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Physical and mathematical sciences
du3zuko-MaTeMaTHYECKHE HAayKHu

YK 621.315.592.3:538.91

BJIMSTHUE TEMIIEPATYPbBI HA SJIEKTPO®U3NYECKUE
CBOMCTBA p-Si—n-Siy,Sn, (0<x<0.04) CTPYKTYP

X.M. MagaMHHOB, KaHUIAT QU3MKO-MaTEeMaTHIECKUX HAYK, JOLEHT
AHAIMKAHCKAN TOCYAapCTBEHHBIN YHUBEPCHUTET, ¥ 30€KUCTaH

Annomayus. B cmamoe npugedenvl pesyibmamsl UCCICO0BAHUL 60NbIM-AMNEPHBIX Xapakmepucmuk P-Si—n-
Si1Sny (0=x<0.04) nepexodos ¢ memnepamyprnom unmepeare om 293 0o 453 K. Ha ocnose smux oanmwvix Obliu
onpedeenvl IHepeuU akmugayuu 08yx enyboxux yposteil co sHavenuamu 0.21 eV u 0.35 eV, komopuie npunucwvigaromes
MeACOOY3eNbHbIM amomam SN u A-yenmpam, coomeemcmeeHHo.

Knrouesvie cnosa: meepovlii pacmeop, HcuOKOQpasHas 3MUmMaxcus, OUOOHAsE CIMPYKMypd, 80J1bM-aMNepHast
Xapaxkmepucmuxa, nPoMedsHCymoyHblil CJI0U.

TBepapiii pactBop Si;4SNy — SBISETCS OAHUM W3 TNEPCHEKTUBHBIX MaTEPHAIOB Uil MOJYIPOBOJIHHKOBON
MUKPOJIEKTPOHUKH. [IpakTHueckuii MHTepec MpeACTaBIsIeT U3TOTOBICHHE PA3JIMYHBIX T€TEPOCTPYKTYp Ha OCHOBE Sij-
x9Ny Ha JTOCTYIHBIX KPEMHHEBBIX ITOJUIOXKKAX W HMCCIEIOBAHHE MX CTPYKTYPHBIX M JIEKTPO(YU3NUECKHX CBOHCTB. B
HaIlMX NpeNsIayIuX padoTax, HampuMep, B [4], 000CHOBaHA MEPCIEKTUBHOCTH HCIIOJIB30BAHMS TBEPABIX PAacTBOPOB
Si1xSny (0<x<0.04), nony4eHHBIX Ha KPEMHHUEBBIX MOAJIOXKKaX, B KayecTBE aKTUBHOI'O MaTepHala NPH W3rOTOBJICHHU
WHKEKIIMOHHBIX JIHOJIOB. A TaKKe TOJydeHHBIE PE3YNbTaThl B [3] MO3BOJIMIHN CAETATh CIEIYIOMINE BEIBOABL: B TBEPAOM
pactBope Si;Sn, (0<x<0.04) cymecTBeHHYIO0 poOib NpH (OPMHPOBAHUU 3IEKTPOYUINIECKUX CBOIMCTB HTpaeT
paccestHUE HOCHTENEH 3apsiia HE TOJBKO Ha CIOXKHBIX KOMIUIEKCaxX, HO M HA HAaHOBKIIOYCHHUSX; YCTAHOBJICHA
3¢ (PEKTUBHOCTh HCIIOJIB30BAHUS SMUTAKCHAIBHBIX IUICHOK TBEPABIX pacTBOpoB Sij_Sny (0<X<0.04), momy4eHHbIX Ha
KPEMHHEBBIX IMOJUIOKKaX, KaK MEPCHEKTUBHBIX MAaTepUaioB IpH pa3paboTke AMOJ0B, PYHKIMOHUPYIOUIMX B PEXKHME
JIBOMHOM MHIKEKIIMH.

Hcxonst w3 Bblle NEPEYUCICHHOIO, B JaHHON paboTe HMCCIENOBAIOCH BIIMSIHAE TEMIIEpaTypbl Ha BOJIBT-
amrepHbix xapakrepuctuk (BAX) crpykryp p-Si-n-Siy,Sn, (0<X<0.04). CTpyKTypbl U3rOTABIMBAINCH BBIPAIIUBAHUEM
Ha P-Si MOHOKPHUCTAJUIMYECKUX IMOJUIONKKAX ¢ ToimuHoi 400 um u yaeiapHbIM compoTuBieHueM 1 (-CM TBepaoro
pactBopa Siy,Sn, (0<x<0.04) n-tumna mpoOBOAUMOCTHA METOAOM YKUAKO(PA3HOW IMUTAKCUHM M3 SN pacTBOpa-paciuiaBa.
Beipamennbie ciou N-Si; SNy B 3aBHCHMOCTH OT HaJala M OKOHYAHUSI TEMIIEPATYPhl KPHCTALTH3AIUN U CKOPOCTH
OXJTAXICHUS MIMEJH TOMIHHY OT 15 mo 45 um, yaensHoe conpoTuBieHne ~ 0.6-1.0 Q-CM 1 KOHIIEHTPAINIO HOCHTEIeH
~ 10" cm®,

Jnst m3mepenust BAX k cTpyKType METOIOM BaKyyMHOT'O HAIbUICHHS CO3[aBaJHCh OMHUYECKHE KOHTAKThI —
CILTOIIHBIE C THUIGHOM CTOPOHBI M YETHIPEXYrOIbHbIE C MIOMAABI0 9 MM? 3 cepeGpa CO CTOPOHBI AMUTAKCHATHHOTO
ciosa. BAX, npeacraBieHHble Ha pUcC. 1, perucTpupoBajuCh B TeMIieparypHoM auamnazone 293-453 K. Hccnenoanus
BAX moka3zanu, 4TOo ¢ POCTOM TEMIIEpaTypbl Kak B MPSIMOM, TaK U B OOpaTHOM HaIpaBICHHAX IUIOTHOCTH TOKa (J)
pacTteT, HO 3akoHOMepHOCTH J = (V) coXpaHsIOTCs JUIs BceX TeMIeparyp.

© Mapamusos X.M. / Madaminov Kh.M., 2021
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e E
—a—3 < 2004 AE,;
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e 5 ~  150- K
D 1x10°4
—<«—6 i
7 100+ E,
8 50-
[ 9
W 10° : : ,
gttt 990% ( 0,0024 0,0028 0,0032
e -50-
1/T 1/K
Puc. 1. BAX cmpykmyput p-Si-n-Siy(Sn, (0<x<0.04) npu Puc. 2. 3asucumocms ydeavnoti nposodumocmu — 1lp om
paznuunvix memnepamypax. T, K: 1 —293,2-313,3-333,4 obpammoii memnepamypul — 1/T 6b1cOKOOMHO20 CNOS
—353,5-373,6 -393,7 - 413, 8 - 433, 9 — 453. meepdozo pacmeopa N-Siy,Sn,.

OnpeneneHo, 4ro HavdanbHbIH yyacTok BAX (mo 0.2 V) XOpoImo OMHCHIBACTCSA SKCIOHCHIIMATBHOM
3aBucuMocThi0 CradeeBa [2] XapakTepHOW M TaKk Ha3bIBaEMOIO «IJIHHHOTO» P-N  CTPYKTYpHOTO WO,
YCOBEpILIEHCTBOBAHHOM B [1] st p-i-n cTtpykTyp:

\
J=Jg-exp R @)
ckT
2b+ch(d/L,)+1
b+1
rae bz/ln//lp — OTHOIIICHHUEC HOZ[BI/I)I(HOCTeﬁ I-)J'ICKTpOHOB nu ,I[LIpOK. 3Ha‘{CHI/I$I IIoKa3arTeijidi ¢ B DOKCIIOHCHTEC U

HpeI[:)KCHOHeHL[I/IaHLHOFO MHOXUTECIIA — ‘-]01 BBIUUCJIICHHBIC U3 JAHHBIX BAX JUIA pa3J’II/I‘IHI)IX TeMnepaTyp, HpI/IBe}]eHLI B
Tabaure 1.

Tabnuya 1
XapakTepucTHYECKHE apaMeTPhbl TBEPAOro pacTBopa N-Siy,Sny,
BbIYHCJIEHHbIE U3 IKCIIOHEHUMAJIBbHOr0 yyacTtka BAX
T,K 293 313 333 353 373 393 413 433 453
c 2.78 2.77 2.66 2.62 2.85 2.93 3.23 3.13 3.18
Jo, HA/Ccm? 41 63 110 176 286 471 720 1373 2043
Lo T, 10° cm?IV 3.62 3.41 3.62 3.57 2.66 2.37 1.86 1.86 175

C momompio MeToga Xoiia OIpesesieHa IMOJBHXHOCTh OCHOBHBIX HOCHTEIEH — 3JIEKTPOHOB, 3HAYEHUE,
KOTOPBIX COCTABISIA f4y~538 cm?/(V-s), mpu KoMHATHO# Temmepatype. [Ipeanonaras, uto, Kak 00bIYHO, B MaTEPHANAX
rpymmst A" 0ABIDKHOCTB IBIPOK HE HA MHOTO MEHBbIIIE, YeM TI0BHKHOCTH IEKTPOHOB, JUIS OLIEHKH MPHHUMANIOCh b =
3 [5]. Tonumua BBICOKOOMHOM 6a3bl N-Siy,Sn, cocrapmsuia d ~20 pum. 3uas 3HayeHus ¢, u3 (2) MOKEM HaWTH
OTHOIIICHHUE d/Lp = 2.1, KoTOpOE, NEHCTBUTENLHO, OKa3blBaeTcss > 1. 3aTeM MOXHO HalTu L, KOTOpas NpHMHMMAET
3gauenue L,~9.57 pum, mpu 293 K. DT0 mo3BONAET OmpenenuTh NPOM3BEAECHHE TNOABIKHOCTH HA BPEMs JKH3HU
HEOCHOBHBIX HOCHUTENEH — ,uprp=qu2/kT, 3HAYeHHUS KOTOPOTO Ui PAa3IUYHBIX TeMIlepaTyp npuBeaeHsl B Tab. 1. Kak
BUJIHO M3 Ta0u. 1 B anamaszone Temmnepatyp oT 293 1o 333 K npousBesieHHe 14, Ty C1a00 3aBUCUT OT TEMIIEPATYPHI, 3aTEM
1o 453 K yObiBaeT. AHanu3 THX JaHHBIX MMOKa3bIBAET, UTO B auamnazoHe temmnepatyp ot 333 mo 433 K 3aBucumMocThb
Wy z;,=f(1/T3/ 2) HOCHT JIMHENHBIN XapakTep. B craunonapHoM pexxume, korga An = AP U npu MajblX YPOBHIX MHKEKLIUU
— An << Ny, Py, BpEMsI *KHU3HH HEPABHOBECHBIX HOCUTENIEH OMHICHIBAETCS. U3BECTHBIM BhIpakKeHUEM [6]:

_ 1 Mo+ 1 Pot+p 3)
CoNgr ng+py C,Ng ng+pg

T=7,=7p

rae Ng — KOHUEHTpauus peKoMOMHAalUMOHHBIX LEHTPOB, Cp, C, — CEueHHUs 3aXBaTa JJIEKTPOHOB M JBIPOK,
COOTBETCTBEHHO, Ny, Po — PAaBHOBECHBIE KOHIICHTPALUU CBOOOIHBIX JIEKTPOHOB M ABIPOK, COOTBETCTBEHHO, Ni, P —

7
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craructuueckue Gaxropsl lloxnu-Puna. M3 ypaBuenus (3) ciienyer, 4To U MaibIX YPOBHSIX WHXKEKIIMU BPEMSI )KU3HH
HEpaBHOBECHBIX HOCHUTENIEH HE 3aBHUCUT OT Temmeparypbl. CreqoBaTeNbHO, JMHEHHBIM XapakTep 3aBUCUMOCTH
Uy z;,:f(l/T3/ %) CBUIETENBCTBYET O PACCESHIH HOCHTENIE Ha TEIUTOBBIX KONEOAHHSX PEIIETKH.

IIpenskcnioHeHInaNBHBIA MHOXUTENB B (1) onuceIBaeTcs BbIpaxeHueM [2]:

_ KkT-b-ch(d/L,)
°2q(b+1)L,p-tg(d/2L,)

(4)

TZie 0 — yIeNbHOE CONPOTHUBICHNE BHICOKOOMHOI 0a3bl. [lo cooTHOmeHuto (4) ObUTH HAaWACHBI 3HAYCHUS YICITHHOTO
CONPOTHBIICHUS TPU Pa3IUYHBIX Temmeparypax. M3 Tabm. 2 BHAHO, YTO MEXAY MOMJOKKOH M 3MUTAKCHATBHON
TUICHKOW 00pa3yeTcsi IPOMEKYTOUHBII CIIOW M3 TBEPAOro0 PacTBopa ¢ OOJBIINM YICTbHBIM CONPOTHBICHHEM. Takum
00pa3oM, HCCIeIyeMylo CTPYKTYpy MOKHO paccMaTpuBath Kak P-Si-n-Sip,Sn-n*-Si;,Sn, (0<x<0.04) mepexon, ¢
CHJIBHO KOMIICHCHPOBAHHOM BRICOKOOMHOM N-Siy,SNy 6a30ii.

Tabauya 2
3HaYeHNs yAeJBHOI0 CONPOTHBJIEHHUS — 0 KOMIIEHCHPOBAHHOTO NEPEX0/IHOT0 CJ1051
TBEpAOro pacropa N-Si; SNy, Beiuuciaennbie 3 BAX npu pa3inyHbpIX TeMneparypax
T,K 293 313 333 353 373 393 413 433 453
p,10°Q-cm 5.74 3.95 2.32 1.50 1.06 0.69 0.47 0.26 0.18

W3  TemmepaTypHOHl  3aBMCUMOCTH  Y[ENHHOTO  COHNPOTHMBIEHHS Oblla  MOCTPOEHA  3aBUCHMOCTb
In(1/ p) = £ (1/T), xoropas mpencraBnena na puc. 2. M3 puc. 2 BHAHO, YTO B HCCIENOBAHHOM IMaNasoHe

TEeMIIePaTyp yaelbHasi TpoBOAUMOCTE (1/0) BBICOKOOMHOTO CIOsi N-Siy SNy MMeeT aKTUBAIMOHHBIN XapakTep ¢ IBYMsI
SKCIOHCHIMANGHEIMA yYacTKaMi. Ha ocCHOBe HaHHBIX pHC. 2, OBUIM OIICHEHBI SHEPIHH AaKTHUBAIlMH YICITBHON
MPOBOAUMOCTH, KOTOpPbIEe MMeIH 3HaueHust, paBubie AE; = 0.21 eV u AE, = 0.35 eV. Kak uzBectHo, SN u A-1ieHTpHI B Si
obpasytot ypoBHE ¢ Eg, = 0.25 eV u Ep = 0.35 eV, coorBercrBenHo [5]. [To-BuamMoMy, SHEPTeTHYECKUN YPOBEHB
MEXI0Y3eNbHbIX aTOMOB SN pacnonoxeH Ha 0.21 €V Huke MOTOoJKa 30HBI MPOBOJUMOCTH TBEPIOTO PACTBOPa Siy(Shy.
Paszanma Eg, — AE; = 0.04 eV B03MOXHO 00YCIIOBIICHa OTIMYUEM DHEPTHUU B3aHMMOACHCTBHS MEXKIOY3EIbHBIX aTOMOB
SN ¢ KpUCTAIMYECKUMH peuieTkaMu Si U TBepaoro pactsopa SiySny. OmHako A-UeHTphl Kak B Si, Tak U B Siy SNy
HUMEIOT OJMHAKOBBIH JHEPreTHYECKUH YPOBEHb. DTO BO3MOXKHO CBSI3aHO C TEM, YTO DHEPIHsl CBS3M BaKaHCHU C
KHCIIOPOJIOM CHJIbHEE W BITMSHHE SHEPTHU YIPYTHX MCKAXKEHHH KPHCTAUTMYECKHUX PEIICTOK Si M TBEPAOro pacTBopa,
BO3HHKAIOIIEE 33 CUET PUCYTCTBHEM A-IIEHTPOB, HE CYIIECTBEHHO.

Kak u3BecTHO, yAeibHOE CONPOTUBIICHNE TIPH TAHHOW TeMIepaType ONpeessieTcs] KOHIECHTpalueil OCHOBHBIX
nocureneit (n): p = 1/qu,n. C yueTom paccesiHus HOCUTENEH Ha TEIUIOBBIX KOJEOAHMSIX PELISTKH U Ha OCHOBE JAHHBIX
Taba. 2 ObLIa TOCTpOEHAa 3aBHCUMOCTH N OT oOpaTHoW Temneparypbl 1/T (puc. 3a). U3 puc. 3a BugHO, 4TO
KOHIICHTpAIUs CBOOOJHBIX HOCHTEIEH B BHICOKOOMHOW 0Oaze mpu 293 K mmeer 3HaueHme ~ 2.10° em3 u pacter ¢
pOCTOM TeMIlepaTypbl, JOCTUrasi ~ 1-10" em npu 453 K. Orcroma crefyer, 4To MPOMEKYTOUHBINA coit N-Siy,Sny,
dopmupyromuiics mexay p-Si u n*-Si;,Sn, (0<x<0.04) crosmu, AefiCTBUTENHEHO SBIAETCA CHILHO KOMIIEHCHPOBAHHBIM
MaTepualioM, U OH B OCHOBHOM OIIpPEJIEIISieT 3JIC€KTPOHHBIE MPOIIECCHl B CTPYKTYPE B 1IE€JIOM, B TOM YHCIIE U MEXaHH3M
NepeHoca Toka.

10*% 2,5x10" 1 .
0 o 2,0x10" 4
§ 10t s 1,5x10™ 1
< éc 1,0x10"
* 5,0x10%°
10% 0,0024  0,0028  0,0032 300 350 400 450
1/T 1/K T.K

Puc. 3. 3asucumocmo konyenmpayuu ocHogHbIx Hocumeneil — N om obpamuoi memnepamypul — 1/T (a),
HECKOMNEHCUPOBAHHbIX OOHOPHBIX Yenmpos — Ng om memnepamypol — T (b) svicokoommozo cros meepdozo
pacmeopa N-Siy,Sny,



ISSN 2308-4804. Science and world. 2021. Ne 12 (100). Vol. I1.

3a SKCIIOHEHIMAJIBLHEIM y4acTKOM Ha BceX BAX (puc. 1) cienyroT y4acTKH CO CTENEHHBIMH 3aBUCHMOCTSIMH
Toka OT Hanpsokenns tuma — |~V2 Ksaapatmumeii yuactoxk BAX MoxkeT GbITh ONHMCAH APEH(OBEIM MEXaHH3MOM
IepeHoca HoCUTeNe! ToKa B pexyMe ABOMHON MHKEKIIMK 1 OMHUECKOH perakcanuu oobeMHoro 3apsia [1]:

329 GupptnNg

V2 (5)
8 d?

rae Ny — KOHIEHTpanusi HECKOMIIEHCHPOBAHHBIX JIOHOPOB. Vcmonb3ysi BeIpaskeHHe (5), M3 KBaJPaTHIHOTO yJIacTKa

BAX Ha ocHOBe maHHBIX Tabu. 1 6buta moctpoena 3apucumMoctb Ny = f(T), koTopas npencrasiena va puc. 3b. U3 puc.

3b BuAHO, 4TO ¢ POCTOM TEMIEPaTyphl KOHIIEHTPAIMsI HECKOMIICHCHPOBAHHBIX IOHOPOB B BBICOKOOMHOM ciioe N-Sij.

«SNy pactet ot Ny = 3- 10° cm?® MIPU KOMHATHOM TeMIieparype J0 ~ 2.410" cm*® mpu 453 K.

Ha ocHoBe puc. 3, MOXKHO TIPEIIONOKUTD, YTO dHepreTHdeckuii yposens AE; = 0.21 eV (puc. 2) oOyciioBieH
HOHH30BAHHBIMU MEKI0Y3€IbHBIMU aToMaMH SN, KOHIEHTPaIKs KOTOPBIX COCTABJISET ~ 3- 10" cm?, a raxxe YPOBEHb
AE; = 0.35 eV (puc. 2) COOTBETCTBYET YPOBHIO A-LIEHTPOB, KOHIIEHTPALUs KOTOPBIX ITpH TemrepaTypax 6oxpmmx 400
K cocrasmsier 2.4- 10" em®,

Takum o00pa3oM, TpPOBEIEHHBIC WCCIEJOBAHUS TEMIlEpaTypHOH 3aBUcHMMocTH BAX mokaszamw, 9To mpu
BHIPAIMBAHMM TBEPHOTo pactBopa N-Sip,Sn, (0<x<0.04) ma p-Si-mommoxkke dopmupyer p-nN-n‘-cTpykTypa c
BBICOKOOMHBIM KOMIIEHCHPOBAHHBIM N-CJIOEM, IIPU 3TOM OCHOBHBIM MEXaHM3MOM PacCEsiHUS SBIISIETCS paccesHHe Ha
TEIUIOBBIX KoyieOaHusx peuietku. [IpoBeJeHHbIE HMCCIENOBaHHUS Aald TAK)KE BO3MOXKHOCTH OINPEAEIHMTH [1BA YPOBHS
aKTHMBAIlMU YAEIBbHOW NMPOBOJMMOCTH HCCJEIYEMOT0 TBEpPAOrO PacTBOpa, OJHUM M3 KOTOPBIX SBIISIETCS YPOBEHb A-
neHTpoB (¢ koHueHTpamueir Np = 2.4-10" CM'3), a BTOpOH, TO-BHIUMOMY, OOYCIIOBJICH HOHH30BaHHBIMH
Mek10y3enbHbIMU aToMamu 0510Ba (Ns, = 3+ 10% Cm'3).
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INFLUENCE OF TEMPERATURE ON ELECTROPHYSICAL
PROPERTIES p-Si-n-Siy.«Sny (0<x<0.04) STRUCTURE

Kh.M. Madaminov, Candidate of Physics and Mathematical Sciences, Associate Professor
Andijan State University, Uzbekistan

Abstract. The article presents the results of studies of the current-voltage characteristics of p-Si—n-Siy,Sny
(0<x<0.04) transitions in the temperature range from 293 to 453 K. Based on these data, the activation energies of two
deep levels with the values 0.21 eV and 0.35 eV, which are assigned to interstitial Sn atoms and A centers, respectively.

