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CTPYKTYPHOCTb MATEPUN B DU3UKE

B.M. ComcuxkoB

PaboTa nocesieHa U3y4eHuio POAN CTPYKTYPHOCTU MaTepUK B MPOLLECCAX e IBOAIOLMM, a TakxkKe
B (pusmke B LeAOM. AoKazaHa HEOOXOAMMOCTb yUeTa ee POAU MPU CO3AAHMM KapTUHbI MMPaA C YYETOM
€ro 3BOAIOLMM, A Tak>Ke NMpPU MOCTPOEHUM HOBOrO pasaAesa pusmkm — u3nku 3BoAloLMK. [TokasaHo,
noyemMy M Kak MOXKHO MOCTPOUTb (PM3MKY 3BOAIOLIMM, OMMPASACh HA YPABHEHWE ABMXKEHMS, YUMTbIBAIO-
LLIero BAMSIHME CTPYKTYPHOCTM TEAQ Ha XapaKTep ero ABM>KEHUS B HEOAHOPOAHOM MPOCTPaHCTBE CUA.
AaHo KpaTkoe 06bICHEHME BbIBOAOB YPABHEHMSI ABUXKEHUS, YUUTHIBAIOLLErO POAb CTPYKTYPHOCTM TeAQ
B ero AuHamuke. [pearokeHO 0ObsCHEHME, MOYEMY 3TO YPAaBHEHME CAEAYET BbIBOAWUTH U3 YCAOBMS
COXPaHEHWS MOAHOM 3HEPIUM, U MOYEMY ee CAEAYET MPEACTABAITb B BUAE CYMMbI 3HEPTMM ABUXKEHNS,
a TakXke BHyTPEHHEN 3Hepruun. Takoe npeacTaBAEHWUE MOAHOM SHEPTUM HEOOXOAMMO B COOTBETCTBUM
C MPUHLUMIMOM AyaAm3ma CUMMETPUM. [1oKa3aHo, KakK y4eT POAM CTPYKTYPHOCTM SAEMEHTOB MaTepuu B
MX AMHaMMKe MPUBOAMNT K YCTPAHEHMIO MPOTUBOPEYMS MEXKAY MEXAHMKOM, CTAaTUCTUYECKOM (hbr3mKom
M TEPMOAMHAMMKOM. AEMOHCTPUPYETCH, KakK M3 AQHHOIO YPaBHEHWS CAeAyeT BTOPOWM 3aKOH TEPMO-
AVHAMUKM, a Tak>Ke BECKOHeuHasl AEAUMOCTb MaTepuu. PaccMoTpeHo, Kak M3 YCAOBUSI GECKOHEYHOM
AEAMMOCTN MaTepum CAeAYeT BO3MOXKHOCTb MOCTPOEHWUS 3BOAIOLIMOHHOM KapTWHbI MMpa. BbinoAHeH
aHaAM3 CYLLECTBYIOWMX (PU3MUECKMX MPOOAEM, AASI PELIEHMSI KOTOPbIX HEOOXOAMM YYeT CTPYKTyp-
HOCTM MaTepun. B 4acTHOCTM, pacCMOTPEHO, KakK YCAOBME HECKOHEUHOM AEAMMOCTM MaTepUn MOXeT
OTPa3nTbCs Ha MHTEPMNPETaLMM HEKOTOPbIX (PYHAAMEHTAAbHbIX MOAOXEHMIA KBAaHTOBOM MEXaHMKM.
PaccmoTpeHo ypaBHeEHME ABMXKEHMS KBaHTOBOM YaCTUUbl C YYETOM ee CTPYKTYPHOCTM U OMpPeAEAEHbl
CBOWMCTBA 3TOro ypaBHeHM4. [1oKa3aHO, UTO AAS SAEMEHTAPHOM CTPYKTYPMPOBAHHOW KBAHTOBOM Ya-
CTWLbl KBAHTOBO-BOAHOBOM AYaAM3M OOYCAOBAEH HaAMUMEM BHYTPEHHEN 3Hepruu, obecneunBaioLen
BHYTpeHHee KoAebaHue YacTuLibl, M SHEPrMu ABUXKEHUS, obecneunBalolen ABMXeHre KoaebAloLen
YacTMLbl B MPOCTPaHCTBe.

KAroueBble CAOBa: 3BOAIOLMS, MEXAHWKA, TEPMOAMHAMMKA, SHTPOMMS, IHEPIUS.

V.M. Somsikov

IETP, Al-Farabi Kazakh National University, Almaty, Kazakhstan
e-mail: profsoms@gmail.com

Structure of matter in physics

The work is devoted to the study of the role of the structure of matter in the processes of its evolu-
tion, as well as in physics in general. It demonstrates the necessity of taking this role into account when
constructing a picture of the world that takes its evolution into account, as well as when constructing
a new branch of physics—the physics of evolution. It demonstrates why and how evolutionary physics
can be constructed based on an equation of motion that accounts for the influence of a body’s structure
on the nature of its motion in a heterogeneous force space. A brief explanation of the derivations of the
equation of motion, which takes into account the role of a body’s structure in its dynamics, is provided.
An explanation is offered for why this equation should be derived from the condition of conservation
of total energy and why it should be represented as the sum of the energy of motion and the internal
energy. Such a representation of the total energy is necessary in accordance with the principle of dual-
ism of symmetry. It is shown how taking into account the role of the structure of elements of matter in
their dynamics leads to the elimination of the contradiction between mechanics, statistical physics, and
thermodynamics. It is demonstrated how the second law of thermodynamics follows from this equation,
as well as the infinite divisibility of matter. It is considered how the possibility of constructing an evo-
lutionary picture of the world follows from the condition of infinite divisibility of matter. An analysis of
existing physical problems is performed, the solution of which requires taking into account the structure
of matter. In particular, it is considered how the condition of infinite divisibility of matter can affect
the interpretation of some fundamental principles of quantum mechanics. The equation of motion of a
guantum particle is considered, taking into account its structure, and the properties of this equation are
determined. It is shown that for an elementary structured quantum particle, quantum-wave duality is
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determined by the presence of internal energy, which provides the particle’s internal oscillation, and the
energy of motion, which provides the oscillating particle’s motion in space.
Keywords: evolution, mechanics, thermodynamics, entropy, energy.
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(DM3MKaAanI MaTepPUAHDbIH, KYPbIAbIMADIAbIFbI

Matepus KypbIAbIMbIHBIH OHbIH, AMHAMWKACBIHARFbI POAIH eCKepPMER, AYHUEHIH BOAIOLIMSIALIK, Kap-
TUHACBIH KYPY MYMKiH eMecC ekeHi kepceTiareH. XKyiieaepAiH nanaa 60Ay, Aamy >KeHe biabipay NpoLiec-
TepiH cMnaTTanTbIH 3BOAIOLMS (PU3MKACBIH KYPY KQXKETTIAITIHIH HerisaemMeci YCbIHbIAFaH. KypbIAbIMABIK,
AEHEHIH, KO3FaAbIC TEHAEYI Heri3iHAE 3BOAIOLMS (PU3MKACHIH Here >kaHe KaAal KypyFa GOAATbIHAbIFbI
KepceTiAreH. byA TeHAeyAi KO3FaAbIC SHEPrusiCbl MEH AEHEHIH, iLIKi SHePrusicbiHbIH, KOCbIHAbICbIMEH
YCbIHbIAFAH TOAbIK, SHEPIUsIHbIH, MHBAPUAHTTbIK, XKaF AAiblHaH KaAai aayFa GOAATbIHABIFbI TYPaAbl KbIC-
Kalla TyCiHikTeme GepiAreH. TOAbIK, SHEpPrusiHbIH MyHAQ KOPIHICI CUMMETPUS AYaAU3M MpUHLUMMiHE
conkec KaxeT. OAapAblH AMHaMMKACbIHAQFbI MaTEPUSt SAEMEHTTEPIHIH KYPbIABIMABIK, POAIH ecerke
AAy MEXAHMKQ, CTaTUCTMKAABIK (PM3MKA XXBHe TEPMOAMHAMMKA apacblHAAFbI KANMLLbIABIKTbI XKOIOFA Ka-
Aait BKeAETiHI kepceTiAreH. bepiAreH TeHAeyAeH TepMOAMHAMMKaHbIH eKiHLLI 3aHbl, COHAAM-aK, 3aTTbIH
LeKci3 OeAiHyi KaAail nanaa 60AaTbIHAbIFbI KepCeTiAreH. MaTepusHbIH, LeKCi3 6eAiHy XaFAarblHaH
SAEMHIH, DBOAIOLMSAABIK, GEMHECIH KYPY MYMKIHAIT KaAar nanaa 60AaTbIHAbBIFbI KapacTbipbiAasbl. KoA-
AaHbICTaFbl PU3MKaAbIK, MPOOAEMAAapFa TaAAdY XKacaAAbl, OAAPAbI LLELLY YILiH MAaTEPUSHbIH KYPblAbl-
MbIH ecKepy KaxkeT. ATan aiTKaHAQ, MaTepUsIHbIH, LUEKCi3 GOAIHY WapTbl KBAHTTbIK, MEXAHUKAHbIH, Kel-
6ip Heri3ri epexxeAepiH TYCIHAIpyre KaAai acep eTyi MyMKiH EKEHAITT KapacTbipblAaAbl. KypbIAbIMABIK,

KBAHTTbIK, OOALLIEKTIH, KO3FAAbIC TEHAEYI OEpPIAreH >KoHe OCbl TEHAEYAIH KaCMEeTTePi aHbIKTaAFaH.
Ty¥iiH ce3aep: 3BOAIOLMS, MEXAHUKA, TEPMOAMHAMMKA, SHTPOMMS, SHEPrUs.

BBeaenue

®dusuka, Kak M MPUPOAA, Ppa3BUBAETCA OT
MPOCTOTO K CIIO)KHOMY, pellas HOBbIE 3a/ayl H
HOBBIE TPOOJIEMBI, BOZHHKAMOIIME B Ipolecce ee
passutus [1]. Cpenu >TuX mpobieM CyLIeCTBYIOT
KIIFOYeBbIe, 0€3 pelIeHHsT KOTOPBIX NalbHenIee
pasBuTHE  (QU3MKH  WCHBITHIBACT  OOJbBINIHE
TpyaHoctH [2]. Takoli mpobnemoli sBsieTcs 000c-
HOBaHHUE BTOPOT'0 3aKOHA TEPMOAMHAMHKH B paMKax
Kkiaccnueckoit Mexanwku [3-8]. Kak mHamm ObLIO
MOKa3aHO paHee, KilacCH4eckass MeXaHUKa UCKIIIO-
YaeT caMmy BO3MOKHOCTB PELICHHUS 3TOH poOIeMbl
[9]. D10 OBI HE MemIano pa3BUTHIO PUIUKH, €CITH OB
HCTIONIb30BaHME CTATHCTUIECKIX 3aKOHOMEPHOCTEH
Uil OOBSICHEHUS] MeXaHW3Ma HeOOpaTUMOCTH HE
HCKITIOYAlI0 BO3MOXXHOCTH OITMCAHUS HBOIIOIUH.
Ho mMup BO3HUK B pe3yibTaTe 3BOJIOINH MaTepHH.
A oHa HembpIcTUMa 03 BTOPOTO 3aKOHA TEPMO-
nuHaMukd. [loaTomMy ©e3 TOHMMaHHUS BTOPOTO
3aKOHAa TEPMOJUHAMHUKH 0€3 OemepMUHUPOBAHHO20
mexanuzma neoopamumocmu (JIMH) HEBO3MOXKHO
CO3JJaHKE HBOJIOIIMOHHON KaAPTHHBI MUPa B PaMKax
3aKOHOB (pu3uku [3-6].

Ecnmm wmmp pasBuBaeTcss OT TPOCTOTO K
CIIO)KHOMY, €CJIM TPH 3TOM €ro BO3HHUKHOBEHHE
onpeaensieTcsl IPUHLMIIOM NpuIuHHOCTH, To AMH

JIOJDKEH CYIIECTBOBaTh. Bce 3TO mMOATBEpIKIaeT
MPEINOJOKEHHE O  HAJIMYMM  OTPAHUYCHUUN
KJIACCHYECKOM MEXaHUKH, MCKJTHOYAFOIIUX
00BsICHEHHE BTOPOTO 3aKOHA TEPMOIUHAMUKH.

IIpoGnemMa u3y4eHHs DSBOJIOIUKA B paMKax
3aKOHOB (PM3MKH OOOCTpWIIACh €Ile B CBS3U C
CO3/IaHMEM KBaHTOBOM MexaHuWkd. KBaHTOBas
MEXaHWKa COAEPKUAT MPHUHIIUI HEOIPeIeIeHHOCTH
IeiizenOepra, KOTOPBIA HCKIIOYAET MPUUUHHO-
CIeICTBCHHBIE CBsi3u B (usmke. [losromy s
JMANBHEHIIET0  pa3BUTHS  (QU3UKKA  DIBOJIOIUH
HEOOXOAMMO HAWTH PACHIMPUTH KIACCHUYECKYIO U
KBaHTOBYI) MEXaHUKY TaK, 4TOObI OHU TO3BOJISIIN
o0psacauTh JIMH. 3mech mokakeM, 4YTO Takoe
pacimpeHns BOZHUKAIOT IIPH yUETe POIIH CTPYKTYP
TEJ B UX TUHAMHMKE.

MeToabl

O nonamuu u3uku I601104UU U npodIEMe
HeoOpamumocmu

JBmkeHue W B3aUMOJEWUCTBUS T, HX
3BOJIIOIUA ABJIAKOTCA HCOTHEMIIEMbIMHI CBOMCTBaMH
Matepud. OZHAaKO COBpeMeHHas (QH3MKa HE Y4H-
THIBA€T JBOJIIOIHIO, 2 OTOOpakaeT CTAIlMOHApHOE
coctosiHEE OKpyxaromux o0bexktoB [3]. To, uto
9BOJIONIMS  TaKXKe  SBIACTCS  HEOTHEMIIEMBIM



B.M. ComcukoB

CBOICTBOM MAaTEpHM, MOATBEPKIACTCS TEM, UTO
3aj7a4a BCel HayKu 3aKIJII0YaeTCs o
CyIIECTBYIONIEMY B JaHHBI MOMEHT COCTOSHHIO
CUCTEMBI OIIPEJICIIUTE e¢ Oy IyIee COCTOSHUE.

Konnenmust 3BOJIIOIIMKA BO3HUKJIA B JpEeBHEU
I'perun. OHa oTHOCHTCS K Owonoruu, Qusuke u
comuoyiorud. COBpPEeMEHHOE MpEJCTaBIcHUE 00
SBOJIOLUHU JKUBOW MaTEpUM MPHUHITO CBA3BIBATH C
Tpynamu Yapnbe3a [apsuna u I'peropa Mennpens
[7,8].

B nacTtosiiee BpeMs CBSI3b MEXKAY 3BONIOIUCH
’)KUBOM M KOCTHOHM Martepueil mano usydeHa. boiee
TOTO, W ONPEICICHUS JBOJIONUN I KOCTHOW W
>KUBOM MaTepuu pa3luyHbl. DBOIIOLUS 7S )KUBOU
MaTepuu, Kak MpaBUJIO, ONpeaesercs, Kak ajan-
Tanus OPTaHU3MOB K H3MEHSIOIIUMCS YCIIOBHSIM HX
CyIIeCTBOBaHMS. A TIOJ SBOJIONUEH KOCTHOM
MaTepuH MOHUMAIOT U3MEHEHHE KapTUHBI MUPa BO
BpEMEHHU. 371eCh MBI TI0]] IBOJIOIMEH IpeiiaracMm
MOHUMATh HEOOPATUMBbIC M HEJIMHEHHBIE MTPOLIECCHI
BO3HUKHOBCHHMSI, Pa3BUTUS W pacraga OOBEKTOB
MPUPOABIL.

Ecam uicxonuth U3 yCIOBUS €AMHCTBA TIPUPOJIBI
U YYUTHIBATh, YTO KOJIMYECTBO POXKIAET KA4E€CTBO,
TO MPUHUUIIBI U 3aKOHBI SBOJIIOLIUH KUBOM MaTepuu
MOJDKHBI WMETh HadaJlo B 3aKOHAX DBOJIOINN
KOCTHOM Marepuu. IloaTomMy, He NOHSIB 3aKOHBI
3BOJIIONIUY KOCTHOW MaTepUH, HENB3S ITOHATH 0oJiee
CJIOXHBIE 3aKOHBl SBOJIOLUUU KUBOM Marepuu.
CrenoBaTenbHO, JOIHKHA CYIIECTBOBATEH IPUIHHHO-
CJIEICTBEHHAsI CBS3b MEXAY SBOIIOIUEH KOCTHOU U
’)kuBoM MarepusiMu. [lockonbKy Mup pasBUBAJICS
9BOJIIOITMOHHBIM ITYTEM OT MPOCTOTO K CIOKHOMY,
TO CJIEIyeT OXKHUIAaTh, YTO KOCTHAs MaTepHsl Tep-
BUYHA OTHOCHUTENBHO XHBOM Matepuu. CriemnoBa-
TEITHHO, M3YYCHHE DBOJIIOIMH HEOOXOAMMO HadU-
HaTh C W3Y4YEHHUS KOCTHOH MaTepHH, TO €CTh,
CTPOUTH HBOJIIOIMOHHYIO KapTUHY MHUPA, JBUTASICH
OT MPOCTOro K cioxHoMmy. IIpu 3TOM KOCTHYIO
MaTepur0 CIeayeT H3ydaTh B paMKaxX 3aKOHOB
(u3ukn. 37ech OCHOBHBIC 3a7auydl  SBOJIIOIUU
CBOJATCSA K W3YYEHHUIO MpoOIeM BO3HUKHOBEHUS
CHCTEM MAaTE€pUM, UX Pa3BUTHUIO CO BpPEMEHEM U
BOIIPOCOB, CBSI3aHHBIX C pacmazoM cucteM. Bee st
3a/1auyd BXOJIAT B HOBBIM pasfen Hayku- «Dusmka
3BOJIIOLIUI.

PazButue  «Du3MKM  3BOJIOIUW»  CTaJlo
O0COOCHHO aKTyallbHBIM B IOCIICAHUE TOMBI B CBSI3U
C KaTacTpOPUICCKUMHU H3MCHCHHUSAMH IPHUPOIBI,
KImMata, ooOmiectBa. Poib «DH3UKH SBOJIOIIHNY
JUis (U3UKU OCOOCHHO YETKO BHUJIHA HA HPUMEpPE
MOCTPOCHUSI KOCMOJIOTHYECKONH  SBOJIIOITMOHHOMN

Teopuu Beenennoil. Ceromss 3Ta Teopus CTPOUTCS
Ha OCHOBE KJIACCHYECKOW MEXaHWKH, CTATUCTHYEC-
KOl (M3UKH, TEPMOJMHAMHKH, (HU3UKH DIIEMCH-
TapHbIX yacTull. Ho ee nanbHelinee pa3BUTHE
CTOJIKHYJIOCh ¢ TmpoOneMaMu, 00yCIOBIEHHBIMU
OTPaHWYCHHUAMH COOTBETCTBYIOIIHUX DPAa3AelioB, MX
HEIOCTATOYHOHW COTJIACOBAaHHOCTHIO, (pparmeHTap-
HOCTBIO (DU3MKH, HAPYLICHWEM MPUHIMIA TPUIHH-
Hoctd. C 3TUMH TpoOieMaMH CTOJKHYJIOCh H
co3maHue enuHOW (usmueckoit Teopum [10].
['maBHBIM apryMeHTOM B IOJB3y CYIIECTBOBAHHSA
TakOH TEOpWUH SBISETCS E€AWHCTBO 3aKOHOB
MPHUPOJIBI, BKJIIOYAs 3aKOHBI 3Bomonmu [11]. [na
CO3/1aHUsl «EOUHON TEOPHH BCEro» M IMOCTPOEHUS
(M3UKH HBONIOLMK, B YACTHOCTH, B TIEPBYIO
ouepens TpedyeTcss yCTpaHEHHE MPOTHBOPEUUi
MEXJy KJIaCCMYECKOW MEXaHUKOH, TepMOIMHA-
MHKOM, KBAHTOBOM MEXaHUKOM.

Knaccnueckass MexaHwWka, Tak WIH HHaYe,
JISKUT B OCHOBAX BceX pas3zenoB Gu3uku. [loaTomy
€CTECTBEHHO, YTO €€ OrPAaHWYEHHUS OMNPEAEIAIOT
orpaHUYCHHS Bceil ¢u3mku. [loxkanyi, TiiaBHOE ee
OTpaHHUYCHHE, TPEMATCTBYIONIEE H3YUSHHIO IBOIIO-
LIUHU, 3TO 00PaTUMOCTh AMHAMUKHU TeJl, IPOTUBOpE-
yaiasi BTOpOMY 3aKOHY TepMoauHamMuku [ 12-14].

[lepBBIc MOMBITKN pemUTH TpoOeMy HeobOpa-
TUMOCTH TpuHaAnexar bonpimany. Jns noucka ee
pemieHHss WM ObUla  pasBUTa  MOJICKYJIIPHO-
KHHETHYeCKass Teopus BemlecTBa. Ha ee ocHoBe
BormbimMan  mpeutoKMil  penieHue  TpoOJIeMBbl
HEOOpaTHMOCTH, KOTOPOE, 110 CBOEH CYTH, SBISETCS
cratuctuueckuM [3,4,15]. CerogHsa 3To pelieHue
JIETIO B OCHOBY OOMICTIPHHATOTO OOBSICHEHUS
MexaHn3Ma HeoOpatumoctu. OHO OmUpaercss Ha
MIOJIOKUTENBHOCTD  MOKa3zarened JlsamyHoBa uid
TaMHJIBTOHOBBIX CHCTEM M BBITEKAIONIYIO OTCIOAA
9KCIOHEHIIMABHYI0 ~ HEYCTOHYHMBOCTH  (ha30BBIX
TpaekTopuil. OTO HEYCTOMYMBOCTH TPU CKOJb
YTOAHO MaJBIX (IIYKTYalUsAX BHEITHUX ITAPaMETPOB
¥ TIPUBOIHT K HeoOpatumoctu [4-6]. U xoTs 3TOT
MEXaHH3M IPEKPACHO OMHUCHIBAET PEaNbHOCTh, OH
HE YJIIOBIICTBOPSET NPWUHIUIY TPUIYUHHOCTH, HE
MO3BOJISIET OTBETHTh HA BOIMPOC, KaK POXKAAIOTCA
HOBBIE CBOMCTBa CHCTEM, KOTOPBIX HET y WUX
aneMeHTOB [16-18]. IToaToMy 3TO perieHne ciokHO
WCIIONIB30BaTh [UIS TOCTPOCHUS 3BOJIOIMOHHON
KapTHHBI MUpa B PaAMKaxX 3aKOHOB (DPH3UKH.

Takum 00pa3oM, Bce MPEANPHUHATHIE MOMBITKH
Haiitu IMH B pamMKax KJIacCUYECKON MEXaHUKHU HE
mocturim Tienn. [IpoGiieMa HEOOPAaTHMOCTH ere
Oosplie  ycyryOmiach B CBSI3M C TOSBICHUEM
KBaHTOBOW MEXaHUKH, KOTOpas B CBOEW OCHOBE
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COJIEP’KUT MPHUHLMUI HeonpeaeneHHocTH. Hannune
3TOr0 MPUHLMIA JAXE 3aCTABHIIO MPEATIONOKHTS,
YTO «CTpeJa BpeMEeHW» HMeeT (pyHAaMeHTalbHBIN
XapakTep, a He TpPOCTO SBISETCS CIEICTBHEM
3akoHOB ¢u3uku [19, 20]. Ho ecnu ucxoauts u3
TOTO YCIOBHUS, YTO MHp IIO3HaBaeéM U B HEM
CYIIECTBYET MPUHIIUI TPUINHHOCTH, 6€3 KOTOPOro
MHUp HE CMOT OBl W BO3ZHHKHYTH 3BOJIOLHUOHHBIM
IIyTeM, TO «CTpeJia BPEMEHM» J0JKHA BBITEKATh U3
(yHImameHTampHBIX 3aKOHOB ¢u3uku. Bce 3t0
MOXKET 03HA4aTh TOJIBKO OJHO — CYIIECTBYIOIIHE
(bopManu3MBbl  KJIACCHUYECKOH MEXaHWKH HMEIOT
OTPaHMUYCHHS, HCKIIOYAIONINE NPHHLUUIHAIBHYIO
BO3MOXHOCTh 00BsicHenus [IMH. B stom ciyuae
JUIS pelIeHus MPOoOJIeMbl HEOOPaTUMOCTH HEO0XO-
JUMO OBIJIO HAWTH M HCKIIIOYMUTH CYIIECTBYIOIIHE
OTpaHWYEeHHS TaK, YTOOBI KJIACCHYECKas MEXaHWKa
comepxkana B cebe JMH [21,22]. To ects,
CIIEIOBAJIO  MOHATH  HPUPOAY  OrPaHUYCHUI
KJIACCHYECKON MEXaHUKH, KOTOpBIE HCKIIOYAIoOT
JMH. ToJbKO ONpeneNnB 3T OTPaHUYEHHS MOKHO

HaiTh cmoco® wWX ycrpaHeHus. Ilpu  9ToM
HE0OXOAMMO, dYTOOBI TIOMYyYEHHOE pacIIHpeHne
KJIaCCUYECKON MEXaHHUKH YIAOBJICTBOPSLIO

MPUHLMITY COOTBETCTBHUS, NOCKOJIBKY _JIt00asi HOBas
Hay4Has Teopus IOJDKHA BKJIIOYATh, KaK YacCTHBIN
ciay4ail, crapyto Teoputo [23]. DTOo o3HaUaer, B
YacTHOCTH, 4YTO U3 HEro JOJDKEH CJeIoBaTh
CTaTUCTUYECKUH MEXaHU3M HEOOPaTUMOCTH.

[IpoGiieMa HEOOPaTUMOCTH B 3HAYUTEIILHOM
CTETICHH MOBJHsJIA HA TO, YTO JUHAMHUKA TElT U HX
BHYTPEHHEE COCTOSHHE H3Y4YaloTCs pasieiibHo. B
pe3yibraTe cerofHsd (hus3nka pacmazaeTcs Ha JBa
pasnena. B onHOM U3 HEX, Kak MPaBWIO, B paMKax
KJIACCMUECKOM  MEXaHWKH, pellalTcs 3aJaud
JUHAMHMKY ~ B3aUMOJAEHCTBYIOIIMX  OOBEKTOB.
Pemenne sTux 3amay OMHMpAIOTCS Ha Pa3BUTHIC B
pamkax 3akoHOB HbroToHa ¢opmanusmel. [Tpuaem
9TH (GopManu3Mbl OBUIM MTOCTPOCHBI IPH CHIIBHBIX
OTPaHMUYCHHAX, KOTOPBIE HCKITIOYAI0T BO3MOXKHOCTh
ydeTa pOJM  JUCCUNATUBHBIX TPOLIECCOB B
nuHamuke Ten. Ho Oe3 nmuccunanuy JUHaMUKA Tell
obpatuma. To ecTb, OHa y>Ke HE COAEPXKUT 3BO-
monuio. [1oaToMy CyIIecTBYIOIIYIO KJIACCHYECKYTO
MEXaHHKY  HEBO3MOXHO  HCIOJb30BaTh  JUId
oCcTpoeHust GU3NKH IBOIIOIUH [ 14].

B nmpyrom pa3gene WM3ydaroTCs — 3aKOHBI
MOBEJICHUSI BHYTPEHHHUX COCTOSHHI Tes 0e3 ydera
WX B3aMMOCBA3M ¢ JAuHaMuKod. J[lma »storo
HCTIONB3YIOTCS. METOABl CTaTUCTHYECKOH (Pu3MKH.
Ho »tm w™eromsl TpyAHO WCHONB30BaTh IS
ONHCaHUs MPOLECCOB 3BOJIIOLMU, MOCKOIBKY OHHU

HE YJOBJIETBOPSIOT MPUHIUITY NpUYUHHOCTH [15].
[pyras TpyaHOCTb ONUCAHHUS 3BONIOLUU 00YCIIOB-
JIEHa TEM, YTO 3BOJIOIHS CBA3aHA KaK C TUHAMHUKOM
Tel, TaKk M C U3MEHEHUSIMH UX BHYTPEHHHUX
cocrosiHui. [loaromy s moctpoeHHs «(HU3UKU
IBOJIONMKY» HEOOXOAWMO CHATh IPOTHBOPEUUS
MEXIy OSTHMH ABYMSA pazaeramMu (U3UKHA. ITO
03HAayaeT, YTO CTATHCTUYECKHE METOJIbl, KOTOphIE
JOCTaTOYHO XOPOLIO ONHCHIBAIOT BHYTPEHHHE

COCTOSIHMSL ~ CUCTEM, JIOJDKHBI ~ BBITEKaTbh W3
JETEPMUHUPOBAHHBIX 3aKOHOB (PH3HKH.
OTHOCHUTENIFHO HEZAaBHO OBUT  NIPEAsIOKEH

HeoOxoammerii JIMH [9]. Ero cymecTBoBanue
CIYXUT KJIIOYEBBIM apryMEHTOM B  TOJb3Y
BO3MOXKHOCTH CO3laHus (u3uku 3Bonronmu. Kak
Obut0 mokaszaHo, JMH sBusgercs claeACcTBHEM
YpaBHEHUS IBIKCHUS Telld, YIUTHIBAIOIIETO €ro
CTPYKTYpPY. | TaBHBIM TOCTOMHCTBOM MOJIYYEHHOTO
ypaBHeHusi aBwxeHuss CT, a Takxe ero
OTJIMYUTEIIBHOW OCOOCHHOCTBIO OT YpPaBHEHHS
nBkenns Herorona g MT, sSBIsieTcst TO, YTO OHO
HE UCKJII0YAeT pa0d0Ty BHEIIHHUX CHJI, KOTOPas UACT
Ha  HW3MCGHEHHE  COCTOSHHS  caMOTro  Tela,
NMBIDKYIIETOCS B HEOJHOPOIHOM TIPOCTPAHCTBE.
NmenHO 3TOT (DakT CHUMAET MPOTHBOPEUUE MEKTY
(yHIAaMEHTaTbHBIMU ~ 3aKOHAMH  (QU3UKA U
OMITUPUIECKIM BTOPHIM 3aKOHOM TEPMOIMHAMUKH.
B pesynmbTaTe OTKpBIBacTCSI BO3MOXKHOCTH OIKCA-
HUS MIPOLIECCOB ABOJIIOIHUH.

Ypasenenue osuscenus cmpyxmypuposannozo
mena u 0emepMuHUPOBAHHLIL MEXAHUIM HeoOpa-
mumocmu

Kitaccnueckast MexaHMka IMOCTpOEHA HA OCHOBE
ypaBHeHus: awkeHus Heroorona mis MT. Oto
YPaBHEHHE MOXXHO IOIYYHTh M3 IOJHOH JHEPTUH
MT npu ycnoBuu ee nHBapuanTHOCTH [25]. [lonHas
9HEprus Ast 6eccTpyKTypHO MT cOCTOMT TONBKO
U3 DJHEPIUM MBWXKEHHS, MOITOMY Bcs pabora
BHEIIIHUX CHJI UJIeT Ha nepeMerieHue MT.

Vpauenue gasmwxkeHus CT B Kiaccuueckoi
MEXaHHKE TMOJIy4aloT IyTeM CyMMHpPOBAHHUSA
ypaBHEHUH nBIKeHU Kakmoro snementa CT [13].
[Ipu »TOM paboTa BHEUIHHX CHJI 10 HM3MEHEHHIO
BHYTPEHHEW 3HEPrUU OCTAECTCS HEYYTECHHOW, Tak
KaK cyMMa BHYTPEHHHUX CHJ paBHa Hy:to. [loaTomy
ypaBHenue gBmwkenns CT B kimaccmuecko
MEXaHHKE CIIPaBeJIMBO TOJBKO TOIJA, KOTJAA BCA
pabora BHemHux cui uzaer Ha nepememenue CT.
OTO BEepHO UId OCCCTPYKTYPHBIX T€l WIH IpPU
HaIMYUA OJHOPOJHBIX BHemHUX cwi. Ho ecmm
JIEHCTBYIOLINE Ha CT BHEIIIHUE CHUJIBL
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HEOJHOPOJHBI, TO MOKET MEHATbCA HE TOJIbKO
sHeprus naswxkeHuss CT, HO M ero BHYTPEHH:A
sHeprus [9, 24]. DTO MOHATHO Ha TIpUMEpe
MapalloTUCTa, CKOPOCTb KOTOPOIO CO BPEMEHEM
JIOCTUTaeT MaKCHMaJlbHOTO 3HadeHHd. B astom
ClIy4ae CHJla TSDKECTH paBHA CHJIE TPEHHS M BCS
paboTa BHEIIHMX CHJI YXOAUT Ha HW3MEHEHHE
BHyTpeHHe  sHeprun  CT. ITostomy B
KJIACCUYECKOW MeXaHHKE y4eT PaboThl BHELIHHX
CUJI IO HAarpeBy TeJ BBIIOJIHAETCS SMIUPUYECKUM
oOpasoM, myTeMm ompejeineHUs Kod(huIueHTa
TPEHHUS. CrnenoBaTensHo, OTpaHUYEHHUS
KITACCUYECKOM MEXAHHUKH CBSA3aHbI C TEM, UTO B HEH
HeJb3s1 OTPEAETTUTh Ty YacTh pabOTHI BHELTHUX CHJI,
KOTOpas UJIET HAa U3MEHEHHE BHYTPEHHEW DYHEPTUU
Tena. OTH OTPAaHUYECHHUS MCKIIIOYAlOT BO3MOKHOCTb
OIMCAHUS  3BOJIOLUH, IIOCKOJBKY  DBOJIIOLUS
cBsizaHa ¢ paboToil BHEIIHUX CHJI [0 W3MEHEHUIO
BHYTPEHHETO COCTOSIHUS CHCTeMBI. To ecTh, I
ONMMCAaHUS  DBOJIONUH  HEOOXOAMMO  HMETh
ypaBHEHHE, KOTOpPOE YUYUTHIBAET Kak padoTy
BHEIIHHUX CHJI, U3MEHSIIOIIYIO0 SHEPTHIO JBHKCHMUS,
TaK ¥ paboTy 110 N3MEHEHHUIO BHYTPEHHEN 3HEPTHH.
O6cyanM, Kak MOJlydYuTh TAKOE YpaBHEHHE.
VpaBuenue nBwxenHuss CT B kiaccuyeckoit
MEXaHUKE BBIBOAWUTCS B J1a0OPAaTOPHOM cUCTEME
KoopauHat. B Hell paamyc-BekTtop Kaxaod MT
CUCTEMBI COCTOUT U3 CYMMBI pajguyC-BEKTOPOB
LIEHTpa MHEpLUUU U panumyc-Bekropa MT oTHOCH-
TeNbHO IeHTpa uHepiuu. Cuia, ompeaemnsionas
pabory mo yckopenuto CT, paBHa cymme CHII,
npunoxkeHHblx K Kaxaod MT. Ho cymma
BHYTPEHHHX CHJI paBHA HYJII0. A MOCKOJIBKY Kaxaas
MT BHOCHUT BKJIaJ, KaKk B SHEPTUIO JBUXKECHHUS, TaK U
B0 BHyTpeHHIo10 3Hepruto CT, To B 1abopaTopHOi
cucTeMe KOOPAMHAT HE yIaeTCs ONPENeNUTh paboTy
10 U3MEHEHUIO BHYTpeHHeH 3Hepruu. Ho ee MoxxHO
OIpPEJENUTh B JAyaJbHOM CUCTEME KOOPAMHAT,
3alaHHON MHUKPO — U MakporepeMeHHbIMU. [Ipruem
MHUKpPOIIEpEMEHHEIE OTIPEACISAIOT JIBUKECHHE
Kaxaod MT OTHOCHUTENBHO LIEHTpAa HHEPLUH, a
MaKpOIIEPEMEHHBIE OIIPENEIAIOT IBUKECHUE LIEHTpa
UHTEHLIMU. B TyanpHON cucTeMe KOOpAHAT MOJIHAS
SHEpruss UMeEeT MpPEACTABICHUE B BUIE CYMMBI
sHepruu ApmxeHus CT u ero BHyTpeHHEH S3HEpruH.
JuddepeHuupyst NONHYIO IHEPTUIO MO0 BPEMEHH,
[IOJIyYMM YpPaBHEHHE, KOTOPOE OIpENEssieT, Kak
paboTy BHEIIHUX CHJ IO TEPEMEHICHUIO IIEHTpa
WHEPLHHU, TaK U PabOTy, OCYILECTBISIEMYIO UMH 110
U3MEHEHUI0 BHYTpeHHeH »Heprun. M3 sToro
ypaBHEHUS MOXHO HAaWTH YpaBHEHWE IBHKCHHS
CT. B HeM, B OoTIMYME OT YpPaBHEHUS JIBH)KEHUS

MT, B npaBoil 4YacTM TOSIBUTCS BTOPOM YJIEH,
ONPEIENSIOINI CUIIbI, U3MEHSIOIINE BHYTPEHHIOK
sHepruto. OueBUIHO, YTO MOSBJIECHHE ITOr0 YJIeHA
00YCIIOBJIEHO YYETOM CTPYKTYPHOCTH Tela.

BreiBon ypaBHenus aswxenus CT B pyanbHOM
CHUCTEME KOOPAMHAT 3KBHBAJIEHTEH TOMY, YTO MBI
pacmmpsieM KJIacCHYEeCKYI0 MEXaHHMKY 3a CUeT
noroynHuTeNnbHBIX npuHoMna [9]. K mepBomy
NPUHLMITY OTHOCHUTCSA YTBEPKICHHE O TOM, YTO
CYIIECTBYET [Ba OCHOBHBIX THIIA CHUMMETPHH,
KOTOpbIE JTUKTYIOT JUHAMUKY MaTepUaIbHBIX
00BEKTOB: 3TO CUMMETPHUU CaMOT0 MaTepHaIbHOTO
00bEKTa, 1 CUMMETPUH IPOCTPAHCTBA, B KOTOPOM
JBIDKYTCSI 3TU OOBEKTHL. JTO YTBEPXKACHHE OBLIO
Ha3BaHO IIPUHIUIIOM Jyajlu3Ma CHMMETPUU.
JlaHHBIN MPUHLUI O3HAYAET, YTO PaboTa BHEIIHUX
CHJI B HEOIHOPOIHOM IPOCTPAHCTBE 00yCIlaBiIu-
BAaeT, KAK YCKOPEHHOE JBUKEHUE TEJA, TAK U U3MeE-
HEHHUE €r0 BHYTPEHHETO COCTOSIHHMA. JTO €CTECT-
BEHHO Ha3BaTh AyaJM3MOM paOOThl BHEIIHUX CHIL.

CymiecTByeT Takke BTOPOIl MPUHITHII, KOTOPBIH
YTBEPKIAET O €JUHCTBE 3aKOHOB, ONPEIEIIIOIINX
9BOJIIOLIMIO CPEIbl U ABMXKYIINXCSA B HEHl OOBEKTOB.
OTOT NpPUHIMII MOXHO Has3BaTb NPHUHLUIIOM
SKBUBAJICHTHOCTU 3aKOHOB IIPUPOABI U  €T0
BBIJICJICHHBIX OOBEKTOB U CaMOM CpeAbl, B KOTOPOH
OHU Tiepemeniatorcs. IMeHHO HellMHeHHOoe B3auMo-
JIEHCTBUE CPEABI U TEJ ONpPEAEIIEeT UX JUHAMUKY U
9BOJIIONHIO. Ba)KHOCTH 3TOr0 MpUHLUNA I QU3H-
KM 3BOJIOIWH 3aKII0YAeTCs B TOM, YTO NPSIMBIE H
o0OpaTHbIE TOTOKH DHEPTUH, KOTOPHIE CYIIECTBYIOT
MEXIY TEeJIOM W CpeAOH, OMpelestoTCcsl OOIMMU
(yHIaMeHTaIbHBIMU  3akoHamu. llpuuem 3TH
3aKOHBl  IUKTYIOTCSI CHUMMETPHAMH Tel H
MIPOCTPAHCTBA, B KOTOPOM OHU JBUXKYTCS.

Jns U3MKK SBOJIOLMHU TaKKe BAXKEH TPeTHH
npuHOdn. OH yTBEp)KIAET, YTO JBOJIIOLMSA BBIIE-
JIEHHOTO O00BeKTa XapakTepusyercsi OMInHEei-
HOCTBIO CBSI3M CHMMETPHA OOBEKTOB W MPOCT-

paHcTBa HX JOBWKEHHA. SIpkuM  mpuMepom,
MIOATBEPKJAIOMMM  STOT  IPHHLHWI, SBISETCA
JIBUJKEHHE Tel C TPEeHWeM II0 HaKJIOHHOM

MIOBEPXHOCTH TMOJ JEHCTBHEM TIpPaBUTALMOHHBIX
CWI. 371eCh CHIBl TPEHHA OIpPEIENAIoTCA Kak
XapaKTEpUCTUKaMHU JABWXKYILErocs Tena, TaK U
XapaKTEpPUCTUKaMHU HAKJIOHHOM nosepxHocTu. IIpu
3TOM paboTa CUJ TpaBUTALMU TPATUTCS, KaK Ha
[epeMelIcHUEe Tejna MO IOBEPXHOCTH, TaK M Ha
Harpes, B OOILEM Cilydae, IOBEPXHOCTU U CaMOro
Tena. 13 3Toro npuHnuna OAHO3HAYHO CIENYET, 4YTO
XapakTep JUHAMUKH PEaIbHBIX TEJ ONpEAesIeTcs
HE 3aKOHOM COXPAHEHHUSI SJHEPIUU JABHKCHMUS, KaK B
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ciydae awxkenus MT, a 3akoHOM coXpaHEHUs
MOJTHOW HSHEPTHH, KOTOpas COCTOWT W3 DHEPIHU
JIBUKEHUSI U BHYTPEHHEH 3HEpruu tena. To ecrs,
JUISL CTPYKTYPUPOBAaHHBIX TEJ YCJIOBUE OIHOPOJ-
HOCTH BpPEMEHH, OMpEAeNsieMOe TOJIBKO 3aKOHOM
COXpaHEHHUS DHEPIHH [BIDKEHHs, KaK B Clydae
KJIACCHYECKOM MCXaHHUKH, HC BBIIIOJIHACTCA. Orcro-
Jla TaKXkKe CJIEYeT, YTO UHBAPUAHTOM, OIPEIIEIISIO-
IIFM DBOJIOLUIO TEJ, SBISETCS TMOJHAs SHEPTHS.
HqueM N3-3a B3aUMOCBSA3U SHCPIrun ABHUKXCHHUA U
BHYTpPEHHEH 3HEPTUH, JUIS OITUCAHHUSI DBOJIIOIIUH TEIT
MOJIHYO DHEPIHI0 CIeAyeT 3ajaBaTh CYMMOWM
SHEPTUH JBMXCHUS U BHYTPEHHEH SHEPTUH.

Takum 00pa3oM, HEBO3MOXHO OIPEICIUTh
SBOITIOLIMIO TeN 0e3 ydeTa B3aMMOCBSI3U JMHAMUKA
Tel W W3MEHEHUS WX BHYTPEHHETO COCTOSHUSL.
Nmenno IMO3TOMY 3BOJIFOIIMIO HEBO3MOKHO U3Yy4aTh
0e3 yCcTpaHEeHHs IPOTHBOPEUYUI MEXKIy KIacCHUecC-
KOW MEXaHUKOU U TEPMOTMHAMHUKOMH.

JubdepeHiupys  HOJIHYIO  DHEPIHI0 10
BPEMEHH, TPEJCTAaBICHHYIO uepe3 He3aBHCHMBIC
MHUKpPO- U MAaKpOIIEPEMEHHbIE B BHUJEC CYMMBI
SHEpPTUH [BIKEHHWS W BHYTPEHHEH JHEpPTHH MpH
YCJIOBHM €€ WHBAPHAHTHOCTH, IOCJIE HECIOKHBIX
peoOpa3oBaHUi, MOMyYUM ypaBHEHHE JBUKCHUS
CT [9, 24]:

MNVN:_F]\(I)_ﬂdV ) (1)

Here M, =Nm the mass of the SB;

V. :(Zilv[_)/N; V; is a velocity of MP; N is

number of elements in the SB ; 7 is mass of the
0

elements SB which is equal one for all MP; =~ ¢ is
external force acting on the I-th element of the SB;

0 _ N (U d __ rrint max\2
Fy=2_F'; M= EN V)
Vi =V TV E-j is the force of interaction of the
elements of the SB;
Sint NflzN . 0 .
EV'=> it VMV + Fy 4+ NF;) 5

max __ ~int 0, 0 _ 70 70
Voo =—Ey | F) F =F'~F.

HileH, KOTOpBIA JIEKUT B JIEBOM YacTU
ypaBHeHus (1), ¥ IepBBIii YJIeH B MPaBOW YacTH, KakK
¥ B YpaBHEHHHU IBW)XEeHHA HpIOTOHa, Ompenensor
CIJIy MHEPUHH M aKTHBHYIO CHIIy COOTBETCTBEHHO.

[Ipyyem axTuMBHasg cujia paBHA CyMME CHIL,
JIEUCTBYIOIUX Ha Kaxyro MT.

Ho B npaBoii yactu ypaBHenus (1), B omiindue
OT ypaBHeHuUs ABM>KeHUsI HproToHa 1151 MT, BO3HHK
eme oauH wieH. OH 00yCJIOBIEH HAJIWYHEM CHII
JIUCCHITALINY, ONPEACIAIONINX TPaHCHOPMAIIHIO
SHEpIrHH JBWKEHUS BO BHYTPEHHION dHepruto. Kak
0Ka3aJI0Ch, Takas TpaHcpopmanns BOZMOKHA TOJb-
KO MpH HAIWYUK HEOJHOPOJHOCTEH MPOCTPAaHCTBA,
o0ecrieunBarOMUMX TPajueHThl BHEUIHUX  CHIL
[Tpraem HEOOXOAWMO BBITTOJIHEHHE YCIOBHS COM3-
MEPHUMOCTH XapaKTEePHBIX MAacHITa00B HEOIHOPO-
HOCTEH MPOCTPAaHCTBA C pa3MEpaMH IBIKYIIETOCS
o0OBbeKTa. AHAIIOTUYHBIN WIEH CYIIEeCTBYeT W B
CTaTHCTUYECKOM ypaBHEHHH JIBUKEHHA. DTOT WICH
cienyeT u3 3aKOHOB cTatucTUkH [15]. OH ucues B
ypaBHeHWU  JaBWKeHHs HpioToHa B cury
HCITOJIB30BaHUS OECCTPYKTYpHOU Momenu Tena. OH
TaKke HE Y4YUTHIBaeTcs B (opmalu3Max Kilac-
CHYECKON MEXaHWKH, MOJYYCHHBIX U3 MPUHIUIA
Jlamambepa mpu yCIIOBHHM TOJIOHOMHOCTH CBSI3CH.
OdeHp BaKHO, YTO 3TOT YIEH HEBO3MOYKHO HCKITIO-
YUTh HUKAKUMH MPEOOPa30BAaHUSIMY HE3aBHCHMBIX
MEPEeMEHHBIX, TIOCKOJBKY OH  OIpeaessercs
CYIIECTBYIOIIEH B3aNMOCBS3bIO SHEPTHH TBUKCHUS
W BHYTpeHHEW sHepruu. B mpubmmkeHnu onxHo-
POJTHOCTH BHEIIHUX CHJI WM IMIPU MPEHEOPEeKESHUH
CTPYKTYPHOCTBIO TEIl 3TOT WICH UCUE3aeT.

