X)|X=4_5 =3
x=4.5
So marginal cost equals marginal revenue when X = 4.5 . Therefore, the output of the firm's product
should be set at an optimum of 4.5 kilolitres, so that the maximum profit at this point can be calculated
as:

CM |x:4.5 = =45 3

L(4.5) =9x4.5—4.5° —4 =16.25 (Thousands of dollars)

(5) Classroom exercise
A problem in economics designed to deepen students'understanding of basic concepts in economics
is as follows:
Q

Let the demand function for a product be P = ZO—E ,where P s the price and Q is the sales

volume, find the total, average and marginal revenue when the sales volume is 15 units, and find the
average rate of change in returns when the sales volume increases from 15 units to 20 units.

Solution : Let the total return be R; ,then
2
R —QP(Q-20Q- %

Thus, the total revenue at a sales volume of 15 units is



2
Ry |gus =20Q- %\Q_m =255

The average revenue was

R
R, ‘ Q=15 — — =17
Q=15
The marginal revenue is
d 2
RM‘Q_lszd;RT :(ZO_EQ) =14
Q Q=15 Q=15

The average rate of change in revenue when sales increase from 15 units to 20 units is
AR, R:(20)-R;(15) 320-255 _13
AQ 20-15 5

(6) Application promotion

To further explore how firms adjust output according to the relationship between marginal cost and
marginal revenue under different market conditions, and to develop students' practical application skills
and economic thinking.

Introducing real cases in classroom teaching can make students feel the practical application value
of higher mathematics in the field of economy and improve their learning interest. In the process of case
analysis, students can organically combine the knowledge of higher mathematics and economic
professional knowledge, and improve the ability to apply mathematical knowledge to solve practical
problems. Case study teaching requires teachers to have rich professional knowledge and teaching
experience, and to guide students to think and discuss deeply, thus promoting the improvement of
teachers' teaching level.
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Abstract

Many changes in the objective world exhibit a pattern of antecedents and consequences,
whereby the outcome of a change in a phenomenon is closely related to one or more outcomes
that immediately follow. This situation is embodied in mathematics as recursion. The use of
recursion to solve problems is called recursive method. This paper firstly introduces the
characteristics of using recursion to build mathematical models, then introduces the steps of using
recursion to build mathematical models, and finally builds mathematical models using recursion
from two real cases.

Keywords: recursive approach, mathematical modelling, recursive relationships, initial
conditions

1 Characteristics of mathematical modelling using recursive methods
Recursive methods generally start with known initial conditions and derive the desired intermediate
and final results based on recursive relationships. The initial conditions are either given in the problem
itself or determined by analysing and simplifying the problem. The recursive approach to mathematical
modelling is generally characterised by the following two features:

(1) The problem can be divided into multiple states.

(2) All states except the initial state can be represented by a fixed recurrence relation. In fact, in
most cases, the recurrence relations are not given directly, but need to be found by analysing the various
states.

2 Steps in mathematical modelling using recursive methods
(1) Determining recursive variables
Problem solving using recursive methods involves setting the recursive variables according to the
specific reality of the problem.

(2) Establishing recursive relationships

A recurrence relation is a formula (or relationship) that describes how a previous value of a variable
is introduced into a later value of the variable, or a later value of the variable is introduced into a previous
value of the variable.Recurrence relations are the basis of recursion and the key to solving recursive
problems. Some problems, its recursive relationship is clear, most of the actual problem does not have a
ready-made clear recursive relationship, according to the specific reality of the problem, through
analytical reasoning, in order to determine the problem of the recursive relationship.

(3) Determination of initial (boundary) conditions

For the identified recursive variables, the initial (bounded) values of the recursive variables are
determined on the basis of the data of the simplest case of the problem, which is the basis of recursion.

(4) Control of recursive processes

The recursive process cannot be repeated endlessly. When the recursive process ends, and under
what conditions it must end, are issues that must be considered by recursive methods.

3 Mathematical modelling using recursive methods

3.7 Case 1: Rabbit Breeding Problems

If each pair of rabbits (one male and one female) is capable of producing one pair of young rabbits
per month, and each pair of rabbits is infertile in the first month but capable of producing one pair of
young rabbits per month from the second month onwards. Assuming that none of the rabbits die, how
many pairs of rabbits will there be after the n th month, starting with the first newborn pair?

(1) Problem analysis



Month 1: there is only 1 pair of rabbits; Month 2: there is still only 1 pair of rabbits; Month 3: this
pair gives birth to another pair of young rabbits, for a total of 2 pairs of rabbits; Month 4: the initial pair
gives birth to another pair of rabbits, for a total of 3 pairs of rabbits. From month 1 to month 12, the
number of pairs of rabbitsis 1, 1,2, 3, 5,8, 13, 21, 34, 55, 89, 144. In honour of Fibonacci, the man who
came up with the problem of rabbit reproduction, we call the series 1, 1, 2, 3, 5, 8, «+++- the Fibonacci
series. [1]

(2) Mathematical modelling

Suppose the number of rabbits in month n is a,, obviously,a, =1, a, =1, the recurrence formula

for the Fibonacci series starting at term 3, where each term is equal to the sum of the first two terms, is
a=a_ +a
"M (n=3,4,..) (7
a=Lla, =1
(3) model solving
Rewrite the recurrence formula a, =a, , +a,_, as

a,-aa,, =p@,,-aa,,) (2)
where «,  is a constant to be determined and
a+p=1
{ ap=-1
assuming that a, § are two roots of the equation x* —x—1=0, Use the root formula to solve for

1+5 1-5

a: a:—
2 2

1-5 1++/5
== "=

Substituting each of these two sets of solutions into equation (2) yields

15 :1—J§(a 1+5

n 2 n-1 2 n-1" 2
—1_£/§a :1+\/§(a —1_£/§an_2) (4)

n—1 n-1"—
2
By the properties of the geometric series,Equations (3) and (4) are further organised as

(18] ey (18]

a a, ) (3)

a

n

(5)

" 2 2 2 2
n-2 n-1
an_#an—l:(l-’-z\/gJ (az_l_z\/gai):£1+2\/§] (6)

Derived from equations (5) and (6):

1|(1445) (1-5)
R

Therefore, the number of rabbits in the n th month can be obtained by substituting the specific value
of n into equation (7).

3.2 Case 2: Club headcount issues

A club has 150 members who go to the gym and the recreation room every day. According to a
survey, about 10 per cent of the people who go to the gym each time visit the recreation room next time,
and about 20 per cent of the people who are in the recreation room next time visit the gym. Q: Does the
number of people going to the gym and recreation room tend to stabilise over time?

Assuming that the number of people who visit the gym for the n th timeis A, , the number of people

who go to the recreation room is B, , then A, + B, =150 ,and the recursive model can be obtained:



9 2 9 2 7
—~ A +-B  =—A +—(@150-A )=—A_ +30
A =15AatisBu = o At o 150-A ) =5 A,

the collation gives

A -100=(A —100)(11jn_l

SO
lim A, =100

and
limB, =lim (150-A]) =50

n—oo

Therefore, over time, the number of people going to the gym has stabilised at around 100 and the
number of people going to the recreation room has stabilised at around 50.
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Abstract

This scientific and analytical publication describes modern directions of rehabilitation of
cancer patients with various localization of the tumor process. The currently available methods of
rehabilitation treatment and scientific directions that require further research to improve the
quality of life of this contingent of patients are described. The use of a comprehensive program of
medical rehabilitation in cancer patients will restore their vital conditions as much as possible and
will optimize the processes of physical, psychological and social adaptation of these patients,
which is the main task of oncology and rehabilitation today.

Keywords: oncology, rehabilitation, quality of life.

High incidence rates of malignant neoplasms and, at the same time, aggressive treatment
methods, and often the prevalence of the oncological process itself, lead to disability requiring
rehabilitation measures. In this regard, such a section of clinical oncology as the rehabilitation of cancer
patients should be on the same level with modern treatment, diagnosis and prevention of cancer [1,2].

It is important to especially emphasize that rehabilitation measures begin not after the patient
develops various kinds of physical and psycho-emotional dysfunctions as a result of specialized treatment
and (or) complications of the tumor process, but already from the moment the diagnosis of a malignant
neoplasm is made. At the same time, patients registered with an oncologist often experience various
kinds of functional disorders that affect their quality of life and ability to work. For example, physical
disorders may include fatigue, decreased muscle strength, cognitive dysfunction, paraesthesia, or eating
problems, while mental symptoms may include anxiety, depression, fear of relapse, or insomnia. In this
regard, the role of rehabilitation doctors and the importance of specialists with the skills of professional
assessment and therapy in oncology services in this situation can hardly be overestimated [3].

One of the important aspects of complex rehabilitation of cancer patients is the use of drug
correction of the psycho-emotional state of cancer patients, which previously received little attention. It
is clear that oncologists and rehabilitation specialists take on this difficult role, but in some, quite
common cases, additional drug support for the patient’s psyche is required [4,5].

Thus, Taiwanese researchers Cheng-Hsu Wang et al. [6] not only analyzed, but also proved that the
need for psychotropic drugs depends on the nosological form of the tumor. They analyzed data from
35,137 cancer patients from Taiwan's National Health Insurance database over 2.5 years. Among those
patients who survived for at least 6 months, every fifth (20.9%) used psychotropic drugs: patients were



most often prescribed sedatives (14.3%), then antidepressants (5.5%), anxiolytics (3.6%) and
antipsychotics (2.7%). Lung cancer, prostate cancer and oral cancer showed a statistically significant
association with regular drug use during the first six months after diagnosis. And among patients who
survived for at least 2.5 years, 4.8% still use psychotropic medications on a reqular basis.

Catherine L. Granger et al. [7] found through a systematic review of articles using the electronic
databases Medline, Cinahl, Embase, Scopus and Cochrane that despite evidence and existing guidelines
for physical activity in patients with lung cancer, it is hardly implemented in clinical practice. This
systematic review of the literature showed that the challenges of adequate physical rehabilitation of
patients with lung cancer are multifaceted and involve various factors. These include patient-level
factors such as symptoms, comorbidities, sedentary lifestyle, mood and fear, and environmental factors.
These factors should be taken into account to determine and develop a treatment and rehabilitation
program for these patients.

In addition, very little attention is often paid to the fact that the main moral burden when caring
for cancer patients falls, of course, on their loved ones. And, unfortunately, according to Swedish
researchers Ji J. et al. [8] spouses of cancer patients who provide care are at increased risk of coronary
heart disease and stroke. This is necessary to know for the correct approach to correcting the
psychological state of not only the patient himself, but also their relatives (family rehabilitation).

At the same time, Badr H. et al. [9] found a low level of self-efficacy and a high level of distress
when independently caring for patients with advanced lung cancer. The authors, based on experimental
studies in which 39 patients took part, developed a program to coordinate care and train care skills for
such patients. The program was based on self-determination theory. Participants reported significant
reductions (p<0.0001) in depression, anxiety, and caregiving burden, increased caregiver competence,
and caregiver autonomy to provide care compared to usual care.

Similar results were obtained in their study by Kim Y. et al. [10]. The authors note that the difficulty
of psychological adaptation of relatives in families in which there is a cancer patient and the lack of social
support are the main predictors of the development of major depressive disorders, even 3 years after
diagnosis. At the same time, programs for adaptation to long-term care are crucial for the possibility of
long-term (5-year results were taken into account) active care for the patient.

In addition, El-Jawahri A. et al. [11] found that patients’ inadequate perception of their prognosis
regarding cancer affects many of their decisions about medical care. However, the relationships between
prognostic perception, quality of life, and patient mood itself are not yet fully understood. They stated
the fact that, although patients wanted to know detailed information about their illness, half incorrectly
perceived the fact that the prognosis in their situation was favorable. Of the 50 patients included in the
study, 38 (76%) wanted to know as many details as possible about their diagnostic procedures and
treatments. However, 25 of 50 patients (50%) stated that their goal was to “cure cancer,” and only 10
of 49 patients (20%) reported that they had completely “put their fate in the hands of their oncologist.”
Patients who accepted their illness as a death sentence reported lower quality of life (p=0.005) and
higher levels of anxiety (p=0.003) compared to those who did not perceive themselves as terminally ill.
The authors established a direct connection between accurate prognostic perception and the quality of
life of patients. Therefore, interventions aimed at improving understanding of disease prognosis provide
adequate psychosocial support for these people.

Any methods, as we all understand perfectly well, should be used to alleviate the condition of
cancer patients and restore their well-being. Such methods include art therapy, which, of course, belongs
to non-traditional methods of influence, but with a comprehensive program of restorative treatment it
shows its effectiveness.

Lee J. et al. [12] decided to evaluate the effect of art therapy using paintings by famous artists on
the manifestation of long-term chronic stress (distress) in cancer patients receiving radiation therapy.
The level of anxiety, depression and symptoms associated with the manifestation of the cancer itself
were assessed. The authors conducted a prospective study that included 24 cancer patients with various
forms of malignant neoplasms who received radiation therapy. Art therapy took place in two parts,
including 4 sessions of a famous painting course and 4 sessions of works of art of the creative generation;
these sessions were held twice a week for four weeks. Distress was assessed using the Hospital Anxiety
and Depression Scale (HADS), the Hamilton Depression Rating Scale (HDRS), and the Edmonton Symptom
Assessment Scale (ESAS) at three assessment points: before the start of art therapy, after the fourth
session, and then after the eighth session. art therapy. It was found that of the 24 patients included in
the study, 20 patients (83%) completed all eight sessions. At the same time, the authors note a significant
and even significantly significant decrease in indicators of depression and anxiety on all scales used in



the study.

It should be noted that a number of nosological forms of malignant tumors and crippling surgical
interventions used in these diseases, such as enucleation of the eye, removal of the obturator apparatus
of the rectum, breast extirpation lead to the deepest physical, psychological and social disability of
patients. Laryngeal cancer is one of these localizations of the oncological process.

Avery interesting and important study on this subject was carried out by Millgard M., Tuomi L. [13].
The study aimed to investigate the short-term and long-term effects of voice rehabilitation in patients
treated with radiotherapy for laryngeal cancer as measured by both the acoustic measure smoothed
cepstral peak prominence (CPPS) and perceptual measures. A secondary aim was to investigate the
relationship between acoustic and perceptual measures. In total, 37 patients received voice rehabilitation
post-radiotherapy and 37 patients constituted the irradiated control group. Outcome measures were
mean CPPS for connected speech and ratings with the auditory-perceptual Grade, Roughness,
Breathiness, Asthenia and Strain (GRBAS) scale. Outcome measures were analyzed 1 (baseline), 6, 12,
and 24 months post-radiotherapy, where voice rehabilitation was conducted between the first two time-
points. Additional recordings were acquired from vocally healthy participants for comparison. As a result,
CPPS values of the voice rehabilitation group and vocally healthy group were not significantly different
at 24 months post-radiotherapy. Ten out of 19 patients who received voice rehabilitation yielded a CPPS
value above the threshold for normal voice 24 months post-radiotherapy, compared to 11 out of 26 in
the irradiated control group. No statistically significant correlations were found between CPPS and
perceptual parameters of GRBAS. Based on the results obtained, the authors conclude that voice
rehabilitation for irradiated laryngeal cancer patients may have positive effects on voice quality up to 24
months post-radiotherapy. The relationship between CPPS and GRBAS as well as the applicability of CPPS
for evaluation over several points of measurement needs to be studied further.

In their paper, Zhu X. et al. [14] emphasize that dysphagia is a common complication in patients
with laryngeal cancer after surgery and radiotherapy. The aim of the study was to study the impact of
swallowing training administered in combination with nutritional intervention on the nutritional status
and quality of life of laryngeal cancer patients with dysphagia after surgery and radiotherapy. Sixty-six
patients with laryngeal cancer who developed dysphagia were randomly divided into control group and
intervention group (n = 33 in each group). Patients in both groups received total laryngectomy and
prophylactic radiotherapy and were provided routine health counseling and swallowing training.
Patients in the intervention group were additionally provided with nutritional intervention. All patients
were evaluated using video fluoroscopic swallowing examination (VFSE), Patient-Generated Subjective
Global Assessment on nutritional status (PG-SGA) score, and Quality of Life Questionnaire-core 30 (QLQ-
c30) score immediately after radiotherapy and 3 months later. The results were as follows: prior to
swallowing training, there was no significant between-group difference with respect to VFSE evaluation,
PG-SGA score, or QLQ-c30 score. Both groups showed improvement in these measures at 3 months after
radiotherapy; however, the improvement in the intervention group was significantly better than that in
the control group. The researchers conclude that swallowing training combined with nutritional
intervention can improve swallowing function, nutritional status and the quality of life of laryngeal
cancer patients with dysphagia after operation and radiotherapy.

As noted by Salerno G. et al. [15], total laryngectomy represents the surgical procedure necessary
for the treatment of some advanced neoplasms of the hypopharyngeal-laryngeal district and involves
strong functional, physical and emotional repercussions. In their study, our colleagues examined how
rehabilitation techniques used to improve the communication needs of patients who have undergone
laryngectomy affect their perception of quality of life. The questionnaires "V-RQoL" and "SECEL" were
administered to 45 patients divided into four groups on the basis of the type of vicarious voice: group TE
(27 patients), group E (7 patients), group EL (2 patients), group NV (9 patients). Patients using electrical
or tracheo-esophageal prostheses reported a better quality of life than patients with an erythromophonic
voice. Regarding postoperative satisfaction, the group with esophageal voice was the most satisfied. The
authors emphasize the importance of preoperative counseling to make the patient as aware as possible
of his future condition.

Retinoblastoma is an intraocular cancer of infancy and childhood, which has been treated with
radiation therapy and chemotherapy. Radiation on growing patients can cause deterioration in
maxillofacial growth and development that leads to severe skeletal discrepancies between the maxilla
and mandible, and dental problems such as crossbite, openbite, and hypodontia. Kim S.H. et al. [16]
presented a case of a 19-year-old Korean man with chewing disability and dentofacial deformities. He
had undergone enucleation of the right eye and radiation therapy of the left eye due to retinoblastoma



100 days after birth. Subsequently, he received cancer therapy for the secondary nasopharyngeal cancer
at the age of 11 years. He was diagnosed with severe skeletal deformity including sagittal, transverse,
and vertical growth deficiency of the maxilla and midface, and with class Ill malocclusion, severe anterior
and posterior crossbite, posterior openbite, multiple missing upper incisors, right premolars, and second
molars, and impaction of the lower right second molars. To restore impaired functions and esthetics of
the jaw and dentition, the orthodontic treatment combined with two jaw surgery was performed. At the
end of surgical orthodontics, dental implants were placed for prosthetic treatment of missing teeth.
Additional plastic surgery for zygoma elevation was done with calvarial bone graft followed by fat graft.
Facial esthetics and occlusal functions of patient were favorably enhanced with the improvement of
skeletal discrepancy and the rehabilitation of maxillary dentition by prosthetic work. At the 2-year
follow-up, the skeletal and dental relationships and implant prosthetics were well maintained. The
authors conclude as follows: in an adult patient with dentofacial deformities caused by early cancer
therapy in the head and neck area, interdisciplinary interventions including additional plastic surgery of
zygoma depression and prosthetic work of missing teeth as well as surgical-orthodontic treatment could
establish favorable facial esthetics and oral rehabilitation.

As Rokohl A.C. et al. [17] show, a smooth supply with a visually appealing prosthetic eye after
enucleation is not just a cosmetic solution, it is also a key factor in successful social and psychological
rehabilitation. The authors submitted an overview of the current state of medical and ocular care
regarding prosthetic eyes in Germany. It focuses mainly on the newest clinical results, daily care,
complications, and psychological aspects of wearing prosthetic eyes. As a result of the latest clinical data
and a current review of the PubMed literature, it was found that in Germany, enucleated patients
normally get a double-walled, hollow prosthetic eye made of cryolite glass, and patients with a
microphthalmic or phthisic eye receive a thin single-walled prosthesis. Anophthalmic patients wearing
cryolite glass prosthetic eyes seem to be more satisfied with their appearance and the look of their
prostheses than polymethylmethacrylate (PMMA) prosthetic eye wearers. Cryolite glass prosthetic eyes
must be renewed at least each year, while PMMA prostheses need to be polished once a year and renewed
after five years of wearing. Among children, the fit of the prosthetic eye must be checked, based on
growth, semi-annually. A slightly higher risk of breakage of cryolite glass prostheses is, for most patients,
not a great disadvantage in everyday life. Ocularists and ophthalmologists should determine an
individual cleaning regime, together with the patient, that is dependent on the material of the ocular
prosthesis and other external factors. Complications, such as allergic, giant papillary, viral and bacterial
conjunctivitis and blepharoconjunctivitis sicca must be treated at an early stage to allow for a prosthetic
eye. In the case of inflammation-caused socket shrinkage or post-enucleation socket syndrome, surgical
interventions are needed to re-enable the use of a prosthetic eye. Since the health of the remaining eye
is the major psychological burden of prosthetic eye wearers, good ophthalmological care and medical
screenings are essential elements. In conclusion, the researchers conclude that a smooth supply with a
prosthetic eye, adequate and early treatment of possible complications and attention to psychological
aspects is essential for successful long-term rehabilitation of enucleated patients.

As well as patients with previous localizations of the oncological process, patients with colorectal
cancer with colostomies need mandatory rehabilitation measures.

Thus, Yang P. et al. [18] set themselves the goal of to systematically evaluate the effect of
collaborative nursing on self-care ability of postcolostomy patients with colorectal cancer (CRC).
PubMed, Web of Science, Embase, China National Knowledge Infrastructure, and Wanfang databases
were searched to collect relevant literatures on randomized controlled trials of postcolostomy patients
with CRC. The search period was started from 2010 to 202 1. Statistical analysis was performed on the
data extracted from the comprehensive meta-analysis with STATA 16.0 analysis software. As a result, it
was found that the incidence of adverse reactions in the control group was higher than that in the
treatment group. Seven studies included the preintervention self-care concept and preintervention self-
care skills. Six studies included preintervention self-care responsibility and preintervention exercise of
self-care agency (ESCA) scale. In the comparison among the concept of self-care after intervention, self-
care skills, self-care responsibility, and ESCA scale, all of them had higher scores in the treatment group
than in the control group (p<0.05). It fully explains that collaborative nursing can significantly improve
the evaluation indicators of patients' self-care ability and reduce patient complications. In summary, the
authors conclude that the application of collaborative nursing in the nursing work of patients with CRC
after colostomy can significantly reduce the incidence of adverse nursing reactions.

The aim of the work is Yu S., Tang Y. [19] to explore the impacts of comprehensive care on
psychological emotion, postoperative rehabilitation and complications of colorectal cancer patients after



colostomy. From August 2018 to February 2020, a total of sixty colorectal cancer patients undergoing
colostomy in our hospital were collected and randomly assigned to a control group to receive
conventional care and a research group to receive comprehensive care, with 30 patients in each group.
The two groups of patients were compared for postoperative recovery, complications, adverse
psychological emotions, self-care ability, quality of life, and nursing satisfaction. The first time of exhaust,
food intake and the recovery of bowel sound in the research group were markedly earlier than those in
the control group. Besides, the research group had notably lower incidence of postoperative
complications, lower self-anxiety scale (SAS) and self-depression scale (SDS) scores at discharge, and
higher average self-care ability than the control group, as well as higher quality of life score and nursing
satisfaction. At the end of the work, it was concluded that comprehensive care intervention can promote
postoperative recovery of colorectal cancer patients after colostomy, relieve their negative emotions,
reduce postoperative complications, improve quality of life and nursing satisfaction, which are all
important and make this type of care worthy of promotion in clinical practice.

Now, regarding the rehabilitation of patients with breast cancer.

The leading method of treating malignant neoplasms, including breast cancer, is surgical. As Chan
K.S. points out. et al. [20], functional results are increasingly important in breast cancer, as survival and
prognosis for this pathology improve over the years. Since more than half of diagnosed breast cancer
cases occur in middle-aged women between 45 and 64 years of age, it is appropriate to ensure
preservation of upper extremity function as this group of patients may be the primary caregivers for their
families, lead active lifestyles, and are at the peak of their careers. Additionally, most previous studies
have shown that Asians may have higher body fat percentages, lower bone mass, and lower levels of
physical activity than Western populations. These factors may influence functional outcomes in patients
with breast cancer. The authors conducted a single-center prospective cohort study with a follow-up
period of 6 weeks after surgery. The main inclusion criteria were patients over 21 years of age who
underwent 44 radical surgical interventions - wide sectoral resection - 16 (36.4%) and mastectomy - 28
(63.6%). The main exclusion criteria were patients with pre-existing neurological or rheumatological
comorbidities affecting upper limb function, or previous trauma that resulted in upper limb deformity.
Patients who had undergone mastectomy with reconstruction were also excluded. The patients
underwent early rehabilitation from the 1st day after surgery, including a standardized set of exercises
for the shoulders and upper extremities. Active shoulder flexion and abduction range of motion and
disability scores were assessed 1 week before surgery and then at weeks 2 and 6 postoperatively. This
pilot study in an Asian cohort showed that patients were able to regain active range of motion of shoulder
flexion and abduction at 6 weeks postoperatively, but had a worse disability score, especially in the
axillary lymph node dissection subgroup after sentinel lymph node examination. Recommendations
include the use of active early rehabilitation methods for breast cancer patients, however, as the authors
note, longer follow-up is required to assess long-term functional results.

The modern direction in medical rehabilitation of patients with breast cancer, as well as in their
treatment today, is the individualization of the treatment and rehabilitation program. As Olsson Méller
U. et al. note in their publication [2 1], it is well known that women suffer from the negative consequences
of breast cancer treatment and that their very important needs during rehabilitation interventions are
often not met. At the same time, up to 43% of these women are at risk of developing chronic distress,
requiring comprehensive treatment. However, it is unknown how to identify and meet the needs of these
women early, leaving them with a low chance of optimal rehabilitation. The authors plan to conduct a
three-arm randomized controlled trial and aim to develop a model and evaluate the effect of
individualized screening-based rehabilitation after primary treatment for breast cancer. The
rehabilitation program will be based on self-reported data, focusing on physical and psychological
outcomes, as well as treatment satisfaction at baseline at 2 weeks, 3, 6, 9 and 12 months. The
assessment will also include economic aspects of health, based on register data and information from
patients and their relatives during the rehabilitation process. In addition, optimal threshold levels of
negative behaviors will be explored as an indicator of the need for extended rehabilitation. It is planned
to identify potential new problems and rehabilitation needs of patients during the 1-year follow-up
period. The researchers note that this study will provide important knowledge regarding the
effectiveness of screening to identify needs for individualized, standardized, evidence-based
rehabilitation after primary breast cancer treatment.

In addition, one of the modern methods of restorative treatment of cancer patients includes a
method such as neuromuscular electrical stimulation (NMES) [22]. It may be a pragmatic short-term
alternative to voluntary exercise in patients who are currently undergoing or have recently completed



treatment for cancer. In this study, the authors assessed the impact of a personalized and progressive
NMES exercise intervention, designed with the early rehabilitation period in mind, on patients' physical
performance and quality of life. This manipulation was found to improve performance on the 30-second
sitting test (STS), the 6-minute walking test (6 MW), and global quality of life using the EORTC QLQ C-
30 questionnaire. Benefits gained included improved muscle strength and greater confidence when
walking. The authors recommend further evaluation of this technique in a further controlled prospective
study.

In recent years, the term “multimodal” has been increasingly used in clinical research, which means,
according to Wiktionary, involving or using several methods or modes of implementation. When
analyzing a review of the literature related to multimodal rehabilitation of cancer patients, it should be
noted that the overwhelming number of scientific works are devoted to the use of rehabilitation
measures at the stage of preparing patients for specialized treatment, be it surgery or courses of drug or
radiation therapy.

Guinan E.M. et al. [23] note in their work that the inflammatory changes themselves and the
disruption of redox processes after radical surgery for esophageal cancer significantly affect both the
quality of life and the survival of patients. In this regard, an integrated approach to the rehabilitation of
these patients, including special exercises and a certain diet, can reduce the negative manifestations of
the treatment. However, the authors note that the results will be further examined in a larger
randomized controlled trial. In addition to the impact of these manifestations on the survival of patients,
the economic side of the full rehabilitation of these patients will also be studied.

Bolshinsky V. et al. [24], based on an analysis of studies on multimodal rehabilitation programs
before surgery for gastrointestinal tumors, conducted a systematic literature search using Medline,
PubMed, Embase, Cinahl, Cochrane and Google Scholar databases. Study quality was assessed using the
Cochrane Risk of Bias Tool (randomized trials) and the Newcastle-Ottawa Quality Assessment Scale
(cohort studies). Of the 544 studies identified, 20 were included in the qualitative analysis. The authors
found that although small studies have found encouraging results, larger prospective studies using
uniform objective risk stratification and structured interventions with prespecified clinical and economic
endpoints are needed to determine the definitive value of prehabilitation programs.

Summing up the analyzed works on rehabilitation measures in cancer patients with various
nosological forms of malignant neoplasms, we can draw a definite conclusion that a multifaceted
approach is required when conducting rehabilitation treatment in these patients, aimed at compensating
for impaired body functions, improving the quality of life, reducing the severity of disability and
prolonging active life. The process of recreating the vital status of patients is multidimensional and
requires an integrated approach to restore the physical, psycho-emotional and social conditions of
patients. At the same time, almost all authors agree on one thing: further multicenter randomized studies
are needed to develop standardized approaches to conducting rehabilitation measures in cancer
patients.
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FEATURES OF TREATMENT AND PREVENTION OF HEAD DISEASES IN COWS AFTER BIRTH
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Abstract

A wide variety of general and local methods have been proposed for the treatment of
animals with postpartum paresis, but none have been effective. Only with the discovery of
Schmidt's method of injecting air into the mammary gland through the milk duct and cistern,
maternal paresis ceased to be a scourge of livestock farms. The Schmidt method, due to its
simplicity and ease of implementation in any situation, has overtaken all others and is currently
the most widespread and effective method.
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An Evers device consisting of pressure balls or a pump connected to a milk catheter with a rubber
tube is used to inject air into the mammary gland. A cotton filter is inserted into the rubber hose to
prevent infection of the mammary gland.

Before the air is injected, the cow is placed in the dorsal-lateral position, milked, and the teats are
wiped with alcohol. After that, a catheter is carefully inserted into the nipple duct and air is gradually
pumped. The gradual injection of air has a more intensive effect on the receptor elements than its rapid
introduction.

After pumping air to all parts, it must be returned to the parts that were first pumped, because
after straightening the adjacent lobes of the bellows, the pressure in the first lobes is weakened. The
dose of air is determined by experience. The criterion for this can be the general tension of the skin of the
mammary gland (the folds are straightened) and most importantly, the appearance of the tympanic
sound when you press the skin of the udder with your fingers (the same sensations) and the sound is
obtained when you hit your fingers on a tense, "swollen” cheek strongly stretched by air. [5, p. 46].

Again, if insufficient ventilation is provided, there may be no therapeutic effect. With excessive and
rapid swelling of the udder, rupture of the alveoli and subcutaneous emphysema occurs, which is easily
determined by palpation (crepitus of the subcutaneous tissue). The air that escapes from the mammary
gland is absorbed over time, but damage to the organ's parenchyma has a negative effect on the animal's
milk production.

After blowing air, the nipples should be gently massaged to prevent the contraction of the
sphincter muscle and the release of air. If the sphincter is weak and air is not captured, it is recommended
to compress the nipple slightly with a strip of cloth, bandage tape, but not with a thread, because the
thread can cause necrosis or paralysis of the nipple periphery. After 2 hours, the bandages are removed.
Sometimes, within 15-20 minutes after the air is blown, the cow shows signs of improvement in its
general condition, gets up quickly and immediately starts eating feed. More often, the symptoms of the
disease gradually weaken and the animal's condition slowly returns to normal.

Often the cow (goat) experiences general muscle tremors that last several hours before and after
standing. In most cases, a single injection of air is sufficient to cure the animal, but if there is no
improvement after 6-8 hours, the air must be injected again.(2)

It is advisable to combine the described method with symptomatic treatment (warm compresses,
rubbing of croup and sides, injection of caffeine under the skin, removal of feces from the rectum, warm
enemas).

If the animal's life is threatened by tympany, immediately pierce the scar with a trocar or a thick
needle and through them 20-40 ml of 40% formaldehyde solution or 300-400 ml of 5% alcohol (wine)
solution is injected into the rumen cavity of ichthyol. In case of postpartum paresis, it is strictly forbidden
to forcefully pour liquid medicine into the animal's mouth (aspiration bronchopneumonia develops).

VSKirillov recommends eliminating maternal paresis by intrauderminal infusion of fresh milk from
a healthy cow of 600-2000 ml (depending on the capacity of the udder). In this case, as experience shows,
recovery occurs faster, is not accompanied by muscle tremors and usually does not require the use of
heart and other drugs.



Even better results are obtained by adding milk heated to 48°C to a quarter of the udder. If the
cow does not get up after 1-1.5 hours, the infusion should be repeated in the same quarter. Usually, after
the second infusion, all symptoms of the disease disappear within 20-30 minutes.

We can milk the cow only 1-2 hours after waking up. Do not squeeze the air out of the udder during
milking. It is only necessary to express the milk (until the air appears).