Keywords: the solid solution, liquid-phase epitaxy, the diode structure, current-voltage characteristic, the
intermediate layer.
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YIK 533.7

KAK U3JIAI'ATHb MOJIEKYJIAPHO-KUHETUYECKYIO TEOPUIO
HNIAEAJBHOI'O I'A3A HIKOJIBHUKAM U CTYAEHTAM

A.C. Herpaml, H.A. lososun’, A.E. Barmanos®
! KaHIMIAT TEXHHYECKHX HAYK, COMPEACENaTeh CeKINH (H3UKH, ° CTyIeHT 4-T0 Kypca, > CTyaeHT 1-ro Kypca,
MockoBckoe 0011ecTBO uctbITaTeneit mpupoast MI'Y,
2@I'BOY BO MockoBckit rOCYAApCTBEHHBIM YHUBEPCUTET MUIIEBBIX IPOU3BOCTB,
¥ Poccmiickuit rocyaapcTBeHHbIH arpapusiil yauBepcuter — MCXA umenn K. A. Tumupsizea (Mocksa), Poccust

Annomauyusn. Ilpeonacaemces eapuanm usznodceHus: MoaekynapHo-kunemuyeckou meopuu (MKT) udeanvnozo
eaza (UI) 6 wxonax u BY3ax. Hcnonvzyemcss nousmue “0OHOMONEKVIHbLL OOHOAMOMHbBIL UOeANbHbIU 2a3”
(OMOAUT). Dopma cocyoa npunama cepuueckoli. Bvigo0amcsa 3aKOHbI a0uabamuozo npoyeccd, OCHOBHOe
ypasHernue u ypasuetue cocmoanus OMOAHUI. Dopmupyemca aneopumm nepexooa om gpopmyn MKT OMOAUT «
dopmynam MKT UI. Tpunyun usiodxceHus mMamepuanid — «OM APOCMO20 K CLONCHOMYY, (Popma U3N0XHCeHUs —
akcuomamuueckas. Paboma adpecosana yuenuxam wikon, cmyoeHmam, npenooagamenim Qusuku, Memooucmam u
mem, Kmo nposeisem unmepec K Qusuxe.

Knrwouegvie cnosa: mMonekyisipHo-KuHemuyueckdas meopus udeaibHo2o 2asd, mepmMoouHamuKd, U0edibHulll 2as,
«OOHOMOJIEKYIHBLUY 0OHOAMOMHbBIU UOCATbHbIL 243, ChepudecKull cocyd, aouabamubulil npoyecc, YPasHeHUue COCmMOosIHUsL
00HOMOJIEKYTIHO20 UOeabHO20 2a3a.

COKPAIIEHUSA, THAEKCBI, OBO3HAYEHUSA

Coxpamennsi: MKT — monekynsapHo-kuHeTHueckas teopus, 1 — uneansusiit, UI' — uneansHsiil ra3, OM —
onHoMoulekynHbI, OA — opHoatoMmHbli, OAM — oxpHoaromHas Monekyna, OMOAUWI — onxHOMONEKYTHBIN
OJIHOATOMHBIN HieanbHBIH Ta3, A — akcuoma, O — ompenenenue, [1 — nepBuyHoe monsatue, T — Teopema, All —
anunabatubii npouece, T/IH — TepmoguHaMudeckuii.

Mupexcbl: | — oTHOCHTCA K OXHOMOJICKYJTHOMY HAEaIbHOMY Ta3y, A — OTHOCHICA K OJHOMOJHHOMY
uaeansHoMy raszy, 0 — OTHOCHTCS K HadajJbHOMY 3Ha4YCHHUIO MapaMeTpa rasa, OTCYTCTBHE HMHiekca «0» OTHOCHTCS K
KOHEYHOMY 3Ha4E€HHIO ITapaMeTpa rasa.

' — MTpHUX — BHEIIHEE YHepreTudeckoe Bo3aeticteue Ha UI: A', Q'.

A’ — pabota cocyna Hax U razom, A — pabota U raza, Q' — KOTHUECTBO TEIUIOTH, IPETaHHOE BHEITHEH cpemoi
U razy, Q — KOIMYecTBO TEIUIOTHL, IepenanHoe M razom BHemHel cpene, [k,

X — mojuepKUBAaHUE CBEPXY O0OO3HAYEHHMs NAPaMETPa — OTHOCUTCS K OCPEIHEHHOMY 3HAYEHHIO MapaMeTpa

(X). IIpumepsr:

2 = = =
F = myF? _ Ey+Ep++Ey _ E 5o ittt
T N TN + N

rae E — cpenneapupmeTrueckoe 3HaUeHHE KUHETHUECKOH SHEPTHH MOCTYNATENLHOTO ABMKEHHS MOJIEKYI rasa, iF —
CpeaHEeKBapaTHYHas CKOPOCTh MOJIEKYJN rasza, m/c, E — KuHeTHueckas SHEeprusi NOCTYNATEeIbHOTO JBIKEHHUS BCEX
monekyn UI', k. AX = X —X; — pa3HOCTb MEX/ly KOHEUHbIM 3HAYCHHEM BEIMUYMHBI X U €€ HauyalbHbIM 3HAYEHHEM
Xo.

O0o3HaveHus: m; — Macca MOJICKYJIbI 1 rasa, Kr, 2+ — MOJyJIb CKOPOCTH MOJIEKYJIBI, M/c, N — 4ncio mosiekyn
UI', 1, N — 4ucino aToMoB B Mojekyne, 1, n = LE — KoHueHTpauust moiyekyn WUT, 1/M3, N, — uucmo ABoraapo

(mocrosiHHast ABorajpo), 1/Momb, v — gmcno monei UI' (konmuyectBo BemecTsa), Monb, M = Njm; = m, — MospHas
=

moas K’

Macca, Kr/Moib, R — yHHBepcanbHas ra3oBas IOCTOSHHas oOxHOMoJbHOTO (v = 1) W, k — mnocrosiHHas

Iy
BonbimMana — yHuBepcanbHast razoBas nocrosaHas OM WD, JIx/K, m — macca U, kr, I = Ex = —EF — BHYTpeHHsA
2
sHeprus UI' (mosHas kuHeTHUecKas 3Heprust Becex mosrekyn W), JIx, i; — 9ucio creneHer cBo6oasr Mmonexyist UI, 1, r
— pamuyc cocyna, M, T — TeMreparypa cocyaa (oHa ke — TeMreparypa rasa), K, V — 00s€m cocyna (oH ke — 00bEM

m E v
ra3a), Ms, P = F — IINIOTHOCTb I/IF, KF/M3| P = : — INIOTHOCTb KUHETUYCECKOU SHEPIUHr MOCTYNATCIbHOTO JABUKCHUA

u .
Bcex Monekyn U, Jox/m®, Py = .~ IUIOTHOCTb BHYTPEHHEH SHEPrUH U, Jix/m®, p — AaBneHue rasa, Ila, Jox/m®, Fy —

MOoAyJib IICHTpOCTpCMHTCHBHOﬁ CHJIbI MOJICKYIJIbI, H, dyy; — MOAYJIb HEHTPOCTPEMUTEIIBHOTO YCKOPCHHS MOJICKYJIbI, M/Cz,

F; — MOMEHT UMITyJIbCa MOJIEKYJIBI OTHOCHTEIHHO IIEHTPA COCy/Ia,

c

© Herpam A.C., Tonosun U.A., Barmanos A.E. / Negrash A.S., Golovin I.A., Batmanov A.Ye., 2021
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BBEJIEHUE

HenocraTtounslii ypoBeHb 3HaHMH IIKOJBHUKOB U CTYJCHTOB MOJIEKYJIIPHO-KUHETUYECKON Teopuu
upeansHoro raza (MKT UI') — sto dakr XXI Bexa.

OOBEKTUBHBIEC TPUYMHBI 3TOTO TAKOBBI: 1) 00beM MaTepHana oXBaThIBaeT jaBa Beka pazsutusi MKT UT, 2) nea
HOBBIX JUIsi MeXaHuku ¢usmdeckux oObekra (UI' m BHemHss cpena), 3) HOBBIE Ui MEXaHUKH MOHSTHS (TeruioBas
SHEPIrUs, BHYTPEHHsISI YHEPIUs, TEMIIEpaTypa).

CyOnexTnBHas npuanHa — HeygadHoe m3nokenue MKT WD B yueObunkax. B HUX psin popMyIl BRIBOAUTCS W3
Tpex nomymeHuid: 1) OoypIioe YuUCcIo MOJEKyJ rasa, 2) XaoTWYHOCTh MX JABIKCHHS B cocyae, 3) ¢opma cocyma —
mapaiesenumnes (Wi Kyo).

OTH AOMyIICHNS HE SBISIOTCSA NMPHHIUNUAIbHBIMU. OfHA MOJIEKyNa B COCyde — 3TO TOXe ras. J{BmkeHue
Ka)XXJJOH MOJIEKYJIBI 00YCJIOBIICHO 3aKOHAMH MEXaHHUKHU. BOJBITMHCTBO rasroibAepoB UMEIOT c(hepudecKyto Gopmy.

Henp mpemmaraemoii paboTel mokas3atb, uto Bce ¢Gopmynsl MKT U MoxHO BBIBeCTH 00jee MPOCTHIMH
cnocobamu 0e3 yKazaHHBIX JOIYLIEHUH, €CIIM HCIHOJIb30BaTh 3aKOHBI MEXaHWKU JJIsl OINMCAHMS B3aUMOJEHCTBUS
MOJIEKYJI ¢ cocyaoM chepuueckoit hopmbl. Bumeo noxnana «Kak mznarate MKT UT' B mkonax» - cm. [1].

1. AKCHOMATHKA MOJIEKY.JISIPHO-KUHETUYECKOM TEOPUU I'A3A
1.1. IlepBuYHbIC NOHATHS
II1. Atom, I12. Monekyna, I13. Cocyn, I14. Baemssist cpena.
1.2. [lepBuYHbIE OTHOLIEHHUS (AKCHOMBI)
Al. Morekynsl HaxoIsaTCA B cocyne (CTEHKH cocyaa Ui HHUX HempoHumaemble), A2. BremmHss cpenma
HaxoJuTcs BHE cocyna, A3. MojeKkybl coCTOAT U3 aToMoB, A4. ATOMbI HeenuMbl, AS. Monekyibl HeeauMsbl, A6.
O6bvem Moekyisl (¥;) Bo MHOTrO pa3 MeHble ooveMa cocyaa (V). T.e. (W « V.x, = n < r), AT7. Macca Monexymsl

(m;) BO MHOTO pa3 MEHbIIIE MAcChl cocyaa (m; << m,).

01 (I'). Muoocecmso (N) monexyn, yoosremeopsiowgux axcuomam Al-A7, nasvieaemcs 2azom.

02 (Tun I'). Tun zaza onpedensiemcs 4uciom e2o monekyn: oo0nomoexyanstii 2az (N=1), oonomonsnouit zaz
(N=N,), 2az (N — moboe namypanvroe uucno).

03 (Copt I'). Copm monexynvt (u copm 2aza) onpedensiemcs Yuciom amomos 6 monexyne (n).

04 (OAM). Monekyna, cocmoswas uz o0Hozo amoma (N =1), nasvieaemcsi 0OHOAMOMHOIU MONEKY0IL.

A8. Mexannueckoe B3auMOAEUCTBHE MOJIEKYJT PYT € APYTOM — a0COJIIOTHO YNIPYrUid MTHOBEHHBIH yaap.

A9. ®opma cocyna cepraeckasi.

A10. BHemHsAs cpeaa MOXET OKa3blBaTb JHEpPreTHYecKoe BO3/lelicTBHe Ha ras, mepegaBasi emy (Miu
MoJIy4asi OT Hero) ToJIbKO TemaoByio dHepruio Q' (Q) uepes creHku cocyaa.

All. Cocyn He MOKeT HAKAIJIMBATH JHEPrHI0 — OH CIYXUT JIMIIb TMOCPEIHUKOM TPHU TEepenadye ee oT
BHEIIIHEH cpelibl MOJIeKyJIaM ra3a (Wi B 0OpaTHOM HaIpaBJICHUN).

T.e. cocyxn mTOXydaeT TEIUIOBYIO SHEpPIHIO OT BHENIHEH cpenbl M IepefaeT ee MoJieKyidamM B (opme
KMHETHYECKOH 3Heprud. Bo3Mmo)kHa Takxke mepepada ’HEPTUH B OOpaTHOM HamlpaBieHHWH (Iepefada IOCPEICTBOM
cocy/Jja KHHeTHUECKOI SHEpPriuy MOJIEKYJI BHEIIIHEW cpelie B (hOpMe TETUIOBOM IHEPIHN).

0OS (TUC). Cocyo na3vléaemcsa mMennou3oaIUPOGAHHBIM, eClu MENlosds HSHepeus He Nnepeoaemcs om
6HeulHell cpedbl MOJIeKYIAM 2a3d (Uil 8 00PAMHOM HANPAGIEeHUL).

A12 (3M). [Ins MoneKyd U cocyaa cpaBeAJuBbl 3aKOHbI MEXAHMKH, & JIJISl CUCTEMBI ra3, COCYyJl, BHEILHSA
cpena — 3aK0HbI QU3NKH.

06 (MI). a3, coomeemcmeyrowuii akcuomam A8-A12, nasvieaemcs uoeansbHblm 2a3om.

07 (AACQ). llepsuunvle nOHAMUA U AKCUOMBI HA3LIBATOMCS AKCUOMAMUKOU AKCUOMAMUYECKOU CIPYKMYDbI.

Cm. puc. 1.

P “9iieprg"rn'leclcoe BO31eiicTBHE
BHeqHeli cpelsl Ha ra3

Moaekyaa — A!{,"_'\IT BHemnnda cpena -

m; =const =

Cocyn

Puc. 1. Axcuomamurxa MKT UI"
11
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2. CJEJCTBUS AKCUOMATHUKH (CA) MOJEKYJISPHO-KUHETUYECKOM
TEOPUU UJEAJIBHOI'O I'A3A

CA.1. Cornmacuo Al u O1 «ra3» — 310 Hem3MeHHOe KomdecTBO (N) MoJIeKyJI B cocy/e.

08 (OMOAMI). Oonomonexyrnviii M easz, monexyna xomopoeo ecmv amom (OAM), Hazvieaemcs
00HOMOIEKYTHBIM 0OHOAMOMHBIM UOEATbHBIM 2A30M.

CA.2. Moanekyasa OMOAMUI' B oTcyTcTBHE TPaBUTALMOHHOIO MOJSA 00JI1alaeT TOJAbKO KHHETHYECKOM
3Hepruei — ganee NpUIaraTelIbHOE «KMHETHIECKasH» 4acTO OIyIIEHO,

CA.3. Bzaumooeiicmsue monekyn opye ¢ Opyeom He TIPUBOIOUT K W3MEHCHHIO CYMMAPHOU SHepeuu 8cex
monexyn U™ (anepeuu UT) /A8/.

CA 4. CrabuiabHoe coctostnue OMOAUNT

IIpu otcyrcTBUM BHemHEro ’HepreTmdeckoro BosxpeicTBus Ha OMOAUID (co cTOpOHBI BHENIHEH cpenbl
(Q'=0) u cocyna (A'=0—>AV=0—V=const)) B3aumoaeiicTBHEe MOJEKYJI C COCYJIOM €CTh a0COJIOTHO YIpyrue yaapbl
TeJ MaJioii Macchl O HeNMOABWKHYI0 cTeHy. CliefioBaTeNbHO, 3TO B3aWMOJAEHCTBUE HE MPUBOJUT K HM3MEHEHUIO
cymMMapHoii 3Heprun Bcex Mostekya UI" (3nepruu UT'): sneprus (E) He n3mensercs — cm. puc. 2.

Q'=0, A'=0AV=0-V=const— AE,=0—E; = const . (CAY)

09 (C UI'). Omcymemeue snepeemuuecko2o ozoeticmeuss Ha Ul eHewinell cpedvl u cocyoa Ha3bIBACTCS
(cmabunvnvim) cocmoanuem U eaza.

[anee npunararebHOe «CTaOMIIBHOEY YacTO OITYLICHO.

010 (ITIC). Ob6vem u snepeuss OMOAHI Ha3BIBAIOTCS napamempamu coCmosiHusl 3TOTO rasa.

011 (I'M). [a308witi npoyecc — 3TO MPOLECC U3MEHEHUS MAPAMETPOB raza MEXAYy HadaJlbHbIM U KOHEUHBIM
(cTaOUIBHBIMU) €r0 COCTOSHUSMHE B PE3YJIbTATE IHEPLEMUUECKO20 B030€UCMEUSL HA 243 GHeuHell cpedbl u/uiu cocyod.

012 (ITM). HHapamempor snepeemuueckozo ozoeicmeus na OMOAUI (pabora (A’) cocyna u TeruoBas
sHeprus (Q') BHelIHEH cpeibl), a TAKIKE uzmMeHeHue sHepeuu 2aza (AE) Ha3bIBAIOTCS napamempamu 24306020 npoyeccad.

Ha puc. 3-5 npencrasnenst aguadatubiit (Q'=0), uzoxopusiit (AV=0 — A'= 0) u npousBomnbusii (Q'£ 0, A% 0)
npoueccel OMOAUNT.

Ha4ganasnaoe coctoaane HI' (0) Konednoe cocroaane HI'
BHemHero 3HePreTHYECKOTO
N BO3/IeHCTBHA Ha ras HeT.

r
=)

Iy =

w
=

>

E;=const

Puc. 2. Cmabunvnoe cocmosnue udeanvnozo easa (Q'= 0, A'= 0—E; = const)

CA.5. Agnadarubrii npouecc (Q' = 0) ugeaabHoro raza (AIl OMOAMNT)

Hauanenoe cocrosnne UI (0) Koneunoe cocrosinune UI'
Q=0
A"#0
- >
A' = AE; (CA.5)

Puc. 3. Aouabamnwiit npoyecc OMOAUI (AIl). Teopema 06 uzmenenuu KUHEMU4eCKol IHepeUuU 2a3a
noo gosoeticmeuem cocyoa (Q'=0— A'= AE;)

CA.6. U3oxopuslii nponecc (UXII) raza (AV=0— A'=0)
12
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HauansHoe cocTogane HI (0) KoneuHnoe cocroaane HI'
A'=0,Q"£0
- >
Q' = AE; (CA.6)

Puc. 4. Hzoxopnwuii npoyecc UI'. Teopema 06 usmereHuu KuHemu4ecKkol dHepeuu 2aza
100 go3oeticmeuem grewneli cpedvi (A'= 0 — Q' = AE))

CA.7. IpounzBoabHblii mpoecc OMOAUT (AV£0 — A’ # 0, Q'# 0)

Hauanbnoe coctosnne HI' (0) Koneunoe coctosame UT'
BHemiHee 3HepreTAYecKoe
A20,Q£0 BO3JeHCcTBHe Ha ra3

'

A+ Q
v

A"+ Q = AE, (CA.T)

Puc. 5. Ilpouseonvruiii npoyecc OMOAUL. [lepswiii 3axon mepmoournamuxu onsi OMOAHUT — meopema 06 uzmenenuu
kunemuueckoti onepeuu OMOAHI noo eozdeticmeuem cocyoa u enewneii cpedvt (A" + Q" = AE;)

3. MOJIEKYJIAPHO-KMHETHYECKAS TEOPUSA OJHOMOJIEKYJIHOT'O
(N =1) OJHOATOMHOIO (n = 1) UAEAJIBHOI'O I'A3A (MKT OMOAMI")

3.1. Cuna nasaenns (Fj), napaenne (p;) u dHeprus (E;) OMOAUTI. OcHoBHOe ypaBHeHHUe (YpaBHEHHE
cocrosinusi) MKT OMOAUT

U3BectHO, uTo cpennee nasieHne OMOAUI () He 3aBUCHT OT HANPABJICHUS JABMXKCHUS €0 MOJISKYJBI [2],
[4]. Ham ymoGHee monaraTh, YTO MOJIEKYJIA IBHKETCS TI0 OKPYKHOCTH OOJIBIIIOTO KPyTa — CM. pHC. 6.

r — paauyc cepuUecKoro cocyaa
m; 1 — MOJIY.Ib CKOPOCTH MOJIEKY.IbI
Y & m; — Macca MOJIeKYJIbI
1

F,; — ueHTpOCTpEeMHTEIbHAs CHJIA,
AelicCTBYIONIAsi HA MOJIEKYJIY €O
CTOPOHBI COCY/Aa

S=4mr, (T'); V="=2mrd| . (I2)

Puc. 6. Pacuemnas cxema e3aumooeticmeuss OMOAHUI ¢ cocyoom

13
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cocyne:

013 (p;). JaBreane OMOAMUI B cepuueckoM cocyae onpeaemnsercs GopMyion

Fur My Gy p

Hz?z

mpar?