IIpu onpeneneHHBIX CKOPOCTSAX TEJIa BOSHUKAET
PaBEHCTBO HYJIIO MPaBoOy 4acTu. Torjga ypaBHeHuUe
(1) cBomuTcs K  CIeAyIOIIEMy  PaBEHCTBY:

Sint 0 i
V]G”‘”‘ =-F N / F, n - IMEHHO IIpH TaKOH CKOPOCTH

CHpaBEeIIMBO YTBEP)KICHNUE APUCTOTENS O TOM, YTO
CKOPOCTh MPOMOPIIMOHANbHA aKTHBHON cuie [27].
JInst MasbIX CKOPOCTEN BTOPBIM YJICHOM YPaBHEHUS
(1) MoxHO mpeHeOpeub, W MBI NPUXOJUM K
ypaBHeHHIo ABMxeHus HpioroHna.

Takum o6pazom, ypaBHeHue (1) sBisgercs
0000meHreM ypaBHEHUS JBKeHHs HproToHa,
MIOCKOJIBKY ~OHO YYMTBIBAeT IIOJNHYIO paboTy
BHEIIIHUX CHJI I10 TIEPEMEIICHUIO Tela U U3MEHEHUIO
€ro  BHYTpeHHero  cocTtosHus.  llockombky
ypaBHeHue (1) yunTeIBaeT H3MEHEHHE BHY TPEHHETO
COCTOSHUSI CHCTEMbl IIpU €€ J[BIKEHUH B
HEOJTHOPOJHOM TMPOCTPAHCTBE, TO €ro JOTMYHO
Ha3bIBaTh «yPaBHEHHEM DBOJIOLIUI.

Kak n B kmaccuueckoil MeXaHUKE, MCHOJb3Ys
ypasHeHue (1), He CII0KHO MOJIYIUTh PACIIUPEHHBIC
(opManu3Mbl MEXaHUKH, KOTOPhIE MPUHUMAIOT BO
BHUMAaHHE IPOLECCHl AWCCHUNALNM, XapaKTepHbIE
Ul JABWXKYIIMXCA TeI B HEOJHOPOIHOM
MPOCTPaHCTBE. OTH (OPMAaNIU3Mbl  TO3BOJISIOT
M3y4aTh MPOIECCHI SBOIOINH.
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s onpeneneHus Mepbl pabOThI, KOTOPAst ST
Ha W3MEHEHWE BHYTPEHHEH DJHEPruH, MOXKHO
HCIIOJIB30BaTh IapaMeTp, KOTOPbIA Mbl Ha3zBanu Jl-
suTpornuedt [9, 28]. [d-sHTpomus ompenenseTcs
BEJIMYMHOW OTHOIICHUS YBEIHYEHUS BHYTpPEHHEH
sHeprun CT, K TOJHOW BeNMWYWHE BHYTPEHHEH
sHeprud. OHA CYIIECTBEHHO OTIMYAETCS OT
W3BECTHBIX MOHATHM DSHTPONHUHU. ITO OTIUYHUE,
MIPEXKAE BCEro, COCTOMT B TOM, 4TO J[-3HTpomms
OTHOCHUTCS K JIBIDKYIIEMYCS B MPOCTPAHCTBE TENY.
Kpome Toro, oHa mHOTHOCTBIO OmpeneseTcs
muHamudeckumMu mapamerpamu CT, 9To o3HauaeT
ee JeTepMUHHPOBAHHOCTh. B COOTBETCTBHMH C
STUMU CBOMCTBaMH, OHA XapaKTEPU3YET IBOIIOLIUIO
JMOOBIX CHCTEM, IBWXKYIIMXCS B HEOJHOPOITHBIX
BHEIIHUX TIOJISIX CHIL.

CortacHO pacdeTaMm 3aBUCUMOCTH [[-3HTpomwu
OT KOJIMYECTBA HJIIEMEHTOB B CHCTEME, BBIIOJI-
HEHHBIX Ha OCHOBE ypaBHeHU (1), OBIIO MOTYUICHO,
YTO €CiH, B cucTemMe KomuecTBo MT Menbire 100,
TO BO3MOXHa TpaHcopmanus BHYTpEHHEH
SHEPTHH B JHEPTUIO JIBIDKEHHsSI, HO €CIU YaCTHII
Oompire, To J{-3HTpOIMS Bcer/a MOJIOKHUTENbHA, a
mpu N>1000 oHa BEIXOIUT Ha aCUMITOTUKY [33].

[Ipupony HeEOOpaTHMOCTH MOXKHO TIIOHSTh,
n3y4Jas Ha OCHOBE YPaBHEHHS BOJIOIHMH XapaKTep
B3aMMHOM TpaHC(OPMAIIMKU SHEPTHH JBHIKEHUS BO
BHYTPEHHIOIO HEPTUIO0 C YYETOM TOIO, YTO TaKas

TpaHchopMarLus MOJUUHSETCS PUHLMITY
SKBUBaJIEHTHOCTH. COTJIACHO 3TOMY YpaBHEHHIO,
NpsiIMO€  TOMJIOIIEHWE  JHEPIMH  JBW)KEHUS

ompeaenseTcsl KBaJApaTHYHBIM YICHOM, HO TOTJa ee
obpaTHOE peoOpa30BaHKE YIHEPTHUH HE MOYKET OBITh
Ooypllle WiIeHAa YETBEPTOH CTENEHH MAaJOCTH.
Orcioma xapaktep mpeoOpa3oBaHUs  IHEPTHH
IBWKEHWS B OJHEPrUI0 TeIula Ui MajlbIxX
MapamMeTpoB OTPEACIICTCS CIenyIonel popmMyIoit

[9]:
H=ay’ - By @)

2 4
Ecmu N>>1, 10 umeem Q)Y >> ,B)( , 4TO

COOTBETCTBYET HEOOPATUMOCTH.

[Ipu ycnoum H =0 wumeer MecTo cramuo-
HApHOCTh CHCTEM. DTO HEYCTOMYMBOE CTallMOHAp-
HOE COCTOSIHME OmNpenenseT O0co0yl  TOYKY
oudypkarmu. Takas 0COOEHHOCTh UMEET MECTO IS
Makpoonucanus. OHa Wcue3aer, eciad OT MaKpo-
ornucanus auHamuku CT mepedTH K MHKpOONH-
canuto. To ecTh, B Touke OubypKalMyd TUHAMUKA
Tela OJHO3HAYHO ONpeAessieTcsl AWHAMHKON ero

aneMeHToB. [103TOMYy MHKpOONMHCAaHWE MO3BOJISIET
CHSTH OCOOEHHOCTH B TOUKe OuQypKaruu [9].

[IpecobOpa3zoBanue dHEPTrUM ABMWKCHHUS  BO
BHYTPEHHIOIO HEPTHIO U ee 00paTHOe Mpeodpa3o-
BaHUWE JUTsI B3aMMOJACHWCTBYIOMIMX CHUCTEM IO CBOCH
puposie He cMMMeTpudHO. Hapymienne cummer-
pHH CIeIYEeT U3 TOTO, YTO MIPOUCXOUT YMEHBIIICHHE
OTHOCHUTEJIBHBIX CKOPOCTEH Tel B CHCTEME KOOp-
IUHAT WX [IEHTPa WHEPIINHU, KOTOPOe He 3aIpernieHo
3aKOHAMHU COXPAHEHUs YHEPTUU M UMITYJIbCa. ITO U
omnpenenser MPUPOAY JIETCPMUHUPOBAHHOM
HeoOpatuMocTu. HapyrieHne cuMMeTprun BpeMeHH
KaK pa3 W 03HAYaeT, YTO M3 YPaBHEHHS JBUKCHUS
CT cnenyet BTOpOii 3aKOH TEPMOAUHAMUKH. TaKuM
o0pa3oM, B pe3yJbTare y4eT POJIH CTPYKTYPHOCTH
Tel B WX JBWKEHHH B TPOCTPAHCTBE HCYE3ACT
MPOTUBOPEYNE MEXK]Y KIACCUUECKOW MEXAHUKOU U
TepMOAMHAMUKON. TO ecTb, ypaBHEHHE 3BOJIIOLUU
YCTpaHseT TMPOTHBOPEUHST MEXIy KIACCHIECKOi
MEXaHUKOH U TEPMOJIHHAMUKOM.

W3 ypaBHEHHsS DJBOJIOUWH CJIEOyeT, 4YTO B
pamMKax OrpaHWYCHHUN MPUHATONH MOJETH CUCTEMEI,
MOTEHIMAIbHO B3auMojielcTByromux MT, ecnu
MIPUHATH YCIOBUE HBOJIOLMHOHHOTO MPOUCXOXKIE-
HUS MHpa, TO MaTepus MOJDKHA OBITh OECKOHEYHO
JeauMoi. JIeHCTBHTENBHO, JUCCHITIAIS, Oe3 KOTO-
PO HET 3BOIONMH, BO3MOXKHA TOJNBKO IS CTPYK-
TypHBIX Tel. To ecTh, ecaum MaTepHsi MPOW30ILIA
SBOIIIOLIMOHHBIM TIyTEM, TO OHAa JOJDKHA 00JIaaaTh
CTPYKTYpPHOCTHIO Ha BCEX €€ HepapXHYeCKHX
ypoBHsX [29]. Takum 00pa3oM, COTIACHO 3aKOHAM
JTUHAMUKH CUCTEM Mamepusi OeCKOHEUHO Oequma u
npeocmasisiem coOou uepapxuio 6l10JICEHHbIX Opye
6 opyea e3aumoceszannvix cucmem [34]. JlaHHBIH
BBIBOA  OOYCIOBJICH  NpPUHIMIOM  Jyalnu3Ma
CUMMETPHH U BBITEKAeT M3 YCIIOBUS COXPaHEHUS
MIOJTHOM HEPTUU. A TIOCKOJIBKY 3aKOH COXpaHEHHS
9HEPTUU SBISCTCS OOLIMM 3aKOHOM JJs  BCeX
pa3zmenoB (GU3UKH, TO BHIBOA O OECKOHEUHOU
JEIMMOCTH MaTepUU CIIPaBEIINB I Bcel (DM3UKH
U Ui BCEX MaTepHalbHBIX 00BEKTOB. TO ecTh,
CTPYKTYPHOCTh MAaTEpUU CIEAYeT Y4YUTHIBATh Ha
BCEX ee MepapXuuecKkux ypoBHsIX. O00OmHM, 9TO
JaeT ydeT OECKOHEYHOHW NeNMMOCTH MaTepUHl I
KIJIACCUYECKOM (DPU3UKH.

Pe3yabTarsl

Pony cmpykmypnocmu mamepuu ona guzuxu
[TpoGyieMbl ¢ omMCcaHWEM HPOLECCOB HCCHIIA-
ouu Uil SHEPTrUU JABUXKCHHUSA CUCTEM BO3HUKIIN
OJJTHOBPEMEHHO C  CO3JIaHHEM  KJIACCHUUYECKOIi
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MexaHuKkH. DopMann3Mbl KIaCCHUYECKONH MEXaHUKH
CTpOMIIM, ONMpasch Ha ypaBHeHHe HproToHa n
npuHuun JlamamOepa Mpu BBIOIHEHUU YCIOBHUU
TOJJOHOMHOCTH  CBSI3€if M NOTEHLUUAIBHOCTH
KOJUIEKTUBHBIX CHII. [103TOMY OHM ONMCHIBAIOT JH-
HaMHKY CHCTEM, TOJIBKO KOTJa MOXKHO IpeHeOpeyb
JUCCUTIAIUEH, TO ecTh, KOT/la JMHAMUKa CHCTEM He
3aBHCHT OT WX BHYTpeHHHX cocTosHuil [25]. Ho
9BOJIIOIMA 00YCJIOBJIEHA B3aMMOCBSI3bI0 TMHAMUKU
CHUCTEMBl C W3MEHEHHSIMH €€ BHYTPEHHETrO
COCTOSIHMS. A M3MEHEHUSIMH BHYTPEHHEH 3HEepruu
IIpU ABW)KEHUU TEI BO BHEIIHUX HEOJHOPOIHBIX
MOJISIX CHJI B KJIACCHMUYECKOW MEXaHMKE IpeHeOpe-
raercs. Takum 00pa3oM, BO3HUKIIA HEOOXOAMMOCTh
MoKcKa TaKOM TEOpHH, KOTOpas B paMKax 3aKOHOB
KJIACCUYECKOM MEXaHWKH TI03BOJISIET YYHTHIBATH
VW3MEHEHUE BHYTPEHHEH JHEpruu W, TEM CaMbIM,

ONHCHIBATh JWCCHUIIATHBHBIE MpOIECCh. Ham
YIOAJIOCh NTOKa3aTh, YTO JUIS ITOCTPOCHUS TaKOU
TEOPHUH HEOOXONMO V4eCTh poJIb

CTPYKTYPUPOBAHHOCTH T€JI B UX JUHAMHUKE. Takoi
Y4eT OCYLIECTBIISICTCS YpPaBHEHUEM 3BOJIOLIUU,
nojaydyeHHsIM Juisi cucteMbl MT, omupasice Ha
ypaBHeHuUs ABWxkeHust HproToHa nns MT.

Kak oxazanoce, ypaBHEHHE HBOJIIOLUU CIELYET
13 TpeOOBaHWS WHBAPHMAHTHOCTHU TIOJIHON SHEPTHH
myTeMm ee AuddepeHupoBaHus Mo BpeMeHu. [ns
CT nomnHast 3HEprHsl, B COOTBETCTBUU C IPUHIUIIOM
Qyaau3Ma CHMMETPHH, COBINAJaeT C CYMMOM
SHEPTUM JBIWKEHUS W BHYTPEHHEW SHEPTHH.
[Nony4yenHoe TakuM 00pa3oM ypaBHEHHE OKa3alloCh
HE CHMMETPHUYHBIM OTHOCHTENBHO OOpalieHus
BpeMeHH. DTO 00YyCIOBIEHO TE€M, YTO BHYTPEHHSA
SHEpPrusl HEe 3aBHUCHT OJHO3HAYHO OT 3a/JaHHOU
TOYKH B MpOCTpaHCTBe. TO ecTh, MpHU IBHKEHUH
TeNna CKOJNb YTOJHO OJHM3KO K HMCXOIHOW TOYKE
MIPOCTPAHCTBA, OHO yXe OymeT oOnamatb APyroi
SHepruen ABMkeHUs. 13 3Toro ypaBHeHUs Takxke
cienyer JIMH, o0ycioBieHHBIH KBaZpaTHOCTHIO
sddexTa TpaHchOpMAMKM PHEPTHUU NBIDKCHUS BO
BHYTPEHHIOIO JHEPrHI0 M O00paTHON TpaHCchop-
Malui BHYTPEHHEN SHEPTUU B SHEPTHUIO IBHIKEHMUS,
KOTOPAasi MOKET UMETh MECTO JJIsi HEPAaBHOBECHBIX
ten. Ho aT0 03HawaeT, 4To /Ui IBHXKEHHS JOCTa-
TOYHO OOJNBIIUX TEJT BO BHEIIHUX HEOIHOPOIHBIX
MOJISIX CUJI BBINIOJHSIETCS BTOPOW 3aKOH TEPMOJH-
HaMuKku. HaiileHHblE C IOMOILBIO YpaBHEHUS
neuwkeHnss CT 3aKOHOMEPHOCTH TOBEAEHUS Tel
SIBIISTIOTCS HEOOXOIUMBIMH JIJIsI IIOCTPOSHHS (PU3UKH
SBOJIIOLUU.

BaxuneluM BBIBOJIOM, KOTOPBIN CIEAYeT W3
pacIiupeHns KIacCHUYeCcKOW MEXaHUKH, SBIAETCS
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BBIBOJI O OECKOHEYHOW NETUMOCTH MaTepuu. DTOT
BBIBOJI 3aTparMBaeT BCE pasfielibl  (DU3HKH,
MOCKOJIBKY OHH, TaK WIH WHa4e, C(OPMUPOBAIHCH
[P U3YICHUH PA3INIHBIX HEPAPXUIECKUX YPOBHEH
U TUNOB Matepuu. bornee Toro, u3 aroro ciexayer,
YTO TMO3HAHHWE MHpa — Tporecc OeckoHeuHbIH. K
3TOMY 3aKJIIOUEHHIO MBI TAKXKE ITPHXOINM B CBSI3H C
0ECKOHEYHBIM MHOT000pa3ueM IMPOIECCOB IBOJIIO-
MU MaTepud. DTy HWACK pa3felsioT U Jpyrue
nuccinenosarenu. [30]. To ects, Bcerma Oynmer
CYIIECTBOBAaTh OOJIACTh HEMO3HAaHHOTO, XOTA B
MIPUPOJIE HE CYIIECTBYET TAKOIO SIBIEHUS, KOTOPOE
HEBO3MOIKHO TTOHSATE.

JerepMuHM3M ~ 3BOJIIOLIMKM  HE  O3HA4YaeT
HEHY>XHOCTh CTAaTUCTUYECKUX METOAOB aHaIM3a
cucreM. JlelicTBUTENBHO, TIOCKOJBKY TIPOIECC
MO3HAaHUA WCTUHBI OECKOHEYEeH, TO 3TO O3HAJaerT,
YTO BCEr/a CyMEeCTBYeT 001acTh HEMO3HAHHOTO,
KOTOpas BHOCHUT JOJIO HEONPEACIECHHOCTH B HAIIX
3HaHWS. DTO OCTaBIISIET MECTO ISl CTATHUCTHKH.
Bonee Toro, wcnonmp30BaHME CTATUCTUYECKUX
METOJI0B 3HAUUTENBHO YIPOIIAET PEIIeHHEe MHOTHX
3aa4y Mo 00paboTKe W  aHanW3y JaHHBIX
SKCIIEPUMEHTOB, YTO Ba)XKHO HA HAYaJHHOM JTare
U3yueHHs OOLIMX 3aKOHOMEPHOCTEH MOBEACHUS
cucrtem [35].

EctecTBeHHO, YTO »HBONIONMOHHOE pa3BUTHE
XapakTepHo /i camoit pusuku [31]. D10 pa3suTHeE,
KaK W pa3BUTUE 3HAHUW O MaTepuu, UAET OT
MPOCTOTO K CIIOXKHOMY [32].

B cBs3u ¢ pacmmpeHneM KIacCHYeCKOW mexa-
HUKH BO3HHUKJIM BOIIPOCHI, CBS3aHHBIE C HEOOXO-
JIUMOCTBIO TIOCTpOeHUs (pyHKIMH pacnpeneneHus
JUTSI HEPaBHOBECHBIX CHCTEM, IOCKOJIbKY CTaTHC-
tuku ['u66ca, Makcsenna, ®epmu-/upaka u bose-
Oiinmretina [15,35] mory4eHs! TOIBKO AT OJIM3KUX
K paBHOBECHIO CHCTEM, KOTJla MOKHO TpeHeOpedb
BTOPBIM WIEHOM B IpaBoii yactu ypasaenus (1). To
€CTh, 3TH CTATUCTUKU HETIPUEMIIEMBI JIJIsI OTTUCAHU
MIPOIECCOB IBOIIOIUH.

Takum o00pazom, pacmupeHre KiIacCHYecKou
MEXaHHKHM, B pe3ynbTaTe YydeTa B3aUMHOMU
TpaHc(hopManuy SHEPTUHN ABIKEHUS U BHYTPEHHEH
SHEPTHH, YCTPAHUIIO KIF0UEBHIe TPOOIeMBbl (GPU3HUKH,
CBsI3aHHBIE C OOBSICHEHHEM MEXaHHW3Ma HeoOpaTH-
MOCTH, OOOCHOBaHHEM SMIHMPHYECKHX 3aKOHOB
TEPMOAVMHAMUKA Ha OCHOBE (yHIAMEHTaJIbHBIX
3aKOHOB (DM3WKHM, K JOKa3aTeNbCTBY IPENIOIIO-
JKeHUs1 0 OECKOHEYHOW AeIMMOCTH marepuu. Bce
3T TPOOJEMBI, CTOSIBIIME B KIACCHYECKOM
MEXaHWKe, UCKITI0YaIl BO3MOXHOCTH IOCTPOCHHUS
TEOPHH DHBOJIOLMHU. B pPaMKaxX 3aKOHOB (DH3HKH.



B.M. ComcukoB

Pazgenom ¢usukn, 6e3 KOTOPOro HEBO3MOKHO
CO3/IaHHE IBOJIIOIIMOHHON KapTUHBI MHUPA, SIBISETCS
eme W KBaHTOBas MEXaHHMKA. 31eCh 3aaJuM
BOIIPOC: Kak TpeOoBaHHE OECKOHEYHOHN AETMMOCTH
MaTepuH, YCIIOBHE B3aWMOCBS3H BHYTpPEHHEH
OHEPruv MW OHEPTrUU OBHIKCHUA, HEJIMHEHHOCTH
IPOLECCOB  IBOTIOLUM, MOTYT OTpa3sUTbCA Ha
KBaHTOBOW MEXaHHKE.

IIpo6emvt K6AHMOGOUI MEXAHUKU

Co3manne KBAaHTOBOW MEXaHUKH OOECTICUHIIO
HeOBIBaNBIl Tporpecc B pasputun (usmku. OHa
BCKpBIJIa TPOOJEMBI, CBSI3aHHBIE, B OCHOBHOM, C
JETEPMUHU3MOM M C TNPUHIUIIOM HPUYNHHOCTH
[39-45]. BaitOepr yTBepkial, 4TO IO CHX TOpP
HUKTO HE CMOT TPUAYMaTh CIIOCO0 M3MEHUTH KBaH-
TOBYIO MEXaHHKY TakuM 00pa3oM, 4TOOBI coXpa-
HUTD €€ YCIIeXH, He MIPUBOJS K JIOTHYECKUM a0cyp-
nmam [46]. Jupaky TpUHAIICKUT BHICKA3BIBAHUE O
TOM, YTO €CIM MBI CcoOOupaeMcsi BO3POJUTH
MPUYUHHOCTB, TO HaM MpPUJIETCs 3alaTUTh 3a 3TO,
U ceilyac MBI MOXEM IUIIb TaiaTh, Kakas Hues
MOXXET OBITh PHHECEHA B )KepTBY [47].

B ocHOBax KBaHTOBOM MEXAHUKHU JIEKHUT
BOoJIHOBOE ypaBHeHue lllpeaunrepa [36]:

2
iy - {—h—vz +U(r,t)}‘{’
ot 2m 3)

OTO ypaBHEHHE JUHEHHO, TMO3TOMY OHO
yJIOBJIETBOPSAET NIPHHIMITY cynepno3uiuu. Ksagpat
MOAYJIsl BOJHOBOM (yHKIUH |‘}'|2 ompezaenseT
BEPOATHOCTh YaCTHIBl HAXOOUTHCS B 3aIaHHOM
obmactd  KOHQUIYpalMOHHOIO  IIPOCTPaHCTBA
dV = dxdydz . JItobas nuHaMuuecKas BeIMYMHA «f»

B KBAaHTOBOM MEXAaHMKE, HAIpUMEpP, HHEPrus M
UMITYJIBC, OTIPENIEINISIOTCSI BOTHOBOM (YHKIUEH |/ C

HIOMOIIBIO COOTBETCTBYIOLIETO oreparopa:
E — iho /0t — xuHeTHYEeCKas COCTaBIISIONIAst YHEP-

rum sBkeHust, p — —iiV - nvnynse. Benmuuunbt
«f», ~ XapaKTepu3yroIIne
OMPENENSAIOTCS YCPETHEHUEM: f = j‘P * fWdq .

JIMHAMUKY  YacTHII,

penuarep nomxyunn ypaBHenue (3), onupasch

Ha (opmanusm [amunbToHa-SAkoom [13, 25, 38].

Ero takke MOXHO HOJYyYUTh M3 BOJTHOBOTO YpaB-

HCHUS! (V2 _iza_zz)\y — 0, 32AMCHUB B HEM Tapa-
c” ot

METpPHI, XapaKTepU3YyIOIIUe BOJIHBI, IapamMeTpaMu:

cov,=w/k=ho/p =ho/\2m(E-U) [37].

DTO0 03HAa4YaeT HSKBHBAJICHTHOCTb CBOMCTB YpaB-
Henus lpexunrepa u BOJHOBOTO ypaBHeHus. [liist
nonydeHust ypasHenust lIpeauarepa HE0OX0AUMO
HOJIHYI0 SHEPTHI0 W HWMITYJIbC BBIPA3UTh Yepes3
COOTBETCTBYIOIIE MM oOmeparopel: E — ihd/ ot

p; = —ilV,, rue i-HOMepa 3JIEMEHTOB CHCTEMbI

[37].

Ckobku IlyaccoHa s KoOpAOWHAT «g» U
UMIYJbCOB  «p» JUIsi  KBAaHTOBOM  YacCTHUILIbI
YJIOBJIETBOPSIOT COOTHOIIEHUIO HEOIPEIEIEHHOCTH
[eiisenbepra: pq —qp = —ih . D10 03HAYAET He-

BO3MOKHOCTh OJHOBPEMEHHOI'O OIPEACICHHS KO-
OpJAWHAT W HMIIYJIbCOB KBAHTOBOW YaCTHUIIBI.
dusndeckas CYIIHOCTh MPHUHIUINA HEONPEACIcH-
HOCTH CJIEZIyeT U3 TOTO, UTO JIJIsl BOJIHOBOTO MaKeTa,
OTIPENICISIEMOTO BOJTHOBOM (DYHKIMEH, HeEOoTpe-
JICIICHHOCTh DSHEPTUM W BPEMEHH CIIEAyeT U3
ycnosus Aw=2r/t. 3pecs Aw=0w-w, -
IIMPUHA y4acTKa CIEKTpa, IJIe aMILTUTyAa Qyphe-
TapMOHHMK 3HAYUTEIBHO OTIMYACTCS OT HyNs, T -
TOYHOCTH BPEMCHH UCITYCKaHUS TAPMOHUKHU.

Kak okaszanock, Heprus, ¥ Jpyrue JHHAMU-
YEeCKHE IMapaMeTphl YacTHIl KBaHTYrOTCS. [Ipuponaa
KBaHTOBaHMUA Obuto Tmpemioxkena bopom [39].
CornacHO €ro rumorese, KJIaCCHYeCKOe ICHCTBHE
JUIS YCTOWYHMBBIX OPOMT 3JICKTPOHA B aTOME PABHO:

(J‘) pdq = nh. CTaiiuoHapHBIE OPOUTHI DJIEKTPOHOB B

aToMe ONpEICISIOTCS HE WX CKOPOCTSIMH, a dJac-
TOTOM, onpenensiemoit popmynoii [Tnanka: E=hv .

[TeITasick pemuTh MpodieMy TPUHIUNA TIPH-
4YHHHOCTH, bom, omupasce Ha Qopmanuzm
I'amunbToHa-SIKOOHM, TOCTPOMII CHCTEMY ypaBHE-
HUH JUId aMIUTUTYAbl U (ha3bl BOJHOBOHM (YHKIIHH.
dopManbHO €ro MpeayokeHHue CBOAUTCS K TOMY,
yrobbel  oT  ypaBHeHus  lllpenmHrepa s
KOMILJIEKCHOH BOJIHOBOM byHKIIIH
Y = Rexp(iS(x,t))/ h) nepeiTu K ypaBHEHUSIM
ULl aMIUTATY OBl — R (%, t) u ¢a3el — S (x, t). Unen
boma wucxomsat w3 yTBepkIeHUA OWHINTEHHA O
CYIIECTBOBAHUU  «(CKPLIMBIX — NEPeMEHHbIX» B
KBaHTOBOW MeXaHHKE, OAHO3HAYHO ONPEACISIFOIINX
COCTOSIHME MHKpoMupa. bom yTBepxman, drTo
JOJDKHA CYIECTBOBATh Takas TEOPHS CKPBITHIX

MIePEMEHHBIX, KOTOpas, ecu 0TOpOCHUTD
MIOTPEITHOCTh IKCIEPUMEHTA, JACT PE3yJIbTaThl, HE
MIPOTHUBOpEYAINiE  CYIIECTBOBAHUIO  IPUIHHHO-

CJIEJICTBEHHBIX cBs3ei. B Mexanmke boma »3BoIOII-
Y KOH(PUTYPAIMOHHOTO TMPOCTPAHCTBA CUCTEMBEI,
ompenensemMas GyHKIHEH |/ , TeTepMUHUPOBaHA U

HETIpephIBHA. B  dYacTHOCTH, KOTJa dacTulla
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MPOXOAUT ABYXIIENEBON SKpaH, TO €€ COCTOSHUE
orpesenseTcs Ha4albHBIM ToJoxkeHueM. [1pu sTom
BoM orkazaica or uaen OOMEHHOIO B3aMMOJE-
CTBUS, TMpeAroaras MOAEIb MAaTePUU HENPEPHIB-
"Hoii. To ects B momenu Boma wyacTuipl Kak-ObI
3amatorcsi cryctkamu mons [48]. Mogmens boma
coryacyercs ¢ 0ECKOHEYHOH JICIMMOCTRIO MaTepUH,
HO  MPOTHUBOPEUYUT  YCJIOBHIO  HEICIUMOCTH
kBaHTOBBIX yacTtui [37]. CormacHo wupesaMm me
bpoiins-boma, MOXHO  HpPEANOIOXKUTb,  4YTO
mpocTeiilias ~ KBaHTOBas ~ 4YacTULa  SIBISICTCS
ocIWIIATOpOM. boM cuuTalt, 9To MOHSTHS BOJIHBI U
YaCTHUIBI  CIIUBAlOTCSI HA yPOBHE  aTOMHBIX
MacmtaboB [48]. Torma corimacHo ypaBHEHHSM
(3.4), poib «CKPBITHIX MEPEMEHHBIX» OyIyT UrpaTh
MHKpPOIIEpEMEHHBIC.

KBanToBass MexaHuwka mOCTpoeHa s Oec-
CTPYKTYPHBIX YaCTHUII, IO3TOMY OHA HE BKJIIOYAET B
ce0s mporeccsl  IBOMIONUH.  JIeHCTBUTENBHO,
MPOIIECCH ABOJIOIMU HETUHEHHBI, a ypaBHEHHUE
[llpeaunrepa NpPUMEHUMO M1 CTAllMOHAPHBIX
COCTOSIHHH U JIJISl TWHEHHBIX MTPOIECCOB.

OueBUIHO, 4YTO [JIi JOCTATOYHO OOJIBIIMX
SHEPrui  B3aWUMOJEWUCTBUA  YACTHUI[  YCJIOBHUE
HeleTMMOCTH OyneT Hapymatbes. Ckopee Bcero,

o I

. .Y~ v B - .-
{zhaJr—Vi —U(rl,rz,....rN,R,t)+ZH[EV§I ~W, (@, 7,

2M

3nech epeMeHHbIe 0003HAYEHBI TaK XKe, KaK U
B ypaBHenuu apwikenus CT. R — xoopmunars!

LEHTpa WHEPLMH CUCTEMBI, /; — KOOPIUHATHI i ~-TOH

YaCcTHLbI OTHOCUTENHHO LIEHTPA UHEPIIUH CUCTEMBI.

VYpasuenue (4), momoOHO ypasHeHuto (1),
OIIMCHIBAET HBOJIONUIO CHCTEMBI. OUYEBHUIHO, UYTO
pemienus ypaBHeHu# (3) u (4) OTAMYAIOTCS TEM, UTO
ypaBHeHHE (4) OMHCHIBAET TPOIECC DBOIIOIUU
KBaHTOBBIX cHCTeM. beckoHedHas IeIMMOCTh MaTe-
pUU IOJDKHA TIPUBOIUTH K TEOPHH TONSI M €€

h2 h2
(—V2-U(r,R)+—V’ -
2M 2u

3nece E=FE,+E — KHHETHYECKHE COCTaB-

JISFOIME DHEPTUM JBHKEHUS OCHUILIATOPA M €ro
BHYTpCHHEH SHEPTHH; M =2m;

my=my =m=24; V=1 =T,

12
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KPUTHUYCCKAA SHCPIUs B3aI/IMO,Z[€I>iCTBI/I$I JJIsL YaCTHI]
JAO0JDKHa ONpCACIIAThCA yCIOBHUCM! E= m02 , TAC m

Macca 4aCTHIIBI.

PaccmoTpumM, KakuM 00pa3oM CTPYKTYPHOCTB
BCEX DJJIEMEHTOB MaTepHH, BKJIIOYas KBAHTOBBIC
YJAaCTHUIBI, CKAXKETCS B KBAHTOBOW TEOPHH.

W3 ycnoBusi CTpyKTYpHOCTH YacTHI CIEAYET,
YTO KBAaHTOBass 4YacTHIA, IOMHMO DJHEpPIruu
IBIDKEHUS, O0JNamaeT BHYTPEHHEH sHepruei. ITo
3Ha4YMT, 4TO omepaTop ['aMHIbTOHA NpencTaBisieT
coboit cymmy aByx omepatopoB. OIWH W3 HUX
COOTBETCTBYET BHYTPEHHEW HSHEPIMM YacTHIbI, a
JIPYyrOd COOTBETCTBYET JBMJKCHHIO YaCTHUIBI B
npocTpaHcTBe. CrpaBeATUBOCTD TAKOTO MPEACTAB-
nenust pyHkuuu ['aMunbpTOHA HE BBI3BIBAET COMHE-
HUH, TIOCKONBKY MBI (AaKTHYECKHd 3aIHChIBAEM
ypaBHeHue IllpenuHrepa B HOBBIX HE3aBUCHMBIX
nepeMeHHbIX. Ho 3T0 He  TOXAECTBEHHOE
npeoOpazoBanre. OHO TMO3BOJSIET ONPEACTHTH
CBSI3b DHEPTUU JABWKEHUS C BHYTPEHHEHN »Heprueit
cucteMbl. Torma, mpenctaBuB | aMUIBTOHHMAH
CcUCTEMBI M3 N 4YacTUll B BHJE TakOW CyMMBI, U3
ypaBHeHus (3) MONy4YUM paclIMpEeHHOE ypaBHEHHE
[penunrepa mist kBantoBoro CT [49]:

PG R=0 (4)

00BEIMHEHUIO C TEOpUEH KOHJICHCUPOBAHHBIX CPEJT
[50].

[Ipn pBWXEHWUM TaKOW YACTHUIBI B HEOIHO-
POJHOM TMOJ€ BHEIIHUX CHJI DHEPTHUS JBIKEHUS
OyJZeT MmepexoIuTh BO BHYTPEHHIO YHEPTHIO, YTO
SKBUBAJICHTHO YCCUIIAIAH. [Ipocreiteit
MOJCITBI0 «(IIFOKTYHPYIOMIETO O0JIaKay SBISCTCS
ocumiuiaTop. Paccmorpum  ypaBHenuwe (4) g
ciayvast N =2, TO €CTh, AJisl OCHIILISTOpA.

11 KBaHTOBOTO OCHIJIIATOpPA W3 YPaBHEHUS
(4) B cTarImOHApHOM CITydae MOIYIHM:

w(M)+Eg +E 3y (r,R) =0
)
B ypaBuenun (5), xkak u B ypaBHeHuu (1) B
obmeM ciyyae MHKPO U  MaKpOIEpPEeMEHHbIC

3aLEIUBIIOTCS  U3-32 HEOJHOPOJHOCTH BHELIHETO
MOTEHIMaNIa. DTO 03HAYAET, YTO SHEPTUS JBUKCHUS
U BHYTPEHHSSI SHEPIUs KBAaHTOBOI'O OCLWILIATOPA,
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Kak W 4 KIaCCHUYECKOTOo OCHWIIATOpa, B

HEOJHOPOJHOM IIOJIE BHEIIHUX CUI  MOIYT
TpaHCPOPMUPOBATHCS JAPYT B ApyTa.
Ecaun  wu3sMeHeHuMeM  BHEHIHETO IONA  Ha

MacmTabax CHCTEMbI MOXKHO MPEeHeOpedb, TO €CTh
U(r,R)~U(R), TO BOJHOBYI (GYHKIHUIO MOXHO

3anucars Tak: ¥ (r, R) = ¢(r)¢(R), a ypaBHeHue (5)
pacrmasiaeTcs Ha [Ba ypaBHCHHUS:

hZ
EVi-UR+EJR=0 (o)
h2
=V =W, (N+E}p(r)=0 (5B)
2p
Pemenune YpaBHCHUA (Sa) OIpPEACIACTCA

saemnanM nogeM. Eciu U(R)=0, To momyuyaem

M3BECTHOE YpPaBHEHHE CBOOOTHO JBUXKYIIETOCS B
MPOCTPAHCTBE OCHUILIATOPA.
Pemennie ypaBHeHHS (5B) TIpH YCIOBHH, UYTO

2.2
W, (r)=puwr /2, sBiasercss U3BECTHBIM ypaBHe-

HUEM i1 KoyieOaHWs 4YacTHUIBl BOJM3A TOYKHA
paBHOBecus [51]. Drto eme pa3 MOATBEPHKIACT
CIPaBeIMBOCTh YpaBHEHUs (4).

MoseT oKa3aTbCcsd TakK, 4YTO Er:hzkz/ 2u,
p=2xh/A. Ecmu npu stom @ =f/m, tie

2 2
p=0W_/0r", To KonebaHMEe KIACCHIECKOTO

OCIWIIISITOPA COOTBETCTBYET BOJIHE Jie bpoiins, s
KOTOpOl  HMEeT MeCTO 3aKOH JIUCIIePCHUU:

@ = k> / 244 . DT0 3HAUUT, UTO IIPH IPOXOKIACHHH

Pa3peXEeHHOr0 MOTOKA TaKUX OCLUJUISITOPOB Yepe3
OTBEPCTHE DSKpaHAa BO3HUKHET THUIHWYHASA JJIS
KBaHTOBBIX YaCTHII JU(PPAKIIMOHHAS KapTHHA.
Hanuuue y ocrmiuisiTopa BHYTPEHHEW 3HEpruu
ofecrneurBaeT eMy BOJTHOBBIE CBOWCTBA JUHAMMUKH.
Hanuuue sHeprum nBWKeHHME O0OECIICUMBACT EMY
nepeMenieHue B mpocTpaHcTBe. IloaToMy ero
COCTOSIHHE OTIPEJIEISICTCS] 9acTOTON M (pa3oil Koie-
OaHMs, TMOJIOKEHUEM IICHTpa HHEPIMH, OpUCHTA-
uuel ocu. JTO SKBUBAJICHTHO TOMY, YTO OCLIMJI-
nTOp 00J71a/1a€T KBAHTOBO-BOJTHOBBIM JAyaTM3MOM H
€ro JIMHaMHUKa OIMCHIBAETCS BOTHOBOHN (PyHKIIMEH.
C mo3umui  kaaccuveckou mexanuku Oec-
CTPYKTYpHAas 4aCTULA HE MOXKET BBIATH 3a MPEEIIbI
o0jacTu, ompeenseMoil ee PHEpruer IBIKEHHUS.
Ho mns CT »sto me Ttak. Kak oxazanoch, s
OCHIMJUIATOPa BO3MOXKEH TYHHENBHBIH 3(]deKT,
KOrJla OH MPOXOAHWT MOTEHIHAIbHBI Oapbep,
KOTOpBIA BBIIIE €r0 3HEPruu JBHKEHUsA. Takoi

¢ ekt 00yCIOBIIEH BO3MOXKHOCTBIO Tpeodpa-
30BaHMEM BHYTPEHHEH O3HEPruu HEPaBHOBECHOM
CHUCTEMBI B DHEPTHIO IBUXCHHUS B HEOJIHOPOIHOM
oJie BHEIIHUX cui [52].

Takum 00pazom, yueT OECKOHEYHOH IETMMOCTH
MaTepuH B KBAHTOBOM MEXaHUKE, COXPaAHSET BCE €€
0a30BbIE MMOJIOKEHUS, HO TP 3TOM OH YCHIIMBaeT
MO3ULIMKA JCTePMUHU3MA, TIpHUlaBas KBaHTOBO-
BOJIHOBOMY  Jyaju3My TPOCTOH  (U3NIECKHMA
CMBICIL.

OdyeBuAHO, YTO NajbHEHINEe pa3BUTHE HUICH,
CBSI3aHHBIX C OECKOHEYHOU NEIMMOCTHIO MaTepHH,
moTpedyeT pemuTh MHOTO Tpodnem. Cpeam HUX
BAKHEHUIIUI BOIPOC COCTOUT B TOM, KaKk MaTepHs
CBsI3aHA C TOJEM B Ipenerne OSCKOHEYHOW Jemu-
MOCTH OOBEKTOB MpHUPOILL. TO ecTh, KaKk MaTepus
BO3HHKAET W3 Mojisi. He MeHee BakKHBIC BOIIPOCHI
BO3HHKHYT O TPUPOJE HEPAPXUU OTKPBITHIX
HEPaBHOBECHBIX JIMHAMHYECKHX CHCTEM, 00 WuX
CTalMOHAPHOCTH, O NpHpojae cuil. besycnosHoO,
pPacCMOTpPEHHE ITUX U PYTHUX BOIIPOCOB MOTpeOyeT
Oonpmux ycunmii,. Ho 0e3 ux pemieHus Bpsia Jin
BO3MOXKHO  MOCTPOECHHE  CaMOCOTJIACOBAHHOM
3BOJIFOLIMOHHON KapTUHBI MUpA.

BriBoabI

* Y4er poiam CTPYKTypHOCTH Tel B WX
JUHAMHUKE PACHIMPSAET KJIACCHUYECKYI0 MEXaHHUKY
TaK, 4TO MPH 3TOM YCTPAHIETCS €€ IPOTUBOPEUHE C
TEPMOJIMHAMHUKON, CTAaTHCTHYECKOH (Qu3ukoi u
KHUHETHUKOM.

* Pacmmpenne kimaccuyeckod MEXaHHKH OIH-
paercs Ha ypaBHeHue ABumxeHuss CT. OHO yuu-
TBIBaeT AyaJIn3M Pa0OTHl BHEIIHUX CHJI, COTJIACHO
KOTOpPOMY HX paboTa MEHSET SHEPTHIO IBHKEHHS U
BHYTPEHHIOIO SHEPTUI0. JTO OOYCIaBIMBAET BO3-
MOXKHOCTb OOOCHOBaHHUSI BTOPOTO 3aKOHA TEPMO-
JUHAMUKH B paMKaX KJIACCHYECKOM MEXaHHKH.

* VpaeHenue aBwxenns CT omucwiBaeT HEOO-
patumyio TpaHc(hOpPMAaLUIO YHEPTUH IBHKEHUS BO
BHYTpPEHHIOIO dHepruro. Mepoit TpaHCchopMmanuu
sBisiercst  J-oHTpomusa. OHa  ompezensercs
OTHOILIEHUEM IPHUPAIIEHNs BHYTPEHHEH 3HEPTUU K
ee BeIINIHHE.

* U3 ycioBUS DBONIOIHOHHOTO IMPOUCXOXK-
IeHusT OOBEKTOB MaTepHH, CleayeT OeCKOHeUHas
JIenMMOCTb Marepud. To ecTb, Bce OOBEKTHI
MPHUPOJIBI AOJDKHBI TIPEACTABIATE COO0M MepapXuto
BIIO’KEHHBIX npyT B Apyra OH/IC.

* Vyer OECKOHEYHOW JIEIMMOCTH MaTepuu
MPUBOJAUT K  MOAU(UKANUM  KIACCUYECKOU

13
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MCXaHUKH, 4YTO IMO3BOJACT CTPOUTHL TEPMOOAU- * Vyer CTPYKTYPHOCTU MATEpHUU IIO3BOJIACT
HAMUKy B paMKaX pacIIMPEHHON KIACCHYECKOW  JaTh (DU3MYECKYH) WHTEPIPETAIUI0 KBaHTOBO-
MCXaHHUKU. BOJIHOBOI'O JyaJini3mMa.
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NMPOTUBOPEYME «CYLLLEE — AOAXHOE»
N UCKYCCTBEHHbIU MHTEAAEKT KAK MHCTPYMEHT
ErO NPEOAOAEHNA B COUNAABHO-9KOHOMMNYECKNX MOAEAAX

B paboTe paccMaTpuBaeTCsl MOAXOA K MPEOAOAEHMIO MPOBAEMbI CaMOro CepbE3HOro NPOTUBOpE-
UYMS COLMAABHbBIX M SKOHOMMYECKMX TEOPWA Hallero BpemeHu. BnepBble 0TMeUYeHHOe B HayaAe npo-
LLIAOTO BeKa, OHO 3BYYMT KaK NMPOTMBOpeYMe Cylero u AOAKHoro. OTMeveHo, 4To eCAM ryMaHuTap-
Hble MCCAEAOBAHMS TaK MAM MHAUe aHAAM3UPYIOT CyLLee, TO eCTb TeKyllee COCTOSIHME OCHOBHbIX cdhep
AMYHOCTHBIX M COLMAAbHbIX OTHOLUEHWIA, TO AETAaAbHOE PAaCCMOTPEHME «AOAXKHOIO», TO eCTb Maea-
AM3MPOBaHHbIX MOAEAel 0OLecTBa, Kak MPaBMAO, T'YMAHUTApHbIMKM HayKamMu OTTopraetcs. B Hawem
MCCAEAOBAHWM HA OCHOBAHWW MPEACTABAEHWI O (OU3MYECKOM NPUPOAE HEraTUBHbBIX TEHAEHLUMI pas-
BMUTUS COLIMYMA MOKa3aHa HEMpPeoAOAMMOCTb pacCMaTPMBAEMOrO NMPOTUBOPEYMS B CMAY 3aMKHYTOCTM
TUMUYHBIX COO6LECTB. B KauecTBe aAbTEPHATHBbI NPEAAATraeTCs NMepcrekTMBa LLEAEBOro Pa3B1TUS Co-
LMyMa B Ayxe HoocdhepHon MoaeAan BepHaackoro. Peaansaumg HooChepHOro MMPOBO33pPEHMS MO3BO-
ASIET TPAHCHOPMMPOBATb COLIMYM B OTKPbITYIO CUCTEMY, UTO B NMEPCrekTUBE CHUMAET NpoTMBOpeYMe
«Cyliee — AOAXKHOE». B MOAb3y NMpeAAOXKEHHOM MOAEAM CBUAETEAbCTBYET (PAKT AOCTMXKEHWMS YeAo-
BEUYECTBOM PSAQ HEOOXOAMMbIX YCAOBUI MOCTPOEHUSI Hoocepbl. B kauecTBe MHCTpYMEHTapus AAs
NMOCAEAOBATEABHOM KOPPEKTUPOBKM «CYLLEro» NpeaAaraeTcs nprMMeHeHne NCKYCCTBEHHOTO MHTEAAEK-
Ta. [py TakoM MOAXOAE HE TOAbKO CHUMAETCsl MICXOAHOE MPOTMBOPEUME B MOAb3Yy 6€360AE3HEHHOTO
COAMMKEHMS «CYLLLErO U AOAXKHOIO», HO U OTKPbIBAIOTCS HOBbIE BO3MOXKHOCTM PACKpPbITUS NMOTEHLMaAA
KaK AMYHOCTM, TaK M COLMyMA.