Disease preventionlt consists of feeding Bosphorus cows with plenty of milk as much as necessary,
feeding the animals poorly 7-10 days before birth, as well as after giving birth, keeping them only with
dry grass, giving strong and juicy feed either not at all, or giving it in small quantities. In addition, thin
cows should be given mineral salts (calcium).(3)

It is believed that it is better to feed and completely milk cows that are giving milk more than 4-5
hours after giving birth, but it should be noted that delaying the milking in this way can have a bad effect
on the calf, because it should be given its first mouth milk as soon as possible. . After giving birth, feeding
should be gradually increased. It should be protected from cold, humid and two-way air flow (chilling).
For the purpose of prevention, 250-300 g of sugar should be given to cows 3-5 days before birth and 3-4
days after birth. It is also recommended to give cows 10-12 liters of warm water mixed with 100-120 g
of table salt after birth.

After the end of the milking period, it is recommended to give 50-100 g of meat-and-bone meal
per day. The pet should be walked daily and protected from bilateral air currents.

Cereal and leguminous plants are distinguished by the accumulation of large amounts of alkaline
elements K, Na, Ca in the mass of leaves and stems. As it is known, these alkaline elements interfere with
the mechanism of mobilization of calcium from the bones into the blood in the first days after calving in
the cow and reduce it.(1)

Currently, in connection with the development of animal husbandry on the basis of farms, animals
have to stay in stables for a long time. Therefore, serious consideration should be given to creating a
normal microclimate in livestock buildings. Normal microclimate means a complex of external factors
that ensure the normal functioning of physiological processes in the animal body, which creates the basis
for animals to be resistant to various diseases and to produce high yields. As a result of violations of the
sanitary-zoohygienic regime, there are cases of calving, weak cubs being born, and cubs dying in the first
days. Therefore, it is one of the most important issues to organize birth departments with a normal
microclimate at each farm. Calving departments should be such that up to 12-15% of the number of
cows and heifers on the farm can be accommodated in that department. The maternity ward should be
clean, with a constant temperature and sufficient light. As this department has a special separate
entrance door, a disinfectant barrier should be placed at the entrance. The most experienced milkers and
milkers are assigned to take care of the animals in the maternity ward. Outsiders are not allowed to
enter this department. In the maternity ward, the air temperature should be 12-15°C, the light ratio
should be 1:10-1:15, and the relative humidity should be 70-75%.

It is known that there is no or poor ventilation system in animal husbandry buildings, including
birthing departments, failure to remove manure and feed residues on time, etc. as a result, some harmful
gases (carbon dioxide, ammonia, hydrogen sulfide, etc.) are formed. If the amount of these gases exceeds
the norm, it has a very bad effect on the body. Normally, the allowable amount of ammonia in maternity
wards should not exceed 0.026 percent, carbon dioxide 0.25 percent, and hydrogen sulfide 0.0 1 percent.
As a result of the conducted research, it was determined that the parameters of the microclimate in the
animal husbandry buildings of a number of farms, including maternity departments, do not correspond
to the norm.(2)

One of the most important conditions for the development of animal husbandry and increasing its
productivity is the creation of exemplary maternity departments with a normal microclimate in each
dairy farm. In general, the birthing department consists of two parts: in the first part, animals are
prepared for birth, give birth in special birthing rooms, and are closed for a certain period after birth (15-
20 days). This section also consists of two sections: the animal is kept in the first section until birth, and
in the second section after giving birth. In the second part, newborn calves are kept in special individual
cages for 15-20 days. This is called prevention.

Before transferring cows to the maternity ward, their hooves should be disinfected, their skin
should be cleaned, the back of the body should be carefully washed with 0.1% potassium-permanganate
solution, and the tail and udder should be washed clean with warm soapy water and dried with a towel.

Experienced milkmaids are assigned daily duty in the maternity department. They systematically
monitor the condition of cows. These sanitary-hygienic procedures should be repeated on the eve of birth.



Bosporus cows should be walked for at least 2-3 hours every day while they are in the maternity ward,
and walking should be stopped 3-4 days before calving.(1)

Bosphorus cows brought to the maternity ward require special care, their every move should be
carefully considered. Before and after calving, cows should be fed quality feed that is easily digestible
and their mammary glands should be carefully monitored. Such cows should be given one or more years
of good grass. If the birth was normal, there were no pathological changes in the condition of the
mammary glands, and there is no danger of mastitis, then after 7-10 days such cows are transferred
from the maternity ward to the general cow shed. Thus, the creation of normal zoohygienic conditions
for bosphorus cows is one of the important conditions that have a positive effect on both increasing
productivity and obtaining healthy and vigorous calves. Therefore, breeders should pay attention to this.

So, after studying the literature on this issue, as well as conducting research, it became clear that
hypocalcemia is a widespread disease in cows these days. If you suspect hypocalcemia, doctors in farms
conduct biochemical and clinical blood tests, check the content of total calcium during biochemical
research, but do not pay attention to ionized calcium, which is of the greatest importance for the
diagnosis of this pathology. According to research, when hypocalcemia is suspected, it is recommended
to perform an analysis not only for total calcium, but also for ionized calcium. Also, 2-3 weeks before
calving, it is necessary to check the level of parathyroid hormone and vitamin D in cows, which affect the
absorption of calcium in the intestines.
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Abstract

This article investigates the use of Mobile-Assisted Language Learning (MALL) in higher
education institutions, emphasizing its ability to improve the way students learn. MALL uses smart
phones and tablets to create adaptable, readily available and customized educational events,
involving pupils and encouraging cooperation in blended learning settings. Apps such as Duolingo
and Quizlet demonstrate that gaming and interactive material may improve language acquisition
engagement and effectiveness. Nevertheless, the report discusses MALL's problems, including
technical constraints, the requirement for self-control, possible holes in organized courses, and
concerns over privacy. By exploring these potential and obstacles, this study seeks to offer a
complete assessment of MALL's influence on instruction in languages and its future prospects.

Keywords: Mobile-Assisted Language Learning (MALL), Educational technology, Language
learning, Gamification, Duolingo, Quizlet, Blended learning, Vocabulary acquisition, Personalized
learning, Privacy and security in education.

The incorporation of mobile-assisted language learning (MALL) within colleges and universities is
an innovative way to improving educational processes. MALL provides special chances to motivate pupils,
tailor educational experiences, and stimulate cooperation in the context of mixed education, which
combines regular classroom instruction with centered around technology features. While learning mobile
as Edtech assists, this can't substitute an individual's requirement to grasp in a variety of languages.
Nevertheless, it might enhance teaching. (Dhawan, 2020). MALL is a rapidly expanding field in that
learners utilize mobile devices to participate in language instruction. MALL focuses on the application of
technological devices in language learning. Children have no obligation to study exclusively English as a
Foreign Language (EFL) in the learning environment. They may be able to learn it whenever and wherever
they choose because mobile devices are so simple to use. Innovations, which include smartphones and
tablets, may serve as a valuable collaborate when utilized to enhance methodical issues effectiveness
through providing accessibility to education anyplace along with any moment, not just as instruments
for translating phrases or written content, but additionally as a coach who enhances student abilities to
speak English effectively through well-functioning structures. In many circumstances, mobile technology
broadens learning outside the classroom. Students might utilize readily portable mobile devices to create
educational environments regardless of moment and in any place.

Learners require understanding of vocabulary to help them acquire English. Vocabulary may pose
a hindrance to learners of EFL expressing their thoughts through both speech and writing. Students
additionally feel unmotivated when they read and listen due to a lack of vocabulary. One of the first
issues an EFL learner faces is how to commit a large number of foreign words to mind. Furthermore,
vocabulary is a key part of language that pupils must acquire and comprehend beforehand they can apply
themselves and enhance their language abilities.

Additionally, there is a single smartphone application which learners of EFL may use to boost their
understanding of words in any setting. It's called Duolingo.The hugely famous Duolingo language
learning software is an example of how a game may be used to help with learning. Duolingo has
transformed the learning landscape for millions of individuals across the world by leveraging its gamified
user interface platform and adaptive learning system. It is said to help in foreign language development
and can be used without a membership charge. Duolingo presents a gamification-based education
method. Users of it can earn achievements and accumulate points as part of a daily quiz record. It
incorporates fictitious scenarios and environmental images into its activities, allowing learners to relate
to the important characteristics of the spoken language of the unfamiliar setting. As a result, people can
purchase food in an online coffee shop-like setting and converse with a local person that is located close
in the virtual world. These subjects cover certain linguistic and social issues in brief clarifications,
although the courses concentrate on teaching fresh terms or practice.



Duolingo's gamified software suffices to draw individuals and then place within a team. Competing
among acquaintances or forming organizations is an approach to show solidarity and contribute
achievements toward achieving the objective. The communal component of playing is an especially
appealing element, consequently gamers strive to outperform one another and climb onto the leader list.

Duolingo's capability to blend education with pleasure in the procedure of acquiring knowledge via
"edutainment” sets it above the competition within the educational technology business. Duolingo users
will have the idea that learning something new isn't dull, but they're all playing a game. The present
research concentrates on the way the Duolingo program assists EFL and non-EFL learners expand their
knowledge of English. According to studies, Duolingo-like programs for learning languages featuring
elements of gamification are just as effective as conventional techniques. According to Lee and
Hammer's (2011) investigation, Duolingo participants indicated considerable improvements in their
spoken language skills when contrasted with conventional teaching tactics. It highlights the possibilities
of gaming leading to improved language acquisition results and modifying the setting for language
learning, both of that might be employed by a wide range of people. In reality, Duo is just another example
of the way engaging language instruction may make learning more fascinating and engaging.

MALL has been deployed in an array of gadgets, including smartphones (Febriyanti, Putra, &
Santosa, 2021). Perhaps the most widely owned gadget is a cell phone. Smartphones have several
programs that may be used to help language education; one such application is Quizlet, which is free to
download. Quizlet is a flashcard-based software that enhances vocabulary in an exciting and fun manner
(Rahma & Dewi, 2022). Furthermore, this program may be accessible using a variety of web browsers.
This program gives over 200 sets of information that can be downloaded from anytime and by anybody.
Quizlet has the ability to become a powerful language acquisition tool. Setiawan, Pancoro, and Putro's
(2021) study demonstrates that using Quizlet for vocabulary learning has a substantial impact.
Furthermore, Rahma and Dewi's (2022) research demonstrates that the the website Quizlet software
serves as a helpful educational tool for learners to enhance their comprehension. Therefore, Setiawan
and Wiedarti (2020) discovered that utilizing Quizlet increased pupils' enthusiasm, prevented boredom,
and resulted in an intense curiosity in learning with this medium. In a similar vein Anjaniputra and
Salsabila (2018) showed that Quizlet provides a fresh and entertaining manner of acquiring language
for pupils, as opposed to the conventional and outdated method of remembering new terms.

Quizlet encourages students to take charge of their own education. It enables customers to
generate and retrieve electronic flash cards on a variety of themes, incorporating terminology from a
variety of languages. Cards encourage recall by doing, a well-established method of instruction in which
students proactively recover material through memories, hence improving recall. Quizlet provides a
variety of educational activities, including related tests, games, and typing difficulties, in addition to
standard memorization. Such hands-on tasks educate students in a variety of methods, accommodating
a wide range of educational interests and types. Quizlet uses repetition spacing techniques to plan
quizzes according to the student's efficiency, emphasizing more difficult topics.

The adaptable technique improves the effectiveness of learning by providing information at regular
times that encourage memory retention. Quizlet also enables multimodal integrating, so customers may
add photos, sound spellings, and examples of phrases to cards.

Graphical and aural clues improve comprehension and help contextualize words, rendering
education easier and efficient. Studies discovered that Quizlet promotes in addition to students'
independence, but additionally tenacity, concentration, interest, and involvement. Furthermore, Bueno-
Alastuey and Nemeth (2020) discovered that Quizlet promotes collaboration between learners by
allowing individuals to create individual research packages and become engaged in their education.

It should be noted, smart phones and tablets enable students to use educational materials
regardless of moment and at any place, enabling unprecedented freedom. This is especially useful for
students having busy lives or those reside in places that have restricted availability of conventional
schools of learning. Mobile apps may adapt to various methods of learning and steps, providing tailored
data and input to meet every student's particular requirements. Furthermore, handheld gadgets enable
a variety of media types, such as written content, music, video, and dynamic visuals, making the
acquisition of languages more interesting and effective. For example, students can view movies, learn to
native speakers, and participate in active assignments.

It’s important to know that, there are also challenges of MALL. The effectiveness of MALL is
contingent on the quality and functionality of mobile devices, which can vary significantly among
learners. Issues such as screen size, battery life, and internet connectivity can impact the learning
experience. While MALL can be effective for vocabulary acquisition and basic language skills, it may be



less suitable for developing higher-level language proficiency, such as complex grammar and cultural
nuances. And many MALL applications offer fragmented learning experiences that may not align with a
structured language curriculum, potentially leading to gaps in knowledge. Furthermore, MALL requires a
high level of self-discipline and motivation from learners, who must manage their own study schedules
and stay engaged without the presence of a teacher. Mobile devices are also sources of entertainment
and communication, which can easily distract learners from their educational goals. In addition, the
collection and storage of personal data by language learning apps raise concerns about privacy and data
security. Ensuring that user information is protected is critical.

Finally, the implementation of Mobile-Assisted Language Learning (MALL) in higher education
establishments reflects an important leap forward with regard to instructional technological advances,
providing many advantages including greater inspiration, tailored instruction, and improved student
collaboration. Smartphone programs such as Duolingo and Quizlet demonstrate that gaming and
interactive material may improve language acquisition engagement and effectiveness. MALL's mobility
enables learners to study regardless of moment and from any place, which makes it a helpful instrument
for people with hectic lifestyles or restricted accessibility to standard instructional materials.
Nevertheless, in order for MALL to be implemented successfully, certain obstacles must be addressed.
These involve technological restrictions like as gadget reliability and access to the internet, in addition
to the necessity for students to be self-disciplined and motivated. Furthermore, MALL apps must be
meticulously developed to supplement the official language curriculum while ensuring complete
linguistic mastery, which includes sophisticated skills and understanding of culture. Data safety and
confidentiality are key issues which need to be addressed in order to secure customer information. In
general, although MALL is unable to completely substitute conventional instructional techniques, it may
greatly improve how students learn by delivering creative, readily available and efficient instruments for
learning a new language. By using mobil technological advantages and tackling its problems, teachers
and programmers can develop accessible and successful instructional settings which assist a wide
spectrum of students.
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Abstract

This article examines the academic performance in English of 9 th grade students who
receive instruction in Kazakh, and also offers methods for evaluating and improving the
educational process in the classroom. Special attention is paid to the support of learning,
evaluation and improvement of the teaching process in the classroom, the organization of the
educational process and emotional support.

Keywords: academic performance, English, 9th grade students ,English language, learning,
assessment, improvement, learning process, learning support, class organization, emotional
support, strategies, Kazakhstan.

Introduction

Academic success in mastering English is an important aspect of the educational process for
students, especially in multilingual environments where the official language of instruction is another,
for example, Kazakh. Given the importance of the English language in the context of global
communication and international opportunities, the assessment and improvement of academic
performance in English among 9th grade students receiving education in the Kazakh language is
becoming an urgent task for educational institutions. In this context, this research project aims to explore
various aspects of English language teaching, including learning support, educational process
management and emotional support, in order to identify effective strategies for evaluating and
improving the educational process in the classroom. This article presents the results of the study, as well
as recommendations for teachers and educational workers aimed at improving student academic
performance in English when teaching in Kazakh in the school environment of Kazakhstan.

Academic performance refers to the ability of students or learners to achieve successful academic
and learning outcomes within the formal educational system. It is assessed on the basis of completing
educational tasks, exams, tests, as well as the level of assimilation of educational material and the ability
to apply the knowledge gained in practice. Academic performance can be measured using various criteria
such as grades, tests, study projects, and other forms of knowledge and skills assessment. It plays a key
role in determining the level of education and professional qualifications of students, as well as in their
further success in their studies, careers and lives.

Successful academic performance requires the development of a range of skills, including:

Reading and text comprehension skills: The ability to read and analyze information, extract key

ideas and details from the text; Writing and thought expression skills: The ability to express your
thoughts clearly and logically in writing, create structured essays, reports or reasoned texts;

Critical thinking and analysis skills: The ability to think critically, evaluate information, identify
arguments and arguments, analyze their reliability and relevance; Communication and communication
skills: The ability to communicate effectively with other people, express your thoughts and ideas verbally,
listen and understand the point of view of others, work in a group;

Self-regulation and time management skills: Include the ability to manage your time, organize the
learning process, set and follow goals, and effectively use your time to study and complete
assignments,;Problem solving and creative thinking skills: The ability to look for alternative solutions,
overcome difficulties, and apply creative approaches to solving problems.

To develop the skills necessary for successful academic performance in the context of learning
English from 9th grade students with the Kazakh language of instruction, various methods can be used
as in Table 1:



Names of methods Peculiarities

Interactive lessons in English Organizing lessons that include extensive use of English for
communication, reading and discussing texts, as well as for
completing assignments and projects;

Differentiated learning methods: An approach that takes into account the individual needs and
level of training of each student, allowing them to develop
according to their own pace and abilities;

Using games and role-playing This method can help students perceive English as a means of

games: communication, as well as develop communication and
interaction skills in an English-speaking environment;

Working in groups and collective Joint projects and assignments contribute to the development of

projects: skills for cooperation, exchange of opinions and problem solving
in group dynamics;
Using technology: Interactive learning resources, multimedia materials and online

platforms can effectively support English language learning and
encourage active student participation;
[a table is completed by authors]

In the modern world, where English plays a key role as the language of international
communication and professional activity, it is important to ensure effective mastering of this language
from an early age. This is especially true for students whose primary language of instruction differs from
English, as in the case of the Kazakh language in the school environment of Kazakhstan. The purpose of
this article is to consider strategies aimed at integrating English into the educational process of 9th grade
students with the Kazakh language of instruction, with an emphasis on improving their academic
performance.

The first priority is to create structured and practical lessons that will allow students to effectively
use English for communication. This includes a variety of exercises and activities aimed at developing
confidence in the use of English, as well as developing vocabulary and grammatical skills.

An example of a lesson that provides practice in using English in real communication situations,
which helps to improve their speaking and understanding skills. Students also develop communication
skills by communicating with partners and working in groups, which contributes to the development of
effective communication and collaboration skills:

It is important to provide students with the opportunity to read and discuss texts in English. This
will allow them to develop text comprehension skills, analyze information and express their opinions in
English.

To encourage interaction and collaboration between students, group projects and assignments
should be implemented. Working in groups allows students to share knowledge and ideas, develop
teamwork skills and learn how to solve problems in a team.

Integrating English into the learning process is a difficult but important task, especially in a
multilingual environment. However, properly planned and structured lessons, as well as the use of a
variety of techniques and strategies, can significantly improve students' academic performance and
contribute to their successful mastery of the English language. This, in turn, opens up additional
opportunities for them both in education and in their future careers.

Further development of research in this area may include a more in-depth analysis of the
effectiveness of specific methods and strategies used to integrate English into the learning process. This
may include conducting long-term research involving a large number of students to identify the best
approaches and practices that contribute to successful English language acquisition and academic
achievement.

In the context of the topic of academic performance of 9th grade students with the Kazakh
language of instruction, bilingualism plays a significant role. Firstly, given that Kazakh is the official
language in Kazakhstan, and English is widely used as the language of international communication,
many students may be bilinguals or strive to become them.

It is also important to investigate the influence of cultural characteristics and the language
environment on the process of learning English. The development of approaches that take into account
the specifics of the cultural context and the needs of students can significantly improve the effectiveness
of teaching and integrating English into the learning process. Additionally, it is important to investigate
the impact of the use of modern technologies on the process of learning English. The use of interactive



online resources, multimedia materials and educational applications can effectively support English
language learning and increase student motivation.

Finally, further research may also include an analysis of the impact of integrating English into the
learning process on long-term learning outcomes, such as future language proficiency, academic
achievement, and career opportunities for graduates.

Conclusion

Evaluation and improvement of the teaching process in the classroom play vital role. Some people
have been bilinguals since childhood, learning to speak two languages from an early age thanks to a
bilingual family or learning environment. Others acquire a second language as a result of studying or
migrating to a country with a different language.

The benefits of academic performance, include increased communication capabilities, improved
cognitive abilities (such as increased concentration, better memory and creativity), and increased cultural
understanding. Academic performance, often have an advantage in the labor market, as they are able
to communicate with a wider range of people and adapt to different cultural contexts. However,
academic performance, can also have its own difficulties, especially when learning a second language
at late stages of development or when trying to maintain a balance between two languages in an
environment where one of them prevails.
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Abstract

The article discusses the problems of psychology of teaching foreign languages. The
directions for using psychological knowledge and the role of organizing group interaction and
taking into account individual characteristics in intensive adult training are shown. The
psychological and pedagogical features of teaching a foreign language to schoolchildren and
adults are discussed. Practice managers usually use video and audio materials containing
vocabulary from typical communication situations in a foreign language, translations of
newspaper articles, tables, etc. They often offer tasks that promote the development of thinking
and memory training. Student interns select exercises and techniques that appeal to the student’s
personality and can enhance motivation. The results of the study allow us to conclude that
experienced teachers select techniques and methods of teaching foreign languages to develop the
psychological properties of students, and student trainees - to develop their personality.

Keywords: increasing the effectiveness of teaching foreign languages; group interaction;
educational communication;,

Introduction

The modern development of domestic education is characterized by the intensity of innovative
processes, which is also manifested in the system of teaching foreign languages. At the same time, many
of the techniques and methods that innovators use to improve the effectiveness of teaching foreign
languages are based on old concepts and theoretical principles of psychology. Among them:
psychological and socio-psychological theories and concepts of behaviorist, psychoanalytic, cognitive and
interactionist orientation [1]. Domestic authors use the principles of activity theory, the concept of the
gradual formation of mental actions, etc.

Currently, a paradigm shift is taking place in psychology and the theories of communication and
interaction are coming first, on which a variety of communicative, social-perceptual trainings, personal
growth trainings and programs aimed at helping in ethnocultural adaptation are based. These theories
and trainings are more relevant to the practice of teaching foreign languages [3].

Mastering foreign languages is associated with the need to develop perception skills,
understanding oral and written foreign speech, and the ability to speak and write in a foreign language.

Difficulties in developing these skills in students serve as a motivating reason for the development
of new approaches and various teaching methods. It is no coincidence that many researchers recognize
the need to update the forms and methods of teaching a foreign language, which requires a revision of
psychological and pedagogical concepts that at one time had a significant impact on teaching and need
a thorough revision in the changed modern conditions.

The psychological functions that learning a foreign language performs at different age stages of a
person’s mental development are not the same. In addition, in childhood and adolescence, the system of
goals of teaching foreign languages includes mastering educational activities, and in adults, the need to
master a foreign language arises due to practical necessity or for the purpose of self-development.

When teaching foreign languages to young people and adults, a different approach is required,
which takes into account the development of thinking properties, the characteristics of motivation and
the personality of students. Training must correspond to the psychophysiological age capabilities and the
nature of the individual’s cognitive activity.

Learning a foreign language from a psychological point of view is a complex process of forming a
new speech system, which begins to coexist and interact with the already developed system of the native
language, experiencing its interfering influence.

In adolescence and adults, individual personality traits play a large role in learning. For example,
M.K. Kabardov, while studying them, obtained experimental data that confirmed the idea of B.V. Belyaev
about the existence of two types of foreign language acquisition: “intuitive-sensual” and “rational-



logical” [1]. M.K. Kabardov defined them as “communicative” and “non-communicative” personality
types, distinguished by the study of a foreign language.

The communicative type characterizes the volume of auditory perception and auditory working
memory, the speed of updating knowledge and processing new information, the success of involuntary
and voluntary memorization. Persons with a non-communicative type of foreign language acquisition are
more productive in voluntary memorization and in the presence of visual reinforcement of verbal
material. The former showed better results in “verbal fluency,” while the latter coped better with
language analysis, which involves identifying logical and grammatical patterns in an unfamiliar language

[1].

Most students have psychological barriers in relation to a non-native language. They manifest
themselves in the uncertainty of their ability to speak a foreign language. Some are shy, others are afraid
of making mistakes or getting low grades. The emergence of these barriers is usually caused by frequent
failure and the attitude of the teacher himself towards the student. To overcome barriers, the teacher
needs to strengthen the role of stimulating assessments and approval in the course of teaching a foreign
language, and strengthen the student’s faith in his abilities. Training should focus on the individual
strengths of students. For example, how capable a student is of mastering his native and foreign
languages, which L. I. Aidarova writes about [5].

At the end of the 1970s. last century, a new requirement for teaching foreign languages arose -
speed and the corresponding intensive teaching methodology [1].

Bulgarian psychotherapist G. Lozanov was one of the first to propose a method of teaching a
foreign language, designed for three months. It was based on the use of involuntary memorization, on

the roles of context and communication in a group. G. Lozanov identified critical-logical and
intuitive-affective psychological barriers that protect the brain from information overload and, taking
them into account, proposed using his methods when teaching foreign languages [2]. His system involves
the introduction and consolidation of speech material in various communication situations and is focused
on creating a natural speech environment and activating hidden mental reserves in students during the
lesson. It is aimed at the comprehensive development of the individual due to a number of factors,
including the creative role of the teacher, creating a high emotional tone in the audience, and the use of
special pedagogical methods and techniques.

Under the influence of the works of G. Lozanov, the group effect in teaching foreign languages
began to be discussed in our country. For example, G. A. Kitaygorodskaya proposed the system “Activation
of the reserve capabilities of the individual and the team,” also designed to achieve assimilation of the
maximum volume of educational material in the minimum period of time. In her system, special attention
is paid to the conditions of special interaction in the study group with the creative influence of the
teacher’s personality, in which an important role belongs to the creation of an emotional state in
students that has a positive effect on the effectiveness of learning and a favorable emotional climate in
the study group [4].

G. A. Kitaygorodskaya developed the idea of individual learning through group learning, in which
the learning process itself has a clearly defined group character. This requires the organization of not
only educational material, but also interpersonal relationships in the study group, implementing the five
principles of the method of activating the capabilities of the individual and the team: 1) the principle of
personal communication; 2) role-playing (game) organization of educational material and educational
process; 3) collective (group) interaction; 4) concentration in the organization of educational material
and the educational process; 5) multifunctionality of exercises.

G. A. Kitaygorodskaya introduced the concept of “educational communication”, which is
characterized by specially selected educational material consisting of polylogue texts, a system of
communicative exercises structured as personal communication, calculation of quantity

students, the composition of the group and its spatial arrangement, subordinate to the principle of
personal communication. The optimal group size is 12 people, the composition is heterogeneous, the
location in the audience is a semicircle, face to face. These parameters are characteristic of all group
forms of psychological work.

The experience of intensive teaching of foreign languages allowed us to draw a conclusion about
the possibilities of applying the principle of role-based communication. Such training corresponds to the
principle of communication as the basis for intensifying the teaching of foreign languages [4]. From the
point of view of linguistics, role-based communication is an effective way to acquire speech competence,
and from the point of view of psychology, methods of using role-based communication activate the action
of motivation mechanisms. In the educational process, the use of role-playing games and role-playing



communication determines the interactive form of organizing this process, and for students, studying
becomes a communicative, cognitive, and gaming activity.

The principle of collective interaction requires the organization of active communication between
students and each other. The exchange of educational information contributes to the expansion of
knowledge, improvement of communication skills, and the formation of positive relationships, which
serves as a condition and means of effective learning, creative development of each and mutual success.

Intensive training involves developing the ability for oral and written forms of foreign language
communication. Therefore, the selection of educational material for classes is aimed at training students
in solving any communicative task, training in the use of one or another grammatical form, training in
the use of vocabulary, training in correct pronunciation (phonetics).

Thus, the system of G. A. Kitaigorodskaya is based on the psychological reserves of the individual
and the team; it is possible with the directed management of socio-psychological processes of interaction
and communication in the study group.

The works of I. A. Zimnyaya are devoted to the psychological aspects of increasing the effectiveness
of teaching a foreign language. As one of the most important aspects of optimizing foreign language
teaching at school, I. A. Zimnyaya considers the psychological analysis of a foreign language lesson
carried out by the teacher. Analysis

lesson contributes to the development of the ability to observe complex pedagogical phenomena
and draw correct psychologically based conclusions. It serves as an important means for teachers to
improve their professional pedagogical skills and identify the psychological reserves of teaching a foreign
language at school [3].

The specifics of a foreign language lesson have a number of features: firstly, a foreign language,
like any language, is a means of communication and the formation, formulation and expression of
thoughts; secondly, the lesson has psychological goals of developing students’ speech-thinking activity
using the means of the language being studied in the process of generating and receiving foreign
language utterances; thirdly, it assumes that the student has a communicative need to make a speech
statement in a foreign language and understand the statement of another. The success of teaching
depends not only on the content of the lessons, the methodology or skill of the teacher, but also on the
psychological characteristics of the students and the teacher’s activity itself [1].

The main ideas of lesson analysis when teaching a foreign language were presented in the works
of I. A. Zimnyaya, L. T. Okhitina and others [Winter 1991, Okhitina 1977]. They were further developed
and are currently being implemented in special training programs for foreign language teachers, such as
in the Education Center No. 1272 in Moscow and others.

A special direction in the theory and practice of teaching foreign languages is represented by the
works of I. M. Rumyantseva, who proposed a system of integrative linguistic-psychological training (ILPT)
[Rumyantseva 2004]. The approach of I. M. Rumyantseva is to use elements of special socio-psychological
training, such as role training, perceptual training, sensitivity training, etc., when teaching foreign
language speech.

Training is based on the role of verbal communication, in which all cognitive processes are involved,
especially when using exercises from socio-psychological trainings. Additionally, special cognitive
trainings in a foreign language and coupled with cognitive psychophysiological trainings are introduced
into the learning process [3].

The training is called integrative, as it is characterized by an interdisciplinary methodological
approach. The ILPT methodology is based on a broad psycholinguistic study of speech in conceptual
synthesis with linguistic psychology. It involves working at the intersection of linguistics, psychology,
pedagogy, with the inclusion of knowledge about neurolinguistics, psychophysiology, educational
psychology, psychocorrection, etc. The theory of ILPT as a teaching system is based on an integrative
(multidimensional) descriptive model of speech and is based on the following principles: the principle of
unity of learning and personality development; the principle of lifelong development of mental functions;
the principle of organic unity of man, speech and the process of its learning, the principle of correlation
of all facets of the teaching system with the corresponding aspects of speech that are subject to
development and formation; the principle of constructing a teaching system that is both integrative and
interdisciplinary, which implies both reliance on the integrative model of speech and the synthesis of
interdisciplinary means and a number of other principles. When used, ILPT is based on the mechanisms
of speech itself as a multifactorial phenomenon, as well as on the internal structure of a person’s
language and speech abiljties.



ILPT technologies are a complex of psycholinguistic, psychotherapeutic methods, methods and
means targeted at the corresponding speech mechanisms responsible for the development of all aspects
of speech and the free mastery of it by a person.

ILPT know-how represents specific exercises, techniques and teaching techniques that are based
on scientific, technological and practical developments.

I. M. Rumyantseva emphasizes the important fact of language acquisition, including a foreign one.
Before speaking a foreign language, a person needs to engage in wordless, expressive communication,
which will subsequently lead him to foreign speech. The languages of nonverbal communication (facial
expressions, gestures, posture, intonation, expressive movements) in real life are used as special means
of communication, both as part of speech and on their own.

ILPT, proposed by .M. Rumyantseva, creates conditions for the creative spontaneity of the
individual in the process of group interaction, which has the best effect on the learning process. student

gets the opportunity to involuntarily practice the necessary foreign phrases, phonetic patterns, and
grammatical structures. New vocabulary is learned through natural communication, which helps solve
problems of personal growth and development, as well as improve the functioning of the entire cognitive
sphere of a person, including speech.

However, the ILPT system was developed for older people and is focused primarily on the
development of speaking a foreign language, so it cannot be considered universal.

The above approaches and theories suggest that the authors are guided by the fact that teaching
foreign languages should be based not only on the rational sphere of the psyche, but also on its irrational
components, which are most often present in non-standard methods of teaching a foreign language.
However, it is important to find out how often non-standard approaches to teaching foreign languages
at universities are used in practice.

To answer this question, together with I. L. Myagchenkova, we conducted a study of the use of non-
standard techniques and methods to increase the effectiveness of teaching foreign languages at a
university by teachers, practice managers and student interns. In the course of the study, we tested the
hypotheses that student interns and teachers-instructors of practice, using non-standard techniques and
methods to increase the effectiveness of teaching foreign languages, focus on different psychological
aspects. In order to test the hypothesis, we used observation, questionnaires, conversation and the
method of expert assessment. We developed a questionnaire to study the state of the use of psychological
technologies and techniques in teaching a foreign language, consisting of 12 questions. The questions
concerned the characteristics of foreign language teaching methods and the frequency of use of
individual methods and techniques. The respondents were 30 student interns. Based on their presence in
classes, observation and analysis, they identified standard and non-standard techniques and methods in
teaching foreign languages.