5 rs

))

M3 (1) ¢ yaerom (I'l) (I'2) cmemytor memu ¢opmyn (cradmmsHoro) cocrossaus OMOAUTI B cheprueckom

| rs =3V |

_ i _ m;{v: _ m;{v: _ .:l,-#.v: _ irr.,-#.v: _ 5 _ 12 _12
BT T TTw T2 Tw oz w _!ﬂ"E}_!-ﬂr"
A - _ oz omr?  1E 2
®) & =pV =InV l Bm= T, Ty . (4
_ |'E [ZPEr _ |'E
o= |2 — [%:
R B W O
E =" 0= (0] pa= [ @) m== ©)
4

(0]

@

®)

T. JaBaenne OMOAMHNI' ecTh OTHOLIEHME €ro0 YABOCHHOH HepPruM K YTPOEHHOMY 00beMy COCyJa, MJIM JiBe
TPeTbUX IVIOTHOCTH IHEPIMH ITOro rasa (4).

OcHoBHoe ypaBHeHue (ypaBHeHue cocTosiHusi)) — YC MKT OMOAUT (4).

Ecnu BHelIHUE 3HEpreTHUYECKUE BO3ICHCTBUs Ha ra3 orcyrcTBYOT (Q'=0; A'=0), TOo 3Heprus rasza ocraeTcs
HensMeHHoM (E; = const). Cm. (CA.4) u puc. 2.
B ypaBuennu coctosaus (4) sHeprust (E;), oovem (V), macca (#m1;) Traza eCTb KOHCTAHTBI, ITO3TOMY BcCE
BBIPKEHHbIE Yepe3 HUX BEJIMYHHBI TOXKE €CTh KOHCTAHTBI (By. Py. Py . M. 24, Pzy ).
T.e. B crabumibHOM coctositinn OMOAUT anst OAM cripaBeivBbl cKasipHble (OPMBI 3aKOHOB MEXaHUKHU
PaBHOMEPHOTO NPSAMOJHHEHHOIO JBMKEHHS MAaTepUAJIbHOW TOYKM: 3aKOH coXpaHeHus sHepruu (E;), Momymei
ckopocTH (¥), UMITyJbca (py = ¥M;4¥), MOMEHTA UMITyJIbCa OTHOCHTENBHO IeHTpa cocyna (F; = m;arr). OTnmune —
nswxenne OAM NPOUCXOANT 1O OKPYKHOCTH OOJIBIIOrO KpyTra cocyia.

4. MOJIEKYJISPHO-KMHETHYECKASA TEOPUSA
OJHOMOUJIEKYJIHOI'O (N = 1) UAEAJIBHOI'O 'A3A (MKT OM HTI)

4.1. Moaekyaa. CTpykrypa MoJiekyJibl. Ynciio creneHeii cBo00abl ee ABUKEHUS
Yucno creneHel CBOOOIB! ABMKEHNS MOJICKYJIBI

i 7 N
LI L +i wi

iy =3
i

4.1.1. llosiHasg KUHeTHYeCcKasi (M1 BHYTPeHHsIS1) JHEPrus MoJieKyJasbl (Teopema Kenura)
OueBUIHO, YTO 3TA PHEPTHsI paBHA CyMME MOCTYNATENBHOIO U BPAIlaTEIbHOTO ABMXKECHUH MOJIEKYJIIbI

U= Ey +Ey

d

(reopema Kenwra, 1751 1. [7]).

4.1.1.1. ITotHast kuHeTHYeckasi (M1 BHyTpeHHss1) 3Heprust OMOAMT . Temneparypa OMOAMUT.

Ypasuenue cocrosinust OMOAUT

iopam =0

= j..=3
L L

foaM

14
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Torpa ¢ yuerom (E,; = 0) u3 (12) cnexyer

U = Ey = E (15)
Ouneprust OAM, npuxoasmiascs Ha OAHY CTEIICHb CBOOOBI €€ JTBIDKEHUS, TAKOBA:
E E vy
== Ty (16)
Lloam 3 3 2
U3 (16) cnenyer
E, = peV =22 pv =3pv (17)

Jo cux mop Mbl He BBOMIM NoHsATHE «Temrepatypa OMOAUI». Dto MoxHO OblIO caenats eme B 1748 T,
Onaromapst mpenmosoxkennto M.B. JloMoHOcoBa: HarpeBaHWe TeN CBSI3aHO C IIOCTYINAreJbHBIM M BpalaTelbHbIM
JIBWOKEHMSIMH MEJIKMX YacTHIl. B CBSI3M ¢ 3TUM OH clienai BBIBOJ O CYLIECTBOBAHMM MHHHMMYMa TEMIIEpATYpHl, T.€. OJIM3KO
MOJIOMIIEN K TIOHSTHIO abCOMIOTHOTO HyIsi TeMrepatyphl [7]. VICHomnb3yst 3TH CYKACHHS, MbI MPEATONOKHUM, YTO SHEPIHsI
OMOAMUI" mpsiMo miporoprivoHaibHa abcomoTHON Temnepatype rasa (T). T.e. (17) ¢ memnepamyproil KoHY08KOU TIPUMET

BUI

El}AH = 3, OMOAUI'

kT (18%)

E = pgV :[M_MP'V =

- fi

TR
TR

pV=

IocrosHHas BennuuHa K HAaXOIOHMTCS M3 SKCIICPHMEHTAJBHBIX JAHHBIX O pEajbHBIX Ta3ax M Ha3bIBaeTCS
noctostHHOU bosbiiMaHa.
U3 (18*) cnenyer onpenencHue NoHATHA «TeMiepaTypsl OMOAUT »:

(19%)

E
E

\l/ T OMOAUI'

014 (T OMOAMT). Temneparypa OMOAMUTI — smo 0se mpemvux Kunemuueckoii snepeuu e2o OAM, svipadcennol
8 KeNb8UHAX (A He 6 0JCOYISX), Ui — MO YOB80eHHdas KuHemuueckas 3Hepeus eco OAM, npuxooswascs Ha 0OHy
cmenens ee c60000bl, GbIPAINCEHHAS 8 KENbBUHAX (A HE 8 OICOVISAX).

Ymuoxus (18%) Ha

wi | ba

, TOJTy4uM 11eTib opMya ypasrenus cocmosnus OMOAHI ¢ ncnonb30BaHUEM MTOHSITHS

«memnepamypa OMOAUT». T.e.

{041 = 3. YC OMOAMT |

SE =ZpnV =pV=kT (20%)
4.1.1.2. ITotHast kKuHeTHYecKasi (MU BHYTPEHHSISA)
s3Heprust OM UTI'. Temnepatypa OM UI'
Tabruya 1

Unciio creneHeil ¢cBOOOAbI IBHKEHUSI MOJIEKYJIbI

CxeMa MoJIeKYJIbI Yuciio (N) Howmep copra CopTt MoJIeKyJIbl YucJio creneHeii cBo00IbI
aTOMOB B MOJIEKYJIbI ABH:K-S1 MOJIeKYIbI (if)

MoJIeKyJIe i = iy +iy
° 1 1 Onnoaromuas (OAM) i;=3+0=3
—e 2 2 JlByxaToMHas i;=3+2=5
-v 3 TpexaTtomHas i;=3+3=6
D >3 3 MHoroaromHas i;=3+3=6

O JIboe Jodas iy = i,y +ig

15
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IMpumeuanus: 1. n>2 €—> i,=3. | 2.Bcero 3 copra mosekyi (i;).

Al13 (U;/i;). Honuas kuueTndeckas (nnu BHyTperusst) sHeprus (L7;) OM UI' paBHOMEpHO pacmpenessieTcst mo
BCEM CTEIICHSM CBOOOIBI IBHKEHUS MOJEKYJIBI (i;).

Al3 (17, fi;) — aT0 06001eHue (16) Ha OM U (ananor momyuenus boipimana, npemnoxentoro mist UI).

U3z A13(L7; /i;) ¢ yaerom (15) ciemyer: na xaosicoyio cmenens c606006i OM HI™ npuxooumcs: enympenHsis
9Hepaus, PAGHAs OOHOU MPemu IHeP2UU NOCHYRAMENbHO20 O8UXCeHU MoneKybl. T.e.

GoB_1ome Lo et =tpv=2kT | Q1%

0 ii=3,56 |OMHI

el
ME Fr_ 26 _ 2 2 kT
{1;5|E; = 3T: sEr=pV=kT\Q)p; =7 =37 =P = Pui = | 25)

W3 (21%) cnenytoT ABa paBHONPABHBIX ONpeeNIeHNs OHATHS «TemmnepaTypbl OM U

A\ 4

2
=31'% i ® (26%)

015 (T OM HUT'). Temnepatypa OM UI — 5mo 0ge mpemvux KuHemu4eckol Hepeul NOCMynamenbHo20 08UNCEHUSL
€20 MOJEKY/Ibl, GbIPAINCEHHOU 6 KeNbBUHAX (A He 6 OJNCOVIAX), UM — MO YOBOCHHAS KUHEMUYecKas dHepIus
NOCIYNAMENbHO20 OBUNCEHUS €20 MONEKYIbl, NPUXOOAUelics Ha 0OHY CeneHb ee c80000bl, BbIPAMCEHHAS 8 KeNbBUHAX

(a He 6 Qcovisax)

015’ (T OM HUI). Temneparypa OM UI" — smo yosoennas snympennsis snepeus eco OAM, npuxooswascs Ha 00Hy
cmeneHs ee c80000bl, BbIPANCEHHASL 8 KETIbBUHAX (A He 8 ONCOYIISIX).

U3 (21*) caenyet BBIpaXKeHHE IS CKOPOCTH MojeKyisl OM UTT

IEp Iper apy IRT 6Ly
R B Y R Y 4 iy

Moutekysia IepBOro COpTa — 3TO yHpyras MarepHayibHas Touka. Mousiekyny Tperbero copra (i; = &) OM U
ra3a MOXXHO MpEACTaBUTh 000J0M HEM3MEHHOI'O pajJiyca Maccoil ;, KaTALIMMCS O OOJBIIOMY Kpyry cocyaa 0e3
npockanb3biBanus. Kak m3BecTHO 3 Teopembl Kennra, mosHas KuHeTH4ecKas (Wi BHYTpeHHsis ) sueprus (L;) Takoro
000/, IBMXKYIIETOCS CO CKOPOCTEHIO ¥, TAKOBA!

U, = E,; + E,; = 2E,; = myar? (28)

i

E,; — dHeprus NocTynaTenbHOro ABMKeHus Monekyast OM UT,

E,; = E,; — DHeprus BpauaTeJIpHOTo JIBKeHUS Mosekyinsl OM UT (i; = &),

TTocKoJIbKY LIEHTPOCTPEMUTENbHAS CHIIa, IEHCTBYOIIAs HA MOJIEKYJTY, HE 3aBMCUT OT COPTa MOJIEKYJIbI (i;) TIpH
OJIMHAKOBOI Macce Mouiekyl (#1;), To 6ce gpopmynvt MKT OMOAHUI paszoena 3 u (20*) ocmaiomces cnpagednugvimu u
ona MKT OM UT'. Ilpu smom E; ecmb snepaus nocmynamensvrozo osudicenus monexyavt OM Ul T.e. E; = E,,;.

C mo3umnmii «TeopuH MAaIlMH ¥ MeXaHH3MOB» Moiekyma OM U rasa, OBmKymascs MO IOBEPXHOCTH
chepudeckoro cocyza ¢ MOCTOSHHON CKOPOCTHIO, M COCYT 00pa3yioT uaealbHbI MEXaHU3M, 00JIaAr0IIHIA TOCTOSHHOM
MIOJTHON KUHETHYECKOH (BHyTpeHHeH) sHeprueil. T.e. 3Ta sHeprus MexaHMIeCcKasl.

Ionstus temneparypa u BHyTpeHHss dHepruss OM UI™ MOXHO cUHTATh KaK MEXaHUYECKUMU TOHSATHSIMH, TaK
U TEIUIOBBIMH. DTO 3aBHCHT OT Iojpasfena (U3MKHM, B KOTOPOM HaMm yJaoOHee paccMarpuBarh SIBICHHE, U
UCTIONIb3YyEMOT'0 U3MEPUTEIEHOTO PHOopa.

4.2. Temneparypa cocyaa. Cneacreusa (C) MKT OM UI'

016 (TC). Temnepamypa cocyoa (T ) ecmv memnepamypa uoeanvroeo 2asa (T). T.e. )

C (OM1). Temnepamypa OM UT', naxooswezocs 8 cocyode, pagHa memnepamype cocyod.
C (OM2). Temnepamypa (T) cmecu pasnocopmmuvix OM U z2azos (I u 2), naxodswuxcs 6 cocyoe, pasna

memnepamype kaxcooeo OM U ecaza cmecu u pasna memnepamype cocyoa ( T, ). IT.e. T=T,=T,= |T_,

16
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C (OM3). JHasnenue (p) cmecu pasnocopmuvix OM H 2a306, Haxodswuxcs 6 cocyoe, paGHaA cCymMMe
napyuanbHbix oagienull kaxcooeo OM U zaza cmecu. T.e. P=tatma - 04 08yx pasnocopmubix 2azoe (1 u

L
2). llpu smom Py = Pp P

5. 3AKOHBI AIMABATHOT O MTPOLECCA OJJHOMOJIEKYJIHOT'O
OJHOATOMHOI'O UJEAJIBHOI'O I'A3A (ATl OMOAMT)
5.1. IlepBbiii 3akon TepmoanHamuxku B AIl OMOAUT
017 (AIl). [azosviii npoyecc Hazvléaemcs AOUAOAMHBIM (UIU MEXAHUYECKUM), eClU GHEeWHss cpeod
omcymemeayem (Ul He OKA3bleaem IHEPeemuiecko20 6030elUCmeUs Ha 2a3).

Q=0 29)

U3 1-ro zakoma TOH AIl OMHUAWND (CA.5) crmemyer: miobvie sadauu AIl modicno pewams 6 pamrax
mexanuxu. AIl ecmv mexanuueckuii npoyecc. T.e.

4= BE, =E - E (30)

5.2. KunemMarn4eckuii 1 AHHAaMu4eckue 3aKoHbI ATl
BerlpaskeHnIo 11 MOAYIIS HEHTPOCTPEMUTENBbHON critbl (Fy; ), nericTByromeit Ha OAM, npunaaum BUL

: my vt omyr? Omper)® R

w = T T myrl omyr? omyrd
L : —

Fp = - (32); R, = mper  (32)

h; — MOMEHT UMITyJIbCa MOJICKYJIBI OTHOCHTEJIFHO IIEHTpa COCyaa,
Gy; — LEHTPOCTPEMUTENBHOE YCKOpeHHe MoaeKyasl OMOAUT .

IIpu >TOM Hcmonmp3yeM akcoMy (Al) o Masoi Macce MOJIEKYIIBL. T.€.
my <<y

Tak xak cuctema cocyn — UI' 3aMkHyTa (M30JIMpOBaHa OT BHEIIHEH CPE/bl), U IIEHTPOCTPEMUTEIIbHAS CHJIa HE
CO3/IaeT MOMEHTa OTHOCHUTENBHO IIEHTpa COCyJAa, TO AJsl YKa3aHHOW CHUCTEMBI CIIPABEINIUB Hep6ebill OUHAMUYECKUl
saxkon AIl OMOAUI (3axon coxpanenus MOMEHMA UMRYIbCA MOIEKYIbl OMHOCUMENIbHO YEHMPA CheputecKozo
cocyoa).

Ry, = mparr = myargty = constymg (33)

C yueToM coxpaHEHHS Macchl MONeKynsl (m; = const) w3 (33) cuemyer xunemamuueckuti 3axon All
OMOAUT:

ar = arpty, = const (34)

3amernm, uto (34) — 310 ananoe emopozo saxkona Kennepa (1609 r.).
W3 (34) ciesyer Teopema.

T(AIIl OMOAMT 1). B agua6atnom npounecce OMOAMUI npn yMeHbIIEHHH pajgnyca cocyaa B N pa3 CKOPOCTh H
umny;ib¢c OAM yBenuuBaioTes B N pa3s, sueprusi OAM — B n° pas.

C yuerom (31) u (I'l) monmyunm dopmyny nasnenns (z; ) OMOAUT

Fur B B
="t = (35)

5 omyriamrd T gmmy rS

Bossenem o6e gactu hopmyisl o6pemMa mapa (I'2) B cTeneHpb IAaTh TPEThHUX, MOITydIuM

17
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&

=)

wln
wlwn

v pE (36)

ITepemuoxmus (35) u (36), mocie coxparieHuil MoIydnumM gmopoi ounamudeckuti 3akon AII OMOAUT

B V3= ::‘:_ (5 = Sy o) 2 (37) wm
o 1.-:'-% = k‘g‘m = CU'J‘LStAm (38)

B3 £ e 1 2 [{3T
constym = oo d\l{,:l = ;m(vr) "\l{u) (39)

¥ = % ¥ — mokasatens aguabatel OMOAMUT .

IIpu BeBoze 3axkoHOB AIl OMOAMUI ncrosib30BajCcsl 3aKOH COXPAaHEHUS] MOMEHTa KOJIMYECTBA IBUIKCHMS
(Oiinep, 1738 [7]). T.e. BoimeunsnoxenHbie 3akoHbl AIl mMornu GbiTh monyuyensl B 1738 romy. @opmynsr AIl Gbutn
mory4ens! [Iyaccorom B 1823 r. — cm. Tadm. 9.

5.3. 3agauya (AIl OMOAMT)

B chepuueckom cocyne o6beMoM ¥ IBIDKETCS CO CKOPOCTBIO 4 OJHA MOJIEKYJIa HHEPTHOTO I'a3a Maccou ;.
O6beM cocyna ymenbiimnu B 8 pas. Haiitu xoneunsie nmapamerpst (V, I, gy, E;, A;") Takoro rasa, cuuras mporecc
anuabaTHBIM.

Jlano: V,— = 8, m;, w; All OMOAWT. Haiiru: V, 1, py, Ey, 47 =2
0

Tabnuya 2
AJITOPUTM PEHIEHUS 3AJTAYU AI1 OMOAUT

Ne n/n IMapametp raza B AIl AJITOPUTM pelueHust 3a1aun All OMOAUT Pe3yJ11,Ta"T
1 Ejp-oHepruss OAM Ejp=myvy /2 Ejp=myvg /2
2 V — o0bem cocyna V=1g/8 V=1/8 =0.1251
3 r — paguyc cocyaa r/ry= 30,125V, = 0.5 rirg=05
4 T — ckopocth OAM T = Uy S =T T T v = 24y
5 E;—>neprusi OAM E; = mur” /2= my(2uy) /2 E, = 4,5 = 2mu”
6 A;-pabora cocyna A =AE, =E; —Ey Ay =4E—Ep=3E,
7 — JaBJIeHHE T' 2 E, 2 4E 2 E,
P japaenie v P:=§'—’,=§'QT€% p,:Szg-ﬁ:EZPJn
8 IIpoBepka pe3yabTaTOB }’J;V% — P:n'i”lz-;_’}’i': — P:n{%ﬁ Py = P;n[ﬁjlg = 32p,
Hrorn B AIl npu ymeHblIeHUHU 00beMa cocya B 8 pa3 (paguyca — B 2 pa3a) yBeJuYeHUe OCTAIbHBIX IapaMeTPoOB
All OMOAMI TakoBo: ckopocTs U uMnyabc OAM — B 2 pa3a, sueprusi OAM — B 4 pa3a, naBJjieHue — B 32 pa3a.

[Ipn pemeHnn 3amadu MBI HE IOJH30BAIMCH MOHSATHEM «TeMIepaTypa». Ecim mcronb3oBaTh ypaBHEHHE
cocrostanss OMOAMNT (20%), comeprkaiiee «TeMIieparypy», To, pelias CHCTeMY ypaBHEHHU I

nV = kT
B VE = kymy
TV: = h“—r“ = constym o

(20%)

(38), monmyuum

. (40)

U3 (40) cnemyer, uto B All Temneparypa rasa npu yMeHbIICHUH 00beMa YBEIMUUBAETCS, a IIPH YBEJINUCHUN
yMeHbIIaeTcst (HECMOTps Ha TO, YTO TEIJIOBOTO B3aMMOJEHUCTBHUS ra3a ¢ BHeUIHeHd cpenoil B All Her). DToT dakt ObLI
ycranosineH JanstoHoMm (1800 r.) n I'eii-JTroccakom (1807 r.) — cm. Tabam. 9.

C yderoM BBeJeHHOTO MOHATHS «Temriepatypa OMOAMUI» moxHO nonosHUTh Tadbauny 2 napamerpos UI° AIT

3amaun All — cM. okoHuyanue tads. 2
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Oxonuanue mabauyvt 2

AJI'OPUTM PEHIEHUSA 3AJAYU AITI OMOAUT

Ne n/n [Mapamerp raza B Aaroputm pemenus 3agaun AIl OMOAUT PesyabTar
All
2 Ejg-oneprusi OAM E;p = mpvy /2 = 1,5kT, E;p = myvp /2 = 1.5KT,
7 E; —neprusi OAM Ey = muv” /2 = my(2ug) /2 E; = 4E;5 = 2muy = 6kT;
8 Aj - paGota cocyna A =AE, =E; —Ep Ay = 3E; = 4.5kT,
10 T - Temn-pa All, mpryt /3 = kT, T, = mey  /(3K)
11 T - Temn-pa All myr /3= kT = 4kT, T =muel/(3k) = 4T,
12 AT - pa3-Tb TEMI-p AT =T —-T, AT =T-T, =1T,
13 IpoBepka PV 32 W/B Piclh Ypas-e cocT-s QMOAHF YIOBIET-CSL:
pe3yILTaToB T~ 4T, T T % = pr—’:": k = const.
Hroru Teopema AIl OMOAMT 2. IIpu ymeHblleHHH 06beMa cocyaa B 8 pa3 (paguyca — B 2 pa3a) B AIl OMOAUT
All yBeJIn4YeHHe OCTATBHBIX IAPAMEeTPOB TAKOBO: CKOPOCTh M uMIyJasc OAM — B 2 pa3a, JHeprusi 1 TeMneparypa
raza — B 4 pasa, 1aBienue — B 32 pa3za.