KAloueBble cAOBa: MPOTUBOPEUME CylLEe-AOAXKHOE, MOAEAM COLIMYMA, HeraTuMBHble TEHAEHLMM,
Hoocdepa, KpUTEPUM OTKPbITOCTU CUCTEMbI, MCKYCCTBEHHbIA MHTEAAEKT, MPUMEHEHWE, OrPaHNYEHNS.

A.A. Solodovnik, B.M. Useinov*, Y.G. Gololobova,
N.P. Solodovnik, S.A. Sizonenko

North Kazakhstan university named after M. Kozybayev, Petropavlovsk, Kazakhstan
*e-mail: buseinov@gmail.com

The contradiction between what is and what should be
and artificial intelligence as a tool for overcoming it in socio-economic models

The paper examines an approach to overcoming one of the most serious contradictions in modern
social and economic theories. First noted at the beginning of the last century, it is known as the contra-
diction between what is and what ought to be. It is noted that while humanitarian research in one way
or another analyzes the existing — that is, the current state of key personal and social relations—detailed
consideration of the ideal, or normative models of society, is generally rejected by the humanities. In our
study, based on the understanding of the physical nature of negative trends in social development, we
show the inevitability of this contradiction due to the closed nature of typical communities. As an alter-
native, we propose the prospect of purposeful social development in the spirit of Vernadsky’s noospheric
model. The implementation of a noospheric worldview makes it possible to transform society into an
open system, which potentially resolves the “what is — what ought to be” contradiction. Supporting
evidence for the proposed model lies in the fact that humanity has already achieved several necessary
conditions for the formation of the noosphere. As a tool for the consistent adjustment of the “existing,”
the application of artificial intelligence is proposed. This approach not only resolves the initial contradic-
tion by facilitating a smooth convergence of “what is” and “what ought to be,” but also opens up new
opportunities for realizing the potential of both individuals and society as a whole.

Keywords: contradiction between what is and what should be, models of society, negative tenden-
cies, noosphere, criteria of system openness, artificial intelligence, application, limitations.
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A.A. ConopoBHUK, 5.M. Ycenros*, E.I'. ToAnor0bOBa,
H.IM. CoaopoBHUK, C.A. CM30OHEHKO

M. Ko3sbibaes atbiHaarbl CoAaTycTik KasakcraH yHuBepcuTerTi, MNeTtponasa, KasakcraH
*e-mail: buseinov@gmail.com

JKacaHAbI MHTEAAEKT dAEYMETTIK-DKOHOMUKAABIK, MOAEAbAEPAETi
OHbI XXKEHY KypaAbl peTiHAe He 6ap xoHe He 6OAYbl KepeK apacblHAAFbI KAMLLbIAbIK,

ByA >KyMmbICTa Kasipri 3amaHfbl 9AEYMETTIK >KOHE 3KOHOMMUKAAbIK, TEOPUSAAPAbIH €H, KYPAEAI
KaMLWbIAbIFbIHbIH 6ipi — «6ap» MeH «BOAyFa TUICTIHIH» apacblHAAFbI KaMLIbIABIKTbI €HCepY TOCIAI Ka-
pacTbipblAaAbl. XX FacbIpAblH GacbiHAQ aAFall PeT aTaAraH GyA maceae «6ap HapCe mMeH BOAyFa TUiC
HOpPCEeHiH» apacbiHAAFbl KapamMa-KanlbIAbIK, PETIHAE CUMaTTaAaAbl. Erep ryMaHWTapAbIK, 3epTTeyAep
KebiHe «6apAbl», IFHN XKEKe XKaHe KOFaMAbIK, KaTbIHACTapAbIH aFbIMAAFbI KYMiH TaAAaCa, OHAQ «OOAYFa
TUIC» — KOFaMHbIH MAEAAAAHADBIPbIAFAH YATIAEPIH erken-TerkKenAi KapacTblpy NYMaHUTAPAbIK, FbIAbIM-
AAPAQ BAETTE KAabbIAAAHOAMADI.

bi3aiH 3epTTeyiMi3ae KOFam AamybliHbIH TepPiC YPAICTePiHiH (hU3MKaAbIK, TabuFaTbl TypaAbl TYCIHiK-
Tep HerisiHAe KapacTbIPbIAbIM OTbIPFaH KAMWbIAbIKTbIH, KOFaMAAPAbIH TYMbIKTbIAbIFbIHA GAMAAHbBICTbI
EeHCepPIAMENTIHAITI KepceTineAi. AAbTepHaTHBA peTiHAe BepHaACKMIMAIH HOOChepaAbIK MOAEAT PYXbIH-
AaFbl KOFaMHbIH MaKCaTTbl AaMybIHbIH OoAallarbl YCbiHbIAAAbl. Hoocdepablk, AyHMETaHbIMADI icke
acbIpy KOFaMAbI allibiK >KYMere ainHaAAbIpyFa MyMKiHAIK Gepeai, 6yA 63 keseriHae «6ap — 60AyFa TUIC»
KaMLIbIAbIFbIH KOsiAbl. YCbIHbIAFAH MOAEAbAIH B6MIPLIEHAITIH aAam3aTTbiH HoochepaHbl KypyAblH 6ip-
KaTap K>KeTTi WapTTapblHa KOA XETKI3reHAIr ASAEAAENAI.

«bapAbl» XXyeAl Typae TY3eTYAIH KYPaAbl PeTiHAE XACaHAbl MHTEAAEKTIHI MaiAaAaHy YCbIHbIAQ-
Abl. MyHAQM ToCiA Tek GacTankbl KanLLbIAbIKTbI XXEHIA LeLwin, «6ap» MeH «00AyFa TUMIC» apacbiHAAFbI
YHAAECIMAI YKaKbIHAQCYAbl KaMTaMachl3 eTin KaHa KOoMMai, COHbIMEH KaTap >Keke TYAFa MeH KOFaMHbIH
OAEYETIH allyAbIH, XaHa MYMKIHAIKTEPIH A€ alliaAbl.

Tyiin ce3aep: He 6ap >kaHe He BOAYbl Kepek apacbiHAAFbl KANMLLbIAbIK, KOFaM MOAEAbAEPI, Tepic
TeHAEHUMsAAP, HooCcdepa, XKYMEHIH allbIKTbiFbl KPUTEPUMAEPI, dKaCcaHAbI MHTEAAEKT, KOAAQHY, LUEK-

TeyAep.

BBenenne

W3ydeHne conmanbHO-DKOHOMHUYECKUX OTHO-
[MIEHUN W APYTUX MHOTOOOPA3HBIX PEATH COIHY-
MOB B (PAaKTOJIOIMUECKOM OTHOILICHUH HE MOXET HE
ONHpaThCd HAa CTATHCTUYECKHE METOJBI aHaIH3a.
Ho >t MeTozpl, B CBOIO OYepe/b, OTPAaHUYHBAIOT
chepy TpHUMEHEHHUS MONYyYEHHBIX BBIBOJOB, IIO-
CKOJIBKY MICXOJIHBIC JIaHHBIC, TO €CTh CAMH PE3YJlb-
TaThl NIEATENHHOCTH COIMyMa BO MHOTOM HOCST
cyOBeKTHUBHBIN xapaktep. [lociennee, B 4aCTHOCTH,
OOBSICHSETCA HAIWYHEM ACWCTBUSA psla HETaTHB-
HBIX TCHJICHIIMI Pa3BUTHS, KaK JINYHOCTHOTO, TaK U
comuraibHOTO Xapakrepa [1]. Biusaue storo daxk-
TOpa HEM30EKHO BIICUET MOSIBJICHUE HEKUX «(POHO-
BBIX» COCTaBISIONINX B UTOTaX TAaKMX HMCCIENI0Ba-
HUH, KOTOPbIE, Ka3aJI0Ch Obl, 0a3UPYIOTCS Ha CTPOTO
HAay4YHOH OCHOBE.

B 3TOoM OTHOIICHNN TIepCIIEKTUBHA OO0Jee TITy-
O0OKas METOMIOJIOTHSI OCHOBOIIONIO)KHUKOM KOTOPOH
OBUT BBIIAIOLIUICS SKOHOMHUCT W MBICJIUTENb Ha-
gama 20 Beka H.J/[. Konagparees. Bkiag 3Toro BBI-
JIAIOIIETOCS YYEHOTO B Pa3BUTHE IKOHOMHYECKOM
TEOpPUH HBIHE OOMIETIPU3HAH W OCHOBBI €r0 TOIXO-
Jla K aHaliM3y DKOHOMHYECKUX PEaJUil, HE TOJIBKO
COXpaHEHBI, HO M yCIIeNTHO pa3BuBaroTcs. K coxa-
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nenuto, menee usBecteH Bkinan H.J. Konapateesa
B (uocodckuil aHanu3 METOJONOTUH HM3YUYCHUS
TIIyOWHOW CYIIHOCTH COLMAITBHO-YKOHOMHYECKUX
oTHOIIeHUH. Peub uiéT 00 y4eHUN 0 COOTHOIICHUU
CYILETO U JOJIKHOTO B 9KOHOMUKE [2-4].

Konnparber 60mbI10€ BHUMAHUE YACISI TOUC-
Ky (PUI0COPCKUX OCHOB CBOMX ITOCTPOCHHU, MPH
3TOM OCOOCHHO BBIIEISISI MPOOJIEMY COOTHOIICHUS
CYIIEro W JOJDKHOTO. TO €CTh OH CTaBHJI BOIPOC,
TIOJDKHBI JTX MBI TIPH HCCIICIOBAaHUH «COITHAIBHOTO
XO03sICTBa» PacCMaTPHUBATh €TO TOJIBKO KaK peaib-
HO CYIIECTBYIOIIEE, WM B PaMKax HAYYHO IOIY-
CTUMOTO aHAJIM3UPOBATH €r0 TaKKe C TOYKU 3pe-
HUS JIOJDKCHCTBOBAHUS (WJIM 0KHMJIAEMOTO OBITHS).
31eck u galnee Mmoj «CyIUM CIIeIyeT TIOHUMATh B
MaKCHUMAaJIbHO ITUPOKOM CMBICIE HE TOJIBKO COIHU-
ATHHO-IKOHOMHYECKYHO «aHaTOMHIOY O0IIECTBa, HO
Y aHAJIHU3 €T0 JTYXOBHO-UHTEIUICKTYaIBHOTO COCTO-
sHAA. Torna «I0IDKHOE» aKKyMYJUpYeT B ce0e Kak
BBICOTY HPABCTBEHHBIX HJCAJIOB, BOILIOMIEHHYIO B
YCTpOMCTBE O0IIeCTBa, TaK U COOOpaKeHUsI Mare-
PHAJIBHOM 11€716CO00Pa3HOCTH B 3KOHOMHMKE, SKOJIO-
THH, Pa3BUTHH MOJIOKUTEIHHBIX KA4eCTB YeJIOBEKa
[3].

AHTHHOMUS CYIIETO U JIOJDKHOTO MPOHHU3bBIBA-
€T BCIO MCTOPHIO YEJIOBEUECTBA, €0 HCIIOJIHEHHI,



A.A. CoNnomoBHHEK U IIp.

B YAacCTHOCTH, CBALICHHbIE TEKCTBl. CMeHa 30X
BHOCHT B €€ COJIep)KaHUE HOBBIC MBICIH U TOJIKO-
BaHUsl, HAXOAUT BapUAHTHI OTBETOB, BMECTE C TEM
CTaBUT M CBOM BOIPOCh. HO HUKTO HHKOI/IA HE
3HaJI, KaK OTPa3uTCsl CUIOBOE BO3JCHCTBUE HA pe-
AIBHOCTb, MTOCKOJBLKY HE OBLIM M3BECTHBI 3aKOHBI
ee pa3BuTus? HaliTh oTBeT Ha BOMPOCH: K YeMy
BEJICT CTPEMJICHHWE BOIUIOTHTH B JKU3Hb HJCAIIb-
HYIO COLIMATIbHYIO0 HOPMY («JOJDKHOE») M CTOUT JIN
UJCaTbHYI0 MOJIeNIb OOIECTBEHHOTO yCTPOWCTBA
JieJ1aTh 3HAMEHEM TOJIUTUYECKOW OOPHOBI TIBITANCS
H.JI. Konapartbes.

B name qHM mHTEpec K O3HAYEHHOH Mpobiieme
CBsI3aH C MMOTEped OPUEHTHUPOB CONUAIBLHO-DKOHO-
MHYECKOT0 Mporpecca, JeBaabBalliell naeaioB U B
[EJIOM CMBbICTa KU3HU. HEBO3MOXKHO OTIPeeTTUTHCS
C XapaKTepoM Pa3BUTHUs 0O0IEeCTBa (IPOrpecc WIN
perpecc), eciii HET TOYHBIX KPUTEPUEB JBIIKCHHS
K 3a/IaHHOH LENTM WX K KeJaeMOMY COCTOSIHHIO, K
TOMY CaMOMY «IIPEKPACHOMY Jaieko». MoKHO Jin
B MPHUHLMIE CYAUTh O XapakTepe Pa3BUTHUS COLUY-
Ma 6€30THOCUTENBHO K «TODKHOMY»? M HACKOIBKO
Hay4Ha aneuisinus K Hemy? Bcé 3To OblIo B moie
3penust H.Jl. KonapatseBa [2-4].

OpHako, caMH pealuil 3KOHOMHYECKUX OTHO-
HICHU, BO MHOT'OM OTIPEJICIISIONIHNE JIPYTUE acTIeK-
TBI OBITHSI OOIIECTBA, HE B ITOJHOH Mepe OTPa)katoT
MOJTHOTY KH3HH colyma. [IpoGiema cooTHoIie-
HUSI «CYILETo — JIOJDKHOTO» B TOH K€, 8, BO3MOKHO,
B OOJIBINICH MEpe TIPUCYIIA U COITUATHPHOMY OBITHIO
yeoBeKka u ob1ectsa. [lonHsaTh 3Ty TeMy OblIO He-
nerko Bo Bpems xku3Hu Kownjparbesa. llenbio Ha-
HIET0 WCCIICIOBAHMUS SBISIETCS HE TOJBKO PaccMo-
TpeHHE 3asBICHHON MpoOIeMBbl B Oosiee MIMPOKOM
KOHTEKCTE, HO ¥ BRIPa0OTKa PEKOMEH IAIIMI €CIIN He
MO CHSITHIO PAcCMAaTPUBAEMOT0 MPOTUBOPEUHSI, TO,
XOT$I OB, I0 YMEHBLICHHUIO €O OCTPOTEI.

OCHOBBI METOAOJIOTHH HCCJIETOBAHUS

K coxanenuro K.JI. KonapaTtseBy Ob110 OTITY-
IIEHO CIUIIKOM MaJio BPEMEHH TS aHAJINA3a TOCTaB-
JIeHHOW MM mpoOieMbl. TeM He MeHee MPOMCXOXK-
JICHHE MPOTUBOPEYUSI OH BUJIEN B «JIBOMCTBEHHOM
MIPUPOJIE YEIOBEKa», KOTOPBIM «HE TOJBKO M HE
CTOJIBKO TIO3HAET Cylee, HO OH U JICWCTBYET, CTa-
BUT ce0e MpaKTHYECKHE LIENH, BBIIBUIaeT HICalbl
cBoux ctpemiieHuid» [5]. Ilpu aToMm, ogHaKo, TIpe-
METOM COIIMATBbHO-IKOHOMUYECKUX HAYK OOBSBIIA-
eTcsl TOJIBKO cytiee. Maeans! U coranbHbie HOPMBI
KonzpaTseB OTHOCHI K MPAKTUUYECKUM MOHATHAM,
CYHTasA, YTO HWJealbl He CBSI3aHBI C JIOTUKON HAYyKH,
CJICZIOBATENIbHO, CO3/IaHUE HAYYHO OOOCHOBAHHBIX

HPAaBCTBEHHBIX CYKIEHMH HEBO3MOXKHO. OJHaKo,
OHH MOTYT OBITH NPEIMETOM HayKH KakK (paKkTsl Co-
LUAJIBHOMN IeHCTBUTEIBHOCTH.

Takoe NpsIMOJIMHEHHO-MEXaHUYECKOE pasjiene-
HUE CYIIETO0 M JI0JKHOTO JAJIEKO HE COOTBETCTBYET
JMANIEKTUKE OTHOIICHHUS MEXIy HUMH. DTO TpH-
3HaBan u caM H.J/I. Konzgparse, oTMeudaBIIMii, 4TO
«OTPOMHAS POJTh CYKJICHHI IIEHHOCTH W HEOObITHAS
CKJIOHHOCTb K BBICKa3bIBaHMIO UX, KaK 3TO, OUEBU]I-
HO, BBITCKACT W3 TIIyOOYAHIIeH CBSI3U COIUATBHON
9KOHOMMU C MPAKTUKOI 1 MHTEpecaMH OOIIEeCTBeH-
HOH JKU3HU.

Tem caMbIM 3aKOHOMEPHO OINpEAETSETCS He-
00X0JIMMOCTh PACCMOTPEHHUS C TIO3UIINN COBPEMEH-
HOCTH NPOTUBOPEUHS CYIIETO U JOJKHO HE TOJIBKO
B DKOHOMHYECKOU cdepe, HO U B Oojee MUPOKOH
couuanbHol cdepe. Kak Obl710 HAMH OTMEUEHO paH-
Hee COIMAIIbHOMY Pa3BHUTHIO JIMYHOCTH, a PABHO H
00IIECTBY BHYTPEHHE NPUCYIIN HEraTUBHBIE OHTO-
noruueckre TeHaeHmn. [Ipuponano-mMarepruaipHas
CYLIHOCTb UX MOXKET OBITH CBsI3aHa C IeHCTBUEM He-
CKOJIBKHX (pyHIaMEHTaIbHBIX (PAKTOPOB, UMEIOIITIX
caMoe MIMPOKOe MpaKTHYeCKoe MpuiIokeHue B ¢u-
3WKE M B €CTECTBEHHBIX Haykax. Cpeayu HUX paHHee
MBI BeIETWIH TpH [1]:

A) IlpuHIH SHEPTETUYECKOTO MUHUMYMA;

b) IMpunnun 'amuneToHa;

B) 3axon Bo3pacTtaHus SHTPONUU /IS 3aMKHY-
TBIX CHCTEM.

MgI ontaraeM, 4to, 0a3upysch Ha X TpUMeEHe-
HUM K U3YYCHHUIO OOLIECTBEHHBIX SIBICHUN, MOKHO
n30aBUTHCS U OT MECTHYECKOTO TOAX0/1a TIPH pac-
CMOTPEHHH MPUPOJIBI PACCMATPUBAEMOTO TPOTHUBO-
peuns, TO ecTb HE CBS3BIBaTh €€ Oojiee C Tpearo-
JIO)KEHUEM O JIBOMCTBEHHOM MpHUpOJE 4eIOBeEKa,
a, CIIeJI0BAaTENIbHO, W HYEIIOBEYECKHX COOOIIEeCTB.
B uactHOCTH, Kak OBIIO OTMEUEHO paHHEE Iep-
BBI (haKTOp BIUSET KaK HA WHTEIJICKTYaJIbHO-ITy-
XOBHBIHM MOTEHIMA KaK JUYHOCTH, TaK U COLIUyMa,
MUHUMHU3UPYS ero. HeratuBHbie mociencTBus (me-
rpajanysi) Ui «CyIIero» NPy 3TOM OYEBUAHHI [1,
6-9].

[IpuHunn HauMeHsbIIero AeicTBusa ['aMunbpTOHA
Kak (haKTop BIHSAHUSA, B CBOIO OYEPE/b, B MPEICIh-
HOM CBOEM BBIPQ)KEHHUHU ONPEJEINAET, KaK MOYKHO
BBIPA3UTHCA, CTEMEHb aMOPAJIBLHOCTH OOIIEecTBa H
YeJI0BEKa, MOPOKIast TO, UTO B COAECPIKAHNU «CYIIIE-
ro» Y HpaBCTBEHHOTO 3/TOPOBOTO YEJIOBEKA CIIOCO0-
HO BBI3BaTh HETOJI0OBaHME U oTBpaleHne. Kak Hamu
y>K€ OTMEYEHO 3TOT (PaKTOpP B CHIILHOW CTETICHH I10-
BIIUSUT HA COCTOSIHUE TIOJTMTUYECKON KU3HU U KYJIb-
TYpBI, Ka3aJloch ObI, OJAroMONyYHBIX B IMPOILIOM
ctpau [1, 7 —10].
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Yto Kacaercsi COIUOIHTPOIHH, TO ITOT PaKTOp,
0e3 mpeyBeTMYCHUST MOJKHO Ha3BaTh TIIaBEHCTBYIO-
LIUM 10 CTENEHU CBOET0 HEraTUBHOTO BIIMSHUS Ha
Pa3BUTUC COLMYMOM, TO €CTh Ha «CYLICEC», B BbI-
JICIICHHOW TpHuaie PakTopoB. DTO C OYEBHIHOCTHIO
CIIEyeT U3 ONPEACIICHUS SHTPOIIMH KaK MEPHI Xa0-
ca B paccMaTpuBaeMOM CHCTEME M, COOTBETCTBCH-
HO, KaK KpUTCPUA CHHUKCHHA ITOJIOXKUTCIBHO MO-
TUBUPOBAHHOM ympaBisieMocTd €10. JImuHocTHas
BHTpOHHﬁHOCTL MPOABIIAACTCA B CTAXKATCIIBCTBE,
TeIOHU3ME, BIACTOMO0UH, JieHH. COIabHYIO JH-
TPOMUITHOCTH SIPKO MIJUTFOCTPUPYIOT OIOPOKpATHS U
e€ IeTulIe — KOppyMIUsl, HAMEPEHHAs IeBallbBaIIHs
KYJBTYPBI, pa3pylIeHUE HPABCTBEHHBIX OCHOB JIMY-
HOCTH 4eJIOBeKa W OOIIECTBEHHOTO CO3HaHUs |1,
11-13].

Takum o00pa3oMm, OYEBHJIHO, YTO CTUXHUIHAS
ABOJIOIUST COIIMYMa MOXET TOJNBKO YCYTyOIsITh
MPOTUBOPEUHE «CYIICTO-IOJKHOTO» B Ipeaese
YCTPEMIISIACh K YHHUTOKCHHUIO «CYIIETO», TO €CTh
camoro o0ObekTa. B JaHHOM ciydae 1o/ CTUXUHHON
SBOJIIOLMEN cllelyeT NOHMMATh TaKOH CLiEHApUi
pa3BUTHS O0IIECTBA, KOTOPBIA HE KOHTPOJIUPYETCS
HU3HAYaJIbHO pa3syMHO 3aJaHHBIMU KPUTCPUSAMU.

Jloru4Ho 3amaThCsi BOMPOCOM — CYIIECTBYIOT
JIM MYTHU MIPEOJ0JICHUA pacCMaTpruBacMoOro mpoTu-
BOpEYHS WU, XOTsI Obl, CHUKEHUSI €r0 OCTPOTHI.
BrionHe oueBuJHO mojaraTh, YTO B CBOEM TIly-
OMHHOM CMBICJIE BCSI UCTOPHS YEIIOBEUESCTBA WII-
JIFOCTPUPYET MOMNBITKH PELICHUsS 3TOr0 BOIPOCA.
BaxueHmuMu U3 HUX SBISIIOTCS B UCTOPUYECKOU
MTOCTICOBATEILHOCTH PEITUTHO3HBIE CHUCTEMBI, a
3aTeM yxke (M 4aCTUYHO Ha MX OCHOBE) (rtocod-
CKO-OTHYCCKUC YUCHMUH.

Ucropuueckuil OMbIT CBUIETEILCTBYET, O MO-
JIOKUTECIIBHOM IMOTCHIHAJIC PEIIUTUO3HBIX y‘-IeHI/Iﬁ B
CHSITUU OCTPOTHI IPOTUBOPEUHUSI «CYIIEE-TOKHOEC
B obmiectBe. OCOOCHHOW BHICOTON OH OTJIMUACTCS
y aBpaaMU4ecKux penuruil. Tak B TCOKpaTHUECKUX
rocynapctsax npouuroro (pesuux Llapcts Erunra
n Mzpaunsckux LlapctB) u Hactosimero (Caymos-
ckast Apasusi, Mpan, BaTikaH) OTHOIIIEHHS CYIIETO
U JOJDKHOTO B OMNPENCNEHHON Mepe TapMOHHU3UPO-
BaHbl. VI He yJIMBUTENBHO, MOCKOJIbKY e1i€ ['eponoT
OTMeual, YTO TEOKPATHUsl, UMEET LEIbIO CIICJOBAaHUE
MHPOBOMY TOPSAKY JJIsS YCTAHOBJIEHUS B OOIIIECTBE
rapMOHHMH. AHAJOTHYHO U 3STUKO-(puiIocodckoe
yUCHHE KOH(YIHMAHCTBA BO MHOTOM OIPEICITHIIO
COIIMAJIBHYIO YCTOMYMBOCTh M MEPCIEKTUBBI MPO-
rpecca crpan JlameHero Boctoka (Kwurait, Kopes,
Snonust). 31mech OHO CTajl0 OCHOBOW MHPOBO33pe-
HUs1, OOILIECTBEHHOM ITHUKH, a €IlI€ U UJICO0JI0I UM, Ha-
POJTHOTO CaMOCO3HAHUS 1 00pa3a KU3HH.
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B cBerckux rocymapcrBax EBpombl, A3um u
AMepuKkH, HECMOTpSl Ha JIEKJIapUpyeMylo TOpOH
MPUBEPKEHHOCTh TPAJAULUOHHBIM OCHOBAaM OBbI-
THS1, TIOJIOKHUTEIBHOE BIUSHUE PEIIMTHO3HBIX y4e-
HUIl B Hale BpeMs CBeleHO K MHHHMyMY. U 3T0
BIIUSTHUE TIPOJIOJKACT CHUXKATHCSI. ITOT TPEH 00-
YCJIOBJIEH MPOBO3IJIAICHUEM aBTOPUTETA JTMYHBIX
cBoOOA (BKJIFOWAsT aHTHOOIICCTBEHHBIC aMOUITUH
1 MIOPOYHBIC HAKJIOHHOCTH). B cBeTe n3nosxeHHON
BBIIIIE TOYKU 3PEHUSI O PEIIAIOIIEeM BIHMSHHU CO-
Mo-(QU3MYECKOro HEraTHBM3Ma Ha HEyIpaBise-
MO€ pa3BUTHE TUYHOCTH WK 00IIeCcTBa, TAKOE T0-
JIO’)KEHHE HEU30eKHO BEIET K JIerpaalui KauecTB
KaK JUIHOCTH, TaK U obmiecTsa B 11eoM. [Ipu 3Bo-
JIOIUH [0 HUCXOASIIEH TPaeKTOPHH HMPOTHBOPE-
qre «Cyliee-10/DKHOE» HEU30eKHO MOXKET TOJIBKO
obocTpsThCS.

B xoze ncropuveckoro dKcKypca B HelaBHEE
MPOIIIOE MOXHO HAWTH WIUTIOCTPALIUU TOTO, KOT1a
CO3HATENHLHBIMU YCWIIMSIMU BIJIACTEH BIIOJIHE CBET-
CKHUX TOCYJapCTB 3TO MPOTHUBOpPEYHE, HAIPOTUB
TOTO, 3aMETHO CTIXKHUBAJIOCh. SIpKUM TpUMEpOM
takoro poja Obur CoBerckuit Coro3, rie Ha OCHO-
Be, IyCTh W HE BIIOJHE COBEPIICHHON MJICOJIOTUH
(kcTaTh, ONMM3KOW K XPUCTHAHCTBY) CHOPMHUPO-
BaJOCh JIOCTATOYHO TapMOHU3MPOBAHHOE OOIIIe-
CTBO, OTMEUYEHHOE HEOBIBAJILIMH HCTOPHUYECKUMU
JIOCTHKCHUSIMUA HMHTEJIEKTYallbHOTO, JYXOBHOTO,
KyJIbTypHOTO Xapakrtepa. KpymeHue ero Obu1o
00yCJIOBIEHO BOBCE HE HEIOBOJLCTBOM Hacele-
HUS (Takoe MHEHHME HaBS3BIBAIOT HEOJIHOepasl),
a UHTEJJIEKTYJIbHOW, 3THUECKOM U BOJIEBOM HECO-
CTOATEIBHOCTBIO MpaBsmKX Kpyros. [locnexnuit
TE3HC CO BCEH OYEBUIHOCTHIO JIOKA3bIBACT TIPUMED
Kurasi, T MOIUTHKO-COLMANBHBIE HICOIOTEMBI
MapKcH3Ma He TOIBKO MHPHO CPOCIHCH C ITHKON
KOH(YIIMAHCTBA, HO BHIBEJIM CTPaHy Ha CaMbIe Tie-
peioBbIe MO3UIMU B Mupe. W BOJIS MONMUTHYECKIX
JUIEPOB 3JIeCh ChITpaja €/Ba JIM HE ONpPEIesio-
YO POJIb.

[logBoas wtorM pasaena, Mbl MOXKEM pE3Io-
MHUPOBATh, YTO €CIM HE YCTPAHECHHUE, TO XOTS OBl
CrIaKUBaHKE TIPOTUBOPEUUS «CyIIee-T0IDKHOE» HEe
TOJILKO B DKOHOMHKE, HO U B JIPyrux chepax yeno-
BEUECKOH ESITEIHbHOCTH BO3MOXKHO MTPH HAIMYNHU B
COIIMyME CIIETYIOIINX OCHOB:

1. TlonoxurenbHON KOHCTPYKTHBHOM HI€0JI0-
THH, COJIepIKaIlel TOCTHKEHUS STHYECKUX U UHTEI-
JIEKTYabHBIX YYSHH MPOIUIBIX 3M0X. Meomoruwy,
aJIarITHPOBAHHON HE TOJILKO ITOJI PEIICHHS YaCTHBIX
npo0jeM COBPEMEHHOCTH, HO HAlCJICHHON Ha ca-
MYIO JaJbHIOI TIEPCIIEKTUBY Pa3BHTHUS YellOBEYe-
CTBa.
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2. Coo0IiecTBa NUYHOCTEH, 00JaJaIOMIMX Ka-
YECTBAMHM, CIIOCOOCTBYIOIIMMH pealln3allid Hesei
HOBO MJICOJIOTHH.

3. DneMeHTa KpUTepUaIbHOTO aHaim3a (He 3a-
BHUCHUMOTO OT UCTIOJTHUTEJIEH ), CIIOCOOHOTO K OIIEHKE
1 0TOOPY ONTHMAaJIBHBIX ITyTEH U METOAOB PEIICHHUS
KaK OOIUX, TaK W YaCTHBIX 3a7a4 OOMICCTBEHHOTO
pasBuTHA.

Humennekmyanonaa ocnogéa paspeuieHus
npomueopeuus «cyuiee-00J14cHoe»

IIpu paccmoTpeHMM IyTeH pelIeHus pac-
cMaTpuBaeMoi MpoOieMbl He0OX0AUMO emé pa3
OTMETHTh, YTO OHa BBIXOJAUT JalleKO 3a pPaMKH
9KOHOMMKH WM conmosioruu. I[IpotuBopeune «cy-
ee-10JKHOE» ¢ OCOOCHHOW SIPKOCTBIO TIPOSIBH-
JI0Ch, HAmpHUMeEp, B HKOJOTHYECKHX MpodiieMax,
BKJIIOYAst ¥ BHYHIAIOIINE y>KaC KIIMMAaTHYECKHAE M3-
MeHeHHs. To ecTh HBIHE OHO MPOSBIISIET ce0s OyK-
BaIlbHO BO BCEX HMIOCTACAX OBITHS IUBUIU3ALNN
u, 0e3 MpeyMeHbIICHUS, CTABUT Ha MOBECTKY JHS
BOIIPOC €€ BBKUBAHMSL.

Pazymeercst, 3ppeKTUBHO CrpaBUTHCS C COH-
MOM TIpO0OJIEM MOKHO TOJBKO HAa OCHOBE MHPOBO3-
3pEHUs] UMEIOLIET0 LIEJIOCTHBINA XapakTep U Onupa-
OIIETOCS] Ha KPUTEPHH HE TOJNBKO (M HE CTOJBKO)
[IpaB Yenoseka, HO Ha O0s3aHHOCTH Kaxxaoro Ye-
noBeka n YenoBeyectBa B 1enoMm. [Ipu atom s
BBIPa0OTKH a0COJIFOTHO HOBOHM CTpaTeruu peuieHus
TI00aNBHBIX TIPOOJIEM HEOOXOMMMO OO0BEIWHCHUE
YCHJIMH TIpEJCTaBUTENECH HayKH, PEJUTHH, KYJIb-
TYpBI, TIOJTUTAKA U JETOBBIX KPYTOB MPAKTUYECKH
BCEX CTPaH MUpA.

EnuHCTBEHHOM MUPOBO33PEHUYECKON CUCTEMO,
oOmanaroneil TpeOyeMbIMH KauecTBaMHU K HACTOS-
meMy MOMEHTY sBisieTcst yuerue o Hoocdepe, Oa-
3upyromeecs Ha unesax B.M. Bepnanckoro [14, 15].
HcTopust co3nanus yaenust BepHaackoro moapo6Ho
paccMOTpeHa B PsiJie CTaTel, TOITOMY MBI HE BUIUM
HEOOXOAMMOCTH OCTaHABIUBAaThCs Ha Hell [16]. To-
pa3zo BakHEEe Ha HaIl B3IVIAJ yKa3aTh Ha TO, YTO
ugee o Hoocdepe IO HACTOAIIETO MOMEHTa HeT
BHATHOW aJbTEpHATHBBL. 1O €CTh HE CYIIECTBYET
WHOTO Hay4HO-(IUIOCOPCKOTO YUECHHUS, UMEIOIIEr0O
NoJ00HbIE WK XOTs1 OB COMOCTaBUMbIE MacIITAObI.
B cBoeii paboTe MBI OTpaHHYUMCS TOJIBKO OTIpeie-
nenueM noHsTHs Hoocdepa u ykazanuem Ha HEOO-
XOJIUMBIE TIPU3HAKH (MM YCIIOBHSA) €€ MOCTPOCHUSI.

Urak, nog Hoocdepoit moapazymeBaercs HO-
Basi, BBICIIIAs CTaJWs DBOJIOIUU OMOChEpHl, Takas
oOmieruianeTapHasi (BKJIIOYAIOMIAsl M0 Mepe Pa3BH-
THS B KOCMOC) cdepa B3auMOJICHCTBHS YelloBeye-
CKOTro OOIECTBa U MPHUPOABI, B TPAaHUIIAX KOTOPOH

pasyMHasi dyenoBeuecKasl IesTeIbHOCTb CTAHOBUTCS
onpeaensiomuM (akTopoMm paszBuTHA. B Hamem
OTIpeIeNICHUHY BBIJEIICH MTPU3HAK Pa3yMHOCTH YeJo-
BEUYECKOW JEATEITHHOCTH, TIOCKOJIBbKY JIEATEIbHOCTD
LUBUJIM3AMKA BOOOIIEC AaBHO YK€ CTana Ba)KHEH-
MM TUIAHETAPHBIM (AKTOPOM, K COKAJICHHIO, B
OOJIBIIIMHCTBE CIIy4aeB CTUXUIHO-HETaTUBHBIM.

Omnpenenenue, KOHEYHO K€ HE MOXKET COJEp-
JKaTh IMOJIHOTBI CMBICJIOBOM HAarpy3KH paccMaTpHUBa-
€MOIi CHCTeMBl MUPOBO33peHHs. B OomnbIeii cremne-
HU 3TO NPOCIICKUBACTCS B MPU3HAKAX MMOCTPOCHHUS
Hoocgepsl. IlosToMy uX mONHOE TepedHnciIeHIe
HeoOXonuMo. B nmaHHOM ciydae eCTECTBEHHBIM
Oymer oOpaTUTBCS K TIIYOOKOMY HCCIICIOBAHUIO
O.T.SInmmHOM, KOTOpas BbIsABUIA B TpyAax Bep-
HAJICKOTO, COBOKYITHOCTH TOJIOXEHHA, XapaKTepH-
3YIOIIMX yCJIOBUSI HOOC(HEPHOH OpraHU3aluu COLH-
aNbHBIX TIporieccoB Ha 3emute [17],

1. 3acenenne 4enT0BEKOM BCEH IJIAHETHI.

2. Pe3koe mpeoOpa3oBaHme CPEACTB CBI3U U 00-
MeHa HHPOpMaIUEH.

3. YcuieHue cBsi3ed, B TOM 4YHUCJIE IMOJUTHYE-
CKHUX, MKy CTpaHaMU 3eMIIH.

4. Hauano npeobiaganns reoJIOTHIeCKON poIH
YeNoBeKa HaJ JPYTUMH T€OJOTHYECKHMHU TMPOLeC-
camH, IIPOTEKAIOIINMH B Orocdepe.

5. Pacmmpenue rpanun 6uocdepsl U BHIXO] B
KOCMOC.

6. OTKpBITHE HOBBIX HICTOYHUKOB SHEPTHH.

7. PaBeHCTBO JIrOIeH BCEX pac U PEIUTrHi.

8. YBenuueHue posd HapOAHBIX Macc B pere-
HHHU BOIIPOCOB BHEIIHEH U BHYTPEHHEH MOJUTHKH.

9. CBobosa HAy4YHOI MBICTH M HAYYHOTO TTOHC-
Ka OT JIaBJICHHS PETMTHO3HBIX, PHUIOCO(CKUX H TI0-
JUTUYECKUX OCTPOCHUI.

10. DddexTrBHAS cHcTeMa HAPOIHOTO 0Opa3o-
BaHUs ¥ )KH3HeoOecreueHusl. JIMKBuaanus BO3MOXK-
HOCTH HEJIOCJaHMsI, TOJI0/Ia U HUIIETHI, CBEIEHUE K
MUHHMYMY OOJIE3HEH.

11. PazymHoe mpeoOpa3oBanme MPUPOIBI 3eM-
JIM C LEJBIO CAENaTh ee CIIOCOOHOH YIOBIECTBOPHUTH
MaTepHalbHbIC, 3CTETUICCKUE U JTyXOBHBIC TIOTPEO-
HOCTH YHCJICHHO BO3PACTAIOLIECTO HACEICHHUSI.

12. MckitoueHne BOMH U3 KU3HU OOIIECTBa.

Henb3s He OTMETHTB YTO KaK KOJIMYECTBO ITyH-
KTOB, TaK UX (HOPMYIHPOBKHA MOTYT OTJIMYATHCS Y
pasHbIX HccienoBateneil. Tak BMeCTO yCHIICHHS
TTOJIMTHYECKUX CBA3EH MEXKIy TOCyIapcTBaMHU BO3-
MO>KHO OoJiee BecOMOe TMpeIoKeHHe 0 (hOpMHUpO-
BaHWU €MHOTO IIAHETAPHOTO COOOIIECTRA JIIO IeH.
BwmecTo pacruibiBuaToil GopMyIUpOBKH 00 yBEJH-
YEHUU POJIM HAPOJHBIX MAcC B MOJIUTHKE, WHOTA
MpSMO 3BYUYHUT aneuIsius K MOCTPOCHHUIO COLHa-
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mu3ma. Kak Obl To HE OBUIO, HO B CBETE 3THX INPH-
3HaKoB uaesd Hoocdepbl BBITISAUT TPaHInO3HON H
Ha PEIKOCTh IMPHUBJIEKATEIbHON, CPABHUTEIBHO C
TPEBOXKHBIMHU peanusaMu coBpeMeHHOCTH [18-20].

BrnonHe ectecTBeHHO 3aaThesl BOIMPOCOM, Ka-
kue u3 npu3HakoB Hoocdeps! peannzoBanbl, Kakue
ONMU3KM K peaju3alny, a Kakue JaJeKd OT BOILIO-
menns. Hambonee ONTHMHCTHYHBIE YYEHBIE YT-
BEP)KAAIOT, YTO (PAKTUYECKU Pealn30BaHbI NIEPBbIC
IIeCTh YCJIOBWH, a OCTalbHBIE BeChMa MAlEKH OT
MpakTU4YecKoro BorwiomeHus [21, 22]. Oanaxko, Mbl
roJlaraeM, 4To TIOKa TMPEXIECBPEMEHHO TOBOPHTH
0 3aceJICHUH YEJIOBEKOM BCEW IJIaHETHl NMPH HAJH-
YUH MyCThIHb, APKTUKH ¥, HAKOHEII, OKeaHa. ToJHO
TaKXe 0OCTOHT JIEJI0 C TPEThbUM IMyHKTOM. Hannuue
9KOHOMHYECKHX CBSI3eH MEXIYy TOoCyJapcTBamMH, K
COKaJIEHUIO, JI0 CUX TOp HE OTMEHSIET MOJIUTHYE-
CKOTO aHTaroHW3Ma WJIA CTPEMIICHUS K JOMUHHUPO-
BaHUIO JTFOOOH IIEHOH, YpeBaThIX BOWHAMU. Beixon
B KOCMOC, TIOKa YTO BBITJISIIUT O0Jjiee 4eM CKPOMHO,
0e3 co3maHusl B OKOJI03EMHOM MPOCTPAHCTBE MPO-
MBIIUIEHHON W JHEpreTHYecKoil cucrem, 0e3 3a-
KpeIUIeHUs] TIPUCYTCTBHSI YeJIOBEKa Ha JPYTUX He-
OecHpIx Tenax. Jla ¥ OTKPBITHE HOBBIX MCTOYHHKOB
9HEepruu 0e3 TEpPMOSJICPHBIX PEAKTOPOB MPENCTAB-
JIIeTCSl HE3aBEPIIEHHBIM MOMEHTOM B TEXHOJIOTH-
YECKOM Pa3BUTHH COLIMyMa.

Peanmsanmro ycnoBuii ¢ 7 mo 12 myHKT HEBO3-
MO’KHO TIPE/ICTaBUTh CeOC MTOTOM E€CTECTBEHHOI'O
TEYEeHHNSI UCTOPUUYECKOTO Tporiecca. MacmTabHOCTh
uX MoTpedyeT He MeHee YeM, TATAHNYECKUX YCHITUN
KpeaTHBHOMN YaCTH COLIMyMa, HAMHOTO TTPEBOCX OIS~
IIUX M0 pa3Maxy MHTEUIEKTyalbHOW M OpraHM3a-
LIMOHHOM JeSITENFHOCTH BCE PEBOIOINH TTPOIILITBIX
snox [23]. U mpu BcéMm TOoM yuenue Bepuaackoro
HUKaK HeNb3s Ha3BaTh MOJUTH3UPOBAHHBIM, IIO-
CKOJIBKY OJJHUM W3 MOMEHTOB €ro BOIUJIOLIEHHS B
«cymiee» JOIDKHO CTaTh yCTPaHEHHE IOJIUTHKU B
COBPEMEHHOM €€ TOHUMaHUH U3 TPaKTUYECKON Jie-
ATETHHOCTH IMBUIIM3AIMH. TakuM o0pa3oM BO Tia-
By yIJla HAIIETO HCCIIEJOBAHMS CTaBUTCA BONPOC:
KaK JIOCTUYb BOTUIOMICHUS dTHX YCIOBUN?

Hckyccmeennuliit unmenniekm u npomueope-
yue cyujee — 001ICHOE

[IporuBHuky yuenns Beprackoro (co3Harensb-
HBIEC WJIM TPOCTO HAYYHO HECOCTOSATENILHBIC) TbITA-
IOTCS OTHECTH €ro K WIUTIO30pHBIM (aHTa3msM. B
YacTHOCTH, OHM HAa OCHOBAHHMHU TaK Ha3bIBA€MOIO
JKU3HCHHOT'O OIIbITa IIOJararoT, 49TO HETaTUBU3M
YeJI0BEUECKOHM MPUPO/IBI Pa3PYLINT BCe Oarue ycu-
TUs MOOBIX TPOCBETUTENEH. beccropHo, mpobiem
Ha MyTH CO3JaHUSl COLMyMa HOBOI'O THMa OoJjee

22

4yeM aocTato4Ho. Ho mpu 3ToM nMeroTcst mpuMepsl
KpeaTHBHON CaMOOPTaHU3aIlMH HE TOJIBKO MHKPO-
COLIMYMOB (THIa CEMBH WJIM TPYIOBBIX KOJUJICKTH-
BOB), HO Jla)kKe€ W IIeNbIX rocyaapctB. daarmanom
MOJIOKUTENIBHOTO  Pa3BUTHS  LIUBUIM3AIIMOHHOTO
npolecca B JaHHbIA UCTOPUUECKUN TEpUOJ SIBIIS-
ercst Kuraiickass Hapognas Pecnyonuka. C yuérom
MOy TOPaMUJUTHAPTHOTO HACENeHUs] CTPaHbl 3TOT
npumep 00J1aaeT OrpOMHBIM ITOTEHIIMAIOM yOeau-
TEJIHHOCTH B BO3MOKHOCTH PEIICHUS KPYITHEHIIINX
COLIMAJIbHO-?KOHOMUUYECKUX, HAYYHBIX U KYJIbTYp-
HO-TIPOCBETUTENHCKUX 3a/1a4. OCIOPUTH 3TOT apry-
MEHT NPOCTO HEBO3MOKHO, XOTSI MO>KHO MOMBITATh-
Cs1 €ro He 3aMeYaThb, YTO CBOMCTBEHHO MPOTUBHUKAM
UJIeH Mporpecca 4eJloBe4ecTBa.

B pamkax Hamieit paboTsl MBI IMEEM LIEJh TPO-
AQHAJIN3MPOBATH COBPEMEHHBIE BO3MOXKHOCTH CTH-
MYJIMPOBaTh T€ COLMAIBbHbBIE TCHJICHIINH, KOTOpPHIE
OTBEYAIOT IyXy ydeHust o Hoochepe. OCHOBHBIM
WHCTPYMEHTOM TaKOTO CTUMYJHPOBAHHS, MO Ha-
IEMy MHEHHIO, MOXKET CTaTh MCKYCCTBEHHBIN HH-
texekt (UMW B pmanmpneiimem) [24]. 3ameTnm, 91O
neiicreue MM BoBce He 0053aTEIBHO JOIKHO OBITH
MpsIMBIM. BIosTHe pe30HHO ¢ ero MOMOIIBIO TONBKO
MOJIaBJIATh HETATUBHBIE MTPOSABIEHUS JTUYHOCTH WUIIH
couuasbHbIX rpymnm. [Ipunyém 310 peanbHO AOCTH-
JKUMO M B paMKax CYHIECTBYIOUIMX MOJUTHYECKUX
CHCTEM, TPU3HAIONINX KITI0YEBbIe MTPU3HAKHU 001IIe-
CTBEHHOM CIPaBEVINBOCTH.

B yacTHOCTH, peasin3aluio yCiI0BHs «pPaBeHCTBA
BCEX pac M PEIUrui» HEBO3MOXKHO MPEICTABUTH
0e3 MaKCHMaJIbHOTO HW3BATHUS W3 OOIIECTBEHHO-
ro CO3HaHUs Bcex (OpPM pacu3Ma, HAIlMOHAIHM3MA,
kceHogoOun. B HacTosmiee Bpems B ABHOM WK 3a-
ByaJIMPOBaHHON ()OpPME OHU CYIIECTBYIOT B HH(OP-
MaIMOHHOM TI0JIe. B mepcrnexTuBe ¢ MCHOiIbh30Ba-
nueM MU cooTBeTCTBYIONINI KOHTEHT MOKET OBITh
MT'HOBEHHO y/aJisieM U3 MHTepPHETa, IPUIEM HEB3H-
past Ha JMo0ble cocoObl MUMUKpHHU. M, HampoTHBs,
NN criocoben oka3piBaTh BaKHEMHIee CoaeiicTBHE
(OPMHMPOBAHHIO  TIAHETAPHOI'O  YEJIOBEYECKOTO
€IMHCTBA TP COXPaHEHUH MO3UTUBHBIX OCHOB Ha-
[MOHAJBHBIX CAMOCO3HAHUS U KYJIBTYD.