The expert assessment methodology consisted of questions, the answers to which could confirm
the use of special techniques by the teacher (innovative technologies and psychological techniques)

in teaching a foreign language. It was also determined whether their use was systematic or
situational. The use of simulating role-playing or competitive games in the classroom was established.
The experts were student interns. Student trainees analyzed the compliance of the used methods,
techniques and technology with the objectives of the lesson and expressed their opinion on the impact
of these technologies, techniques, methods on improving the level of teaching and whether students
liked their use. They also reported whether they themselves, in the process of active practice, tried to use
these technologies, techniques, methods, and if they did, they described the essence and form of these
innovative techniques.

We received 30 questionnaires prepared by students during teaching practice. 28 people
underwent teaching practice at Moscow State Linguistic University, and 2 students at Moscow State Law
Academy. They taught German and English to students of 1-1U courses. Each student received up to 36
hours of active practice and up to 20 hours of passive practice. This number of hours of passive and active
practice along with the course “Theory and Methods of Teaching Foreign Languages” is enough for
students to identify non-traditional methods and techniques of teaching foreign languages. The answers
to the main questions of the questionnaire showed the following:

«in 70% of cases, teachers used special methods, innovative technologies and psychological
techniques in teaching English/German. For 63% of teachers this use was systematic, and for 20% it was
situational;

« 26 cases were registered among managers of the practice of using game techniques in the
teaching process. At the same time, 25 people used role-playing games;



* 90% of teachers used techniques, methods and technologies that corresponded to the goals and
objectives of foreign language classes, which increased the level of teaching. At the same time, 87% of
the students surveyed positively assessed the methods and techniques used. Student trainees, of whom
there were 60%, tried to use new technologies, techniques and methods in the process of their active
practice. 40% of students did not use individual techniques systematically.

All respondents described in detail or briefly the essence and form of the innovative techniques
used, gave specific examples and correlated their techniques with the teacher’s techniques.

The frequency of use of non-standard techniques and methods of teaching foreign languages by
teachers and student trainees according to the total answers to questions is a ratio of 43 to 80 in favor
of student trainees.

An analysis of the techniques and methods described by students shows that the essence and form
of innovative techniques of practice leaders was manifested in the use of: video and audio materials,
typical situations of communication in a foreign language, translations of current articles from the press,
association diagrams, specially equipped classrooms, etc.

When using innovative forms and techniques, many teachers relied on psychological patterns and
increased interest in the material being studied, the specifics of perceiving each other, communication
and interaction. In their classes, the use of visual and auditory channels of information perception was
noted, which improved the memorization and assimilation of educational material. They tried to develop
the psychological abilities and thinking of students. For example, the technique of describing a portrait
of a person in a foreign language with the assigned tasks of guessing what he does and what his character
is. This task promotes the development of perception of others, the ability to understand others, interpret
their appearance and character.

We also established techniques that were used by teachers of English and German to train
communication skills, listening comprehension of foreign speech, memory development, as well as
training analyticalness and reflexivity as properties of thinking. Teachers pay sufficient attention to the
development of perception and thinking using game elements. But most often they use techniques to
train communication skills (11 out of 30 people). Rare and of particular interest are attempts by teachers
to promote the development of self-presentation skills in students.

It can be stated that experienced teachers more often than students use techniques that promote
the development of thinking properties and memory training. It is more interesting for student trainees
to select exercises and use techniques that appeal to the student’s personality and can enhance
motivation. For this they use elements of competitive games and actively use training in self-presentation
skills.

Conclusion

The results of the study of the theory and practice of teaching foreign languages allow us to
conclude that teachers are looking for opportunities to use modern psychological knowledge. They select
techniques and methods for teaching foreign languages, which are either aimed at developing the
properties of students’ psychological processes, or are based on the degree of their development. Student
trainees in teaching foreign languages focus on personal development, increasing motivation to learn a
foreign language and use it in communication.

In general, both teachers and student trainees tend to show in class the importance of the fact
that language is a means of communication between people engaged in various fields of activity.
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Abstract

Children's literature is an academic subject that studies the history of literature addressed
to children, and literature that over time is included in the circle of children's reading, without
being originally intended for them.

An example of literature of the first kind is “Doctor Aibolit” by K. I. ChukovsKy. This is a book
by a professional children's writer who has created many more prose and poetic works for children.
Its direct address to children can be seen in literally every passage.

The address is obvious in the fairy-tale play work itself, to which the child turns with interest,
wanting to play the role of a doctor, since it is difficult not to recognize oneself in sick animals in
similar circumstances: “the she-bear whined” (they never say this about an adult), “who my
stomach hurts, who has a tooth..." Further, the “illnesses” given by the author are labeled with
situations that seem familiar to children, and at the same time it is obvious that in the nature of
the presentation there is “pedagogical” irony or recognizable teasing of an adult over the whining
of a child, distracting him from concentrating on the “sore” and cultivating attention to what is
essentially trivial things.

The interdependence of the views of an adult and a child on a living and life situation
depicted in a work is almost an obligatory component of any genre addressed to children, since it
is often a work that solves an educational problem or conducts a psychological training session
through an artistic speech game situation “I am in the proposed circumstances.”

Keywords: children's books, children's literature, age, interests, relationship.

The conventionality of the life situation, children's play and toy-play space is obvious, and it is easily
accepted by the child from a very young age.

Let's look at the work "Robinson Crusoe” by Daniel Defoe. This is a complex book, the author of
which is a writer of world significance, who at the beginning of the 18th century managed to pose a
complex of the most important moral, philosophical and religious problems, very relevant both in his time
and for many decades later. It is difficult to find a similar work of adventure literature, so beloved by
teenagers, despite the apparent “adultness” of the problems posed.

By turning to many of its fragments, the young reader assimilates material that is not directly
addressed to him, for example:

While making preparations for the twelfth flight, | noticed that the wind was rising. Nevertheless,
after waiting for the tide to go out, | went to the ship. During my previous Vvisits, | searched our cabin so
thoroughly that it seemed to me as if it was impossible to find anything there. But suddenly a small
cabinet with two drawers caught my eye: in one | found three razors, scissors and about a dozen good
forks and knives, in another box there was money, partly European, partly Brazilian silver and gold coins,
totaling thirty-six pounds sterling.

I grinned at the sight of this money.

“You worthless trash,” I said, “what do | need you for now?” | would willingly give a whole bunch of
gold for any of these penny knives. | have nowhere to put you. So go to the bottom of the sea. If you were
lying on the floor, really, it wouldn’t be worth the effort to bend over to lift you up.

Even the above episode is undoubtedly understandable to a teenager, but not to a child with
negligible social experience; it is constructed differently; it does not imply the pedagogical duality
mentioned above.

In addition to much else, this book with rich content also contains a fascinating adventure plot
with sea voyages, unknown lands, and even sea robbers and cannibalistic savages. In parallel with how
the questions that worried D.Defoe about man, his inner nature and spiritual and creative capabilities
lost their urgency or began to be posed differently by society, those reading his book became more and
more focused precisely on its plot side.



The word “Robinsonade” became a household word, more and more new imitations appeared (for
example, J.Verne’s no less famous “The Mysterious Island” in adventure literature), and at the same time
Defoe’s circle of readers became increasingly younger (the same “The Mysterious Island” was already
originally conceived and written primarily as a work for young people). “Gulliver’s Travels” by D. Swift,
partly “Gargantua and Pantagruel” by F. Rabelais, “Don Quixote” by M. Cervantes and others had a
similar fate (this fact of the gradual inclusion of children in the circle of their readers is once again
illustrated by repeated later attempts to adapt and even infantile retelling of these works - however,
they have long been included in the circle of children's reading and in their original form, and not just in
the form of retellings). It is adaptations that make it possible to see how a work of art is deliberately
introduced into the circle of books, where the author strives to comply with the principle of addressing a
child.

Initially, children's literature enters a child's life in an oral form. Oral verbal creativity is not only
the “cradle” of children’s literature, but also a significant oral part of it in later times, right up to the
present.

In fact, children's literature, aimed at the youngest, has as its main component the sound word.
(Equally, it is the spoken spoken word, folklore that accompanies what can be called the early childhood
of the nation and the childhood of humanity in general.) In other words, children's literature begins with
folklore, oral folk literature (more precisely, with oral works, even if they exist today in book form).

Moreover, in the pre-literate period of humanity, the nation, and the individual, it represents a
significant, extremely important pedagogically (folk pedagogy) and artistic circle of syncretic works, the
semantics of which are not alien to the actual sound, melodic, rhythmic, as well as performing, “actor's
content. This circumstance cannot but be taken into account in modern pedagogical work at the stage
when the word enters the infant’s artistic experience.

With the development of book printing and publishing, “folk” and “children’s” were put on a par.
According to the well-known proverb, “the people are children”: both of them, as the organizers of this
case usually believed, apparently, were not ready to read serious literature. Publications for the people
and for children were usually cheap and illustrated. Consequently, the printed word was supported by an
image - a drawing, a popular popular picture. The book, for objective reasons, could not provide an oral
depiction of which a sounding word is capable, with its inherent richness of intonation-semantic,
dramatic-timbre shades, which cannot be conveyed by means of graphics. The drawing in combination
with the text quite naturally (although only to a certain extent) compensated for this deficiency.

So, one of the starting points of children's literature is oral folk literature as an integral part of folk
culture, created by the oral speech creativity of the people, transmitted by storytellers and singers.

To understand children'’s literature, its sources and paths of development, it is important not only
and not so much to determine the time of the appearance of the first text addressed to a child (it is
unlikely that by following this path we can give an accurate, comprehensive answer that satisfies
everyone), but to “clear” the springs that initially nourished children's literature, never tired and never
tired of enriching it throughout the entire path of growth are truly necessary, and these springs are oral
folk literature and the church book word. Both of these sources nourished folk pedagogy and Orthodox
pedagogy, laying the root foundations of education. [2, p.103].

Naturally, children's literature and the range of children's and youth reading are not the same
concepts, since the concept of children's reading range, on the one hand, includes, in addition to
children's fiction, pedagogical literature itself and educational literature in particular, and on the other
hand, it expands into genres that were not initially considered children's, and in fact were not.

Here it is necessary to make a reservation from which understanding of the term “genre” we are
proceeding from. Genre is understood as a certain variety of works of a given literary type (for example,
a novel, a story, a short story, a story; a poem, a ballad, a poem, a song, etc.). B.V. Tomashevsky in “The
Theory of Literature” defines the genre not directly, but through such a specific description: “In living
literature, we notice a constant grouping of techniques, and these techniques are combined into some
systems that live simultaneously, but are used in different works. There is some more or less clear
differentiation of works depending on the techniques used in them. [3, p.99].

In this way, special classes or genres of works are formed. Genres live and develop. The genre
experiences evolution, and sometimes a sharp revolution”[3, p.188-189].

Genres that were not originally for children include, for example, folk tales, ballads, works of short
prose genres in which the main character is a child, etc. As for youth reading, this is a very mobile range
of works, outlining which it is hardly enough to take into account only the correspondence to the age
categories “baby”, “child”, “teenager”, “adolescent”, “young man”.
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It is obvious, however, that there are genres that every growing person goes through during
adolescence and adolescence: fantasy, adventure, travel. Works of these categories are “teenage”,
“vouthful”, regardless of what cultural era they were created in and what they are about.
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Abstract

The article deals with manuscripts and editions of Khatib Tabrizi's work “Sharh Saqt az-zand”
/“Commentary of Sparks from the Flame” / devoted to the poetic divan “Saqt az-zand” /“Sparks
from the Fire Stick”/ by Abu [-Ala al-Maarri, the coryphaeus of medieval Arabic poetry. The
manuscripts of the commentary are kept in libraries and archives all over the world. The article
deals with valuable manuscripts identified by scholars for research. These are mainly manuscripts
written for educational purposes in the Middle Ages, the texts of which were copied from Khatib
Tabrizi's commentary. Among their authors are direct students of the Azerbaijani scholar and some
manuscripts have Khatib Tabrizi's notes. The article describes these manuscripts, their history, and
their location. The article emphasizes the special place of the commentary among similar works of
other authors devoted to the divan “Saqt az-zand”. A description of the most widespread edition
of the commentary entitled “Shurukh Sakt az-zand” /“Commentaries of Sakt az-zand”/, compiled
on the basis of commentaries by three authors, is given. The article emphasizes the priority given
to Khatib Tabrizi's manuscripts in this edition as the oldest and most reliable.

AHHOMauusa

B cmamee paccmMampusaromcs pykonucu u uzoadus mpyoa Xamuba Tabpu3su «LLlapx Cakm
az-3aHo» /«KommeHmapul VICKp U3 02HUBA»/, NOCBAWEHHO20 NO3MUYecKoMy ouBaHy «Cakm as-
3aHO» /«VIcKpbl U3 02HUBA»/ Kopuges cpedHesekosol apabckol noasuu Aby-r-Ana an-Maappu.
Pykonucu KOMMeHmapus XpaHamcs 8 bubiuomexkax u apxusax 8ce20 Mupd. B cmamaee peysb udem
O UEHHBIX PYKONUCSIX, BbISBJIEHHbIX Y4YeHbIMU 0715 UCC/Ie008aHull. B OCHOBHOM, 3Mo pyKonucu,
HANUCAHHbIe B Y4ebHbIX Uesiax B CpeoHue BeKda, MeKCmbl KOMOopbIX Oblau CKONUPOBAHbLI C
KommeHmapusa Xamuba Tabpusu. Cpedu UxX aBmopo8 €Cmb U HenoCpeoCmMBEeHHbIe YHeHUKU
a3epbalioaHcKo20 y4eHo20, Ha HeKOMOPbIX PYKONUCSAX COXPAHUIUCL 3amemKku Xamuba Tabpu3u.
B cmamee NnpuBOOUMCS ONUCAHUe 3Mux pykonuced, UX UCMOPUS, YKA3bliBAemcs UX
MecmoHaxoxcoeHue. [Tod4epkusaemcs 0coboe Mecmo KOMMeHmMapusi 8 psdy aHano2u4Hbix pabom
0pyeux asmopos, NOCBAWeHHbIX ousaHy «Cakm as3-3aH0». Jlaemcs onucaHue Haubosee
pacnNpoCMpaHeHHo20 U30aHus KOMMeHmapusi nod Ha3saHuem «LLlypyx Cakm  a3-3aHo»
/«Kommermapuu Cakm as-3aHo»/, COCmMagieHHo20 Ha 0OCHOBE KOMMeHMApues mpex asmopos. B
cmamase 0cobo ommeyaemcs npuopumem, 0aHHbIU pykonucam Xamuba Tabpusu 8 5mom u30aHuu,
KAk cambimM OpesHUM U 00CMOBEPHBIM.

Keywords: Khatib Tabrizi, Abu-l-Ala al-Maarri, “Sharh Saqt al-zand”, manuscript, edition.
Knroyesbie cnosa: Xamub Tabpusu, Aby-1-Ana an-Maappu, «LLlapx Cakm az-3aH0», pyKonuce,
u3oaHue.

BseoeHue: Aby-1-Ans an-Maappu (363/973-449/1057) Hanucan nosmy «Cakm az-3aHo» /«HIckpbi
u3 oeHuBa»/ 8 paHHem sospacme [1]. OH ynodobusi coYUHeHUe 02HK, CMUXU KOMOPO20 BblIIEMArOM B
BuOe uckp u3 oeHusa [2, 6-7]. KHuea 6ozama myOpbIMU U3peYyeHUSsIMU, NOCI0BULUAMU, ONUCAHUSMU
npupoobl, 0budeHuem Hedocmamkos 3noxu m.o0. JusaH, cocmoawull NoYmu u3 mpex maeica4y 6elimos,
06pes 601Uy NONYASPHOCMb U CMAJT 00HUM U3 CAMBbIX U3BECMHbIX COYUuHeHul an-Maappu. Aby-i-Ana
00bI4HO NUCANT KOMMEHMApuu K CBOUM KHU2AM, PACKPbIBAS CKPbIMble CMbIC/bl. V1 OuBAH He 6bi
UCKJIFOYeHUeM, ceoll KoMmeHmapull oH Hassan «/lly’y-c-cakm» /«Caem uckp»/. TosKoBaHue nosmb! bbio
NPOOUKMOBAHO NO3MOM Y4eHUKY Aby Abaynnaxy Myxammady an-KcgaxaHu, Komopbid Cmasa asmopom
KoMMeHmapusi nod Hassavuem «/up’utdam» [5, 7]. Ho 8 Hem 6bliu 3ampoHYmbI He BCe 4acmu
npoussedeHus, Ymo NpUBOOUIO K HedoCMamo4yHoU SCHOCMU U NOPOXOAsI0 BONPOCkLl Yy yumamerns. B



CBS3U C 3MUM coxpaHsiiack 6osbwas nompebHoCmb B8 NOJIHOM U NOOPOBHOM pPA3bSACHEHUU BCe20
CO0ePHAHUS NOIMbI.

OcHosHas yacmsb: 1o cpasHeHuro ¢ opyeumu ¢uaonoeamu y Xamuba Tabpusu 6bi10 60/bLwe
MOpA/IbHO20 NPABA HA COCMABJIGHUE HOBO20 KOMMEHMApus, MAak Kak OH U3y4as NO3My
HenocpedcmBeHHo Yy Aby--Ana u umesl BO3MOXCHOCMb nepedams Yumamesro udeu yqumens [3].
Kommernmapud Xamuba Tabpu3u 8K/Ito4uUs1 B8 cebs U Mo, YmMo co0epxcanocs 8 «/Jy’y-c-cakm», mak KaK oH
npeocmassisi/i 0CobeHHyr UeHHOCMb Kak KomMmeHmapul asmopd. KommeHmapuu opyeux asmopos
Makce cooepxcasu 3aumMcmB0oBaHus u3s «/ly’y-c-cakmy». Heobxooumo 0cobo ommemums, 4mMo BO MHO2UX
Mecmax kKommeHmapus Xamub Tabpu3u YKasbiBaa Ha CBOU 3aUMCMBOBAHUS.

Kommermapudi 6b11 3asepuieH Xamubom Tabpusu 8 475 eody (1082/83) nocie cmepmu yqumeris,
Mak Kak oH ynomMuHaem o Hem, Kak 06 ymepuiem «4il 4as_» /fla nomusyem e2o Annax/ [5, 8]. M. Maxmydos
ommeyaem: «EC/U y4ecmb, YMO NO3IMA ¢ Ppuiocopckod, XydoxrecmaeHHoU, UH2BUCMUYECKOU moyeK
3peHus ABJISeMCS O4eHb CJIOXCHbLIM NPOU3BE0eHUeM, Mbl O0JIXHCHbI NPEON0JIoX UMb, YMo Xamub Tabpu3su
pabomaii Had HUM dosieue 200b1. Bce 3mo yKazbiBaem Ha mo, Ymo Y4eHbll Hadqas nucams «KommeHmapud
Ha «Cakm a3-3aH0» nocie 1057-20 200a u 3akoH4un 8 1082/3 200y» [3].

B KOHUe pyKonucu KOMMeHmMapus, xpaHsauwe2ocs 8 Pocculickol 2ocydapcmaeHHol bubsiuomexe,
20BOPUMCSI:

LiLe o 40 g S g puas Licw 2ol dlitay 6 pesbia (5 pill) cubllf o gl piag S g

«Hanucasn ¢ kommeHmapuem Maxwba ubH Anu an-Xamub am-Tabpusu 8 475 200y /Xudxpbi/ 8 20pode
MaduHam ac-Canam». Kak credyem u3 3mod 3anucu, y4YeHbll B YKA3AHHOE Bpems 3aBepulust
KomMmeHmuposaHue «Cakm as-3aHo» [4]. B KoHue KommeHmapus 8 3amemke Xamuba Tabpusu
omme4yaemcs NoJIHOe Ha3saHue KOMMeHmMapus: «Mdax cakm as-3aHo sa oyuxu» [5, m. 4.5, 2074].

B npeducsiouu uzdaHus KommeHmapus «LLlypyx Cakm az-3aH0» co ccbiikol Ha pykonuck Xamuba
Tabpusu /makixe, Kak u 8 MoCKosckol pykonucu/ 2osopumca: «[locne cmepmu Aby-n1-Ana Xamub
Tabpusu cocmasun csol KoMMeHmapul K 3mMOMy NPou3BeOeHUro.... «S Npoyumuposas mo, 4mo
YNOMSIHY Haw welx Aby-n-Ana, 0a ynokoum e2o Annax, 8 «/y’ Cakm az-3aHo» K mecmy...» [5, 3]. mom
BApUAHM ABASEMCS CAMbIM OpeBHUM KOMMeHMAapuem Ha No3My Nocsie KommeHmapus Aby-n-Ana [5, 16].
C MoMeHMa cocmassieHus MoaKoBaHus Xamubom Tabpusu usydeHue 3mol NO3MbI PA3HbIMU JIHOObMU
yacmo NPoBOOUSIOCh Ha OCHOBe €20 pykonuced.

Aby-71-Ana npusoous pasHbie 00800bl, Ymob omasieds Xamuba om paboms! Had MOIKOBAHUEM
«Cakm a3-3aHo» u nNpeodsiaeasa 3aHSIMbCS Opy2umu NPoU3BeO0eHUsMU, HA 4Ymo bOblau onpedesieHHble
NPUYUHBI. VIMeHHO nosmomy Xamub Tabpu3su npuHs/ICS 3a KOMMeHMUPOBAHUE NO3MbI NOC/Ie CMEPMU aJl-
Maappu. O6 3mux 00800ax y4eHbit nucan: «OH MeHs/1 CJ108a, Ko20d 8 YUmas emy Cmuxu €20 Mo/io0oCmu
nood HazsaHuem «Cakm az-3aHo» U 2080puJi, 0NPABObLIBASICH 3a CBOH 20P0bIHK), 06 OMKA3e om He20: «5
BOCXBA/ISI/1 B Hell cebsi U 51 HeHABUM#CY/He X04y 0axe C/IbIudmab 0 Hel cedvyac/ caywams 3mo, u Nobyxoan
MeHs1 3aHAMbCS Opy20oU KHU2OU, Kak «Jly3ym ma 1a danzam» u «xamuy-a-ay3aqu» u « Caoxcy-c-Cyamanu»
u 0p. 3amem co21acusics ¢ mem, Ymo HEKOMOpble IUMepamopbl NPOCSM €20 NPOKOMMEHMUPOBAMb MO,
Ymo MoXcem BbI3Bamb COMHeHue B «Cakm dz-3aHo» U NPOOUKMOBAs 3mo B «/up uddamy». [5]

Konuu pykonucel Xamuba Tabpu3su: B bubnuomekax u apxusax pasiudHbIX CMPaH XpaHAmcs
pyKonucu KommeHmapus «Cakm as-3aHo», pgo KOmOopbIX UMeem HenocpeoCcmBeHHoe OMHOWEeHUe K
Xamuby Tabpu3u. B omdene pykonucel Pocculickol eocydapcmseHHol bubiuomexku 8 Mockse nod
N2 126 xpaHumcsi BbILEYKA3aHHAs Konusi pykonucu Xamuba Tabpusu. B onucaHuu pykonucu 4yumaem:
«Kommermapul Aby-3akapus Axes am-Tebpusu Ha «Cukm az-3eH0» COOPHUK PaHHUX CMUXOMBopeHull
Abyn-Ana Axmeda beH Abdannax an-Maappu am-Tavyxu u Ha «fay ac-Cakm» — asmopckull
KomMmeHmapud K cbopHUKY. Ha 1. 260 Hepazbopyuso Ha3BaHkl 1-U u 2-U Br1adesbybl pykonucu u dama ee
Hanucarus. Ha z1. 4 o4eHb cmapas BakygHas neyams Myxammeda-nawu ¢ damod, coomsemcmayrousel
18392, B pykonucu yKkasaHa moyHas oama HAnuCaHus 3mo2o 3K3emMnispa B8 UC/IAMCKOM
JIeMOUCYUC/IeHUU, YMO COOMBemMCcmaYyem XpUcCmuaHCKomMy nemoucqucieHuro 1168 2. 1345 — oama
npuobpemerus pykonucu ssadesnbuem» [4, 259].

B cmambe b6pumaHcko20 UCMOpUKa-8ocmokoseda Lllamyana Muknowa CmepHa «Hekomopsbie
docmoliHble BHUMAHUSI pyKonucu nosmbi Aby-n-Ana an-Maappu» coobujaemcs 0 HecKoJIbKUX KONUsX C
pyKonucu kommeHmapus Xamuba Tabpu3u. ABmop nodpobHO onUCkIBAem pPyKoNUCh y4eHuka Xamuba
Tabpusu Aby-n-Kacuma Anu 6. an-XycelHa an-KyHbau an-Bacumu, xpaHsawyrocs 8 Kembpuoxcckol
bubnuomeke noo NCQq 115: «/An-KyHbau — H.T./ ckonuposan KHuey 8 475/1082 200y 054
cobcmBeHH020 UCNO/Ib30BAHUS C pyKonucu an-Tubpusu. M uz caudemenbcmaa asn-Tubpusu Mbi BUOUM,
Ymo OH NPOX0OUJT KYPC B MOM Xce 475 20dy, an-KyHbau, o4esudHo, N0020mMOoBUJI KONUK CNeyuasbHo 0715
2mozo. ObbI4HOU npakmukol bb1/10, KO20a Y4eHUK, Npexcoe Yem Noceusams Kypc No mod usiu UHOU KHU2E,



KONUPOBA/I MEeKCM U3 PYKONUCU, NpuHaonexaweld e2o y4umesto... Haubosee BeposmHbIM
npeonosioxceHuem g8s19emcs mo, Ymo an-KyHbau coenan caoro Konuro ¢ asmo2pada /BoioesieHo Hamu-
H.T./ KoMMeHmapus an-Tubpusu, u ymo aa-Tubpusu Npu HaNUCaHUU CB0E20 KOMMEHMApUsi UCNO/Ib308aI
019 meKkcma Konuro, COeaHHyro um B asa-Maappe 80 Bpems uzy4deHuss mekcma c Aby-i1-Ana». Pykonuck
an-KyHbau codepycum 3amemku u 3ameqarus Xamuba Tabpusu, coesiaHHbIe 80 Bpems 0bydeHus. [6, 325].

Jlanee asmop cmamasu ykassisaem Ha Mo, Ymo 8 pykonucu an-KyHb6au socnpoussedeHbl CMpoKu
U3 Kacklobl, 3a4umarHol Ha moause an-Maappu. OH 0esnaem npeodnosioxeHue o Mmom, Ymo 3Mu CMPOKU
6b1/1u 3anUCaHbl UM No0 dukmMoBKy Xamuba Tabpu3u. VIMeHHO 3mu CMPOKU HAW/IU CBOe OMPAXeHue B
bos1ee no3oHel buozpagpuyeckol mpaouyuu [6,256].

Cnedyrowel 8 cnucke CmepHa 3Ha4umcs Konus pykonucu Hekoeeo M6H an-Kapuma, Komopsbil
uzyqyan «Cakm az-3aHo» y baxa ao-fuHa Mbpaxuma B 617 2. B Kembpudxckold pykonucu um coenaHa
3anuck, a e2o0 cobcmBeHHas pykonucb xpaHumcs 8 bubnauomeke medemu Jlanenu 8 Cmambyie noo
Ne 1765. [6, 334]. CoenacHo HekomopbiM buozpagpuyeckum 0aHHbIM, OH X 8 580-637/1184-1239
2o00ax. OH nepenucasn «Cakm...» ewe 8 bazdade do 600/1203 2oda, 3amem oH nepeexas 8 [amack, 20e
usyyan kHuey ¢ baxa aod-fuHom B8 617-m 200y. O baxa ad-AuHe CmepH nuwem. «baxa ao-ZuH
HeoOHoKpamHo Yumas sekyuu no Cakm, u B8 Hawedl pyKonucu COXpaHuadcb NAMsMb O mpex Kypcax,
nposedeHHbIX B 617/1220, 622/1225,625/1228 200ax coomsemcmBeHHo» [6, 331].

Heobxodumo ykasame, Ymo Kembpuoxckas pykonucs (Qq 115) an-KyHbau umeem aHasioe 8 0py2ol
pykonucu «Cakm as-3aHo», CKONUpOBAaHHoU opy2um ydeHukom Xamuba Tabpusu 14 nem cnycms u
makxce codepxcaujeli caudemesibcmao camoz2o am-Tabpusu [6, 336]. ABmop He umes BO3MOXCHOCMU
03HaKoMumbCs ¢ 3mol pyKonuchkto, xpaHsauielcs 8 bubnuomexe ®elizynna 8 Cmambyne nod N21652.
Mepenucyuk — Aby-n-Xacaq Caad as-Xadp 6H Myxammad an-AHcapu u3 BaneHcuu yyquscs 8 aH-Husamuda.
CoenacHo Hacmoswed pyKkonucu, oH npoxodus y Xamuba Tabpu3u Kypc adaba, Yyumasa smMmecme ¢ HUM
nosmy 8 paoxabe 489/1096 2. Pykonucb codepxcum csudemesbcmao asi-Tubpusu ¢ asmozpagpom [6,
337].

CmepH daem Kpamkoe onucaHue pykonucu noambl, xparauwelica 8 Kenprosiro nod N@ 1321: «Imom
mom bbi1 ckonuposaH 8 mecaue waabard 501/1108 . 8 medpece aH-Huzamuda ¢ asmozpagdpa Xamuba
Tabpusu Hekum Aby Vicxakom Mbpazumom 6H Aboaniaxom an-BagpasaHou» [6, 338].

Ewe 00Ha Konus pykonucu «Cakm as-3aH0» xpaHumcs 8 bubauomeke yHusepcumema JleloeHa.
Kak nuwem LLImepH, «B VI/XIl seke dns aH-Hymadpu 6b11a uszomosneHa JlelioeHckas konusi noo N2 3961
(®amux) kommeHmapuss Xamuba Tabpu3su K pykonucu. LLimepH ykasbisaem, 4mo 06 3mod Konuu mMaso
YMO MOXHO CKasams. HanucaHa oHa B 566/1170 eodax Hekum Myxammadom 6H Myxammadom 6H
nbpazumom 6H an-Ana. Ee onucan O. Pewep 8 Le Mond Oriental, vii, 119 ¢ damot u umeHem nucua» [6,
339].

B omdene pykonucel HauuoHaneHol bubnuomeku @paruyuu nod Homepom Arabe 3112 xpaHumcs
pyKonucHasa KHuea «Commentaire d'’Abol Zakariya Yahyd al-Tibrizi sur le L Liw d'Abou - Ald al-
Ma'arri» /Kommermaput Aby 3akapus SAxbs am-Tubpusu K L Liw Aby-n-Ana anb-Maappu/, 632/1235
2., Koaudecmso cmparuy, 552 [7].

Kommenmapud Xamuba Tabpu3u 8 u30aHusx: Ymo kacaemcs uzdaHuli KoOMMeHmapusi N03Mal, Mo
WUPOKO pacnpoCMpPAaHeHHbIM SBSemcs u3daHue Eaunemcko2o Komumema BO3pOXOeHus HAcaeous
AbYy-1-Ana an-Maappu nod HazsaHuem «LLlypyx Cakm asz-3aHO» /Kommenmapuu Cakm az-3aHd/ [8].
3adymbiBas uzdaHue KoMMeHmapus, y4peoumesiu KoMumemd, 2/1asHbIM pedakmopoM KOmopo2o bbij
Taxa XyceliH, nnaHuposasu usdams «/fly’ Cakm az-3aHd», 00Hako bb11u npobiemsi ¢ e20 npuobpemeHuem
[5, 13]. B npeducnosuu u30aHus 2080puUMCs 0 MOM, YMO y4pedumesnu KoMumema CBA3bIBA/IUCH CO
MHo2uUMU bubsiuomexkamu Esponsi u Typuuu 0J18 NOJIYYeHUs U UCC/1e00B8aHuUs opyeux pykonucel No3mbi,
00HAKo 3mMo c0es1amsp He yoaaoCh U NPUUIOC, OCYUeCMBUMB U30aHUe C PYKONUCSIMU, UMEeOWUMUCS Ha
pyKax. ABmopbl U30aHUS NPOBEIU MUAMesbHYH0 MeKCMOoIo02Udeckyro pabomy npu usydYeHuu
0bHapy#eHHbIX pykonucel, UM yoasoch BbISBUMb CaMble OOCMOBEPHbIE 3K3eMNJISPbI U NPUBJIEYL UX K
UCc1e00BaHuKo. YdeHble 0CMaHoBUIUCL Ha KoMMeHmapuu Xamuba Tabpu3su, 06beduHus e2o 8 U30aHUU C
0BYMS Opy2uMU U3BECMHbIMU KOMMEHMAapusmMu: as-bamasnbascu u ar-Xasapusmu.