CrnenosarensHo, B AIl OMOAMTI (B oTimume ot J1r000T0 H3ompotecca) kaxcovtii uz T/[H makponapamempog

. v
mpotixu p; V,T usmensemcs. IIpu 5TOM BHIPAKEHHUE = 0CMAEMCs HEUSMEHHBIM U PAGHBIM Koncmanme borsymana (k).

Ecnu rasz coepunt ooparueiii All (yBennuuB pagmyc cocyla 10 NEpBOHAYAIBHOTO 3HAYEHHS — 7 ), TO BCE
mapaMeTphl Ta3a BEpHYTCSA K HadaJdbHBIM 3HaueHuAM ycioBus 3amauu (All). T.e. AIl OMOAHUI' ects mpomecc

odopaTumsiii. 3ametnm, uro B MKT UI" Bce npouecckr oOpaTumble.

HUMCEM!

6. I30XOPHBIN ITPOIIECC (MXIT) OMOAUT
018 (UXII OMOAMWMY). IIpoyecc OMOAHUI nasvisaemcs u30XopHuiM, eciiu 8 mederue npoyecca obvem 2asa
ocmaémcs neusmenHvim. T.e.

V =1V, = consty,

HpI/I 9TOM COCYJ HE COBCpLIACT pa6OTBI HaJa na€aJbHBIM Ia3oM, T. K. 00beM He MeHsieTcs. T.e.

(42) AV=0 > A'=0.

(43)

(41)

TemtoBast SHeprus, IepenaHHas wupeanbHoMy rasy ({J[;), BbI3Bala YBEIHYECHHE KHHETHYECKONW JHEPIUU
monekyasl OMOAUNT .
UXIT OMOAMUTI — 510 antunog AIT OMOAMUTI'. AIl — npouecc mexanndyeckui, a UXII — rernaoBoi.
Ha ocHoBaHmmM 3akoHa COXpaHCHHS YHEPTUH, MPUMEHCHHOH K CHCTEME BHEIIHSA cpeda-cocya-ras /Al2/,

Quy = AEy;

®opmyna (44) ecTh «IIEpBBI 3aKOH TEPMOJAWHAMHKY TIpH M30X0pHOM mporecce OMOAUD /CA6/.

AE,,=E —E,, (45); E =2KkT, (46); E, = - kT,

(47)

C yuérom (45)-(47) 1-p1ii 3axon TAH npu UXIT OMOAUT (44) npumeT B

Qhy = AE,; =2 kAT, (48); AT =T —T,

Dopmye (44) MOXKHO IPUIAATH CIEAYIOUICH BUA:

Quy = Ay = Cpy AT, (50); Cys

o

AT’

(51)

(44)

(49)

Cy; — MonekynHas teroéMkocts OMOAMUI B UXII (1.e. npu ¥ = ronst) npu n3MeHEHHN TEMIIEpaTypbl Ha

OJIUH KEJIbBUH.
U3 (51) n (48) cnenyer
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_\I.Ep' I _

Cpy =2 = k

T AT T AT

B3 a3

Ypasuenue cocrossanss OMOAUT (20%*) ¢ yaerom (41) g UXII npumer Bua

e

T

K E
=== = const
v consty i

(52)

(83)

30 xe Boipakenue (53) ects 3akon UXII, eciu mo0yro U3 BeaM4HH pp Wi T cUUTaTh apaMeTpoM Ipolecca.
Ob6obwas (44) na OM UI" v yuutsiBas (22%*), u3 popmyisl (52) nmomydanm

i

Cos = [ _ Aupy _ 0 kAT _

T AT AT AT k

k3 |

(54)

3amauya (MXII OMOAMI). B cdhepudeckom cocyne o0beMoM ¥ ABUIKETCSI CO CKOPOCTBIO 7 OJIHA MOJIEKyJIa
MHEPTHOTO ra3a Maccoi ;. I'a3 mosrydun oT BHELIHEH cpelibl KOJMYECTBO TEILIOTHI BTpOe OoJbllee, YeM HaudallbHas
sneprusi raza (' = 3E;;). O6bem cocyza npu 31oM He u3Menmwics. Haiitu koneunsie napamerpsr (T, gy, E;, 2¥).

Jlano: Vy, == 1, m;, ; UXIl OMOAMT. / Haiirw: T, py, Ef, v
o

Aaroputm pemenus. CMm. Tadi. 3.

Tabauya 3

Pe3yabTat

Ne n/nn ITapametpsl raza B UXII Ausropurm pemrenns 3agauun XTI OMOAHUT J
1 Ejg-3Heprusi rasag Ejp=myvy” /2 = 1,5kT, Ejp=myvy /2 = 1.5kT
2 T — Tem-pa rasa, mpry /3= kT, Ty = vyt /(3K)
3 E; — oHeprusi raza @' = AE; = E; — Ejp = 353 E; = 4E;p = 6kT,
4 T — Tem-pa ra3a E; = 4E,—~ T = 4T, T = 4T, = 4myy” /(3k)
5 ¥ — ckopocThOAM E; = 4E,—= v = 2y = 2rg
6 AT — pa3-Tb Temn-p AT=T-T, =4, - T, AT = 3T, = mpry " /&
7 Pjo-aBJIeHHE ra3a, _ 2 Ep 2 Ep 2 Ep mup
RT3 Vi Ty Pro=3"%, = T3y
- 2 E;, 2 4 — I
8 P; — AaBJeHHe rasa pi=3 2 X v, 0_ A py = dpyg = 4?:;1;,_\
9 Iposepka Y ApeV PV Yp-e cocT-1 rasa y1oBiet
pe3yabpTaToB r 4T, o BOPSIETCSL: % = % =k.
Uroru | Teopema UXIT OMOAMUT . Ilpu nostyyeHnn OT BHeNIHell cpeabl KoM4ecTBa TemwnoTsl () = 3E;;) yBeauuenne
nXm octaabHbIX napameTpoB B UXII OMOAMI TtakoBo: ckopocts 1 ummnyiasc OAM — B 2 pa3a, oHeprus,
TeMIIepaTypa H laBjeHHe ra3a — B 4 pa3a.

CpagHnenne AIl u UXII npu yeaosun @' = @y = Qi = Ay = 3Ep.
B AIl uzmeHenne 3Hepruu ObLTO BBI3BaHO paboToil cocyaa, a B MUXII — mepemadeii ra3y TETUIOBOH YHEPTHH

BHEIIHEH cpeapl.

[pu Qi = Axn = 3E;p NOJIy4MIIOCh, 4TO B 060X MPOIIECCAX U3MEHEHHS CKOPOCTH, SHEPTUHU, TEMIIEPATYPI
W JIaBJICHUsI Ta3a coBnayii. A yBenuueHue nasieHust B All okaszanoch B 8 pa3 Ooublie. DTO CBA3aHO C TEM, YTO 00BbEM
cocynaa B All ymenbiuics B 8 pas, a 8 UXII 06beM HEe U3MEHHIICS.

7. HEPBbIA 3AKOH TEPMOJMHAMUKU MKT OM UT'. U30BAPHbII MPOIIECC
st mro6oro nponiecca OM UTI 1-p1it 3akon TJIH ¢ yuetom (22%) umeer Bujg

A+ Q' =AU, =285 = 2a¢dp V) = L0 V) = LkaT

019 (MBIN). [Ipoyecc OM UI” naszvisaemcs uzodapusim, eciu oagieHue 2asa He mensemcs. T.e.

Ap, = 0 > p = gy = const

B UBIT1 OM UTI 1-p1ii 3axon TH (¢ yaerom (56)) npumer Buz

Qus'+Aps' = Q“'—-"“p.: = AU, = AE, =

2a(3mv) = 2p@v) = Zrar

(55)

(56)

(57)
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Pabora OM UT" B UBII npumet Buj

Apy = py AV = pp AV = kAT (58)
Ioxcrasus (58) B (57), ¢ yuetom (54) u (58) momyanm
Q,, = kAT +2kaT = AT (k + 2 &) = kAT (1 + %) = kaT™2 = ¢, AT (59)
Gz =kt ik =k 46y =21, |, (60)
% = ["L_:: =y (61) < moxkazarens aguabatsr OM T
U3 (60) cnenyet
Cog—Cpy= k= % (62) <« anamnor ypaBHeHus Maifepa s OM UT'.
.1 — MonekynHas temioemkocts OM WIM npu UBII npu n3mMeHeHun TeMepatypbl Ha O/IMH KeJIbBHUH.
8. I30TEPMHUYECKHW ITPOIIECC OM HUT. KIIJI XAPAKTEPHBIX ITPOIIECCOB OM UT'
020 (UTII). ITpouecc OM UI" Ha3biBaeTCsI M30TEPMHUYECKUM, €CIIM TEMIIEpATypa raza He MeHsercs. T.e.
AT = 0, un T = const — AU, :‘—;mr:n (63)
Honcrasus (63) B (55), moyuum 1-s1it 3axon T/IH 8 UTIT OM UT
Q'= -4=4 (64)
021 (KI1O). KII/] npouecca (u KII/] yukna mennoeoii maumtunst) onpedeium ¢opmynou
n=4/Q’ (65)
KIIJ AIT u m3onpomneccos UTII, UBIT, UXII npencraBneHs! B Tabmuie 4.
Tabruya 4
KIIJ XAPAKTEPHBIX BUJOB IMTPOLLECCOB
Buja npouecca AIl UTII UBI1 X1
KIIJI npomecca — 0 1 04(;=3) | 028(;=5) | 025(;=6) 0

IMockonpky Bce mporeccsl MKT OM UI™ o6paTuMBI, TO [UTS MOMTyYSHHUS OTIMYHOHN OT HYJST paOOTHI TEIUIOBOM
Mameel (TM), He0OX0AMMO HCTIONIB30BaTh pasHble BUABI nporeccoB. Caan KapHo ucronbp3oBan Al 3TOH HENTH 110

mape nporteccoB Al u UTIL. B pesymnsrate oH momy4wi ¢popmyiy KIT rukina teroBoit mammust (1824 r. [7]):

(QH" Qx)/ QH’ :"q} ."rQ} '= n= (TH - Tx)/ TH

(66)

T,, Tx — TeMmepaTypbl HarpeBaresst U XoJoamibHuKa; Q,', Q; — KOJHYECTBO TEIUIOTHI, NIEPEAAHHOE BHEIIHEH
cpeoii (HarpeBaTesieM) ra3y 1 NOJIy4eHHOe el (XoaoamibHIKOM) oT Tra3a. T, Ty, Q,', Q, — mapamerpsr T mpoueccos

nukina TM Kapro. JleBas gacts popmynsr KITJ] (66) cnpaBemnuBa s mo60it TM, a npasas — st TM Kapro.

U3 (66)

caenyet, yto KIIJI TM KapHo He MokeT ObITh Oojiee €IMHHUIBL. 3aMETHM, YTO B JIFOOOM IHMKJIMYECKOM TIPOIEcce
Tpoiika mapaMmerpoB rasa gy, ¥, T depe3 IpOMEXYTOK BPEMEHH, PaBHBIA MEPUONY LMKIA, OCTAETCS HEU3MEHHOM.

CrnenoBarenbHO, U3MEHEHNE BHYTPEHHEN YHEPTUU ra3a 3a LUK paBHO Hymwo. T.e. All; = 0. D10 03Hauaer, 4To

raz TM

coBepiIaeT paboTy 3a cHYET TEIUIOBOM YHEPruM BHeNHEeH cpenpl, T.e. Q.- Qx = A;, KII TM ne 3aBucur ot pona UTI (i,

my;).
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9. UTOT'I MKT OM UI' u OMOAUT
9.1. Utoru MKT OM UT (i = 3,5.6)
9.1.1. DHeprusi nocTynaTeJbHOro ABHKeHUs1 MosieKy.abl (E;), BHyTpenussi sneprust (U;)
Temnepartypa (T), crenens cBo060ABI MOJIeKYJIbI (i), Macca (11t;) H KBaJPaT CKOPOCTH MOJIEKYJIbI ({rz)
1-prnii 3-1 TIH

_m,
[E] <> <> —
T

!, m;'!!z_. |'_

_li _u
2 I3 - k T p;V

w |

A;+ Q= AU, ="3—'AE, = "AE_. = "A( ny) = "A(nl/) = "kAT

1-B111 3-H T — 3aKOH _COXPaHEHHA 3H THH
3HepreTHYecKoe Bo3JeHCTBHE COCYa H BHEIIHEH cpe/ibl Ha ras.

9.1.2. DHeprusi NOCTYNATEIBLHOr0 IBHKeHUs MoJieKyJbl (E ), 00bem (V), naBiaenue rasza (py)
TJIOTHOCTH MOCTYNATEJIBLHOT0 ABHKEHUSI MOJIEKYJIBI (ggy), TEMIIEpAaTypa

Yparnenne coctogaug OM HT —

P | <>

aHajor 2-ro 3axkoHa HeroTona

IaBIeHAE, 06LeM, SHEPTHA

[aBIeHHE, 00BEM, TEMIIEpATypa

K =k ik <€— Temmeparypa OM W'

9.2. Uroru MKT OMOAMT (i = 3)
®dopmyiiet MKT OMOAUT cnenyrot u3 ¢popmyia OM U, eciiv B MOCIEAHUAX MOJIOKHUTh

i;=3, TOorja

Il
=
Il
n
Il
B3 |03
o

T=2pV

u 1-p1it 3-0 TAH npumer Buj

A'+ Q=AU = AE, = 2A(p V) = kAT

——=_- |<—— Temneparypa OMOAMUI".

10. MOJIEKYJISIPHO-KUHETHUYECKAS TEOPUS UAEAJBHOI'O I'A3A (MKT HUI)
10.1. TeopemMbl 00 0THOPOIHBIX HI€ATBbHBIX I'a3ax

022 (OX). HoeanvHbie 2azvl ¢ 00UHAKOBLIM COPMOM MONEKYI (i) U OOUHAKOBLIMU MACCAMU (M)
HA3618a10MCsl 0OHOPOOHBIMU UOEATbHBIMU 2A3aAMU.

q)OpMyJILI TEOPEM, CIPaBCAJIMBLIX IJI1 OAHOPOAHBIX n ras3oB, MPpEACTaBJICHbI B Ta6J'II/IIIC Suee IPOAOJIZKEHU N
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Tabruya 5
TEOPEMBI JUISI OTHOPOJAHBIX I'A30B
Ne T Dopmya Oo0aacTb NpUMeHeHust IIpumeyanue
1 m = Nmy, be3 orpannuenuit Her 3aBucumoctu ot p, V, T.
2 i =Ni; be3 orpannuenuit Her 3aBucumoctu ot p, V, T.

mm —Macca UT, i —aucno creneneit cBoboms! YT, U, E — BHYTpeHHsIS SHEPTUsL M SHEPIHsI TOCTYIIATEIEHOTO IBIKEHHS BeeX Mostekyi U

O6006uM morsiTre Temrepatypsl OM UI (22%*) ma UT, momaras, aro 06a ra3a SBISTIOTCS OTHOPOAHBIMH U
razamu. T.e.

ur

(67)

IE i F 2
INK vk

ks
=]

3N — 4ucno nocTynaTenabHbIX cTeneHeil cBo0oap! Mosekyn UT.

023 (T) Temnepamypa HI. Temnepamypa HI onpedensiemcst popmynoui (67).

W3 onpeneneHus cpeqHEKBAAPATHIHON cKkopocTH u hopmyisl Temneparypsl U™ (19%) ¢ yaerom ompeneneHmii
temnepatypsl OM UI (22*) u omHOpOJHEIX Ta30B cieayet Teopema 3 (T3).

T3 (TeopeMa o0 TeMIepaTypHOil IKBHBAJEHTHOCTH OTHOPOAHBIX Ta3oB). Cymmaprnas suepeus (E)
nocmynamenvHo2o osudicenus moaekyn N-wonexyanozo U 2aza ¢ N paz bonvuie snepeuu nocmynamenbHo2o 08UICeHUs

O00HOPOOHO20  eMy  OOHOMONeKynHo2o eaza (E;), umeowezo CKOpocmb — MONEKYAbl (1] = 4¥),  DAGHYIO

cpeonexsadpamuunol ckopocmu N-monexyinozo U 2aza (iF), npu 3mom memnepamypbl 0OHOPOOHbIX 2306 000UX
MUN08 0OUHAKOBYHI.
Joxka3zareabcTBo. [1o onpeneneHnIo cpeTHeKBaApaTHIHON ckopocT Moiiekyl N-monekynsoro UIT nmMeem

—g _wratrrgt eyt
= (68)
YMHOXUB (68) Ha ﬂ, TIOTY9UM
NEL=NE =E +E++E=E (69)

[pn & = ar = 2 (*) u3 (69) cnenyer

my

N=——=NE =E+E++E=E (70) unm
E=NE (71)
N3 (71) c yuetom (21%*) u (22) cnemyet
U=ny; (72)
-2 E_2 FE_2&H_2 L_
P = s nx "3 & ik I (73)

T; — remneparypa OM UI', oqrnoponHoro N-monexynnomy U rasy. Teopema noka3zana.

T3’ (caexcrBue T3). Eciu cpednexeadpamuunvie ckopocmu N-monexyanvix 00HopooHvix M 2az06 0ouHarkoewl, mo
IHepeUU NOCHYNAMENbHOLO OBUICEHUSL MONEKYL U BHYMPEHHUE IHEPSUU (U MEMNEPATYPbL) IMUX 2d308 MOJHCe OOUHAKOBYL.

T3’ cnpaBeyiBa HE3aBUCHMO OT 00BEMa COCYIOB, B KOTOPBIX Haxosrcs 3TH ra3sl. U3 T3’ cinenyer, T3".

T3 (TeopeMa 0 HE3aBHCHMOCTH TeMIEpaTypbl OT CTelleHH XaOTHYHOCTH ABM:KeHUsI MoJjekya WI).
Cmenenv xaomuunocmu monexyn N-monexynnozo U easa ne eénusiem na e2o memnepamypy, eciu CpeoHeK8aopamuyHas
ckopocmo U eaza neusmenna (m.e. eciu enympennsis snepeusi Ul (U) neusmenna).

T.e. npu pagnuix 3nauenusx cpeOHekeaopamuitol CKOpOCMu 0OUHAKOBO20 KOIUYECMBA MOJIEKY]I OOHOPOOHbIX
U 2a306 memnepamypuvl 24308 00UHAKOBHL (M.e. npuU A100bIX PYHKYUAX pacnpedeneHnusi CKOpocmetl MONEKYI 2A308).

N3 T3" cniegyet T3,

T3'"" (TeopemMa 0 He3aBHCHMMOCTU BHYTPEHHEHl HEPruud OJAHOPOAHBIX ra3oB ¢ OJMHAKOBBIM YHCJIOM
MOJIeKYJI OT CTeNeHH Xa0THYHOCTH ABMIKEHHUS MOJIEKYJT). BHympennue sHepeun 00HopooHsix U 2a308 ¢ 00uHaKo8vim
Konuuecmeom monekyn (N=const) u ¢ pasneimu cpeonek8aopamuuHbiMu CKOPOCMAMU, HAXOOAWUECS 68 COCYOaX PAGHbIX
00beM08, He 3a8UCAM OM 3AKOHO8 PACHpedeNeHUs CKOPOCMel MONIEKY 2A308.
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Ipoodondcenue mabauyvr 5
TEOPEMBI JIUISI OJJTHOPOJIHBIX I'A30B

Ne T DopmyJa Oo0aacTb NpuMeHeHust IIpumeyanue
3 E = NE; ¥ == TemmepaTypsl ra30B OIUHAKOBBIC, 00BEMBI MOTYT OBITH pa3HBIMHL.
4 U =NU, F == TemmepaTypsl ra30B OIMHAKOBBIC, 00BEMBI MOTYT OBITH Pa3HBIMH.

YmuoxuB Ha N BeIpaxkerue (21%), nmeem

Nmr? | NE

=1 =

NU; = ﬂk T = l—'“n.fp;- V¥V (74) wm, c yaetom (T1), (T3), (T4) momyanm

na |

5 I =

I, Ny - NEp

- 1
1 " i g

& d

wu, =gt =iy = p=Yg.r==tup (75)

Ecmu B Texct T3 BHecTH TpeOOBaHUE paBEeHCTBA 0OBEMOB OJTHOPOIHBIX T'a30B, TO cripaBemBa T7.