Ananornuno npuMmeHenre M1 nmo3Boiaut ceectu
K MUHUMYMY HETaTUBHOE BIMSHHE CTSKATEIHCTBA
Kak Ha (hOpMUpOBaHNE OTACIBHON JHIHOCTH, TaK U
Ha 3KOHOMHKY B 1esioM (myHkTHl 8 u 10). Hampu-
Mep, C €ro MOMOIIBI0 CBECTH K MUHUMYMY U JaXke
WCKITIOYHUTD BIUSTHUE CYOBEKTUBHOCTH U MPOU3BOJIA
M3 TIOJIUTUKH TOBAPHOTO IIEHOOOpazoBaHUs, (Gop-
MHUPOBaHUS IIEH Ha YCIYyT'H, CTPOUTEIBHBIX CMET H
MHO’KECTBA JIPYTMX SKOHOMHUYECKUX aercTBuid. Ux
peanuzanust OyJaeT OTCIEKUBATbCS B MHPOpPMAIH-
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OHHOM TI0JI€, U TIPY BBISBICHUH SIBHBIX HapyLIEHUN
MIPOTUBOTIPaBHBIE aKTHI OYyIyT aHHYJIUPOBATHCS.
Herpynuo mpencraButh cebe, uro MM crnocoben
CTaTh MOIIHBIM CPEJACTBOM OOBEKTHBHOTO KOHTPO-
ISl COUMANBHBIX JICHCTBUN M, TAKUM 00pPa3oM, CIIO-
coOCTBOBATh NCKOPEHEHHIO KOoppynIiwH [25, 26].

Peanuzanust mynkra 11, TpeOyromiero pazymHo-
CTH B IIpeoOpa3oBaHUM MPHUPOIBI, TaKKe Tpruodpe-
TET COBEPIIEHHO HOBBIH XapakTep ¢ MPUMEHEHUEM
WM. Bee Mbl oTnaém cebe OTUéT B TOM, UTO IKOJIO-
THYECKHE COOOpakeHHs K HACTOSIEMY BPEMEHH, K
CO’KaJICHHUIO, TaK ¥ HE CTAIN PYKOBOJASALIUMH ITPHH-
unamMu B 3koHoMHuKe. CIUIONb U psAAOM UMH 5KepT-
BYIOT B yroJy HEHACBHITHOW AalYHOCTH HEYHCTO-
IUIOTHBIX NIpeanpuHuMaTesneid. OcoOEHHO TparudHo
00CTOSAT Mena ¢ BRIPYOKOH JIECOB HA TUTAHETE, C 3a-
rpsi3HeHHeM okeaHa u atMmocdepsl. Ecnu cyObek-
TUBHOE YIIpaBJIEHHE YEJIOBEKOM HE CIPABISETCS C
PELICHHEM SKOJIOTHUECKUX MPOOIeM, TO HE MPOoLIe
T TiepenaTh KoHTponb Hag HuMu MIN? CoBpemen-
HBIE TEXHOJIOTHH NPUOIM3HUINCH K MPAKTUIECKOMY
OCBOCHMIO TEpMOsiIepHOM 3HepreTuku. HerpynHo
NpEeACTaBUTh cebe HaKall MOJIUTUIECKONW OOPHOBI 3a
«mecto mon ComHIEM» MEXIY MPON3BOAUTEINIMU
YIIIEBOIOPOIOB M MOCTABIIMKAMU YHCTOM 3HEPTUH.
B pemenun e€ ncxoaa B MoJib3y IMporpecca BCEro
yenoBeuecTBa MU Takke OyaeT mpuHaiexarb Be-
COMOE 3Ha4YCHHUE.

OTH TpOCThIE NMPUMEPHI HAIEJIEHBl HA JIEMOH-
CTpPaIMIO CaMOW BO3MOKHOCTH IOCIIETOBATENEHO-
TO CHW)KEHHUS OCTPOTBHI MPOTHUBOPEYHS CYLIETO U
JIOJIKHOTO, a Jlajieeé Ha HOBOW OCHOBE ITOCTPOEHUS
MOJUIMHHO CHpaBeAanBoro odmectsa. CTpemieHne
n30eXaTh CyObEKTHBHOCTH M HETaTHBH3Ma YeJIOBe-
YeCKUX AEWCTBUH BO3MOXHO PEATM30BaTh HA OCHO-
Be npuMeHeHns MU, npu3BaHHOIO 3aMEHUTh U3HO-
IIEHHBIE MOJIUTUYECKHE U SKOHOMHUYECKUE PhIYart.
Brnionne peanbHO npeacTaBuTh cebe, 9TO periiaMeH-
TUpYIOUMMH AearensHocTH MU nmockuiamMu Moriu
OBI CTaTh Te camble YCIOBHS MOCTPOEHUS HOOC]e-
pBl, KoTOpble npeanoxuwi B.W. Bepraackuii.

bnaronpusTHRIE YCIOBUS Ui BOIUIOMICHHUS
cueHapusi BHeapenuss MM B mpakTuky neictBuii
YeJI0BEYECTBA CKIIAJBIBAIOTCS B HACTOSAIIEE BPEMs
Onmarozmapss CHW)KCHHUIO BJIHMSHHUSI HeEOJIHOepanns-
Ma, KaK B MOJUTUYECKOM, TaK U B DKOHOMHYECCKOMN
oOmacTsix. M Bcé ke He MCKIIOUEHO M HEraTUBHOE
pa3BuTHe cuTyanud. He WCKITIOYEeHBI TTOMBITKHA UC-
nosib3oBanus MM nubo B y3KHMX MHTEpecax HEKHX
MOJTUTHYECKUX KPYTOB WM JaKe IS XaOTH3aIuU
MHPOBOM 3KOHOMHUYECKOM CHCTEMBI M MEKIYHAPO-
HOM monuTUKU. C y4ETOM 3TOTO BIOJTHE BEPOSITHA
ocTpasi KOHKYPEHIMU B chepe pasIuuHbIX peannsa-

it U1 — ux obmieii 3¢ peKTHBHOM 1eHICTBEHHOCTH.
31ech ONpeIeIIIONLYI0 POIIb IS CyIb0BI IIMBUIIN3A-
UM OyIeT UrpaTh HOAJIEPKKAa MUPOBOM MHTEIICK-
TyaJIbHOW 3ITUTHI TONBKO TOH (Gopmbl M, koTopas
HaleJeHa Ha oOImuii mporpecc yenoBeyecTBa. OT-
JMYUTENbHbIC TIPU3HAKK «TpaBUiIbHOTO» MU CBs-
3aHBI C XapaKTEPOM IOCyIapCTBEHHOTO yCTpOicTBa
ero co3maTesel, TO eCTh HAJTMYIHS C MX CTOPOHBI CO-
3HATENFHON MOAJCPIKKH UIEH HOOC(EPHI.
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Merononorus COLMAJIBHO-D)KOHOMHYECKO-
ro WCCleAoBaHus, O0aszupylomascs Ha MPU3HAHUH
MIPOTHBOPEUHST «CYLIee-T0JKHOE» BIIEpBbIE 000-
3HaueHHoro B pabotax H.Sl. KonnparreBa B HacTo-
sIee BpeMsi IPHOOpETaeT OCOOCHHO aKTyalbHOE
3HaueHune. C OHOW CTOPOHBI, MBI IMEEM CHCTEM-
HBIM KpU3UC B MEKIYHApPOAHBIX OTHOIIEHUSX. A C
npyroi uaen Konaparbesa nojyyaroT HOBOE 3By4a-
HUE B KOHTEKCTE pa3iuuus MPHUPOJBI OTKPHITHIX U
3aKpBITBIX CUCTEM PA3JIMYHOIO THIa. B wacTHOCTH,
JUISL IMYHOCTH U COLIMYMOB, 00JIaJarouX Npu3Ha-
KaMH 3aKpbITOCTH, TOMUHUPYIOLIEE BIUSHNAE HA UX
pa3BUTHE OKa3bIBAIOT HEraTHUBHBIE TeHAeHIUH. [lo-
CJIEIHHE, KaK YKa3bIBaJIOCh aBTOPAMHM MMEIOT MpPHU-
poay, BosiHe 00BSICHUMYIO IPH alleJUIILUH K 06a30-
BBIM (DM3MYECKUM TpUHIUIAM. Taknue HeraTnBHbIC
TEH/ICHIUH, IPOSIBISIOIIUECS HA JINYHOCTHOM U CO-
[IHAJIbHOM YPOBHSIX, M CO3JIAI0T, U MOAJEPKUBAIOT
ormeuenHoe H.Sl. KonpapaTeeBbIM mpoTHBOpeume,
CYILIECTBYIOIEE HAa MPOTSHKEHUM BCEr0 MCTOPHYE-
CKOTO IIpolLecca.

B 23T0i1 cBsI3U NEPCIIEKTUBBI Pa3BUTHS LIUBUJIU-
3alU¥ BUJAATCS B CO3JaHUU COLIMYMOB OTKPBITOIO
tuna. [Ipy 3ToM nx yCTOWYMBOE pa3BUTHE, KaK I0-
Ka3aHo B pabortax B.M. Bepnanackoro BO3MOKHO
pu  T7100aTHbHOM JIOMHMHHAPOBAHWU TTO3UTHBHOTO
MHPOBO33pPEHUS, HALEJICHHOro Ha co3ganue Hoo-
cdepbl — TIaHeTapHO-KOCMHUYECKOH IMBUITH3AIIH.
OpHako, ycioBHs TpEBpallleHUs] Halledl LHUBHIIH-
3aUy B HOOC(EpHYIO (COLMYM OTKPBITOTO THIIA)
TpeOyeT BBIMOIHEHNS KOMIUIEKCA BECbMa CIIOXK-
HBIX TyXOBHO-MHTEJUIEKTYaJIbHBIX, MOJTUTHYECKUX,
SKOHOMUYECKUX M KYJBTYpPOJOTHUECKHX YCIOBHUI.
IToka 4TO MOKHO TOBOPUTH JIMIIb O YACTUYHOM BO-
IJIOLIEHUH IIPUMEPHO UX NOJIOBUHBL. Ho 1 310 yike
€CTh OCHOBAHHUE JUIsI OCTOPOKHOI'O ONTHUMH3Ma O
MIEPCIEKTUBHOCTU IPEIOKEHHOr0 BepHaackum
My TH.

Mel nonaraeM, 4To JEHCTBEHHYIO MOJIIEPKKY
HOOC(hEpPHOMY Pa3BUTHIO YEIOBEUECTBA CIOCOOHO
JaThb TMPUMEHEHHE HCKYCCTBEHHOIO WHTEIJIEKTa,
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KOTOPBIA CHOCOOEH TPEOJIONIETh KaK HEraTHBU3M
YeJI0BEUSCKUX JCHCTBUM, TaK M, Ka3alloch ObI, 0€3-
oOuaHbIN cyObekTHBH3M. HO BaxkHee Bcero To, 4To
WU no3BonuT NpeBpaTUTh YEJOBEUECKYHO [IMBUIIN-
3allMd B OTKPBITYK cucTeMy. V3BecTHbIe Ha Ha-
CTOSIIIIUA MOMEHT KPUTEPUH OTKPBITOCTH COIMyMa
KacarwTCs TaKMX MOMEHTOB KakK JIOCTYH K HMH(Op-
Mali¥, COIMabHAs MOOWIBHOCTbD, MOJNTHYECKAS
CUCTeMa, TIpaBa U CBOOOIbI, HHHOBAIIMK B 00pa3o-
BaHWHU M MEAMIIMHE, SKOHOMHUYECKas Ieiecooopas-
HocTh. Kaxkaplil u3 Hux B cuity cBoictB MU moxet
TTOJTYIUTHh MOITHBIA UMITYJTHC PA3BUTHSL.

3amMeTuM, 4TO CJIOBO MPHUMEHEHHE B OTHOIIE-
Hun MW me1 ucnonb3yeM He ciydaitao. OHo urpa-
€T BaXXHEUIYIO pOJib, MOAYEPKUBAS MTOAUYUHEHHYIO
poins UM B pa3BUTHUH 4YETOBEYECKOTO TBOPUYECTBA
Y LIMBWIM3AIMH B 1eJoM. J[e0 B TOM, 4TO CyIlie-
CTBYIOIIIME CETOJTHS onaceHwst B npuodperennn MU
JUYHOCTHBIX KaueCTB BIOJIHE aKkTyaibHbI [27]. Her
COMHEHMS B TOM, uTo MU, KOTOpBI CylecTBOBa
Obl BHE IOJIA JIEATSIBHOCTH W IIeJieH 4YeloBeKa,
HEn30e)KHO TIPEBpAIIaeTCsl B 3aKPBITYIO CHCTEMY
(cBoero pona «uépHyto abipy»). [lpu aTom uyxnas
BHEITHSS BOJISI, CAMOCTOSITENIFHO CTaBAIIAs 3a/1a4H
U ONpEelessIonias KpaTyailliie myTH UX PELICHUs,
crocoOHa pa3pyIlIUTh camble OJarue MOMBICIbI Ye-
noBeka. [loaToMy BakHOH OTHENbHOM 3agaueil Ha
MpenojaraéMoM IMyTH Pa3BUTHA YeEJIOBEUECTBA
MPEACTABISCTCS CO3AaHNe HAAEKHBIX OTpaHUUUTE-

JieH, mpensITCTBYoMmUX npeBpaiienuto MU B nemu-
ypra.

Takue onaceHusi, K COKaJCHUIO, TPUOOPETAIOT
peanbHBIC OCHOBAHMS YK€ B HAITKM JHU. B wacTHO-
CTHU, aBTOPBI CTOJIKHYJIUCH C CUTyallUe HEITUUHO-
ro Ha Hall B3I ucnonb3oBanuss UM B HayuHOM
nesaTenbHOCTH. Peub uaeTr o ciyyae MOArOTOBKHU
pELIEH3UN Ha CTaThi0 B OJIHOM M3 €BPONEHCKUX
PEUTHUHIOBBIX U3IaHUM. B oTnuuum ot «uenopeue-
CKHX» pPElIeH3UH, KacaroluXcs CyluecTBa Bompoca
B HEH, MPEBANUPYIOT CTPAHHBIC PACCYXKICHUS O
CTHUJIHUCTHUKE TEKCTa M OOIIMX MOAXO0Jax K IOJro-
TOBKe cTtarei. Bropoii mpumep — 3T0 pa3paboTka C
nomotbio MU ciienapureB npoBeleHUs MIKOIbHBIX
MEpONpUsITUN U KiIacCHBIX yacoB. Koneuno, eciau
Takhe «METOAMYKH» paccMaTpuUBaTh JUIIb Kak
OINOPHBIE KOHCIEKTHI, C ’TUM MOKHO CMHUPUTHCSI.
Ho MBI He 3acTpaxoBaHBI OT TOTO, YTOOKI TTOA00-
HBIC «PEKOMEH AN HE CTaJIH HOPMOWH, TpeOyro-
e TOYHOT'O UCITOJTHEHUS.

To ecTb He HCKIIOYEHA CHUTyalWs, KOTJA IO
COMHEHHE MOTYT OBITh TIOCTAaBJIEHBI KaK KBaJTH(H-
Kalusl U KPeaTUBHOCTh YYEHOTO, TaK MU CaMOCTOSI-
TEJIbHOCTh TBOpUecTBa mejarora. IlocsraTeiabcTBO
Ha MHTEJUICKTYaIbHYI0 OTKPBITOCTh U CBOOOJY Ye-
JIOBEKA HE MOXKET HE TPEBOXUTh. B TaHHOM cityuae
peub UAET O MEPCIEKTUBHOM BO3MOXKHOCTH TIIy-
OMHHOTO TICHXOJOTUYCCKOTO KOH(IIMKTA «CYIIee-
JIOJDKHOCY.
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TEMIMEPATYPAABIK UHBEPCUAAAP )XKOHE OAAPADIH,
MABAOAAP KAAACbIHAATbBbI AYA AACTAHAYbIHA SCEPI

byAa Makanapa KasakcTaHHbIH ipi eHepkacin opTaAblkTapbiHbiH 6ipi [laBAOAAP KaAacbiHbIH,
ayacblHblH, AaCTaHybl MEH OFaH TemriepaTypa MHBEPCUSIAApPbIHbIH, 8Ccepi KapacTbipblAaabl. [aBaosap
KbIAY3AEKTP opTaablFbl OKIC), ipi XMMMSIABIK, K8HE METAAAYPIUSAbIK, KOCIMOpbIHAAPAAFbl >KaKbIH
aMaKkTap MeH Herisri TacbiIMaApaHy OafbiTTapbl TaAKblAQHAAbl. 3USHAbI  KOMMOHEHTTEPAIH
epdyip GeAiri KOoAancbl3 MEeTeOPOAOTMSAbIK, (haKTOpAAp >KaFAarblHAQ TY3IAETiHI, OAQpAbIH iWiHAE
TemrnepaTypaAblk, WMHBEPCUSAAP LUeWylli pPeA aTkapaTtbiHbl aTtan eTiAeai. bya atmocdepanbik,
KYObIAbICTap aya KabaTTapbiHbiH Tik 6afblTTa KO3FaAbICbIHbIH TabufM npouecTepiH 6Gy3aabl,
HOTUXKECIHAE AacCTayllbl KOMMOHEHTTEpP >Kep KabaTblHAA >KMHAAbIM, OHAQ Y3akK, yakbIT CakTaAaAbl.
3epTTey >KYMbICbIHAQ TemrepaTypa WHBEPCUSICbIHbIH KAAbINTACYbIHbIH, (PU3UKAAbIK, MeXaHW3MAEpi,
OHbIH, iLIIHAE aya TbIFbI3AbIFbIHBIH ©3repici, aTMoCepaAblk, KabaTTap apachbiHAAFbI XKbIAY aAMacy, >KeA
KbIAAAMABIFbIHBIH BUIKTIKKE TOYEAAIAIr, COHAAM-aK, TOKbIpay KyObIABICTApbIH TyFbl3aTbiH Xep Geaepi
MEH KaAa KYPbIAbICbIHbIH, epeKLLeAiKTepi TYCIHAIPIAreH. AacTaHFaH aTMOCepaHblH, XMMUSABIK, KypaMbl
KapacTblipblAaAbl: HETi3ri Ha3ap OTbIHAbI XKaFbl XKOHE OHEPKACIMTIK KOHAbIPFbIAAPAAH 6eAiHeTiH PM 2.5
ycak, GeAlLekTepre, a3oT OKCUATEpPIHE, ayblp METaAAAp, KYKIPT AMOKCHMAIHE, KOMIPTEri TOTbIFbIHA XXoHe
6acka Aa KOCbIAbICTApFa ayAapbiAaAbl. BYA KOMMOHEHTTEP XaAbIKTbIH AEHCAyAblFbIHA YAKEH Kayir
TOHAIPEAI, KeAeA XXeHe CO3bIAMaAbl PECMPATOPAbIK, aypyAapAbl TYAblPaAbl XXeHe COHbIMEH KaTtap,
>KYPeK-KaHTaMblp, OHKOAOTUSABIK, MAaTOAOTMSIAAPAbIH KaYiMiH apTTbipaAbl. AAbIHFAH MOAIMETTEP MeH
SAEMAIK ToXipnbeHi Taaaay HeriziHAe TypakTbl Temreparypa MHBEpPCUSIAApbl >KarAaMbiHAA ayaHblH
AQCTaHyblH a3aMTYAbIH FbIAbIMM HEri3AEATEH TOCIAAEPI YCbIHbIAFAH. MakaAaHblH Herisri 6arbiTbl
TYPaKTbl TemriepaTtypa >kaFAablHAQ ©HEPKACINTIK eHAIpICTiH aTMocdepara acepiH Gararay GOAbIM
TabblraAbl. COHAQl-aK, UHBEPCUSAAPAbIH >KUIAITT MEH Y3aKTbIFbl, OAAPABIH, MayCbIMFa >XOHE KAMMATTbIH
e3repiciHe TOYeAAIAIri TaAAaHaAADI.

TyiiH ce3aep: TemnepatypaHblH MHBEPCUSChI, ayaHblH, AacTaHybl, [1aBroaap, PM2.5 Gealueri,
>KbIAY DAEKTP CTAHLMSIChI, XXEA GaFbITTapbl, XaAblK, AEHCAYAbIFbl, AACTAHYAbl a3aiTy TOCIAAEPI, 3USHADI
KOMIMOHEHTTEp, ayblp METAAAAAD, XKep Geaepi.
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Temperature inversions and their impact
on air pollution in Pavlodar city

This article examines air pollution in the city of Pavlodar, one of Kazakhstan’s major industrial cen-
ters, and the impact of temperature inversions on it. The Pavlodar Thermal Power Plant (TPP), nearby
areas of large chemical and metallurgical enterprises, and the main transportation routes are discussed.
It is noted that a significant portion of harmful components is formed under unfavorable meteorological
conditions, with temperature inversions playing a decisive role. These atmospheric phenomena disrupt
the natural processes of vertical movement of air layers, resulting in the accumulation of pollutants near
the ground and their prolonged persistence. The study explains the physical mechanisms of temperature
inversion formation, including changes in air density, heat exchange between atmospheric layers, the
dependence of wind speed on height, as well as features of the terrain and urban development that con-
tribute to stagnation phenomena. The chemical composition of polluted air is considered: the main focus
is on fuel combustion and emissions from industrial facilities of fine particulate matter PM 2.5, nitrogen
oxides, heavy metals, sulfur dioxide, carbon monoxide, and other compounds. These components pose
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the risk of cardiovascular and oncological pathologies. Based on the obtained data and the analysis of
global experience, scientifically grounded methods for reducing air pollution under conditions of stable
temperature inversion are proposed. The main focus of the article is assessing the impact of industrial
production on the atmosphere under conditions of stable temperature. The frequency and duration of
inversions are also analyzed, as well as their dependence on the season and climate changes.

Keywords: temperature inversion, air pollution, Pavlodar, PM2.5 particles, thermal power plant,
wind directions, public health, air pollution mitigation, heavy metals.
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TemnepaTypHble MHBEPCUM U UX BAUSIHUE
Ha 3arpsi3HeHue Bo3Ayxa B ropoae NaBrosap

B aTOM cTaTbe paccMaTprBaeTCsl 3arpsi3HeHne Bo3ayXa B ropoae [1aBaoaap, OAHOM M3 KPYMHbIX
MPOMBbILIAEHHbIX LIeHTPoB KasaxcTaHa, U BAMSIHME Ha Hero TemnepaTypHbIx MHBepcuit. O6cyKaaloTcs
MaBAoaapckas TenaoaaekTpocTaHums (TIC), 6AaM3AexKalimMe parnoHbl KPYMHbIX XMMUYECKMX U MeTaA-
AYPrMyeckmx NpPeAnpusTUiA U OCHOBHbIE HamnpaBAEHMS TPAHCMOPTUPOBKM. OTMeYaeTcs, YTO 3Hauu-
TeAbHasl YaCTb BPEAHbIX KOMMOHEHTOB 06pasyetcs Mpu HeGAAronpusTHbIX METEOPOAOrMYECKMX YC-
AOBMSIX, MPU 3TOM PELLAIOLLYIO POAb MIPAIOT TeMrepaTypHble MHBEPCUKN. DTU aTMOCKEPHbIE SIBAEHUS
HapyLUAIOT eCTeCTBEHHble MPOLLECChbl BEPTUKAABHOIO ABMXKEHMS BO3AYLLUHbIX CAOEB, B pe3yAbTaTe Yero
3arps3HAIOLLME KOMIMOHEHTbI HAaKaNAMBAIOTCS Y 3EMHOM MOBEPXHOCTM M COXPAHSIOTCS TaM AAUTEAb-
Hoe Bpems. B nccaepoBaHMM 0OBICHAIOTCS (hM3nUecKkme MexaHn3mbl (hOPMUPOBaHUS TeMnepaTypHoi
MHBEPCUM, BKAIOYAs M3MEHEHME MAOTHOCTM BO3AYXa, TEMAOOOMEH MEXAY aTMOCKHEPHbIMU CAOSIMM,
3aBMCHMMOCTb CKOPOCTM BETPA OT BbICOTbI, & Tak)ke 0COOEHHOCTU peAbeda U FOPOACKOI 3aCTPONKH,
BbI3blBalOLLME IBAEHMS 3aCTOS. PaccMaTpmuBaeTCs XMMMUYECKMiA COCTAB 3arpPsi3HEHHOM aTMocepbl: OC-
HOBHOE BHUMAHME YAEASIETCS CXKMIaHMIO TOMAMBA M BbIBPOCAM C MPOMbILLAEHHbBIX YCTAaHOBOK MEAKOAM-
cnepcHbiX Yactuy, PM 2.5, oKCMAOB a30Ta, TSKEABIX METAAAOB, AMOKCMAQ Cepbl, OKCMAQ YrAepoaa U
APYTVX COEAMHEHMI. DTU KOMIMOHEHTbI MPEACTABASIOT GOAbLLYIO OMACHOCTb AASI 3A0POBbS HACEAEHMS,
BbI3bIBAIOT OCTPbIE U XPOHWUYECKME pecrnnpaTopHble 3a60AeBaHMs, a TakyKe MOBbILLAIOT PUCK CepAeY-
HO-COCYAMCTbIX M OHKOAOIMYECKMX MAaTOAOIMI. Ha OCHOBE MOAYUEHHbIX AQHHbIX M aHAaAM3a MMPOBOIO
OrbiTa NMPEAAOXKEHb! HayYHO 0OOCHOBaHHbIE METOABI CHUMXEHMS 3arpsi3HEHWS BO3AyXa MPU YCAOBUSIX
CTabWAbHOM TemrnepaTypHoi MHBepcHMU. OCHOBHOE HarpaBAeHUE CTaTbW — OLiEHKA BO3AENCTBUS MPo-
MbILLAEHHOIO MPOU3BOACTBA Ha aTMOCepy B YCAOBUSIX CTaOMAbHONM TemnepaTypbl. Takxke aHaAM3M-
PYIOTCS 4acTOTa M MPOAOAYKUTEABHOCTb MHBEPCUIA, MX 3aBMCMMOCTb OT CE€30HA M M3MEHEHWI KAMMaTa.

KAtoueBble cAoBa: TemnepaTypHasg MHBEPCKS, 3arps3HeHne Bo3ayxa, [1aBaoaap, yactmubl PM2.5,
TEMAOBAs AEKTPOCTAHLMS, HaNpPaBAEHMS BETPA, 3A0POBbE HACEAEHMS, METOAbI CHMXKEHWUS 3arpsi3He-
HWS, TSOKEAbIE METAAADI.

Kipicne

OHEPKOCINTIK KananapIarbl ayaHblH JacTaHybl
Ka3ipri 3aMaHHBIH €H ©3€KTI JKOJOTHSIIBIK
npobaemManapeIHbIH Oipi 6o TabbuTanbl. PM 2.5
KOHE O3Te JIe JIacTaylllbl KOMIIOHEHTTEpPTe epeKIie
Hazap ayaapbUIajibl, OJap XalbIKTHIH JEHCAYIIbI-
FBIHA eneynm acep ereni. KasakcraHHbBIH ipi eHEp-
Kocin opTanbIKTapbiHbH 0ipi — [laBnomap Kamacer
na OynmaH ameic emec. [laBmojap JKbUIy DIIEKTp
opranbirel (JKOC) x6HE METaTyprHsIIBIK, 3aybIT-
Tap CHUAKTHI ipi KOCIIOPBIHIAPABIH KBI3METI caa-
pBIHAH Kajia JacTayllbl KOMIIOHEHTTEPIiH, COHBIH
ilIiHAe ayblp METeNAap MEH KaTThl OONIIeKTepIiH
aliTapnpIKTail OeiHyiHEeH Kajla TYPFBIHIAPHI 3apaall
mereai. JKarnaibl yIIbIKTRIPATBIH MaHbI3bI (pak-
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TOp OJI, ayaHBIH KAJBINTH alHAIBIMBIH OOJIBIP-
MalThIH, arMoc(epaaarbl JacTaylibl 3aTTap/Ibl
YCTaWTBIH  TEMIIEPATypalblK  HHBEPCHUSIIAPIbIH
0omybI Oobirt TaObLIAAR! [1].

3eprreynep kepcerkeHael, I[laBmomap kama-
CBIH/Ia ayaHbBIH JacTaHy JICHrel »OFaphl, acipece
OHEPKACINTIK HBICAaHAApFa iprejec ayMmakTapja.
I'eorpadusnpik akmapaTTHIK KyHenepal maiganany
JIACTAYIIBI 3aTTAPABIH KEHICTIKTEC TapaTybIH HAKTHI
KOpCeTyTe )XoHE OJIapAbIH KaJlaHBIH OpTYPJIi Oeik-
TEpiH/le MIOFBIPJIIAHYBIH aHBIKTayFa MYMKIHJIIK
Oepeni [2]. Capammbuiap JracTaymibl KOMIIOHEHT-
TEPJIiH, COHBIH IIIIH/AC XbUTYy DJICKTP CTaHIIMsJIA-
PBIHBIH IIBIFBIHBUIAPBIHEIH Ke0eIiHe OaiiaHbIC-
T, JIACTAHY[BIH alTapibIKTaii Oeliri KalxaHbIH
TYPFBIH  ayJaHAapbiHia, ocipece TemIeparypa



K.I. X)KymanninoB xaHe T.0.

WMHBepCHsIapbl OapblHIIA AHKBIH OONATBIH CYBIK
Me3riiiepe JKMHANATBIHBIH aTan oTTi. byHpai
Karmainap atMocepaHbIH TOMEHTI KabaTTapbIiHIa
JacTaymbl KOMIIOHEHTTEPIiH >KHHAIYbIHA BIKIAI
ereni, Oya ayaHblH camachlH  alTapibIKTal
HallapiaTaabl JKOHE XaJUblK apachlHAa TYpii
aypyJap/IblH KayIiH apTThIpaIbl.

[laBnomap oONBICHIHIA ayaHbl JacTaHTHIH
OipHemIe HETI3Ti KOCIMOPBIHAAp OpHATACKaH,
OJIapJIBIH HETi3TiIepi KBy SHEPTHUsS CTaHIUSIAPHI
(OK3C), meranmyprusuiblk 3aybITTap MEH KeMip
mraxranapsl Oonbin Tabputaapl. OOmeicTa ymI ipi
KBUTy DHEPTUs CTAHIHACKI JKYMBIC — ICTEHi:
IMaBnogap »xbuty optaneirel-1, XKI3C-2, XKIC-3,
onmap arMmocdepara JacTaymbl KOMIIOHEHTTEPIi
MIBIFAPYIBIH MaHBI3ABI KO37epi OOJBI TaOBIIaIb.
byn 3aysITTap Kemipai Karaapl, O ayaFa KaTThl
OeIeKkTep 1i, KOMiIPKBIIIKbLI ra3bIH XKoHE 0acKa ja
3USHAB KOMIIOHCHTTEPMi, COHBIH IIIiHIE aybIp
MeTajiap MEeH a30T OKCUATEPiH IIBIFapaIbl.

Marepunangap :koHe Herisri agicrep

Atmocdepa PM 2.5, aybip MeTanmapablH SKOHE
OHEPKOCINTIK KO3/IEePACH WIBIFATHIH OKCUATEPiH
IIBIFAPBIHABUIAPBIMEH JIaCTaHFAaH. bynm mactaymisl
KOMITOHEHTTEP/IIH KEHICTIKTe Tapaimybl aTMo-
chepanblk KabaTTarbl TYpOYJICHTTI TachIMayaay
JKOHE JAucrepcus (PU3UKACBIMEH —aHBIKTAIAIbI.
JlacTaymibl  KOMIIOHEHTTEPHOIH  JTUCTIEPCHSICHIH
CUTIATTAWUTBIH HET13T1 MOJEIbACPIH Oipi Keneciaen
JKaspuFaH AuQQy3usi TeHACyiHe Heri3fenreH Kepi
I"aycc ynrici 6oibim TabbLTaIBI

2 2 2

SeHAVC =Ky (55+55) + K35+ (D

Mysnnarel, C — nacrayiibl KOMIOHEHTTEPHAiH
KOHLIEHTPAIUACH, U — JKEI IKbLIAaM/bIFBIHBIH
BEKTOPHI, K koHe K|, — KeJIeHeH kKoHe TiK OaFbIT-
Tarel TypOyJeHTTI auddy3us koddpdummeHTrepi,
S — nmactraymsl ke3i [3]. Byn dopmyna nacraymsl
KOMIIOHEHTTEPAIH JKEJIMEH TachIMalJaHybIH FaHa
e€MeC, COHBIMEH Karap OJIApJbIH AWCIEPCUSCHIH
CUIaTTaipl, OyN Ke3lepre *akbplH TYHyFa Oedim
ayblp MeTalJgapAblH OcepiH Oaranay YUIIH oTe
MaHBI3]IBL.

ATMocdepana nactaynibl KOMIIOHEHTTEPAiH
Tapaybl MEH KUHAYBIH aHBIKTATHTBHIH (PU3UKAITBIK
MIPOIIECTEP BCipece TeMIepaTypajiblK WHBEPCHSIAP
MeH OeTki KabOaTTeIH oJCi3 TypOyIeHTTUIIT]
JKarFmalblHAa afKelH KepiHeni. TemrepaTypaHbIH

WHBEpCHSICHI  Ke3iHme Jkep  OeTiHe  KakbIH
OpHAJIACKAH CYBIK aya JKbUIBI aya KaOaThIHBIH
aCThIHJA KAJbII, TiK apajacy IIEKTeJITeH TYPaKThI
cTpatuuKaUsIHbl TyAbIpaabl. MyHOal xargaiaa
OHEPKOCINTIK ~ Ke3lepleH OeNiHIinep, COHBIH
imiage PM 2.5 GemmekTepi, KYKipT THOKCHII )KOHE
0acka 1a ayblp MeTanjgap arMoc(epaHblH TOMEHTI
KabartTapbIHIa XuHANAI6! [4, 5]. OuU3uKaIbIK TYp-
FBIZIAH aJiFaHjia, MYH/Jal MPOIECTep MOJEKYJIAIbIK
XKoHE TYpOYIeHTTIK qudy3usHBI eckepe OTHIPHII,
jacTtaymibl  KOMIOHEHTTEpAl TiH TachbIMajlaHy
TEH/Iey1 apKbUIBI CHITATTaIIa bl

ac 9%c  a(wo)
at ~ "V oaz2 az ’ @)

MyHJaFbl, W — TIK aya >KbUIJaMJBIFbI OOJIBII
Tabbanel. TemnepaTrypaHblH HHBEPCHACH Ke3iHae
Ky KypT TeMeHACH I )kKoHE ayaHBIH TiK KO3FaIBICHI
ic Ky3iHme OonMmaiiapl, Oy JTacTayIibl 3aTTap.IbIH
JKUHAJTybIHA aJIbITl KeJIeIl.

TemnepaTypaHblH  HHBEPCHSCHI  JIACTAYIIIBI
3aTTapIbIH TiK TaCBIMANIIaHybIHA KEACPTi )KacalIbl.
Byn npouecc acipece PM 2.5 xoHe ayblp MeTangap
ywiH eayinTi, cebebi omap KepAiH TOMEHT1
KabaThIHIAa MOFBIPIIaHaabl. TYpaKThl HHBEPCHSIIAD
almIbIK aya padblHIA JKOHE TOMBIPAKTHIH KEeIIKi
CAIKBIHIAYbl ~ KE3iHIE  KalblnTacajasl, Oyl
TeMIepaTypa HHBEPCHUAICHIH TYIbIPaIbI

dt
- >0 (3)

SFHN Temmeparypa OMIKTIKKE Kapail apTambl.
Byn perre xyOblpmap MeH JKEINETKIll CaHBLIAY-
JapbllaH  MIBIFATHIH  JIACTAYIIBl KOMIIOHEHTTEP
WHBepCHs KabaTbIHAH JKOFapbl KOTepiie amMaibl
KOHE KaJallbIK aTMocdepasa sKkuHanas [4].

JKen GarbITBIHBIH JUarpaMMachl JKeJIiH 0achkiM
0aFbpIThl MEH KbUIIAMIBIFBIH KepceTeni, Oy Jiac-
TaHYJBIH TYPFBIH YIJIepre Kapail aybICYbIH Talaay
Ke3iHae oTe MaHbI3AbL. Ouci3 xemaep (< 1mM/c)
TOKBIpayFa >kKOHE OacTamKel aiMakTa JacTayIIIbl
3aTTap/IblH KUHAITybIHA aJIbIN Keneni. byn acipece
PM 2.5 xoHe Oackama nAa ayelp MeTaljapra
KaTBICTBI, OJAPJBIH TYHY JKBULAAMIBIFBI TOMEH
JKOHE aJTIbIC KAIIBIKTHIKKA TaChIMaIaHy MYMKIHIIT
JKOFapbl. BarbITTHI TachIMaNaHy/Ibl Oaranay YIIiH
JKEJJIIH OpTaIlia BeKTOPHI aHBIKTaJa Ibl

1
a)op'r = n Ln=1 a)i' 4)
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ManvHanbIK OKBITYFa HETI3JICNITeH 0OJIKaMIbI
MOJIENbJIep JIACTAYIIBl KOMIIOHEHTTEP/AiH KOHIICH-

TpPalUAChIH  OOJDKAy YIIIH — METEOPOJIOTHUSIIBIK
(akTopmap MEH OSMHUCCHS  CUNATTaMaapbiH
eCKepe/li, COHBIH INIiHJAE KON KOMIIOHEHTTI

KocIajiapsl 0ap Kypaei crieHapwuitep [6].

Herisri nacraymsl kommoneHTrepai 6ipi — PM
2.5, Memniepi 2,5 MKM-Te AeHiHri OenexTep, onap
KilmKeHTail OoJIFaHABIKTaH, OKIICHIH €H TepeH
JKepliepiHe eHimn, KaHnra cHe anagpl. Du3mkambik
TYpFbiIa Oyn OejmexkTep ayaga Ooja OTBIPHII,
mudQy3us apKbUIBI KOHE JKEJI MEH TeMIlepaTypa
WHBEPCHUSACHIHBIH SCePiHEH TaChIMaIAaHybl MYMKIiH.
Conrputapel  aTMocepaHblH TOMEHI1 KabaTrta-
PBHIHIA JacTayllbl 3aTTap blH JKUHATYbIHA JKaFaai
Jkacall OTBIPHIT, THIHBIC amy KeHicTirinme PM 2.5
KOHIICHTPAIIMSCHIH apTThIpaabl. byn Gemmexrepig
JeHCAyJIBIKKA Ocepl THIHBIC ally KOJJIApbIHIAFbI
KaOBIHY TIPOIIECTEPiHIH KYIICIOIHIe, XYpeK-KaH
TaMBIpJIapbl AypYJIapbIHBIH KayilliH >KOFapJaThill,
OKIle Ta3 aJMacybIHbIH OY3bUTYbIHJa, COHBIMEH
KaTap CO3BUIMAJbl OKIE aypyJlapbhIHBIH JaMybIHa
okeneni [6, 7].

Keuty amexTp cTaHIMATIAPBIHIA KOMIPAL JKaFy
Ke3iHge OeniHeTIH KYKIpPT IMOKCHAl KOFapbl XH-
MUSDIBIK, OCNICEHMUTIKKE He JKOHEe THIHBIC ally
JKOJIBIHIAFBl CYMEH T€3 OPEKeTTeCiN, KYKipT KbIII-
KBUIBIH Ty3edi. byn mporecc MmBIPBIITH KaOBIK-
Tap.Ibl TITIPKEHIIpe i )KoHe KaOBbIHY bl Ty IBIPAIbI,
OJ1 ©3 KE3EeTiHJIe THIHBIC ATy YKOJJIAPHIHBIH Harap-
naybiHa okeneni. CO, COHBIMEH KaTap TeMIepary-
paHBIH WHBEpPCHACH  Ke3iHAe aTMochepaHbq
TOOCHT1 KadaTTaphlHAA YCTANBI KaTybl MYMKIH
a’p030JIbACPAIH TY3UTyiHE BIKIAT KeTe/l, KaJlaHbIH
TOMEHI1 OpHaJlaCKaH ayJaHIapblHAa ayaHbIH
JACTaHYBIHBIH OCepiH apTThipanmsl [8]. MyHmai
WHBEpCHSJIAp JlACTAYIIBl KOMIIOHEHTTEpPAl TIK
KO3FaJIBICBIH (DH3UKANBIK TYpJIE HICKTEIl, OJIAPJIbIH
ep OeTiHe J)KaKblH ayMaKTa yCTainbl. by ayanarsr
SO, KOHIEHTPANUACHIH apTTHIpambl, Oyl o3
Ke3eriHge OpOHXHUT, acTMa CHSKTBI CO3BUIMAabl
pecnupaTopIIbIK aypyJiapra, COHIal-aK KypeK-KaH
TaMBIpJIapbl  aypYJaphIHBIH  JaMyblHa  OKemyi
MYMKiH, ce0e0i SO, Tamblp KaObIpralapbiHaa
KaOBbIHY BIKTUMAJABUIBIFBIH apTThIpagsl [9, 10].
Ouzukanslk Typae CO ayaga oHail Tapaiaibl, aji
TEMIIepaTypallblK, HWHBEPCHUS JKAFJAalbIHAA OHBIH
aTMocepaHblH TOMEHI1 KadaTTapblHAAFbl KOH-
LEeHTpaluscel aiTapasikTail apragsl [11-13]. Byn
KOMITOHEHTTEPIIH ar3aja >KHHATy KaOuremi Oap,
OyJl cO3BUIMANIBI yIIAHYFa KOHE KacyllallapblH
Oy3buTybIHA BKeneni. Kammuli Oyipek MeH eKIeHi
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3aKbIMJIAM/IbI, a1 CHIHBIT OPTAJIBIK, JXKYHKE XKyieciHe
BCep eTill HEeBPOJOTHIBIK OY3bLIyJap MeEH ecTe
cakTay KabureriHiH Oy3puTybIHA BKeneal. by aysip
MeTaljap 0acka JIaCTaHYIIbI  KOMIIOHCHTTEP
CHSIKTBl aTMocdepara eHin, AU(QY3UIIBIK JKOHE
JKell arblHAapbl apKbpUIbl Tapal amajsl, COHBIMEH
Karap JacTaymibl KOMIIOHEHTTEp ayaHbIH OeTKi
KaOaThIHJa OJKWHAJIFAH Ke3[e OJapiblH KOH-
HEHTPAIHSICHI TEeMIEePaTypPaIbIK WHBEPCHUS
JKaFmalbIHaa JKoFapbeuiaias [14-15].

TemmepaTypa WHBEpCHsUIAphl JIACTAyIIbl 3aT-
TapJblH TUCIEPCUSHA WISyl pPey aTKapasibl,
cebebi omap TiK alfHAJBIMFA KeOepri KeNTipeTiH
TYpPaKThl aya KabaTTapblH KacaiJ[bl )KOHE JlacTay-
16l KOMITOHEHTTEP/II JKep OCTiHEe JKaKbIH YCTaMIbI.
byn kyObpuTBIC o©cipece KbBICTa, aTMOC(EpaHbBIH
TOMEHT1 KabaTTapblHa KaJIaThlH CYBIK aya OapiIbiK
IIBIFBIHIBLIAP TBI JKUHAKTaraH/a, OJIapAbIH
KOHIICHTPAIMSICHIHBIH,  JKOFapiayblHA  OKelesi.
Ochburaiia, JacTaymibl KOMIIOHEHTTEp OemiHaiep
Ke3Jiepi IIOFBIPJIaHFaH KepiepAe Kaiaabl, Oy
ONapIbIH  aJaMIapiblH JICHCAYJBIFBIHA OCEpPiH
apTThIpansl [15, 16].

Haru:xesiep MeH TaJIKbLIAYJIAP
Aya camachlH JKakcapTy Oarmapiiamalapsl

OHEPKACINTIK HBICAHAAPABIH JIACTAYIIBI 3aTTaPIbIH
9CepiH azalTyaa MaHBI3IBI peis aTKapaasl. Herisri

OarpITTapablH Oipi — OHEPKOCINTIK KOCIMOPHIH-
JapApl  AaMBITY MEH NaijanaHyAblH TYpPaKThl
oumicTepin  eHrisy. byran  TexHomorusuapisi

KaHAPTY, SHEPTUsS TUIMIUIITIH apTTHIPy KOHE Taza
SHeprus Ke3JepiHe Koy Kipemi, Oya e3 ke3erinae
aTMocdepara 3USHIBI 3aTTapAblH IIBIFAPBUTYBIH
aszaiitagpl. MaHbBI3BI  aClEKT —  KaJJIBIKTap
atMocdepara  WIBIFapbIIATBIH ~ €Mec,  Kaiira
OHJICJICTIH KaObIK OHIPICTIK IIUKIIIAPIbI KYPY, OYII
JacTany JieHrerin remenaereni [17].

Aya caracelH XaKcapTyAblH TaFbl Oip TOCLI —
KpITaliaplH KeMipAeH raszra kemly OaraapiaMachl
AsCBIHJAFbIIAll KeMipJeH TaOufu TasFa aybIcy
CHSIKTBI Ta3a SHEpPrus Ke3jiepiH maiinamany. byn
aybiCcy KOMIiPKBIIIKBLT ra3bIHbIH, KYKIpT
OKCHJTEPiHiH k0He 0acKa J1a IacTayIbl 3aTTapIbIH
HIBIFAPBIH/IBUTAPBIH AW TapIIBIKTal a3aiTaabl, Oy ipi
OHEPKOCINTIK KajajxapAarbkl aya camachlHa Y3akK
Mep3iMIi OH ocep eTeli. MyHIai TeXHOIOTHsLTap bl
Oacka ennepne, COHbIH iminae Kasakcranna eHrisy
OHEPKOCINTIK  allMaKTapAarbl  aya  camachlH
KaKCcapTy CTPATEeTUSACHIHBIH MAaHBI3IBI OeJiriHe
aitHaysl MYMKiH [18].
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Scatter Plot: PM2.5(ug/m3) vs CO(ppb)
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1-cypet — llammeipay cxemacsr: [TaBnogap armocdepaceiagarsl PM2.5
skoHe CO KOHIEHTPALSICHl apachIHAAFbl OaiTaHbIC

CoHbIMEH KaTap, ayaHbIH JlaCTaHybIH THIMIi
0aKpuIay YIIiH JKENIIH YATiIepi CHAKTHI KaJlaJbIK
KIIMMATTBIH OCEPiH eCKepy MaHbI3Jbl. JKenl arbiH-
JTApbIH €CKEPEe OTBIPHII, KAJIAIbIK OPTaHbI )obanay
JacTaymibl 3aTTapAblH TapalyblHa aWTapIibIKTai
ocep €Tyl MYMKIH, all TYPFbIH XOHE OHEPKOCINTIK

aliMaKTapIpl  JIyphIC  OPHANACTHIPY  ayaJarbl
JIACTayIIbl 3aTTap/IbIH KOHIIEHTPALUSACHIH a3aiTyFa
KeMeKTecemi. MyHmail ¢akTopiapabl CTpaTerus-
JIBIK KaJ1a yKoCTapiiayblHa €HIi3y canayaTThl OpTaHbI
KYPYFa XoHE XaJIbIKTHIH JICHCAYIBIFbIHA KayINTep/Ii
azaiiTyra kemekreceni [19].