[lepBbiM COOPHUKOM, NOOAEXAUUM U3y4eHUro, bbi1 cbopHUK, omHocauwulca K Xamuby Tabpusu,
OH COCMOSJT U3 0BYX 3K3eMNJISIPOB:

[epsbil 3k3emnasp npedcmasngem cobol OpesHror pykonuck Eaunemckold bubiuomeku —
pykonucb N2 4696 <4l Hedocrmamkom pyKonucu SB/ISemMcs Mo, YMo OHA BKIYaem 8 cebs 6elimsl om
Ha4asnaa nosmbl 00 bedma 69 nepsol KacbiObl Ha cmp. 104 KHu2u. Hecmomps Ha cCywecmsyroujue
Hedocmamku, Komumem Nocyumasn 3mMom 3K3eMNJIsip HAO0eM(HbIM U UCNOJIb30B8AJ1 €20 B U30dHUU.
Kk3emnisip 0603HAYEH B KHU2E CUMBOJIOM kil (4 |



Bmopol 3K3eMnJisip COCMOUM U3 HeCKOIbKUX KOMMeHMapues U NPUMEeYaHus, HCMOMPS HA 3mo,
OH HA38aH KoMmeHmapuem Xamuba Tabpusu. Imom 3K3eMNJISp SABJISemcs PYKONUCHbIM 3K3eMNJISPOM
6ubnuomexu nod N2 1434 <l M3yqus pykonuck, uccredosamesu KoMumema npuuiiu K 861800y, Ymo
OHA CMeWdaHHas u cocmoum U3 KommeHmapus Xamuba Tabpusu, KOMMeHmapusi «am-TaHBbIp» as-
Xysaddu, KoMmMeHmapus as-Xasapusmu, 8 Hel Makxe UMeromcsl MOJIKOBAHUS HA NOJISIX HEKOMOPbIX
nepenucyukos u yumamesned. [pu uzdaHuu bbi10 UCNO/IL30BAHO npeducsiosue Xamuba Tabpusu u3
0aHHO20 3K3eMNJIApa pyKonucu, e2o 0bbsacHeHueM npeouciosus «Cakm ds-3aH0», a MAkXe mekcmom
«Cakm az-3aHd». Kak 6b110 YKaszaHo, bkl ucnosib308aH KommeHmapul nepsol Kackiobl 00 Hayana 69
belima u 6b11a 3anosiHeHa bpeuwlb, Komopas UMesndck B NepBOM 3K3eMnsiape. Takxce bbliu coesnaHsbl
UCNpasJ/ieHusi HeKOMOopbIX MeKCMoB, Komopble ciedyrom 3d 69-m 6elmom KackiObl. IMom 3K3emMnJisp
66171 0603HAYEH CUMBOJIOM kil (o o [5].

B npeoducsioBuu BMOPO20 MOMA 3M020 U30aHUs aBMOPbl YKA3bIBAOM HA npuobpemeHue
donosiHUMebHbIX pykonucel Xamuba Tabpusu u ucno/ib30BaHUe UX B UCC/Ie00BAHUU, 0603HAYUB ee
byksol xa. Imo: 3Kk3emnsap bubsuomexu [ramua lNawa 8 Mocyne, o Komopod coobujusn op. fasyo
Yenebu an-Mocynu B kKHuze «Pykonucu Mocyna» Ha cmpaHuue 49. Kak coobuiarom asmopb! U30aHus,
pyKonuch okaszanack bosiee cosepuieHHol, yem fu < OHa cocmoum u3 599 aucmos. [JonosiHumesbHbIM
BAPUAHMOM NOCJIY}#UJIA eule 00Ha pykonucb om 1219 2., obo3HavyeHHas asmopamu byksod £ /xam3a/.
Hecmompsi Ha mo, Ymo OHA CUJIbHO OMJIUYasdacbk Oom KommeHmapus Xamuba Tabpusu, pykonuckb
NPUBJIEKA/IACk K UCNOJIb30BAHUIO B CIOMCHbIX C/Iy4asx [5, m 2, 7].

Tpembell HalldeHHoU PyKoNUCbHO ABMOPbI HA3bIBArOM 3K3eMnsisp Kembpuoxckold bubiuomexu
nod N2 Ff1. 1 Qq 83%[5, m 2, 7].

Ymo kacaemcs u30aHusi CObCMBeHHO Camo2o KommeHmapusi Xamuba Tabpu3u, mo 3ac/yea 8 3mom
npuHaosexcum cupudckomy ydeHomy @axpadouHy Fabasa, nocssmusuiemy emy c8ol 0ByXmomHbIU mpyo
«igpd g Ll bl gy A Ly /«M0ax ¢pu LLlapx Cakm az-3aHO 8a Oyuxu» — «PasbcHeHue KoMmMeHmapus
Cakm a3-3aH0 u e2o csema»/ [8]. K coxcaneHuro, Ham He yoasocb Npuobpecmu 3my KHu2y, Ymobbi
BbISICHUMb HA Kakue pykonucu Xamuba Tabpusu onupancs y4eHbil B CBOeM UCCIed0BaHUU.
[MepeyucrieHHble Bbilie Konuu pykonucel makxe U30aHbl 8 BUOe KHU2, HeKOMOPkIE U3 HUX UMEOMCS B
c80600HOM docmyne 8 UHMepHeme.

Conclusion

The poem “Sakt az-zand” /“Sparks from the firebrand” / by the great Arab poet-philosopher Abu-(-
Ala al-Maarri occupies an important place among the numerous studies of the 11th century Azerbaijani
scholar Khatib Tabrizi. Archives and libraries of the world keep copies of manuscripts of Khatib Tabrizi's
commentary “Sharh Sakt az-zand”, the authors of which were also his direct students. Khatib Tabrizi's
commentary is the most authentic and ancient after the author's own commentary. Later commentators
of the poem, as a rule, referred to the manuscript of Khatib Tabrizi. The numerous editions of the
commentary under study in the Arab East indicate not only the importance of Khatib Tabrizi's work, but
also the fact that it is still relevant today.

3axnroverue: Nosma «Cakm az-3aHo» /«VICKpbI U3 02HUBA»/ Be/IUKO20 apabCcKo20 N03Ma-guiocogpa
A6y-n1-Ana  an-Maappu  3aHUMaem  BAXcHoe Mecmo  Cpedu  MHO20YUC/IeHHbIX — UCci1edoBaHull
azepbalioxaHcko2o y4eHo2o Xl seka Xamuba Tabpusu. ApxuBbl u bubsuomexku mMupa XpaHsam Konuu
pykonucell KommeHmapus «LLlapx Cakm asz-3aHO» Xamuba Tabpu3u, asmopamu KomopbixX ABISIUCH
Makx#e e20 HenocpeocmBeHHble y4YeHuKku. KommeHmapul Xamuba Tabpusu sBASemcs CambIM
00CMOBEPHbIM U OpeBHUM NOC/Ie KOMMeHMapus camo2o asmopd. bosiee no30HuUe KOMMeHmAamopsb!
NO3Mbl, KAk Npasusio, CCbLIAUCb HA pykonucb Xamuba Tabpusu. MHo2o4uUC/IeHHOCMb u30aHull
uccsiedyemoeo0 KOMMeHmapusi Ha apabckom BOCmoke YKasbiBaem He mMoJbKO HA BAXHOCMb mpyda
Xamuba Tabpu3su, Ho Make u Ha Mo, 4mo OH 00 HAWE20 BPeMeHU COXPaHsiem CBOK) AKMYd/IbHOCMb.
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Abstract

A method for studying isolated systems is proposed, based on the introduction of specific
parameters of the spatial heterogeneity of such systems. The method makes it possible to take into
account the deviation of a system from equilibrium both as a whole and for each inherent degree
of freedom, without requiring the use of inertial reference systems and any postulates of SRT and
GTR. On this basis, an alternative TO theory has been proposed, which allows one to find the
absolute reference system (AFR) for any of the processes occurring in it. The application of this
theory to mechanics reveals the inconsistency of the postulates of SRT and GTR and establishes
the minimum amount of adjustments that need to be introduced into mechanics and the theory of
gravity in connection with recent discoveries in astrophysics. A modified form of Newton's law has
been found, which explains gravity by the inhomogeneous distribution of mass in space and
predicts the existence of gravitational repulsive forces and “strong” gravity. Observational and
experimental data are presented that confirm the main provisions of the proposed theory.

AHHoOmayus

[MpednoxceH mMemod UCC1ed0BaHUsI U30/UPOBAHHBIX CUCMEM, OCHOBAHHLIU HA BBEOeHUU
cheyuguyeckux napamempos NPOCMPAHCMBEHHOU Heo0O0HOPOOHOCMU MAkux cucmem. Memoo
N0380/19€m Y4UmbIBAMb OMK/IOHEHUe CUCMEMbI OM PABHOBECUS KAK B UEJIOM, MAaK U NO Kaxoou
npucywed el cmeneHu cBob0Okl, He mpebys UCN0/Ib30BAHUS NPU SMOM UHEPYUATbHBIX CUCMEM
omcyema u Kakux-nubo nocmynamos CTO u OTO. Ha 3mol 0cHoBe npedsioxeHa
anemepHamusHas TO meopus, N03B0JIFHW,AA HAX00umMb abcosiromHyro cucmemy omcdema (ACO)
on1s /1106020 U3 Npomekarowux B8 Hel npoueccos. [lpunoxeHue 3mol meopuu K MexaHuke
BCKpbIBaem HecocmosimesibHocmbs nocmysaamos CTO u OTO u ycmaHasausaem mMuHUMAabHbIU
0bbemM Koppekmus, Komopble He0bXo00UuMo BBECMU B MEXAHUKY U Meopuro 2pasumayuu 8 CBs3u ¢
HeoasHUMU OMKPbIMUSMU B aAcmpogu3uke. HaddeHa moduduyupoBaHHasi ¢opma 3aKoHa
HeromoHa, 0bbACHAWAS  2pdBUMAUUD  HEOOHOPOOHbIM — pacnpeodesieHuemM  Maccbl B8
NPOCMPAHCMBe U NPeoCcKasbIBaroWds CyWecmBsoBaHue epasumayUoOHHbIX CUJT OMMAaKUBaHus u
«CWibHOU»  e2pasumayuu.  [lpusedeHbl  OaHHble  HabsodeHul U 3KCNepUMeHmOos,
NoOMBepx30arouiue 0CHOBHbIE NOJIOHEHUS NPEOIOHEHHOU Mmeopuu.

Keywords: methodological principles, conservation laws, postulates of relativity, their
inconsistency, the nature of gravity, alternative to relativity.

Knoyesble c/10Ba: Memooosioeudeckue NPUHUUNB], 3AKOHbI COXPAHEHUs, NOCMy/Iambi
OMHOCUMEesIbHOCMU, UX NPOMUBOPEYUBOCMb, NPUPOOA 2paBUMALUU, albmepHamuBsa TO.

1. BeedeHue.

[powsio 100 1em ¢ MOMEeHMa BO3HUKHOBEHUS meopuu omHocumeibHocmu (RT). Tem He meHee no-
npexcHemy npooosixaemcs, OUCKYCCUS O CNPABedIuBOCMU NOCMY/IAMOB, NOJIOXEHHbIX B8 ee 0CHOBY, U
ux nocsedcmausx. llonbIMKU omBemumMb Ha 3MuU BONPOCk! C NO3UYUl Kakol-1ubo meopuu, Komopas
0bbsICHSIem MoJIbKo 00HY 06/1acmb pu3UYeCcKuX SB/1eHUl, Yauie BCe2o0 BCMyNarwm 8 NPOMUBOPEYUEe CO
cnedcmsuamu 0pyeod. Tak u Npousows1o U npu NOCMPOoeHUU ¢yHoameHma cospemeHHoU Gu3uKU Ha
oCcHose meopuu omHocumesibHocmu (TO) u kBaHmoBsol mexaHuku (KM), HecoomsemcmBue Komopbix
dpye 0py2y cmasio npu4uHoU ee 21yb0K020 Kpu3ucd.



[Mouck komnpomucca mexdy KM u TO 6yoem npooosxamscs, NO-BUOUMOMY, HE02PaHUYeHHO
007120, eC/lU  «HAy4yHas O0bWeCcmBeHHOCMb» He 0CO3Hdem, 4YMO He MOJIbKO MexdaHukKd, HO U
/1eKMPOOUHAMUKA O0JIXHbI CMAMb PABHONPABHLIMU pad3oesamu eoduHol usuyeckold OOKMPUHBI,
paccmampusarowsell KBaHMOBYK MeXAHUKY U Meopurd OMHOCUMEeSIbHOCMU KAk 4acmHble Caydau
MexXaHUKU OUCKPemHbIX NPOUECCOB U pessimuBUCMCKUX ckopocmed. 118 3mo20 HeobX00uMo U3MeHUMb
camy memo0oJ102uro UCC/Ie00BAHUSA C NEpexo0oM K 0e0yKmuBHOMY Memody U CUCMeEMHOMY NOOX00y,
mpebyrouum usy4eHus npedmMema ucc1ie00BaHusi «om obuje2o K YacmHOMy» U «Om U4es1020 K 4acmuy.

Haubosnee 6u3kol K 3mumM mpebosaHusM HA Ce200HAWHUU OeHb ABJIAemMCcs 3Hep2o0UHAMUKA,
npedcmassigowas — cobod — pesysibmam — NocaedoBamesibHo20  0606wWeHUs  Kaaccu4eckol
mMepMoOUHAMUKU NOAUBAPUAHMHbLIX cucmem [1] Ha HeoOHopoOHble cpedbl [2] u Hecmamu4yeckue
(Heobpamumble) npoueccbi  nepeHoca U NnpeobpaszosBaHus Jsbbix Gopm 3Hepeuu B8 Hux [3] ¢
NOCaedyWUM NPUIOXeHUeM 3mol meopuu K MmensioBbiM U HemensoBbIM, MexXaHuyeckum U
HeMexaHUu4yecKuM, MexHUYeCKUM U HemexHUYecKUM SIBJIEHUSIM B OKPyXcaroujem Hac mupe [4]. dma
meopusi pacnpocmpaxsem 0e0yKmuBHbIU MepMoouHamuyeckuti Memaoo ucc/1e0o8aHull, OCHOBAHHbIU Ha
CBOUCMBAX Xapakmepucmuyeckux gyHKuul obbekma ucciedosaHus 8 uesiom [5], Ha u3oaupoBaHHbie
HEOOHOPOOHbIE  NOJIUBAPUAHMHbBIE — CUCMEMb],  BK/IYaroujue B cebs BCHO  COBOKYNHOCMb
B3auUMO0elicmBYHOUWUX (B3AUMHO OBUMCYWUXCS) MamepudsibHbiX 06bekmos. B mo xe BpemMs OHa B
omJiu4que om «ncesdomepmocmamuku» B.TomcoHa (KenbsuHa) [6] unu «ksazumepmoouHamuku» Jl.
OH3aeepa [7] He uckaro4aem u3 paccMompeHus Kakyro-1ubo (Heobpamumyro unau ob6pamumyro) 4acme
peasibHbIX npoueccos. Cmosb obujull Nooxo0 Hapsdy C KaACCudeckumu npedcmdassieHuUsMu o
NPOCMPAaHCmMBe KAk BMeCcmu/ule «BCe20 Cywie20», 0e/aem U3JIUWHUM npusjieyeHue Kakux-ubo
nocmysnamos CTO u OTO u no380/19em cONOCMAsUMb UX BbIBOOk! C K/accu4yeckold mepmMoouHamukod,
c1edcmsus KomopoU HOCSM Xapakmep HenpesoX HbIX UCMUH.

2. Memodosiozuyeckue ocobeHHOCMU 3Hep20OUHAMUKU

JHepeoOuUHamMuKka Kak eduHas meopusi peasibHbIX NPOLECCoB NepeHoca u NpeobpasoBaHus /1H0bbIx
opM 3Hepauu He npusHaem npuopumema 2unomemuYyecKux UHepuudIbHbIX cucmem omcydema (MCQO),
NOCKOJIbKY «Y HAC Hem BO3MOXCHOCMU Y6edumbCs 8 MOM, y4acmByem Jiu Mbl 8 MAKOM 0BUXeHUU UJTU
Hem» [8]. Onupasck Ha 3Mom Xce ap2yMeHm, 3Hep2o0UHAMUKa 8 npomusosec TO Bbi0BU2aem «NPUHUUN
abcosiromHocmu»: pusudeckue 3aKoHbl 00HHbI 3anucbiBamacs 8 CO, Komopasi ocmaemcs HeumeHHoU
npu NPOMeKaHuu ucciedyembix NPOoUeccos U No380/9em Npedcmasums 3Mu 3AKOHbI 8 Haubosee
npocmodl u NoHAMHoU gpopme.

B ka4ecmse makol «abcostomHol» cucmembl omcdema (ACO) 3Hep2oOuHAMuKa paccmampusaem
yeHmp obbema, 3aHUMaemo20 U30/1UpoBAHHOU cucmemod. Takos B obujem ciiydae yeHmp BceneHHod,
Bkoqarowel B8 cebsi «Bce cywiee», uau xe obold mMamepuasnbHbid 06bekm B8 Hem, NoJoXeHue U
COCMOsIHUe KOMOopPo2o ocmaemcsi ¢ npuemaemol MOYHOCMbHO HEeU3MEHHbIM 3d BPemMsi NPOMeKaHusl
uccsiedyemoeo npouecca. B coomsemcmsuu ¢ 3mum 3Hep200UHAMUKA paccmMampusaem B8 Kadecmae
obbekma uccie0oBaHUs MAakyr COBOKYNHOCMb B3AUMOOUCMBYHOUUX (B3AUMHO OBUMCYULUXCS)
mMamepuasibHbiX 06bekmos, Komopas 6biia bbl B Ues oM Henoo0BUXCHA U NOMOMY He Hyx0anacb B
UHepyuasbHbIX CUCMemMax omc4yema (Komopblx, CMpo20 2080pS, HE cyuiecmayem).

Jlpyeol 0cobeHHOCMbHO 3HEep2OOUHAMUKU SB/15emcsl ABHbIU y4em Heobpamumocmu JtobbIxX
peasibHbIX NPOUECCoB. V38eCmHO, YMO B8 HEepPAasHOBECHLIX cucmemax Jitobble ux napamempbs Mo2ym
UBMEHAMbCS KAk BC/edCmBuUe BHEWHe20 3Hep2oobMeHd, mak B pe3y/bmame  BHYMPeHHUX
CamMonpou3B0JIbHbIX  NPOUYECcoB. 3Imo 0bCcmosmesbCmBO  NOPOXOdem  U3BeCMHYK  Npobsemy
MepMOOUHAMUYECKUX HepaBeHCma, COCMOSILULYHO B8 MOM, YMO B MAKUX CUCMeMAax BHeWHuUl menioobmeH
u paboma He mo2ym bbimb BbIPAX(EHbI Yepe3 Napamempb! CUCMeMb. B NPUHUUNEe BO3MOM(HbI 0Ba
cnocoba npeodosieHuss 3mol mpyoHocmu. [lepsbill CBA3AH C 02paHUYeHUem Kpyed Uuccaedyembix
06beKMOB PABHOBECHbIMU CUCMEMAamMu, BCe NPOUECCbl B KOMOPbIX 06YCI0B8/eHbI UCK/IHHYUMEbHO
BHEWHUM  3Hep2oobmMeHoM.  Takosa  Kraaccuyeckas mexaHuka [9],  mepmooduHamuka [10],
anekmpoouHamuka [11] u m. n. bauskud K 3momy NoOXod UCNO/Ib3yem MexaHuka cniowHbIx cped [12],
JIOKQJIbHO ~ pABHOBECHASI MEepMOOUHaMuKa Heobpamumbix npouecco8 [13],  meopuss menso-u
maccoobmera [14] um. n. Smu meopuu A8HO UJIU HeSIBHO UCX00SM U3 2UNOME3bl JIOKA/IbHO20 PABHOBECUS
[15], npednonazarowsedi, Yymo 31emeHmsl 06bema KOHMUHYYMAa Haxo0amcs 8 pasHoBecUU (HeCMomps Ha
NpomeKaHue B HUX Heobpamumbix NPOUECCOB), A UX COCMOSIHUE Xapakmepu3yemcss mem e Habopom
nepemeHHbIX, YMo U B8 00OHOPOOHbLIX CUCMEMax (HecMompsa HA HAju4yue 2padueHmos UHMEHCUBHbIX
Be/IUYUH), MAkK 4Ymo 019 HUX COXPAHSIHOM CUJy BCE MEPMOOUHAMUYECKUe COOMHOWEHUS B gopme
paseHcms (Bonpeku HeubexHoMy nepexody Ux 8 HepaseHcmaa). Mexdy mem 0pobrieHue cucmembl Ha
beckoHe4YHoe 4Yucsio 3/1leMeHmMapHbix obbemos Bedem K ympame «cucmemoobpasyrouux cssasel,



6/1a200apsi KoOmopom cucmema u npuobpemaem cBoUCMBA, OMCYMCMBOBABLIUE Y Kaxdol ee Yyacmu
(nodcucmemsbi). ObHaApyx3ceHue 3mo20 ABUIOCL NPUHUHOU «camo2o 60JbUI020 U CamMo2o 2yboKo2o
NOMPpSICeHUs, KOmopoe UCNbIMana ¢usuka co spemeH HoromoHa» [8].

JluamempasnbHo NPOMUBONOIONHBIL NyMb npedsazaem 3Hep2oduHamuka [4]. OH cocmoum B
paccMompeHuu B ka4ecmse 06bekma ucc/1e008aHuUs Makol COBOKYNHOCMU NOOCUCMeM, BCe NPOUECChl
B KOMOPOU MOXCHO C npuemsieMol MOYHOCMbH CHUMAMb BHYMPEHHUMU, KaK U ux 3Hepeuto U. Imo
03Ha4yaem, 4mo ecsiu BO3HUKAem COMHEHUe B BO3MOXHOCMU NpeHebpeyb BHeWHUMU CUIAaMU, Hanpumep
2pasumadued, mo ux UCMOYHUKU MAakx e Heobxo0umMo BKIHOYUMb 8 COCMAB Ucc/iedyemoll cucmemsil. [is
Makux cucmem Bcs ux macca M asngemcs «maccol nokos Mo», a 3Hepausi Nnokos Eo moxcoecmBeHHa
BHympeHHel 3Hepeuu U, Komopas no onpedesieHuro He 3dsucuUm OM NOJIOXEHUS WU OBUXCEHUS
cucmembl OMHOCUMEsIbHO «OKpyxcarowjel cpedbl». VIMeHHO NO3MOoMy BCe apeyMeHmbl BHYyMpeHHeU
JHepeuu U usmepsomcss 8 mepMoOUHAMUKe B abCO/IFOMHbIX WKAAAX, He 3aBUCAWUX OM COCMOSHUS
cucmembl omcyema (CO). Takosbl, B 4YacmHocmu, abcomomHas memnepamypa T, abcosomHoe
oassieHue p, a Makxe 3HMpPonus S, Komopas B COOMBEMCMABUU C 3-M Ha4a1oM MAaxkxe obpaujaemcs 8
Hysib npu T = 0. B npomMuUBHOM CJ1y4ae, 04eBUOHO, BHYMPeHHSS 3Hepaus U Kak ux Xxapakmepucmuyeckas
PyHKUUS U3MeHs1ack bbl C U3MeHeHUeM COCMOSHUSA Uuau nepemeweHuem CO odaxce B omcymcmaue
JHepaoobMeHa ¢ BHewHel cpedol, Ymo Bsekao bbl 3a cobol HapyuleHue 3aKOHA ee COXPAaHEeHUSs.
[lo3momy  3HepeoOUHAMUKd, Kak U K/i1dccudeckas mepmMoOUHAMUKa, —ssasemcs  «meopuel
abcosiromHoCmu» Bonpeku BedyujumM K Napaso2u3mMam NONbIMKAM pesisimuBUCMCKO20 NPeobpazoBaHus
ee napamempos [16].

B ocHoBe 3Hep200UHaMUKU J1eXam NOJIOXCEHUSs, He ycmynaroujue no 0bWHOCMU NPUHYUNAM
UCKJTHOYeHHo20 Be4yHo2o 0dBuzamesniss 1-e0 u 2-20 podd. OCHOBHbIM U3 HUX SBJSEMCS «NPUHYUN
PazIuYUMOCMU NPOUECCoB», KOMOPbIU B COOMBEMCMBUU C MHO20BEKOBbLIM ONbIMOM YmBepxodem
BO3MOMHOCMb BbIOE/IUMb (C NOMOWbIO BCE20 APCEHAsIa 3KCNepUMeHMAasbHbIX Cpe0CcmB) He3asucumMsble
Npoueccbl He MoJIbKO NO NPUYUHAM, UX BbI3bIBAKOWLUM, U YCIO0BUSIM UX NPOMEKAHUs, HO U NO mMem
0C0bbIM, (peHoMeHoo2uYeCcKU OMJ/IUYUMbBIM U HeCBOOUMbIM K OpyaUM U3MEeHeHUSM COCMOSHUS
cucmemsbl, KOMOopble OHU BbI3bIBAKOM. Ha OCHOBE 3M020 NPUHYUNG, HOCAWe20 akcuomamudyeckud
xapakmep, 00KasbiBaemcs (0m NpPOMUBHO20) Meopemd, COo2/dcHO KOmopol YUC/IO He3aBUCUMbIX
apeymeHmos 3Hepauu U kakod-1ubo cucmemb! paBHO YucC/1y He3aBUCUMbIX NPOUECCOB, NPOMEKArULUX
B8 Hel. /119 paBHOBECHbIX CUCMeM MAakumu ap2yMeHmamu Cayxcuiu macca M, yucia mosed k-x sewsecms
Nk, ux 3Hmponus Sk, 3apsi0 3k U Opyeue 3KCMeHCUBHbIe napamemps! O, Cayxaujue KoaudyecmBseHHoU
mepou Hocumess i-U popmbi 3Hepeuu U

Bmecme ¢ mem u3 NpuHUUNG paziuqyuMocmu caedyem, Ymo B HeOOHOPOOHbIX U30JIUPOBAHHbLIX
cucmemax ¢ HeobxoOUMOCMbHO BO3HUKAOM BHYMPEHHUE NPoyecchl nepepacnpedesieHuss Napamempos
©i no obremy cucmemni V. [lelicmsumernibHo, npedcmassias aobol napamemp O; 4epes e20 JI0KAIbHYH

pi U cpedHroro p, ntomHocms Oi = [pidV = [p, dV, Halidem ymo 0715 makux cucmem

J(pi-p; )aVv = 0. (1)
Smo o3Ha4yaem, Ymo 8 pasau4HbIX 06J1ACMAX MAKUX cucmem pasHocms niomHocmed (pi- p;)

umMeem paz/iuyHbIl 3HaK, m. e. npouyeccsl d(pi- p; )/dt umerom npomuBoNONOHHY HANPABIEH-HOCMb.

Zna ux onucaHus mpebyemcs BBedeHue B obuwiem C/iydae makoeo e 4ucaa n 0oNnoJHUMENbHbIX
napamempos «NPOCMPAHCMBEHHOU HeOOHOPOOHOCMU». Takue napamemps! Zi, HA3BAHHbIE HAMU UX
«MOMEHMAamMu pacnpeoesieHuss», Haxo0amcs NO CMeWeHUro NOJIOXeHUs paduyc-sekmopad Ri ueHmpa
IKCMEHCUBHbIX BEJIUYUH O OMHOCUMENIbHO UX UCXOOHO20 NOJIOXEHUS Rio 8 00HOPOOHOU cucmeme:
Zi=0i(Ri-Rio) = [(pi- p. )rdV, 2)

20e r — bez2ywaa (3tneposa) KoopouHama. [lpu 3mom nosoxceHue R cosnaoaem ¢ UEeHMPOM
HenooBUXHO20 0bbema V, 3aHuMaemo20 cucmemod, U NOMOMY NPUHUMAEMCS 3d Hy/ib omcyema R:.

bnazodapsi BBedeHuro «MomMeHmMoB pacnpedeneHus» Zi = QiR ¢ nne4om R; Knaccudeckud memood
MEPMOOUHAMUYECKO20 UCCIe00BAHUS NPOUECCOB HA OCHOBE NApaMempoB CUCMeMbl B8 UesloM
pacnNpoCmMpaHsiemcsl U Ha He0OHOPOOHbIE cucmeMbl. [1pu 3mom NoJiHbIU dugpdepeHyuas BHympeHHel
SHepauU CUCMeMbl KaK CYMMbI «NdpUUaIbHbIX» 3Hepeul scex ee i-x popm U = iUi(O,R;) moxcem 6bimb
npedcmassieH 8 popme moxcoecmaa [4]:

dU= 2¥do; -5 FrdR, (3)

20e W, = (0U/0O;) — ycpedHéHHas no 06bémy BenuduHa 0bobWEHHO20 NOMeHYUdsda cucmemsl Wi
(abcomomHol memnepamypbi T u 0asaeHUs p, 2pABUMAYUOHHO20 NOMEHUUANA W, XUMUYECKO20 Lk U
NIeKMPUYECKo20 @k NoMeHUyuana K-x Bewecms, KOMNOHEeHM Uk OMHOCUMebHOU CKOpOCMU UX



nepemewieHus ux u m.o.); Fi= — (OU/OR;) — cunibl B ux obuedusudeckom NOHUMAaHuu, i = 1,2,..., N — 4ucio
He3aBuCcUMbIX popm 3HepauU BCeX KOMNOHEHMOB CUCMEMbI.

B 00HOPOOHbIX cucmemax (20e Ri= 0) moxdecmso (3) nepexodum 8 obobueHHoe ypasHeHue 1-20
U 2-20 Ha4yasa pasHoBecHol mepmMoOUHAMUKU NOUBAPUAHMHBIX CUCMEM KAK 3AKOH COXPAHEHUS UX
JHepauu npu obmeHe eto ¢ oKpyxaroujeli cpedoll; B 3aMKHYMbIX KOHCEPBAMUBHbIX cucmemax (dO;=0) —
B 3AKOH COXPAaHeHUs 3Hepauu npu npeobpasosaHuu 8 HUX i-x popm sHepauu Ui(©;, R;)) 8 j-e Ui(O; R). Tak
ocywiecmsasemcs CUHMe3 MepMOOUHAMUKU € Opy2umu OUCUUNIUHAMU, ONEPUPYHOULUMU NOHAMUEM
cusbl Fi, 8 mom qucsie ¢ mepmoouHamukol Heobpamumbix npoueccos [17], 6razodaps 4emy nomoku Ji u
mepmoouHamuyeckue cusabl Xi 8 Hel npuobpemarom npocmol U SICHbIU CMbIC/T COOMBEMCMBEHHO
UMNYJ/IbCa 3HEpeoHocumens Oi:

Ji= dzZy/dt = OdR/dt = Ow; (4)
U HAnpsHeHHOCMU  COOMBEemMCMBYWe20 Noas — (memnepamyp,  0adssieHul,  XUMUYECKOZo,
3/1eKMPUYECK020, 2paBUMAyUOHH020 U M. N.)
Xi= - (0U/0zZ) =— 67"(0U/OR;) = F/6;. (5)

lpu 3mom cunbl Xi u Fi HanpasneHbl B CMOPOHY YCMAHOBJIEHUSI OOHOPOOHO20 (BHYmMpeHHe
PABHOBECHO20) COCMOSAHUS CUCMeEMbI. B U30/1UpoBaHHbIX cucmemax moxcoecmso (3) obpawaemcs 8
Hyib, U Bce cunbl Fi u Xi CmaHoBAmMCcs BHYMPEHHUMU, d NOPOMOEHHbIe UMU NPOUecchbl -
CamMonpou3B0/ibHbIMU. MO NO3B0JISEM 3Hep200UHAMUKe pewams WUPOKUU Kpye BONPOCOB, CBA3AHHbIX
C peasibHbiMU (HeobpamumbiMu) NPoOUeccamu, euje 00 UCNOJb30BAHUS YC108Ul OOHO3HAYHOCMU,
NpUBIEKAeMbIxX ero U3 NPOGUIIbHbLIX OUCUUNJIUH B popmMe ypasHeHuld cocmosaHua Wi =  wi(©;) u nepeHoca
Ji=Ji(6, X)) [18].