T7 (TeopeMa 00 3KBUBAJEHTHOCTH IBYX OJHOPOJHBIX ra30B ¢ OAMHAKOBBHIM KOJUYECTBOM MOJIEKYJI,
HAXOAAIIUXCS B COCYIaX OJMHAKOBBI 00beMOB). (OOHOpOOHBlE 2a3bl C OOUHAKOBLIM KOAUHUECTNEOM MOEKYIL,
umerowue O0OUHAKOBYIO CPEOHEeK8AOPAMUUHYIO CKOPOCMb MOJNEKYL, 6 COCYOax OOUHAKOBbIX 00beM08 UMerom
00UHAKOBbIE 3HAYEHUs napamempos u3 nepeynsa: E, U, m, Fp. p.p. pe. Py -

Oxonuanue mabauyvt 5
TEOPEMBI JJIS1 OJHOPOJHBIX TA30B

Ne T Dopmyaa O06JacTh NpUMeHeHHUs! I[Ipumeuanue
5 Py = Npy; F=w=vK=V Temnepatypbl 1 006EMbI OTHOPOJHBIX TA30B OJJMHAKOBBIE.
6 P =Np; F=wy=0, K=V TemnepaTypsl 1 00BEMBI OTHOPOJHEIX T'a30B OJJMHAKOBHBIC. AHAJIOT
3aKkoHa JlanbTOHA O aBjeHUH cMecH ofHOpoaHbIX OM U rasos.
7 X =NX; F=wm=vK=V X=EUmF.p.p.0g Py

10.2. Aaroput™m nepexoaa ot napamerpos MKT OM HUI k napamerpam
0IHOpPOAHOTrO0 eMy N-MOJIEKYy/THOr0 HAEaIBLHOI0 ra3a
W3 T7 cnenyet ancopumm nepexooa om napamempos MKT oonomonexynnozo (N=1) U 2aza xk napamempam
00HOpoOHo20 emy N-monexynnoeo U eaza npu oounaxoswix obvemax (V) u oounaxoswvix memnepamypax (1) cocyoos,
KOTOPBII BEIpaXKEH CIIEAYIOMIEH Tapoil popMy:

X = NX, (76)

(77)

Dopmyia (77) BeipaxkaeT yCIOBHE PABEHCTBA TEMIIEPATYP OJJHOPOJIHBIX ra30B 00OMX THIIOB.
IMapameTrpbl HaEaNbLHOrO ra3a BMECTO O0OOIIEHHOro mapamerpa, o0o3HaueHHOro OykBoit X, B (opmyie
nepexoxa (76) npeacrasieHs! B Tabiuie 6.

Tabauya 6
IMAPAMETPBI HAEAJIBHOI'O TT'A3A B ®OPMYJIE IEPEXOJA (76)
O0001meHHbIi MapamMeTp Mapamerps1 UT' Oo6aacTb NpUMeHeHust
ur
X= —

EEUmPE.ppg P Pye b 1 T 1 V oMHaKOBBIE 17151 MICATBHBIX OJJHOPOIHBIX I'a30B.

Wnnexc «I» B popmyne (76) oTHOocuTCs K napamerpy ogHoMonekynHoro (N=1) naeansHoro raza. OrcyrcTaue
HHJIEKCA 03HAYAET, 4TO mapamerp otHocuTes K N-monekyinaoMy (N — 1r060€ HaTypalibHOE YKCII0) HIeaJIbHOMY ra3y.
AJNTOPUTM IIepexo/a TaKOB.

Coenacno opmyne nepexooa (76) om napamempa OM HUI" k napamempy UL oocmamouno 6 gpopmyne oras OM Ul
unoexc «» onycmums.

Ecnu 6 wucnumene ghopmynvt MKT OM UI codepocumces npouzgedenue 08yx napamempos 2aza ¢ unoexcom «l», mo
9MOM UHOEKC He0OX00UMO onycmums y 1106020 napamempa.

B pesynbrare Takoro nepexoxa u3z gopmyn MKT OM UI' nomyuatores popmynst MKT «N-MonexymHOTo»
ueanbHOro rasa. [Ipu 3ToM none3Ho UCHOoIb30BaTh TOXKIECTBO
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Nk =vR (78)

Hampumep, u3 (22*) caeayer ¢popmyna s BHyTpeHneit snepruu UI (I7)

mars

= L

i

=;.E
2

=y =T =ty (79)

aa |

&

Ymuoxu (79) Ha 2/i;, € yaetom (77) u (78) nmomyunm uens Gopmyln ypaBHeHuUs coctosiHus UT°

m?‘=2§=%=Nk-T=vR-T=FV (80)

Wl b

Tax ocymectBisiercss nepexoxn ot Gopmyn MKT OM UT x ¢popmynam MKT UI'. OueBuano, uTto 0OpaTHBIN
MIEPEX0 PEeTIIaMEHTHPYETCS TOH ke mapoit popmy (76), (77).

11. SMIIUPUYECKHUE I'A30BbIE 3AKOHBI OT BOI.JIS IO MEH/IEJIEEBA.
YPABHEHUE COCTOSsIHUS PEAJIBHBIX 'A30B

Jlo cux mop MBI TEOPETHYECKH yCTaHABIUBAIN (DYHKIIMOHAJBHEIC CBS3H Mexay mapamerpamu OMOANT, OM
UI'm UT.

OO6paruMcst Tenepb K 3aKOHaM H30IPOIIECCOB Tas3a, MOJyYCHHBIM W3 3KCIICPUMEHTOB C PEaJIbHBIMU Ta3aMy
(XMMUYECKMMH BEIIECTBAMH B T'a3000pa3HOM cOCTOSHMM). [laBIeHHE M TeMIeparypa rasa — 3TO TO, YTO MOKa3bIBaeT
MaHOMETp H TepMomeTp. [Ipu TakoM ((eHOMEHOIOTHYECKOM, WM SMIIMPUYECKOM) MOAXOAE K BBISBICHHIO T'a30BBIX
3aKOHOB HUKAKHX IIPEATION0KEHUH O MOJIEKYJISIPHOM CTPYKType Ta3a He BBOAMUTCSI.

024 (THH). Benuuunsr p.V.T HaswsBatorcs TepMmoxmHammuyeckumu (T/IH) makpomapamerpamu rasa (u
cocyna), a gy, 4, m; — MUKponapamerpamu UI'.

025 (MII). U3ompouecc — 3T0 ra3oBblid mpouecc, B kotopoM oauH u3 TJH makpomapameTpoB ocTaercs
HEM3MEHHBIM.

3akonsl u3omporneccoB (33)-(36) — Tabm. 7 — He coAepkar MHKpomapaMmeTpel. B 3KcrnepuMeHTax
HCTIOH30BAIUCH MPUOOPBI: MaHoMmeTp (P), nuneiika (V) u repmomertp (T).

IMokaxeM, Kak U3 3akoHa AMejieo ABOraJipo U TpeX 3aKOHOB u30mpoiieccoB (cM. popmyinst (33)-(36) Tabmuiibl
7) MmoxHO Ob110 661 B 1811 Tony momyuuts ypaBHeHue Kianeipona — Meneneena.

11.1. M3onpouecchbl 4 3aKOH ABOraJipo

3akon ABoranpo, 1811 r. B pasusix o6vémax (V) mobwix 2azoe npu oounakosulx yeiosusx (p,T) codepacumes
00HO u mo dce xoauwecmso (N) moaexyn.

W3 3T0TO 3aKOHA ClIelyeT, YTO OH CHPABEAJIMB JUIS FA30B 1100020 MUnd, COCHOAWUX U3 MOJIEKY 1100020 copmad.

ABorazapo BB Tpoiiky TJIH makponapamerpos (p, V, T), kotopas onpenenser muxponapameTrp N. T.e.

| N, = N, = const npy 0JJMHAKOBBIX yciIoBUsX (1 V, T | (81),

HITH N=fFfpV.T) (82)

3akoH ABorajapo copmynupoBan TekcToM. Beipa3um atot 3akoH ¢popmynamu. T.e.

| elN = p*W¥Te | (83)
¢ = const (84)

X, ¥, Z— HEU3BECTHBIE NIOKa3aTenu crenenen p, V. T .
M3Bectable k 1811 romy 3aK0oHBI TpEeX M30MPOIECCOB MPEACTABICHEI B TabIHIE 7.

Tabauya 7
DOOPMYVYJIbI 'A3OBBIX ITPOLIECCOB

Ne HanmeHoBaHue ®opMyJia razoBoro npouecca OodaacTb ABTOp T'on
npouecca NpHUMeHeHHusl 3aKoHa

1 M3orepmuyecknii pV =gyl = p"?’lf‘n (85) H3onpoueccsl boiins, 1661

Mapwuort 1676

2 H30x0pHbIi S=c, | = p'vir 1 (86) m = const apis 1787

3 H306apHblii :rf = |= PDL’ lp-1 (87) Teit- 1802
- JIroccak

4 JIo6oii mpouece | 2=l | = p*VITT (83%) N = const Asoraapo 1811

C1, C1, C1, C — IIOCTOSTHHBIC (PU3NICCKUC BEITUINHBIL.
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@opmyna 3axona xaxcoozo uzonpoyecca — (85)-(87) — xapaxmepuszyem ne monvko usonpoyecc easa, HO u
(cmabunvroe) cocmosnue 2a3a 6 Hauane u KOHYe uzonpoyecca O «OAHHOU MAccbl 2a3ay, T.e. — U1 HEM3MEHHOIO
gyucima Mollekynl B cocyne (N = const). CremoBarenbHo, (GopMydy 3akoHa JIFOOOTO H3OMPOIECCa MOXKHO Ha3BaTh

(hopMyIIO#t COCTOSTHHA T'a3a B TOM H30IPOIIeCcCe.
Bce 4 3axona cnpaseonuewt ons mobozo 2aza (npu N=const). 13 tabn. 7 cieayer, 4To YUCIOBBIE 3HAUCHUS X,

y, Z i H30IIPOILECCOB TAKOBLI:
x=1y=12z=-1 (88)

[Nonaras ¢popmymy (83) crpaBeyIMBON HE TOJIBKO AJISI U30IIPOIIECCOB, HO U st roObix TJIH mpoueccos rasos,
¢ yaetoMm (88) momyanm

N (89)

T

T.e. BOnpocuTebHBIH 3HAK — (?) — B TabI. 2 MOXKHO CHSATE — cM. (89).
11.2. YpaBHenue cocrosinus raza (Knaneiipona — Menpeneesa, 1874)
[Monme3ysice aHATN30M Pa3MEPHOCTEH, BRIIBUM pa3MEPHOCTh (pU3NUECKoi KOHCTaHTHI (¢). U3 (89) cnemyer

=22 0) ; (=% (91)

Il

W3 skcrmeprMeHTalbHBIX JaHHBIX NPHW HM3BECTHBIX 3HAUEHWsIX 4deThipéx mapamerpoB (P, V, T, N) u3 (89)
crenyer

c=1,38107 /K (92)
[MocrosiHHast BemmurHa C 0603Ha4YaeTcst OYKBOM K M HOCHT Ha3BaHHE — «IIOCTOSTHHAs BosbIMaHay.

c=k (93)

IMoncraBnas (93) B (89), momydum ypaBHeHHE (CTaOMIBHOIO) COCTOSIHMS HEM3MEHHOW Macchl Tasa
(Kimaneiipona — Menzeneesa, 1874 r.). OHO e — 3aKOH /TSl JTFOOOTO MpoIiecca HEM3MEHHOM MAacChI Tasa.

pv
T

= Nk =vR (94)

v= vl (95); R = kN,, (96); | Nk=vR | (97)
Na

Vpasuenue (94) ectb pe3ynbTaT (U3MKO-MAaTEeMaTHUYECKOW HMHTEpIpETAIMi TeKCTa 3akoHa ABoragpo. OHO
0oJiee KOHKPETHOE HexeNu BbipaxkeHue (81).
Ypasuenue (94) 6yoem nonazamo cnpagednusvim u ons mobozo UI'. C yaerom (94) BeIpaykeHUs] KOHCTAHT £y,

€3, €3, € TIPUMYT KOHKPETHBIH BUI, U TabJ. 7 IpUMeT BHJ Tabnuis 7.

Tabauya 7'

Ne HaumenoBanue npouecca | @opmysa npouecca (1J1s1 0JHOr0 KOJI-Ba MOJIEKYJI) KoncTanTa npouecca

H3oTepMuyeckuii pV =y | = NEkT, = vRT, €= T.= const, N= const
2 U30X0pHBIii P___[_Nk_R ¥.= const, N= const

P T2 T T, <€
3 U306 i ¥ _ _ Nk _wR . = const, N= const
300apHBIH $=¢3 = = € P

4 JIo60ii mpouece %r —cNl=Nk =vR — N = const

P, ¥, T, — HEM3MEHHBIC BEIMYUHBI (KOHCTAHTHI) M30TIPOIIECCOB ra3a.

Ecmm 661 AMeneo ABoraapo yaanoch mosyduth (94), To CBOM 3akoH OH cMor Obl copmynupoBath B 1811

rojly Tax:

Jna noboeo eaza npouszgedenue Oasienus U 00véma, OelEHHOE HA AOCOMOMHYIO MEMNEpamypy HpsImMo
nPONOPYUOHATbHO uucny monekyl. Koagpguyuenm nponopyuonanenocmu (K) ecmv @enuyuna nocmosHHAs: OHA He
3a6UCUM HU OM MUNA 2A3d, HU ON COPMA €20 MONEKVIL.
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11.3. YpaBHenue cocrossnusi OMOAMUT. ®duznyecknii cMbIc nocTosiHHOI boabumana
U3 (94) cuenyer cmpasemnuBocts TeopeMbl OM UI': «ons moboco eaza cywecmsyem MuHuUManRbHoe

¥ .
3Ha4YeéHue 6uvlparcenun PT, pasnoe nocCmosaHHou k».

JlelicTBUTENIbHO, MUHUMAJIbHOMY 3HA4E€HHUIO MpaBoi 4acTH (opmyiibl (94) COOTBETCTBYET YHCIIO MOJIEKYII,
paBHoe enuHuLe. T.e. it OM rasa

N=1 (98)

Honcransast (98) B (94), nonyunM ypasenenue (cmaounvhozo) cocmosnus OM zaza (kxomopoe 6ydem
nonazame cnpasedaugvim u 011 OM UT, u, credosamenvho, ons OMOAHUT)

i: =k = const (99)

P — Oasnenue OM UT".

Torna MoCcTOSIHHYIO BENMYHHY & MOJKHO Ha3BaThb YHUGEPCANbHOU 2a30801i nocmoannoit OM HI. B smom
cocmoum ¢pusuueckuii cmoicni nocmosannoii bonvymana. Takas TpakTOBKa TOCTOSHHOH k B pabotax camoro
Bonpmana He yKa3bIBajach.

Panee mbl monmyumiu dopmyny (99) teopernuecku B pamkax MKT OM UI, ucmons3ysi HpEANnoNIOKEHHE
JlomonocoBa, cM. (24). 3aech (99) — 3T0 pe3ynbTaT IKCIIEPUMEHTATBHBIX JAHHBIX, BHIPAKEHHBIH MaTeMaTHYECKOM
HHTepIpeTanueii 3akoHa ABoraapo.

WUI' MOXXHO cUUTATh @huzuyeckum o0O6BeKmom, Oasl KOMOpOo2o Kpumepuem Qu3uveckozo noododus cayslcum

Bl
be3pasmepHas eeludUHA F , pasnast wuciy monexyn UI' (N). T.e.

v

=N (100)

TJIH napamerpst I sBisitoTcs M mapameTpamMu cocy/ia, KOTOpbIe MOKHO M3MEPUTh IPHOOpaMu: MaHOMETPOM,
THeNKo# u TepMomMeTpoMm. st OM UT smom kpumepuii pagern eduruye:

i—l 101
KT ' (101)

S

Pesynbratet MKT UI npencrasnens! B Tabu. 8. Bexu ucropun Mexanuku 1 MKT UI npencrasienst B Tad1. 9.

Tabauya 8
PE3YJIbTATBHI MKT UI'
Ne 0 1 | 2 [pumeuanus
TUII UAEAJIBHOI'O I'A3A Tun UI" ectb pynkuus N.

0 O6o3nauyenne Tuna UI" OM ur ur
1 Haumenosanue UI' OnHoMmogekyJHblii UT' NpeanbHblii ra3
2 Hnpexc I OTtcyTcTBYET
3 Yuc10 MoIeKyJT N =1 N=NN =N
4 Pucynok: B3aumoseiicTeue O06BEM 1 TemIieparypa cocyaa

HTI ¢ cocynom i ] B 000WX CITyJasix OANHAKOBEIE,

ra3sl ONHOPOIHBIC (ij, T11;).
r
Vv
F’Il
Puc. 1. OMOAUT" Puc. 2. OA UT'
5 O0BéMm cocyna v v OH xe — 00BEM rasa.
6 Temmneparypa cocyaa T T Ona xe — Temnepatypa UTI'.
7 CpeaHekBaapaTHYHAS _ Jarf _ T = =
CKOPOCTH MOJIEKY.I R il Al
8 HNEPEXOA I — N ®OPMYJIA NEPEXOJA I — N B dopmyne pas UT" nngexc |
I ogHOpoaHbIx U | X =NX; | OIyCTHUTD.

9 Macca UTI" m; | m = Ny
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Oxonuanue mabauyvt 8

Ne 0 1 2 Ipumeuanus
10 Yucao moaeii IT' Ny 1 . N N m
v, = = v=Nv;, = — = v = —
=N, TN Ny Ny M
1 N
11 Konuentpauus moJiexyJ n = — n= Nn =~
B cocyje i v 1=y
12 | Ypasuenue cocrosinus AI' Py = mp kT p = nkT YpaBHenue cocrosinus UI'
13 | YpaBuenue cocrosuus AT’ pV=kT pV = NkT CHPABeIHBO 151 J1I050r0
copta UI'.
14 | Ypaeuenue cocrosiuust UI' | #;V v Copr MI' ecTe pynkcumst iy.
=K — =Nk =vR
T T
15 YHuBepcaabHasi razoBast Kk R R =Nk
const
Tabauya 9
BEXU HCTOPUHN MEXAHWUKHU U MKT MUT [7]
Ne IIpeamet uccienoBanus ®opmyJia (TEKCT) 3aKOHA ABTOp Ton
3aK0Ha (TeKcTAa)
1 CTpyKTypa MaTepuaabHbIX Texcr: aToMbI U Jlemoxput 460-370
00BEKTOB MyCTOTA. JI0 H. 3.
2 2-oi 3-u Kemiepa % A#Xr = const Kermep 1609
3 I'mppocratuka p=const | IMackanb 1653
4 W3zorepmuaeckuit pV =c, Boiins, Mapuott 1661,76
5 JnHamuka Mar-kue H-na H. b-buu Hrioton 1687
6 JTro6oii pV = wmi Beprymm* 1738
2
7 3C h (mexaHuKa) h =ma~xr const Oitnep* 1746
8 TemmepaTypa nMeeT HIKHIH Temmn-pa ¥ KuH. 3H-5 Bp. IB. (©) JlomoHocoB™ 1748
Npenen. cBsazanbl: U ~ T
9 Teopema | U= Ep+ Ep, | Kenur 1751
10 V30x0pHbIit pIT= 1, lapie 1787
11 ATl KauecTBEHHO Harpes u oxii-e B All JaneToH 1800
12 JlaBJ1. cMecH ra3oB | p=p;+p, | JanbToH 1801
13 U306apHbIit L - JlanbToH 1801
r - [eii-JIroccak 1802
14 AIl xauecTBEHHO Harpes u oxn-e B AIl Iefi-Jlroccak 1807
15 3akoH kpat. V-0B O6mwemsl o u [Tocne — Hat. yucna. [eii-Jlroccak 1808
N:M.
16 4 mapamerpa: P,V,T,N. N=fpv.T Asoraapo 1811
17 AIl — teopust pV¥ = const [Tyaccon 1823
18 Iukn TM Kapno n=(T;-TY/ T, Kapno 1824
19 JTro6oii mporecc ’v"? = const Knaneiipon* 1834
20 AOc-Has TeMnepaTypa [Ixana abc-x TeMI-Typ Kenbun 1848
21 MKT (xpome yp-s Menneneesa) Temn-pa <> KUH. 5H-5 IOCT. JB. Jxoynb 1852
(# = const).
22 MKT (xpome yp-s1 Menzeneesa) MKT (xpome yp. MeHnnemneena) Knaysuyc 1857
23 JIro6oii npouecce F'_: —vR =g MeHnzenees* 1874
M4
24 JIro6oit mp., cocyn — PV = N Jlaupay, Kuraiiropozuckuii 1974
cepuueckuii. 2
25 MKT OM HT, cocyn — [ 2,V/T=k=const | Herpam 2013
chepUICCKHA. P =203 = 2pum/i;

*) Bepuymnm, Ditnep, JlomoHocoB, Knaneiipon u Menzenees padoranu B Poccun.
YpaBHenue Menaeneesa u 3akoH boitns pazgenser 213 ner.

3AKJIIOYEHHUE

B pabore mocTpoeHa MOJEKYJISPHO-KHHETHYECKAs TEOPHS HICAlbHOrO ra3a B (opMe aKCHOMAaTHYECKOW
CTPYKTYpbI. M CIOJIB30BAaHO TOHSATUE «OJHOMOJIEKYJIHBIN HIeanbHbIA rasz». s Takoro rasa BbIBEJE€Hbl OCHOBHBIE
3axkonsl MKT UI'.
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MKT OM UTI" u MKT UI nocrpoens! nmytem 06001menns MKT OMOAUT.

HUcnons3oBanue B MKT UT cheprueckoro cocyia mo3Boiauiio YIPOCTUTH BEIBOJ KIIFOUECBBIX (HOPMYIT TCOPHUH.

YcTaHOBIEHO, YTO OJHOPOAHBIE HEAJBHBIE I'a3bl, UMEIOIINE OJIMHAKOBBIE CPEIHEKBAJIpaTUUYHbIE CKOPOCTHU
MOJICKYJl, TPH OJUHAKOBOM KOJHMYECTBE MOJEKYJT B COCYlaX OJUHAKOBBIX OOBEMOB HMCIOT OJUHAKOBEHIC
MakpomnapaMeTpbl — TEOPEMBI 0 HE3aBUCUMOCTH MakpomnapameTpoB VI oT cTeneHn XaOTHYHOCTH JTBUIKEHUS MOJIEKYIL.

BrusiBiieH (hm3ndeckuil CMbICT MOCTOSIHHOW BojbliMaHa Kak YHHUBEPCAIBHOW Ta30BOW MOCTOSHHOM B pamKax
MKT oaHOMOJIEKYIHOTO UI€aTBHOIO rasa.