Line Plot: PM2.5(ug/m3) vs SO2(ppb)

9.0
8.5
2 8.0 .
~ . |*
3 i
.5 . e @ E
.’
n\. ./
.
. Vv
7.0 \...'.,'\ See
0 10 20

e oo s—se—ed
AR

.
30 40 50

PM2.5 (ug/m3)

2-cypet — TemmepaTypaibIK HHBEpCHS JKaFAalHbIHAarsl PM2.5
nied SOz JAeHTeIepiHiH apachIHAAFbI CHI3BIKTHIK OaiilaHbIC
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(1-cyper) PM 2.5 (mxr/m®) xone CO (ppb)
apachIHJIaFbl OalIaHBICTHI KepceTei, nepekrep PM
2.5 neHreisepi OOWBIHINIA TONTACTHIPBUIFAH. AM-
KBIH TeHAeHUMs Oaiikamagel: PM 2.5 KoHIEH-
Tpanuschl xorapbutaran caiieiH CO neHreii nae
apramel. (2-cyper) PM 2.5 xone SO (ppb)
apachlHIaFbl OalaHbICTBl Kepcereni, MyHIa SO»
JeHrednepiniy Oipkenki ecyi PM 2.5 Genrimi Gip
meKKe JACeHiH »KoFappliaraHma Oalikamamel. byn
TOYENIUTIKTEp TeMIIepaTypaHblH HHBEPCUSACHIHBIH
HOTH)KECI OOJyBl MYMKIH, OHIA CYyBIK aya
aTMoc(epaHbIH TOMEHT1 KabaTTapblHIa JIaCTayIIbI
3aTTapabl «YCTaIl», OJAPIBIH TapalyblHA OJI
oepmeiini. MaBepcusiap acipece KbICKbI K€3CHICT1
[laBnomap  KanaceiHa  TOH, MYHIa TOMEH
TeMIlepaTypa Ke3iHIe KOHICHTpAIHs MIBIHIAPBIH
Oakputayra Oomanel. Ocwimaiitma, eki rpaduxTe
TeMIepaTypa HHBEPCHUSIIAPBIHBIH

KopbIThIHABI

TemmnepaTypa HWHBEpCHSIAPHI JIACTAYIIBI 3aT-
TapabiH, ocipece PM 2.5 OemmiekTepiniH AeHTreHi
pyKcaT eTUIreH JCHTeWIeH aWTapibIKTail achII
Tycerin [laBnomap Kajachl CHSKTBI ©HEPKOCINTIK
KalauapJa ayaHblH JIACTAHYBIHJA MaHBI3IBI POl
aTKapasbl. IHBepcusiiap, CybIK aya KbLIbl KadaTTap
apachlHJla YCTallFaHza, aTMochepaliblK TypaKTaH-
IBIPYIBI TYIBIPANbl, Oy ayaHbIH TiK apalacyblHa
JKOJI Oepmeiini skoHe aTMOCQEepaHbIH TOMEHT1 Ka-
OaTTapblH/Ia JIaCTaylIbl 3aTTaplblH CaKTalybIHA
anpin  keneni. bynm skep kabaThlHIa JacTaymibl
OOIIIeKTEP TiH KUHATYBIH apTTRIpaIsl, Oy acipece
[TaBnogap Kanachl CHSKTBI XaJbIK THIFBI3 OpHaac-
KaH JKOHE OHEPKOCINTIK aymaHiapAa KayimnTi, jac-
TayJIBIH HETi3T1 Ke3/1epi *KbITY dJIEKTP CTaHIUSIAPHI
MeH 0acka /1a OHEpKOCINTIK KOCIMOPBIHAAP OOJIBII
keneni. KypambiHaa KyKipT, a30T OKCHUATEpPl jKoHE
ayplp MeTangap Oap OChl Ke©3IEpJACH IIbIFApbIH-
JIbUTAp TeMIlepaTypa HHBEPCUSUIAPBIMEH KOCBUIBII,
ajiaM JIeHCayJIBIFBl MEH KOpIIaFaH OpTaFra KayirTi
aTMoc(epaHbl Kypaiibl.

ConbiMen  Oipre, IlaBmomap  KaJlaCBIHBIH
arMoc(epanblK  ayachbIHBIH JIACTAHYBIH —THIMZI
TOMEHJIETY YIIIH aTMocdepara JacTaylibl 3aT-
TapIblH TapajyblHa ©cep eTeTiH (PHU3HMKAaJbIK Mpo-
HecTepai eckepy MaHbI3abl. MbIcaisl, TeMieparypa
WHBEPCHA JCPEKTEPiH XKOHE OJapABIH TypOyIeHTTI
aya apanacTelpy MEXaHHM3MJIEpiHE OCEpiH Maima-
JIaHy JacTaHy bl OoJoKayFa KeMmekTecei. iHBepcus
kesinme PM2.5 cusKTHI mactaymisl 3aTTap IKep
KabaTbIHJIa KAJIBII, OJap/IbIH KUHATYbIHA XKOHE aya
camnachblHBIH TOMEHJICYIHE ajbin Kenedi. Jlacraymisl
KOMITOHEHTTEP/AIH JIUCIEPCHUSCHIH JKEJI PEXHMI,
TeMIiepaTypa oHe BUIFAIIBUIBIK, CUSKTHI (haKTop-
JapAbl €cKepe OTHIPHINT OHTAMIAH/BIPY JIACTAHYIbI
0ackapyablH THIMJII CTPaTETUACHIHBIH MAaHBI3/IbI
Oemiri Oombim TabObumaapl. Jlactaymiel 3aTTapibiH
IACTICPCHSICBIH MOJETBACY/Ii, COHBIH IITiHAEC Kepi
laycc yiricin naiijanany JlacTaHFaH ayMaKTap/Ibl
Ioiipek OoipkayFa JKOHE OJIapIblH aJaMiapra
ocepiH OaphIHIAa a3aiiTyFa MYMKIHIIK Oeperi.
JluHaMuKanelK, atMocepanblk MOJENbICY KOHE
aya aFbIHBIHBIH TiK KYPBUIBIMBIH KQPaCTBIPY CUSKTHI
(U3MKaNBIK BHUicTepai MaifanaHy ©HEpKASCINTIK
JIeHTelifie IIBIFAPBIHABIIAPIBI JKOCTIApIIayFa JKOHE
Oackapyra kemekTeceai. byn aaicrep eHepKocinTiK
OKOJIOTUSHBIH WHHOBAaLMSAJAPBIMEH OipiKTipiiim,
JACTaHy/Abl a3aliTyFa FaHa €MeC, COHBIMEH Karap
OHBIH YKEPTiTIKTI KIMMATTHIK JKOHE aya paibl jKar-
JafibIHA TApATYBIHBIH (PU3UKAIBIK €PEKIICIIKTEPIH
€CKepe OTHIPHIN, ayaHbl Ta3apTy YIIiH OHTAMJIBI
JKaFJainap xacayra MyMKIHIIK Oepei.

AJFBIC

Bbyn sxymeic Kazakcran PecnyOnukacel Feutbim
KOHE JKOFaphl OLTIM MHUHHUCTpIITiHiH Oarmapiama-
JIBIK-HBICAHAIBI KA KbUIAHABIPYHI asICHIHAA JKY3ere
aceipbuiel (OKTH NeBR27101493) — «JlacTtay ke3-
JIEpiHiH TapallyblH aHbIKTay Herizinge Kaszakcran-
HBIH OHEPKOCINTIK KalalapblHIa ayaHBIH Jiac-
TaHYbIH a3aiiTy CTpaTerusuIapbIH >Kacay» XK00achl
OoMBIHIIA.

References

1. Safarov, R. (2023). Spatial distribution of PM5 and PM10 pollutants in residential area of pavlodar, kazakhstan. News of
the National Academy of Sciences of the Republic of Kazakhstan, Series Chemistry and Technology, Series 3, 15-

30. https://doi.org/10.32014/2023.2518-1491.202

2. Safarov, R. (2024). Spatial Analysis of Air Pollutants in an Industrial City Using GIS-Based Techniques: A Case Study of
Paviodar, Kazakhstan. Sustainability, 16(17), 7834. https://doi.org/10.3390/sul6177834

3. Lushi, E. (2010). An inverse Gaussian plume approach for estimating atmospheric pollutant emissions from multiple point
sources. Atmospheric Environment, 44(8), 1097-1107. https://doi.org/10.1016/j.atmosenv.2009.11.039

32



K.I. X)KymanninoB xaHe T.0.

4. Xu, X. (2020). Land use regression modelling of PM?2. 5 spatial variations in different seasons in urban areas. Science of
the Total Environment, 730, 139065. https://doi.org/10.1016/].scitotenv.2020.140744

5. Feng, X. (2020). Temperature inversions in the atmospheric boundary layer and their impact on air pollution in the
Sichuan Basin. Science of the Total Environment, 726, 138579. https://doi.org/10.1016/j.scitotenv.2020.138579

6. Han, J. (2023). Machine learning for urban air quality analytics: A  survey. arXiv  preprint
arXiv:2310.09620. https://doi.org/10.48550/arXiv.2310.09620

7. Cho, E. (2021). Distribution and Influencing Factors of Airborne Bacteria in Public Facilities Used by Pollution-Sensitive
Population: A Meta-Analysis. Journal ~ of  Environmental  Research and  Public  Health, 18(14),
7504. https://doi.org/10.3390/ijerph18147504

8. Young, S. S. (2020). Evaluation of ambient air quality data for epidemiological research: A case study of measurement
uncertainty. Regulatory Toxicology and Pharmacology, 114, 104647. https://doi.org/10.1080/10408444.2019.1576587

9.  Fatkhutdinova, L. M. (2021). Environmental risk factors for respiratory diseases in industrial regions. Kazan Medical
Journal, 102(6), 956-962. https://doi.org/10.17816/KMJ2021-862

10. Nakhratova, V. (2020). Impact of air pollution with particulate particles on the risk of cardiovascular diseases
(review). Human Ecology, 6, 42—48. https://doi.org/10.17816/humeco104609

11. Antonelli, J. (2016). Low-Concentration PMs and Mortality: Estimating Acute and Chronic Effects in a Population-Based
Study. Environmental Health Perspectives, 124(6), 834—840. https://doi.org/10.1289/ehp.1409459

12. Larsen, A. (2020). Exposure to air pollution and its effects on cognitive performance: A meta-analysis. Environmental
Research, 183, 109206. https://doi.org/10.1016/j.envres.2020.109206

1. Brody, M. (2023). Particulate air pollution in Tashkent and consequences to population health. Hygiene and Sanitation,
102(5), 457-462. https://doi.org/10.47470/0016-9900-2025-104-1-13-16

2. Song, (2017). Health burden attributable to ambient PM?2.5 in China. Environmental Pollution, 223, 575—
586. https://doi.org/10.1016/j.envpol.2017.01.060

3. Lin, H. (2017). Long-term exposure to ambient PM2.5 and hypertension: A systematic review and meta-
analysis. Hypertension, 69(5), 806—812. https://doi.org/10.1161/HYPERTENSIONAHA.116.08839

4. Lelieveld, J. (2015). The contribution of outdoor air pollution sources to premature mortality on a global scale. Nature,
525(7569), 367-371. https://doi.org/10.1038/nature15371

5. Mukhopadhyay, A. (2014). Control of industrial air pollution through sustainable development. Environment,
Development and Sustainability, 16(1), 35-48. https://doi.org/10.1007/s10668-013-9473-x

6. Leng, X. (2022). Assessing the effect of the coal-to-gas program on air pollution: evidence from China. Environmental
Science and Pollution Research, 30(9), 24027-24042. https://doi.org/10.1007/s11356-022-23739-6

7. Xiong, J. (2023). City Wind Impact on Air Pollution Control for Urban Planning with Different Time-Scale
Considerations: A Case Study in Chengdu, China. Atmosphere, 14(7), 1087. https://doi.org/10.3390/atmos14071087

Aemopnap mypanvt monimem:

JKymaounoe Kacvim Llaiimapoanosuy — PhD  ooxmopul, npogeccop, JLH. [ymunes amwvinoaevl Eypasus yummolx
yHugepcumeni, DU3UKA-MEXHUKATLIK, PAKYIbMEMMiK A0POIbIK DUIUKA, HCAHA MAMEPUATOAD HCOHE MEXHONOSUANAD XATLIKAPATbIK
KageopacwiHvly MeHeepyuici, ORCID ID: 0000-0002-0205-4585 (Acmana, Kazaxcman,
e-mail: zhumadilovk@gmail.com).

JKaowipanosa Anua Amupbexosua — PhD, scannet dicone meopusinviy ¢usuxa kagpeopacwinviy ooyenmi (m.a.), JLH. I'yvmunes
amwinoazel  Eypazus  ynmmuix  ynusepcumemi, ORCID  ID:  0000-0003-1153-3438  (Acmana,  Kazaxcman,
e-mail: a.a.zhadyranova@gmail.com).

baiicaszunoe Kanam Ab6viikanosuy — PhD, 6uonoeus evlisimoapulubly Kanoudamsl, «Aopoavik mexnonoeusnap napkiy AK
6ackapma mopazacwst, ORCID ID: 0000-0002-0348-8473 (Kypuamos, Kazaxcman, e-mail: zh.baigazinov@gmail.com,).

Anwokosa Juna Kyanbluksizbl — MA2UCMpanm, Hcamnvl Hcone meopusanvly gusuxa xageopacwl, JIL.H. I'ymunes amvinoazu
Eypasus VAMMbIK YHUBepcumenmni, ORCID ID: 0009-0005-1329-492X (Acmana, Kazaxcman,
e-mail: anshokova06@gmail.com).

Myxameousipos Hypran Kymaeaszviesuu — xumus macucmpi, «Aoponvix mexunonoeusnap napkiy AK, ORCID ID: 0000-0001-
5073-5978 (Kypuamos, Kazaxcman, e-mail: nurlan.eventumlab@gmail.com).

Information about authors:

Kassym Shaimardanovich Zhumadilov — PhD, Professor, Head of the International Department of Nuclear Physics, New
Materials and Technologies, Faculty of Physics and Technology, L.N. Gumilyov Eurasian National University (Astana, Kazakhstan,
e-mail: zhumadilovk@gmail.com).

Aliya Amirbekovna Zhadyranova — PhD, Acting Associate Professor, Department of General and Theoretical Physics,
L.N.Gumilyov Eurasian National University (Astana, Kazakhstan, e-mail: a.a.zhadyranova@gmail.com).

Zhanat Abylkanovich Baigazinov — PhD, Candidate of Biological Sciences, Chairman of the Board, JSC “Park of Nuclear
Technologies” (Kurchatov, Kazakhstan, e-mail: zh.baigazinov@gmail.com).

Dina Kuanyshevna Anshokova — Master’s student, Department of General and Theoretical Physics, L.N. Gumilyov Eurasian
National University (Astana, Kazakhstan, e-mail: anshokovaO6@gmail.com,).

Nurlan Zhumagazyevich Mukhamediarov — Master of Chemistry, JSC «Park of Nuclear Technologies» (Kurchatov, Kazakhstan,
e-mail: nurlan.eventumlab@gmail.com).

33



Temmeparypaiblk HHBEpCHsIIap *oHe odap/blH [1aBromap KanackIHAAFE aya JlacTaHaybIHa 9cepi

Ceedenusn 06 asmopax:

JKymaounoe Kacvim Llatimapoanosuy — PhD-0okmop, npogheccop, 3asedyrouuii MexcoyHapoOHoU Kagheopoul 10epHotl (pusuxu,
HOBbIX MAMepuanos u mexHoIo2ull Qu3uKo-mexHuueckoeo gaxkyivbmema Eeépasuiickozo HAYUOHATLHOZO —YHUBepCUMEmMA
um. JLH. I'vmunésa (Acmana, Kazaxcman, e-mail: zhumadilovk@gmail.com).

Kaoviparnosa Anus Amupbexosna — PhD, u. o. doyenma xagedpwr obwei u meopemuyeckou @usuxu Eepasuiickozo
HayuoHanvbHozo yHugepcumema um. JI.H. I'vmunésa (Acmana, Kazaxcman, e-mail: a.a.zhadyranova@gmail.com).

baiicasunos XKanam Abvinkanosuu — PhD, kxanoudam 6uonozuueckux nHayk, npedcedamenv npagienus AO «llapx sadephvix
mexnonoeuity (Kypuamos, Kazaxcman, e-mail: zh.baigazinov@gmail.com).

Anwokoea /una Kyanviwesna — mazucmpanm xageopvl obwell u meopemuyeckou usuxu Eepazutickoco HayuoHaibHo2o
yuusepcumema um. JI.H. I'ymunésa (Acmana, Kazaxcman, e-mail: anshokova06@gmail.com).

Myxameouspos Hypaan JKymazazwiesuy — macucmp xumuu, AO «llapk soepnovix mexnonoeuity (Kypuamos, Kazaxcman, e-mail:
nurlan.eventumlab@gmail.com,).

Kapacmuipvinyea 16.04.25 mycmi
Kabvinoanowr 02.11.25

34



ISSN 2617-7609; eISSN 2617-75952 AIIBIK JKYHenep 9BONIONUACHHBIH Mocenenepi xypHambL. Ne2 (27).2025 https://peos.kaznu.kz/index.php/peos

MPHTMU 29.19.16 https://doi.org/10.26577/JPEOS202527344
i o) i
A.Y. AmpenoBa " , A.M. Kykemos* = , E.E. CasiumoB * ,

o) o
Y.b. Aoapioaii = , M.U. IImukoB

Kazaxckuii HallMOHANBHBIA YHUBEPCUTET UM. anb-Dapadu, Anmatsel, Kazaxcran
*e-mail: zhukeshov@physics.kz

OCOBEHHOCTU PACTIbIAEHUS .
BbICOKODHTPOIUIMHOTO CMAABA MAA3MOWM
BAKYYMHOM AYTU U UCTIBITAHUE B SAEKTPOAUTE

MeTaAAbI NepexoAHOM rpymnnbl M MX CMAaBbl aKTUBHO NMPUMEHSIOTCS B SAEKTPOXMMMUYECKMX TOMAMB-
HbIX DAEMEHTaX, OAHUM M3 KOTOPbIX SIBASIIOTCS METAAAO-BO3AYLLIHbIe 6aTapen (MBB). B AaHHOM mccae-
AOBaHMN AAS CO3AAHWS SAEKTPOAOB MBB npeaaaraeTcs MCNoAb30BaHMeE BbICOKO3HTPOMMIAHOMO CNAaBa
(B3C) 13 METAAAOB NMEPEXOAHOM IPyMbl. METOAOM HM3KOTEMINEPATYPHOro CMHTE3a ObIA M3rOTOBAEH
obOpasel KaToAa B BUAE TBEPAOIO CMAaBa U3 NepexoAHbIX MeTaaroB cocTaBa Fe-Co-Ni—Nb-Mo v npo-
BEAEHO ero pacrnblAeHMe MAa3MOoM Ha ycTaHoBKe BAY. Ha noaAokkax M3 Mean O0CaXKAeHbl CMAOLLIHbIE
CAOU TOAWMHONM 94—-103 MKM CTEXMOMETPUYECKOrO COCTaBa MAEHTUYHOIO PACMbIASEMOMY KaToAy. B
CTPYKTYP€E OAHOPOAHbBIX MOKPbITbIA, OCaXXAEHHbIX MPU PACMbIAEHUM B YCAOBUSIX CPEAHEr0o BakKyyma,
NMPUCYTCTBYIOT MMKPOCKOMMYECKME BKAIOYEHMS C BbICOKMM COAEP>KaHMEM KMCAOPOAA U yraepoaa. Ha
MOBEPXHOCTM PACMbIASEMbIX KaTOAOB OOHApy»KeHbl KPYrAble YyrayOAeHus pasmepom 100-200 MKM,
npMpoAa KOTOPbIX CBS3aHA C TOKOM AYTM Ha MOBEPXHOCTM, KOTOPbIA KOHLEHTPUPYETCS B KaTOAHbIX
naTHax. [lokasaHo yBeAMYeHMe 3HepreTnyeckux nokasareaern MBb npu ncnbiTaHMSIX MaTepuanoB M3
B3C ¢ 06paboTaHHOM MAA3MOI MOBEPXHOCTbIO B KavecTBe aHOAOB. [1pn 06paboTke MHTErpaAbHOro
Katoaa 13 BOC Ha ero noBepxHOCTM (DOPMMPYETCS LLIEPOXOBATLINA peAbed), UTO MOHMXKAET NMAOTHOCTb
TOKA U CMOCOOCTBYET YAYULLEHMIO XUMMUECKOM CTOMKOCTU MaTepuana.

KAtoueBble cAOBa: BbICOKOSHTPOMMIMHDBIA CMAAB, NMAA3MEHHOE PACMbIAEHWE, MOKPbITUE, IAEKTPOXM-
MMsl, METAAAO-BO3AYLLIHbIE GaTapeu.

A.U. Amrenova, A.M. Zhukeshov*, Ye.E. Ssalimov,
U.B. Abdybai, M.I. Pshikov

Al-Farabi Kazakh National University, Almaty, Kazakhstan
*e-mail: zhukeshov@physics.kz

Characteristics of high entropy alloy spraying by vacuum
arc plasma and test in electrolyte

Transition metals and their alloys are widely used in chemical catalysis and successfully employed
in electrochemical fuel cells, one of which is metal-air batteries (MABs). This study proposes the use of a
high-entropy alloy (HEA) made of transition metals to create MAB electrodes. A cathode sample, a solid
transition metal alloy of Fe-Co-Ni-Nb-Mo composition, was fabricated using low-temperature synthesis
and plasma-sputtered using a VDU system. Continuous layers 94-103 um thick and of stoichiometric
composition identical to the sputtered cathode were deposited on copper substrates. The structure of the
homogeneous coated layers, deposited by sputtering under medium vacuum conditions, contains micro-
scopic inclusions with high oxygen and carbon contents. Circular depressions measuring 100-250 gm
were found on the surface of sputtered cathodes. These depressions are related to the arc current on the
surface, which is concentrated in the cathode spots. An increase in the energy performance of the MAB
was demonstrated when testing HEA materials with plasma-treated surfaces as anodes. When treating
an integral HEA cathode, a rough relief is formed on its surface, which reduces the current density and
improves the chemical resistance of the material.

Keywords: high-entropy alloy, plasma spraying, coating, electrochemistry, metal-air batteries.
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OCO0EHHOCTH PAaCIbUICHHSI BEICOKOIHTPONUITHOTO CIIjIaBa IIa3MOil BAKYyMHOMW AyTH U CIIBITAHUE B AJICKTPOIUTE

A.Y. AMpeHoBa, A.M. Xykewwos*, E.E. Caanmos,
Y.b. ©6ai6an, M.N. Muwmkos

OA-Mapabu atbiHAarbl Kasak, yATTbiK yHMBepeuTeTi, Aamartbl, KasakcraH
*e-mail: zhukeshov@physics.kz

BakyyMAbIK AOFaAbIK, MAA3Ma apKbIAbl XKOFapbl SHTPOMUSIAbIK, KOCMaHbl
O6ypLUiKTey epeKLueAiKTepi )XoHe IAeKTPOAUTTE CbIHAy

OTneAl MeTaAAap >KOHE OAApPAbIH, KOPbITMAAAPbl XMMMUSAbIK, KaTaAM3AE KeHiHEH KOAAAHbIAAAbI
JK8HE IAEKTPOXUMMSIAbIK, OTbIH SAEMEHTTEPIHAE COTTI KOAAAHbIAAAbI, OAAPAbIH, Oipi MeTaAA-aya baTa-
pesgaapbl (MAB). bya 3epTTey MADB aAeKTpoATapblH Xacay YLiH eTrneAi MeTaAAQpPAaH >KaCaAFaH >Ko-
Fapbl 3HTPOMUSIAbIK, KopbiTraHbl OKIK) nanaasaHyabl ycbiHaabl. Katoa yarici, Fe-Co-Ni-Nb-Mo kom-
NMO3MLMSCbIHbIH KAQTThl 6TMEAI METAAA KOPbITNAChl TOMEH TeMrnepaTypaAblk, CUHTE3AI KOAAQHY apKbIAbI
AabIHAAAAbI >keHe BAY-T1 >Kyieci apKblAbl MAA3MaAbIK LIAWbIPATLIAAXKDBI. MbIC cybcTpaTTapbiHAd
94-103 MKM KaAbIHABIKTaFbl YX&He LIallblpaFraH KaTOAKA YKCAC CTEXMOMETPUSABIK, KypaMaarbl Y3AiK-
ci3 kabatTap TYHAbIPbiAAbL. OpTalia BakyyMm >kaFAarbliHAQ LALLbIPaTy apKblAbl TYHAbIPbIAFAH GipTeKTi
KanTaAFaH KabaTtTapAblH, KYPbIAbIMbIHAQ >KOFapbl OTTEri MeH KemipTeri 6ap MUKPOCKOMMSIAbIK, KOCbIH-
AblAap 6ap. Lawbiparan katoaTapabiH 6eTiHae eAwemi 100-250 MKM GoAaTbIH LEHGEPAI oMbicTap
TabbIAAbI. ByA OMbICTap KaTOATbI HYKTEAEPAE WOFbIPAAHFaH OETIHAEr AOFaAbIK TOKMEH GaiAaHbICTbI.
MAB 3HepreTukablk, OHIMAIAITIHIH JKOFapblAaybl aHOATAP PETIHAE MAA3MaMeH eHAeAreH Gettepi 6ap
JKIKMaTeprasaapbiH CbiHay Ke3diHAe KepceTiaai. MHTerpaaabl XKIK KaToAbIH 6HAeY Ke3iHAE OHbIH,
6eTiHAE TOKTbIH ThbIFbI3AbIFbIH TOMEHAETETIH JKOHE MaTEPMAAAbIH XMMUSABIK TO3IMAIAITIH XXakcapTa-
ThbiH epeckeA peabed naaa 6oaaabl. OraH ceben MeTaAA GeTiHAE MAA3MaAbIK, BHAEreHHEH COH MUKPO
AEHTeNAE KaAbINTacaTbiH peAbed CbipT 6ETTiH ayAaHblH YAKEMTEAl aA TOK, ThIFbI3AbIFbIH a3aiiTaAbl.

Ty#iH ce3aep: >KOFapbl SHTPOMUSIAbIK, KOPbITNA, MAA3MaAblK, OYPKY, KanTay, SAEKTPOXMMUS, Me-

TaAA-aya GaTapesiaapbi.

BBenenue

Meramio-so3aymiasie  O6atapen (MBB) wume-
10T BBICOKYIO TEOPETUYECKYIO IUIOTHOCTh 3HEPTHH,
U WX TpeArnoyaraercs HCIOJIb30BaTh B KayecTBE
peleHus A MIEKTPOXUMHUYECKOIO HAKOIUICHHUS
SHEPTUM CJEIYIOMIEro MOKOJIEHHU Il IpPUIIoXKe-
HUH, BKITI0Yast 2JIEKTPOMOOWIIH FITH XpaHEHHE dHEP-
ruu B cetd. OHAKO OHU HE MOJHOCTBIO pean3o-
BAJIM CBOW MOTEHIMAJ U3-3a MPOOJIEM, CBSI3aHHBIX
C METAUNIMYECKUM aHOIOM, BO3AYLIHBIM KaTOIOM
1 3JIEKTPOJIUTOM. B 11e710M, B MeTanio-Bo3 1y IIHbIX
Oarapsx ¢ METAJUIMYECKUMH AJIEKTPOJaMH TpodIe-
MaMH SABISIFOTCS METAJUIMYECKUE JICHIPUTHI, U3Me-
HeHHsT QOPMBI 3JIEKTPOJIOB, KOPPO3Usi, TTOOOUHBIC
peaklMy U NoBEpXHOCTHasi maccuBauus [1]. s
PasHbIX THIIOB METAJUIOB KJIIOYEBBIE MPOOJIEMBI U
CTpaTerMy CMSTYCHUS IOCJIEACTBUII MOTYT OBITh
pasubiMu. Ha HacTosmmii MOMEHT Hamboyiee uc-
CJIEJTOBAHbI IMHKOBBIE, TUTHEBBIE U AIOMUHUEBBIC
anekrponsl. B pabore [2] [lapkep m ap. mpemio-
KHITM TPEXMEPHYI0 Ty04YaTyr0 IUHKOBYIO TYOKY ¢
B3aMMOCBS3aHHBIMHU IOPAaMH M 3JIEKTPOIPOBOIHO-
CTBIO, HO PE3yJIbTaThl TOJILKO 00HAIS)KMBAIOT. B pa-
6ote [3] pa3paboTaH BUA MOPUCTOTO ZN-3JEKTPOIa
¢ OoNbIION yJIenbHOH MOBEPXHOCTHIO, CUHTE3HPO-
BaHHBIN ITy3BIPFKOBBIM METO/IOM. bbisio 0OHapyxe-
HO, YTO yMEHBILIEHHE pa3Mepa IMOP MOXKET IOBBI-
CUTHb IPOU3BOAUTEIBHOCTh BO3YIIHO-IIUHKOBON
OaTtapen. DTH ¥ MHOKECTBO JAPYTHX JIUTEPATYPHBIX
JTaHHBIX MO3BOJIAIOT CAENATh MPEANOIOKEHUE, YTO
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YBEIIUUCHHUE YNEIHbHOM TOBEPXHOCTH DIIEKTPOA
OJIHO3HAYHO IPUBOAMUT K IIOBBILICHUIOIHEPIETU-
YECKHUX IOKa3arelie aHoIHbIX maTepuainoB MBD.
[ToBblillieHHE YJIETBLHON MOBEPXHOCTH MOYKHO J10-
CTUTaTh C MPUMEHEHUEM O0Pa0OTKH MMITYJIbCHBIM
MMOTOKaMH DHEPTHH.

K B3C otHOCSATCS CIUIaBBI, COCTOSIIINAE U3 IIATH
u 0ojee 2JIEMEHTOB C aTOMHOW KOHIIGHTpanuen
Mexnay 5 u 35 %. Beicokas SHTponusl cMelIeHHs
9JIEMEHTOB B CIUIaBE PacCMaTpPUBACTCS KaK Mepa
BEpPOSITHOCTA COXPAHCHUS WX CHCTEMBI B JTAaHHOM
COCTOSTHHH. JTO 00ecleYrBaeT MOBHIIICHHYIO Tep-
MUYECKYI0 CTaOMJIBHOCTH (Pa30BOrO cocTaBa H
CTPYKTYPHOI'O COCTOSIHMSI, CJI€AOBATEIbHO, U Me-
XaHUYECKUX, (DU3MUYCCKUX, XMMHYCCKUX CBOMCTB.
B 0030pHoif padote [4] mpoaHATU3UPOBAHBI TEO-
PETUYECKUE U IKCIEPUMEHTAJIbHBIE PE3YJIbTAThI 10
CTPYKType, CBOHCTBaM, criocobam noxydenus BOC
C aKIEHTOM Ha WX UCIOJb30BaHNE B 00JIACTSX, CBSI-
3aHHBIX C DHEPreTUKOU. J[JIs IUTUH-UOHHBIX aKKy-
MYJISITOPOB MaTepHalibl Ha OCHOBE BBICOKO3HTPO-
MUAHBIX OKCUIOB MOTYT IMPUMEHSTHCS B KaYECTBE
AHOJIOB M KaToJ0B. 11 HaTpUH-HOHHBIX aKKyMYJIsI-
TOPOB OTMEUEeHO 83 % COXpaHEHUsI EMKOCTH IOCIIE
500 1ukiaoB. CHHTE3MpPOBAHHBIN HAHOIOPUCTHIN
BOC AICoCrFeNi, wncmoms3yemblii B KadecTBe
ANEKTPOJIa, O0JIaaeT BBICOKMMH eMKOCThIo (700
®/cM?) u nuKIMYecKoi crabmibHOCTBIO (>3000
nukiaoB). OgHAKO It BO3IYIIHBIX aKKyMYJISATO-
poB cBeneHuil Her. IlopucTble Marepualbl TAKKe
AKTHBHO MBITAIOTCS MOJMYYUTh JIJIS1 OKUCIUTEIBHO-
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BOCCTAHOBUTEIIbHBIX PEAKIUI U KaTainu3a. ABTOPHI
paboTsl [5] moay4Ynim BEICOKOA(PEKTUBHBIN MTOPH-
cterii BOC CoCrFeNiMo MeTo10M MEUKPOBOTHOBO-
ro CIeKaHUs: M30BITOYHBIN MOTEHIHAT JOCTHIaeT
220 MB mpu miaotHOCTH ToKa 10 MA/cM2. DTO CBS-
3aHO C BO3MOYKHOCTBIO TOPUCTOM CTPYKTYpBI 00e-
CIIEYMBATh AIIEKTPOHHBINA TepeHoc. [lomydeHHbIe
METOJIOM MarHeTPOHHOTO PACIHBIICHHUS BBICOKODH-
Tpormitabie okcuauble mieHkd (FeCrCoNiAlO,1)Ox
oOecrieunBaay M30LITOYHBIN noTeHuan 381 MB u
ANEKTPOJIU3HYI0 CTa0WIBHOCTh B TeueHue 120 u B
IIEJIOYHOM PacTBOpE MpPH IUIOTHOCTU ToKa 10 MA/
cm? [6]. Takum obpazom, BOC takke MOXHO pas-
pabaTeiBaTh B TIOPHCTOM BH[E, OJHAKO METOJBI
cuHTe3a oriuyarorcs. Tak kak BOC 310 TBepabIi
CIUIaB, TO €ro oOpaboTKa IUIa3MOM TaKkKe MOXKET
OBITH yCIICIIHO MPOBEJICHA C UCIOIb30BAHUEM UME-
IOIIEHCS armapaTypsl.

Baxyywmnas nyra — 3To atMocdepHas ayra mpH
HU3KOM JIaBJICHUU. MOIIIHOCTh CTallMOHAPHOM 1yTH
cocrasiseT He MeHee 1,5 kBt [7]. UmnynbscHas qyra,
B OTJIMYUE OT CTAIlMOHAPHOM XapaKTepU3yeTcs He-
BBICOKOM cpeHel 3lIeKTpruyecKoil MotHocThio 0,1-
0,3 kBT, uTo sIBIsSieTCS CYNIECTBEHHBIM MIPEUMYIIIE-
CTBOM TIPW HCITOJIb30BAaHUM IUTa3Mbl UMITYJIECHON
nyru B ipouieccax PVD [8,9]. [Tomumo snepreTuye-
CKHX MapaMeTpoOB, OMPEACISIONME (DaKTOpaMu B
paboTe UMITYJILCHOTO JAYTOBOTO pa3psiia SBISIFOTCS
COCTaB IIJIa3Mbl, €e TeMIIepaTypa, a TakKe HaTn4ne
WIH OTCYTCTBHE€ MAarHUTHOTO M 3JIEKTPUYECKOTO
nosieti [10-12]. CymecTBeHHOM TIpoOIeMOi s nuc-
MI0JIb30BaHUS IJEKTPUUECKON AyTH B HAHOTEXHOJIO-
TUSIX SIBIISIETCS HAJTMUKE B €€ IJIa3Me MUKPOYACTHI] B
BUJIE Kalellb MeTaJlla U MBUTMHOK. B 11e1omM MoxHO
CKa3aTh, 4TO TyroBas Iia3Ma COCTOUT U3 HOHHOU U
MbUIEBOM COCTaBIIAIONICH, a Takxke paauanuu. [Tpu
pacnibUIeHHH MHOTOKOMITOHEHTHOTO KaTo/ia MOTYT
BO3HUKHYTh HEPABHOBECHBIE YCJIOBUSI (POPMHPOBa-
HUS TUTa3Mbl Pa3IMYHOIO COCTaBa, YTO MOXKET IPH-
BECTH K Iepepacipe/ielIeHHI0 YacTHII KaK B IJIa3Me,
TaK M 0CaXK1a€MOM MOKPBITHH.

Takum 06pazoM, 1eNbI0 HACTOSIICH PaOOTHI SIB-
JISICTCSI BBISICHUTH OCOOCHHOCTH PACIIBUICHUS TAKO-
TO CI0XHOTO MaTepuaia Kak MHOTOKOMITOHEHTHBIH
karog u3 BOC u nonyuuts nokpeitus. I[Ipakruue-
CKAW WHTEpeC TPEeACTaBIsAeT CO0O0W WCIBITAaHHE
BOC B kauecTBe aHOJIa B METAJI-BO3IYIIHBIX OaTa-
pesix.

MarepuaJjibl 4 060py/I0BaHHE

st marotoBnenust karogos u3 BOC ucnons3o-
BaJIOCh TEXHOJIOTUSI HU3KOTEMIIEPATypPHOTO CHUHTE-
3a komranuu XebeiMetal construction corporation
(3aka3Hoe), MOJydeHbl KaToabl YucToTo 99,9 %.

KoMno3ut cocTout u3 MeTaioB NepexoaHou rpym-
bl coctaBa Fe-Co-Ni-Nb-Mo (o ar. 20%). Iloa-
JIOKKH 151 ocakaeHust u3 mean MO1, pabpuansie
LITaMITBl B BUIE TIACTHH paszmepamu 20x20x1 mwm.
Pacnbuisiemblil MaTepran ocakaajid Ha MOJI0KKaxX
13 Meau. B pesynbraTe SKCEpUMEHTOB OCaXk/I€HBI
cinon BOC ¢ nmpuMeHeHneM BaKyyMHOTO TyTOBOTO
pacnbiienus. Pacnbuienue katogaos BOC npoBoiu-
JoCh TIpH ypoBHE Bakyyma 10 m0ap, conepxanue
ocTaTouHbIX ra3oB He Oonee 0,3%. Bpems Hambute-
Hus w3mensum ot 10 1o 30 munyT. Tomorpadus mo-
BEPXHOCTH U3ydaaach Ha CKAHUPYIOIEM JIEKTPOH-
HOM MuKpockore Zeiss 3000, c PCA ananuzatopom
INCA.

st 00paboTKH MPUMEHSUTM BaKyyMHYIO ycTa-
HOBKY BZIY-1 [13] B pexume MOBTOPSIOLIMXCS UM-
myJIbCoB. YacToTa cieoBaHus UMITYJIBCOB 3ajaBa-
nach MUQPOBBIM TeHEPATOPOM U paBHsuIach 15 [,
[Tomnoxxku pacrnonarajauch Ha KEPaMHYECKOM H30-
JATOpE BHYTPHU Kamephbl. [l OTKaukKyW BaKyyMHOMH
KaMephl HCIIOJIb30BAJIM MOCIEI0BAaTENbHO POTOP-
HbI MacisHbIE Hacoc Advavac 50 u auddysuon-
HbI mapomacisHeld Hacoc NVDM 250. Usmepe-
HUSl NPOBOAMJIM YHHUBEPCAIbHBIMH BaKyyMHBIMU
naturkamu Erstvac. Bee skcriepuMeHThI IPOBOIU-
T TIpU JaBJIEHUU B KaMepe, COOTBETCTBYIOIEMY
p =(2-4)10* mOap cpeqHEeMy YPOBHIO BaKyyMa.

Jsist TOro 4To0Obl TECTUPOBATh MaTEpUabl OblIa
CKOHCTPYMPOBaHa HKCIEPUMEHTaIbHAs  sSUEHKa
MBB. B ycTpoilcTBe 3JEKTPOIUT 3a0JHIET peak-
[IUOHHYIO KaMepy MEXIy BO3AYIIHBIM KaTOJOM U
aHoznoM. McnelTyemblil aHOJ MOrpyXkKajcs B JJIEK-
TPOJIUT U (PUKCHPOBAICS HAa PACCTOSIHUU 2 CM OT
karona. [IpenBapuTenbHble HCOBITAHUS MOKA3ajH,
YTO TOK aHOJa NMPAKTHYECKH HE 3aBUCHUT OT 3TOIO
paccrosiHus. B KadecTBe AJIEKTPOJIUTA HCIOIb-
30BajICsl PAcTBOpP €IKOr0 Kajlus B KOHIEHTpAIUH
(4-6) monb/n. B kauecTBe BO3YNIHOIO KAaTO/a UC-
I0JIb30BAJICS. MIPOMBIIIICHHBIH 00pa3el Ha OCHOBE
yriepoa u TuapodoOHOTo TuTacTuGuKaTopa ¢ BHY-
TpeHHeW npoBoasuiel ceTkoi. KaTtoa nmpeactapisi
co0O# ceTKy M3 MeTalula, Ha KOTOPYIO (HKCHPO-
BaJICS TOKOChEMHHUK. TOK M3MepAsCs ¢ MOMOILBIO
mynbTUMeTpa AppalO9N B pexknme aBTOMaTHUE-
CKOTO COXPaHEHHMsI H3MEPEHHH B HPOTrPaMHHOM
TIPHITOKEHUH.

Pe3yabTaThl u 00Cy:KI€HUE

Ha pucynke 1 moxa3ana Tomorpadusi cios
n3 BOC, ocaxaeHHOT0 Ha TMOMJIOKKE W3 IOJIHUPO-
BaHHOW Menu. Kak BHIHO, OKPBITHE OCAXKJAaeTCs
CIUIOIIHBIM CJIOEM U UMEET OJHOPOAHYIO B LIEJIOM
CTPYKTYPY C MUKPOCKOIMUYECKUMHU BKIIOUYCHUSIMU.
CocTaB cioeB yka3aHbl B Ta0d. 1 1 2.
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OcobeHHOCTH pacnblICHUA BLICOKOBHTpOHHﬁHOFO CIUIaBa Mia3Mon BaKyyMHOI\/‘I JAYI'd 1 UCIIBITAHUE B DJIEKTPOJIUTE

WD = 69mm Mag= 449KX

Thange= 00°  Aperture Size=30.00um  High Currert - Off

Fm EHT=15.00KV  Signal A = SE2 File Name = 1FeCoNiNoMo-02 47 02028
Tilt Corm. = Off  Zoom factor= 2000 Specimen |=-158.7 pA 15:05:08

Pucynoxk 1 — Tonorpadus noxpsitus u3 BOC ocaxnenHoro
Ha MOBEPXHOCTH MOAJIOKKH U3 METN

Tadauma 1 — XuMHUeCKHUH COCTaB CILIOIIHOTO CJIO0S

DijrleMeHT Fe K CoK Ni K NbL Mo L Totals
Macc.% 12.02 12.46 12.49 21.02 23.36 81.34
AT. % 19.40 19.06 19.19 20.40 21.96

Ta6auna 2 — XuMHAYECKHH COCTaB BKIIOYECHHHI

DieMeHT Fe K CoK Ni K NbL Mo L OK CK Totals
Macc.% 2.59 3.27 3.35 3.32 4.23 27.42 12.13 56.31
AT. % 1.41 1.69 1.74 1.09 1.34 69.60 23.12

Jpm ' Electron Image 1

PHCyHOK 2 - MPIKpOCOKHI/I‘-IeCKI/Ie BKJIFOYCHUS HA OCAXKIACHHBIX CJIOSX U3 BOC
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i TOro 4ToOBI OIIEHUTH COCTaB CIIOEB, MPO-
BEJICH PEHTTCHOCIIEKTPAIbHBIA aHAIU3 TTOBEPXHO-
cTH. Pe3ynmbTar XMMHYECKOTO aHalW3a IMOKa3aH B
Tabimmiax 1 u 2. Kak BUAHO, aTOMHBIH COCTaB IO-
KPBITHS MTOJTHOCTHIO COOTBETCTBYET UCXOJHOMY CO-
CTaBy KOMITO3UTHOTO KaToJa ¢ OTKIOHEHHEeM +2%.
OTCYTCTBUE MEJIM B COCTAaBE IMOKPHITUSI CBUICTEIb-
CTBYET O €ro JOCTATOYHOH ToimuHe. TeM He Me-
Hee, B MaTepHualie MOKPBITUS TaKiKe MPUCYTCTBYIOT
YTIIEPOJT M KUCIIOPOT B TIPOIIEHTHOM OTHOIIEHUH 12
u 27 %, HO TOJIBKO B OEJBIX MMATHAX, KaK BUJHO Ha
pucyHke 2. 3HAYUTEIBHOE COACPIKAHNE AKTUBHBIX
ra3oB B IATHAX CBS3HO C MAacCJISTHOM OTKavkoi. be-

= 1034 pm

20 pm EHT= 300kV  Signal A= SE2
WD=48mm  Mag= 383X

Flle Narme = 2FeCaNINDMo-Cu 25 mings.if -
TR Com.= OF Zoom fector= 2000 Specimen|= 240.7pA 181355
Thanges 00" ApertureSize=30.00pm  Hgh Cusrert = Off

JIbI€ TISITHA, IPUCYTCTBYIONINE HA TIOKPBITHH, CBS3a-
HBI peakiieil OCTaTOYHBIX aKTUBHBIX I'a30B B BaKy-
yMe ¢ MaTepuaJioM MOJUIOKKHU ¢ oOpa3oBaHueM (a3
U TIpoleccaMy AecOpOIMy BOJOpPOAa B IpOIECcce
(hopMHPOBaHUSI TOKPBITHSL.

TonmuHa OCakJIEHHBIX MOKPBITHM HCCIie10Ba-
nack ¢ npuMmeHeHueM COM ¢ororpaduii moneped-
HOTO cedeHus MoKphITHil. Ha pucynke 3 mokazaHsl
pe3ysbTaThl ATHX HccaenoBanuil. Kak BuaHO, ToII-
IIMHA TOKPBITHS JOCTaTOYHO pPaBHOMEpPHA M CO-
ctaBygeT oT 94 1o 103 MxMm. CTpyKTypa HOKpBITUS
OJTHOpOJIHAS, C TIPUCYTCBHEM BKJIIOUYEHWH B BHJE
MEJKUX YEPHBIX TOUEK.

20 pm EHT= 300kV  Signal A= SE2

Fil Name = 2-eCoNNOMe-Cu 25 M .11 P
T Corm = OF Zoom fctor= 2000 Specimen = 3219 162206
WD = 4.8mm Mag= 353X Thanges 00°  pperture Size=30.00pm  Hgh Curert = Off

0

Pucynox 3 — TomuiHa cromHbIX cnoeB u3 BOC,0caxIeHHBIX Ha IOBEPXHOCTH MOJIOKKH
W3 Me/IM Ha nornepedHoM e (a) u ¢ kpast obpasua (0)

B uenom MOXXHO KOHCTAaTUPOBAaThb, YTO MONY-
gaeMbIe METOJIOM pacmbuieHus Ha BJ1Y, obmamator
nopuctoil crpykrypoi. Ilpu pacmpuieHUH MHOTO-
KOMIIOHEHTHOTO KaToa (hopMUPYETCS TIOTOK TyTO-
BOH IJIa3MbI Pa3IMYHOIO COCTaBa, U B PE3yJbTaTe
nepepactpeiefieHnss 9acTUIl W3-3a WX Pa3ImdHOU
MAaccChl U 3apsAjia B IUIa3Me, BOZHUKAIOT HEOAHOPOI-
HOCTH B OCaX/1a€MOM ITOKPBITHH.