3. ObobuwjeHue u yHupUKayusa NOHAMUS Cu/lbl

Bce npouecchbl B U30/IUPOBAHHBIX Ccucmemax ob6ycao8/eHbl B3aumodelcmBuem Hocumesel
PA3/IUYHBIX POPM 3Hepauu B8 Pas/uYHbIX 4ACMSAX CUCMeMbl, m. e. Bo30edcmsuemM ux opy2 Ha opyed.
KosnuvyecmseHHol mepoll Bo30edicmBus 00H020 mesia Ha opy20e B KAaccu4deckol mexaHuke bbiaa cuaa i-
U npupods! F, a pe3ysibmam 3mo2o Bo30elicmausi usmepsisica pabomod Wi, 3nemeHmapHoe Koau4ecmao
Komopol u3mepsi/iocb npoussedeHuem 3mol cusbl Fi Ha Bbi3BaHHoe eto nepemewjeHue dR; obbekma ee
npunoxceHus. CozanacHo (3) 3ma paboma

OWi = FrdRi = XrdZ,. (6)

CoenacHo 3-my 3akoHy HeromoHa, deticmsue sce20a pasHo npomusodelicmasuro. OOHako ¢ no3uyul
3HEP20OUHAMUKU — pe3y/ibmam 3mo20 0elicmBus 3dBucum Om moeo, Kakol Npupoobl cusia
npomusocmoum emy. Eciu npomusodelicmayroulas cuaa — mod e npupoosi (Fi = - F), m. e. akmusHas
cusa ypasHoseweHa cusiol peakuyuu moao e poda, cucmema ocmaemcs 8 pasHosecuu. OOHaKo ecu
cune Finpomusocmoum cuna uHod, j-i npupoos! (Fi= - F;), npoucxodum npespauieHue i-i popmbl 3Hepeuu
Ui 8 j-to Uj. Tem cambiM 3Hep200uHAMuKa omJiudaem Nnpoueccsl 3HepeonepeHoca (obmeHa sHepauel 8 mol
xee popme), onucbisaempie 1-t cymmod (3), 0m Npoueccos 3Hep2onpespauleHuUs, CBS3aHHbIX ¢ nepedayell
SHepauu 0py2oMy 3HEP2oHOCUMEsTHO U ONUCkIBAeMbix 2-U cymmod (3). [Nepsbil ciydal paccmampusaemcs
8 MepMoOUHAMUKE OMKPbIMbIX CUCMeM B8 CBA3U C MaccoobmeHom (O;=M) u dugpgyszuel (0;=Nk), 20e ee
umeHyrom «pabomod sBoda» SWiEe = Wd®,. SHepzoduHamuka obobuwiaem 3mom Bud pabom Ha ciiy4ad
BB00A 3/1eKMpuYecko20 3apsaoa (0;=3) u s3Hmponuu (©; =S), Ha3bIBAA UX HEYNOPSAOOYEHHbLIMU B CBA3U C
omcymcmauem pe3ysibmupyrowel Fi. ViHold xapakmep umeem paboma (4), onucsisaemas 2-0 cymmod (3).
OHa omaudaemcs Hanuduem pesybmupyrousel Fiu cassaHa ¢ nepemeuseHuem dR; sHepeoHocumesns ©;B
npouecce e2o nepepacnpedesieHuss N0 cucmeme. B pesysibmame makol pabomasl NAPUUA/IbHAS SHEPEUS]
U uzonuposaHHoU cucmemsi udmeHssemcs, Ymo 8 ycaosusix U = 2l =const o3Ha4yaem npespauwjeHue i-U
popmbi 3Hepeuu 8 opyaue. [losmomy paboma 3mo2o poda a8/19emcs KoaudecmseHHoU Mepoll npouecca
SHepaonpespauleHuUs. B cBA3u ¢ HaNPAsIeHHbIM Xapakmepom nepemeueHus dR; sHepeoHocumess ©;oHa
UMeHyemcss B8 3Hep2o0uUHAmMuke ynopsooyeHHol pabomod. VIMeHHO 3>ma Kamezopus pabom
pPAccMampuBaemcs 8 MexaHuke u opyaux ouCyuNIUHAx, onepupyrouiUx NOHAMUEM CUJIbI.

Teopusi omHocumesnibHocmu (TO) u kKBaHmosas mexaHuka (KM), ynpa3oHus noHsmue cusbl u
noomeHus pabomy obMeHHbIM B3aumodelicmaueM, NPUNUCAIU NPUYHUHY BO3HUKHOBEHUS MO20 UL UHO20
npoyecca Kpusu3sHe NPOCMPAaHCMABA u 0bMeHy Mexdy MamepuadsibHbIMU 06beKMamu «BUPMYasIbHbIMU»
yacmuyamu. Te cambiM OHU JIULIUIACH BO3MOXCHOCMU He MOJIbKO Pa3/iudams NPOUECcChl NepeHoca u
npespaujeHust 3Hepaul, Ho U 0b6bSICHIMb NPUYUHbI UX BO3HUKHOBEHUS. Mo Kacaemcs 8 0cobeHHocmu
06MeHH020 B3auMo0elicmBUS, OCYUeCMBISeMO20 UCNYCKaHUeM U NO2I0UWeHUeM «4acmuy-Hocumersel
B3aumodelicmaus» (6030HOB), KOMopbie Mo2ym OCYUWECMBISMb MOJIbKO NEPEeHOC, HO He NPespauleHue
3Hepeuu. [Toamomy ux npemeH3uu Ha «@yHOamMeHmMaabHOCMb» JUleHb! 0CHOBAHUU.



DHep200uHamuKa ycmpaHsem 3mom HedoCmamok, B038pawids 8 puuKky noHsmue pabomsi Wiu
cusbl Fi B ux Haubosee obuiem noHumaruu. [lpu 3mom cuna X; npuobpemaem CMbIC/1 HaNPAXEeHHOCMU
2paBUMAyUOHHO20, /IeKMPUYECKO20, MA2HUMHO20, MeMnepamypHo20 u m. n. nosed. Mo npuBooum K
NOHUMAHUr0 Moeo, /itoboe cusosoe nose Xi(r) NopoxoeHo He Maccamu, 3apsaoamu U MOKamu Camumu No
cebe, a ux HepaBHOMEPHbIM pacnpedesieHuem 8 NPOCMPAHCMBE. VIHbIMU C/I0BAMU, MAMepUdsibHbl He
CKAJISIpHbIE, BEKMOPHbIe U/U MEeH30PHbIe NOJIS, SABJSHWUEC /ullb GYHKUUSMU pacnpedesieHust
SHepeoHocumesis 8 npocmpaHcmae [19], a camu 3Hep2oHocumeru.

PaccMompeHue MexaHuku Kak C/1e0cmaust 3Hep200UHaMuKku oOesidaem 04eBUOHbIM, 4YmOo
HbKOMOHOBCKOE onpedesieHue Cuslbl

F=dP/dt. (7)
OMHOCUMCSA MOJIbKO K NPOUECCY YCKOPeHUS U OMHI00b He SB/19emcsa obujum onpedesieHuem NoHImMus
CU/TbI.

Onpedenerue cusbi 10600 i-U npupods! Fi uau Xi Kak npou3BooHolU om 3Hepauu U no nepemeueHuro
dRi ueHmpa 3HepzoHocumesns ©; Oenaem oGy  Cusly  C/1e0CmBuUeM  NPOCMPAHCMBEHHOU
Heo0HOPOOHOCMU NOJIA NOMeHYUaaad Wi cucmemel. Hapsdy ¢ smum moxcdecmso (3) daem eduHoe
onpedesieHue cuaam YyCKOPSIOWUM, UeHmpPobexHbIM, 0a/IbHOO0eUCMBYHUUM U KOPOMKOOeUdCmBYHU4UM
cunam paznudHol Npupoobl, GuypupPYOUUM B MEXAHUKE, MepMOOUHAMUKe, 2u0po-aspOoUHAMUKE,
/1eKmpoouHamuke u m. n. [4j.

Bmecme ¢ mem 61a200apsi 0606WeHU0 B 3HEP20OUHAMUKE NOHAMUU «mexHu4yeckol» u
«pacnosiazaemoll», «noae3HoU» U «OUCCUNamuBHOU», «BHeWwHel» U «BHYMpeHHel», «MexaHu4eckol» u
«HeMexaHu4eckol» (8 MoMm Yucae «mepmMu4yeckol» CBA3AHHOU C YCKOpeHUeM XA0MUYeCKo20 OBUXEHUS),
«ynopsdoyeHHol» U «HeynopsidoyeHHolU» pabomasl yoaemcsl BepHymMb 3HepauU ee U3Ha4asibHbIl CMbIC/T
mepbl pabomocnocobHOCMU CUCMeMbl, onpedesius ee Kak «Haubosee obuwyro GyHKUU COCMOSHUS
cucmembl, XapaKkmepusyrouwyro ee cnocobHocms cosepuiams Jitobyrto pabomy». 3mo Becbma 6/1U3Ko K
MAaKCBeJIIOBCKOMY onpedesieHuro BHewHel 3Hepeuu Kak CymMmbl Bcex Oelcmaudl, Komopble Moxcem
npoussecmu cucmema Hao okpyxcarouwel cpedod, u mem bosee Heobxooumo, YmMo NO NPUIHAHUIO
Hobesnesckozo aypeama P. @elHMaHa, «pusuke ce2o0HAWHe20 OHS HeU38eCmHo, YMo MAakoe 3Hepeus»
[19].

4. HecoeMecmumocmb HbHOMOHOBCKO20 U PesIsMUBUCMCKO20 onpedesieHusi Macchbl

CoenacHo moxcdecmay (3), cuna uHepyuu Fa, Npensmcmayrowias YCKopeHuto, onpedesisemcs Kak

npou3Bo0Has om KuHemuyeckol sHepeuu U = MU?/2 no sBekmopy cmeujeHusi macckbl dR = dr

Fa=-0U/0R = - MuVu (8)

HempyoHo 3amemumsb, 4mo 3mMa cusid NPoOMUBONOJIOHHA NO 3HAKY Yckopsroweld cune F B 3aKoHe
HeromoHa (7) u nepexodum 8 BbipaxceHue F= Ma mosibko npu M = const u a = uVu. 3mo o3Havyaem, Bo-
nepabIX, YMo MPAKMOBKA MACChi M B0 2-M 3aKoHe HbromoHAa Kak Mepb! UHepyuU S8/19emcs COBEepUIeHHO
HeoboCHOBAHHOU — HBHOMOH CMPO20 NPUOEPHUBAJICS CBOE20 ONnpedesieHuss MAcCbl KAk «Mepbl
KoJsiu4ecmaa mamepuu, NPONOPYUOHAIbHOU NJAOMHOCMU U obbemy ee [1]. BMecme ¢ mem Bbipax;ceHue
(8) ykazbisaem Ha HEObXOOUMOCMb YMOYHEHUS NOHAMUS YCKOPeHUs d, owubo4YHo onpedesgemozo B
MexaHUKe Kak NoJIHasi NPou3BOOHAs om ckopocmu no spemeHu du/dt. Ymobbi y6edumscs 8 3mow,
npedcmasum du/dt, kak 0bbI4HO, B Bude CyMMbI 10KA/IbHOU (QU/Ot)r u KoHBekmuBHoOU cocmassigroueli
(UV )u. [Mocko/bKY YCcKopumb MeJio, He NepemMeulas e2o 8 NPOCMPAHCMBE, HeBO3MOMHO, (Ou/dt)-= 0, u a
= WV u = V(7/2). CnedosamesnbHO, yCKOpeHue 06YCI0B8/1eHO UCKTHYUMETbHO —U3MEHeHUeM
KuHemuy4eckol 3Hepeuu mesid, 4Ymo UmMeem MeCcmo Kak Npu NoCmynamesibHoM, Mak u npu
BpauwamesibHoOM 0BUXCeHUU. [Toc/iedHee Ype3BbIHaliHO BAXHO, NOCKO/IbKY B Kaaccuyeckol MexaHuke noo
YCKOPEHHbIM NOHUMArom U paBHOMEpPHoe O0BUMeHUe MeJid N0 OKPYHHOCMU, NPeoCKa3biBas Ha 3Mom
OCHOBAHUU Heu3bexHoe nadeHue 31eKkMpPoHa Ha amomHoe 0po. [pu 3mom yckopeHue a npedcmaem B
HOBOM CBeme Kak cmeujeHue nosg ckopocmel U(r, t) B CMOpoHy €20 ycusieHus, a He MoJibKO KaK
BO3pacmarue ckopocmu omaoesibHO20 meJa.

Takum obpaszom, 3aKkoH HbromoHa delicmBumesibHO mpebyem KoppekmupoBKU, 00HAKO OMHHOb
He CBA3aHHOU C pensimuBUCMCKUM BO3PACMAHUEM MAcchl. VI38eCMHO, YmMO KAAccuyeckass MexaHuka
umesia 0esio C KOHCepBAMUBHbLIMU CUCMeMamu, m. e. npeHebpeeasa ouccunayued. B 3mom ciydyae
eduHcmBeHHbIM ciedcmauem odelicmBsusi cu/ibl F AB8718/10Cb YCKOpeHue @, mak 4Ymo Ko3agguuueHm
NPONOPUUOHA/ILHOCMU Mexdy Hell U CKOPOCMbHO U3MeHeHUs] umMnyibca dP/dt 8 (7) pasHsiics eduHuye u
Mo 6bimb onyuieH. OOHAKo B HEPABHOBECHbIX NOUBAPUAHMHbIX cCUCMemMax nod delicmauem cusibl Fi
Hapaody C YCKopeHuem U3MeHsomca U umnysbcbl Ji = dPy/dt (nomoku) opyeux sHepeoHocumesel. B
mepMoOUHamuKke Heobpamumbix npoyeccos (THIT) 3mo y4umsiBaemcs 3anUchbo PeHOMeHO102U4eCKUX
3aKoHo8 8 suode [6]:



Fi = 2jRiJ;, )
20e Rj— mak HasbiBaembie peHoMeHoi02udeckue KoaghouuyueHmsi, Xapakmepusyroujue ConpomusieHue
i-U CU/IbI CO CMOPOHBI J-20 NOMOKA.

Mox#HO nokasama, Ymo 3mu Ko3¢hpuuyueHms! A859H0MC GYHKUUSMU KNO 1 COOMBEMCMBYHULE20
npouecca npeobpazoBaHus 3Hepeul, onNpedesIsemMo20 Kak omHoweHus mouiHocmu N; = FiJ; Ha Bbixode
npeobpasosamesns K mowHocmu Ni = Fi-Ji Ha e2o Bxode:

ni=N/Ni = FiJ; /Fi-J. (10)

Paccmompum ¢ 3mux no3uyull Npoyecc yckopeHus 3apsxceHHol yacmuus! (J; = dP/dt = ma) 8
UuksiompoHe nod oelicmsuem cmMopoHHel (3nekmpomazHumHol) cunbl Fi.  [Monaeasd, 4mo 3aKoH
Hberomora J;= Fimoxcem 6bimb 0606WeH u Ha npouecckb! uHol npupoods! (Ji= Fi) Hatidem 8 coomsemcmBuu
¢ (10), ymo F; /Fi=n/*, m. e.

Fi=n/ dP/dt . (11)

BbipaxceHue (11) yqumsbiBaem HeuzbexcHble nomepu B8 Npouecce yCKopeHusl (Heobpamumocme
amoeo npouecca). C npubsauxceHuem K npedesibHol CKOpOCmu pacnpocmpaHeHus BoamyuieHull 8 Kakod-
subo cpede (B 0aHHOM ciy4ae K ckopocmu csema c) dPe/dt — 0, u Rj— . Imo cBS3aHO C meM, Ymo Npu
docmuxceHuu npedesibHol CKOPOCMU MamepudsibHo20 obbekma Hukakas cusia F yxe He moxcem
npusecmu K dasnbHeliemy ee sospacmaruro. CredosamesibHo, ypasHeHus (9) u (11) HeauHelHbl, 4mo
deniaem BBedeHue KoxpguuueHmos Rj HeobxodumbiM. C ocobol ACHOCMBbH 3MO BbISIBIAEMCA B
SHepeoouHamuyeckol meopuu NPeobpas’oBaHuUs pas/iudHbIX GOpM 3Hepeuu, 20e KodgpuuueHms! Rj
0Ka3bIBAOMCA CBA3AHHBIMU C KNO npeobpazosameriell sHepauu. Imu Knd 06pauiaromcs 8 HyJib 0BAXObI:
Ha «X0710CMOM X00y» YCMAHOBKU, Ko20a OHU He BbipabamsiBarom Noe3HOU MOUWHOCMU, U B PeXUME
«KOPOMKO20 3AaMbIKAHUSI», K020d BCS BbipabamsiBaemMas UMU MOUJHOCMb pacceusaemcs 8 ¢opme
mensid. B yckopumessix 3dpsyeHHbIX 4acmuy, 3mo coomsemcmsyem O00CMUMeHUr 4acmuuyamu
npedesibHol CKOPOCMU, Ko20a BCS N0OBOOUMAS K HUM MOUIHOCMb 3amMpadyusaemcs Ha BOCNOJIHEeHUe
nomepb. Imu coobpaxceHusi 8 NOIHOU Mepe OMHOCUMCS U K 3KcnepumeHmam KaygdmaHa no YCKOpeHuro
anekmpoHos [20].

Takum obpasom, ¢ pOCMOM CKOPOCMU U3MeHSiemcsl KNO NPouecca YCKOPeHus, a He YCKopsemas
macca. Yb6eoumscs 8 HedoNyCMUMOCMU PesISMUBUCMCKO20 U3MEHeHUs MAcCChl CO CKOPOCMbH U
0C06EHHO /1e2KO € NO3UUUll 3aKOHA COXPAHeHUs MACChbl U30/1UPOBAHHOU cucmemsbl. Kakue bbl npoueccs!
HU npoucxodunu B8 makoud cucmeme, 8 MOM YuUC/Ie NPOUECCbl OMHOCUMEsbHO20 YCKOPeHUsl Uu
MOPMOIEHUSI KOMNOHEHMOB CUCMEMb], MACCa KaK mMepa KoJiu4yecmsd 3aKk/toYeHHol B Hell mamepuu
ocmaemcsa  HeusmeHHOU.  [loamomy — UCKYCCMBeHHoe OesleHue ee HA  «MAaccy NOKos» U
«pesIAIMUBUCMCKYIO»,  «UHEPUUOHHYH» U  «2pABUMAUUOHHYIO», «NPOOOJIbHYIO» U  «NONEPEYHYH,
«3/1eKMPOMACHUMHYHO» U KAKYH-IUbBO UHYH 03HA4Yaem OmKas om NPUHYUNG pas/iuduMoCcmu NPOLEecCon
U NOOMeHY 3aKOHA COXPAHeHUsI IHepauU NPUHUUNOM «B3AUMONPEBPAULEHUSI» MACC.

5. HenocmosiHCmMBo ckopocmu ceema

[locmynam 0 NOCMOosIHCMBEe CKOPOCMU CBema 8 NYCMome, U3BeCmHbIU ewe co BpemMeH SnuKypd,
npeonosiazaem Cyuw,ecmsoBsaHue NpoOCMpaHcmad, c80600H020 Om MamepuasabHol cpedbl, NOCKO/IbKY B
NPOMUBHOM CJ/lydae ee CBOUCMBA HenpemMeHHO B/us/u b6bl Ha 3mMy CKOPOCMb. Jlaxce Haauyue
2pasUMAayUOHHO20 NOJISI KaK HemamepuasbHol cpedbl BaUSem Ha Hee, YmMOo U3BECMHO CO BpemeH /.
Muyvena (1783) u 00 cux nop cCayxum OCHOBAHUEM 0719 NOCMYJ/IUPOBAHUS CYyUIeCmBOBAHUS
2PaBUMAyYUOHHbIX «4epHbIX ObIp». [la u npednosioxeHue o CyuecmsoBaHuUU «NYCMo20» NPOCMPAHCMAd,
BO3BpAWAIOULEE HAC K BpemMeHam 3INUKYpd, He Bbidepyusdaem KpUumuku. B camom Oene, eciu B
NpoOCMpaHcmae UMeromcs Xomb Kakue-ubo mamepudsibHble 06beKmbl, 0bMeHUBAroujuecs Mexcoy
coboll 1yqucmod 3Hepaued, Mo OHO Yxce He ABJISemMCcs NYCMbIM. Jjaxce uckpussieHue mpaekmopuu ay4el
(aBneHue nuH3upoBarus), npusHasaemoe OTO, cBudemesbcmayem 06 usmMeHeHUU BeKmMopad CKopoCmu.
HakoHeu, Yem 6b1 Mbl HU Npedcmas/isau cebe uzsiyyeHue — 3pupom, puauyeckum Bakyymom, NOEM, 2a30M
¢omoHoB, ckpbimol mamepuel u m. N. — OHO MAkX e 3anoJiHIem BCe NPOCMPAHCMABO, Yxe B8 CUY
MOJIbKO 3MO20 AB/SHOUEECs «HenycmabiM». [103momy 8 0eldcmBUMe/IbHOCMU peyb MoXem Udmu Jullb
0 HEe3aBUCUMOCMU CKOPOCMU pPAcnpoCMPaHeHus U3J/ly4eHusi B CBemoHOCHOU cpede, Kakum 6bi
(BOJIHOBbBIM UsIU KOPNYCKY/ISIPHBIM) HU Obls1 MEXAHU3M €20 NepeHoca. B makom C/y4ae mMbi He MOoMem
UCKJTFOYUMb U3 PACCMOMPEHUS MEeX2asakmuyeckyro cpedy, 8 Komopol >mom cBem @dakmuyecku
pacnpocmpaHsIemcs.

[lpu makol NOCMAaHoBKe BONPOCA Cpazy ObHAPYXUBAGMCS NPOMUBOPeYUe YNOMSHYMO20
nocmys1ama 3KCNepumeHmasbHbIM OaHHbIM. JletdcmaumesibHo, C021acHO meopuu KosebaHud [21],
noomasepoeHHoU B 02POMHOM YUC/Ie C/1y4aes, KBAopam CKOPOCMU pacnpoCmMpaHeHus BoamyweHud (8



0aHHOM CJly4ae CKopoCmb CBema c) onpeodesisemcs 4acmHol Nnpou3sBoo0HOU O0m NJIOMHOCMU 3Hepauu
ynpyeoll decpopmayuu cpedbi pacnpoCMPAaHeHUs BO3MYUeHUU puNO ee NJIOMHOCMU p:
c? = Opy/ap. (12)

3ma npou3BoOHAsA 3KBUBAIEHMHA YacmHouU npou3sooHol (OU/OM) 8 moxdecmse (3), komopas
onpedesisemcs B YC108USX NOCMOSHCMBA BCex 0pyeux apeymeHmos 3Hepauu U, 8 mom qucsie obbema
cucmemsbi V. [osmomy BbipaxceHue (12) cnpasednuso 019 0bbix MamepuasabHbIX cpeo, 06/1a0arouiux
ynpyeocmbto. OOHAKO 3MA NPOU3BOOHAS HE MOXem «anpuopu» CYUMAmMbCA He 3asucAauweld om
NJIOMHOCMU U Opyeux NAapamempos Mexceanakmuyeckol cpedbl, mem bosee B YCA0BUSX, Ko20d ee
JIOKAJIbHAs NJIOMHOCMb U3MEHSIemcsl Ha MHO20 NOPSIOKOB. He Moxem 3ma CKOpoCmb CYUMAMbCS
NnocmosaHHOU U ¢ no3uyull KOpNycKy/ISpHOU meopuu cB8emd, NOCKO/IbKY OHA 3aBUCUM OM YACMOMbI UX
«CMOJIKHOBEHUS», M. e. 0M NJI0OMHOCMU U3/y4eHUSs. HeCI0#HO MAaxkxe omudums CBem OBUXCYULe20CH
UCMOYHUKA OM HenooBUXHO20, NOCKOJIbKY Bcaedcmsue 3¢pgdekma [onnepa eco yacmoma 6yoem
paziuyHod. Takum o6pasom, NpeonosioxceHue O NOCMOSIHCMBEe CKOPOCMU CBemd NpomuBopevUm
C/IOHCUBUWIUMCS BeKaMu NpeocmasieHusm u He Mmoxcem 6bimb NpUHAMOo 6e3 0oKazamesibCma.

Ewe 6osiee 04eBUOHLIM CMAHOBUMCS 3MO, eC/Iu Y4UmbIBAMb PA3/udue MexaHu3ma nepeHoca
B3aumodelicmBsus (PacnpocmpaHeHus BOmMyweHull) 8 pas/iudyHbIX cpeoax. VIMeHHo mak cmasusa 3mom
sonpoc Jlannac (1805), komopbit Ha 0cHOBAHUU akma ycmoUl4usocmu CoHeYHoU CUCMeMbl NOKA3Asl,
YmOo CKOPOCMb PACNPOCMPAHEHUS 2pABUMAUUOHHO20 B3aumodelicmBaus He Moxem bbimb Huxe 5-107
ckopocmeli ceema [22].

CywiecmsoBsaHue 80 BceneHHOU cmpaHHo20, OMJ/IUYHO20 OM ONMUYECKO20 U3J/1y4eHUs] Bnepable
SKCNepuMeHmMasabHoO 06HAPYXU pocculckult acmpogusuk H. Kosbipes (1948) no pomoepadusam 38e30b/
OPpUOH, NOJTYYeHHbIM NPU 3aKPbIMbIX MEMA/IIUYECKUX WMOPKAX Mes1eckond. mo u3J/iy4eHue npuxoousio
CywecmsaeHHo paHblle cBema 8 e20 onmuyeckom ouandasoHe [23]. B 90-e 20061 3mom pe3ysibmam 6bis
noomasepxoeH 2pynnol uccnedosamenel PAH [24].

B 50-e 200b/ 0CHOBONOIOXHUK ACMPOocnekmpockonuu A.A. besnonosbCKul OMKpPbi/, 4Mo CNekmp
csema cmewaemcs BOU3U APKUX 38€30, YMO CBUOemesbCmBOBAI0 06 U3MeHeHUU CKOpPOCmu
2/1eKMPOMA2HUMHbLIX BOJIH B 3dBUCUMOCMU 0m cBOUCMB oKpyxcarouwiel cpedbi [25]. ObHapyx#eHHas um
Mex(38e30Has oucnepcus ckopocmu 3IM-8osH makxe ©6biia nodmasepxoeHa B8 OabHeluwem
HeoO0HoKpamHo. [1pu 3mom BbISCHUIOCh, YmMo IM-B0oHbI ¢ Yacmomodl Huxce 100 KI'y umerom CKopoCmsb
CywecmBeHHo Huxe seiuduHbl 3-10° m/c.

B 60-e 200b! HENOCMOSIHCMBO CKOPOCMU CBemMa bb110 0OHAPY@EeHO NPU paduosIoKayuu BeHepsi.
lpu noepewHocmu padapa +1,5 kM u MakcumasabHol no2peltHocmu 3Kcnepumedma 8 260 KM u3-3a
spaweHus 3emsiu pasbpoc 0aHHbIX U3MepeHUll CKOPOCMU CBemda HA PAa3HbIX Y4acmkax ee opbumesl
cocmasu 2000 km. [26].

Jlpyaum siBrieHuem, WiitoCmpupyroUUM BO3MOXCHOCMb NPeBbIleHUs CKOpOCMU c8ema, SBUJICS
Mak HazbiBaembil «myHHeIbHbIU 3¢pdekm» [27]. B yacmHocmu, 8 [28] coobujaemcs 06 3KcnepumeHme,
B KOMOPOM /1a3epHbIU J1yd BblUIes U3 Kamepbl C NAPAMU Ue3us ewje 00 Mmo2o, KAk OH Ue/IUKOM BoWes B
Hee. Omom ¢eHoMeH UHMepnpemupyemcsa Kak c1e0CmBue «3KOHOMUU BpemMeHu» 3a c4em Bblibopa
Kpamdyadwe20 nymu.

B meyeHue nocsiedHux decasmuiemud XX Beka 8 0aeKoM KOCMOCe paduo- U peHmeeHOoBCKUMU
mesieckonamu 0bHapy*eHo MHo20 06beKkmoB (KBA3apoa U 2a/IaKmMUK), Komopble BbI6packiBarom cmpyu
Bewecmsa co CKOPOCMbH, NPEBbILIArOUEl CKOPOCMb CBEMA B HECKOJIbKO pPas. bbiiu 06Hapyx#eHsb! u
opyeue AB/1eHUs, B KOMOPbIX «CBEPXCBEMOBbIE» CKOPOCMU YyO0asaiock oaxce uamepums [29].

CoBepuweHHO HeoXUOaHHbIM Cmasao omkpbimue 0-pa P. Cavmuiau (2016), Komopsbil
CKOHCMPYUPOBAJI MEJIeCKON C BOSHYMbIMU JIUH3AMU U NOJIYHUST C €20 NOMOWIbKO MHO20KPAMHbIE
u306paxceHuss 00HoU u Mol xe 38e30b/ B PA3HbIX MOYKAX 0OPOUMbI B BUOE «HEMYYIHO20 OHEpPesiba» U3-
30 paz/iuyus CKOpocmu pacnpocmpaHeHus ussaydeHust [30].

He meHbwe csudemenbcms U 3amedsieHus csema. B 1982 200y ascmpanulickul y4eHbid B.
Setterfield o6pamun BHUMaHuUe Ha MOHOMOHHOE YbbIBAHUE U3MEPeHHbIX CKopocmel cBema 8 meyeHue
nocnedHux 300 nem [31]. [lpyeoe cmpaHHoe asaeHue 0bHapy*w/ia ¢ NoMowibto meneckona «MAGIC»
Mex0yHapooHas  2pynnd  uccredosamenel  eanakmuku — «Mapkapuad — 5071».  ACMPOHOMBI
«paccopmupoBasu» NOCMyNarowue ommyoa ¢ Kaxoold BCNbIWKOU 2amMma-pomoHbl HA HU3KO- U
BbICOKO3HEp2eMuUYeCKUe U BbISICHU/U, YMO NPU OOHOBPEMEHHOM U3J/1y4YeHUU BbICOKOIHEepeemuyecKue
yacmuubl npubbIBarom ¢ 3ano3oaHuem okoso 4 muHym [32].

B 1999 200y B «Natura» 6bi/1a onyb/IUKOBAHA HAYYHAS CMAMbS C NOOPOOHBLIM ONUCAHUEM
JKChepuMeHma, 8 KOMOpPOM CKOPOCMb CBeMA y0ad/iock YyMeHbWUmb 00 17 mempos B cekyHay [33].


http://wwwmagic.mppmu.mpg.de/

Tem He MeHee «Hay4yHas 0bUecmBeHHOCMb» NO-NPEXCHeMy YyNnopcmBayem 8 Henpu3HaHuu
mamepuasbHol cpedsbl, He cB0OUMOU NO CBOUM cB80UCMBAM K 0bbI4HOU Budumol (bapuoHHOU)
mamepuu, npednoyumas et «Nycmomy», NPUKPbIMYH GuU20BbIM JIUCMKOM «HU3UYHOCMU».

6. HeakBuUBaIEHMHOCMb MACChI U 3HEepauU

CoenacHo coomHowieHuro (12), BbimeKkarowemy U3 meopuu KosebaHud, Ksaopam CKOpocmu
pacnpoCMpaHeHus Bo3MyweHuld B ynpyeux cpeoax onpedessemcs 4YacmHol Npou3BOOHOU om
NJIOMHOCMU 3Hepauu 3modl cpedbl pu N0 NJAOMHOCMU camol 3mol cpeds! p. 2mo 03Hayaem, Ymo >3ma
Npou3BOOHASA 3aBUCUM B NPUHUUNE OM BCeX Opy2ux ap2yMeHmoB 3Hepauu 3moll Cpedbl, B MOM Huc/ie ee
nJI0mHoCmu p, memnepamyps! T, cocmasa u m. n. Jluwb 015 cped, y Komopod NJIOMHOCMb P SB/SemMcs
eduHcmBeHHoU nepemeHHol COCMOSHUS, YaCMHas NPou3Bo0Has (Opy/op) nepexodum 8 NosiHyH dp./dp,
uHmMezpuposarHue komopod ¢ yvemom E = [pudV u M = [pdV npusodum K BbIpaxceHuro

E = Mc. (13)

Takou ceemoHocHol cpedol B npedcmassieHuu gusukos XIX cmonemus 6bi1 3¢up Kak ynpyeas
cpeda, obadarousas omau4dHold om Hysis NJIOMHOCMbHO P, KoaebaHus Komopol pacnpoCcmpaHstOmCs Co
cKopocmabro ceema c. [losmomy H.A. Ymos ewie 8 1874 200y Ha OCHOBAHUU 3AKOHA COXPAHEHUS 3Hepauu
U Maccel cucmemel, cocmosiuied u3 uzsyyarouse2o mesa u 3¢upd, C8s3a ymeHbweHue nosHol 3Hepeuu
mena dE u e2o0 maccbl dM 8 npouecce u3ssydeHus C yBenudeHuem KuHemu4yeckol sHepeuu KoiebaHul
s¢upa dEX = (c2/2)dM, noy4us coomHoweHue mexdy Humu 8uda [34]:

E =Mc?/2. (14)

B. TomcoH B8 1881 200y BbiBes1 cxo0Hoe ¢ 3MuMm BbipaxeHue dE = (3/4)c?dM ¢ y4emom
npedcmassieHull mo2o BpemMeHuU O CYU,eCmBOBAHUU «3/IeKMPOMACHUMHOU MAccChl» 3/1eKkmpoHoB8 [5].
[puHsIMoe B HaACMosWee Bpemsi BbIPaXeHue

E=Mc2. (15)
6b1710 nosyqeHo O. X3sucatioom (1890) ucxoos u3 npedcmassieHuss © NOMOKe Jly4ucmod 3Hepauu 8 3¢gupe
Kak npou3sedeHuuU cBemoBo20 UMNy/ibca P = Mc Ha e2o ckopocms ¢ [35]. K makomy xce 8bI800Y npuuLiu
A. lyarHkape (1900) u @. XazerHopsb (1904).

A. SUHwmelH 8 1905 200y pacnpocmpaHusi 3mo BbipaxceHue Ha Jobble GopMbl 3HEp2uU,
NOCMy/IUpOBAB  NOCMOSHCMBO CKOPOCMU CBemMa U Hassas BbipaxceHue (17) «npuHuUnom
IKBUBAJIGHMHOCMU» MAcChl U 3Hepauu [36]. CozenacHo emy, nroboe meso ¢ 3Hepeuel E (8 mom ducse
omoH) umeem maccy M = E/c?, komopas pacmem He moJibKO NPU yBeuYeHuU KuHemuyeckol 3Hepauu
mamepuasibHol cucmemsl, HO U 1060l ¢opmbl eé 3Hepeuu nokos E.. M1 Haobopom, yBenuyerHue 060l
dopmbi 3Hepeuu cucmemsi E Breyem 3a coboll Bo3pacmarue eé maccbl M. B c853u ¢ smum 8 ¢pusuke u
NOSBU/IUCL ~ NOHAMUS — «PeIIMUBUCMCKOU  MacCbl»  Mp, — «Maccel NoKoss» Mo,  «UHEPMHOU»,
«3/1eKMPOMA2HUMHOU», «2paBUMAYUOHHOU» U M. N. MACCHbI.