Axcnomarndaeckas ctpykrypa MKT UI™ mo3BoseT HCHoOap30BaTh €€ HE TOJBKO 10 OTHOIICHHIO K MOJIEKYJIaM
XAMHUYECKHX BEIIECTB B COCYaX, HO B IPYTUX pa3ieiax (pU3HKH.
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HOW TO EXPLAIN THE MOLECULAR KINETIC THEORY
OF AN IDEAL GAS TO SCHOOLCHILDREN AND STUDENTS

A.S. Negrash?, I.A. Golovin?, A.Ye. Batmanov®
! candidate of Engineering Sciences, Co-chair of the Physics section, >4™ year Student, 1% year Student
! Moscow Society of Naturalists,
2 Moscow State University of Food Production,
®Russian State Agrarian University - Moscow Timiryazev Agricultural Academy (Moscow), Russia

Abstract. A variant of the presentation of the molecular kinetic theory (MKT) of an ideal gas (IG) in schools
and universities is proposed. The concept of “single-molecule single-atomic ideal gas” (SMSAIG) is used. The shape of
the vessel is assumed spherical. The laws of the adiabatic process, the basic equation and the equation of state of
SMSAIG are derived. The algorithm of transition from the formulas of the SMSAIG MKT to the formulas of the IG
MKT is being formed. The principle of presentation of the material is "from simple to complex”, the form of
presentation is axiomatic. The work is addressed to school students, students, physics teachers, methodologists and
those who show interest in physics.

Keywords: molecular kinetic theory of an ideal gas, thermodynamics, ideal gas, "single-molecule” single-
atomic ideal gas, spherical vessel, adiabatic process, equation of state of a single-molecule ideal gas.
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YK 539.1:534.8

N3YYEHUE MEXAHU3MOB AKYCTUYECKOM PEJTAKCALIUA
METOJAMM AKYCTHUYECKOM CIEKTPOCKOIINA

X.M. Humanos', A.Y. Aﬁllyanl/IMOBz
b2 xaHguaaT GU3MKO-MATEMATHUECKHX HAYK, TOIICHT,
AHAMKAHCKAN TOCYAapCTBEHHBIN YHUBEPCHUTET, ¥ 30€KUCTaH

Aunnomayusa. /lannas padboma nocéaueHa 00HOVe U3 GANCHLIX HANDPAGIEHUI UCCTE006AHUIN (Pu3uyecKux
00beKkmoe — moaexynaproi akycmuku. Ilokazanst 0cCHO6HbIE MeNOObl UCCTEO06AHUN U 0ONACMb UX NPUMEHEHUS.
OcHosgnble uzuueckue napamempsl ONPeOenAIONCA KUHEMUYECKUMU XAPAKMEPUCIMUKAMU MONEKYIAPHBIX NPOYECcos
C MAaKkuMy MaKpOCKONUYECKUMU BETUUUHAMU, KAK CKOPOCHb U Kodpuyuenm noenowjenust 38yka. Memoowi
MONEKYISPHOU AKYCIMUKU WUPOKO UCNOAbIVIOMCS MaKice 8 Onpedeneuu 0eqhekmos meepowix mei.

Knroueevie cnosa: monekynapuasa aKycmuka, CKOPOCMb 38yKd, RoO2l0ujeHue 368yKd, pelaKcayus,
oucnepcus, cHcuMaemocms, KUuHemuKa, pazoesvle nepexoonl.

MoiekyasipHasi aKyCTHKa — pasJzienl (PU3NYECKOl aKyCTHKH, B KOTOPOM CTPYKTypa, CBOMCTBa BeIlECTBA U
KHHETHKAa MOJEKYJISIPHBIX MPOLECCOB HCCIEAYIOTCS aKyCTUYEeCKUMH MeTonaMu. OCHOBHBIE METOIBI MOJEKYJSIPHON
aKyCTHKA — H3MEPEHHs CKOPOCTH 3ByKa M KO3()(GHUIMEHT IOTJIOMIEHUs 3BYKa B 3aBHCHMOCTH OT pa3IMYHBIX
(bu3MYEeCKUX MapaMeTpoB: YacTOThI 3BYKOBOH BOJIHBI, TEMIIEPATyphl, JABJICHHS, MarHMUTHOTO IOJII U JIp. BEJIWYHH.
HccnenoBanusi, NpOBOAMMBIE TAKUMH METOJaMH, HHOT/Ia OOBEOUHSIOT B OCOOBIH pa3ziesl SKCIEePUMEHTAILHOMN
aKyCTUKH — YJIBTPa3BYKOBYIO MM aKyCTHYECKYIO CIIEKTPOCKOMMI0. MeToJaMHM MOJIEKYISIpHOH aKyCTHKH MOXHO
HCCIIeI0BATh Ta3bl, XKUIKOCTH, MOJMMEpHI, TBEPAbIE Tela, Mia3My. Ha paHHe#l craaum pa3BUTHs 3TOH 00JacTH U B
HEKOTOPBIX CIydasx a0 CHX Mop TepMUH "MonekyispHas akycTuka' NPUMEHSAIOT JHIIb K MCCIEIOBaHUSIM
MOJIEKYJIIPHOM CTPYKTYPBI I'a30B U KUAKOCTEH.

MonekynsapHas aKycTHKa, KaK CaMOCTOSTEIIFHBIA pa3lel aKyCTHKH, Bo3HUKIA B 30-x rT. 20 B., KOrga ObLIO
BBIAICHEHO, YTO IPOLECCH KOJIeOaTeIbHOM pelaKkcaliy B ra3ax BHOCAT CYIIECTBCHHBIN BKJIaJ B IOTJIONIICHUE 3BYKa H
MIPUBOIST K TOSBICHUIO JUCIEPCHU 3ByKa. B manpHelnem ObUTO BBISICHEHO, YTO 3TH MPOLECCHl HTPAIOT BAXKHYIO POJIb
IIPH pacCIpOCTPAHEHUH 3BYKa HE TOJIBKO B ra3ax, HO U B KHIKOCTSX, U B Jp. BellecTBax. M3yueHne penakcauOHHBIX
IIPOLIECCOB B 3BYKOBOH BOJIHE MO3BOJIMIIO CBA3AaTh HEKOTOPHIE CBOMCTBA BEILECTBA HA MOJEKYIISIPHOM YPOBHE, a TaKKE
KHHETHUYECKUE XapaKTEPUCTHKH MOJIEKYIISIPHBIX IPOLECCOB C TAKUMU MAKPOCKOIMMUYECKUMH BETMYHMHAMH, KaK CKOPOCTb
1 K03 HUIHEHT MOTJIONICHUs 3ByKa [2].

CKOpOCTh 3ByKa OIpENeNsieTcsl CTPYKTYPOH cpenbl W B3aUMOJCHCTBHEM MEXIY MOJIEKYJIaMH, IO3TOMY
nU3MepeHus €€ BEJIMYMHBI 1al0T CBEJEHHUS O PABHOBECHOM CTPYKTYpE XKUAKOCTEH U razoB. IIo ckopocTH 3Byka MOXKHO
OTIPENIEINTh aqNa0aTUIECKYI0 CKHIMAaeMOCTh BEIIECTBA, OTHOIICHHE TEIUIOEMKOCTEH, MOIYIH YNPYTOCTH TBEPIOTO
Tena v Ap. JlaHHBIE H3MEPEHHs CKOPOCTH 3BYKa MO3BOJISIOT CYIUTh O COCTaBE Ta30BBIX M KUAKHUX CMeceil, B TOM YHuCIie
1 pacTBOpOB. JlaHHBIE TO TOMJIONIIEHMIO 3BYKa ITO3BOJISIOT ONPENessiTh KOI(D(PHUIMEHT CABUTOBOM M 0OBEMHOM
BA3KOCTH, BPEMEHA PENIaKCAllUM U IPYTHe MapaMeTphl.

B rasax mo 3aBHCHMOCTM CKOPOCTH 3ByKa OT TEMIIEPATyphl ONPEIEISIOT MapaMeTpbl, XapaKTepHU3YIOLIHe
B3aMMOJIEHCTBHE MOJIEKYH MPU CTOJKHOBEHUAX. B HKUIKOCTAX, BEIUUCIISAS CKOPOCTh 3ByKa HA OCHOBAaHMU TON WIJIM MHOM
MOJENN KHMJIKOCTH U CpaBHHUBas pe3ylbTaThl pacuéTa C OSKCIEPUMEHTOM, B psA€ CIy4aeB MOMKHO OLICHHUTb
MIPaBAOIIOI00HOCT HCIOIB3YEMOH MOEIHN U ONPEAEIUTD YHEPTHIO B3aUMOACHCTBHUS MEXKIY MOJIEKYJIAMH.

ITpu Hanu4YMK peraKkCarMOHHBIX MPOIIECCOB HEPTHUS MOCTYNATEIHHOTO ABIKEHHS MOJIEKYJ B 3BYKOBOW BOJIHE
nepepacipeensieTcs Ha BHYTPEHHHE CTENEHHM CBOOOJBI, MPU 3TOM IIOSBIAETCS AUCHEPCHS CKOPOCTH 3BYKa, a
3aBUCUMOCTh KO3()(UIIMEHT MOTNOIMEHNs] OT YacTOThl OTKJIOHSETCAd OT KJIACCHYECKOTo KBAJAPAaTHUYHOTO 3aKOHA:
K02 (HHUIMEHT MOTJIONICHNsI 3ByKa Ha [UTHHY BOJIHBI HMEET MaKCHMyM Ha HEKOTOpOil dactore ®, = 1/t, Ha3siBaemoit
4acTOTOH pesakcauuy. BenndnHa qucnepcuy CKOpOCTH 3ByKa U 3HaueHHE KO3((HUIMEHTA TOTIOMEHNS Ha 9aCTOTE My
3aBHCAT OT TOTO, KaKMe€ MMEHHO CTETEeHH CBOOOIBI BO30YXTAIOTCS MOJ JACHCTBHEM 3BYKa, a BpeMs pemakcaruu t
CBSI3aHO CO CKOPOCTHIO 0OMEHA SHEPTUEH MEKAY Pa3IMuHBIMU CTENEHIMH cBOOObI. VI3Mepsist CKOPOCTH U MOTJIONICHUE
3ByKa B 3aBUCHMOCTU OT YacCTOTBI, MOKHO CyIUTb O XapaKTepe MOJIEKYJIIPHBIX MPOLECCOB U O TOM, KaKOH M3 ITHUX
MIPOLIECCOB BHOCUT OCHOBHOW BKJAaJA B pellakcanuio. MeToasl MOJEKYISpPHOH aKyCTUKU IO3BOJSIIOT HCCIEN0BATh
BO30y’K/IleHHEe KoyieOaTeNIbHBIX M BpallaTeJbHBIX CTENEeHeH CBOOOABI B Ta3aX M JKHIKOCTAX. Taike OIpenenuTh
XapakTep CTOJIKHOBEHMI MOJEKYJI B CMECSX pa3IMYHBIX I'a30B, IPOLIECC YCTAHOBICHUS PABHOBECHS IPH XMMUYECKHX
PeaKImsx, CTPYKTYPHYIO PEeNIaKCalMio B JKHUAKOCTSIX, TPOLIECCH CABUTOBON pPENIAaKCAIlH B OYEHB BS3KUX KUIKOCTAX U
MOJIMMeEpax, pa3IMyHbIe MPOIECCH B3aUMOJCHCTBUS 3BYyKa C 3JIEKTPOHAMU NPOBOANMOCTH, MarHOHAMH, ()OHOHAMHU U
OPYTUMH  DJIEMEHTApHBIMH  BO30yXKIOeHMsAMH B TBEpHBIX Tenmax (Cnunm —  ¢hononnoe  @3aumooeticmsue,
Axycmoanexmponnoe 3aumooeticmeue). MeTonbl MOJCKYIIPHOM AaKyCTHKH MOTYT HCIIOJIBb30BaThCs TaKxke [UIs
HCCIICIOBAHMS KWHETHKH MOJIEKYJIAPHBIX IPOIIECCOB B PACTBOPAX M CMECSX, B KPUTHUECKOW 00sacT MpH (Ha3oBBIX
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Mepexo/1ax, B PacCIauBaIOIIMXCS TTOJIUMEPHBIX CUCTEMaX. DTH METOJbI MO3BOJIIOT HUCCIEIOBATh CBOWCTBA CTEKON B
TBEPIOM M JKHIKOM COCTOSHHHM, BKIIIOYas OOJIACTh CTCKIOBaHMSA. B JKHMAKOCTH C My3bIpbKaMU ras3a Mo XapakTepy
3aBHCUMOCTEH CKOPOCTHM M TOTJIOIICHUS OT YacTOTHI MOXKHO OINPEACIHTH pPa3MEphl MMy3bIPHKOB U KOHIICHTPAI[HIO
ra3oBoil (aspl, B OWOMONMMEpaX — XapakTep MEKMOJCKYSPHBIX B3aUMOICUCTBUA M MEPECTPONKY MOJCKYI
OHomoNMMEpOB B pacTBope [5].

OO6nacTh penakcaiuu s JKUAKOCTCH JIC)KHUT, KaK MPABUIIO, B IUAMMAa30HE 00Jee BBICOKMX YacTOT, YeM JIs
ra3oB. B oueHb BS3KHX JKHAKOCTSIX, MOJIMMEpPaX U HEKOTOPBIX APYIHX BEUIECTBAX B IOTJIOIICHUE U AUCIEPCUIO0 MOXKET
JlaBaTh BKJAJ LeEJbli HA0Op PEaKCAlMOHHBIX IPOIIECCOB C IMUPOKUM CIEKTPOM BpeMEH perakcaiuu. M3ydenue
BJIMSIHHSL TEMIIEPATYpPhl U JIABJICHUS] HA YaCTOTHBIE 3aBUCUMOCTU CKOPOCTH U MOTJIOIICHHS 3BYKa MO3BOJISICT Pa3eliuTh
BKJIa]] pa3JINYHbIX PENAKCAIIMOHHBIX TPOIECCOB.

B MoneKkysIsIpHO# akyCTHUKE ISl MCCIEAOBAHUI OOBIYHO MPUMEHSETCS yIbTPa3BYKOBBIC M THIIEP3BYKOBBIC
BOJIHBI: B Ta3ax — B JHaIla30HE YacTOT 10%-10° I'm, a B XKUIOKOCTAX W TBEPHABIX TENax — B JHAIlla30HE 10° -10%° I'm.
Hcnonp30BaHUEe ONTUYCCKHX METOJOB, & UMEHHO: M3MEPCHUE CMEIICHWS M IIMPUHBI KOMIIOHEHT MaHenbInrama-
Bpuiniro3Ha paccesiHus U ONpeeNICHIE [0 HUM CKOPOCTH U K03((HITMeHTa TTOTTIONMCHHS 3BYKa, TIO3BOJIMIO PACIIUPUTH
JTMArNa3oH MPUMEHICMBIX YaCTOT BIUTIOTh A0 jaecsaTkos [Ty [4].

MeToabl MOJIEKYJIIPHON aKyCTHKH MOTYT HCIIOJIB30BAThCS TAKXKE JUIS MCCIICIAOBAHMS BEUICCTB, B KOTOPBIX
B3aI/IM0Z[eI‘/IICTBI/Ie 3By1<a C BHCMCHTapHLIMI/I BO36y)KJIeHI/IHMI/I HC OFpaHI/I‘II/IBaeTCﬂ HpOCTeﬁIHPIMPI peHaKcaHI/IOHHLIMI/I
mporieccamMu. Hampumep, uccienoBaHuWEe MOTVIONICHHUS 3ByKa B METa/llaX W MOJYIPOBOJHHKAX TPU PA3TUYHBIX
TEMIIEpaTypax, MarHUTHBIX MOJSIX U JPYIHX BO3ACHCTBYIOMMX (DaKTOpax IMO3BOJSET MONYYUTh HHPOPMAIHMIO O
MOBEJICHUH DIICKTPOHOB, O CTPYKTYpe ¢pepma — noeepxnocmeti M 00 OCOOECHHOCTSX JIEKTPOH-(HOHOHHOTO
B3auMoieiicTBus. MI3MepeHune 3aTyxaHus 3ByKa B AMAIICKTPHKAX, HATIPUMED, B KBapIle, B 3aBUCUMOCTH OT TEMIIEPATYPhI
U TIPU pasHbIX YCIOBHSX MPEIBAPUTEIHLHON 00pabOTKH MO3BOJSIET CYAUTh O HATMYMU TEX WM MHBIX MMPUMECEH HIH
nedexros [1].
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HEPEXOJ OT KOHIOEIIIINA IEXHOCGJEPHOIZ
BE3OIIACHOCTHU K HAYYHOU METOJ1OJIOI' N1

0.A. BeTchKnﬁl, ILE. MaKapOBZ, B.E. Mnxafmosa3, B.C. Herpm;4
4 cTyzneHT MaructpaHt 1 kypca ['opaoro UuctutyTa rpymms:: M-YBPT-21
®I'AOY BO «Ceepo-Bocrounstii ¢penepanbHblit yansepcuretr um. M.K. AMmocoBay
(SIkyTck), Poccuiickas enepanms

Annomayusn. B cmamve paccmampusaromca meopemuueckue NPUHYUNLL  HAYYHO20 — HANPAGTEHUs
"Texnocgepnas 6beszonachocmu”. I[Ipogedennoe ucciedosanue oOaem OCHOBAHUS NOAA2AMb, YMO OAHHOE HAYYHOe
Hanpasnenue  GO3HUKNIO  KAK — NONBIMKA — UHMe2PpAyuu  pPAasiuyHblX — dCNeKmoé  60npocog  0e30nacHOCmu
JHCUSHEOeAMENbHOCU, A He KAK NPUHYUNUATLHO HO8As KOHYenyus 6e3onacHocmu. B cmamve packpeimul Kiwouesvle
MOMEHMbL COBPEMEHHO20 COCMOAHUA MeoPemudeckux 0CHO8 Hayunozo Hanpaerenus "Texnocgepnaa 6ezonacnocmy”,
cpedu KOMOpbIX paspbie Medlcoy Meopemuyeckoll U NpaKmuiecKou/NPukiaonol CoCmasiauumi HanpagieHus, d
maxsice pasmulmocms KOHYENmyaibHbiX PamMoK, SKIEKMUYHOCHb MEemoO0I0UU U NPOMUBOPEYUBOCMb CIMpamezuil
uzyyenuss 60npocos 6e3onacHocmu. Aemopvl npuwmiu K 6bl800y O HeoOX0OUMOCMU pa3paboOmKu UHMeSPaAmueHol
KOHYenyuyu mexHocghepvl, KOMopas OO0IXHCHA CMAmMb OCHOBOU OJid PA36UMUs MEeOPEMUteckKux U Memoooa0eudeckux
0CHO6 HOBOU HayuHou obnacmu "Texnocgepnas bezonacnocms”.

Kniouegvie cnosa: mexnocghepuas 6ezonacnocmv, 6e30NACHOCHb  HCUSHEOEAMENbHOCMU,  KOHYEenyusl
mexHocgepoi.

Poccuiickue uccnenoBaTesi HaMEepeBAINCh MPEATIOXKUTh HOBYIO KOMIUICKCHYIO TEOPHIO OE30MacHOCTH H
METOJIOJIOTHIO €€ M3YYEHHs JUId BCTYIUICHHS B HOBBIH Bek. OgHAako He OBIIO KOHLEMIWH, KOTOpas Morjia Obl
HHTETPUPOBaTh HOBBIE METOABI M CPEACTBA 3aIUTBI OT YIpo3 M ONACHOCTEH C MEPEJOBBIMH TEOPETUYECKUMU
aCTIeKTaMH U TEXHOJOTHYECKHUMHU CHCTEMaMu oOecriedeHus 0e30MmacHOCTH. 3HaHUS O TeXHOC(EpHOH 0e30macHOCTH 3a
MocJeHee JeCSTUIeTHE MPEBPATHIINCh B MOJHOICHHYIO HAay4HYIO 00JIacTh B IOMCKaX HOBBIX TEOPETHUYECKUX M
METOJI0JIOTUYECKHX MapaMeTpoB.

VHTeHCHBHOE TEXHOJOTMYECKOE Pa3BUTHE C MHTErpalMeldl TeXHHYECKHMX W COLMANBHBIX CTPYKTYp Ha BCeX
YPOBHSAX COIMAJIBHOM JKM3HHU, OT MOBCEIHEBHBIX MPOOJEM 0 CHCTEM MEXIYHApOAHBIX OTHOIIEHHUI, 3aaeT HOBHIE
TEXHOTEHHBIC OPHEHTHUPHI IS pa3BUTHA NMpobiieM 0e30macHOCTH. B coBpeMEHHOM TEXHOTEHHOM MHpPE aKTyalbHOCTh
pa3paboTKU METOJIOB M CPEICTB 3alIMThl TEXHOJOTHYECKOH MH(QPACTPYKTYPbI C YYETOM Ba)KHOCTH TeXHOC(hEpHOMH
0€3011aCHOCTH TPYIHO HEAOOICHUTb.