Ilosepxnocmov kamooa uz B3C

B pesynbrare pacnbeuienus Ha B/IY nosepx-
HOCTh MOHOIUTHOTO BOC KkaToma moaBsepranach
spo3un. Ha pucynke 4a Ha MOBEPXHOCTH Karoja
BHJIHO 0Opa3oOBaHME 30HBI PACILIABICHUS B IEH-
TpanbHOH vacTu. lIpu yBenuueHuu 31Ol moBepx-
HocTH B 10 pa3 Ha pucyHke 4 6 3aMETHBI MHKPO-

ckomuuyeckue yriyonaenus pasmepom 100 — 200
MKM. B penprare o0paboTKHM IUIa3MOW Ha II0-
BEPXHOCTH Karona (opMupyeTcsl IIepoXoBaThIl
penbed C MHKPOCKONMMYCCKUMH YTIyOJCHUSIMH
pPACIOIO)KEHHBIMM  XaOTUYECKH [0 MOBEPXHO-
crtu. Ilpupoma 3Tux yrmyOiaeHH OYEBHUIHO CBSI-
3aHa C TOKOM JyI'M Ha MOBEPXHOCTH, KOTOPBIH
KOHIIEHTPUPYETCS B KATONHBIX MATHAX IO MPHH-
LUy MHHUMU3AIUU dHepruu. OjpHako wu3-3a
CBOEOOpa3HON CTPYKTYpHI CIIaBa, MSATHA HE MO-
IyT PaBHOMEPHO JIBUTAThCS IO MOBEPXHOCTH, a
3aCTPEBIOT B OIpEEICHHBIX MecTaX, CO37aBasd
yrnyoneHusi. O4eBHIHO CYHICCTBEHHYIO pOJIb B
9TOM MPOIIECCe WTPAaeT W MArHUTHOE II0JIe, TaK
KaK B pe3yJbTaTe NUHYCBAHUS €r0 BEIIMUYMHA YBe-
JTUYUBAETCS B MSATHAX.
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Pucynok 4 — ®ororpadus xarona u3 BOC (a) u Tonorpadus
ero nosepxHoctu npH yB. 50. Lkana 150 MM

OnTHYecKuM MHUKPOCKOIIOM METOAOM IOCIIOMN-
HOM (POKYCHUPOBKHU OBLJIO OTPEAENICHO, YTO TIyOruHa
KpaTepoB Takke pazmepom mpsiaka 100 mxm. Ilo
9TUM pe3ysbTaTaM, Aajee MOKa3aHo, YTO ILEPOXO-
BaTOCTb IMOBEPXHOCTH UTPAET CYIIECTBEHHYIO POJIb
B ()OpMHUpPBAaHMM TOKAa NPH HNOMEIICHUH TaKOW IO-
BEPXHOCTH B Cpefy JIeKTponuTa. B Mukpockonu-
YECKOM PAacCMOTPEHHH, HAJIMUNE MHOXKECTBA YIITy-
ONneHnii Ha TIOBEPXHOCTH MOXKHO PaccMaTpHUBaTh
KaK MOPUCTTOCTb HA MHUKpoypoBHe. HemcTTpst Ha
9TO, KaK MBI 3HAeM, CYIIECTBYET U MOPUCTOCTh Ha
HAaHOYPOBHE, CBA3aHHas C (pa3oBOH CTPYKTKpoOH
B3C, onucanHoii BIIE B IUTEpaTypeE.

Hcnvimanusa oopazyos 6 snekmponume

B naHHOM myHKTE cTaThu npuBejeHa WHDOP-
MaIus 0 pe3yJbTaTax UCIBITAaHUH 00Pa3II0B IEITBIX
KaToJI0B ¢ 00paboTKOM 1 0€3, Ha PICKTPOXUMUYEC-
ckol stuelike. VcnbITaHUAM MOJABEPIIIMCH AHOJIbI
n3 BOC noka3anHsle Ha pucyHKe 1, a Takxke cepus
13 OTACIBHBIX dJeMeHTapHbIX aHomoB Fe, Co, Ni
u Jp.

B Tabmurie 3 npencraBiaeHbI pe3yIbTaThl HCITHI-
TaHu# aHomoB u3 BOC B HUCHBITATEILHON SYEHKE.
Wcnprranus mpoBogmmch ¢ daektpoiautom KOH,
HauboJiee YacTo MpUMEHSIeMbIH Uit aHojoB MBB
Ha OCHOBE JKeJie3a, B TeueHue 15-25 mMuH.

Ta6auna 3 — Jlannsie ucnbitanuii anona n3 BOC Fe-Co-Ni-Nb-Mo ¢ ncxoaHoit u 00paboTaHHO# M1a3M0oi TTOBEPXHOCTBIO B AJICK-

tposure KOH
Bpewmst Amnon Imax, A Umax, B Anop Imax, A Umax, B
5 MuH 0,033 0,7 0,27 0,99
15 muH 0,045 0,81 0,24 1,02
HCXOIHBIN 00paboTaHHBII
20 muH 0,051 0,85 0,221 1,02
25 MuH 0,057 0,88 0,20 1,02

AHanu3upysl JaHHbIC TAOJUIBI 3 MOXKHO Ce-
JIaTh BBIBOJI, YTO TIPW HUCHBITAHWA B HambOoJee
cwibHOM mienoyHoM 3jektpoiiute KOH, obpas-
16l kaTonoB U3 BOC moka3bsiBaroT 00j1ee BHICOKHE
MoKa3aTeNy 1o U30bITOUHOMY HampspkeHuio 1,0 n
0,7 B, B cpaBHEHUHU C YKa3aHHBIMU BbILIE JIUTEPA-
TypHBIMU JaHHBIMH. [lokazaTenu Toka s oOpa-
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0oTaHHOTO TMJIAa3MO# oOpasla KaToJa OKa3aluCh
MOYTH B YETHIPE pa3a BHIIIE TOKa HEOOpaboTaH-
Horo obpasua — 200 MA mpotuB 57 MA. [lanee Ha
pucyHkax 5 u 6 mokasaHbl KPUBBIC HANPSDKCHUS U
TOKa Ha MCHBITYEMBIX 3JeKTpoaax. Ha puc. 5 Tok
MocJie HavyaIhbHOTO 3aMeJUICHHS BBIXOJWUT Ha yda-
CTOK pOCTa, YTO MO3BOJISIET CYAUTh O BHICOKOM Ha-
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TPY304YHOH CIIOCOOHOCTH 00paboOTaHHOTO aHOja.
HauanpHbslll pocT HanpsKEHUs HA PUCYHKax 5 U
6 MBI CBSI3BIBAEM C AMHAMMYECKUMH MpPOLECCAMHU
B anekTponute. B BOC oCHOBHBIM KOMIIOHEHTOM
ABIISIETCS XKeJle30, HO HaM OBUIO MHTEPECHO Mpo-
CJIeIUTH TIOBE/ICHHE OCTAJBHBIX JIEMEHTOB B CO-

craBe BOC mipu ucnbITaHUsIX B pa3HBIX DJICKTPOITH-
tax. Jlsist 5TOr0 Opanu aHOIbI U3 YUCTHIX METAIIOB
Y TPOBOJMIIN aHAJIOTUYHOE UCIBITAHUC B SUCHKE
MBB. Jlanee B Tabnuie 4 moka3aHbl Pe3yJIbTAThI
WCIIBITAHUHA OCTAJIBHBIX MAaTEPUAIOB, BXOJSIIUX B
coctas BOC.

1,03

1,02

1,01

Umax, B
=

0,99

0,98

0,97

0,27 0,24

Imax, A

0,221 0,2

Pucynoxk 5 — Kpusast BAX st anozna ¢ 06paboTanHO# HOBEPXHOCTBIO

0,9

o 06
0,5
0,4
0,3
0,2
0,1

Umax

0,8 /
0,7

0,033

0,045

Imax, A

0,051 0,057

Pucynox 6 — Kpusas BAX jui1 aHoza ¢ MCXOHOM OBEPXHOCTHIO
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Ta6auua 4 — JlanHble UCTIBITAHUNA YUCTHIX aHOJOB U3 Pa3/Iny-
HbIX MeTajuIoB 13 coctaBa BOC B anekrposiurre NaOH

Anon Bpewms Imax, A Umax,B
Marnui 5 MUH 0,002 1,34
- 15 mun 0,002 1,18
Kobaner 5 MHH 0,004 0,8
- 15 mun 0,005 0,807
Keneso 5 MUH 0,004 0,8
- 15 Mun 0,005 0,62
Huxkens 5 MHUH 0,002 0,295
- 15 mun 0,005 0,62
Bananwmit 5 MUH 0,03 0,67
- 15 Mun 0,021 0,68

Kak BuniHO 13 Tabmuis! 4, Bce MaTepuabl, Kpo-
M€ HUKENs, JAl0T XOPOILIUHA BJIEKTPOXUMUYECKUHN
MOTEHIMAN U TIEPCIIEKTUBHBI AJI UCIOIb30BaHUS B
coctae BOC. XKene3o n kodansT 1ar0T HauOOJIb-
MUK TOK, TaK KakK SIBJISIOTCS CHJIBHBIMU KaTaju-
3aTopaMu peaknuu OKCwieHus. OcTajabHBIC JIIe-
MEHTBI CIIyXaT JUis 00eCleYeHUs KOPPO3UOHHOM
CTOMKOCTH, YITyUIIICHUS JICKTPOIIPOBOTHOCTH U JIP.
BaxHbIN BEIBOJ COCTOUT B TOM, YTO U3 JAHHBIX HC-
MIBITAHUH HEBO3MOYXKHO OMPEIEITUTh ONTHMATBHBIN
coctaB BOC, HO MOXXHO MOHATH TUHAMHKY TMpO-
mecca okcmiIeHus. Tak, ®ene30 OBICTPO TepseT TO-
TEHIMAJ 32 15 MUH UCTIBITAHUH, 8 HUKEIThb HA000pOT
YBEJIMYHUBACT €TO.

3akjoueHne

TakuM 00pa3oM, METOJOM HH3KOTEMIIEpaTyp-
HOTO CHHTe3a OBUT M3TOTOBIIEH O00pasell Karojaa u3
BOC u3 nepexoanpix MetayioB cocraBa Fe-Co-Ni—
Nb-Mo B BHie MOHOJUTHOTO JWCKA M TIPOBEICHO
€ro pacnsUIeHUe IU1a3Mol Ha ycraHoBke B/[Y. Ha
MOJJIOXKKAX M3 MEIN OCAXICHBI CIUIOIIHBIC CIIOH
tonuHoN (94-103) MKM M3 Marepuana KaToja
(BOC). Cnon mMeroT BBICOKYHO OJHOPOJHOCTh U
COOTBETCTBHE XMMHUYECKOMY COCTaBY MCXOJHOIO
MaTepuana KaToja, OJHAKO WMEIOTCS MHOTOYHC-
JICHHBIE BKITIOYEHHS, KOTOpBIE MPH JI€TAIILHOM pac-
CMOTPEHHH BBIIAIOT TIOPUCTYIO CTPYKTYPY MOKPHI-
tusi. TexHonorus oOpaOOTKH, HMCHOJIB30BAaHHAS B
JTAHHOM HCCJIeJIOBaHNH, 00ecTieunBaeT HOBBIN MO/I-
XOJ] K TTOJTy4EHHIO TIOPUCTHIX MaTepHaloB Ha OCHO-
Be BOC, a Takke crmocoOCTByeT pa3paboTKe COOT-
BETCTBYIOIIMX MAaTEpUaJIOB B 00JAacTH KaTaiu3a W
XpaHEHUs SHEPTUH.

[IpoBenennt ucnbiTanus anoma u3z BOC Ha
MpeIMET TOKOOT/IAYH B JIEKTPOXUMHUIECKOHN sTUeii-
ke MBbB. CymiecTBeHHBIM pe3yibTaToOM SIBISETCS
TO, YTO YBEJIMUYEHHUE yIEITHbHON MMOBEPXHOCTH JJICK-
TpoJa TMyTeM CO3/aHUsl HIEPOXOBATOCTH TOBEPX-
HOCTH TIPUBOJMJIO K TIOBBIIICHUIO YHEPTETHYECKUX
nokazatenieit anooB u3 BOC. [loBbiienue yneib-
HOW TTOBEPXHOCTH OBLIO JOCTUTHYTO TPHUMEHEHH-
eM 00pa0OTKH WUMITYJIbCHBIM MTOTOKOM IIJIa3Mbl Ha
ycranoBke BJ1Y. JlanHas meTomuka MOXKET OBITH
WCIOJIb30BaHa JUId CO3/IaHUS HOBBIX HCTOYHHKOB
SHEPTHH.

Paboma evinonnena npu nodoepowcke epanma
BR21882187 komumema nayxu MHuBO PK.
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EVOLUTION OF METHODS FOR ENSURING THE QUALITY
OF TECHNICAL ACCOUNTING OF THERMAL ENERGY
IN OPEN ENERGY SYSTEMS OF THE REPUBLIC OF KAZAKHSTAN

The article is devoted to the study of the evolution of heat meter verification methods as a key
element in the system of technical accounting of thermal energy, considered in the context of open
technical systems. A comparative analysis of the regulatory approaches to verification operating in the
Republic of Kazakhstan has been carried out, their distinctive features and impact on metrological reli-
ability and measurement accuracy have been identified. The necessity of adapting existing methods
to changing operating conditions and technology development is substantiated, including through the
introduction of artificial intelligence elements for processing and interpreting verification results. Ap-
proaches to the modernization of the verification system aimed at improving the efficiency of measuring
systems integrated into open power systems are proposed. The results obtained can be used both in veri-
fication laboratories and in the development of new regulatory documents, contributing to an increase in
accounting accuracy, energy efficiency and sustainability of open energy systems.

Keywords: heat meters, verification, methodology, regulatory document, verification laboratory,
measuring instruments.
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2TeXHOAOTUSIAAPABI KOMMEPLIMSIAQHABIPY opTaAbiFbl, AlmaU, Aamartsl, KasakcraH
*e-mail: darhan_13@physics.kz
KasakctaH Pecny6AMKacbIHbIH, allbIK, SHEPreTUKAABIK, XXYHeAepiHAEri
XKbIAY SHEPrusaCblH TEXHUKAADbIK €CernKe aAy CarnacCblH KaMTaMacbi3 eTy
dAiICTepiHiH, 3BOAIOLIMSCDI

Makana alblK, TEXHUKAAbIK, >KyMeAep KOHTEKCTIHAE KapacCTblPbIAQTbiH >bIAY 3HEPruscbiH
TEXHWMKAABIK, eCENKe aAy XYMeCiHAEr i HEri3ri SAeMeHT peTiHAE XXbIAY ecenTeriluTepiH TEKCEPY BAICTEPIHIH,
3BOAIOLMSCHIH 3epTTeyre apHaaraH. KasakcTtaH PecnybanKacblHAQ KOAAAHbICTaFbl CaAbICTbIPbIN
TEeKCEPYAIH HOPMaTUBTIK TOCIAAEPIHE CaAbICTbIDMAAbl TaAAQdy >KYPri3iAAi, OAapAblH arpblKlia
epeKLIeAiKTeEPI MEH METPOAOTUSIABIK, CEHIMAIAITT MEH BALLIEY ADAAITIHE BCEPI aHbIKTaAAbl. KOAAAHbICTaFbI
dAICTEMEAEPAT TEXHOAOTUSIAAPABI MAaAAAAHY MEH AAMbITYAbIH ©3repeTiH >KarpanAapbiHa Geiimaey
KAXKETTIAITI, OHbIH IWIHAE TEKCepy HOTUMXKEAEPIH BHAEY XX8He TYCIHAIPY YLIiH >XaCcaHAbl MHTEAAEKT
IAEMEHTTEpIH eHri3y ecebiHeH Heri3AeAreH. ALLbIK SHEPrus KyneAepiHe GipiKTipiAreH eAlley >yrneAepi
>KYMbICbIHbIH TUIMAIAITIH apTTbipyFa GaFbiTTaAFaH TEKCEPY >KYMECIH KaHFbIPTY TOCIAAEPI YCbIHbIAADI.
AAbIHFQH HOTUXKEAEp TEeKCepy 3epTxaHaAapbiHAQ AQ, KaHa HOPMATUBTIK Ky>KaTTapAbl 83ipAey Ke3iHAe
A€ ManAAAaHbIAYbl MYMKiH, BYA eCerke aAy ABAAITH, SHEPrUSt TUIMAIAITIH XK8HE allblK, SHEPreTUKAAbIK,
>KYMEeAepAIH TYPaKTbIAbIFbIH apTTbIPYFa bIKMaA eTEeAl.

TyiiH ce3aep: XXbIAy ecenTerilTepi, Tekcepy, 8aicTeMe, HOPMaTMBTIK Ky>KaT, TEKCEPY 3epTXaHachl,
eAlley KypaAAapbl.
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2LleHTp KoMMepLMaAm3aumm TexHororun, Almal, Aamatsbl, KasaxcraH
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3BO/\I-0U,M$I MEeTOAOB obecrnevyeHUs1 KayeCcTBa TeXHMYECKOro Y‘-léTa TernAoOBOM HEeprum
B OTKPbITbIX JHEPreTu4eCKnx Cuctemax PECHYGI\MKM KasaxcTtaH

CraTbs NMoCB4ALlEHa MCCAEAOBAHNIO 3BOAIOLUMN METOAOB MNMOBEPKN TENAOCYETUMKOB KaK KAIOYEBO-
ro 3A€éMeHTa B CncremMe TeXHnM4eCKoro yqéTa TENAOBOM SHEepruu, paCCManMBaeMOVI B KOHTEKCTe OT-
KPbITbIX TEXHNYECKNX CNCTEM. ﬂpOBeAéH CpaBHVITe/\bell;l dHAAM3 HOPMATMBHbIX NMOAXOAOB K MNOBeEpPKe,
AeVICTByIOLLI,MX B Pecny6/\vn<e Ka3aXCTaH, BbISBAEHbI UX OTAUYMTEAbHbIE OCOOEHHOCTM M BAMSHME Ha
METPOAOIrMYeCKYIo HAAEXHOCTb M TOYHOCTb M3MepeHMﬂ. O6ocHoBaHa H606XOAMMOCTb aAanTaunm
CywecCTByiownxX METOAMK K M3MEHAIOLWLNMCA YCAOBUAM 3KCMAyaTaluMn 1 pa3BnUTUSA TeXHO/\OFMVI, B TOM
UMCAE 3a CYET BHEAPEHUA SAEMEHTOB MCKYCCTBEHHOIO MHTEAAEKTA AAA O6pa6OTKVI M MHTEepnpetaumnmn
PE3YyAbTAaTOB NMOBEPKU. HpeA/\O)KEHbI MOAXOAbI K MOAEPHU3aUNKM CUCTEeMbI NMOBEPKU, HAlNMpaBA€HHbIE Ha
nosblleHne Bqu)EKTVIBHOCTM pa6OTbl M3MEPUTEAbHbBIX CUCTEM, MHTETPNPOBAHHbLIX B OTKPbITbIE SHEpP-
FOCNCTEMBbI. HO/\yL{eHHble PE3YyAbTaTbl MOTYT OblTb MCMOAb30BaHbI KaK B NMOBEPOYHbIX /\a6opaT0pmlx,
Tak 1 nNpun pa3pa60TKe HOBbIX HOPMATMBHbIX AOKYMEHTOB, Cl'IOCO6CTBy51 MOBbILWLEHNIO TOYHOCTUN yLléTa,

3Hepr03(ﬁbq§eKTMBHOCTM " YCTOI;I‘-WIBOCTM OTKPbITbIX 3HEPreTn4yeCkmnx CUCTEM.
KAroueBble cAOBa: CUETUMKM TenAa, noBepka, MeToAMKa, HOpMaTVIBHblVI AOKYMEHT, NnoBepoYHas

AabopaTopusi, CPeACTBA M3MEPEHMIA.

Introduction

The modern development of Kazakhstan’s en-
ergy sector is accompanied by the active implemen-
tation of technologies for monitoring and account-
ing of energy resources. This necessity arises from
the growing demand to improve energy efficiency,
reduce operational costs, and maintain transparent
settlement processes between heat suppliers and
consumers. A central element in achieving this is the
heat meter, a device that enables precise monitoring
of thermal energy usage.

The main types of heat meters include the fol-
lowing: mechanical, electromagnetic, and ultrasonic
heat meters. Each type of heat meter has its own ad-
vantages and disadvantages, and the choice of a heat
meter depends on the specific operating conditions
(installation location) and heat metering require-
ments in each country. In Europe, ultrasonic heat
meters are used, for example, in the work of G Ficco
et al. The analysis of key metrological problems as-
sociated with clamping reference meters in the field
verification of ultrasonic heat meters is shown. The
authors further emphasize that, considering the al-
lowable error and measurement uncertainty, field
meters often struggle to fully meet metrological
standards [1]. In a research paper on the evaluation
of heat metering flowmeters, Choir et al. [2] inves-
tigated the metrological characteristics of all three
types of thermal flowmeters in the field, showing the
deviation of the mechanical and ultrasonic flowme-

ters in the range of £2.5%, and electromagnetic in
the range of 6.9%. If we are talking about the study
of systematic errors in heat accounting, Weissenb-
runner et al. employed computational fluid dynamics
(CFD) modeling [3] to investigate systematic devia-
tions in ultrasonic flow meters caused by uncertain
inlet profiles generated by upstream disturbances,
such as double elbows. Their results showed that
when the meter is installed less than 40 pipe diam-
eters downstream of a double bend, the systematic
measurement error can range from 1.5% to 4.5%.

A. G. Lupey et al. considers the problems of ac-
counting for heat energy from heat sources. The au-
thor claims that the statistical data obtained for the
results of average hourly flow measurements at the
entrance and exit of the heat supply system allow us
to conclude that the quality of calibration of these
flow meters cannot be considered satisfactory and
the actual discrepancy in the calibration character-
istics for this pair of flow meters is very noticeable.
As a method of solving the problem, the author sug-
gests entering measurement regulations in the state
register and submitting a resolution stating that the
production of flow meters should be preceded not
only by laboratory tests, but also by adequate long-
term commercial tests in closed heat supply systems
or at the inlet and outlet of a hot water furnace (boil-
er, plate heat exchanger) [4].

In the EU, the use of heat meters is regulated by
the Energy Efficiency Directive 2012/27/EU (EED)
[5], which highlights individual heat consumption
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measurement as an essential means of boosting ef-
ficiency and fostering energy conservation.

A precise and equitable determination of ther-
mal energy consumption in individual residential
buildings remains a highly relevant issue, as it en-
compasses a wide range of technical, metrological,
and consumer-related challenges [6], [7], [8]. In
this context, the use of heat meters within the EU
is governed by the Measuring Instruments Directive
(MID) [9], which mandates that legally used mea-
suring devices must satisfy essential metrological
criteria. This implies that both the measurement er-
ror and its associated uncertainty must stay within
the permissible limits defined for the corresponding
measurement category.

Individual ultrasonic heat meters are not com-
monly used in Kazakhstan; instead, electromagnetic
heat meters remain the dominant technology. To
maintain the uniformity and reliability of thermal
energy measurements, these meters—similar to other
instruments used for resource monitoring—must un-
dergo periodic verification. Heat meters are verified
using metrological instruments in accordance with
the approved verification procedures. In Kazakh-
stan, such verification is governed by the Law “On
Ensuring the Uniformity of Measurements” [10],
by Order No. 934 of the Minister of Investment and
Development of December 27, 2018, which sets the
rules, frequency, and certification format for verify-
ing measuring instruments [11], as well as by meth-
odological documents such as ST RK 2.447-2017
“Heat Meters. Methods and Means of Verification”
[12] and MI 2573-2000 “Heat Meters for Water
Heating Systems. Verification Procedure” [13]. Ad-
ditionally, the manufacturer’s verification methods
registered in the State Register are applied when the
heat meter type is approved. In most cases, verifica-
tion must be carried out by accredited laboratories,
and meter owners are required to monitor the timing
of verification. The verification of heat meters is im-
portant to ensure the accuracy of measurements and
compliance with standards.

In 2024, the Law “On Thermal Energy” was en-
acted in Kazakhstan, becoming an important mile-
stone in regulating and developing the national heat
energy sector. The law introduces extensive reforms
to address numerous longstanding issues in heat sup-
ply [14]. A major provision of the law concerns new
requirements for planning and implementing ther-
mal power projects—whether related to construction,
reconstruction, modernization, or the installation
and integration of equipment into centralized or lo-
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cal heat supply systems. According to the law, such
projects must comply with heat supply development
schemes and provide for the use of fuel appropriate
to the specific system and location. They also need
to include measures or technologies aimed at saving
energy, improving efficiency, and reducing thermal
energy losses during generation, transportation, and
consumption, including solutions based on energy-
efficient technologies, renewable energy sources,
and other modern energy systems.

However, despite the widespread use of heat
meters in the country, the issues of ensuring their
accuracy and reliability remain relevant. Verifica-
tion of heat meters is a mandatory process aimed
at confirming the compliance of metrological char-
acteristics with established standards and regulatory
requirements. A properly functioning verification
process is important for guaranteeing consistent
measurements, protecting consumers, and meeting
the legal standards defined in the legislation of the
Republic of Kazakhstan.

At present, heat meter verification in Kazakh-
stan is often carried out according to broad interna-
tional recommendations, which may fail to account
for the particular climatic, technical, and operational
features of the local environment. This requires the
development of an adapted and optimized meth-
odology that takes into account the specifics of the
country’s heating network, the structure of heat en-
ergy consumption and the available infrastructure of
verification laboratories.

The purpose of this study is to analyze the exist-
ing methods of heat meter verification, identify their
shortcomings in practice and possible solutions.

Materials and methods

In this paper, two regulatory documents on
the verification of heat meters will be considered.
The first regulatory document is ST RK 2.447-
2017 — “Heat Meters. Methods and Means of Veri-
fication”. It was chosen because it is the national
standard of the Republic of Kazakhstan for the
verification of heat meters. The second regulatory
document is MI 2573-2000 — “Heat Meters for Wa-
ter Heating Systems. Verification Procedure. Gen-
eral Provisions”. This regulatory document, like
the national standard, is widely used and applied in
verification laboratories for the verification of heat
meters.

The above verification methods are compared
according to important characteristics in the field
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of ensuring the uniformity of measurements. These
characteristics encompass:

- the organization or specialists responsible for
developing the verification methodology;

- the scope and area of its applicability;

- the circumstances and conditions under which
the methodology is used;

- the verification documents and techniques that
served as the basis for its development;

- the sequence of verification operations;

- the measuring equipment required for perform-
ing verification;

- the qualification criteria established for verifi-
cation personnel;

- types of verification of heat meters used in the
methodology;

- verification conditions;

- the verification interval;

- safety requirements;

- external inspection;

- testing;

- complete verification. Error detection;

- piecemeal verification. Error detection;

- estimation of heat meter uncertainty;

- registration of the verification results.

These characteristics were selected for compari-
son in compliance with ST RK 2.63-2018 — “Meth-
ods of Verification of Measuring Instruments. The
Procedure of Development, Approval and Applica-
tion” [15].

Results and discussion

In the Russian Federation, the verification of heat
meters is regulated by the Federal Law “On Ensur-
ing the Uniformity of Measurements”, PR 50.2.006-
94 “The State System for Ensuring the Uniformity
of Measurements. The Procedure for Verification of
Measuring Instruments” [16], and regulatory docu-
ments endorsed on the basis of tests carried out for
the approval of the measuring instrument type.

According to the decision of the State Standard
of the Russian Federation, the right to verify mea-
suring instruments may be granted to accredited
metrological services of legal entities. The activities
of these metrological services are carried out in ac-
cordance with the current legislation and regulatory
documents on ensuring the uniformity of measure-
ments of the State Standard of the Russian Federa-
tion. Verification activities carried out by accredited

metrological services of legal entities are controlled
by the State Metrological Service authorities at the
location of these legal entities. The frequency of
testing depends on the model of the device and is
determined by the manufacturer. It usually ranges
from 4 to 10 years. The exact date is indicated in
the passport of the device, a note is also made there
about the next verification, an additional act is drawn
up and a certificate of verification is issued.

The verification process may vary in other
countries. In the countries of the European Union,
there are strict rules governing the inspection and
certification of measuring instruments. It also uses a
general Directive designed to harmonize legislation
across the EU in relation to a range of measuring
devices, including heat meters [17].

In the USA, verification may be less formal-
ized, but it also requires verification of accuracy in
accordance with local standards. There is only the
A2LA accreditation organization, which conducts
laboratory accreditation and verifies all the proce-
dures used in the work, reflected in the Quality As-
surance manual — this is a well-considered and not
entirely public thing in which calibration methods
can be found.

In France, accreditation is very expensive, and
enterprises prefer not to have their own laborato-
ries, but to send all the instruments to be verified to
specialized metrological centers, or specialists spe-
cially commissioned from these centers are engaged
in verification.

In Kazakhstan, the regulatory framework for the
verification of heat energy meters is ST RK 2.447-
2017 and MI 2573-2000 including steps illustrated
in Figure 1.

A comparative analysis of the heat meter veri-
fication methods presented in Table 1 showed that
the main differences between these regulatory docu-
ments are in references to the relevant standards and
regulatory documents of each country. Since when
using MI 2573-2000, there are legal difficulties in
using reference normative legal documents that are
not legally binding across the territory of the Repub-
lic of Kazakhstan. It should be noted that the general
approaches to methods and means of checking heat
meters remain similar, reflecting international prac-
tice in the field of metrology. In turn, the verifica-
tion procedure described in ST RK 2.447-2017 was
developed on the basis of verification methods that
cover a limited number of types of heat meters.
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Figure 1 — Verification procedure of heat energy meters in the Republic of Kazakhstan

Table 1 — Comparative analysis of heat meter verification methods prescribed in ST RK 2.447-2017 and MI 2573-2000

Comparative characteristics

ST RK 2.447-2017 — Heat Meters. Verification
Methods and Tools

MI 2573-2000 — Heat Meters for Water
Heating Systems. Verification Procedure.
General Provisions

1. Who developed the
verification procedure?

“KazInMetr”, KTRM of the Ministry of
Investment and Development of the Republic
of Kazakhstan

D.I. Mendeleev VNIIM and VNIIMS of the
State Standard of Russia and TC 206
“Standards and verification schemes”

2. Scope of distribution

Heat meters

Heat meters

3. When it is applied

During the initial and periodic verification of
heat meters

During the initial and periodic verification of
heat meters

4. On the basis of which
verification techniques, the
methodology was developed

1) “KM-5 heat meters. Verification
procedure”;

2) “Heat meters QALCOMETHEATTI.
Verification procedure”;

3) “GSI. KST-22 heat meters. Verification
procedure [IVKA.407281.004 MP”;

“GSI. PRAMER heat meters-HEAT. The
method of verification of the
CCP.30.0000.000.00 MP”

5. Verification operations

 External inspection

* Testing

 Determination of the heat meter error
* Registration of verification results

* External inspection;

* testing;

* determination of the heat meter error
 comparison of the obtained error values with
the limits of the allowed error;

» registration of verification results.
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6. Measuring instruments for
verification

- reference heat meter;

- flow meter calibration unit, reproducible flow
range from 0.005 m3/h to 800 m3/h;

- resistance stores, the range of electrical
resistance values from 0.001 ohms to
111111.10 ohms;

- platinum exemplary resistance thermometer,
measuring range from 0 to 250 °C;

- liquid thermostats for creating temperatures
in the range from 0 to 200 °C.;

- multi-function calibrator, playback ranges:

1) DC power from 0 mA to 24 mA;

2) Pulse repetition rates from 5 Hz to 1000000
Hz;

3) the number of pulses in a packet from 1
pulse to 5x10 pulses;

4) time interval from 1000 microseconds to
6x10 microseconds;

- DC power supply, output voltage from 0 to
30 V, output current from 0 to 3 A;

- aspiration psychrometer, measuring range
from minus 25 °C to 50 °C;

- aneroid barometer, measuring range (610-
790) mmHg.

- mercury glass thermometer, measuring range
from 0 to 50 °C.

Working standards, auxiliary SI, auxiliary
equipment specified
in the ED or ND verification.

7. Qualification
requirements for verifiers

Certification as verifiers in accordance with ST
RK 2.45

The qualifications of the verifiers must comply
with the requirements of PR 50.2.012-94.

8. Types of verification of
heat meters

Comprehensive, piecemeal

Comprehensive, piecemeal

9. Verification conditions

Normal conditions according to GOST 8.395

Normal conditions according to GOST 8.395

10. The verification interval

It is established for each type of heat meters
when approving the type of measuring
instruments or their metrological certification.

According to the test results for type approval
purposes

11. Safety requirements

In accordance with the Order of the Minister of
Energy of the Republic of Kazakhstan “On
approval of Safety Regulations for the
operation of electrical installations of
consumers”, as well as those specified in the
ND and ED on SI

In accordance with the “Safety rules for the
operation of electrical installations of
consumers”, “Rules for the technical operation
of electrical installations of consumers”, as
well as those specified in the ND and ED on SI

12.External inspection

The completeness of the heat meters to the ED
requirements, the presence of seals, the
absence of defects that prevent the reading of
labels, markings and scale counting

The completeness of the heat meters to the ED
requirements, the presence of seals, the
absence of defects that prevent the reading of
labels, markings and scale counting

13.Testing

1) With complete verification, the functioning
of the heat meter;

2) in case of piecemeal operation, the
functioning of the components, as well as the
heat meter as a whole, and the response to
input signals in accordance with the ED

1) With complete verification, the functioning
of the heat meter;

2) in case of piecemeal operation — the
functioning of the components, as well as the
heat meter as a whole, responding to input
signals in accordance with the ND

14.Complete verification.
Error detection

By the method of direct comparison of a
verifiable heat meter with a reference
installation or with a reference heat meter.

The error of each measuring channel is
determined and compared with the margin of
error set for the channel being tested for the
type of heat meter being tested.

14.1 Determination of the
error in measuring the
amount of heat

1. For heat meters that include one flow
converter:

1) Atmin< At< 1,2Atmin;

2) 10°C< At 20°C;

3) (Atmax— 5 °C) < At< Atmax;

4) 0,9Gmax< G < Gmax;

5) Gnom< G < 1,1Gnom;

6) Gmin< G < 1,1Gmin.

2. For heat meters, one flow converter is

1. For heat meters that include one flow
converter:

1) Atmin< At< 1,2Atmin;

2) 10°C< At<20°C;

3) (Atmax— 5 °C) < At< Atmax;

4) 0,9Gmax< G < Gmax;

5) Grep< G < 1,1Gmep;

6) Gmin< G < 1,1Gmin.

2. For heat meters, one flow converter is
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located in the supply line and the other in the
return line.:

1) Atmin< At< 1,2Atmin; 0,9G1lmax < G1 <
Glmax; G2min < G2 < 1,1G2min;

2) 10°C< At 20°C; G121,5G2nom; G2nom <
G2 <1,1G2nom;

3) (Atmax— 5 °C) < At< Atmax;
G1=G2min+AGmin; G2min < G2 < 1,1G2min.
3. When a verifiable heat meter is directly
compared with a working standard, three
measurements are performed in each mode:

Q”Q Dl 100%

located in the supply line and the other in the
return line.:

1) Atmin< At< 1,2Atmin; 0,9GImax <G1 <
Glmax; G2min < G2 < 1,1G2min;

2) 10°C< At< 20°C; G121,5G2nep; G2nep <
G2 <1,1G2mep;

3) (Atmax— 5 °C) < At< Atmax;
G1=G2min+AGmin; G2min < G2 < 1,1G2min.
3. When a verifiable heat meter is directly
compared with a working standard, three
measurements are performed in each mode:

Q”Q L« 100%

14.2 Determination of the
heat meter error when
measuring heat flow

1. and 2. in accordance with paragraph 14.1
when the verifiable heat meter is directly

compared with the working standard, three
measurements are performed in each mode:

o= 2U=PU + 100%
Daij

1. and 2. in accordance with paragraph 14.1
when the verifiable heat meter is directly

compared with the working standard, three
measurements are performed in each mode:

Surernen
S -2 % 100%
b$aij

14.3 Error Determi-nation of
a Heat Meter During
Coolant Mass Measurement

1. and 2. in accordance with paragraph 14.1
3. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

SM- % x 100%

1. and 2. in accordance with paragraph 14.1
3. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

S UM 1009
Mbij

14.4 Determination of the
error of the heat meter when
measuring the temperature
of the coolant

1. in accordance with paragraph 14.1

2. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

Sr- T”T 19U % 100%

3. The relatlve error introduced by the heat
meter during temperature difference
measurement of the coolant in the supply and
return pipelines is calculated by performing
three measurements in each mode, using the

formula:

ATij—ATaij
Sar-2UZA0Y 5 100%
AT3ij

1. in accordance with paragraph 14.1

2. When directly comparing the verified heat
meter with the working standard, three
measurements are performed in each mode:

Sr- T”T T % 100%

3. The relatlve error introduced by the heat
meter during temperature difference
measurement of the coolant in the supply and
return pipelines is calculated by performing
three measurements in each mode, using the
formula:

ATij—AT>i
Sar=2LUE1Y o 100%
AT3ij

14.5 Determination of the
heat meter error during
time measurements

The error of the heat meter in measuring time
is determined if the metrological characteristics
are normalized for them, according to which
the error of the heat meters can be determined.

The determination of the error of the heat
meter when measuring time is carried out
according to the ND by checking specific types
of heat meters.

15.Piecemeal verification.
Error detection

During piecemeal verification, the error of
each component of the heat meter is
determined.

The error of the components of the heat meter
is determined if the metrological characteristics
are normalized for them, according to which
the error of the heat meter can be determined.

During piecemeal verification, the error of
each component of the heat meter is
determined.

The error of the components of the heat meter
is determined if the metrological characteristics
are normalized for them, according to which
the error of the heat meter can be determined.

15.1 Verification of flow
converters (meters)

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.

2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gm to Gmax should be at least five
minutes, and for expenses from Gnom to Gmax
at least twenty minutes.

3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.

2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gm to Gmax should be at least five
minutes, and for expenses from Gnom to Gmax
at least twenty minutes.

3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:
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Nmin > —
mm_snp

4. The relative error of the flow converter is
calculated:

- for the flow rate of the coolant dG according
to the formula:

8- x 100%

- for the volume of the coolant 6V:

oy Va’ X 100%,

Where Gj is the reference flow value in the jth
mode:

.V
GB]ZTXP

Nmin > —
mln_&[p

4. The relative error of the flow converter is
calculated:
- for the flow rate of the coolant 3G according

to the formula:
G] Ga]

0G = X 100%
- for the volume of the coolant 8V
- sy Va’ x 100%,

where Gj is the reference flow value in the jth
mode:

. Voj
GS_]ZTXP

15.1 Verification of flow
converters (meters)

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.
2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gnom to Gmax should be at least five
minutes, and for expenses from Gm to Gm at
least twenty minutes.
3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:

Nmin = 5p
4. The relative error of the flow converter is
calculated:
- for the flow rate of the coolant 6G according
to the formula:

86~ 2= % 100%
- for the volume of the coolant 5V:
v-2=Y1 % 100%,

where GJ is the reference flow value in the jth
mode:

.V
Gaj = e X p
5. When checking a pair of flow converters,
three measurements are performed in each
mode of paragraph 14.1.2. Then the

converters’ relative errors are calculated for the
measurement of the flow difference:

AGi—AGai
X 0,
e 100%

6. During verification of the measuring channel
(thermal calculator — HC) for volume (mass)
measurement, resistance standards simulating
the temperature sensors are applied. Their
resistance values are set to create simulated
coolant temperatures producing a temperature
difference between 10 °C and 20 °C. The
values of the coolant flow modes are selected
according to clause 14.1.

7. Verification of the measuring channel
intended for measuring volume (mass) is
performed according to the readings of the
digital HC display board or according to the
readings of the output coded signal (RS232

0AG =

1. Verification of flow converters (meters),
depending on their design, is performed in
accordance with the requirements of ED heat
meters by means of a working standard or
simulation devices.
2. Verification is performed by output signals
(for example, by electric current, frequency).
The average verification time for expenses
from Gnom to Gmax should be at least five
minutes, and for expenses from Gm to Gm at
least twenty minutes.
3. For a flow converter with an output
frequency signal, the minimum number of
Nmin pulses recorded during measurements in
a given flow mode:

Nmin = 3p
4. The relative error of the flow converter is
calculated:
- for the flow rate of the coolant 6G according
to the formula:

856-2=%1 + 100%
Gaj

- for the volume of the coolant 6V:
Sv-2=Y21 % 100%,

where GJ is the reference flow value in the jth
mode:

vy

Gaj = - X p
5. When checking a pair of flow converters,
three measurements are performed in each
mode of paragraph 14.1.2. Then the relative

errors of the converters are calculated when
measuring the flow difference:

AGi—AGai
X 0,
e 100%

6. When checking the measuring channel
(thermal calculator — HC), designed for
measuring volume (mass), resistance stores are
connected to the HC, which simulate the
vehicle. The resistance values are selected so
that they simulate the temperature of the
coolant in the temperature difference range of
10 °C < At <20 °C. The values of the coolant
flow modes are selected according to clause
14.1.

7. Verification of the measuring channel
intended for measuring volume (mass) is
performed according to the readings of the
digital HC display board or according to the

dAG=
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interface) in line with the requirements of the
ED.

8. The relative error of the measuring channel
intended for measuring volume (mass) 6M and
SV is estimated by performing three
measurements in each flow mode:

v - V”V Y2 % 100%

Mi M i
MUZMY % 100%
Msij

M=

readings of the output coded signal (RS232
interface) in accordance with the requirements
of the ED.

8. The relative error of the measuring channel
intended for measuring volume (mass) 6M and
8V is estimated by performing three
measurements in each flow mode:

v- 2= 5 100%
Vaij

M ,w x 100%
Mb3ij

15.2 Verification of thermal
resistance converters

1. Vehicle verification in accordance with the
requirements

GOST 8.461.

2. When a pair of vehicles is selected (for
example, KTSPR-a set of platinum vehicles for
measuring temperature differences, KTPTR-a
set of platinum technical difference
thermometers), each vehicle is verified in
accordance with the requirements of GOST
8.461.

3. Verification of thermostable resistors, cold
water temperature simulators, is performed in
accordance with the requirements of this
standard.

4. When checking the measuring channel (HM-
HC) intended for temperature measurements,
the mode values are selected according to
clause 14.1.

5. The verification of the measuring channel
(HM-HC) is performed according to the
readings of the digital display board of the TV
or according to the readings of the output
coded signal (RS 232 interface) in accordance
with the requirements of the ED.

6. The relative error of the measuring channel
(HM-HC) 8T is estimated by performing three
measurements in each mode:

TL] Tsl] x 100%

1. Vehicle verification in accordance with the
requirements GOST 8.461-82.

2. When a pair of vehicles is selected (for
example, KTSPR-a set of platinum vehicles for
measuring temperature differences, KTPTR-a
set of platinum technical difference
thermometers), each vehicle is verified in
accordance with the requirements of GOST
8.461-82.

3. Verification of thermostable resistors, cold
water temperature simulators, is performed in
accordance with the requirements of this
standard.

4. When checking the measuring channel (HM-
HC) intended for temperature measurements,
the mode values are selected according to
clause 14.1.

5. The verification of the measuring channel
(HM-HC) is performed according to the
readings of the digital display board of the TV
or according to the readings of the output
coded signal (RS 232 interface) in accordance
with the requirements of the ED.

6. The relative error of the measuring channel
(HM-HC) 3T is estimated by performing three
measurements in each mode:

Sro Tl]T Taij x 100%

15.3 Determination of the
HC error when converting
the coolant pressure

At the spemﬁed points in the pressure
measurement range, three measurements are
performed and the relative error HC is
calculated when determining the coolant

pressure dpp:
PI.] Pau
Bp =

X 100%

At the specified points in the pressure
measurement range, three measurements are
performed and the relative error HC is
calculated when determining the pressure of
the coolant dpp:

Sup -t Pa” x 100%

15.4 Determination of the
HC error during conversion
and calculation of volume
(mass) the heat carrier

1. Re51stance stores are connected to the TV.
The modes for temperature must comply with
clause 14.1.2.

2. Three volume measurements are performed
for each mode, followed by an estimation of
the HC’s relative error in coolant volume
determination dgv:

§ "” Va” x 100%

3.In each mode three mass determinations are
performed and the relative error of the TV is
estimated when determining the mass dgm of
the coolant:

OBM = w X 100%,

where MEjj-i-e is the value of the simulated
mass in the jth mode, indicated in the ND or
calculated by the formula:

MEij = VEij X p,

1. Re51stance stores are connected to the TV.
The modes for temperature must comply with
clause 14.1.2.

2. For each mode, three volume determinations
are performed and the relative error of the HC
is estimated when determining the volume of
the coolant dpv:

Spv 2= "3”x100%

4.In each mode three mass determinations are
performed and the relative error of the TV is
estimated when determining the mass 6m of

the coolant:
Spmi- w x 100%,

where MEj-i-¢ is the value of the simulated
mass in the jth mode, indicated in the ND or
calculated by the formula:

MEj = VEij X p,
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where p is the density of the coolant.

p at the appropriate values of temperature and
pressure is determined according to the tables
of the GSSD 98-86. If the error of the verified
HC is commensurate with the error in
determining the density of the coolant
according to the above tables, then the
equations given in MI 2412 are used to
determine the density.

where p is the density of the coolant.

p at the appropriate values of temperature and
pressure is determined according to the tables
of the GSSD 98-86. If the error of the verified
HC is commensurate with the error in
determining the density of the coolant
according to the above tables, then the
equations given in MI 2412-97 [18] are used to
determine the density.

15.5 Determination of the
HC error during conversion
and calculation of the
amount of heat and heat
flow

1—
2_
3. The minimum value of the amount of heat
Qmin recorded during the measurement in the
set mode when checking the TV:
Qmin > 300 X§Qu.Mn.pa3p.
BQ
4. The relative error of the HC in determining
the amount of heat dpq is estimated by the
formula:
Qij—Q3ij
OBQ = W X 100%
5. The value of the amount of heat Q»,
calculated over the time interval t for a
verifiable heat meter consisting of a flow
converter and two thermal converters:
Q>=M X (h1 — h2),
where h; and h; are the coolant enthalpy
values in the supply and return pipelines
according to MI 2412-97.
6. The heat amount Q,, computed for the time
interval t for a heat meter comprising two flow
converters and two thermal converters, is
determined by:
Q=M1 X h1 — M2 X h2
7. If the composition of the verified heat meter
includes thermostable resistors — cold water
simulators (or set by the HC program), Q»:
Q> =Mix (hi —hx)- M2x (h2 — hx),
where hx is the enthalpy of cold water.
8.In each mode specified in clauses 14.1.1,
14.1.2, three heat flux determinations are
performed and the relative errors of the HC in
determining the heat flux e are estimated.:

Oij—Dij
380 -——2 x 100%
D3ij

1. Electrical signals are applied to the input of
the calculator, simulating the flow rate,
volume, temperature and pressure of the
coolant.
2. In each mode specified in clauses 14.1.1
and 14.1.2, three determinations of the amount
of heat are performed, and the errors of the HC
in determining the amount of heat are
estimated depending on the completeness of
the heat meter and the method of measuring the
amount of heat.
3. The minimum value of the amount of heat
Qmin recorded during the measurement in the
set mode during HC verification procedures:
300 x Qu.MJl.paSp.
MHWH =—
4. The relative error 6sq of the HC in
calculating the heat quantity is obtained from
the formula:
0ij-Qsij
SBQ = W X 100%
5. The value of the amount of heat QD,
calculated over the time interval t for a
verifiable heat meter consisting of a flow
converter and two thermal converters:
Q>=M X (h1 — h),
where hl, h2 are the enthalpy of the coolant in
the supply and return pipelines according to MI
2412-97
6. The value of the amount of heat Q»,
calculated over the time interval t for a
verifiable heat meter consisting of two flow
converters and two thermal converters:
Q>=Mi X h1 —Mz2 X h2
7. If the composition of the verified heat meter
includes thermostable resistors — cold water
simulators (or set by the HC program), Q»:
Qo =Mix (h1 — hx)- Max (h2 — hx),
where hx is the enthalpy of cold water.
8. In each mode specified in clauses 14.1.1,
14.1.2, three heat flux determinations are
performed and the relative errors of the HC in
determining the heat flux de are estimated.:

Qij—daij
8o -—— x 100%
bdaij

15.6 Determination of HC
error when measuring time

They are performed if metrological
characteristics are normalized for them,
according to which the error of heat calculators
can be determined.