Takas ux Knaccugukayus 0CHOBAHA HA UCNOJIb30BAHUU NJIAHKOBCKOU cuCmMeMbl e0uHUY (20e ¢ =1),
ymo deniaem Kaxcoyro opmy 3Hepauu Ui 3k8usaieHmHol macce M; ee sHepeoHocumens O;. Mexdy mem
u3BecmHo, 4mo sbas ¢opma 3Hepauu UMeem KOJUYECMBEHHYH U KAa4eCmBEHHYK) Mepbl, m. e.
Xapakmepusyemcs He mMoJibKo BeuduHol ©;, HO U COOMBEMCMBYWUM NOMEHUUAdIOM W, MAak 4mo
3KBUBAJIEHMHOCMb 3Hepauu E macce M ewe He o3Hadaem 3sKsusdjieHmHocmu Ui macce Mi. Imo
0bcmossmesibcmBo BCKPbIBAEM NOJIHYH HECOCMOSIMeIbHOCMb NOOMEHb! A00UMUBHOCMU NAPYUUASTbHBIX
3Hepaull Ui adoumuBHOCMbH Ux Macc M;.

VIHoU BbIBOO C/1edyem U3 3Hep200UHAMUKU U301UPOBAHHBIX cucmemM. OHA UucXxooum u3  mao20o, 4mo
Bce ¢opmbl 06bI4HO20 (bapuoHHO20) Bewecmsa BceneHHoU S8/19H0MCS NPOOYKMOM «KOHOeHCauyuu»
HebapuoHHoU (ckpbimodl, HeHabsrodaemol) mamepuu, Kak 6bl Mbl ee HU HA3bIBAJU — 3PUpom,
2/1eKMPOMACHUMHBIM NOJIEM, GU3UYECKUM BAKYYMOM, (POMOHHbLIM 2a30M U M. N. IMa Henoo0BUXCHAS B
uesoM mamepuanbHas cpeda obnadaem eouHcmBeHHol (2pasumauuoHHol) Gopmol  3Hepaeuu,
3asucsaweld om ee njiomHocmu p. s makol cpedbl YacmHas npou3BOOHAs Wm = (QU/OM),
onpedesnisrowas 2pasumMayUoHHbI0 NOMEHYUAs CUCMEMb], NEPexooum B NOJIHYH NPOU3BOOHYHO Wm =
dU/dM, ee uHmezpuposaxue npuBooUM K BbIPAXEHU

U =ymM. (16)

[MockosibKYy B u30/upoBaHHol cucmeme U = Eou M = Mo, @ B yci08usix nocmosiHcmaa obbema

cucmemsl, BbipaxceHue (16) moxcem 6bimb 3anucaHo B BUde
Eo = M. (17)

K 3momy BbipaxceHuro 8 Hacmosiujee Bpems CKJI0HSHOMCSA Bce bosibuiee Yucsio ucciedosameried,
nosaaeasi, 00HAako, CKOPoCMb cB8ema ¢ KoHcmaxmod [37]. Macca 8 3mom BbipaxeHuu He U3MeHSIemcs Co
CKOPOCMbIO, CMAHOBACL No JUHWmelHy mepod 3anaceHHol mesom 3Hepeuu. OOHako B bosiee obujem
c/lyyae  Mex2asiakmu4eckol Cpedbl Kak HOCUmMesbHUUbl CBemMda CKOPOCMb pPACNPOCMPAaHeHUs



Bo3myweHul (konebaHull) 8 Hell B COOMBeMCmMBUU C ONbIMOM CMAHOBUMCSA paz/iudHod, 4mo sedem K
HapywieHuro NPUHYUNA 3KBUBAJIEHMHOCMU MACCh! U 3HepuUl.

7. Hezeomempuyeckas npupoda epasumauuu

CoenacHo moxcoecmay (3), He MoJIbKO 2pasuUMAauUOHHbIe, HO U JItobbie Opyaue CUJibl UCYe3arom Npu
PaBHOMEPHOM pacnpedesieHuU 3Hep2oHOCUMe IS B NPOCMPAHCMBE. IMO NOJIOXEHUE Cnpasediuso u 0Jis
noJsieli CKOpoCmu, Kak 3mo ciedyem u3 BbipaxceHus (8). [Tokaxcem menepb, 4mo 0HO He NPOMUBOPEYUM
U 3aKoHy mszomeHus V. HeromoHa Fg = GmM/R?, coenacHo Komopomy epasumauyuoHHbIG NOMeHUUad Wy
Ha paccmosiHuU R om yeHmpa «nosieobpasyrouie2o» mesa maccol M onpedessiemcs BbIpaxeHuem:

wg=—GM/R, (18)
20e G — 2pasumMayUuoHHas NOCMOSIHHAS.

[T0CKOJIbKY B Mex}(2anakmu4yeckoM NpOCMPaHCmae ¢ HenpepbiBHO pacnpedeseHHol Mmaccold Hem
HU «nosieobpasyrouux» M, HU «npobHbIX» Macc m << M, paccmompum cgepy eduHu4YHo2o obbema Vo ¢
paouycom Ro u maccoli Mo = pVo. 41 Hee nomeHyuas (15) 8 110600 moyke ee N0BepXHOCMU PABEH:

Wgo =— (GVO/RO)p. (79)

M3 (19) Baudy nocmosHcmsa (GVo/Rs) ciedyem, Ymo yckopeHue noJis mazomeHus g = —V (g MOXCHO

npedcmasums Kak GyHKUUK NJIOMHOCMU Mex2aiakmuyeckol cpedbi:

g = (GVo/Ro)Vp = waoVp/p, (20)
20e Wgo = GpVo/Ro — HBFOMOHOBCKUL 2paBUMAYUOHHBIT NOMEHYUAs Ha NOBEPXHOCMU Cepbl
e0UHUYHO20 0bbemda, pasHbIt 8 cucmeme CH ~ 10734 m? c2.

AHQ102u4YHbI0 BbIBOO O NPONOPUUOHA/ILHOCMU YCKOPeHUss g OMHOCUMEsIbHOMY 2padueHmy
niomHocmu cpedbl Vp/p cnedyem U U3 3HEpeOOUHAMUKU. /[leldcmBumesibHo, B8 COOMBEmMCmBUU C
moxcdecmaom (3) npu dRm = - dr cuna maeomerus Fy onpedensemcs epadueHmom (0U/0r) sHepeuu U =
c?pVou pasHa VoV p. B makom ciydae Fq/Vio = pg = c?Vp, U Mbl NpUX00UM K ModuguuuposaHHol gpopme
3aKoHa HeromoHa [38]:

g=cVp/p. (21)

Conocmassiss seipaxceHus (20) u (21), Haxooum, Ymo 019 Mexc2anakmuyeckol cpedbi o cpedHel
nJomHocmbio p ~ 1072 ke M3 yckoperue nosa maeomerus, onpedesnaemoe BipaxceHuem (2 1), He meHee
yem Ha 40 nopsiokos npeskiuiaem HaldeHHoe u3 3akoHa HbromoHa 8 ¢opme (20). Smo obbsicHsemcs
mem, YmMO 3aKOH MA20MeHUs HbrtomoHa y4umasiBaem moJsibKo NApHOe B3aumooelicmaue ma2omerujux
meJi, 8 Mo 8pems Kak (2 1) yqumsisaem s3aumodelicmaue Bcex CmpyKmMYpPHbIX 3J1eMeHmMoB HebapuoHHOU
mamepuu. TemM cambiM MoOUGPUUUPOBAHHBIU 3AKOH HeromoHa (21) noomsepxoaem Haau4ue B8
MeX}#2a/IaKMUYeCKOM NPOCMPAHCMBe 2pasumayUoHHO20 NOJIS, He YCMYNAarouie20 No HanPSaMeHHoCmuU
NOJIHO MeXbA0EPHbIX CUJI. [TociedHee caudemesibcmayem o eOuHCMBe NPUPOoOb! «CU/IbHOU 2paBuMayuU»
U «CU/IbHO20 B3aUMOOelicmBuUSsI».

Bbimekarowjee U3 3HEP2OOUHAMUKU — NPOUCXOXOeHue  2pdsumavuu  Kak — c/1edcmsusi
HepasHOMepHo20 pacnpedesieHus Mamepuu 8 NPOCMPAHCMBe NOOMBEPOU/IU HEOABHUE UCC/Ie00BAHUS
240 2anakmuk pazau4Ho2o muna, co21acHo KomopbiM pacnpedeneHue obbiyHol (bapuoHHoU) mamepuu
B HUX MeCHO KOoppesupyem ¢ 2pasumayUuoHHbIM yckopeHuem [39]. Hapsady ¢ obHapyx eHuem «cusibHol
2pasumauvuu» 3mo obbacHaem MHozue Habsrodaemble B0  BceneHHOoU  NPouecchl:  YcusieHue
HeoOdHopoOoHocmel 8 nose msaeomenus (Vp # 0) npu ux CNOHMAHHOM BO3HUKHOBEHUU; Haau4yue B
mexceanakmuyeckol cpede 6apUOHHbIX aKycmuyeckux ocyumnayud [40]; Haaudue 8o BceneHHol
obwupHbix obnacmel (Bold), cB0600HbIX om 6apuoHHo20 Bewecmsa (Ymo  0byc/108/1eHO
«2paBUMAauUoHHbIM  pasHosecuem» (Vp = 0), m.e. omcymcmauem ycio8ull 079 YNaOMHeHUs
Mex2a/lakmu4eckold cpedbl; ynopsododyeHHoe pacnpedesieHue CcKonseHul 2anakmuk B8 opme
KOHUeHmMpu4Yeckux okpyxHocmel [41]; ux pacwupeHue npu npeobaadaHuu cusi ommankusarusa (Vp <
0); ynnomHeHue obnacmed ¢ npeobnadaHuem cusn mseomenust (Vp > 0); obpazosaHue 8 obnacmsx
NoBbIWEeHHOU NJIOMHOCMU 2a30-Nblesbix 061aKo8, MymMaHHocmed, 38e30, 2aiaKmuK U ux ckonaeHud;
popmupoBarue «4yepHbix ObIp» U3 HebapuoHHolU (HeHabsirooaemol) mamepuu B8 UeHMPAx 2a7aKmuk;
BO3HUKHOBEHUE «0x(emoB» Npu NOSBJIeHUU B HUX 6ApUOHHO20 (U3/1y4arouie20) Bew,ecmad, Haauyue
HeBuoOUMO20 2a/10 HA Nepugepuu 2aaakmuk, XapaKkmep UX POMAUUOHHbLIX KPUBLIX; NOCMeNneHHoe
YMSseeHue naaHem no Mepe akKpeuuu Ha HUX Mex38e30H020 BeujecmBd; NPomeKaHue 8 Hedpax 38e30
mepmosidepHbIX peakyul, nocmeneHHoe ocsabeHue cus ms2omeHUss N0 Mepe YNnJIOMHeHUs 38e30;
B3pbIB «CBEPXHOBLIX» NPU NPEBbILIEHUU BHYMPEHHe20 0as/IeHUs B 38€30axX HAO CUIAaMu MSA20MeHuUs U
MHo20e Opyzoe [42]. Bce 53mo BbIi200HO omiudaem 3Hep2o0uHaMu4ecKyro meopuro 2pasumadvuu om OTO,
Komopas nopoxcoaem 6osibwe 3a2a0oK, 4em daem omBemos.



8. ObcyxOeHue pesy/ibmamos

Ewe 8 1632 200y B KHu2e “/uance o 08yx enasHelwux cucmemax mupa — nmosemeesol u
KonepHukosoU” [anuneld ommemus, KAk ¢akm, 4mo eciau Ha OBUXYWEMCS NPAMOUHEUHO U
PaBHOMEpPHO Kopabsie omnycmums KAMeHb ¢ Ma4mal, Mo OH Nadaem Mak e, KakK U Ha HenooBUXCHOM
Kopabsie — K NOOHo U Madmel. OMCtooa c1edoBaso, 4mo 8 mpromMe Kopabsis, NibIBYULE20 PABHOMEPHO
U NPAMOJUHEUHO, HUKAKUMU 3KCNEepUMeHMAamu HeBO3MOMHO OOHApyXUumbs e20 O0BUXCeHUe
omHocumesibHo BoOHOU cpedbi U CywU. Mo NOJIodeHUe, NOJlyYuBUIee B MeXAHUKe Ha3B8aHuUe «NpuHuUNa
omHocumesibHocmu anunes», ymsepxoasao, Ymo pasHOMepHoe U NPAMOJIUHelHOe 0BUXeHUe 00HOU
cucmembl MamepuasbHbIX Mesl OMHOCUMe/IbHO 0py20l COBEpUIeHHO He CKAa3biBAemcsl Ha X00e
MEexXaHU4YeCcKUX NPOUECCoB, NPOUCXOOAUUX BHYMPU IMUX MAMEPUAIbHbIX CUCMEM.

HempyOoHo 3amemumsb, 4mo 3Mom NPUHUUN [aaunes a8/18emcs OmpaixeHuem Hepas/iuyumocmu
COCMOSIHUSI NOKOSI U/l 0BUMCEHUS] Kopabsis npu e20 O0BUXEeHUU «NO UHepuuu». JleldcmBumesibHo,
C02/1aCHO NOC/IeOHEMY, COCMOSIHUE NPAMOJIUHEUHO U pABHOMEPHO 0BUXCYWeUCa MexaHu4Yeckol cucmemel
Xapakmepusyemcs 8ce20 08yMs NApamMempamu. UMNY1bCoM P u nosioxeHuem yeHmpa Maccbi mesaa uiu
cucmembl mesi R. B makom cs1y4yae 3ma HepazauqumMocms 06YC108/1eHa NPOCMO HEU3IMEeHHOCMbH SMUX
napamempos B8 cucmeme omc4yemd, CBA3aHHOU C Hel, NOCKOJbKY B 060UX C/ly4adsx Ha cucmemy
delicmByrom 00HU U me Xce CUsibl. MiIMeHHO 3mo 06CcmosmeibCma0o U NOJIOHUJ V. HbromoH 8 OCHOBAHUE
e20 1-20 3aKoHa, Ccgopmyauposas €20 ciedyrowuM 0bpaszoM: «BCIKOe Mesio  NPooosIHaem
V0epyUBambCa B8 COCMOAHUU NOKOA UJIU PABHOMEPHO20 U NPAMOJIUHEUHO020 O0BUMCEHUS, NOKa U
NOCKOJIbKY OHO He NOHYX#OAemcs NPUJIOXEHHbIMU CUIAMU U3MeHUMb 3mo cocmosiHue” [9].

A. lyaHkape 8 1895 200y pacnpoCcmpaHu/i 3mom NPUHUUN HA 3/1eKMPOMA2HUMHbIE AB/1eHUS, HA38d8
e20 nocmysamom omHocumesbHocmu. Co2aacHo emy, He MOJIbKO MexXaHuyeckumu, Ho U
71eKMPOMA2HUMHbLIMU ONbIMAMU, NPOU3BOOUMBIMU BHYMPU NPOU3BOJIbHOU CUCMEMbI OMCcYemd, Heslb3s
YCMAHOBUMb paz/iudue mexcoy COCMOSHUSIMU NOKOS U PABHOMEPHO20 NPSAMOJIUHEUHO020 OBUMCEHUS.
EcmecmseHHo, 4mo B8 makux CO, HA3BAHHbIX UHEPUUOHHbIMU, @u3auyeckue 3aKoHbl 6ydym ¢
Heobxo0uMocmbro UMemb 00UH U mom e Bud. OOHAKO U3 3Mo20 BoBCe He C/1e008AJ10, YMO 3MU 3aKOHb!
00/HCHBI UMemb O0UH U MOm Xe Bud 8 Opyaux, HeuHepuuadsbHbix CO. Takoso, B8 4acMHOCMU,
nodassigroujee 6oabWUHCMBO 0bbekmoB BceneHHol, B KOmMOpbIX Habadaemcs Bpau,amesibHoe
0BuXeHue. He npuMeHUM NPUHUUN OMHOCUMEILHOCMU U K CKOPOCMU CBemMdA 8 BAKYYMe, NOCKOJIbKY
NOCMY/IUPOBAHUE e20 He3aBUCUMOCMU OM HAanpassieHuss 8 NPOCMPAHCMBE U OM OBUMEHUS e20
UCMOYHUKOB U eCmb Npu3HaHue ee abcoomHocmu. Kasasock b6bi, omcrooa c1edoBana Heobxooumocms
noucka umerHHo makux CO, B KOMOPbIX COCMOAHUSA 0BUMXCEHUS U NOKOS Obiu bbl J1€2KO pA3/IUHUMBI.

Mexcdy mem A. SdHwmelH 8 1905 200y npednoyesn duamempasbHO NPOMUBONOIOXHbIU NYyMb U
pacnpocmMpaHuI NOCMYy/am OMHOCUME/IbHOCMU HA BCe ABAeHUS NPUPOObI, NOJIOXUB €20 B OCHOBAHUE
cneyuasnsHol meopuu omHocumesibHocmu (CTO). Bckope oH e chopmyauposas NPUHYUN J10KATbHOU
HepasauquMocmu CUJl MA20MeHUs U CWi UHepUuU, HAas3sas €20 NPUHUUNOM 3KBUBAJIEHMHOCMU
UHepuUoHHOU U 2pasumayuoHHOU Macc U NOJIOXUB e20 B 0CHOBAHUe 0bwiel meopuu OmMHOCUMeTIbHOCMU
(OTO). 3amem K Hemy NpUCOEOUHUJICS NPUHUUN Hepas/udumMocmu YCKOPeHHo20 U Bpau,amesibHo20
0BuxceHuUl, Komopbill pacnpoCMpPaHuUsl HepasIuquMocms OUHAMUYECKUX 3¢GeKkmos YCcKopeHus u
MSA20MeHUs Ha HeuHepuudasbHble CUCMeMbl OmcYemd. Tak NPUHUUN Hepas/IudumMocmu NOKoS U
PABHOMEPHO20 NPAMOJIUHEUHO20 OBUMEHUS B UHEepyud/ibHbIX CUCMeMax omc4Yema Cmasa OCHOBHbIM
UCXOOHBIM NPUHUUNOM MEeopemu4yeckoeo NOCMPOoeHUsa Bcell PU3UKU U HAyYHOo2o UCCie0oBaHus. B
71eKMPOOUHAMUKE 3MO BbIpA3U/IACk B NPUHUUNE HEPA3/IUYUMOCMU 3/1eKMPOHOB B Memasie; 8 pusuke
N1eMeHMApHbIX YAaCmuy — B8 NPUHUUNE HepasauqyuMoCmu MmOox0ecmaBeHHbIX yacmuu, 8 K34 — B
HepasuyuMocmu Bew,ecmaa U noJisi;, 8 eouHol meopuu NOJS — B YMBepi0eHuU O BO3MOXCHOCMU
C/IUAHUS BOEOUHO (Bnsiomb 00 NOJIHOU HepasauyuMocmu) no KpadHel mepe mpéx u3 4Yembipex
U3BeCMHbIX BUOOB B3aumodeldcmaus. ¥ Bce 3mo cOe/laHo Ha OCHOBE 3KCMPanoasayuu npuHuuUNa laauses,
CNpaseosiuBo2o Jullib 0J19 UHepuuasabHbIX cucmem. B pesysbmame u3secmHas udes JletibHuua ob
OmMCymcmBuu B8 npupode 0BYX COBEPUEHHO MOXOeCMBEeHHbIX Bewel Kak nepBoHa4YasibHAas
dopmMyIUPOBKA NPUHUUNG PA3UYUMOCMU 3HEp20OUHAMUKU bblia BbiIMeCHeHa e2o0 aHMunoooM -
NPUHUUNOM HepasauqyumMocmu. E2o0 nocmysuposaHue coenand NOHUMAHUe @Gu3uyeckux npoyeccos
Heobs3amesibHbIM U B 3HA4YUMesIbHOU Mepe U//IH030PHbIM, U B KOHEYHOM CYeme NOPOoOUsIO HEPA3/IuYeHUe
ucmuHb! u 3abyxoeHud.

Mexy mem HU U3 NpuHUUNA omHocumesnbHocmu [anunes-flyaHkape-IUHwmelHad, Hu U3
JKCNepumMeHmMasabHoU NPAKMUKU He c1e008aJ10, Y4Mo pu3uyeckue 3aKoHb! 00IXHbI pOPMYIUPOBAMBCS
UMEHHO maxkum obpasom, Yymobbi NOKoU U paBHOMEpPHOe NPSMOJIUHelHoe 0B8uMeHue cucmemsbl Obiiu
Hepasauyumel. Hanpomus, u3 3mol NPAKMUKU BblIMeKasd NpednoYmumeslbHOCMb GOopMYy/IUpPOBAMb



MU 3aKOHbI MAkKum 06pazom, Yymobsi ux 8UO bbi1 Haubosiee NPOCMbIM U NOHSIMHbIM, U NO BO3MOXHOCMU
He 3asuces bl om CO. Takosbl CO, 8 KOMOPbIX NPOCMPAHCMBO, 3AN0JIHEHHOe Mmamepuel, ocmaemcs
HenooBUMHbLIM U He NPUHUMAaem y4acmusi B NPOUCXOOAWUX B Hell Nnpoueccos. VIMeHHO MAakoso
NPOCMPAHCMBO, 3aHAMOoe U30/1UpOBAHHOU cucmemod, YeHmp KOmMOopo2o cOBNAAEem C YeHMpPOM MACChI,
UHepyuu, 3apada, 3HmMponuu U /106020 0py2020 SKCMEeHCUBHO20 NApamempd COCMOSHUS Npu
PABHOMEPHOM (paBHOBECHOM) pacnpedesieHuu 20 NJIOMHOCMU NO 3MOMYy NPOCMPAHCmMBy. B cuy
NPUHYUNA CAMOHEHAapyuwuMoCmu pasHOBECUS], U3BECMHO20 KAK Hy/1eBOe Ha4aao mepmMoouHamuxku [1],
MO NOJIOXCEHUe He MOXem bbiMmb U3MeHeHo HUKaKkum obpasom. B makol cucmeme posib ACO moxcem
BbINOJIHAMb /060U MamepuasbHbIl 06bekm, He U3MeHsowel CB0e20 NOJIOXEHUS OMHOCUMEsbHO
yeHmpa ee obbema. B Hell HeBO3MOXHO CNYyMams OMHOCUMEIbHOE NepemelleHue 00H020 U3 mes npu
e20 nadeHuu Ha 0pyeoe C e20 YCKOPeHUeM, NOCKOJIbKY Nepsoe CONPOBOXOAemcs U3MeHeHUem
NOJIOXCEHUS UeHmpa Macchl Bced cucmembl N0 OMHOWEHUK K UeHmpy ee 06bemd, a 0py2oe — CMeljeHuem
yeHmpa e2o UHepyuu.

lpu makom nodxo0e BoNPOC 0 HAAUYUU «3¢UPHO20 BeMpa» U CMeneHU e20 JIOKA/IbHO20 yB/1e4YeHUs
mesamu omxooum Ha 3aoHul naaH, 8 obsacms npobsembl e20 BS3Kocmu. Hanpomus, 8onpoc o
eduHcmBe NPUHUUNOB U 3AKOHOB pAas/UYHbIX HAYYHbIX oucuunauH B8 ACO npuobpemarom
OCHOBONOJIA2aroUlee 3Ha4YeHue. VIMeHHo Ha 3mom Hacmausasn A. [lyaHkape 8 csBoem mpebosaHuu
eoduHcmBa popmbi 3anucu Gu3UYeCKUX 3aKOHOB, CNPABedIUBO NOOYEPKUBAS, YMO B8 NPOMUBHOM C/TyHae
meopus, 0bbsICHSIrOWAs 00Hy 061acmb pusudeckux sasaeHul, HemuHyemo solidem B8 NpomuBopeyue C
pakmamu, coomsemcmayrowumu opy2ol obacmu aaeHul [8]. Tak u npou3owsio Ha Camom dese, Ko2oa
HapyuieHue coomsemcmaBus Mexdy MexaHukol U 371eKmpoouHamukol cmano npuduHol e1y60Ko02o
Kpusuca @usuku. QensI0bIBASICb  HA ~ UCMOPUYECKOe  NPOWLIoe,  MPYOHO NOCMUYb  JIO2UKY
OMOXOeCMB/IeHUS ABHO Pa3/luduUMbIX NOHAMUU ¢ meM, 4mobbl 3ameM HA OCHOBAHUU UX
Hepas/iuqumMocmu NOOMeHUMb 2paBUMAUUOHHYH CUJTbl KpUBU3HOU NPOCMPAHCMBA U NPespamums mem
CambIM dpeHy B8 y4acmHuyy cnekmaksas. B smol cBa3u 3Hep2o0uHamuydeckut nooxod K npobreme
2pasumayuu  ABJsemcsa  3acayxusarowel BHUMAHUS aabmepHamusol TO, 3HameHyroujel cobol
B038pam pu3UKU HA Kaaccudeckut nyms pazsumus [43].
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Abstract

This study aims to delve into the cases of two countries, namely Pakistan and Malaysia, to
understand the essence of language policies and their importance to the nation. By conducting a
comparative examination, it thoroughly investigates both countries, furnishing a detailed
understanding of their contexts. The analysis endeavors to pinpoint resemblances, disparities,
hurdles, and effective strategies in language policy formulation and execution across these two
nations. Particularly Pakistan and Malaysia were chosen to analyze because of several main
similarities that make them one step closer to each other. First and foremost, both countries were
colonized by the British Empire, that is, they have the same historical period that still has an impact
on their nation. Secondly, they have a large variety of ethnicities Malay, Chinese, and Indian
communities in Malaysia and Punjabi, Pashtun, Sindhi, and Baloch in Pakistan. Thirdly, they both
share a diverse linguistic landscape. In Malaysia, Malay is the official language, and several other
languages are spoken by various nationalities. Chinese languages, particularly Mandarin, Hokkien,
and Cantonese, are spoken predominantly by the Chinese people. Tamil is spoken by the Indian
community. There are also numerous indigenous languages spoken by the Orang Asli (indigenous
people) of Malaysia, such as Iban, Kadazandusun, and Penan, among others. When it comes to
Pakistan, Urdu is the national language and serves as a lingua franca, aligning individuals from
different ethnic groups and regions. Moreover, Pakistan is also linguistically diverse, with many
languages spoken by multiple ethnic groups. For instance, Punjabi is spoken by the majority in
Punjab province, while Pashto is spoken in Balochi Khyber and Pakhtunkhwa in Balochistan. Sindhi
is spoken in Sindh province, and Saraiki in the southern parts of Punjab, and several other
languages are also spoken across the country. Overall, the purpose of this study is to understand
the essence of language reforms as well as their challenges and benefits to the nation and analyze
the implementation of English-medium instruction policy in these two counties. By delving into the
cases of Pakistan and Malaysia, this study seeks to provide actionable recommendations for
Kazakhstani policymakers, educators, and stakeholders to enhance language-related aspects of
the country.

AHHOmMayus

2mo uccnedoBaHue HANPABIeHO HA U3y4eHue cumyayuu 8 0BYX CMPAHAX, d UMEHHO B
Makucmare u Masnadzuu, Ymobbl NOHAMb CYyMb A3bIKOBOU NOAUMUKU U ee BAXHOCMb 019 HAUUU.
llpoBeds cpasHuUmesbHbIU aHAaau3, OHO MUIamesbHO ucciedyem obe cmpaHbi, obecneyusas
demasbHoe NOHUMAHUe Uux KOHMeKCMA. Llenb aHanu3a - BbISBUMbL CXOOCMBA, pas/uyus,
npenamcmsus U 3¢dekmusHble cmpameauu 8 papabomke U OCyuecmssieHuU S3bIKosol
NoIUMUKU 8 3Mux 08yX cmpaHax. B yacm+ocmu, lakucmax u Manadsus 6biiu 8616paHbl 018
aHau3a us-3a HeckosIbKUX OCHOBHbIX CXOOCMB, KOMopbkle 0es1arom ux Ha wae buxce opya K opyay.
pexcde Bce2o, 0be cmpaHbi bbiIU KOOHU3UPOBAHLI Bpumarckol umnepueli, mo ecmsb Y HUX 00UH



U Mom e ucmopuyeckul nepuod, Komopbilt 00 CUX NOP OKA3bIBAEM BAUSHUE HA UX Hayuto. Bo-
BMOPbIX, Y HUX 6O/IbWOe pA3HO0bpazue 3mHUYecKux 2pynn. Maaadusl, Kumadub! U UHOUUUb! B
Manadizuu, a makxice neHoXabuypl, NYWmyHbl, CUHOXU U 6es1yoxcu 8 [lakucmade. B-mpemabux, y HUX
PasHbIl A3bIkoBoU AaHOwagdm. B Manal3uu opuyuaibHbiM A3bIKOM A8/15emcs manadckud, a
MAakx#e HeCKo/IbKO Opy2ux SA3bIKOB, HA KOMOPbIX 20BOPSAM NPedcmasumesnu paziudHbIx
HauyuoHasbHocmel. Ha KumadlckoMm A3biKe, 8 4aCMHOCMU HA MAHOAPUHCKOM, XOKKAUOCKOM U
KaHMOHCKOM 0uadsiekmax, 2080pim NPeuMyuecmaeHHo Kumadusl. VHoulickas obujuHa 2080pum
Ha mamusbckom. Cyuwiecmayem mMakie MHOXECMBO A3bIKOB KOPeHHbIX HapoooB, HA KOMOPbIX
20BOPSM 0paHeac/iu (KopeHHoe HaceneHue) Manadsuu, makux Kak ubaH, KaoasaHoyCyH U NeHar,
cpedu npoyux. Kozoa deso doxodum 0o [lakucmada, ypoy A8/15emcs HaUUOHA/IbHbIM A3bIKOM U
CAyxHUum uHeBa ¢parka, obbeduHss npedcmasumesnell pazHbiX SMHUYECKUX 2pynn U pe2uoHOs.
bonee mozo, lakucma+ makxe omau4aemcs UH2BUCMUYECKUM pa3Hoobpasuem, NOCKO/bKY Ha
MHO2UX A3bIKaX 20BOPAM NPeoOCmasumesnu pasiudHbIX 3MHUYeckux 2pynn. Hanpumep, B8
NpoBUHUUU [TeHOXab 6osbULIUHCMBO HACe/eHUs 2080pUM HA NEeHOXAOCKOM, a Ha nywmy - Ha
bes1yoxucmaHckom, xalbepckomM u naxmyHxsa. Ha cuHoxu 2osopsm B8 nposuHuuu CUHO, Ha
Capauku - B toxcHbIX patioHax leHoxaba, a makxe Ha HeCKOJIbKUX OpYy2ux S3bIKax No Bced cmpare.
B yesiom, yesib 0aHHO20 UCC/Ie00BAHUS - NOHSMb CYMb A3bIKOBbLIX PepOpPM, a Makxice ux Nnpobriems!
U npeumyujecmsa 0/ CMPAHbl, d MAKXe NPOAHAU3UpPOBAMb Peanu3ayuro  NoJUMUKU
NpenooasaHusi aHesulcko2o A3bIKa Ha CpeodHeM YpoBHe B 3MUX OBYX CMPAHax. V3y4as npumepbi
lakucmara u Masnadsuu, 0aHHoe uccedoBaHue HanpasaeHo Ha Mo, Ymobbl damb NPAKMUYecKue
pekomeHoayuu 0/ Ka3axCmAaHCKux NOoJIUMUKOB, Nedazo2o8 U 3aUHMepecoBAHHbIX CMOPOH NO
VAYHUWEHUIO S13bIKOBBIX ACNEKMOB HU3HU CMPAHb.

Keywords: politics, reforms, policies, languages, multilingualism, English-medium
instruction.

Knroyesble €/10B8a: NoUMUKA, pedopMbl, cmpameauu, f3bIKU, MHO20§3bl4ue, 0by4eHue
aHeUuUCKOM S3bIKe.

Introduction

Language policy and Medium of Instruction (MOI) play significant roles in shaping the nation, its
educational system, societal dynamics, language choices, and economic as well as political opportunities.
This paper focuses on these two concepts within the contexts of Pakistan and Malaysia. Through a
comparative analysis, this study provides an in-depth exploration of both nations, offering a
comprehensive overview of their cases. The analysis seeks to identify similarities, differences, challenges,
and best practices in language policies and implementation in these two countries.

The study aims to answer these research questions:

1. What are the differences and similarities between Pakistan and Malaysia in Language Policies?

2. What socio-political, historical, and cultural factors shape language policy decisions in Pakistan
and Malaysia?

3. How does the proficiency level of English among teachers and students in Pakistan and Malaysia
impact the effectiveness of EMI programs?