B oreuectBeHHON ucTOpHOTpadMHM TOMBITKM  pa3paboTaTh  TEOPETHKO-METOHOJIOTHYECKHE OCHOBBI
TexXHOC(EepHOI 0e30MacCHOCTH NPEANPHHUMAINCH B TOCIEAHUE JECATHIECTUS HEOJHOKpaTHO. OJHAKO KOMIUICKCHAS
KOHIETIIHS /10 CHX TOp He cioxmiack. CleayeT OTMETHTh, YTO OIpeAeIeHHs TepMUHa ""TexHocepHas 6e30nacHoCTs"
HET HU B CJIOBAapsX, HU B SHIIUKJIONEIUSIX, HU B CIpaBOYHUKAX [1], a ero KiroueBble KOMIIOHECHTHI - "TexHochepa' u
"06e301macHOCTh" - OCTAIOTCS MHOTO3HAYHBIMHM TEPMHHAMH. DTO 00YCIOBIICHO, TPEXK/E BCETO, CIeNU(DUKOH OOHOBICHNUS
KOHIIETITYyaJbHBIX OCHOB KaK TEXHHYECKOTO 3HaHUS, TaK U TECHO CBSA3aHHON ¢ HMM NpoOIeMaTHKH 0e30MacHOCTH B
moctcoBeTckoi Poccnm, yumTBIBas, YTO paccMaTpHBaeMO€ HAyYHOE HampaBieHHE (OPMHPOBAIOCH B POCCHICKOM
HayqHOM coobmiecTBe. B KOHIIE KOHIIOB, TeXHOC(epHass 0e30IMacHOCTh IMOSBHIACH KaK Pe3yibTaT TpaHCHOpMannuu
3HaHUI B paMKax WMHTETPHPOBAHHOW Hay4HOW oOmacTé "be3omacHOCTh JKM3HEAEATEILHOCTH dYeloBeKa', a He
MIPUHITUIIHATBHO HOBAsi KOHIENIHs O6e3omacHoCcTH. [loaToMy TexHOC(]EepHbIe mapaMeTphl UCCIEI0BAHUS 0€301acHOCTH
COXPaHWIN 3HAYUTEIHHYIO 9aCTh MPOTUBOPEUHIT MTPEKHEH aHATTUTHYECKOH Moenu [2].

Ecnu nonbITaThes KpaTKO CyMMHPOBATh OTJIMYUTENBHBIE TPU3HAKH ""TeXHOC(EPH!'", BBIACIIEMbIE B PA3THIHBIX
JMCKypCcax, U, MPETeH/Iysl He Ha MCUYepIIaHue BCETO CEMaHTHYECKOTO0 MHOT000pa3Hs NCIIOJIb30BaHUS JJAHHOTO TTOHSTHS,
a Ha IOWCK KIIOYEBBIX IIOIXOJOB B €ro WHTEPIIPETAllMd, TO IOJNYyYUTCS ciexylomee. TexHochepa - TepMHuH,
paccMaTpUBAIOMIMN TEXHUUYECKYIO PEaJbHOCTh KaK LEIOCTHYH) TEXHOJIOTMYECKYIO0 CHCTEMY, ONPEACISIOIIYI0 JKU3Hb
COBPEMEHHOTO 00mecTBa, CHOPMHUPOBABIIYIOCS KaK YacTh OKPYXKAIOIIEH cpeabl B pe3ysibTaTe MpeoOpa3oBaHMs
O6nocepsl pH AaKTHBHOM TIPSIMOM WM KOCBEHHOM Bo3jaeicTBmM denmoBeka [3]. CymecTByromas cucTemMa
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paccMmarpuBaeTcsl Kak Iio0ajbHas TEXHOTEHHas cpena, riodaiu3anus KOTOPOH NMPHHSTAa B OJHOM MM HECKOJBKHX
KIIFOYEBBIX aCTeKTax:

1) Bech IulaHeTapHBIH MacuITad, CBOEro poja 3eMHas 000youYka (B KOTOPOH €AMHCTBO M IIEIOCTHOCTH HE
CBOJUTCS K TEXHUKO-TEXHOJIOTHYECKOH yHU(DHKAIMM WIM HEKOEMY IOJMTHYECKOMY, OKOHOMHYECKOMY,
YINpPaBJIEHYECKOMY COIJIALICHUIO MEXAY pPa3lIMYHBIMM TEXHHKO-TEXHOJOTHUECKUMM CHCTEMaMM M PErHOHaMM, HO
MIPEAIoJaraeT CXOJICTBO U COOTBETCTBUE OCHOBHBIX HPHHIUIOB WX (YHKIMOHUPOBAHHS M YIIPABJICHHS, pa3IduHbIC
YPOBHU HX B3aUMOCBSI3H M OJIM30CTh OCHOB TEXHUUECKOH PAlMOHATIBHOCTH);

2) obmme NPUHOUNBI W MEXaHW3MBl TEXHHYECKOTO Pa3BUTHSA (3aKOHOMEPHOCTH BO3HHUKHOBEHUS
TEXHOJIOTHYECKUX IPeoOpa3oBaHMl TEXHOTCHHOW CpPEeIbl, IMO3BOJAIOIINE MAENaTh BBIBOJABI O pPAa3HBIX YPOBHIX
LETOCTHOCTH TEXHUKO-TEXHOIOTUIECKIX CUCTEM);

3) cucreMa, WMeEMONas MO OTHOUIEHHIO K COBPEMEHHOMY OOIIECTBY KOMIUIEKCHBIN, BCETPOHHMKAOIINI
XapakTep, M30IMPYIOLIas YeJI0BEKa B TEXHOTCHHBIX MTapaMeTpax M 3aMbIKaiomas Ha cede QyHKIUH KU3HeoOeCceueHN S
oO1ecTBa (ONpeaessonas pojb TEXHUYECKUX KOMIIOHEHTOB B ()YHKIIMOHUPOBAHUH COLIMANBEHON HHPPACTPYKTYPHI);

4) xmooueBass JAETEPMUHAHTA COBPEMEHHOI'O COIMOKYJIBTYPHOTO pa3BUTUS (TEXHMKO-TEXHOJOIMYecKast
HAaIpaBJIeHHOCTb PAa3BUTHSI COBPEMEHHOTO OOIIECTBa).

TexnocdepHast 0e30macCHOCTh MOSBWIIACH B pe3yibTaTe TpaHC(HOpMalMKM KOMIUIEKCHOM HaydHOW obOnactu
"Be30nmacHOCTh JKU3HEACATEIPHOCTH YEIOBeKa"', a HE KaKk IPUHIMIIMAIGHO HOBas KOHICHIHS Oec3omacHocTH. B
pe3ynbTate TeXHOC(EpHbIE TapaMeTpbl HCCICJOBaHMs OE30MacHOCTH COXPAHSAIOT 3HAYUTEJIbHOE KOJHYECTBO
MIPOTUBOPEUYUH NPEKHEN aHATUTHYECKON MOJEIH.

Cpenu OCHOBHBIX TCOPETHUYECKHX IPOTHBOPEYMH 3TOM HAyYHOW OOJACTH MOXKHO BBIJECIUTH KOMIUIEKC
B3aUMOCBSI3aHHBIX IPOOJIEM:

— Pa3MBITOCTh ¥ HEOTHO3HAYHOCTh KOHIENTYaJIbHBIX PAMOK;

— 9KJIEKTUYIHOCTH METOJIOJIOTHIECKOH 0a3bl;

— pa3zHooOpa3ue cTpaTeruii u3y4eHus mpodieM 6e30NacHOCTH;

— Pa3pbIB MEXAY TEOPETHIECKOW M NPAKTHIECKOH/TIPUKIIQIHON COCTABISIOIMMHE JaHHOM Hay4YHOH 00JIacTH.

Crenyer OTMETHUTD, YTO 0003HaYCHHBIE TPOOJIEMBI BO MHOI'OM OOYCJIOBJICHBI OTCYTCTBUEM €AMHON TEOPETHUKO-
METOJIOJIOTUYECKON IUIaTPOpMbl B OOBSCHEHHHM TOrO, YTO Takoe TexHocdepa, MOHMMaHHE KOTOPOH BO MHOIOM
MOJIMEHSIETCSl MTPOM3BOJIHBIM HAabOpoM (parMeHTOB, OTPHIBKOB M 3aMMCTBOBAHMI W3 CaMBIX pPas3HBIX oOJacTeil
TEXHUYECKOTO 3HAHUS.

ABTOpHl TIPHIOUTH K BBIBOAY, YTO HEOOXOoOuMO c(OpMynMpoOBaTh W MPUHATH OOIIYI0 HHTETPATHBHYIO
KOHLENIMIO TeXHOC(epbl, KOTOpas [ODKHA CTaTh €IWHOW OCHOBOM JUIA pa3pabOTKM TEOPETHYECKHX |
METO/I0JIOTMYECKIX OCHOB HOBOTO Hay4HOro HanpasieHus "TexHochepHas 6e30macHOCTE".

Pa3zpaboTka WHTETpUPOBAHHBIX TEOPETHUECKHX OCHOB TEXHOC(HEpHOH 0e30macHOCTH ¢ IPHUHINWIAMHA
LEJIOCTHOCTH W CHCTEMHOTO IOJXO0Ja IOJDKHA Oa3upoBaThcs Ha OOIIEH NEepeopHeHTalud C OHTOJIOTHYECKOTO Ha
KOHIIENTYaJbHO a0CTpakTHOE NOHMMaHHWE TexHoc(eprl. B KaudecTBe OTIIPaBHOH TOYKM HMHTETPallii TEOPETHKO-
METO/IOJIOTMYECKUX OCHOB TeXHOC(hEpHOH 0€30I1aCHOCTH M pa3pabdOTKH €MHOW KOHIEHIMU TeXHOChEepbl MOXKET ObITh
MPE/I0KEHO aBTOPCKOE OIpe/elIeHue TeXHOC(Eephl, OCHOBAaHHOE Ha KOHIENITYAIbHBIX TIapaMeTpax ee MOHUMAaHUSL.
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TRANSITION FROM THE CONCEPT OF TECHNOSPHERE SAFETY
TO SCIENTIFIC METHODOLOGY

O.A. Betyunsky®, P.E. Makarov?, V.E. Mikhailova®, V.S. Petrov*
14 1st year undergraduates of the Mining Institute group: M-UBRT-21
Federal State Autonomous Educational Institution of Higher Education
"North-Eastern Federal University named after M.K. Ammosov" (Yakutsk), Russian Federation

Abstract. The article deals with the theoretical principles of the scientific direction "Technosphere safety"”. The
study suggests that this scientific direction has emerged as an attempt to integrate various aspects of life safety issues,
rather than as a fundamentally new concept of safety. The article reveals the key moments of the current state of
theoretical foundations of the scientific direction "Technosphere safety”, among which the gap between the theoretical
and practical/applied components of the direction, as well as the vagueness of the conceptual framework, eclectic
methodology and contradictory strategies of studying security issues. The authors conclude that it is necessary to
develop an integrative concept of technosphere, which should become the basis for the development of theoretical and
methodological foundations of the new scientific field "Technosphere safety"”.

Keywords: technosphere safety, life safety, technosphere concept.
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YK 004.93'12
AJI'OPUTM PABOTBI CKAHEPA HITPUX-KOJA

B.M. Masaxkosa’, A. OTapﬁaeB2
! maructp, % crapmmii nperoasarens
Arpotexanueckuii ynusepcutet uM. C. Ceiidynuna (Hyp-Cynran), Kasaxcran

Annomayus. B pamkax Oannol  pabomvl  NAGHUpYemcs — paspabomrda - agmomMamu3uposaHHOU
uUHGOpMaAYUOHHOU cucmemsl 04 ABMOMAMU3AYUU YUEMA MOBAPOE C NOMOWBIO CKAHEPAd WMPUX-K0Od U 8eO-Kamepbl.
Hannas cucmema nozeonrum ynpocmums yuém u Xpamenue mosapos mopeogoll OpeaHu3ayul, COKpauyds pems Ois
06pabomku uHgopMayuu 0 NOCMYRAIOWUX U YXOOAWUX MO6apax, da makdce Oyoem 6vl0asamv UHOOPMAYUI O
Kagicoom mogape (HaumeHosanue mogapa, 0ama NOCMYnieHust, 0ama npooadicu, CpoK 200HOCMU, WMPUX-KOO mosapd,
apmuKyJi, npou3eooumeb, CMpaHa-u3eomosumens u m.o.)

Knrwouegvie cnosa: wmpux-koo, KoMnvlomepHoe 3penue, ckamep, 6ed-kamepa, U300pajicenue, pacno3Ha6aHusl.

YuuteiBag, 4TO €XemXHEeBHO 00paboTka Ooxpmioro 00BEMa ITAHHBIX MOXKET 3aHUMATh CIHIIKOM MHOTO
BPEMEHH, Al aBTOMAaTHU3AIMM MOXET HCIIOJIb30BaThCs KOMIBIOTEpHOE 3peHue. [loHsATHE “KOMIBIOTEpHOE 3peHne”
MIOSIBWJIOCH OTHOCHUTEIHHO HENaBHO. B OCHOBHOM, OHO HCIIONB3yeTCS MOYTH BO BCEX COBPEMEHHBIX YCTPOHCTBaX U
cucreMax Oe3omacHOCTH. [IpuMeHeHHE 3TOH TEXHOJNIOTMM B aBTOMATH3aLMM IPEANPHUATHS HAadMHACT HAOWPaTh
TIOMYJIAPHOCTh B CBSI3M C YAOOCTBOM M MEHBLIMMH BPEMEHHBIMH 3aTpaTaMH B 00pabOTKe OTrpOMHOTO KOJHYECTBA
nHpopmanuu. M3BecTHBIH NpUMep UCMOIb30BAaHHUS KOMIBIOTEPHOTO 3pEHHsI — CKaHep MTpuX-koja. CKaHepbl ITPUX-
KOJIa UCIIOJIL3YIOTCSI B aBTOMAaTHM3al[Md TOPTOBIHM. YYHTBIBAs 3TO, TaKWe MPUOOPHI YHHBEPCAIbHBI B IPUMEHEHUH
ABTOMAaTH3aLlMK ¥ UCIOJB3YIOTCS HE TOJBKO B TOProBje, HO M B IpYrux cepax IesTEeNbHOCTH YENOBEKa: BEICHHUE
CKJIaJICKOTO y4eTa, MeUIIMHA, JIOTHCTHKA, cepa YCIyT U Tak Jajee.

ITpux-Koja npeAcTaBisieT co0oi rpaguIeckuii Ko, KOTOPBIA HAHOCHUTCS Ha MOBEPXHOCTD YIAaKOBKH KaX0T0
TOBapa C LENbI0 YNPOIIEHHs CKJIAIACKOrO ydeTa TOBapoB B TOPrOBOW OpraHM3alu. biarojaps MITpHX-KOXy,
COTPYIHHMKH MarasuHa CYIIECTBEHHO SKOHOMST BpeMs Ha 0OpaboTKy MH(pOpPMAIMH O MOCTyHaomux toapax. Ctout
OTMETUTh, YTO B COBPEMEHHOM MHpE, B YaCTHOCTH, B JIOOOH TOPrOBOH OpraHM3alll{ MCHONB3YETCSl YCTaHOBICHHBIH
cranaapt wTpux-koaa, kak EAN (European Article Number). EAN siBiisieTcst eBpONeWCKUM CTaHAAPTOM JJIsI ITPUX-
KOJIOB TOBAapOB, KOTOPBI MpeAHa3HA4YEH Ul MHU(POBAHUSI U XpaHEHUS HH(POPMAINK O WACHTU(HUKAINOHHOM HOMEpe
TOBapa U 0 komnanuu-usrorosurene. Cymectsyet 3 Buga EAN-komoB [2]:

1) EAN-8. [daHHBI MOOBHJI IITPHX-KOAA MMEET NpeqHasHaueHHWe i kKogupoBaHus 8 mudp. [Mocnemnnss
uudpa npepcrasisier co00i KOHTPOJIBbHYIO HDPY.

2) EAN-13. JlaHHbIil IITPUX-KOJ MMEET BO3MOXHOCTh KOAMPOBaTh 13 mudp, B KoTopom mepseie 12 mmdp
HECyT B cebe OCHOBHYIO HH(pOpMaIHio o ToBape U 13 1udpa sBiseTcst KOHTPOIHHOH.

3) EAN-128. JlaHHBI# MITPHX-KOMI OTIMYACTCS OT MEPBBIX IBYX BHIOB TEM, Y4TO OH HMEET BO3MOXHOCThH
KOJIMPOBAaTh LUPPHI B TFOOOM 3aJaHHOM KOJIMYECTBE. MOKET TaKiKe KOIUPOBATH OYKBBI.

B coBpeMeHHOW TOProBie HCHONB3YIOTCS, B OcHOBHOM, mmTpux-kogel EAN-8 m EAN-13, mockombky
OOJIBIIMHCTBO CKaHEPOB MpeAHA3HAYEHB! TSI PACIIU(QPOBKH 3aIaHHBIX KOJIOB.

Tenepb, MOXHO MPUCTYNIUTH K TOMY, KaK pab0TaeT aJIrOPUTM PACIIO3HABAHMS ITPHUX-KOJa.

B mnepByio ouepens, HyxkHO B cpene Visual Studio cozmate Windows Forms mpoekt. D10 OyaeT riaBHbIM
OKHOM CKaHepa IITpux-Koja. [ OKHa cKaHepa HYKHO J00aBHTH CIEOYIOIINE KOMIIOHEHTBHI, KOTOphIE OYyAyT
3aIeHCTBOBAHBI JJIsSI PACIIO3HABAHUS IITPUX-KOJIA U BHIBOJA AAHHBIX O TOBApE:

1) 9 snemenroB ympasienus label. Jlanubiii 25eMeHT 100aBIsET TEKCTOBBIE MOAMUCH B OKHE IPOrPAMMBI.
OOBIYHO, TaKKe 3JIEMEHTHI MOJNUCHIBAIOT JAPYIUe KOMIIOHEHTBI, HAIPUMeEpP, KHOIKH, TEKCTOBBIE MOJIS Ul BBOJA WA
BBIBOJIA JITAHHBIX, TAOJUIIBI U TaK JlaJiee;

2) 1 onement ympaienus COmboboX. B yka3aHHOM »3lieMEHTE €CTh BO3MOYKHOCTH HCIOJIB30BAHMS
BBINAJIAIOIIETO CIUCcKa. B okHe ckaHepa, combobox OyZeT cofepxaTh B ce0e BBIMATAIONINI CIIUCOK BCEX MOCTYITHBIX
BeO-KaMep Ha KOMITBIOTepe WiIH HOyTOyKe [5];

3) 7 onementoB ympaBneHus textbox. B gaHHOM aneMeHTe MOJB30BaTENb MOXKET [JOOAaBIATh MM
pelaKTHpOBaTh IOJYUYEeHHBIN TEeKCT. B OKHe ckaHepa INTPUX-KOZa, TEKCTOBBIC MOJS OYAyT MOIydyaTh 3HaYCHUE YHCEIl
ITPUX-KOJa ¥ HHPOPMAIHIO 00 OTCKAaHUPOBAaHHOM TOBApE.

4) 2 snemenTa ympasiieHUs button. YkasaHHBIH 3JeMEHT MpeCTaBiIseT coO0H MPOCTYI KHOIMKY, Onaroiaps
KOTOpOH, IOJb30BaTelb MOXKET COBEpIIAaTh B3aMMOJCHCTBHE C IporpaMmoil. B maHenn ckaHepa KHOIIKH
NpeIHa3HAYCHBI JIJIsl BKIFOUSHHUs BeO-KaMepbl U J0OaBJIeHHs TOBapa Ha CKJIal.

5) 1 snmement ynpasienus picturebox. Picturebox Oymer comepxarth B cebe OKHO ¢ BeO-KaMepoi, Iie MOXKHO
OyleT yBHUIETh OT3epKajeHHOe H300pakeHume. Takoil moaxod OOBSICHSETCS TeM, 4TO BeO-kamepa 1O YMOJIYaHUIO
MIOKa3bIBaeT H300pakeHHEe HA00OpPOT M HEOOXOAMMO TepEeBEepPHYTh H300pakeHHe I KOPPEKTHOH paboThI
pacrio3HaBaHus WITpUX-Kojaa. OKHO CKaHepa MITPUX-KOJia ¢ BeO-KaMepoii OyeT BBIMIISIETh CIIEYIOLIMM 00pa3oM.

© Maszaxosa b.M., Orap6aes A. / Mazakova B.M., Otarbaev A., 2021
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Puc. 1. OkHo ckanepa wimpux-k00a ¢ NOOKIHOUEHHOU 6eO-Kamepoil

B mannoii mporpamme OyeT ucronab3oBana oubnnorexa ZXing, HazBaHue KOTOPOH SBISIETCS COKPALICHUEM OT
croBocoueranus “Zebra Crossing”. Ipexxae Bcero, ata GuONIHOTEKA IpeaHa3HAYEHA TS TOAACPKKA CO3TAHMUS ITPHX -
k070B, QR-KOIOB, a Takxke, M UX PacIHPPOBKH, T.€. NCKOAUPOBaHHs. [aHHYIO GHOIMOTEKY MOXKHO CKayaTh B
CO3[IaHHBIN MPOEKT B cpee paspaborku Visual Studio.

IMoce co3manus MaHen u CKaHepa LITPUX-KOIa Hy:KHO mepeitu B daitn ScannerPanel.cs, B kotopom Gymer
PacIoIoKeH anropuT™ paboThel ckaHepa. HyxHo mo6aButh 6Gubnnoteky ZXing.