They perform the ND according to the
verification of specific HC sets.

15.7 Estimation of heat
meter uncertainty

1. Carried out at the request of the applicants in
accordance with the Guidelines on the
expression of measurement uncertainty,
Mendeleev VNIIM, St. Petersburg, 1999 and
RMG 43.

2. The algorithm for calculating the uncertainty
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of measurements of the heat meter can be
issued in the form of a report on the
uncertainty of the measured value, the
recommended form of which is given in
appendix B.

Registration of verification
results

1. The measurement results obtained during
verification are recorded in the protocol, the
form (mandatory) of which is given in
Appendix A.

2. If the verification results are positive, a
verification certificate is issued in accordance
with the form given in ST RK 2.4 and an
impression of the verification stamp (label) is
applied to the measuring instrument in
accordance with [19].

3. Seals with an impression of the verification
stamp are placed in places that prevent access
to the adjustment elements, the sealing places
must comply with the requirements of the
technical documentation.

4. In case of negative verification results, the
heat meter is not allowed to be used and a
notice of unsuitability is issued in accordance
with the form given in ST RK 2.4.

1. The verification results are recorded in the
verification protocol.

2. If the heat meter is recognized as suitable for
use based on the verification results, then an
impression of the verification stamp is applied
to it and (or) the technical documentation and
(or) a "Certificate of verification" is issued (the
form of the “Certificate of Verification” is
given in PR 50.2,006-94).

3. Seals with an impression of the verification
stamp in accordance with the requirements of
PR 50.2.007-94 are placed in places that
prevent access to the adjustment elements. The
sealing sites must meet the requirements
technical documentation.

4. If the heat meter is found unsuitable for use
based on the verification results, the
impression of the verification stamp is
extinguished, the “Verification certificate” is
canceled, a “Notice of unsuitability” is issued
in accordance with PR 50.2.006-94 or an
appropriate entry is made in the technical
documentation.

5. In case of negative verification results of
heat meters, upon their release from
production, they are returned to the
manufacturer to eliminate defects with the
possibility of being presented for re-
verification.

After conducting a comparative analysis of the
existing methods of checking heat meters, the
following conclusions and recommendations can be
drawn.

1. The National standard of the Republic of
Kazakhstan takes into account all the features of
the legislation of the Republic of Kazakhstan.
While the MI conforms to the applicable legislation
of the Russian Federation. Despite this, MI is
allowed to be used, and is also actively used in
verification laboratories in the territory of the
Republic of Kazakhstan.

2. ST RK was developed on the basis of
various methods of checking heat meters — “KM-5

Heat Meters. Verification Procedure”; “Heat
Meters QALCOMETHEAT]I. Verification
Procedure”; “GSI. KST-22 Heat Meters.

Verification Procedure IVKA.407281.004 MP”;
“GSI. PRAMER Heat Meters-HEAT. The Method
of Verification of the CCP.30.0000.000.00 MP”,
which do not reflect the entire range of meters
manufactured in the Republic of Kazakhstan.
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Therefore, there is a need to develop a national
standard based on existing verification methods,
covering all types of heat meters.

3. Itis recommended to make changes and the
supplementary amendments to the relevant national
standard of the Republic of Kazakhstan due to the
fact that the standard was issued in 2017 and was
supposed to be revised in 2022, but there has been
no revision of the standard for three years, and we
also believe that there is no need to list measuring
instruments that are not used in verification
laboratories. However, there is a need to
supplement the measuring instruments necessary to
perform verification operations for heat meters
with various modifications.

The measuring instruments listed in the
national standard of the Republic of Kazakhstan for
the verification of heat meters are mainly used for
verification on non-automated installations,
manually, without the wuse of information
technology. In practice, in Kazakhstan, reference
heat meters are not used when checking the heat



A. Nurulina et al.

meter. Their role is performed by automated
installations with reference flow meters. The heat
meter is checked using pulse generators, or using
software built into the heat meter itself.
Psychrometers are not wused in calibration
laboratories on the territory of the Republic of
Kazakhstan to measure humidity and temperature,
mainly VIT-1 psychrometric hygrometers with a
range of readings (0-25)°C, with a scale division
price of + 0.2°C. The range of reproducible costs in
the wverification installation in the note to the
"Verification tools" table could be left to the user's
choice of methodology, since not every verification
laboratory needs such a measurement range, it all
depends on the scope of accreditation, as well as on
the demand for verification of heat meters with
different costs, mainly in the Republic of
Kazakhstan — this is DN 15 and DN 32. In this
case, it is sufficient to cover the measurement range
of 1:3 expenses (the ratio of the standard expenses
to the verified heat meter). Also in the note to the
“Verification tools” table there is the following
point — all verification tools must be verified and
have wvalid wverification certificates and/or
impressions of verification stamps. Since 2019, due
to changes in the legislation of the Republic of
Kazakhstan “On Ensuring the Uniformity of
Measurements”, this note can be interpreted as
follows. Since the verification tools are located and
used in the verification laboratory, all verification
tools must be calibrated and have valid calibration
certificates.

The MI does not limit the measuring
instruments used for verification. However,
according to ST RK 2.63-2018 — “Methods of
Verification of Measuring Instruments. The
Procedure for Development, Approval and
Application”, in Kazakhstan, when developing a
verification methodology, it is necessary to specify
the measuring instruments used for verification.

4. The requirements for the qualifications of
verifiers in the two regulatory documents are
different. According to the requirements of ST RK
2.45, candidates holding a higher technical degree
may be certified as verifiers even without prior
professional experience in ensuring measurement
uniformity. In contrast, individuals with non-
technical higher education or secondary technical
education must demonstrate at least two years of
relevant work experience. Meanwhile, PR50.2.012-
94 allows the attestation commission to admit,
without additional specialized training, graduates

of higher education institutions in metrology and
measurement engineering who already possess
practical experience in verification departments.

In Kazakhstan, when certifying verifiers, they
are guided by the national standard and rules for
certifying verifiers, therefore, the requirements
described in the MI are not suitable for the
Republic of Kazakhstan.

5. In the ST RK framework, verification
intervals are defined individually for each heat
meter type during its type approval or metrological
certification, while in the MI system they are
established from the test outcomes obtained for
type-approval assessment. But in Kazakhstan, there
are rules of the Committee for Technical
Regulation and Metrology on the establishment of
a single verification interval — Order No. 159-od
“On Approval of a Single Verification Interval for
Heat Meters” dated 05/12/2020, according to which
a single verification interval of 4 years is
established for heat meters.

Therefore, it is necessary to amend the national
standard ST RK 2.447 in accordance with the
KTRM Order dated 05/12/2020, because starting
from this date there is a single verification interval
for heat meters, since manufacturers set the
verification interval according to this order when
approving the type of measuring instruments.

6. In MI, compared with ST RK, they refer
more to the regulatory document for the
verification of the heat meter, in ST RK there are
clarifications or a reference to the operational
document of the thermal energy meter. This results
from the situation that, within the jurisdiction of
the Russian Federation, the manufacturer develops
its own regulatory document for each type of heat
meter. While across the national territory of the
Republic of Kazakhstan we can use both a national
standard or an interstate standard introduced in the
Republic of Kazakhstan for verification of any
measuring instrument, it is not necessary to
develop a verification methodology for a specific
type of product if all the necessary conditions for
verification of this type of product are met in the
selected ST RK or GOST.

7. At the point of determining the error in
measuring the amount of heat in the ST RK, Gnom
is used — the nominal flow rate of the coolant, in
MI — GP - the value of the transient flow rate of
the coolant.

8. The national standard does not specify the
year of issue of the reference normative documents
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throughout the text, therefore, when using this
methodology, we can use an updated version of the
reference  documents. However, there are
clarifications in MI, for example: to determine the
density of the coolant, the equations given in MI
2412-97 are used; verification of resistance thermal
converters in ST RK in accordance with GOST
8.461, MI — GOST 8.461-82.

9. When determining the error of the TV
during conversion and calculating the amount of
heat and heat flow in the MI, there are the
following verification points. At the calculator
input, electrical signals reproducing the coolant’s
flow rate, volume, temperature, and pressure
characteristics are introduced. For each mode

defined in clauses 14.1.1 and 14.1.2, three
successive  heat-quantity = measurements  are
performed, and the resulting TV errors are

determined with regard to both the meter’s
completeness and the selected method for
calculating heat quantity. There are no such
verification points in the ST RK.

When making changes and additions to the ST
RK, it is necessary to add this verification point,
since the heat meter is one of the components of
the heat meter, which must also undergo the
verification procedure, usually this happens using
signals simulating the flow rate, volume,
temperature and pressure of the coolant, as
specified in MI 2573.

10. The ST RK specifies an assessment of the
uncertainty of measurements, it is carried out at the
request of applicants in accordance with [20], [21],
there is a recommended form for calculating
uncertainty. There is no information in the MI
about the estimation of the uncertainty of the heat
meter measurements.

When  assessing  the  uncertainty  of
measurements in the ST RK, the following
regulatory documents can be supplemented: ST RK
2.317-2015 “The State System for Ensuring the
Uniformity of Measurements of the Republic of

Kazakhstan. Expression of Uncertainty and
Reliability of Mmeasurement Results” and
procedural documents on the expression of
measurement  uncertainty of the national

accreditation body.
Conclusion

As a result of the conducted research, a
comparative assessment of two methods of
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verification of heat meters was carried out: ST RK
2.447-2017 and MI 2573-2000. The analysis
showed that both methods are designed to maintain
measurement accuracy and reliability of thermal
energy in water heating systems. However, the
national standard ST RK 2.447-2017 takes into
account more relevant requirements  for
metrological characteristics and applies improved
verification methods in the Republic of
Kazakhstan. At the same time, MI 2573-2000
remains an important document, as it contains
time-tested approaches and measurement principles
in the CIS countries.

Despite the existence of the verification
methodology for heat meters described in ST RK
2.447-2017, there is a need to develop a new or
improved ST RK for heat meters, which would
cover all the recommendations listed in the analysis
of the methods. The technique will optimize the
verification process, reduce time and material
costs, and improve the accuracy and reproducibility
of measurements. The introduction of the improved
ST RK into the activities of domestic manufactu-
ring enterprises and accredited calibration
laboratories in Kazakhstan will substantially
improve the competitiveness of national instrument
engineering and contribute to more effective
monitoring of thermal energy consumption.

Thus, the technical thermal-energy metering
system in the Republic of Kazakhstan can be
considered as an open evolving system, subject to
both internal factors (changes in regulatory
requirements, modernization of metering devices)
and external (introduction of international
practices, transition to digital and intelligent
technologies). The development and
implementation of an improved verification
methodology for heat meters with elements of data
mining reflects the natural development of an open
system striving to improve accuracy, adaptability
and sustainability. This approach is in line with
current trends in integrating metrological processes
into broader cyber-physical and energy systems.
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[Ilamaxunckas actpogusnydeckas oocepparopus uM. H. Tycu, baky, AzepOaiimkan
*e-mail: shirin.guseyn@gmail.com
MCCAEAOBAHNE AMUHAMUKHN ®PAKTAAbHDbIX XAPAKTEPUCTUK
MHUKPOBOAHOBOTIO U3AYHYEHUSA MOLLUHbIX
COAHEYHbIX MPOTOHHDbIX BCIIbILLUEK

L

Lleab paboTbl — KaUeCTBEHHOE M KOAUUYECTBEHHOE UCCAEAOBAHME IBOAIOLIMM XapaKTEPUCTUK BCMIAE-
CKOB PAaAMOM3AYYEHMS OT MOLLHbIX MPOTOHHbIX U HE MPOTOHHbIX COAHEUHbIX BCbILLEK. 3a MOCAEAHME
HECKOABKO AECATUAETUIA CMIELMAAMCTbI HA OCHOBE AQHHBIX MHOTOUYMCAEHHbIE MHOTOBOAHOBbBIE MCCAEAO-
BaHUS M3AYUYEHNS COAHEYHbIX BCTbILLEK MOKa3bIBAIOT, YTO 3PYNTUBHbIE COAHEYUHbIE BCMbILLIKKW, COMPOBO-
>KAQtoLWMecs MPOTOHHbIMM BO3PACTAHUSIMM, COCTOST U3 MMIMYAbCHOM M NOCTeneHHon das. B MmkpoBoa-
HOBOM AMarnasoHe LieHHble MCCAEAOBAHMS, MOCBSLLEHHbIE AMArHOCTUKE PAAMOBCIAECKOB COAHEYHbIX
NPOTOHHBIX COObITUIN HA OCHOBE MX MHTEHCMBHOCTEN, 6asmpyloTcs Ha MmeToae M3MUMPAH. Mbi Takxke
TBOPYECKM MOAOLLAM K PELLUEHMIO 3TUX 3aAaY M BrepBble MPUMEHUAM (DPAKTAAbHbIA METOA U €ro Bep-
CUIO «CKOABb3SLLEr0 OKHa» K COCTABAEHHbIM HaMW BPEMEHHBIM PSAAM, MOAYUYEHHbBIM HAa OCHOBE PaAMo
BCMAECKOB COAHEUHbIX MPOTOHHbIX BCMbilUeK, HABAIOAABLIMXCS OAHOBPEMEHHO B MMKPOBOAHOBbIX AMa-
nasoHax A=10.7 n 27.8 cM. HabaioaeHns nposoananch B 2014+20 rr. Ha PT-12 paaunoTteaeckorne
MuctuTyTa MoHocdepbl Pecnybamkm KasaxcraH Ha vactoTtax f=1 1 3 ITu. Kpome Toro, HabAioAaAMCh
TPWU MPOTOHHbIE COOBbITUSI B MUKPOBOAHOBbIX 06AaCTIX A=10.7 1 27.8 CM OT COAHEYHbIX BCbILIEK,
yAOBAETBOpsioLMe Kputepmio TaHakm-DHome F, ., / Fy, > 1, aHaaornuHomy kputepuio Fig o, / Faoy >
1. Ha ocHOBaHWM paccunTaHHbIX HaMM 3HaveHur D, n H,3a neproa BpemeHu, B TeueHre KOToporo npo-
U30LWAM COObITHS, MOXHO ONMPEAEAUTb €0 MAKCUMAAbHbIE HECTABUAbHbIE MEPUOADI.

KAroueBble cAOBa: COAHEUHbIE BCMbILWKM, PAAMOAMArHOCTMKA, MUKPOBOAHOBOE M3AYyYeHue, hpak-
TAAbHbIA aHAAM3, PAAMOBCIIAECKM.

Sh.Sh. Huseynov®, S.Sh. Huseynov
Shamakhi Astrophysical Observatory named after. N. Tusi, Baku, Azerbaijan
*e-mail: shirin.guseyn@gmail.com
A study of the dynamics of fractal characteristics
of microwave radiation from powerful solar proton flares

The aim of this work is a qualitative and quantitative study of the evolution of the characteristics
of radio emission bursts from powerful proton and non-proton solar flares. Over the past few decades,
experts have shown, based on data from numerous multi-wavelength studies of solar flare radiation, that
eruptive solar flares accompanied by proton enhancements consist of an impulsive and a gradual phase.
In the microwave range, valuable research devoted to the diagnostics of radio bursts of solar proton
events based on their intensities is based on the IZMIRAN method. We also took a creative approach to
solving these problems and for the first time applied the fractal method and its “sliding window” version
to the time series we compiled, obtained from radio bursts of solar proton events observed simultane-
ously in the microwave ranges A=10.7 and 27.8 cm. Observations were carried out in 2014+20 on the
RT-12 radio telescope of the Institute of lonosphere of the Republic of Kazakhstan at frequencies f=1
and 3 GHz. In addition, three-proton events were observed in the microwave regions A=10.7 and 27.8
cm from solar flares, satisfying the Tanaka-Enome criterion F,, / Fy,, > 1, similar to the criterion F, .,
/ Fg,, > 1. Based on the values of D, and H, calculated by us for the period of time during which the
events occurred, we can determine its maximum unstable periods.

Keywords: solar flares, radio diagnostics, microwave radiation, fractal analysis, radio bursts.
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LLI.LLI. TyceiHos*, C.LLI. T'yceiHoB
O3ipb6aitkaH Pecrnyb6ankach! FbiAbIM >kaHe GiAiM MUHUCTPAIriHiH H. Tycu aTbiHAQFbI
LLIamaxbl acTpodhmankanbik, obcepatopusicnl, baky, ©3ipbaixaH
*e-mail: shirin.guseyn@gmail.com
KywTi KyH NpoTOH XapKblpayAapbIHbIH, MMKPOTOAKbIHABIK, COYAEAEHYIHIH,
CbpaKTa/\AblK, cUnaTtraMaAapbiHbiH AMHAMUKACDIH 3epTTey

KYMBICTbIH, MaKcaTbl — KYLUTi MPOTOHAbBIK, XOHE MPOTOHABIK, eMeC KYH >KapKbIAAAPbIHAH LUblFa-
ThbIH PAAMO COYAEAEHY >KapbIAbICTAPbIHbIH CMMaTTaMaAapblHbIH 3BOAOLMSCBLIH CarnaAbl >XHE CaHABIK,
TyprbiaaH 3epTTey. CoHFbl BipHeLle OHXbIAAbIKTa MaMaHAAP KYH >KapKbIAAAPbIHbIH, COYAEAEHYIHe ap-
HaAFaH KernTereH KenTOAKbIHAbI 3ePTTEYAEP AEPEKTEPI HEri3iHAE NMPOTOHAbBIK, ©6CYAepPMeEH Bipre >kype-
TiH >KapPbIAFbILL KYH >KapPKbIAAAPbIHbIH, UMITYAbCTIK XoHe 6ipTiHAen ha3asaH TypaTbiHbIH KOPCETEA.
MUKPOTOAKBIHABI AMANA30HAQ, OAAPAbIH, MHTEHCUBTIAIFIHE CylieHe OTbIPbIM, PAaAMO >KAPbIAbICTAPbIH
AMArHoCTMKaAayFa apHaAraH KyHabl 3eptreyaep M3MIUMPAH saiciHe HerizaeareH. bis aAe ocbl MiHAET-
TEepAI Wellyre WblFapMallbIAbIK TYPFbIAQH KEAAIK XK8He aAfall peT PpakTaAAbIK, AICTI K8HEe OHbIH,
«CbIPFbIMaAbl TEPE3e» HYCKACbIH MUKPOTOAKbBIHABI AManasoHaapaa A= 10,7 aHe 27,8 cm 6ip mesriaae
GaKblAaHFaH KYH MPOTOHABIK >KapPKbIAAAPbIHbIH PAAMO >KapbIAbICTapbiHA HEri3AEAreH YaKbITTbIK, Ka-
TapAapfra KoAAaHbIAAbL. bakbirayaap 2014-2020 xbiapaapbl Kasakcrad Pecny6ankacbiibiH MoHocde-
pa MHCTUTYTbIHbIH PT-12 paanoTteaeckonbiHaa f=1 sxaHe 3 Ty >xuiaikTepiHae >kyprisiaai. CoHbiMeH
KaTap KYH >KapKblAbl K€3iHAEr MUKPOTOAKbBIHABI armakTapaa A=10,7 xaHe 27,8 CM YL NPOTOHADIK,
oKuFanap 6aKbiraHAbl, oAap TaHaka-DHoMe KpuTepuitiHe cai KeaAi: Fa,/ Fooy > 1, OYA Fig 00/ Faggon > 1
kpuTepunite ykcac. Okmrasap 60AFaH yakbIT apaAbiFbiHAQ ecenteAreH D, sxeHe H, MaHaepiHe Heris-

AEAE OTbIPbIN, OAAPAbIH €H YAKEH TYPAKCbhI3 Ke3eHAEpiH aHblkTayFa 6oAaAbl.
TyjiiiH ce3aep: KYH >KapKblAbl, PAAMO AMArHOCTMKA, MUKPOTOAKBIHABI COYAE LUbIFapy, (hpaKkTaAAbIK,

TaAAQY, PAAMOTOAKbIHABI YKapPKbIAbI.

BBenenue

Vike 6onee 60 jeT crenuannucTbl TPOBOASAT WH-
TEHCHUBHBIE HCCIIEIOBAHUS IO 3BOJIOLHH, IIPOTHO-
3UpPOBAHMIO, JTUATHOCTUKE U OIIEHKE TUArHOCTHKE
IIPOLIECCOB B COJHEYHBIX NMPOTOHHBIX BCIIBILIKAX.
Wccnenosanus, NpoBOAUMEIE B 3TOM HAIPaBICHUH
B Pa3HBIX IMAara3oHax, HAIIM OTpakeHue B pado-
tax [1-3].

Ha ocHOBaHMM pe3yJbTaToOB HCCIEIO0BAHUI,
MIPOBE/JICHHBIX B T€UEHHE TOCITIETHUX HECKOIIBKO Jie-
CSITWJICTUI Ha OCHOBE JAHHBIX O KOCMHUYECKOM H3-
myaennu Comana (CKJI), uccnemoBaTenu mpuIum
K BBIBOJY, YTO JMHAMHKY BCHBILICYHBIX IPOLIECCOB
MOJKHO YCJIOBHO pa3feiuTh Ha TPU (asbl:

1. Ilpeascupiieunyto; 2.MmmnynscHyto (pazy
HapacTaHus MMOTOKa OT YCJIOBHOTO Hayasa /10 Mak-
cumyma); 3.Ilocrriennyro ((asy cnama moToka mo-
cie Makcumyma) [4].

B MUKpPOBOTHOBOM [JHana3oHE LEHHBIE HC-
CIIEIOBAHUA, TIOCBAIICHHbIE TUArHOCTHUKE DPaIUO
BCIUIECKOB COJIHEYHBIX IIPOTOHHBIX COOBITHH Ha OC-
HOBE MX MHTEHCHBHOCTEH, 0a3upyroTCsi HA METOJIE
U3MUPAH [5-7].

IIpeumyiiecTBO M3yUeHUs COTHEYHON aKTUBHO-
CTH B PaJvOAMANa30HE COCTOUT IJIAaBHBIM 00pa3oM
B ClIeyromuX (pakrax:

1. AtmMocdepa 3emMiu MeHbIIIE BIUSIET HA CHUT-
HaJI, KOTOPBIA MbI TPUHUMAEM;
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2. HabnroneHust B 04eHb HIMPOKOM JHAra3oHe
qacToT ~ | + 24 I'T'11 0o3BOIISIET JTOKATU30BaTh pas3-
JIMYHBIE CTPYKTYpHI B aTMocdepe ComHia, BKItoYas
aKTHUBHBIE 00JIACTH, BOJIOKHA U KOPOHAIBHBIE JIBIPHI;

3. IIpom3BOACTBO pPagUOTENIECKONOB DSKOHO-
MHUYECKH BBITOJHO MO CPaBHEHHIO C TEXHOJOTHS-
MH BHeaTMOc(epHbIX HAOIIOACHUM M ONTHYECKUX
YCTPOMCTB.

Pagnonsnyuenne ConHIla HE IPUHOCUT 3aMeET-
HOW SHEPTUH B MEXIIJIAHETHYTO CPEY U B OKPECTHO-
cti 3emnu. HecMoTpst Ha 3TO, OH COAEPKUT OYEHb
TTOJIE3HYI0 WH(OPMAITHIO O COOBITHSAX B COTHEUHOMH
aTMocdepe W YCIOBHH KOCMHYECKOH moronsl. B
omiinure ot KY®D-nuHuil, MUKpPOBOJIHOBOE H3Iy-
yeHue (GopMHpyeTCcs HE aTOMHBIMH IEpexXoiaMu
OTJIENBHBIX 3JIEMEHTOB, @ CBOOOHBIMH 3JIEKTPOHA-
Mu. CBOMCTBa 3TOrO pajiiOU3IIy4EHHUsI 3aBUCUT HE
TOJIBKO OT TEMITEPaTyphl U TNIOTHOCTH TUTa3MBbI, HO
Y OT BEJTMYMHBI U HAPABICHUS KOPOHATIBLHOTO Mar-
HUTHOTO TIOJISL, 9TO JIeJIaeT MHOTOBOJIHOBBIE HAOIFO-
JICHUS YHUKAIbHBIM HMHCTPYMEHTOM IUATHOCTUKU
KOPOHAIBHOH 11a3Mel [8,9].

JlaHHBIE IO MUKPOBOJIHOBOMY H3JIY4YEHHIO MO-
T'YT OBITH NCTIOTE30BAHBI TSI OLIEHKH CBOMCTB TIOTO-
Ka COJTHEYHBIX IPOTOHOB. JTO YKa3bIBAa€T HA TO, YTO
MIPOTOHBI, PACIPOCTPAHSIOMNECS B MEXKIUIAHET-
HOM TPOCTPAHCTBE, U JIEKTPOHBI, FEHEPUPYIOIINE
MHUKPOBOJTHOBOE HM3JIy4YE€HHE, NMEIOT BCIIBIIIICYHYIO
MIPUPOSTY.
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PagnonaGmiofiennst ABISIOTCS  HE3aMEHHMBIM
WUCTOYHUKOM MH(OpMAIHH, ¢ OJHON CTOPOHBI, JJIs
JUAarHOCTHKH TEKYLIMX NPOLECCOB, CBA3aHHBIX C
aKTHBHOCTHIO B COTHEUHOU aTMocdepe, a ¢ ApyTroit
CTOPOHBI, JUIS CO3/IaHHsI TEOPHH O MPHUPOJIEC BBIAC-
JICHUs1 DHEPTUW B BHUJIC UMITYJICOB B BCITBIIICYHBIX
npoleccax 1 pa3padOTKH alropuTMa ero mporHo3u-
posanus [10].

TakuMm 00pa3oM, HCCIEIOBaHUE COJHEYHON
BCIBIIIKH, MTPOTOHHBIX COOBITUI M UX TUArHOCTH-
KA B MHKPOBOJHOBOM [HMAana3oOHE Ha OCHOBE pe-
3yJbTaTOB OHOBPEMEHHBIX HAOMIOEHUH (IIyKTYy-
Ayl MHTErPabHOTO MOTOKA PaJuOU3Iy4YeHHUs] BO
BembIieyHoit obmactu CosHIla, TeHepupyeMas B
nepexogHoM cioe (A=10.7 cM) U HWXKHEW KOpPOHE
(A=27.8 cm) He TepSIOT CBOU aKTyaJIbHOCTH B (PHU3H-
ke CoJHIIa ¥ COTHEYHO — 3€MHBIX CBSI3CH.

B mepBoM pasnene paccMarpuBaeTcs axTy-
AJTbHOCTDb M3YUYCHHUS SBOJIOLNUU M JAMArHOCTHKHU
MOIIHBIX BCIBIIIEK U MPOTOHHBIX COOBITHH, MPO-
ucxogsamux Ha CoJHIE MO paguo BCIIECKaM B
MUKpPOBOJIHOBOM JIMania3oHe, OJHOBPEMEHHO Ha
nByx yactoTax (1 u 3 I'T'm), a BO BTOpOM paszerne
paccMaTpHUBAIOTCSl BOTIPOCH! TIOJTOTOBKH U MaTe-
MAaTHYECKOM 00pabOTKM HaHHBIX HaOIIOJEHUH.
B tpeThem paszzgenie 00CyXIAOTCS B3aHMMOCBS3U
M@Ky pa3IMYHBIMH IapaMeTpaMH COJHEYHBIX
BCIIBIIIEK (MOIIHOCTh IOTOKAa WHTEHCHBHOCTH,
CIEKTPAJIbHBIMU BOJIHAMHU, B KOTOPBIX OHH MpPO-
UCXOJISIT) M OTpPa)KCHbl OCHOBHBIC Hay4HbBIC pe-
3yJbTaThl, MOJyYCHHbIC Ha OCHOBE NMPUMEHEHUS
(GpakTaTbHOrO METOJa U €r0 BEPCHU «CKOJIb3-
AIIET0 OKHA» K BPEMEHHOMY PsIIy TpeX MpPOTOH-
HBIX COOBITHH.

Ilooeomoska u mamemamuueckas obpabomia
IKCNEPUMEHMATLHBIX OUHHBIX

Habmronenuss B MUKpPOBOJIHOBOM JHAIa30HE
nposoauinch B 201420 rr Ha paguoreneckone PT-
12 Uncturyta Monocdepsr Pecrrydnmkn Kazaxcra-
Ha. JlaHHBIC ONM(POBBIBAIOTCS C IMATUCEKYHTHBIM
(At = 5 cexk.) uarepBanom. [logpoOHbIe CBEACHUS
00 yctpoiictBe paguoreneckona PT-12 u 3HaueHu-
SIX €T0 OCHOBHBIX ITapaMeTPOB MPUBEICHEI B paboTe
[11].

MBI Takke TBOPYECKH IMOAOUUIH K PEIICHHUIO
3THX 3aJay W BICPBBIC NPUMEHIIN (PpPaKTaTb-
HBI METOII M €T0 BEPCHIO «CKOJB3SIIET0 OKHA» K
COCTaBJICHHBIM HAMH BPEMCHHBIM psijaM, IMOIy-

YEHHBIM Ha OCHOBE PaJHO BCIUIECKOB COJHEYHBIX
MIPOTOHHBIX BCIIBIIIEK, HAOIIOIABIIMXCS OJTHOBPE-
MEHHO B MHUKPOBOJHOBBIX nuamazonax A=10.7 u
27.8 cMm [12-14].

O0paboTka HAOIIOJATETBHBIX JTaHHBIX TPOBO-
JIWITach C TTOMOIIBIO (PaKTaIHHOTO aHAIHW3a M €ro
BEPCUHU «CKOJB3SIIET0 OKHa». B kauecTBe HaOmo0-
JATETFHOTO MaTepraia MbI NCTIOIB30BaIIN 7(CEMb)
M30JIMPOBAHHBIX COJHEYHBIX BeIuleckoB. Ha puc. 1
MOKa3aHbl BpeMEHHbIE MPO(MWIN BCIBIIIEK Ha Ya-
crore =3 I'T'y nabmogaromuxes B 201420 rr. B
paboTe Ha OCHOBAHWH JTaHHBIX HAOTIOACHUH OBLTH
MOCTPOCHBI NPO(UIN HHTCHCUBHOCTH-BPEMS, VIS
7 0OHapy>KEHHBIX BCITBIIICYHBIX MTPOIIECCOB, U3 KO-
TOPBIX OBIIM B AajbHEHIEM HCCIEI0BaHBI 3 TPO-
TOHHBIC BCTIBIIIKHA YJIOBICTBOPSIONINE KPUTECPHIM
Tanaka-2HoMme u npoToHHOCTH. Ha 0cHOBE BpemeH-
HBIX TIpoduiIell MpUBEIeHHBIX B padoTe BUAHO, UYTO
B 3aIIMCAX CUTHAJIA UIMEIOTCSI MAKCUMYMBI, KOTOpPBIC
CYIIIECTBEHHO N3MEHSIOTCS OT pealn3allii K peasu-
3amuu [15].

W3 tabmumer 1 BUAHO, 9TO paccUUTaHHBIC 3HA-
YeHus1 (ppaKTaJbHBIX MapaMeTpOB AJIS W3YyUEHHBIX
HAMH BPEMCEHHBIX PSIOB BCIBIIICYHBIX MPOIIECCOB
u3MeHsATCA B auanazoHax 0.5 <H <1 wu 1 <D,
< 1.5. OTH 3Ha4eHHS CBUAETEIHCTBYIOT O TOM, YTO
BPEMEHHOH Psi/i SIBJISICTCS HETIPEPBIBHBIM (MHEPIIH-
oHHBIM) [13, 15]

Kpome Toro, Habironanucs Tpu NPOTOHHBIE CO-
OBITHS. B MUKPOBOJHOBBIX oOmacTsix A=10.7 u 27.8
CM OT COJIHEUHBIX BCIIBILEK, YOBJIECTBOPSIOIINE
kpurepuro Tanaku-Onome F,  / Fy > 1, ananornu-
HoMy kputeputo F, ./ F, . > 1. Tanaka u DHome
[16] ycTanoBamu, 9TO TIepeT MOITHBIMA MPOTOHHBI-
MH COOBITHSIMHM M3JIyY€HHE B aKTUBHBIX OOJIACTSIX
(AO) Ha xopoTKO# BomHE f=3 cM yBeTUUIHBACTCS
0oJee pe3ko, yeM Ha Oosee JTMHHON BosHE =8 cMm.
WccnenoBanns mokaszand, 9To IS TPEX BCIIBIIIEY-
HBIX coObITHI: B 6.2/~ X 2.4,01.09.2014 1.; M 2.7,
21.06.2015r.u M 7.9, 25.06.2015 r. BBIITOJIHSIOTCS
KpUTEpHHU MPOTOHHOCTH. Kputeprem mpoToHHOCTH
COJIHEYHOH BCTIBIIIKHU SIBIISICTCS JIOCTH)KEHHE TIOTO-
KaMH{ IPOTOHOB U MOHOB, YCKOPEHHBIX B PE3yJbTa-
T€ BCTIBIIIKK WM KOPOHAJIBHOTO BHIOpOCA MaccChl,
3HaunTesbHBIX 3Heprui (E>10 MaB) u ckopocreid,
OTMAaCHBIX JJII OKOJIO3EMHOTO MPOCTPAaHCTBA. ITO
OTpPaXEHO B KarTajore NPOTOHHBIX COOBITHH, CO-
cTaBJeHHOM 1o pykoBoacTtBoM 0. U. Jlorauéseim
[17].
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Pucynok 1 — Bpemennsie npoduiy 7-n COTHEYHBIX BCIbIIIeK HaOmonaronmxcst B 2014+20 rr.
Ha PT-12 B mnanazone A=10.7 cm UuctutyTa Monocdepsr Pecryoniku Kazaxcran
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Taomuma 1 — [Toka3aHbl OIICHKHU MOKa3areliss XepeTa U MoKa3arelb CTENeHN (PaKTaaIbHON pa3MEpHOCTH

Jara Iloxa3zarenn ®pakTanabHas
(Bpemst coOBITHIT) Xepcra H, pa3smepHocTb D,

01.09.2014 0.792 1.207
(10:55:02 — 11:57:42 UT)

21.06.2015 0.812 1.187
(01:33:17 - 03:33:18 UT)

25.06.2015 0.771 1.228
(08:07:47 — 10:58:19 UT)

28.03.2016 0.787 1.212
(10:30:01 — 11:43:47 UT)

08.09.2017 0.583 1.416
(01:38:11 — 03:45:22 UT)

13.09.2018 0.810 1.189
(10:21:03 — 11:47:25 UT)

19.06.2020 0.687 1.312
(07:00:00 — 07:09:49 UT)

Ha puc. 2 mokazanbl BpemeHHBbIe podunu  Hayanom codHEYHO!H BCIHBIIIKA MBI YCIOBHO
MHTEHCUBHOCTH MHUKPOBOJHOBOI'O M3JYy4YEHHUS B  CUMTAEM MOMEHT, KOTJa UHTEHCUBHOCTb pPajuo-
TpeX MPOTOHHBIX BCIBIINIKAaX, HaOMogaromuxcss  u3inydeHus Ha yacrtore f=3 ['T'm HaumHaeT BO3-
OJTHOBpEeMeHHO Ha nByXx dacToTax (f=1 m 3 I'Tm). pacraTs.
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Pucynok 2 — BpemeHHbIe TPOQHIN HHTEHCHBHOCTH MUKPOBOJTHOBOTO H3JTyYEHHS
Ha yactorax f=1u 3 I'T'1[ B Tpex MPOTOHHBIX BCIIBIIIKAX HAOIIONAIOMNXCS OTHOBPEMEHHO
110 HaOMIOEeHUSIM pajioTeneckorna PT-12
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Ta6aumna 2 — [IpenoctaBieHbl 3HAYCHUS OIIEHKH Ht — Mmokasarens Xepcra, ceJaHHbIe METOZOM (PpaKkTambHOTO aHaIH3a B BEPCHU
«CKOITB3SIIETO OKHAY 110 HabmroaeHusM Ha yacToTax f=1 u 3 I'T1 pammoreneckoriom PT-12

( Bper:ggBITHﬁ ) f H( Hl| le Hl3 Hl4 H15 H16 Hl7
01.09.2014 30T | 0.792 0.735 0.745 0.748 0.721 0.761 0.741 | 0.740
(10:55:02-11:57:42 UT) | 1ITu | 0.779 0.730 0.752 0.797 0.827 0.841 0.878 | 0.876
21.06.2015 31T | 0812 0.727 0.654 0.674 0.701 0.762 0.764 | 0.704
(01:33:17-03:33:18 UT) | 1TTu | 0.834 0.743 0.747 0.725 0.786 0.774 0.781 | 0.785
25.06.2015 31Ty | 0.771 0.775 0.761 0.744 0.735 0.790 0.786 | 0.785
(08:07:47-10:58:19 UT) | 1TTu | 0.818 0.745 0.769 0.771 0.771 0.798 0.764 | 0.735

Ta6auna 3 — [IpenocraBieHsl 3Ha4YeHUsT OLIGHKH D, — cTeneHb GpakTalbHOM pa3MEpPHOCTH, CAENAaHHBIE METOAOM (paKTaILHOTO
aHaJlN3a B BEPCUH «CKOJIB3SIIIETO OKHAY 110 HaOmroAeHusM Ha yactotax f=1 u 3 I'T'i pagunoteneckomom PT-12

Jlara
( BpeMSI COGLITHI‘;I ) f Dl Dtl Dt2 Dl3 Dt4 DtS Dtﬁ Dt7
01.09.2014 31T 1.207 1.264 1.254 1.251 1.278 1.238 1.258 1.259
(10:55:02—-11:57:42 UT) 11T 1.200 1.269 1.247 1.202 1.172 1.158 1.121 1.123
21.06.2015 31T 1.187 1.272 1.345 1.325 1.298 1.237 1.235 1.295
(01:33:17-03:33:18 UT) 11T 1.165 1.256 1.252 1.274 1.213 1.225 1.218 1.214
25.06.2015 31T 1.228 1.224 1.238 1.255 1.264 1.209 1.213 1.214
(08:07:47-10:58:19 UT) 1T 1.181 1.254 1.230 1.228 1.228 1.201 1.235 1.264

Ha pucynkax 3 u 4 mpeacraBineHa auHamuka U D,, paccumtaHHbIX Ha yactorax f=1 u 3 I'T ¢ uc-
XA0THYECKUX XaPaKTEPHUCTHUK COJHEUHBIX INPOTOH-  I10JI30BaHHUEM (PPAKTAIBHOIO METOMA U €0 BEPCUH

HBIX BCIIBIIIIEK HAa OCHOBE 3HadeHuil napamerpos H,  “ckosb3siiero okua”.

21.06.2015 r.
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Pucynok 3 — [IpencrasieHHa 3aBUCHMOCTS TTOKa3arelisi Xpecta U (hpakTaibHas pa3MEepHOCTb,
HalIeHHbIE TT0 MHTEHCUBHOCTH PaIMOU3IIYUYEHUS B IIPOTOHHBIX BCIBIIIKAX
Ha gactore f=3 I'T'l ¢ TeueHHEM BpeMeHH
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Pucynok 4 — [IpencrasiieHa 3aBUCHMOCTB TTOKa3arelisi Xpecta U pakranbHas pa3MepHOCTb,
HalJICHHbIE 110 UHTEHCUBHOCTH PaJIMOM3IIYUE€HUS B IPOTOHHBIX BCIBIIIKAX
Ha yactote f=1 I'T'f ¢ TedeHnEeM BpeMeHH

O06cyskaeHne U BbIBOJbI

CyTb (ppakTadbHOTO aHaNIM3a COCTOMUT B OIpe-
JICJIEHUU CTENEHU XaOTUYHOCTH BPEMEHHOIO pPsJa.
OrneHKa MPOW3BOAMUTCS C TIOMOIIBIO TOKAa3aTemei
XaOTHUYHOCTH: Nokazarens Xepcta H, u ¢paxrans-
HOH pasmepHocTH D,, KOTOpBIE OTPaXKAOT IPUPOLLY
AQHAJIM3HPYEMOTO Ipouecca. AHamu3 IMoKazarenen
MO3BOSICT TMPAaBHJILHO BBIOpATh THUI MareMarnde-
CKOI MOJIeNIM BpEMEHHBIX psioB [12, 13].

Ha ocHOoBaHuM paccUMTaHHBIX HAMH 3HAYEHHI
D, n H, 3a nepuox BpeMeHH, B TEUEHUE KOTOPOIrO
MIPOU3OILIN COOBITHS, MOYHO OIPENIEIUTh €T0 MaK-
CHUMaJIbHbIC HECTAOUJIbHBIE IEPUOIBI.

PaznenuB paccmaTpuBaeMblii HAMU BPEMEHHOM
pSIA Ha MHTEPBAJbI, MBI MOXKEM HAa OCHOBE BBIUHUC-
JIEHHBIX 3Ha4eHUH H, — onpenenuTs npu Kakux HH-
TepBaJlax OH cTpeMHTcs K | a mpu kakux k 0.

3HaueHUs (pakTanbHBIX pa3MepHOCTei
D, = 1.165, Dy, = 1.187 u unnexcos Xepcra
H,, = 0.834, Hy, = 0.812 conne4HBIX MPOTOH-
HBIX BCIHBIIIEK, HCCIIEIOBAHHBIE HAMU C TIOMOIIBIO
(dpakTalIbHOIO METOAa W €ro NpaBWiia JHHAMHKH
ceueHnit Ha vacrorax f=1 m 3 ['Tm, xapakrepu-
3YIOT HMHEPLUUOHHOCTb IIpouecca. PaccumraHHbIe
HaMM 3HauyeHus (paxTanbHbIX napamerpos (H, u
D,) xapakTepu3yroT yCTOWYMBOCTH cUcTeMEI. [lepe-
CUCTEHTHBIN PsIJI:-BPEMEHHOMU Psill, KOTOPBII coxpa-

HSIET JOJTOBPEMEHHYIO NaMATh (TO €CTh IPOILLIbIC
COOBITHS BIUSIOT Ha OyayIee).

Crenyer OTMETHUTb, YTO PACCYMTAHHBIE C HC-
[I0JIb30BAHUEM BapUaHTa «CKOJB3SAIIEIO OKHA»
(¢pakTanbHOr0 MeToJa 3HAYCHUS TMOKa3aresel
H, — Xepcra B Ta0i. 2 B HEKOTOPBIX JUANa30HAX HE
yaoBaeTBopsaoT ycnosusaMm H, .. > Hy.,. Orciona
MBI IPUXOIMUM K BBIBOIY, YTO OCHOBHON IPUYHHON
9TOro sBIsieTCss HU3KOoe paspeumienue (0 = 1.2° vo
3°) pammoteneckorna PT-12 B gmamazomax A=10.7
u 27.8 ¢M COOTBETCTBEHHO. JTO 0o0Jiee BHIPaKEHO
B BCIIBIILIEYHBIX IPOILIECCAX, KOTOPbIE IPOUCXOASAT
OJHOBPEMEHHO WJIM ¢ HEOOJIBIION pa3HULIECH BO Bpe-
MEHHM B OJIM3KHUX APYT K APYrY aKTUBHBIX 001aCTIX
(msiTHAX) COTHEYHOU aTMochephl.

Hcxons U3 BellIe U3JI0KEHHOTO MOXKHO CEIaTh
CJIEYIOIIME OCHOBHBIE BBIBOJIBI:

1. [Ipodunm MHTEHCHBHOCTH W BPEMEHU JIBYX-
yacToTHBIX panuounsinydenuit (1 u 3 I'Tu) conneu-
HBIX IIPOTOHHBIX BCIIBIIIEK W BBIYMCIICHHbIE HAMHU
otieHKH (ppaxTanbHbIX mapameTpos (H, u D,) nmo3so-
JSIFOT IPOCIIEINTD JUHAMUKY COOBITHH.

2. B pesynbrare uccienoBaHUs 3-X COJHEY-
HBIX IPOTOHHBIX BCIBIIIEK C HCIOJIb30BAHUEM
(pakTanbHOrO METO/a U €r0 BEPCUU «CKOJB3SIIIC-
ro OKHa» YCTaHOBJICHO, YTO Hapamerpsl (pakraia
(H,u D,) u3mensiuce B quanasonax 0.5 <H,> 1 u
1 <D, <1.5 cOOTBETCTBEHHO. DTO TAKXK€E CBUAETEIIb-
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CTBYET TOMY, UTO BPEMEHHBIE PSbI, OTPaXKaroIine
MIPOIIECCHI a/IalTaliH, SBISIOTCS HHEPIIMOHHBIMH.

3. HccrnenoBanne nokasano, YTO 3HAUEHUs I0-
kazareneil H, — Xepcra, paccunTaHHbIE HAMH IO
PaAMOM3IYYEHHIO 3-X COJIHEYHBIX MPOTOHHBIX
BCIIBIIIEK B AByX4dacToTHOW obmactu (1 u 3 I'Tm),
yaoBieTBopsaoT ycnosuro H, . > Hy,. Oro no-
Ka3bIBAET, YTO PATUOM3IyUYEHHs B HIKHEH KOPOHE
(f=1 I'T'm) Gosiee yCTOMYUBBI YeM BO BCIIBIIIICUHON
obractn ConHIA, TeHepupyeMmble B TEPEXOTHOM
cnoe (f=3 I'T'm).

4. B Tabn. 2 u Tabn. 3 u3MEeHeHNe moKa3aresen
Xepcra 0.5 < H, <1, paccunrannsle Ha yacToTax 1
u 3 I'T1 moKa3pIBalOT, YTO THI BPEMEHHOTO pSla,
OTPaXKAIOIIET0 JMHAMHUKY COJIHEYHBIX MPOTOHHBIX

BCIIBIIIEK SIBISIETCS WHEPLHUOHHBIM, a HM3MEpEHHE
3HaueHus (PpaxTaibHbIX pasmepHocTed 1 <D, < 1.5
YKa3bIBaeT Ha CJIOXHOCTb COOBITHSI.

Takum 00pa3oM, H3ydeHNe THHAMHUKH MOIIHBIX
BCIBIIIEK W MPOTOHHBIX COOBITHH, MPOUCXOISIINX
Ha CoJHIIe OTHOBPEMEHHO Ha JIByX yactoTax (1 u 3
I'Tu), ¢ ucnonszoBanueM (QppaxkTaabHOrO METOJa U
€T0 BEPCHIO «CKOJB3SIIET0 OKHAY TTO3BOJISIET IITy0-
K€ TIOHSITh MEXaHW3Mbl BO3HUKHOBEHHS MOJOOHBIX
SIBJICHWA W TIOBBIMIACT 3PGEKTUBHOCTD PaJHo JHa-
THOCTHKH.