4. What insights can Kazakhstan take from the cases of these two countries?

1. The concept of “Language Policy” and the contexts of Pakistan and Malaysia

It is essential to point out that there is no generally accepted or standardized definition of language
policy. Each scholar defines this concept differently. According to Kaplan and Baldauf (1997), “a
language policy is a body of ideas, laws, regulations, rules, and practices intended to achieve the planned
language change in societies, groups, or systems” (p. 11). Also, language policy can be described as “a
situated sociocultural process — the complex of practices, ideologies, attitudes, and formal and informal
mechanisms that influence people’s language choices in profound and pervasive everyday ways”
(McCarty, 2011, p. 12). As a future policymaker, | see a language policy as a set of principles and
regulations established by a government or responsible bodies to requlate the use, status, and role within
the country. In the next sub-sections, the major language policies of Pakistan and Malaysia, namely the
official language policy, the recognition of indigenous languages, and multilingualism will be discussed
and compared.



1.1. Official Language Policy

Pakistan and Malaysia are linguistically diverse nations that have several language policies. Both
countries prioritize two main languages in their official language policies. In Pakistan, these languages
are Urdu and English, while in Malaysia these are Malay and English. As an official and national language,
Urdu plays a significant role in government offices, national media, and official documents, and it is a
mostly understood language, particularly in urban areas (Rahman, 2004). When it comes to the English
language, in Pakistan it is recognized as an associate official language and serves as the language of
instruction in higher education, as well as widely used in international diplomacy and business
transactions being the most powerful language (Manan, 2015). In Malaysia, like Pakistan there is its own
national and official language mandated by the Constitution, in this case, it is Bahasa Melayu. Malay
serves as the primary medium of communication language in all governmental documentation and
education (Gill, 2005). English also plays a pivotal role in Malaysia, especially in the contexts of education
and business, and as in Pakistan English is commonly used in higher education institutions as the medium
of instruction, especially in technical and professional fields (Rashid et al., 2017). As for the difference in
official language policies between them, as a future policymaker, | can say that Pakistan's language policy
supports the coexistence of Urdu and English, with Urdu as the national language and English as an
associate official language. On the contrary, Malaysia's language policy gives precedence to Malay as the
only official language, having English as a secondary language after Malay for educational and business
purposes. Tosum up, while both states recognize the significance of Urdu and Malay, Malaysia's language
policy pays greater attention to the preservation and promotion of Malay as a symbol of national unity.

1.2. The Policy of Recognition of Indigenous Languages

Another major language policy that is common in Pakistan and Malaysia is the recognition of
indigenous languages. Pakistan is a highly multiethnic and multilingual country with approximately 77
languages in total and it recognizes the linguistic diversity within its territory alongside Urdu and English
(Abbas & Bidin, 2022). Efforts to promote indigenous languages can be seen in various fields of the
country, such as administration and education. These policies significantly differ by province. For
example, in Sindh province, initiatives have been undertaken to promote the Sindhi language through the
integration of Sindhi literature and cultural studies into school curricula (David et al., 2017). In addition
to this, there are Sindhi language institutions aiming to foster publications and research in Sindhi
language and literature (Rahman, 1999). Sindhi is an ancient language that belongs to an Indo-Aryan
family and has approximately forty million people around the world (Hassan, 2016). Another vivid
example of the recognition of indigenous languages in Pakistan is Balochistan province, where Balochi
language courses are available for children, and significant attempts are made to release literature and
assist cultural institutions and events dedicated to preserving Balochi heritage and language (Siddigi,
2012). “From a historical point of view, Balochi is classified as a Northwestern Iranian language, closely
related to Kurdish, although it is spoken in the southeastern corner of the Iranian linguistic area” (Jahani,
2013, p. 155). Also, according to Jahani (2013), “Balochi is spoken in southwestern Pakistan, in
Balochistan Province, by smaller populations in Punjab and Sindh” (p. 154).

Malaysian National Language Policy mentions not only its official national language, which is
Malay but also gives inclusion to other languages, including indigenous ones. Moreover, “in more recent
years, several indigenous people groups, concerned about what they perceive as a decline in the use of
their ethnic language among the younger generation, have begun language development and/or mother
tongue education programs” (Smith, 2003, p.52). As an example, there is a state in Malaysia called
Sarawak, home to numerous indigenous languages, which has shown evident efforts in various fields to
recognize their languages as well as culture by supporting them with education, official documentation,
and cultural events (Ting & Ling, 2013). So, one of the indigenous languages of Sarawak state, the Iban
language has been systematized and taught in schools, and other Sarawak languages, namely Bidayuh,
and Orang Ulu have their own academic manuals in their languages (Ting & Campbell, 2017). So, the
Malaysian government’s steps toward the support of indigenous languages and people can be considered
important actions in safequarding linguistic diversity and preserving their identities. Overall, the main
difference in the recognition of indigenous languages is the fact that Pakistan recognizes other
languages than Urdu and English at the national level such as Pashto, Sindhi, Punjabi, and Balochi, while
in Malaysia other languages than Malay and English are not officially recognized.

1.3. Multilingualism in Pakistan and Malaysia

As mentioned earlier, Pakistan is a multilingual and multiethnic country with about 77 languages
and 212.2 million people, which reflects its diverse population and each of them has its own culture and



ethnic groups (Ashraf et al., 2021). However, “with 77 living languages, of which only these two (i.e.,
Urdu and English) are dominant” (Ashraf, 2023, p.26). The importance of Urdu can be explained by
historical factors, when during the Mughal Empire Urdu started to have cultural, administrational, and
literal value in various parts of present-day Pakistan (Garcia, 2011). Urdu is mostly associated with the
Islamic religion as many Persian and Arabic words have roots in it (Rahman, 2008). Also, Urdu played a
significant role in gaining independence because in 1947 it was chosen deliberately to unite the newly
formed Pakistan (Rahman, 1997). The English language also has its roots in historical events, as it has a
colonial legacy and has penetrated almost all spheres of the country (Mahboob, 2002). While only 8
percent of the population of Pakistan speak Urdu as their first language, English is becoming more
dominant and widespread maintaining its higher-class status as the period of British colonization (Nisa
etal., 2023). As for the other significant languages in Pakistan, we can list Balochi, Pushto, Siraiki, Sindhi,
and Punjabi.

However, according to Nisa et al. (2023), other minority languages than Urdu and English are
losing their identity and marginalized. While efforts have been made toward indigenous languages, a
notable lack of attention is given to minority languages. Therefore, Nisa (2023) lists some barriers to
multilingualism in Pakistan in his work, such as: “facing barriers while communicating, learning problems
in a multilingual classroom; getting different treatment on the basis of language; impact on their
personal and social identities; different ethnic groups rioting; political conflicts among groups; the dread
terror of dominance and prejudice among individuals,; a higher risk of social conflicts; having particular
stereotypes and injustices towards certain languages” (p. 582). As a future leader in policymaking, | would
suggest to Pakistani policymakers to revise language policies, since it creates disparities and inequalities
among the ethnicities. Considering the number of languages and nationalities in Pakistan, | believe that
there should be a policy that protects all the cultures and identities within the country whether they are
in danger of extinction or indigenous ones, regional or national languages.

Malaysia is also a multilingual country with almost 137 living languages. There are 2 main
languages in Malaysia, Malay, and English. Similar to the Pakistani case, the Malay language was
introduced as a national language right after the independence to create a common national identity
and foster a sense of patriotism, and the existence of English as a secondary language can be explained
by the colonial period of Malaysia by the British Empire (Albury & Aye, 2016). However, Pillai (2021)
states that “Malays make up more than half of the population in Malaysia, followed by the Chinese and
Indians who make up about 25% and 7% of the population, respectively” (p. 173). Consequently, the
Chinese community in Malaysia has a variety of Chinese, such as Mandarin, Cantonese, Hakka, and
Hokkien. Similarly, the Indian community speaks in several languages such as Tamil, Telugu, Malayalam,
and Punjabi (Lépez, 2014).

There is a similar case in Malaysia which mirrors the multilingualism challenges observed in
Pakistan. Despite the recognition of indigenous languages, the minority languages are experiencing a
decline as well as a language shift. Because of this, the linguistic diversity of Malaysia is under threat, “as
these minority languages have no official status, there are practically no official efforts in corpus
planning towards these languages” (Xiaomei & Daming, 2018, p. 109). According to Xiaomei and Daming
(2018), there is an Institute of Language and Literature dedicated only to the Malay language, but
minority languages are not considered in this agency. Thus, we can see an intensified emphasis on a single
language, neglecting the presence and importance of other minority languages. Therefore, as a
policymaker, | would also allocate resources and funding to support initiatives aimed at preserving
minority languages by officially integrating more minority languages into the national educational
curriculum and working closely to empower them.

2. English-medium instruction in Pakistan and Malaysia

English-medium Instruction refers to the practice of using the English language for academic
subjects in educational institutions such as mathematics, science, social studies, and language disciplines,
and “the main idea of EMI is to combine the conventional instruction of content-area subjects with
foreign language-learning” (Haagen-Schiitzenhéfer & Mathelitsch, 2002, p. 293). In this contemporary
and highly competitive world, the concept of English-medium instruction has become prevalent due to
globalization and internationalization (Tsou & Kao, 2017). Also, the global spread of EMI has been fueled
by various socio-economic factors, including the integration of English as a lingua franca in international
communication, as highlighted by Crystal (2003).

Both Pakistan and Malaysia have English-medium of Instruction Policy in their educational
systems. In Pakistan, “today, while there are numerous Urdu and some Sindhi and Pushto medium schools
in the country, English medium schools tend to have more prestige; furthermore, when it comes to higher



education, other than a handful of institutions, all adopt English as the medium of education” (Mahboob,
2020, p. 262). Mostly, public schools owned by the government are Urdu-medium with the English
language as a subject, and the English-medium instruction policy is widespread in private schools with
expensive tuition fees often unavailable for typical middle-income families (Asif et al., 2020). The private
schools in Pakistan with EMI are normally distributed in localities where people can afford it. Channa et
al. (2016) claim that in Pakistan parents tend to enroll their children in English Medium Schools in order
to make them proficient in English, as it is a crucial tool for modernizing and achieving scientific
development. Only powerful elites of Pakistani society can send their children to these schools, and
therefore, less costly EMI schools are becoming widespread within the country. Asif et al. (2020)
compared the students’ English language competencies in private English medium schools and
mainstream schools. They claim that students in elite EMI schools have more chances to practice the
English language at school or even outside with their families and acquaintances, which is not the same
for mainstream school students. The low learning results in mainstream schools with English as a subject
were explained by hiring incompetent instructors and poor school facilities. Shamim (2008) who
investigated the performances of state school students as a previous researcher stated that “the majority
of teachers dictated a set of essays and letters or wrote them on the blackboard for the students to copy
in their notebooks and the students learned these by heart and reproduced them in the examination” (p.
240). In his empirical study, it was also found that in private EMI schools’ teachers and students use only
English without mixing with other languages, and “in contrast, Urdu and/or the local language was the
dominant classroom language in the government Urdu-medium schools” (p. 240). These cases regarding
the EMI demonstrate the different levels of practice and use of language.

English-medium instruction (EMI) in Malaysia is primarily implemented at the tertiary level due to
the fact that “the internationalization of higher education is a crucial strategic catalyst for Malaysia’s
higher education policy” (Rahman & Singh, 2022, p.111). Rahman et al. (2021) assert that Malaysia’s
national policy on EMI has attracted thousands of students from Middle Eastern, South Asian, and
Southeast Asian countries to Malaysia, leading to the nation having the largest number of international
students from these three geographical areas. Moreover, “the Malaysian Ministry of Higher Education
(MoHE) declared its goal of becoming an excellent international higher education hub and attracting at
least 250,000 foreign students to Malaysian institutions of higher education by 2025” (Rahman, 2021,
p. 1215). Thus, considering these statistics about Malaysian EMI we can declare that the English language
has united the Asian Higher educational landscape.

However, the literature review conducted on EMI in Malaysia demonstrated that this educational
policy has several issues. For example, the study by Huiling and Ismail (2022) exploring speaking
experiences, determined a variety of obstacles faced by students while using academic English. The first
factor is the Malaysian accent that has the instructors as well as local students and the use of the Malay
language during the lessons which creates confusion among international students. The second factor
that was identified during the research was a lack of proficiency in both students whose L1 is different
than English, so they struggled with expressing their opinions and having the required level of English.
The essence of the third challenge was administrative and managerial challenges because most higher
educational institutions offer English courses for doctoral degrees which might distract them from doing
research.

Overall, the comparison between Pakistan and Malaysia reveals contrasting scenarios regarding
English-medium instruction (EMI). In Pakistan, EMI education appears to be predominantly accessible to
affluent children, leading to a significant disparity in English proficiency levels between students in
mainstream schools. Conversely, in Malaysia, EMI is primarily observed in higher education institutions,
posing various challenges for both local and international students.

To enhance the effectiveness of EMI in Pakistani secondary education and Malaysian higher
education, several recommendations can be considered. For Pakistan, in order to promote equitable
access to English-medium education, initiatives should focus on expanding opportunities for students
from diverse socio-economic backgrounds. Only by ensuring that all students have access to high-quality
English-medium education, Pakistan can foster greater inclusivity and equity in its educational system.
In Malaysia, where EM| is primarily observed in higher education institutions, addressing the challenges
associated with this educational policy is crucial for promoting effective learning outcomes. Therefore,
Malaysia needs to implement mechanisms for monitoring and evaluating the quality of English-medium
instruction programs, including regular reviews of curricula, teaching methodologies, and student
outcomes. Also, creating a welcoming and inclusive environment for both international and local
students would promote student success and well-being.



3. Conclusion

To sum up all the above mentioned, we can come to the conclusion that these Language and
Education-centered policies are essential components of Pakistani and Malaysian social, economic, and
educational frameworks, deeply interconnecting with their histories and identity formations. By
supporting linguistic pluralism, and integrating the English language into the curriculum, both countries
sought to foster inclusive societies while preparing their citizens to be flexible in a rapidly evolving global
world. Thus, delving into the contexts of Pakistan and Malaysia offered valuable insights into the
peculiarities of policy formulation, implementation, and adaptation, highlighting the importance of
context-specific approaches considering whether this policy is suitable or not, and ongoing evaluation in
achieving the goals of language and education policies.

3.1. Insights from Pakistani and Malaysian Cases to Kazakhstan

Kazakhstan, a comparatively young country to Pakistan and Malaysia, gained its independence
from the Soviet Union on December 16, 1991 (Nurumov & Vashchanka, 2016). Therefore, without a
doubt, it has a lot to learn from the practices of these two countries. Firstly, Kazakhstan needs to
implement language proficiency programs like those in Malaysia, where universities offer intensive
English language courses and support services to students. Because these programs can help
Kazakhstan's students improve their English proficiency, facilitating participation in English-medium
instruction. Additionally, it was previously discussed that Pakistan has rich experience in promoting
bilingual education in English and Urdu. As Smagulova (2006) claims, “A quarter of Kazakhs are
monolingual Kazakh speakers, but the actual use of Kazakh varies significantly from region to region; it
is used universally in the south and west; in the north and east, however, less than 50% of Kazakhs speak
the language” (p. 304). So, this finding indicates the lack of balance between Kazakh and Russian
proficiencies in the Kazakhstani population. Therefore, Kazakhstan needs to develop programs that
emphasize proficiency in both Kazakh and Russian, alongside English to balance the proficiency levels.
Finally, Kazakhstan needs to conduct a comprehensive review of the national curriculum, incorporating
best practices from Pakistani and Malaysian models. It can be implemented through integrating
language learning across subjects and disciplines and including multicultural and global perspectives to
promote a more inclusive and diverse educational experience.
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Introduction:

Elites have existed since time immemorial. The specifics, structure and development of their work
were different in different eras. However, the essence and their main goal is always the same - to
influence the masses and the decision-making process without being noticed by the masses. A number of
researchers discuss the theory of elite in political science. Even Plato and Aristotle mentioned it.

The origin and manifestation of the elite can be found in almost all spheres of social life, on
different scales. However, the most institutionally powerful among them are the political elites. It should
be noted that the manifestation of elites, for example in business, law, etc. It has a direct and often direct
connection with politics, which further strengthens the opinion that political elites enjoy the greatest
power in society.

Elites, as groups consisting of specific subjects, have taken the reins of management and often in
democratic countries their power is spread without any publicity.

Elite as a term in political science was first used by Wilfredo Pareto (1848-1923), who said that
this term basically means the advantage, in its broadest sense, of the group of people whose skills and
abilities are at the highest level. Together with Vilfredo Pareto, Gaetano Mosca (1858-1941) and Robert
Michels (Robert Michels, 1876-1936), who are representatives of the Italian sociological and political
school, are considered to be the founders of the classic theory of the elite. They believe that inequality in
politics and society is a natural phenomenon, that society is governed by groups of people with special
skills. They are aware of their own power and superiority and act accordingly. Society and the masses are
always ruled by minorities, who are referred to as the ruling team. José Ortega-y-Gasset in his work
"Rebellion of the Masses" defines the elite as a group of selected individuals who are distinguished from
the masses by a special power of will and energy, a desire to excel, and generosity. At this time, it does
not matter whether they are rich or poor, occupy a high position - they are chosen because of their
personal, moral, intellectual qualities. R. According to Aron, the existence of a monolithic elite means the
end of freedom in the country, while a weak and fragmented elite is dangerous for the existence of the
state. In other words, the elite must be free from these two extremes for democracy to develop freely in
the country.

Georgian elites after the collapse of the Soviet Union: When discussing the transformations of
elites in post-Soviet countries, two main approaches are distinguished. The latter is especially noticeable
in Eastern and Central Europe. "The mentioned result came about because the old nomenclature was
able to maintain its position at a high level."7 The second trend is known as the "circulation” theory,
according to which the end of the communist regime was followed by structural changes in the highest
layers of the hierarchy. New cadres appeared, who, based on new goals, faced new challenges. All this
was based on new principles, which naturally restructured the elites. Thus, these two approaches are
important when discussing the transformation of the elite of the contemporary stage. Some of the
countries were able to respond to the current challenges, while some remained in the old framework,
with the old personnel. As an example, it is enough to consider the reality of Poland and Russia. Naturally,
the absolute transformation could not happen in a few years, however, the differences in this point of
view can be seen quite well on the example of these two countries: Poland, where, despite the fact that
in five years, after the collapse of the Soviet Union, the old cadres still remained in some positions, but,
obviously An excess of new staff was noticed. The opposite example is Russia: naturally, old cadres were
replaced by new ones, although very little, which, of course, could not bring about ideological changes.
The latter is visible as an example of reproduction.

Dissident movements had an influence on the process of formation of the elites of the post-Soviet
countries: "The success of dissident political parties in the elections was a legitimate result of their
activities. Despite the fact that dissidents were in the minority for decades, they actually expressed the

7 Szelenyi I, Circulation or reproduction of elites during the postcommunist transformation of Eastern Europe — Introduction,
Yale University Press, 1995, pp., 616.



"undisclosed” interests of the "dauntless" majority (in the future, the first president of Georgia, Zviad
Gamsakhurdia and his team). That is why the elections in the republics of the post-Soviet space also
ended with the victory of the national forces".8

The case of Georgia contains rather strange manifestations in terms of research on elites; The
collapse of the Soviet Union was followed by internal disturbances and coup attempts, and despite the
fact that Georgia at that time did not tire of structuring the elites and developing a new methodology, it
happened by itself that a certain part of the existing nomenclature was automatically removed from the
ruling circle. That is what the national forces demanded. However, naturally, a considerable part of them
did not intend to give up power. Many Georgians sacrificed their lives and material-intellectual resources
to fight with them. In the background of all this, the influence of the Soviet elites remained a particularly
big threat, which produced results in a relatively short time, and with the arrival of Eduard
Shevardnadze9, we again got a manifestation of reproduction, which continued until the "Rose
Revolution” of 2003 (President M. Saakashvili and his team). After 2003, the reality has changed
radically, however, researchers evaluate the transformation of the elites after the "Rose Revolution" in
different ways and believe that the new power is a continuation of the old one, and the top layers of the
hierarchy include those politicians who had close ties with Ed. Shevardnadze and from this point of view
the reality has not changed, which is explained by the fact that Ed. Shevardnadze and his team members
did not serve the sentence and continued their political life. According to the second part of the
researchers, after 2003, a completely new elite union was born and they had no connection with the old
entities, as evidenced by specific circumstances. The new elite formations enjoy high support from the
West and also a high reputation in society, as evidenced by the 90% victory in the elections and the fact
that a large part of the population participated in the "Rose Revolution". They enjoyed a high rating
among the population, which strengthened the position that the new generation of elites had no
connection with the old one, including from an ideological point of view and values. When considering
both evaluations, there are naturally question marks, to which the present paper serves to find answers,
to what extent the ties between the new and old elites have actually been severed, to what extent the
doctrines, methods and approaches have changed.

The appearance of businessman and philanthropist Bidzina Ivanishvili on the political scene in
October 2011 made it clear that an alternative to the country's ruling elite had emerged, which in the
first half of 2012 had already formed an important political force (political union - "Georgian Dream”),
and in the second half this force, despite numerous Despite the opposition, he managed to win the
elections and is at the head of the government even today.

It is a fact that the elites exist and the masses, especially today, without realizing it, are ruled by
interest groups, artificially created needs, according to which political parties behave and try to gain
advantage in various ways, which will keep them in power longer than it seems at first glance.

Regardless of their health, Georgian elites are characterized by one thing, they constantly and
tirelessly try to gain international support, which to some extent includes domestic success as well.
International support and purposeful work with this blessing is of the utmost importance, since it includes
both the success of government policy, the success of a particular elite, and the success of the country as
well.

Conclusion

In this work, we discussed and evaluated the theory of elites in general, its theoretical beginnings
and discussed the reality of Georgia, which tested the Soviet rule on itself and despite the fact that it was
able to gain independence, the Soviet shadows of the historical past often hinder its formation as a
democratic state and deal great blows to this process.
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Abstract

The given article gives the description of the contamination of harmful substances under the
example of corporation, producing cement. After providing the research methods (holding
monitoring and audit proceeds), author provide detailed ecological information of contaminated
sites in the research district. As a result we calculated (under the formula of MPC — maximum
permissible concentrations) infected sites and quantity of pollution (Pb, Cd, Cu etc.).

Keywords: monitoring, ecological audit, MPC, pollution, contaminated sites.

Introduction. Industrial enterprises of PJSC "lvano-Frankivskcement" operate on the territory of
Halytskyi and Tysmenytskyi districts of Ivano-Frankivsk region, starting from the Dubivtsivka quarries in
the north (Mezhyhirtsi, Tustan, Dubivtsi, Vodniki villages) to the northern outskirts of the city of Ivano-
Frankivsk in the south ( villages of Yamnytsia, Ughryniv, Kluziv, Kolodivka). In this zone, 3-5 km wide and
up to 10-12 km long, there are villages and agricultural land, forests and meadows, nature conservation
areas in the valleys of the Dniester and Bystrytsia rivers, which are characterized by a rich landscape and
biological diversity.

The unique landscapes of the Dniester Valley undergo anthropogenic transformation from various
technogenic sources. PJSC "lvano-Frankivskcement" affects soils, surface water, atmospheric air and
vegetation, and possibly the population. Therefore, it is necessary to determine such an impact and
develop measures to protect against cement production is accompanied by the release of solid and
gaseous pollutants into the environment (cement dust, mercury, carbon black, sulfur-dioxide, nitro-
genoxides, various carbohydrates, manganese, vanadium, etc.).

The purpose of the work. The current state and current situation of any territory is determined not
only by the introduction of pollutants from sources of anthropogenic origin, but also depends on natural
factors. Therefore, an important aspect of the study and analysis of the current situation is a complex of
studies that studies the geological conditions of the territory, its structure, relief, which causes the
development of dangerous exogenous and endogenous processes, and is also a prerequisite for the
formation of a certain type of soil; there gime of underground and soil waters in combination with the
meteorological conditions of the territory (amount of precipitation), which gives an idea of migration,
discharge and water quality; direction sand speed of the prevailing winds, which depend on the speed of
sedimentation and migration of pollutants. The landscape conditions of the territory make it possible to
analyze the current situation from the point of view of the degree of resistance of the territory to
transformation. These and a number of other factors have a decisive influence on the formation of the
current situation of their search area.

With the aim of more or less complete coverage of all natural and natural-anthropogenic
geosystems of influence on the territory of Ivano-Frankivskcement PJSC, we developed a monitoring
network that includes 16 profiles with 77 landscape-geochemical (geoecological) polygons — points
where samples of soils, atmospheric air, surface and groundwater, and vegetation to determine their
contamination by various chemical substances (Pic. 1.1, Table 1). At the same time, it have to be taken
into account that the territory of PJSC "lvano-Frankivskcement" is partially affected by the flooding of
the Dniester Valley by catastrophic floods that recur after 6-14 years (Pic. 1 - Marynopol, Vodniki, left-
bank part of Halych etc.). This causes drastic changes in the ecological state of the soil cover, vegetation,
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surface and groundwater, activates dangerous xogeodynamic processes (landslides, suffices, karsts,
erosion of river banks, etc.).

Materials and methods. There are 17 sources of emissions at the site of cement (main) production,
16 of which are equipped with dust cleaning equipment, one source (clinker warehouse) is unorganized.
The atmospheric air was analyzed for the content of heavy metals and a number of toxic substances.

When taking samples of atmospheric air, the main directions of atmospheric air transport, wind
direction, presence of "dynamic tubes" were taken into account. The results of analytical studies of the
selected samples are summarized in the database (Table 1). For comprehensive characterization of
atmospheric air quality, the so-called "total indicator of atmospheric pollution" issued, the calculation of
which is performed according to formula 1:

m
Koum = ) Cpi(N; + MPC)

=1

where C1 — is the estimated concentration of the i-th pollutant in atmospheric air, mg/m?; MPC —
(maximum permissible consentrations), average daily maximum permissible concentration established
for the i-th pollutant mg/m?>;

Ni—is a coefficient that depends on the hazard class of the pollutant.

Results and discussion. With the help of the SURFER software, the distribution of the studied
elements in atmospheric air in the territory of PJSC "lvano-Frankivskcement"” was determined.

When analyzing atmospheric air pollution with heavy metals and toxic compounds, the following
problem areas can be identified:

- in the area of the village of Dubivtsi (northern part of the territory), which includes

the following observation points: Nos. 2, 10, 12, 16, 17, 18;

- between the villages of Silets and Tyazum (central part) observation points: Nos. 32, 33, 34, 36,
37, 38, 42;

3 —near the village of Yamnytsia, observation points: Nos. 42, 50, 51, 55.

Concentrations of heavy metals in these areas exceed the MAC from 2.1 to 3.6 times.

Table 1

Database on chemical contamination of atmospheric air with heavy metals based on X-ray

fluorescence and atomic adsorption analyzes in the territory of lvano-Frankivskcement corporation

0 (002 0 0,03 |0,01| 0,01 | 002 | 090,03 0 7,11 03 0,17
0,011003| 0,1 0,01 10,02 0,01 | 0,03 | 0,7 |0,01 0 02| 02 0,13
002| 0 0 0,01 0 0 007 | 041|001 01 | 06| 03 0,15

Ne Contamination of elements MPC
sampl| Hg | Be cd Co Pb As Se Cu | C Zn Fe Al

) 2 3 4 5 6 7 8 9 10 11 12 13 14
7 003 0 0,5 0 0 0 0 1,3 1001 01 1,2 0,4 0,22
2 32 | 21 84 3,4 2,1 3,4 2,3 16,4| 3,1 43 84 4.2 10,66
3 0,09 0 0,4 0 0 0 0 1,2 1004 02 0,9 0,5 0,26
4 0,07 |004| 0,1 0 0 0 0 1,6 10,01 0,1 0,8 0,1 0,19
5 0 0,06 0,1 0 0,01 0 0,01 1,9 10,03 0,02 | 0,6 0,2 0,19
6 0 0,01 0 0 0,02 0 0,02 | 1,4 1001| 0,03 | 04 0,6 0,19
7

8

9

70 | 36 | 14| 96 | 29 | 19| 36 | 16 |182| 36| 42 | 89| 56 | 1009
74 | 36 | 28] 142 36 | 24| 46 | 23 [194] 36| 54 |[142] 64 | 1339
75 [ 42 23] 11,1 39 |29 43 19 [248] 39| 61 |164| 72 | 1350
76 | o | 0 0 0 0 0 o o] o 03 [o6] 12 ] 028
7771 o | o 0 0 0 0 0 o4 o 02 [09] 04 | 0714

There are a total of 77 points in the database.

According to the value of the calculated total pollution coefficient, it is possible to distinguish zones
with different degrees of atmospheric air pollution within the studied territory (Pic. 1):

safe (total pollution coefficient less than 1.5);

weakly dangerous (from 1.51 to 3.0);

moderately dangerous (from 3.1 to 5.0);

4) dangerous (more than 5.0).
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Pic. 1. Zones of atmospheric air pollution

Conclusions. When assessing the state of pollution in the study area, the total indicator of man-
made pollution (SPZt) was taken into account. Most of the studied territory belongs to the favorable
zone. The tense zone includes several plots of a small area located in the northeastern part of the
territory (the villages of Dubivtsi, Kozyna); in the center - between the villages of Silets and Tyazum, in
the village Yamnytsia, as well as in the south of the territory - on the outskirts of Ivano-Frankivsk.
Concentrations of heavy metals within the stressed zone range from 2 to 3 MPC.
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Abstract

Theoretically, based on the Meshchersky equation, the possibility of creating a driving force
under the conditions of a real process with the rejection and addition of the same mass (without
mass exchange with the environment), but with different levels of losses, is shown. This can be
realized in experiments with pulsating jet engines, especially with multiple effective addition of a
mass of gas on the one hand and dissipative damping of pulsations on the other hand, as well as
in a cumulative gas jet, to evaluate the effects of which empirical methods are used. A closed loop
can be implemented in an electric rocket engine.

AHHOMauus

Teopemuy4ecku Ha 6ase ypasHeHus Mewepckoeo NOKA3aHad BO3MOMXHOCMb CO30aHUS
08U Cyuell cusibl B YC/IOBUSIX PeasibHO20 Npouecca ¢ ombpackiBaquem u npucoeduHeHuem ooHou u
mod xce maccel (6e3 maccoobmeHa ¢ okpyxarousel cpedoll), Ho C pazHbIM YpOBHEM NOMepb. IMo
Moxcem 6bImb peasiu308aHo B 3KCNEPUMEHMAXx C NYJIbCUPYOUWUMU PeaKkmUBHbIMU 0BU2AMe/ISMU,
0C06eHHO C MHO20KPAMHbBIM 3¢deKmuBHbLIM NPUCOLOUHEHUEM MACChbl 2d3d C 0OHOU CMOPOHbI U
ouccunamuBHbIM 2awieHuem nysabcayult ¢ opyeol CMOPOHbI, A MAKXe B8 KymyasmusHoU cmpye
2azsa, 0J19 OUeHKU 3¢pekmos Komopol UCNO/Ib3YHMCA SMNUPUYECKUE MemOoObl. 3aMKHYMbIU YUK/
Mmoxcem 6bimb peasiu308aH B 371eKMPUYECKOM pakemHom 0Bu2amerie.

Keywords: Newton's third law, Meshchersky's equation, added mass, pulsating jet engine,
cumulative jet, electric rocket engine.

Kntovesbie cnosa: Tpemud 3aKoH HbtOMOHA, ypasHeHue Meuwjepckoeo, NpucoeouHEHHas
macca, NyabCUpyrouull peakmusHbIl 0Bueamesb, KyMyJaSmusHAs CMPYS, 3/1eKmpuyeckul
pakemHsIt 0BU2aMETb.

Tpemul 3aKkoH HeromoHa o paseHcmse oOelicmBus U NPomuBooelicmBus Cnpaseodsus oss
abcosiromHo MBeépokiX MeJi, KOMOoPbIX 8 NPUPOOe He Cywecmsyem.

PaccmMompum BO3MOMHOCMb CO30aHUS HeYpasHoBeuweHHoU 0BuUXyweld Ccuibl ¢ Nno3uyuu
YpasHeHus Meuwiepcko2o npu HeusmeHHoU macce mesa u OmCcymcmBuU BHeWwHel Cusibl. [J1s 3moeo
YACMHO20 peuleHus ypasHeHUs

do = _dm _ dm
m—:F+u1—ml+u2 z,
dt dt dt
20e m - nepemMeHHdd mdacca mejsia, U — CKoOpoCcmb 0BUXeHUs mesa ne,DeMeHHOlj mdaccel; ur —
OMHOCUMEsIbHAs  CKOPOCMb — OMOENIIWUXCA  4aCmuy; Uz —  OMHOCUMEbHAS  CKOPOCMb

npucoe@um;owuxcg Yyacmuu,



—d(;rtll — CeKYHOHbIU pacxod (ombpackiBaHue) Maccel;

dm, v .
TS — CeKyHOHbIU npuxod (npucoeduHeHue) Macchl; F — BHeWwHsa cud,
npuHamo: F = 0, NOCMosSHCMBO MACChl Mesia obecneyusaemcs paseHcmBoM pacxo0o8 omoesisrouwelcs
U NpucoeouHsIrouelcss Macchl. [lpu 3mom 0BUXCYWLAA CUJIa MOXem C030aBAMbCS B ped/ibHOM Npouecce
3a c4ém pazHoCcmu Nomepb NpU omMaoesIeHUU U NpUCoeduHeHUU 00HoU U mol e Maccekl.