ABTOpPBI BBIPKAIOT TIIyOOKYyI0 01arogapHOCTb
pyxoBoactBy Muctutyta Monocdepsr PecrryOnmku
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PA3PABOTKA U KAAUBPOBKA SAEKTPOHHOM CXEMbI
AASl USMEPEHUS TEMITEPATYPblI DAEMEHTOB
PAKETHO-KOCMUYECKOM TEXHUKU
HA OCHOBE TEPMUCTOPA PT100

MOHUTOPUHI COCTOSIHMUSI SAEMEHTOB KOCMMYECKMX armnapaTtoB — OAHA U3 HaMBoAee BaXkKHbIX 3aAau
KOCMMWYECKOM MPOMBILLIAEHHOCTU. 3HaHME TAaKOro KAIOHEBOro MapamMeTpa, Kak Temrnepartypa, NO3BOAsieT
KOHTPOAMPOBATb COCTOSIHME KPUTMUYECKM BaskKHbIX KOMMOHEHTOB PaKeTbl. ITO OCOGEHHO BAXKHO AAS
TEPMOYYBCTBUTEABHOM SAEKTPOHMKM, @ TakXKe AAS YacTel paKeTbl, MOABEPraloWMXCS HAaMOOAbLLEMY
TEPMUYECKOMY BO3AENCTBUIO.

LleAbio AaHHOTO Mccaea0oBaHUS Bbiaa pa3paboTka KOMMAKTHOIO M MPaKTUYHOMO PELIEHUs AAS 13-
MepeHud TemnepaTtypbl OAHOBPEMEHHO B TPEX TOUKax KOCMMYECKOro arnrnapara, a TakXXe co3paHue
OMTUMAAbHOIO aArOPUTMA KaAMOPOBKM AaTumka Temnepatypbl PT100, MCNOAb3yEMOro B CXeMe, UTo
MO3BOAMAO Obl YUECTb MHAMBMAYAAbHbIE XapaKTEPUCTMKM AATuMKa AAS GOAEE TOUHOIrO M3MepEeHUs
Temnepatypbl. HayyHasi HoBM3Ha paboTbl 3aKAIOYAETCS B MPEAAAraeMOM HOBOM MCTIOAHEHUM CXEMbI
M3MEpPEHNs TemrnepaTypbl, HAUEAEHHON Ha KOMMAKTHOCTb W MPUMEHMMOCTb B PAKeTHO-KOCMUYECKOM
TexHuke. O NpaKTMUYEeCKON 3HAYMMOCTH PaboTbl CBMAETEALCTBYET PEAAbHOE BHEAPEHWE AQHHOW CXEMBI
B HALMOHAAbHbIE MPOEKTbl. METOAOAOTMS PABOTHI BKAIOUAET B Ce6sl pa3paboTKy SIAEKTPOHHOIM CXEMbI 1
OTPMCOBKY B PEAAKTOPE TOMOAOTMM nevaTHbIX naat EasyEDA, ee noakAloueHue, a Takke KaAnBpoBKyY
C nomoLLbio s3blka nporpammuposarus C+ + u cpeabl STM32CubelDE. B pa6oTe 6biAv UCMOAL30-
BaHbl TakMe KAIOYEBbIE SAEKTPOHHbIE KOMMOHEHTbI, Kak Tepmope3uctop PT100, ycuanteab LM224 n
MUKPOKOHTPOAAep STM32. Pe3yAbTaTOM SBASETCS rOTOBOE PELUEHME AAS U3MEPEHWUSI TemnepaTypbl
3AEMEHTOB KOCMMYECKMX annapaToB. Ero LeHHOCTb 3aKAI0UYAETCS B MPUMEHEHNN B PEAAbHbIX MPOEKTAX,
a TaK>Ke B aAanTUPyemMoCTH NMOoA aHAAOTMYHbIE MPOEKTbI 3a CHET NPOCTOTbI, KOMMAKTHOCTM N BbICOKOM
rMBKOCTM TEXHUYECKMX peLleHuii. Takoe pelleHne GbIAO MPEAAOXKEHO BMEPBbIE, OHO SBASIETCS LLArOM
Ha MyTM HEe3aBMCMMOCTM HaLMOHAAbHOM KOCMMYECKOM MPOMBILLAEHHOCTM OT 3a4acTyl0 HEAOCTYMHbIX
TEXHOAOTMI MMPOBbBIX AMAEPOB B 3TOM 00AACTU. TeM He MEHee, OHO OMUPAETCS Ha MEXAYHAPOAHbIW
OnNbIT, MPUMEHSIF U MOAMDULIMPYS KAACCHYecKme (hOPMYAbI M CXEMBI.

KatoueBble caoBa: nameperne Temnepatypbl, Tepmope3nctop PT100, 3AeKTPOHHbIE CXeMbl, NPOo-
€KTMPOBAHME SIAEKTPOHUKM, KOCMUYECKAS NMPOMbILLAEHHOCTb.

A. Podoprigora’, D.T. Tastaibek?", I. Zhalymbetova?, D.E. Sametov?

'Arizona State University, Arizona, USA
?JSC «National Center of Space Research and Technology», Almaty, Kazakhstan
*e-mail: dinaratastaibek@yandex.ru

Development and calibration of an electronic circuit for measuring
the temperature of elements of rocket and space technology based
on the PT100 thermistor

Monitoring the condition of spacecraft components is a crucial aspect of the space industry. By
monitoring key parameters such as temperature, it is possible to ensure the safety and reliability of criti-
cal rocket systems. This is particularly important for thermally sensitive electronics and rocket parts that
are subjected to significant thermal stress.

The aim of this research was to develop a compact and efficient solution for simultaneously measur-
ing temperature at three points on a rocket or spacecraft, as well as create an optimal calibration algo-
rithm for a PT100 temperature sensor used in the system. This would allow for considering individual
sensor characteristics for more accurate measurements.
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The novelty of this work lies in the new design of a temperature measurement system, which has
been developed with the aim of being compact and suitable for use in rocket and space technologies.
The significance of this work is demonstrated by its practical implementation in national projects.

To achieve these goals, a methodology was followed that included the development of electronic
circuits, rendering in the EasyEDA PCB editor, circuit connection, and calibration using C+ + program-
ming and the STM32CubelDE software environment. Key electronic components, such as the PT100
temperature sensor, the LM224 operational amplifier, and the STM32 microcontroller, were used in this
project. The result is a custom-designed solution for measuring the temperature of rocket and spacecraft
parts. The value of this solution lies in its potential application in real-world projects, as well as its adapt-
ability for similar projects due to its simplicity, compactness, and high degree of technical flexibility.
This solution has been proposed for the first time and represents a step towards greater independence
for the national space industry, free from the often-unattainable technologies of world leaders in the
field. Nevertheless, this solution draws upon international experience by applying and adapting classical
formulas and designs.

Keywords: temperature measurement, PT100 thermistor, electronic circuits, electronics design,
space industry.
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PT100 TepMUCTOPbIHBIH, HETi3i 3bIMbIPaH-FapbILL TEXHUKACbI IAEMEHTTEPIHIH,
TeMrepaTypacbiH OALLeYre apHAAFaH SAEKTPOHADIK CXEMaHbl
93ipAey XoHe KaAubpaey

Fapbiw annaparTapbiHbIH, 3AEMEHTTEPIHIH KyiiH 6akblAay — Fapblll ©HEPKaCIOIHAErT eH MaHbI3-
Abl MiHAETTEPAIH 6ipi. TemnepaTypa cUsKTbl Heri3ri napameTpAi 6iAy 3bIMbIPAHHbBIH MaHbI3AbI KOMMO-
HEHTTEpPIHIH >XYMbIC XaFAaiblH GakplAayFa MyMKiHAIK 6epeai. bya, acipece, Temnepatypara cesiMTan
DAEKTPOHMKA MeH >KOFapbl XbIAYAbIK, >KYKTEMEre YLIbIPaiTbiH 3biMblpaH GOAIKTepi yliH aca MaHbI3-
Abl. Ocbl 3epTTeyAiH MakcaTbl — FApbILUTbIK-3bIMbIPAH anmnapaTbiHbIH, YL HYKTECIHAE TemriepaTtypaHbl
6ip Me3riAAe eAllieyre apHaAFaH biKLIam api TUIMAI Wewlim a3ipAey, coHaan-ak, PT100 Temnepatypa
AQTUUTIH KaAMOPAEYAIH OHTANAbI AATOPUTMIH >Kacay 60AAbl. BYA BAIC AATUMKTIH, XKeke cunaTTamana-
pbIH €CKepe OTbIPbIMN, TEMNepaTypaHbl ADAIPEK BALLEYTre MYMKIHAIK 6epeAi. XKYMbICTbIH, FbIAbIMM >Ka-
HAAbIFbl — Fapblll TEXHMKACbIHA apHAAFAH bIKLIAM XX8He KOAAaHOaAbl TemrepaTypa eAlley CXemachl-
HbIH, >KaHa TYPiH yCbiHyAQ. XK0oOaHbIH MPAKTUKAABIK, MAaHbI3AbIAbIFbI OHbIH, YATTbIK, >K06aAapAa HaKTbl
KOAAQHbIAFAHbIMEH pacTaAaAbl. 3epTTey SAICTEMECI SAEKTPOHABIK, CXeMaHbl 83ipAey MeH OHbl MAaTta
cbizbanapbiH cany EasyEDA peaakTopbiHAQ >ko6arayabl, coHaar-ak, STM32CubelDE optacbiHaa C+ +
TiAIHAE KOCbIN, Kaanbpaeyai kamTuabl. 2Kymbicta PT100 TepmopesncTopbl, LM224 KyLienTKilli >keHe
STM32 MUKPOKOHTPOAAEPI CUSIKTbI HETi3I SIAEKTPOHABIK, KOMIMOHEHTTEP naiAaAaHbIAAbI. HaTuxeciH-
A€ Fapbll annaparTapblHbIH, SAEMEHTTEPIHIH, TeMrepaTypacbiH OALLeyre apHaAFaH AarblH LLELLM Xa-
canabl. OHbIH KYHABIABIFbI — HAKThl )KO6aAapAA KOAAAHBIAYbI XKOHE KaparnanbIMABIAbIFbI, bIKLLIAMAbIFbI
MEeH TEXHUKAAbIK, MKEMAIAITT apKacbiHAQ yKcac )obanapra beiimaene aaybiHAQ. ByA welim aaraw pet
YCbIHbIAbIM OTbIP XK8HE OA Fapblll OHEPKOCIOIHAETT YATTbIK TOYEACI3AIKKE KOA >KETKi3yAiH MaHbI3Abl
KaAambl 60AbIN Tabbiraabl. COHbIMEH KaTap, OA XaAbIKApaAbIK, TaXKipubere CymeHin, KAACCHKaAbIK, (pop-
MyAQAQp MEH CXeMaAapAbl TYPAEHAIPIN KOAAQHAABI.

Ty#iH ce3aep: TemnepaTypaHbl eAlley, PT100 TepMOpe3ncTopbl, SAEKTPOHABIK, CXeMaAap, AeKT-
pOHMKaHbI >ko6aAay, Fapbill 6HEPKACi6i.

BBenenue

BBuay TOro, 4ro pa3paboTka pakeTHO-KOCMH-
YECKUX TEXHOJIOTUH 10 BCEMY MHUPY HE SIBISIETCS
MOJTHOCTBIO MyOJIMYHONW OTpacibi0, TOTOBBIX OIy-
OJIMKOBAHHBIX KOHCTPYKLHMI KOCMHUUECKHUX ammapa-
TOB HET B MIHUPOKOM poctyre. [loatomy mpu mpo-
€KTUPOBAaHUU HOBBIX PAKETHBIX M KOCMHYECKUX
YCTaHOBOK TIPUXOAMTCSA pa3pabaTbiBaTh WHIUBU-
JyalbHbIEC PELICHUS AaXe JUIs TAKUX, Ka3ajloch Obl,

MPOCTHIX 33724, KaK U3MEPEHUE TeMIIepaTyphl pa3-
JUYHBIX YacTe pakeTvl. TakuM oOpas3om, 3amada
co3/1aHusl THOKOH, MOJICTPanBaeMOM MO HWHIUBH-
IyaJbHBIE XapaKTePUCTUKH ammapaTa CUCTEMBI H3-
MEpEHUST TeMIEPATypPhl SBISCTCS aKTyallbHOU st
Ka3aXCTaHCKOM KOCMMYECKOW IPOMBIIIJIEHHOCTH.
OOBEKT JaHHOTO HCCIICJOBAHUS — JIICKTPOHHBIC
CXEMBI, TTPeIMET — KOHKPETHAsI cXeMa BKJIFOUCHUS
tepmocomnporusienus PT100. Hameit nienbto Obu1o
MIPENICTaBICHNE TOTOBOTO PEIICHHUS IS WHINBH-
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Pa3paboTka u KaauOpOBKa JICKTPOHHON CXEMbI TS H3MEPCHHUS TEMIIEPATYPhI JIEMEHTOB PAKETHO-KOCMHYECKOM. ..

JyaJdbHO NMPOEKTHPYEMOW YCTaHOBKH, a 3aJayaMH,
KOTOpBIE OBUTH MOCTABIIEHBI IS JJOCTHXKEHHUS 3TOU
Lesd ObUIH MPOEKTHPOBAHUE 3JEKTPOHHOM CXEMBI
1 e€ KamnOpOBKa. AHAJIN3 TUTEPATyPHBIX HCTOYHH-
KOB IIOMOT BBISIBUTH OCHOBHBIC HampaslieHHUs pado-
ThI. Te3nc 0 He0OOXOUMOCTH CO3JaHHS ANTOPUTMA
KaJMOPOBKHM, BBIIBUHYTBIH B Tporuecce padoThl,
OBLT MOATBEPKJCH M pealn30BaH B MPAKTUIECKOM
BHJIE.

Temmeparypa — 0JlHa U3 HEMHOTUX MHTYUTHB-
HO MOHATHBIX YENIOBEKY (PU3NUECKUX BenndyuH. He-
CMOTps Ha 3TO, ONPEACIICHNs TeMIIEpaTyphl, Ipe-
JIOKEHHBIE B (PU3HKE, OOBIYHO HE OYCHb OUCBHUIHBI
1 00pammaroTcst K TaKUM TOHATHSAM, KaK SHTPOTIHS,
uukn Kaprao wmm pacnpenenenus boze n ®epmu.
OmHMM W3 CaMBIX MHTYUTHBHO TOHSTHBIX OMNpere-
JIEHUH TeMIIepaTyphl SABIISETCS, KOHEUHO, CTATUCTH-
YECKOE ONPEJIEIICHUE: TEMIIEpATypa — Mepa CpeIHEN
KMHETUYECKONH DHEPTUU XaOTHUYECKOTO JIBUKEHHS
yacTHI] cUCTEMBL. TeM He MeHee, SKCIIEPUMEHTAIIb-
HO HU3MEPUTHh MAKPOCKOIMYECKHU ATy BEIMUYUHY HE
MIPEACTABIISIETCS. BO3MOKHBIM.

[TpuGopsl, U3MepsIomye TEeMIeparypy, Hasbl-
BAKOTCSl TepMoMeTpaMH. Ha 1aHHBII MOMEHT Cy-
LIECTBYET HECKOJIBKO IOIYJISPHBIX BUJOB TEPMO-
METpPOB:

Tepmomempur pacwupenus. Ix pabora ocHo-
BaHa Ha TPUHIMIIE W3MEHEHHUS 00BhEeMa BEIIECTBA
pu HarpeBaHuu. B kauecTBe pabouero Tena MOryT
HCIIONIb30BAThCS KUIAKOCTH, TBEPAbIC TEJIa UJIU Ta-
30BBIC Cpe/bl, HOMEIIEHHBIE B CIIELUABHYIO TPYO-
KY, COCIMHEHHYIO C MHAUKATOPHBIM YCTPOMCTBOM.
Takue npuOOPBI OTIAMYAIOTCS OTHOCUTENBHON MPO-
CTOTOM KOHCTPYKIIMH M HE TPeOyIOT BHEITHETO HUC-
TOYHUKA MUTaHUs, OAHAKO UX TOYHOCTh U CKOPOCTh
OTKJINKAa OTPAaHUYEHBI, OCOOEHHO TNPH H3MEPEHUU
ObICTpO MeHsomMxcst Temreparyp. OHH MaccoBO
WCTIONB3YIOTCS A OBITOBBIX HYKJ YeJIOBEKa, Ofl-
HAKO HEMPHMEHHMBI B 00JacTsX, I7Ie Hy>KHA TOY-
HOCTb M CKOPOCTh U3MepeHuil. Taxxe ux nokasare-
JIM CJIO’KHEE MOJIAI0TCS OLH(POBKE.

Tepmonapnvie mepmomempsbl pabOTAIOT Ha
a¢ddekre 3eeOeka, MPU KOTOPOM B IEMH H3 JIBYX
Pa3HBIX METAJUIOB BO3HHUKAET JJIEKTPUYECKOE Ha-
MpsDKEHUE, €CM UX CHau HaXOAsTCd MPHU Pa3HBIX
TeMIiepaTypax. M3mepsis 3To HanpsKeHUe, MOKHO
OTIpENeNUTh TeMIlepaTypy pabouero cmas. Takue
TEPMOMETPHI CTIOCOOHBI paboTaTh B MIMPOKOM JTHA-
[1a30HE TEMIEPATyp U MOAXOAAT JUIsl arPECCUBHBIX
cpen, HO TpeOyloT KaauOpOBKHM M MOTYT JaBaTh
IIOTPELIHOCTY M3-3a BHEIIHUX NoMeX. X nmpeumy-
IIECTBO — LIMPOKUI IMana3oH M yCTOWYUBOCTb, a
HEJ0CTaTOK —HHU3Kasi TOUHOCTh. OHM NMPUMEHSIOTCA
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B HEKOTOPBIX BUJAX J1a0OPAaTOPHOTO U MPOU3BOA-
CTBEHHOT'0 000PY/I0BaHHSA, 0COOEHHO TIPH KOHTAKTe
C arpeccUBHOM cpenoi.

B cremmduuecknx yciaoBusx criocoOHbl pabo-
TaTh TaKXKe paduayuornvie mepmomempoi. OHH U3-
MEPSIOT TEMIIEPATYPY 110 MHTEHCUBHOCTH TETIJIOBOTO
n3Iy4yeHus: o0bekTa 0e3 KOHTakTa ¢ HUM. VX mpe-
MMYIIECTBO — BO3MOYKHOCTD JICTAHIIMOHHOTO U3Me-
pEHHUs, HEIOCTAaTKH — 3aBUCUMOCTh OT BHEIIHUX YC-
JIOBUH U M3ITy4aTeIHHOM CIIOCOOHOCTH MTOBEPXHOCTH.

Pabota mepmucmopuvix mepmomempos oc-
HOBaHA HA WCIIOJIb30BAHUHU MOIYTPOBOIHUKOBBIX
PE3UCTOPOB, AIEKTPUYECKOE CONPOTUBIEHHE KO-
TOPBIX 3aMETHO MEHSIETCS NMPH M3MEHEHHH TeMIIe-
patypsl [1]. B 3aBucuMOCTH OT TUIa TEPMUCTOPA
(NTC wmm PTC) conmpoTHBICHHE YMEHBITIACTCS HITH
YBEIIMUUBAETCSI C POCTOM TEMIIEPATYpPhl, YTO MO3BO-
JISeT TOYHO (PMKCHPOBATH €€ 3HAYeHHE C TTOMOIIIBIO
JNEKTPUUECKUX M3MEPHUTEIBHBIX CXeM. Takue mpu-
OOpBI OTIAMYAIOTCS BEICOKOH YyBCTBUTEIHHOCTHIO U
OBICTpOJICHCTBUEM [2], HO MMEIOT OTpaHUYCHHBIN
JMaTnia30H U3MEPEHUH U MOTYT JeTpajiupoBaTh MpH
JUTUTEIBHOM KCIUTyaTalllu B SKCTPEMaJIbHBIX YCIIO-
BusX [3]. Ix mpenMyIiecTBO — BRICOKAst TOUHOCTH
CKOPOCTb OTKJIMKA, HEIOCTATOK — Y3KHUI THUANa30H U
OTPaHWYEHHBIN CPOK CITY>KOBI.

Hazno oTMeTnTh, 94TO HU OAMH U3 BHIIIENIEPEUHC-
JICHHBIX TPUOOPOB HE M3MEpsIeT TeMIlepaTtypy Ha-
npsiMyro. Bece oHM HCTIONB3YIOT 3aBUCUMOCTH ApY-
TUX U3MEPSEMBIX BEIMYMH OT Temreparypsl. [Ipu
TAaKMX HENpPsIMBIX METO/aX HEen30€KHO BO3ZHHKAET
MOTPENTHOCTh. JTO Ba)KHO YYUTHIBATH MPHU H3Me-
peHnH B 1a00paTOPHBIX, HAYYHBIX, KOCMHYECKUX U
JIPYTHX CHUCTeMax, TPEeOYIOImUX 0co00H TOYHOCTH.
sl KocMHUYeCKUX CHCTEM TEPMOMETPHI paclInpe-
HUS WIN paJuafioHHble TEPMOMETPHI, OYEBHJIHO,
HE SIBISIOTCS ONTHUMAaJbHBIM perieHreM. Bribop
MeXJly TepMOMapoi M TePMOCOTPOTHBICHHUEM He-
CKOJIbKO Ooiee TpyneH. CpaBHEHUIO YCIIOBHU MPH-
MEHEHHSI ¥ XapaKTePUCTHUK 3THUX JIBYX YCTPOWCTB
MOCBSIIEHO HEMaJIO paboT, B TOM YHMCIIC HOBBIX U
3apy6exxHbix [4]. Tepmomapsl MeHEE TyBCTBHUTEIb-
HBl K BHOpaLUsM, YeM TEPMOPE3UCTOPHI. Tepmo-
PE3UCTOPHI TOYHEE, M OHHU JIOJIbIIE JepKaT Kallu-
OpoBky. IloMUMO 3TOrO, TEPMOCONIPOTHUBIICHUE HE
TaK YyBCTBHUTEIBHO K IOMEXaM 3a CUET OOJIBIIETro
YPOBHS BBIXOJHOTO CHUTHana. PaHble cunTanocs,
YTO BpeMs OTKJIMKA TEpMOMAphl MEHBINE, YeM Y
TEPMOCONPOTHUBIICHUSI, OAHAKO €CTh PabOTHI, KOTO-
pBI€ TOBOPSIT O TOM, YTO 3TO BEPHO TOJIBKO JUIA Jia-
OOpaTOPHBIX YCIOBUH, a B N30JUPYIOLIEM KOPITyce
OTKJIUK TEPMOPE3UCTOPOB MOXKET OBITh U MEHBIIIE,
yeM y Tepmomnap [5].



A. Ilogonpuropa u ap.

B cucremax, TpeOyrOIIUX TOYHBIX JUHAMHYE-
CKHAX HM3MEpEHUil TeMIlepaTypbl, OCOOCHHO B KOC-
MHUYECKHX U METEOPOJIOTUYECKUX PaKeTax, TePMH-
CTOpHBIE TEPMOMETPHI OMPEIEIEHHO 3aHSUIA CBOIO
Hunry. CxeMa Juist Bi3MEpEHUs TeMITePaTypbl, Tpe-
JIO’)KEHHAsI B IAHHOW CTaThe, Mpe/iaraeTcs s uc-
MOJIb30BAHUS B TAKHX CHCTEMaX.

PT100 — ogwH M3 caMBIX MOIYJISIPHBIX TEPMU-
ctopoB. OH MONYYHJI MIUPOKOE MPUMEHEHUe Oia-
rojapsi CBO€d MpOCTOTE, TOYHOCTH, CTOMKOCTH K
BUOpaIlMU, KOPPO3WU H CIIOCOOHOCTH paboTaTth
B IMUPOKOM nuama3zoHe Temmeparyp [6]. OH uc-
MOJIL3YETCS B TEPMOJIATYNKAX B CAMBIX Pa3HBIX 00-
JIACTSIX YeIOBEUECKOH NeATeNbHOCTH, HAUMHAs OT
BEHTWISALINY, XPaHSHUS TPOAYKTOB U METUITUHCKUX
nekapctB [7], 3eneHoit sHepreTuku [8], 10 coopa
METEOPOJIOTHUECKUX JAHHBIX U JAHHBIX C KOCMUYE-
ckux ammapaTtoB [9, 10]. 3aBUCHMOCTH €ro COmpo-
TUBJICHHS OT TEMIIEPATYPhI BEIPAKACTCS JIMHEHHO:

Rprig0 =Ry (1 +0T) (D
rJe:
Ry1100 — compoTuBnenue repmuctopa PT100;
R, — conporusnenue tepmucropa PT100 npu 0
OC;
0, — KaTMOPOBOYHBIH KOAPDHUIHUEHT;

T — Temmnepatypa, coobIiaemMas TEPMUCTOPY CH-
CTEMOI.

Bun tepmucropa PT100 npuBeneH Ha pucyHke
1. HazBanue PT100 o3Hagaet, 9To TEPMOPE3UCTOP
HU3TOTOBJICH U3 T1aTuHbL, U pu 0 °C uMmeer conpo-
tusiieane 100 Om. [ImaTuHOBBIE TEPMUCTOPHI JABHO
MoKa3anu ceOsl OTHUMU W3 JTYUIINX, OHH TPOSBIS-
0T BBICOKYTO CTAOMIILHOCTh M UMEIOT ITUPOKUH JIS
TEPMOCOTIPOTUBIICHHSI TUANIa30H U3MEPSIEMBIX TEM-
neparyp [11]. OH criocoOeH U3MEPSATh TEMIIEPATYPY
B nuamna3zoHe ot -200 °C no +850 °C [8]. Tak kak Ta-
KH€ TePMUCTOPHI aKTUBHO HCITONIB3YIOTCS B Pa3ind-
HBIX 00JacTSX TEXHUKU W MPOU3BOJACTBA, I HUX
CYIIECTBYIOT HM3MEPCHHBIC KATMOPOBOUYHBIC 3HA-
YeHHsI COTIPOTUBIICHUH U Temreparyp. Tem He me-
Hee, pa3HuIla B KOHCTPYKIIUHU TaTYUKOB PA3INIHBIX
MIPOU3BOAMTENCH, a Takke d(P(EeKT HETUHEHHOCTH
3aBHCHMOCTH COIIPOTUBIICHUS OT TEMIIEPATYPhI TPH
BBICOKMX TeMIIEpaTypax (0 KOTOpoM OyJeT CKa3aHO
HW)KE) TMPHUBOST K TOMY, YTO PealbHbIC KaInOpo-
BOYHBIC 3HAYCHUSI MOTYT OBITh MHIUBUIYAIbHBIMH
JUTS KKJIOTO JIaTYMKa, XOTS M HE CHIIBHO OTJIHYa-
FOTCSL OT IIMPOKO U3BECTHBIX.

JuHaMu4yecKkn U3MepsATh COMPOTHUBIIEHUE TaKO-
ro TEPMHCTOpA MPUHATO MPHU TOMOIIU KJIaccHye-
CKOM CXeMBI MOCTa YHUTCTOHA (PUCYHOK 2).

Pucynoxk 1 — Tepmuctop PT100 ¢ Tpems: KOHTakTamMu
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+5V +5V
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Pucynox 2 — MocT YurcroHa — JeIUTENb HAIPSKCHUS
JUISL N3MEPEHHs CONTPOTUBIICHHS TEPMOPE3UCTOPa

Moct YurcToHa paboTaeT KaK JeuTelb Harpsi-
JKEHHsI Ha YeThIpex pesucropax. [Ipu cbamancupo-
BaHHOM MOCTE, 3Hasd 3HAYCHUA TPEX COMNPOTHUBJIIC-
HUH, 4ETBEPTOE MOKHO HAHUTH 110 PopMyIIe

R3
Ry =Ry * R, (2)
1

Ecnn B3sTh 3a R, CONPOTHBIIEHUE TEPMUCTOPA
PT100, MoxHO MOSTyyaTh AAHHBIE O COMPOTHUBICHUH
TEpPMHCTOpa B peaJbHOM BpeMeHU. Tem He MeHee,
MocT YuTcToHa o0najaer psjom orpanndenuii. Ha-
puMep, 4eM OoIblle TeMIleparypa TepMHUCTOpA,
TeM OoJbllle pealibHas 3aBUCHMOCTH COMPOTHBIIC-
HUS OT TeMIepaTyphl oTiinyaercs ot Buaa (1). Ota
npobieMa — Kilaccuieckass 1 OCHOBHasI podiiema,
BO3HHUKAOMIAs Npu padoTe ¢ AATYMKAMHU TEPMOCO-
MIPOTHUBJICHNUS, €i1 03aJJaueHbl MHOTHE HCCIe0BaTe-
mu [12, 13]. OtnensHBIe padoTH [14] TOKA3HIBAIOT,
4T0 BiHsiHUE d(PPeKTa caMOHarpeBa MOMKET HCKa-
JKaTh 3HAYEHUS U3MEPSEMBIX TEMIepaTyp Ha BeJH-
YUHBI OT JIECATBIX JI0 JIECATKOB rpaaycoB. Pa3Hbie
KOHCTPYKTOPBI TPEAIaraloT pa3Hble TEXHUYECKHE
pewenus it 3Toi npobnemsl. Tak, HanpuMep, He-
KOTOpbIE YyueHble [6, 15] mpuBOIAT HENMHEHHbIE
YpaBHCHUA [JIA OIMMMCaHWA 3aBUCUMOCTU COIIPOTUB-
JIEHUS] OT TEeMIepaTyphl PE3UCTOpa B Pa3HBIX JIWa-
nazoHax Temmnepartyp. lpyras rpynmna [16] BMecTo
KJIACCUYECKOM CXEMbl MOCTa YUTCTOHA C MUTAHUEM
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OT WCTOYHHMKA HAINpsDKEHHS TpenaraeT ycoBep-
IIEHCTBOBAaHHYIO CXEMY C TUTaHWEM OT MCTOYHHKA
MOCTOSTHHOTO TOKa. JTO MO3BOJISET Aep)KaTh OYEHb
MaJible 3Ha4eHHs TOKa, He JIOIyCKas caMOHarpeBa
TepMHCTOpA.

MeTtopojaorus

B kadecTBe wHccienoBaTeNbCKOTO MaTepuaia
WCTIOTB30BANIACH JJIEKTPOHHAS M3MEPHUTENbHAS CH-
cTeMa, pa3paboTaHHasi Ha OCHOBE MHUKPOKOHTPOJI-
nepa STM32. OCHOBHBIMH KOMIIOHEHTaMH CXEMbI
aBisuMch Tepmopesucrop PT100, obecneunBaro-
A MpeoOpa3oBaHue TEMIEpPaTyphl B dJEKTpUUe-
CKOE€ COIPOTUBJIEHUE; OIECPALUOHHBIA YCUIUTEIb
LM?224, npuMmeHsieMblid 1151 YCUJIEHHSI aHAJIOIOBO-
rO CUTHaJla; a TaK)Ke BCIIOMOTaTeNIbHBIE 3JIEMEHTHI,
obecrnieunBarone KOPPEKTHOE (PYHKIIMOHHPOBA-
HUEC USMEPUTCIILHOT'O KaHaJla. KomnnuecTBeHHble xa-
PaKTEPUCTUKHU DIIEMEHTOB (HOMUHAIBI, TUATIa30HbI
M3MEpPEeHNH M KJIacChl TOYHOCTH) MOAOMPAUCH B
COOTBETCTBHH C TPeOOBaHMSIMH K CTAOMIBHOCTH H
TOYHOCTU TEPMOMETPUUECKUX U3MEPEHUM.

Pabora mpoBommmack moatamHOo. Ha mepBom
sTane Obula pa3paboTaHa MPHUHIUITHAIBHAS AJICK-
TpUUYECKass CXeMa YCTPOMCTBa W BBINIOJNIHEHa ¢
otpucoBka B EasyEDA. Ha Bropom stame npous-
BeJIeHa IMpOorpaMMHasi HACTPOHKa 1 KaarOpOBKa M3-
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MEPHUTENBHON CHCTEMBI C HCIOJIb30BaHUEM SA3BIKA
C++ m mporpammaoi cpenst STM32CubelDE. B
X07ie pabOThl MPUMEHSUINCH KJIACCHYECKHE METO-
JIBI TIPOCKTHUPOBAHUS M KAJIMOPOBKU DJIEKTPOHHBIX
CXEM.

Hcrnonp3oBanne KOMOWHHPOBAHHOTO TOJXO-
Jla—anmnapaTHoro (3JIeKTPOHHAsI CXeMa) U IIPOrpaMM-
Horo (kaymbpoBka B STM32CubelDE) — obecmieun-
JIO TIOBBIIIEHUE TOYHOCTU WU BOCIPOU3BOAMMOCTH
JTAHHBIX.

OTansl UCClIe0BaHUS:

1. PazpaboTka m MOJEIMPOBAHWE TPUHITUIIH-
aJIbHOM CXEMBI,

2. IlpoekTmpoBaHWE W OTPHUCOBKA IEUATHOM
miatel B EasyEDA;

3. IIporpamMMupoBaHUE U KATHOPOBKA CHCTEMBI
B STM32CubelDE;

MeToapl  HMCCIEIOBaHMS: CXEMOTEXHHUYECKOEe
MOJIETUPOBAHNUE, FKCIIEPUMEHTaIbHAsl cCOOpKa, IIPO-
rpaMMHas KaTMOPOBKa, CPABHUTEIBHBIN aHAITU3 T10-
JYYEHHBIX JaHHBIX.

Pe3yJ’[BTaTI)I u oﬁcymeﬂne

dnekmponnan cxema

B Hamell cratbe MBI mpeajiaraeM cxemy Jist
KaJTHOPOBKH 3aBHCHMOCTH COTPOTHUBIICHUS TEPMU-
cropa PT100 ot Temneparypsl. DTO MO3BOJISIET HE
CTPEMUTHCS K TOJIYYEHHUIO JIMHEMHOM 3aBUCUMOCTH,
a HaWTH WHIWBUIYaJbHYIO KAIHOPOBOYHYIO KpH-
BYIO JUISI MCIIOJB3yEMOI0 TEMIIEPATypHOTO JaT4H-
ka. Cxema MO3BOJISIET MONYYUTh AHAJIOTOBBIA CHUT-
HaJl U YCUJIUTH €ro C MOMOIIbI0 maTunka LM224.
AHaJIOroBbIi CUTHAJ B MOCJIEIYIOUIEM IOIAETCS Ha
MUKpokoHTposiep STM32. [TomyueHHBbIN ¢ MUKpO-
KOHTpOJIJIepa CHTHaJl 00pabaThIBaeTCs B CHUCTEME
STM32CubelDE, anroput™ 00paboTKu OyaeT npu-
BEJICH HIDKE. YTIPOILECHHBIN BUJI pealu3yeMon cxe-
MBI TIPEJICTaBJICH HAa PUCYHKE 3.

Momudukammss MocTa YHUTCTOHA C yCHIICHHEM
curnana natuukom LM?224 npuBeneHa Ha pucyHke 4.
Ota npocTasi cXema MO3BOJSIET NOTYUUTh CUTHAT ISt
AT c MUHHMAaITBHBIMU 3aTpaTaMH Ha KOMIIOHEHTBI.

STM32CubelDE

YTEHME 3HaYEHMI
Kanmbpoeka

:

Pucynoxk 3 — YnpouieHHBII BUJ CXeMBI, IPEATIOKEHHOM 11 KamuOpoBKHu Tepmuctopa PT100
1 MOCJIEYIOIINX SKCIIEPUMEHTAIBHBIX H3MEPEHHUIT

Bri6op omepammonnoro ycunutens LM224
He ciny4yaeH. OH M03BOJISIET JOOUTHCS MPOCTOTHL U
KOMIAKTHOCTH CXEMBbI MIPH BO3MOXXHOCTH M3Mepe-
HUSI TEMIEpaTyphl Cpa3y TPEMsl U JaKe YETBIPbMS
TEPMOPE3UCTOPaMHU. ITO MOXKET OBITH HEOOXOIH-
MO B NEPEHOCHBIX yCTPOICTBaX, B 1a0OPaTOPHBIX,
BO3YUTHBIX U KOCMUYECKHX YCTAaHOBKAaX, KOTOPBIE
OrpaHUYECHBI B Pa3MEPax JIEKTPOHHBIX IJIaT U KOM-
MMOHEHTOB. Bo3Mo’kHa 3aMeHa yCUITUTENS Ha aHAJIO-
TUYHbIE, K TpuMepy, LM324, uro yBennuuBaeT rud-
KOCTb IIpeJyIaraéMoil cXeMbl U €€ aJaliTUPYEMOCTh
10/l UHAMBUIYAJIbHBIC TEXHUYECKUE PCILICHHS.

BapuanTt 1aHHOM cXeMbl 1)1 MOAKIIOYEHUS cpa-
3y Tpex aaruukoB Pt100 u ycunenus ux uepes enu-
HbIH ycwmTens LM224 npencrasieH Ha pUCyHKe 5.

O6e npeanoxXeHHbIE CXEeMBbl IPOCTHI B COOPKE,
a TaKkKe aJalTHPYEMBbl MOJ aHAJIOTMYHBIE TEPMO-
conporuBieHusd, k npumepy PT1000. [lnga storo
TpeOyeTcss TOJIKO IepecyeT Harpy3oK COIMpPOTHB-
JeHu# nenu. 'MOKOCTh peann3anuy CXeMbl M03BO-
JSeT BHEAPATH €€ B IIHUPOKHUN psf T1a00paTOPHBIX
YCTPOMCTB CaMOCTOSITEIBHON COOPKH, XOTS 3TO U
MOJKET OBITh HE CaMbIM TOAXO/SIIUM PEUICHUEM B
cllyyae IIMPOKOMACIITAOHOTO MPOU3BOJCTBA.
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Pucynox 4 — [IpunnunuaipHast 3JeKTPOHHAs CXeMa U3MEPEHHsI TeMIIepaTyphbl
¢ nomoiisio PT100
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Pucynox 5 — [IpuHuunuansHas 21€KTPOHHAS CXEMA U3MEPEHNUs TEMIIEPATyphbl
¢ nomo1usio Tpéx PT100

Kanuoposexa 6 STM32CubelDE

Brimieyka3anHas cxema TIO3BOJISIET ITOIYYUTh
aHayoroBeiii  curHas. OOpaboTKa 3TOr0 CHTHAja
OCYIIECTBISIETCS C TIOMOIIBI0 MUKPOKOHTPOJLIEpa
STM32. Iy B3aUMOAEHCTBHAS MHUKPOKOHTPOJUIEPA C
OJIB30BATENIEM UCIIOJB3YETCsl MHTEp(EHC Mporpam-
Mel  STM32CubelDE. STM32CubelDE mo3BosmsieT
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TaKTUPOBATH MUKPOKOHTPOJUIEP, & TAKKE BHOCUTH JI0-
TIOJTHEHHST ¥ MOJTU(HUKAINH B €r0 TIPOTPAMMHBII KOJT.
[IporpamMmHBIi KOJI JJI1 MHUKPOKOHTpOJIIEpa
obut HarcaH Ha C++. OH COMEPKUT CIEeNYIONIHe
JIOTUYECKHE OJIOKU:
1. Co3nanue MacCUBOB JTAHHBIX HANPSKEHUU U
Temrepatyp. [1o yMOT4aHIIO MAaCCUBBI 3aIIOTHSIOT-
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csl u3BecTHBIMU JaHHbIMU A PT100 u3 nurtepary-
PBI, HO MOTYT OBITh 33/IaHBl U U3MEPEHHBIE JKCIIe-
PUMEHTAJILHO MOJIb30BATENbCKHE 3HaYCHUS. BB1OOD
HanpsOKEHWH, a He COMPOTHUBIEHUH 0O0YCIIOBIECH
y100CTBOM 00paOOTKH JaHHBIX.

2. 3amanue KannOpOBOYHOM KPUBOH C TTOMOIIIBIO
KKABIX JBYX COCEJIHMX TOUeK. MexIy coceqHH-
MU TOYKaMH MHTEPIIONAIMOHHAS KpUBas JIMHEHHA,
a Ha BCEM JMana3oHe 3HAaYeHWH MMEeT BUJ JIoMa-
Ho#l. Takoe mpHOIMKEHIE HE TTO3BOJISICT OMHUCATh
3aBUCHUMOCTh B COBEPIIEHCTBE, OJHAKO SIBISETCS
JIOTTYCTAMBIM KOMIIPOMICCOM MEXKy CIIOKHBIMH
HENMHEHHBIMU TPUOIKCHUSAMHU U TEOPETHYECKON

JTUHEHHOU 3aBUCUMOCTBI0. bolee Toro, mpu nojacra-
HOBKE OOJIBIITIX MAacCCHUBOB 3HAYCHUM, TOTYUCHHBIX
AKCIIEPUMEHTAIBHO, OHAa HAN0OJIEe TOUHO OTPAYKACT
WHIWBHUTYAIbHBIE XapaKTePUCTHKUA KaXKIOTO Tep-
MOPE3UCTOpA.

3. Opranuzanusi CAUTHIBAHUS 3HAUCHUHN HATIPSI-
JKEHUH ¥ TMOJCTAaHOBKA MOJYUYCHHBIX 3HAYCHUU B
KTHOPOBOYHYIO KPHUBYIO JUTS TIOJTYICHUS 3HAUCHU T
temnepatyp. JlaHHBIA 1Iar AomoiHeH (yHKIUCH
pacuipenusi auarna3oHa npuHuMmaembix ot AIII
3HAYCHUH.

CxeMaTHYECKHi BUJI BBIIIEONTMCAHHBIX OJIOKOB
MPUBEAEH HA PUCYHKE 6.

U1, Uz, ... Un
U1, Uz, ... Un
— voltages[] = {U1, Uz, ... Un} +——
PT100
Datasheet Bnok 1. CosgaHue maccusos
AaHHbIX
+ temperatures[] = {T1, T2, ... Tn} T
T1, T2, .. T T, T2, .. T
Mcnonb3oBaHue 3KcnepyMmeHTasibHOe
NUTEpPaTYPHbIX JaHHbIX H3mepeHue
(a)
voltages[] = {U1, Uz, ... Un}
temperatures[] = {T1, T2, ... Tn}
J Bnok 2. Monyyexune
(3, U1) (T2, U2) KanMBpoBOYHOI KpUBOM
(T3, U3) \7_,,
AN
......... ~
............. (TN, UN)
......... . -r

(©)

Bnok 3. UamepeHune aaHHbIX

.
~ URM)
N

— | T(R(U))

KasmbposouHas

KpuBas

(®)

Pucynok 6 — (a) — Co3ganue MacCHBOB M 3aIlOTHEHUE UX 3HAYCHUSIMH HANPSHKCHUH U TeMIeparTyp,
TIOTyYeHHBIMHA SKCTIEPUMEHTAIFHO MM U3 JINTEPATyPHBIX HCTOUYHUKOB, (0) — 00paboTka MacCHBOB JaHHBIX
¥ TIOJTy4eHNE KaTHOpOBOYHOH KpuBoH 1t Tepmuctopa PT100,

(B) — HCTIONB30BaHNE KATHOPOBOYHOM KPUBOIT ISt N3MEPEHHS 3HAUCHUH TEMITepaTypEbIL.
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[Tony4yeHnnsle 3HaUCHHS TEMIIEPATYphl B Jallb-
HeHIeM MOTYT OBITh SKCIOPTUPOBAHBI LIS JIailb-
Heime 00paboTKu.

3akioueHne

[IpoexkTupoBaHue SIEKTPOHUKU IS DKCKIIO-
3UBHBIX PaKETHO-KOCMHYECKUX IPOEKTOB — BaX-
Has 4acTh HAYYHOW M MHXKEHEPHOH paboTsl. Takue
MHANBUIYaTbHBIE PEIICHUS HE TOJBKO PACIIUPSIOT
pa3HooOpasne AMEKTPOHHBIX CXEM, HO U MTO3BOJISIIOT
JIOCTUTATh ONTHMM3AINN TTapaMeTPOB YCTaHOBKH,
MPENNOUYTUTENBHBIX B KaKJIOM KOHKPETHOM CIIy-
yae. [ToMuMo 3TOro, OHU IO3BOJIAIOT HE 3aBUCETh
OT HEJOCTYITHBIX TEXHOJIOTHH CTpaH, TUINPYIOLINX
B PAKETHO-KOCMUYECKON NpomblluieHHOCTH. [Tpen-
JIOKEHHAs cXeMa SIBJISIETCS] THOKUM PELIeHUEM IS
BHEJIPEHHUSI B DKCKIIIO3UBHBIE KOCMHYECKHE YCTa-
HOBKH M MOKET OBITB JIETKO NepecoOpaHa moJ aHa-
JIOTUYHBIE TEPMUCTOPHI WM OTIEPAIIMOHHBIE YCHUITH-
Tenu, kK npumepy tepmucrop PT1000 n ycunurens
LM234. AnropuT™M KanuOpOBKH TO3BOJIAET BHO-
CUTh JKCHEPUMEHTAIBHO IONYy4YEHHbIE 3HAUYEHUS
COTIPOTHBJICHHUS M TEMIEPATYPHI ISl KaXKIOTO Tep-

MHUCTOpPA WM UCIOJIB30BATh TECOPETUUCCKU U3BECT-
Hble 3HadeHWs. llommmo THOKOCTH, chenaH ymop
Ha MPOCTOTY, KOMIAKTHOCTh U MPOYHOCTH CXEMBI,
YTO TIO3BOJISICT NMPUMEHATH €€ B TPAHCIOPTHPYE-
MBIX BO3AYILIHBIX CHUCTEMaX, METCOPOJOTHUUYCCKUX
1 KOCMHUYECKUX PaKeTaX, MOJIBEPKEHHBIX TPSCKE U
Harpy3kam. Pa3zButre HallMOHAIBHOW KOCMUYECKON
MIPOMBITIUICHHOCTH B HACTOAIIEE BPEMS SBISCTCS
AKTyaJIbHOW M OCTpO CTOSIIENH TEMOM, a JOKyMEH-
THPOBaHUE OOIIUX TPHUHIIMIIOB TEXHUYICCKUX pe-
LICHUH, BHEJIPSIEMBIX B OTCUCCTBEHHBIC IMPOCKTHI,
MOXXET B OyIyIIeM CTaTh OCHOBOHM TSI OOBIIHX
[IArOB B 3TO# 00JACTH.

BaarogapHocTb, KOHQJIMKT HHTEPECOB

Jannoe uccnenoBanue GpuHaHCHpYyeTCS B pam-
Kax  TPOTrpaMMHO-IIETIEBOTO  (PMHAHCHPOBAHUSA
HaYyYHOM W(MJM) HAyYHO-TEXHHYECKOH JesTelb-
HocTH, Komurera Hayku MuHucTepcTBa HayKu U
BeIciiero oOpasoBanusi PecnyOnukn Kaszaxcran
(BR249008/0224).

ABTOpBI 3asBISIIOT 00 OTCYTCTBUH KOH(IUKTA
HUHTEPECOB.
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