Ha npumepe nynbcupyrousux BP/] (ITyBP/]) paccMompum BO3MOXHOCMb Peaau3auuu 3mo2o
AB1eHUS € 3pdekmamu npucoeduHeHUss Macc. bbia BbINOIHEHA pacyémHasi OyeHKa yoesbHo20 pacxoda
monsusa [1] ¢ ucnosnb3osaruem 0aHHbIx [lyBPJ], nomewéHHbIx 8 mabauye 1.

Tabauya 1
PaspaGomuuk ®PI, [epmaHus ®paHyus
«Ap2yc» MEB SNECMA
Jlsueamersib AS014 016 Escopett | Ecrevisse A AST HS1
Ts2a, H 3285 348 105 294 696 1422
f(/ ea /f’/_ffxoa mon/iuaa, 0306 | 0,194 | 0,184 0,138 | 0203 | 0,148
Juamemp, MM 560 123 120 190 230
JIAurHa, Mm 3400 3000 2830 2480 2000 | 3120
OmHoweHue 01uHb! K duamempy 6,07 24,39 23,58 10,53 | 13,57
Macca, ke 10 45 10,0 15,5 30

Tak Kak omcymcmaBoBaau MOoYHble 0aHHbIe NO U3MeHeHUto 0dsJieHUs U memnepamypbl 2a3d 8
mpakme 0Bu2amesis, A MAkxce Y4UumabIBasi C/IOHHOCMb pacyema

bbICMPONPOMeEKaroULUX NPoueccos bbiiu NPUHAMBbI Cedyroulue YC08US U 0ONYUIEeHUS:

— pacyem ydenbHo2o pacxoda monsusa C yo BbINOJHSACA 078 YUKAA CO C2OpaHuem npu
nocmosHHoM oasneHuu (P = const), pasHbiM MAaKCUMAIbHOMY 3HA4eHuto Pz  NoOJy4eHHOMY
KpamKoBpemeHHO B 0Buzamerie; 0aHHoe 00NYWeHUe ABHO 3aHUXaem pacyemHoe 3Ha4eHue yoesibHo20
pacxooa monJiusd;,

— 0uanasoH MakcuMasibHbIx 0assieHuUll 8 Kamepe ceopaHus Pz = 0,25...0,35 Mlla; dns 0sueamerned
C KanaHamu Ha sxooe «Apayc» ASO 14 uMbb P = 0,35 Mlla; 05 6ecknanaHHbix 0suzamesnel «SNECMA»
P;=0,25 MIlla,

— MONJIUBO — KEPOCUH,

— Ko3¢ppuyueHm usbbimka Bo3dyxa, a = 1,0;

— MAKCcuMasibHas 0ocmuHymas memnepamypa ceoparus, T:= 2100 K;

— nokazame/sib aduabamsl, k = 1,33;

— no npusedeHHbIM 8 mabsuue 1 3HaveHusam Cye onpedensiiuck Pz u T, 0718 u0easbHo20 C2OpaHust
npu nocmosHHoM obbeme (Yuks V = const); npu 3mom Ucno/ib308a/1ack Gopmysia 015 pacdema yoesibHou
mseu [2]:

R, =283 [T, (i)”5 (1,2 -1 (151, +12- 1,27 +8),
TCZ

20e r1; — Ha4yaibHas (MaKkCuMasabHas) cmeneHb NOHUXEeHUS 0aB/IeHUSs B BbIXOOHOM ycmpoUucmase.

Pe3yibmamel pac4emmHo20 Ucc/iedoBaHusi npusedeHsl Ha puc. 1 8 sude 3asucumocmu Cyo om P
019 yukaa P = const u HaHeceHHbIx udmepeHHbIx 3HaqYeHul Cye (mabsuua 1), a makxe Ha puc. 2 8 Buoe
3asucumocmu Tz u Pz om Cys 0118 yukna V' = const. [lpu 3mom ucnosib308aa0Ck U3secmHoe 0/ 0aHHO20
Yukna coomHoweHue Pz/ Py = Tz/ Tw, 20€ Pnu T« Napamempsl ammocpepHo20 BO30yXa.

AHasu3 3asucumocmed NOKA3biBaem:

— delicmBumersibHbil, U3MepeHHbIU YoesibHbIU pacxo0 MOoNJUBA MeHbWe 0axe 3AHUMEHHO20
pacyemHo2o 0/ 3HA4YUMesIbHo20 Yucaa osueamesned (puc. 1), B OCHOBHOM paspabomku @upmMsbi
«SNECMA». [lna smux 0sueamesiell xapakmepHd 3HAYUMesbHAas Benu4yuHa OmHOWeHUs OJIUHbI K
duamempy 0sueamesis; 601bUOU NPUCOLOUHEHHbIU K Kamepe c20paHusi 0bbem BbIX0OH020 ycmpolcmBaa
onpedesisiem 60/1bWYH MACCY OCMAMOYHbIX 2A308 U BMEKAW,e20 B030yXd, KOMopbkle U CMAaHoBIMCs
npucoeouHeHHoU mMmaccod, yayquwarouwsed maeoBbie XapakmepucmuKku 08Uamerisy;

— ecnu 6b1 8 [TyBP/] peanu3o8bi8anca daxce udeasbHbil YUk ¢ no0Bo0oM mensiomsl npu V =
const, mo 0na usmepeHHbix BesuduH Cyo (MONIUBO — KepOCUH) pacyemHsie nompebHbie 3Ha4yeHus P ;
(puc.2) noymu Ha nopsi0oK 6oJibLWe U3MePeHHbIX, YMO NPOMUBOPEYUM 3AKOHAM COXPAaHeHus, 0aHHoe



npomuBopeyue MoXem pazpelums MAkxe NPUCoeouHeHue 0onoHUMeIbHOU MAcchl 2a3a 8 paboyem
npouecce dBu2ameris.

0,8
0,7 \
?0,6 \
L 05
s L1\
504 17X
O3 N
' \.\g
0,2 :
0,1 ' '
01 015 02 025 03 0,35 04
P,, MNa
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Takum obpazom, 8o Bcex [lyBP/] usmepeHHas msea bosbwe pacyémHod, Yymo moxem bbimb
06bACHEHO 3¢pekmom NpucoeduHeHUs MAcc 2d3a B NyJsbcupyrouwem pabodem npouecce. ¥ MOXCHO
npeonosiazams, 4Ymo B 3AMKHymom pabodyem npouecce, umes C 00HOU CMOPOHbI 3pdekmusHoe
npucoeouHeHue Maccbl ¢ 60bWUM YO sIbHbIM UMNYJILCOM (Hanpumep, m. 6 puc. 3), a ¢ opyaol
ouccunamusHbId  NPOYECC C MUHUMAJbHLIM UMNYJIbCOM MOXCHO NOJIYyYUMb  HEYPaBHOBEUWIEHHYH
osuxcywyro cuiy. Credyem ommemums, Ymo HbromoHy bb11a Yyx#0a udess COXpaHeHUs OBUXEHUS,; B
noomasepxoeHue cB0e20 B32/150a BeIUKUU y4EHbIt NpUBOOUJT yoap Heynpyaux meJi, No1dzas, Ymo 8 3Mmom
c/1y4ae umeem Mecmo YHUYModceHue 0Bux3ceHus [4];

B nocnedHee Bpems B MHO204UC/IEHHbIX UCCIE008AHUSX NYbCUPYIOWUX 2d300UHAMUYECKUX
paboyux NPOUECcoB BbiSIB/IeHA BO3MOMHOCMb YBe/IUYeHUS MU ConJid C pe30HAmMOopoM 0151 0bbI4HO20
BP/] 3a c4ém 3¢pcpekma MHO20KpamHo20 npucoeduHeHus macc [5].

Ha puc. 4 u3o0bpax@éH 3KkcnepumeHmasbHbit nysbcupyrouult BPA SNECMA 3340 «Escopette,
umerowull BbICOKUU yoesbHbIt umny/ibC, 671a200apsi MHO20KPAMHOMY NPUCOEOUHEHUKD MACChl 2a3d Ha
6os1bwol 0/1uHe. AHanu3 paboye2o NPoUECca NOKA3aJ1 CXOMECmb €20 C puuKol KymyagmusHol cmpyu,
a makxe ux KoHgueypayud (puc.5). 30ecb npumeyamesieH onbim akaoemuka JlaspeHmeesa M.A. [6] no
C030aHUK SMNUPUYECKO20 Memooad No oueHKe UMnyibca. Heobxodumocms 3mo2o memoda 0byc/108/1eHa
appekmamu B3aumodelicmsBus MAcc HA AMOMAPHOM YPOBHE, KOMOPbIe OKA3bIBAOM BJUSHUE HA
3pdekmsbi npucoeduHeHUs Macc 8 nysabcupyrowielt cmpye. CoenacHo popmyne JlaspeHmsbesa — Tediopa:

L — IKC pI(C
pl’l
2/1ybuHa NPOHUKHOBEHUS KyMySmuBHOU cmpyu L 3asucum B nepsyro o4epedb om eé 01uHb! lkc (npamas
3aBUCUMOCMS). 30eCh p k¢, p n— NJIOMHOCMb COOMBEMCMBEHHO CMPYU U Npeepadsl. [1pu 3mom no duHe
KYyMyasmusHoU cmpyu umeem Mecmo nepuoouyeckoe UsMeHeHUe CKopocmu, NJI0OMHOCMU Kak y yBP/],
ymo npednosiazaem obwuli NPUHYUN MHO20KPAMHO20 NPUCOEOUHEHUSI MAcChbl.

VIMny/ibC cmpyu 3a consiom moxcem bbimb No2aleH 3a CYém OuCCUNayUU 3HepauU B CNeuuasbHbIX
ycmpodcmBax ¢ 60/bWUM 2u0pasIUuYeckuM conpomussieHuem. MOoxHO NpednooXums, Ymo npu
Haau4uu  CneyuasbHo  CKOHCMPYUPOBAHHO20 —Ompaxamesiss  (Hanpumep, KomMbuHauuu Cemok)
3aKkpensiéHHo20 Ha consie bydem paspywieH omBemHbId NPouecc NPUCOeoUHeHUss Macc (Ha
ompaxcamesie) C BbICOKUM YpOBHeM 2u0pas/iuyeckux nomepb U No2auieHd CKOPOCMb 2d3ad (Kak
npuemsiembil yuiepb). [lpu 3mom BO3MOIHO COXPAHeHUe Yacmu msu U B038pAM HA BX0O B 0BU2amesib
pabo4ye2o0 mesia, Hanpumep, B8 NYJbCUPYIOUWUX (UMNYJIbCHBIX) 3/1IeKMPOPAKeMHbIX 0BU2AMENAX, YMO
umeem 02poMHoe 3HavyeHue 07151 N0JIEMOoB B KOCMOCE.

L=2883 l

Puc.4. yBPJ] SNECMA 3340 «Escopette» ¢ MHO20KpamHbIM NpUcoeduHeHuem Macchl 2asa



Puc.5. Cxema obpaszosaHus KymyasmusHol cmpyu

B pabome [7] NoKazaHa BO3MOXHOCMb CO30AHUS KOCMUYECKO20 pakemmHo2o 0Bu2amesis
3aMKHYMO20 YUK/Ia ¢ peasausayued 3¢pdekmos npucoeouHeHuss Macc.

B CLIA (no 0OaHHbIM U3 UHMEpHema) npoBedeHbl UCNbIMAHUS B Kocmoce 6ecnu/iomHo20
siemamesibHo2o anndpama (bJIA) Boeing X-37. BJIA nemasn nodmu 08a 200d, 3HAYUMENILHO MEHSJI
opbumsl, Ymo mpebyem 60/bWUX pACX0008 MONJIUBA U COOMBEMCMBEHHO YBeludeHHbIX 06bEMoB
b6akos, 4e20 He omMeYeHo. V3BecmHO mMoJIbKo, YMO B NOJEMe UCC/Ied0BasUC, MensioBble
«KosrebamesibHbIe» mpybbl, 31eKkmpudeckuli pakemHbil (UoHHBIU) 0sueamess (SP/]). Paboyee mesio —2a3
KCeHoH. []aueamesib co30aém cpasHUmesibHo Heboibulyto msey 0718 MaHeBpuUpPoBaHus 8 Kocmoce. C1080
«KonrebamesibHbIl», HaBEpHOe, Moxcem bbimb NepesedeHo U Kak ny/ibcupyrowud. A 8 Ny/bCUpYyrouem
peaKkmusHoOM 0Buzamesie, Kak Obl10 NOKA3aHO Bblue, 3a CYEm NPUCOLOUHEeHUS CObBCMBEHHbIX,
ompabomarHbIX MAacc 2a3a BO3IMOMHO COKpaujeHue pacxoda paboye2o mesia U Bo3BpaALLeHUE e20 B
paboyudl YUK
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OLIEHKA YPOBHA PACTIPOCTPAHEHNA JIEVIKO3A KPYITHOIO POFATOIMO CKOTA U
OCOBEHHOCTEN JIEKO3HOIO NPOLIECCA HA TEPPUTOPHN PECTIYBJINKN KASAXCTAH
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Abstract

According to the World Organization for Animal Health, bovine leukemia is a significant and
still unresolved problem for agriculture and veterinary medicine in many countries of the world,
including the Republic of Kazakhstan, where industrial animal husbandry is developed. One of the
most important tasks of modern veterinary medicine is the search for effective diagnostic methods
and economically justified schemes for the elimination of this disease. In this regard, an
assessment of the level of spread of bovine leukemia and the features of the leukemic process is
relevant.

AHHOmMayus

Mo 0aHHbIM BCemupHOU 0p2aHu3ayuu No oxpaHe 300poBbsl YUBOMHbIX, 1eUKO3 KPYNHO20
p02amo20 ckoma npedcmassigem cobol 3Ha4YUMesIbHyro U 00 CUX NOP HEepPeWweEHHY npobiemy
018 CenbCko2o X03AUcmBa U BemMepuHapuu B8 MHO2UX CMPAHAX Mupd, BKIrYas Pecnybsuky
Kasaxcma, 20e pazsumo NPOMbILWL/IEHHOE #UBOMHOBOOCMBO. OOHoU u3 BayHelwux 3aday
cospemMeHHOU BemepuHapuu fBJSemcs NOUCK 3P@eKkmuBHbIX Memodos OudeHOCMUKU U
IKOHOMUYECKU O0b6OCHOBAHHbIX CXeM JIuKBudayuu 3mo20 3abosnesaHus. B cBf3u ¢ 3mum,
nposedeHue OUeHKU YPOBHS pPACNPOCMPAHeHusi Jsielko3a KPynHO20 po2amoz20 CKomd u
ocobeHHocmell 1eliko3Ho20 npouecca A8/I9emcs akmyasibHoU.

Keywords: cattle, leukemia, monitoring, infection rate, Republic of Kazakhstan
Kntodesble  €108a:  KpynHbil — poeamsbil  CKOm, J1eUKO3, MOHUMOPUHZ, YPOBEHb
uHduUUDPOBAHHOCMU. Pecnvbiuka Kasaxcma

BBseoeHue. Jle(iko3 KpynHo20 po2amoeo CKOMd, WUPOKO pAcnpoCmMpaHeHHoe 3abonesaHue,
BCMpeyarowjeecs Bo MHo2ux cmpaHax mupa [1]. Bosbyoumesnb 3abosnesaHus Bupyc cemelcmsa
Retroviridae, cnocobHbill uHpuUupoBams B-numpoyums! KpynHo2o poeamozo ckoma [2]. Bupyc
obsadaem 0cobeHHOCMb 200amu NpebbIBamb B OP2AHU3Me B U30/1AUuU, oxwudas ociabreHue
ummyHumema.  3abosiesaHue  xdpakmepusyemcs — NOPaXceHuem  KpoBemasopHoU  CUCMeMbI,
JIUMPOUUMO30M, BOZHUKHOBEHUEM HOBOObpaszosaHul [3]. KnuHudeckue npusHaku 60/1e3Hu HaqyuHarom



NpoSIBAAAMbLCA NPU CONYMCMBYHOWUX XPOHUYECKUX 3abonesaHusx Ha ¢oHe ocnabneHus UmMMyHHOU
cucmemel [4]. B 0CHOBHOM y XUBOMHbIX BCMpe4yaemcs UHKYOAUUOHHAs U 2eMamaoJio2uyeckas cmaouu
[5]. lpu OaHHbIX cmadusx 3abosesaHue OUAZHOCMUPYOM NO Pe3yJbMmamam Ceposiocudeckux U
2emMamosioeu4eckux Memodos Ucc/1e008aHus Kposu [6]. MIcmoYHUKoOM UHGEeKUUU ABISemMCs 3apaxeHHoe
JUBOMHOe HA Bcex cmaodusx meveHus 6one3Hu. Bupyc nepedaemcss C UHGUUUPOBAHHbIMU
aumgouyumamu [7].

[pobniema nelikosa 06YCc/108/1eHa MOPGOI02UHECKUM U 3BOIHOUUOHHBIM CXOOCMBOM Mexy
Bupycom s1eliko3a KpynHo20 poeamo2o ckoma (bovine leukemia virus) u supycom T-K1emo4yHo20 /1elko3a
yesnoseka [8]. MHozoqucieHHble nybaukayuu u 0aHHble BcemupHold opeaHu3ayuu NO 0XpaHe 300posbs
xusomHibix (World Organisation for Animal Health) nokaseisarom, Yymo neliko3 KpynHo20 po2amoo
cKoma a8s1g9emcs 00HUM U3 Haubosiee pacnpoCmMpPaHeHHbIX U SIKOHOMUYECKU BAMCHbIX UHPEKUUOHHbIX
3abonesaHull B cmpaHax c passumoti HUBOMHOBOOYECKOU uHoycmpuet
(https://www.woah.org/en/disease/enzootic-bovine-leukosis/) [9]. lpu omcymcmsuu
cucmemamuyeckol 60pbbbl Habodaemcs meHOeHUUs K POCMY 3NU300MUYecKol HanpaxeHHOCMU.

Cmamucmuka nokassiBaem, Ymo YBesu4uBaemcs He moJibKo KoJIUu4YeCmBo UHGUUUPOBAHHBIX U
60/1bHbIX YCUBOMHbIX, HO U NOSIB/ISIKOMCS HOBbIE pa3HOBUOHOCMU Bo3bydumenel. Takum obpasom, 1elKo3
KPYNHO20 po2amo20 CKoma ABas9emcs cepbesHol npobiemoll 0719 MupoBo20 coobujecmsa u mpebyem
spdekmusHbIX Mep no ee auksudauuu [10].

Llenbro Hacmoswel pabomei SBASHOMCS OUEHUMb YPOBEHb PACNPOCMPAHeHUs 1eUK0o3a KpYnHO20
p0o2amozo ckoma u ocobeHHocmel /1etko3Ho20 Npoyecca Ha meppumopuu Pecnybuxku Kazaxcmad.

Mamepuanbl u Memoob! uccnedosaHul. Obbekm ucciedoBaHus — KpynHbIl poeamsit cKkom,
passooumblIl Ha meppumopuu Pecnybiuku Kaszaxcmad. [Tokazamenu YucieHHOCMU KpYyNnHO20 po2amaoz2o
ckoma 6bi1u B3msbi ¢ caima bropo HayuoHabHoU cmamucmuKku A2eHmCcmaa No CMpame2ud4eckomy
NJIGHUPOBAHuro u pegpopm Pecnybuku Kasaxcman https://stat.gov.kz/ru/.

Snu3zoomosnozudeckull mamepuas cobpaH no O0aHHbIM OOKYMeHmauuu U o@uUUAIbHbIX
BEMEepPUHAPHbIX OMYemoB MECMHbIX UCNOJHUMENbHbIX Op2aHOB, NPOMOKOJIOB CEPOI02UHeCKUX
UCCc1e008aHull CbIBOPOMKU KPOBU HA J1eUKO3, a makxe caedeHul obaacmHol sBemepuHapHol UHCnekuyuu
Komumema sBemepuHapHo20 KOHMpPOJia U Had3opa MuHuUcmepcmaa ce/ibCko2o xo3atcmaa Pecnybiuku
Kazaxcmad.

Pe3ysibmamsi u 06cyxcoeHue.

o 0aHHbIM calimoB A2eHMCMBA No CMpame2ud4eckomy NJIaHUpoBaHuro U pegopmam Pecnybauku
KasaxcmaH (https.//stat.gov.kz/ru/) u MuHucmepcmaa cenbcko2o xosatcmsa Pecnybiuku Kazaxcmax
(https.//www.gov.kz/memleket/entities/moa/activities/1692lang=ru), Ha 1 aHsaps 2024 200a 8 cmpaHe
Hac4qumsisaemcs bosiee 8 MJIH 207108 KPYNHO20 pO2amo20 CKOMA BCex Kamez20pul X03a0Ccmas, U3 HUX K
naemMeHHbIM omHocumcs auuib bonee 12,5%. Obwas YucieHHOCMb NJIeMeHHO20 KPYNHO20 po2amo2o
CKOMAa Nno HanpasaeHusM NpoOyKMUBHOCMU BO BCeX Kamez20pusx Xxozsaucms credyrowiee: 12,4% —
MosioyHoe, 16,4% — msaco-monodHoe;, 71% — msaAcHoe. [lo OadHHbIM cadma AeeHmcmsa no
cmpameauyeckomy NJIaHuUpoBaHuro U pepopmam Pecnybauku Kazaxcmaw (https://stat.gov.kz/ru/) 3a
nepuod ¢ 1990 no 2022 200bI MOXHO NPOCIEOUMb, YMO YUCIEHHOCMb YUBOMHbLIX ¢ 1990 2o00a
Ha4yuHaem akmusHoO cHuXamascsi no 1998, 3amem kKosiudecmso KPC Ha4yuHaem nocmeneHHo pacmu.

Snuzoomuyeckas cumyayus no s1eliko3y KpynHo20 po2amozo ckoma 8 Kazaxcmade ciedyroulas, 8
nepuod ¢ 2016 no 2019 200kI 3a6o1esaHue bbi10 3ape2ucmpuposaHo 8 12 obnacmsx. 1o daHHbIM TOO
«KasHVIBW» 3a nepuod ¢ 2015 no 2019 20061 ycmaHoB1eHo 682 Heb1a2onosy4HbIX No eUKo3y NYHKMA.
VHpuuuposaHHocmsb 8 cpedHem ¢ 2015 no 2019 200 cocmasnaem 6,12%, mak 3a 3mom nepuod 6b110
ucc1e008aHo 166 654 207108 KpynHO20 pO2amo2o CKOMA, U3 HUX Y 9 622 207108 06HAPyxeHbl aHmumesa
K BUpycy, 4mo cocmasssem 5,8% om ucciedoBaHHo20 No20/08bS. Ha pucyHke 1 nokKazaHa cmeneHb
UHGUUUPOBAHHOCMU /1e(IKO30M KPYyNHO20 po2amo2o ckoma 3a 2015-2019 2.e.


https://www.woah.org/en/disease/enzootic-bovine-leukosis/
https://stat.gov.kz/ru/
https://stat.gov.kz/ru/
https://www.gov.kz/memleket/entities/moa/activities/169?lang=ru
https://stat.gov.kz/ru/
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PucyHok 1 — MIHpuuupoBaHHoCMb KPYNHO20 po2amo20 CKOmMa Ha meppumopuu Pecnybauku
KazaxcmaH 3a 2015-2019 2.e.

Kak BUOHO u3 pucyHka 1, 3abosesaHue WUPOKO pacnpocmpaHeHo 8 Cesepo-KazaxcmaHckod,
Kocmanatickod, 3anadHo-Kazaxcmarckol u BocmoyHo-Kasaxcmarckol obacmsx. OOHoU U3 0CHOBHbIX
NPUYUH pacnpocmMpaHeHus 1elko3a cpedu cKoma SBJISemcs COBMECMHoe CoO0epyaHue npunsiood u
UHGUUUPOBAHHBIX HUBOMHBIX, 3A0EPIHKU BbIOPAKOBKU UHPUUUPOBAHHBLIX ocobel, HenosHbIl oxsam
N020/108b5 UCC/IE00BAHUAMU, YACMbIe NepemMeuleHUs CKoma Mexdy gepmamu, a makxie HapyuweHus
Npasus1 BemMepuHapHo-CaHUmMapHbIx meponpusmud.

B cnedyrowjue 5 nem ¢ 2019 no 2023 200a Ha meppumopuu Pecnybiuku 8 obuwem oxsam
ucc1edoBaHull N020/10BbA KPYNHO20 pO2AmMOo20 CKOMA HA J1elKo3 Cepo02u4ecKumM Memaoo UCC/Ie008AHUS
(PY/]) cocmasusio 225 516 20108 (pUCYHOK 2).
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PucyHok 2 — OXBam MOHUMOPUH20BbIMU UCCIe00BAHUSIMU NO20JI0BbS KPYNHO20 pO2AmM0o20 CKOMA
Ha meppumopuu Pecnybiuku Kazaxcmax
3a2019-2023 2.2, 20/108

M3 pucyHKa 2 BUOHO, YMO U3 UCC/IE008AHHbIX 20J108 HUBOMHLIX 3a NOC/IE0HUe 5 1em npoyeHm
nosioxcumesibHbix 8 PV cocmasnsem 4,5%. [Npu paccmMompeHuu 8 paspese No 200amM NOI0HUMESIbHbIX
B PV/] xusomHbix cocmassisiem: 8 2019 —5,2%, 2020 — 3,3%, 2021—9,4%, 2022 —8,2%, 2023 — 1,9%.

llpu paccmompeHuu B8 paspese obsacmel Koauyecmad UCC/Ie00B8AHHO20 NO20J10BbSl U
NOJIOHUMENIbHO peazupyrolux ¥UBOMHbIX, NPeOCcmasieHHbIU Ha pucyHke 3, BUOHO, Ymo Haubosbwud
NPOUEHMHbIU YpOBeHb BbISBICHUS NOJIOXUMENbHO XUBOMHbLIX B8 PV Ha neldko3 npuxodumcsa Ha
Cesepo-KazaxcmaHckyro — 12,99, Kocmawatickyro — 12,33, BocmoyHo-KazaxcmaHckyro — 9,31,
Masnodapckyro — 5,11, 3anadHo-KasaxcmaHckyro — 3,78 u Kambbiickyro obracmu — 3,44.
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PucyHok 3 — MoHuUmopuHaoB8bIe ucciedosaHus 8 paspese obaacmell peakyuel ummyHooup@y3suu
Ha n1elikos KpynHo2o poeamozo ckoma 8 2019-2023 eodax, 207108

V13 pucyHKka 3 BUOHO, Ymo HauboIbUIee KOUYECMBO UCCIE008AHHbBIX HUBOMHbLIX NPUXOOUMCS Ha
20pod Anmamsl, AKmoobuHckyro obnacms, Cesepo-KaszaxcmaHcKyro, KocmaHadckyro, [lasnodapckyro
obnacmu. OOHako He Habadaemcsa nNpAMod 3aBUCUMOCMU OM YUC/IA UCC1e00BAHHBIX HUBOMHBIX U
NOJIOXUMENIbHO peazupyroujux. Tak ecau B 20pode Aimamel UccaedosaHo 29 887 20108, U3 HUX
nosioxumesibHo peazupyrouiux 178, npoueHmHbIU ypoBeHb BbissaeHuss 0,6. B moxe spems B
Ambipayckol obnacmu 6bi10 uccnedosarHo 4 280 207108, U3 HUX peazupyroujux NnosoxcumessHo 127,
npoueHMHbIU YpoBeHb UHGUUUPOBAHHOCMU cocmasus 2,97. baazonosyYHbIMu no J1eliko3y KpynHO2o
poeamoz20 ckoma ABfomcs  Xemsbicydckas, Kbi3bllopOuHckas, MaHeucmayckas u - FOxcHo-
Kazaxcmarckas obnacmu, 30eck He bbiio BbISBIEHO NOJIOXUMETbHO peazupoB8aBUIUX HUBOMHBIX.

BbiBOObI. AHANU3 HO30/102U4ecKo20 Npogusis, NposBedeHHoU 00HOU U3 Bedyuux opeaHu3auull
Pecnybnuku TOO «KazHWBW», nokasbisaem, 4Ymo 6bosee 90% obHapyxusaemol UHPEKYUOHHOU
namosioeuu naoaem Ha 6pyuessies, 300HO3HbIe UH@ekuuu u neliko3. Cesepo-KaszaxcmaHckod,
Kocmatatickod, 3anadHo-KazaxcmaHckol u BocmoyHo-KazaxcmarHckol obiacmu ¢ 2015 no 2023 2004a,
NoKasbiBaem, 4YmMO NPU UCC/Ie00BAHUU XUBOMHLIX B PV makxe COXpaHsaemcs BbICOKAs
UHGUUUPOBAHHOCMU, NO CPABHEHU ¢ Opyaumu obracmamu Pecnybiuku. Takxe cmoum ommemums,
ymo Mareucmayckas u Kbi3bi1opouHcKue 0b1acmu 3a NOCIE0HUEe 200bl COXPAaHaem cmamyc cB0600HbIX
om sieliko3a. Takum obpasom, npusedeHHble CBe0eHUs YKA3bIBAarom HA WUPOKOe pacnpoCmMpaHeHue
Bupyca s1ediko3a cpedu XUBOMHBLIX U MEHOCHUUID exe200H020 YBesIUYeHUS YUc/Id NOJIOMUMENbHO
pea2upyroujux Ha 1elikos KpynHo20 po2amo2o CKoma 8 pecnybiiukxe.

®QuHaHcuposarue. Paboma BbINOIHANACK B PAMKAX NPOEKMA 2paHmMOoB020 (BUHAHCUPOBAHUS
Komumema Hayku MuHucmepcmaa Hayku u sbicwe2o obpazosaHus Pecnybauku Kazaxcmar Ha 202 3-
2025 22, AP19678641 «QOueHka nosumopgusma eeHa BolA-DRB3, accoyuuposaHHo2o ¢
ycmolyusocmeto K s1etikosy, 0219  pa3pabomku  HAy4HO-o60CHOBAHHLIX NOOX0008 K Mapkep-
0pUEHMUPOBAHHOU Ce/leKuuU KpynHo20 po2amo20 CKOman.

Cnucok numepamypes!

1. Kuczewski, A, Orsel K, Barkema H.W., Mason S, Erskine R, van der Meer F. Invited review: Bovine
leukemia virus-Transmission, control, and eradication /J Dairy Sci. —2021. — Vol. 104(6). — P. 6358-6375.

2. Ruiz, V, Porta N.G., Loménaco M, Trono K, Alvarez I. Bovine Leukemia Virus Infection in Neonatal
Calves. Risk Factors and Control Measures / Front Vet Sci. — 2018. — Vol.5. — P. 267.

3. Aida, Y, Murakami H, Takahashi M, Takeshima SN. Mechanisms of pathogenesis induced by
bovine leukemia virus as a model for human T-cell leukemia virus / Front Microbiol. — 2013. — Vol. 4. - P.
328.



4. Mirsky, M.L., Olmstead C.A., Da Y., Lewin H.A. The prevalence of proviral bovine leukemia virus
in peripheral blood mononuclear cells at two subclinical stages of infection. / J Virol. — 1996. = Vol. 70(4).
-P.2178-2183.

5. Vasiliev, Yu.G. Veterinary clinical hematology: a textbook / Yu.G. Vasiliev, E.I. Troshin, A.l.
Lyubimov. — St. Petersburg: Lan, 202 1. — 656 p. [rus].

6. Monti, G.E., Frankena K, Engel B, Buist W, Tarabla H.D., de Jong M.C. Evaluation of a new
antibody-based enzyme-linked immunosorbent assay for the detection of bovine leukemia virus infection
in dairy cattle / J Vet Diagn Invest. —2005. —Vol. 17(5). —P.451-457.

7. Zaghawa, A, Beier D, Abd El-Rahim I.H., et al. An outbreak of enzootic bovine leukosis in upper
Egypt: clinical, laboratory and molecular-epidemiological studies / J Vet Med B Infect Dis Vet Public
Health. — 2002. - Vol.49(3). - P. 123-129.

8. Khatami, A, Pormohammad A, Farzi R, et al. Bovine Leukemia virus (BLV) and risk of breast
cancer: a systematic review and meta-analysis of case-control studies / Infect Agent Cancer. — 2020. —
Vol. 15.—P. 48.

9. Petropavlovskiy, M.V., Donnik .M., Bezborodova N.A., Krivonogova A.S. Detection and
immunobiological charcterizons of bovine leukeima virus in Russian Federation territory in dependence
on geographical variations / Journal of Integrated OMICS. —2019. —Vol. 9(1). — P. 255.

10. Gulyukin, M.1I. A scientifically based model of antiepizootic measures for bovine leukemia / M.1.
Gulyukin, A.D. Zaberezhny, K.P. Yurov, A.A. Shabeikin, I.I. Baranov, T.V. Stepanova // Veterinary medicine
and feeding. - 2018. - No. 1. — P. 4-7 [rus].



https://sconferences.com
info@sconferences.com

9" 789165 " 423701