AutomationProgram

Puc. 2. Cnucox nHeobxooumvlx 6ubruomex 0is pabomei CKaHepa wmpux-kood

Hainee, B IPOrpaMMHOM KOJI€ aBTOMAaTHYECKH co3naercst kiacc ScannerPanel, u ator kimacc Haciemyercst ot
Kiacca FOrm, aTo o3Hawaer, 4TO JaHHBIM KIACC NPHHAIJIE)KUT OKOHHOMY IPUIIOKCHUIO. ABTOMATHYECKH CO3IAETCS
koHcTpykTop ScannerPanel() ¢ moaudukaropom mnocryma — public, T.e. 3TOT KOHCTPYKTOp UMEET OTKPHITBIH JAOCTYII.
Takxe, B KOHCTPpYKTOp mepemaercsi oobekT kiacca ProductsPanel, t.e. o6wsexkt forml. Dto HeoO6xommmo st TOTO,
‘-ITO6I)I JJAHHBIC, W3BJICUCHHBIC W3 MITPUX-KOJAa MOTIJIH I[O6aBJ'I$[TI) B TCEKCTOBBIC IIOJA B OKHE /I CKJIaJa. B
koHcTpykTope ScannerPanel() BemsiBactes merox InitializateComponent(), on HyXeH Ui CO3JaHusS OKHA CKaHepa,
Jlaiee B TAaHHOE OKHO CKaHepa mobasisiercst o0bekT Kinacca ProductsPanel this.product_panel = forml.

el forml)

forml;

Puc. 3. Hnuyuanusayus nepeo2o koncmpykmopa knacca ScannerPanel

[Hanee, Mo TakoMy e MPUHLHUITY HY)XHO CO31aTh KOHCTPYKTOp Kiacca ScannerPanel, Tonpko yxe Bpy4HYIO,
MOCKOJIBKY TIEPBBIil KOHCTPYKTOpP OBLIT cO31aH aBTOMaTH4ecku cpenoii Visual Studio.
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AutomationProgram.ProgramPanels

product_panel;

nel forml)

InitializeComponent();
.product_panel = forml;

Puc. 4. Hnuyuanuzayus émopoeo kowempykmopa kiacca ScannerPanel

Heobxomumo cosmate 2 ob6bekta kmaccos: FilterinfoCollection u  VideoCaptureDevice. Hcmomb3yst
BBILICTIPUBEIEHHBIC KJIACCHI, ITOJb30BATENb MOXKET IMOIYYHTh TOCTYH K BHACOUCTOYHHKAM C MOMOIIBIO MHTepdelica
NpsSIMOM TPAHCISILMM B HACTOSALIEM BpeMeHH. B 1aHHOM cilyyae, BHICOMCTOYHHKAMU B KOMIIBIOTEpPE SIBIISIOTCS
BCTPOEHHBIE BeO-KaMephl, yCTPOICTBA 3aXBaTa M300pa)KeHUsl, OObIYHbIC BUIEO(DaiiIbl ¢ 3aJaHHBIMH PACIIUPEHUSIMH U
T.I.

B nepByro ouepesb, B aBTOMAaTHYECKH CO3AaHHBIA MeTon ScannerPanel_Load HyxHO m06aBUTH CliemyroIIne
uHcTpykuuu. HyxHo HaiiTn BeO-kaMepy cpeay HOAKIIOUEHHBIX YCTPOMCTB B KOMIIBIOTEPE C MOMOIIBIO 00BEKTa Kilacca
FilterInfoCollection, mpousBecTu nepebop MOIKIIOYCHHBIX Kamep B chucke ycrpoiicT nukiom foreach. Ilocne Toro,
Kak [MKI HaiifeT BeO-kamepy, KOTOpbIid 0003Ha4YeH kak oObekT kiacca FilterInfo, myxHo mobGaButh ero B crmucox
JIOCTYNHBIX BeO-KaMmep Ha IaHeNIHM CKaHepa IUTPHX-KoJa. Bce BhlIeonucaHHble NEHCTBUS OGOPMIICHBI B KOJAE Ha
PHCYHKE HIXKE.

ion filterInfoCollection;
videoCaptureDevice;
ScannerPanel Load( sender,
filterInfoCollection ilterIn ection(Filte y .VideoInputDevice);

evice in filterInfoCollection)

chooseCamera. Ttems.Add(device.Name);

chooseCamera.SelectedIndex

Puc. 5. 3aepysxa nanenu ckanepa wimpux-ko0a u nouck 00CmynHwix 6eb-kamep

B oxHe ckaHepa HyXHO 100aBUTH 00pabOTUMK COOBITHUS JJII OJUHAPHOTO IIETYKA JJs1 KHOMKH BKIIIOUEHUS
BBIOpaHHOW BeO-KaMephl. DTa KHOMKAa MOXKET MPOM3BOAMTH 3aXBaT M300paXkeHHs ¢ BeO-kaMmepsl. [ Hadana, HY»KHO
HHHIMAIM3UpoBaTh 00bekT Kiacca VideoCaptureDevice u no0aBuTh B KOHCTPYKTOpP €ro Kjlacca BBIOpaHHYIO BeO-
Kamepy w3 cmucka COmboboX. 3arteM Hy:KHO B SIIEMEHT YIPaBJICHHsS COMCPKHUMBIM, T.e. B dymemeHT NewFrame
J00aBUTh COEPKUMOE BHCOTPAHCIISIMH, B KOTOPOM OYJIET IPOUCXOJMUThH 3aXBaT MOJYy4aeMoro n3o0paxeHus ¢ BeO-
KaMepbl W CKaHHPOBaHHE TOJYYCHHOTO MITPUX-KOAA. 3aTeM BBI3BaTh Meroj Start(), Omaromaps KOTOpOMY MOXHO
3aIlyCTUTh BeO-KaMepy B KOMITBIOTEpE.

webCamButton_Click(

videoCaptureDevice V filterInfoCollection[chooseCamera.SelectedIndex].MonikerStri
videoCaptu evice wFrame += VideoCaptu evice NewFrame;

videoCaptu evice rt();

Puc. 6. Obpadbomxa cobvimus wjenuxa 015 KHONKU GKIIOUeHUs BblOPAHHOU 8eb-Kamepbl

Hanee, B snemente Frame HyxHO co3marh 2 o0ObekTa KiaccoB Bitmap m BarcodeReader. Ilepsriii kimace
MpegHa3HayeH Uit paboThl ¢ M300paKEeHUAMH, BTOPOH — /ISl PAacIO3HABAHUS IITPUX-KOAA C M300pakeHHs N BeO-
KaMephbl, yCTAaHOBJICHHOW Ha KOMITbIOTEPE.
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Jnst Hauanma Hy>KHO co3ziath 00beKT kiacca Bitmap u konupoBaTs ameMeHT Frame, ajis 3TOro MOXeT IoMOYb
meroj Clone(). Tlotom, co3aate 00beKT Kinacca BarcodeReader u nHUIMATH3UPOBATh MEPEMEHHYIO C THIIOM Var, Takoit
THUIT MOXKET MONTYYHTh 3HAUCHHUS Pa3HBIX THIIOB B TOM Cilydyae, eCli pa3paboT4nK He YBEPEeH, KAKOTO THIIA MOXKET OBITh
pesynbrar. [larnee, uepes yCIOBHYIO KOHCTPYKIHIO if mepenaTs B mapamerp cieayroliee BEIpaXeHHE: eClii Pe3ybTaT He
nycroil. B 3amanHo#t koHCTpyKuME s TekctoBoro mouns fieldWriteBarcode, kyma OyneT BBIBOOUTBCS IITPHX-KO,
BbI3bIBacTcs Meton INvoke(), kyna kak mapameTp mepemaetcs Aenerar. BHyTpu nmenerarta Temeph B TEKCTOBOE MOJE
HEO0OXOIMMO BCTaBUThH 3HAYCHHE MEPEMEHHOM IeSult ¢ THIIOM Var, ¥ IPHUBECTH €ro K CTPOKOBOMY THITY IPH HOMOLIH
¢oyukmun ToString(). JlaHHast 4acTh aTOPUTMa IMOKa3aHa Ha PHCYHKE UyTh HIDKE.

fieldWriteBarcode.Text = result.ToString();
1 ‘] ‘} .
s

1
¥

boxWebCam.Image = bitmap;

Puc. 7. Bbi6o0 uucen wmpux-xooa 8 mekcmogoe nojie OKHa Npocpammbl

B KoHIle anroputMa ckaHepa IITPUX-KOAa HY)KHO yKa3aTh 00pabOTKy COOBITHS JUIsl 3aKPBITHSI OKHA CKaHepa.
Co0biTHEe, KOTOpOe OTBe4aeT 3a 3akpeiTe okHa C#, HasweiBaetcs FormClosing. Xonx xoma BeIisauT Tak. Eciu
nporpamMma Omnpejieinia BHAEOKaMepy, a HMMEHHO, eclii BeO-kamepa paboTaeT, TO € HyKHO OTKIIOYHUTh
npuHyAnTeIbHO. [y 3Toro noHaaobutcs ¢pyukims Stop().

ScannerPanel FormClosing( sender, FormCl

if (videoCaptureDevice !=

i)
L

if (videoCaptureDevice.IsRunning)

videoCaptureDevice.Stop();

Puc. 8. 3axpvimue oxna ckanepa wmpux-xooa

Ilpaxkmuueckas 3Hauumocms TaHHOH pabOTHI 3aKJIIOYAETCSl B TOM, YTO B IIPOLlECCe CKAHUPOBAHMS MITPUX-KO/A
TOBapa MOXKHO MOJYYHMTh YWCIA M3 LITPHX-KOJA TOBapa M OJHHUM KJIHMKOM IOJYYHTh MOAPOOHYI0 HH(OpMALUIO O
TOBape, MOCJe Yero JaHHBIC 3arpykarloTcs B 0a3y HaHHBIX NIporpammsl. Ilomp3oBarento, KOTOpHIH OyaeT paboTaTh c
9TOI MpOrpamMMOii, HEe HY)KHO BBOJAWTH JaHHBIE O TOBape BPYYHYIO, MpOrpaMma CAeiaeT OTHpaBKy HUH(OpPMALUH O
TOBape aBTOMAaTHYECKH.
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Abstract. As part of this work, it is planned to develop an automated information system for automating the
accounting of goods using a barcode scanner and a webcam. This system will simplify the accounting and storage of
goods of a trade organization, reducing the time for processing information about incoming and outgoing goods, and
will also provide information about each product (product name, date of receipt, date of sale, expiration date, product
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Abstract. The production and breeding of new varieties of high-quality seed material is associated with the
sowing of a wide range of crops with different physical and mechanical properties of seeds. The technological process
of cultivation of fodder crops is inextricably linked with the qualitative functioning of the seeding apparatus. The
quality of sowing and yield largely depend on the perfection of the design of sowing machines, technical condition and
correct adjustment. The need for an experimental study of the dependence of the performance of the proposed
apparatus on its design parameters is dictated by the fact that they affect such important indicators as the ability to
ensure the installation of a given seeding rate and maintain it throughout the entire operating time. Previously,
theoretical studies have established the influence of the pitch, radius and rotation speed of the screw on the
performance of the screw seeding machine and the feasibility of adjusting the device to the seeding rate by changing the
rotation speed of the screw.

Keywords: seeder, seeding machine, non-loose seeds, productivity.

Nowadays the industry of the post-Soviet countries does not produce seeders for sowing small-seeded crops
(oilseeds, fodder). In many agricultural enterprises (large, medium-sized), grain seeders of the SZ family are mainly
used to solve this problem [7].

The basic model of this family is the C3-3,6 seeder (1971), and it belongs to the family of combined seeders
with a high degree of unification with pneumatic wheels, hydraulic lifting of coulters, with an improved design of all
working bodies. Initially, the seeders of the C3-3,6 family were designed for sowing grain crops (grain-bearing), but
later they were produced specially for other crops, such as SZL-3,6-flax, SZT-3,6-grain grass of meadow grasses, SRN-
3,6 — rice, SZS-2,1 — stubble, SZG-2,4 — mountain, etc. Later (the beginning of the 1980s in the USSR), new
generations of grain seeders were created: the SZS, SZP, combined SZK-3.3 series; the modernized rice SRN-3.6 A; the
modernized family of seeders (C3-3.6), which provided ease of maintenance with increased reliability and quality of
sowing crops. Currently, in the CIS countries, including in the market of the EAEU countries, in addition to monoblock
seeders of the NW type (modifications), there are also centralized seeders with a pneumatic conveyor. Some farms still
use Soviet-era seeders. In addition, many modern foreign seeders are used in the new type of farms, but we can say that
the number of the latter is insignificant [6].

As mentioned above, in recent years there has been a tendency to switch from mechanical to pneumatic
seeding systems. The principle of operation of pneumatic sowing systems is based on the distribution and transportation
of seeds by air flow or vacuum suction. Such systems have a number of advantages, in particular, a low percentage of
damage (crushing) of seeds, compensation of the speed of the tractor with the speed of the dosed material in the coulter
group of seeders along the seed line [2].

The technological process of growing forage crops, especially seeds with difficult flowability (rump, stumpless
oatmeal, granary, etc.) is inextricably linked with the quality of the seeding machine. The quality of sowing and yield
largely depend on the impeccable design (construction) of the sowing machine, the technical condition, as well as the
correct setting. For sowing seeds with a fluid characteristic, in practice, seeders are used, which include superchargers
and agitators, and it is also allowed to sow together with other materials (in this case, it can be a fertilizer, sand, seeds of
other crops) [1].

Seeding machines are used to select seeds from the total mass and form a dosed flow with specified
parameters, which also determines the nature and quality of the distribution of seeds in a row. Seeding machines based
on the principle of capturing and feeding seeds are divided into the following groups: mechanical; pneumatic;
pneumomechanical; hydraulic; electric [10].

Of the listed seeding machines, mechanical ones are the most common, and pneumatic and pneumomechanical
(combined) seeding machines occupy only a small part. A brief overview of the seeding machines is given below.

Mechanical seeding machines are reliable in operation and simple in design and are divided into devices of
periodic and continuous action. The periodic ones are characterized by a large portion size, which is due to the periodic
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impact of the working bodies of the sowing unit on the seeds in the hopper. An example is the spool seeding machine
developed by H.A. Oleinik (A.C. 1727616, 1990), a single-coil seeding machine for several crops with different seed
sizes P.V. Sysolina (application for A.C 1601968, 1972), sowing machines of seeders of modifications C3-3,6 (1971)
for small-seed crops. Continuous seeding machines include the Webb precision seeder disc seeding machine (Great
Britain), as well as the Fendt disc seeding machine (Denmark). In continuous-action machines, special pads are used to
regulate the seed rate for seeding, which are engaged in opening rows with the required number of cells (other rows are
closed). Mechanical seeding apparatuses include the seeding apparatus of the group of authors of the precision seeding
drill with a seeding disc (A.S. 1371565, 1988) and the screw-type apparatus of V.A. Khodorevsky (A.S. 180866, 1966),
as well as the poppet — scraper seeding apparatus (developed by A.D. Seleznev, A.A. Yatskevich). Common
disadvantages of all domestic (developed during the USSR) mechanical seeding machines: difficulties in setting up seed
sowing of various crops, difficulties in maintaining stable operation at high speeds, as well as instability in seed dosing [9].

According to publications related to research in the field of agricultural machinery, it can be noted that
vibrating mechanical sowing machines are marked as promised. When vibration takes place (oscillatory movements
with high frequency and low amplitude), the bulk materials (seeds) behave like "viscous liquids”, and flow freely and
evenly out of the container. The advantages of vibrating mechanical seeding machines over other methods are:
resistance to external factors; destructive forces between individual elements of the body; the possibility of changing the
vibration modes and the amount of mass being moved; vibration can be caused by various methods (mechanical,
electromagnetic, pneumatic or hydraulic) [3].

One of the most striking examples of a mechanical vibrating seeding machine is a seeding machine with a
complex design (developed by a group of authors under the leadership of A.C. Vishnyakov), where seeds pass through
the hopper-dispenser-rod system through a system of metering dampers (RF patent No. 2310311, 2007) [9, 11].

The design of Kudryavtsev N.E. also belongs to the category of the vibrating sowing device, where, under the
influence of vibration, the seeds are selected by the beveled end of a hollow tube and fed into the seedpipe in the form
of a chain. The design of Antonov N.V. also belongs to this group, where the vibrating element is made in the form of a
tray, and with a change in the angle of inclination of the tray, the seeding varies widely. The device of N.V. Szegeda is
made according to the tray type, it also has an elastic fixed plate (under the action of a vibrator, it makes high-frequency
movements) and as a result, the device evenly pours out seeds in comparison with the coil device. The seeding machine
of Kuznetsova R. G. also belongs to this category, and consists, like all devices, of a hopper, as well as a bottom with
calibrated seeding holes. The oscillation in this case is fed to the bottom and the seeds pass through the holes in the seed
ducts. The design is suitable for uniform seeding of non-loose grasses. In addition to the listed sowing machines, there
is a category of vibrating ones and the development of the Romanian authors of the MJC-1 seeder with a vibrating
hopper, a vibrator and a spreading disc. The vibrating seeding machine of JSC ANITIM is made in the form of a short
cylinder with walls (side), the inner part of the housing on the shaft is mounted with a vibrating bottom (it oscillates
with a certain frequency and amplitude). All the listed designs of seeding machines of this category have a number of
significant disadvantages, such as: the inability to dose the flow of small seeds, the difficulty of creating flows for
several seed lines [3].

Seed vibration dosing systems are not widely used in global production, but they can certainly be considered
promising, as they were about a century ago (taking into account electronic process control systems). Some authors have
tried to use pneumatic sowing machines for sowing agricultural crops. For example, this problem was dealt with by V..
Alexandrov (1930s), later I.L. Slutsky (1943) proposed the design of a pneumatic sowing machine for sowing grain, which
is a hollow cylinder with holes. When vacuum was created in the cavity of the rotating cylinder, the seeds were sucked into
the holes outside the cylinder and removed from the hopper. Gradually, such devices turned into precision seeding
machines, but did not take root in grain seeders due to the complex design, as well as low productivity [5].

Hydraulic seeding machines consist of a hydraulic sprayer in the form of a coil, a sprayer and an aerosol
generator. Main disadvantage of such devices is the inability to work with hygroscopic materials like mineral fertilizer.
In this direction, work was carried out both abroad and in the post-Soviet countries, but despite this, this type of seeding
apparatus was not widely used [12].

Electric seeding machines are supposed to use the latest technologies and technical means, tools based on
physical and technical methods of using electricity. Electricity has the highest power when converted to other forms of
energy, high concentration per unit volume and mass of electrical installations, easily divisible by type, power and
voltage, flexible control and remote transmission, high hygiene and environmental safety. In this regard, in the future,
the existing technologies will be replaced as much as possible by electrical technologies, in which the working body can
be a direct method of electrical energy, voltage, current, electromagnetic field, etc. The most common seeding apparatus
is electromechanical devices, where electricity serves to drive the organs, and mechanics for capturing and transporting
seeds, but there are variants of devices in which using electricity improves seed capture and transportation [8].

As described above, the complex technological process of growing agricultural crops, including forage crops,
is inextricably linked with the high-quality functioning of the sowing apparatus of the seeder family. From the
perfection of the design of the sowing machines, from its technical condition, as well as the correct setting in the literal
sense, first, the quality of sowing, and ultimately the yield of agricultural crops depend.

In the CIS countries, there is a reduction in the market for seeders.Farmers rely on spare parts and repair of
sowing machines. There are many reasons, imported products at an unaffordable price, and domestic ones (Russia,
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Belarus) do not always meet the "price — quality”criterion. Therefore, we can say that there is a demand for new
developments in the field of modernization and improvement of the existing fleet of agricultural machinery, equipment and
devices [4].

According to the review of scientific works in the CIS countries (including nuclear power plants) in the field of
development and modernization of seeding machines over the past 10 years, it can be noted:

1) many works are aimed at the modernization of sowing machines or other components and components of
seeders of the C3-3,6 family (new upgraded versions) and the SPS series. Seeders of the C3-3,6 series (unified with a
high degree, combined seeders with pneumatic wheels, hydraulic lifting of coulters, with an improved design of all
working bodies). SPS series (wide-reach pneumatic stubble, produced with different modifications, such as grain,
cultivators, grain-flow, combined, rice).

2) part of the work is also aimed at the modernization and development of pneumatic seeding machines, since many
machines are not adapted to the climatic and geographical features of Kazakhstan (in our example, Northern Kazakhstan). The
fact that not all seeding machines are adapted for seeding weakly loose grass seeds plays an important role.
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Auuomaulm. Hpedcma@nenbl pesyibmamal CpaeHumelbHoco ananusa d)u3ul<0-xumultecxux u
MEXHONOSUYECKUX CBOUCME PAaA3IUYHbIX COPMOB CEMAH caqbﬂopa, npouspacmarwux 6 pAa3HblX KIUMAMUYECKUX U
noJjiesoblx )YCao6uslx. HOJZ)/’-l@HHbZe oanHvle nokaswsleaiom, 4mo cemeHda caqbfzopa, 6blpaU{eHHble Ha 60261pr1)€ 3EeMIIAX
MEHbULE NO pa3mepy U MACIUYHOCMU NO CPABHEHUIO C opoutaembiMu CeEMEeHAMU. Taxas oce 3a8ucumocms HAOMOOAEMCs
noO OMHOUWIEeHUIO JIY32U 6 CEMEHAX caqbﬂopa — Ha 602(1,178 eblile, Hem y opouaemublx CeMsH.

Knroueegvie cnosa: cagbfzop, MACIUYHOCMb CEMAH, CMENneHb YeJNadCHEeHUs meppumopuﬁ, ouonocuueckas
npodykmueHocmb aKocucmem.

Bseoenue. HecMOTpsi Ha MHOTOJIETHIOIO MCTOPHIO BO3JEIIBIBAHUSI U NEpepabOTKU ceMsH caduiopa pa3BUTHE
HayKd M TPAKTHKH arpoOMH)XCHEPUH, B YaCTHOCTH, NPUMEHEHHE BBICOKOI((EKTUBHBIX KOMIUIEKCHBIX YAOOpEHUI
3HAYUTENHHO U3MEHWIO UX MEPBOHAYAIBHBIN B, T.€. pa3Mephl U CoiepiKaHue.

CemeHa caduiopa BO3AENBIBAIOTCS HAa OOrapHbBIX (HEOPOIIAEMBIX) M OPOLIAEMBIX 3eMIISIX, TAE KPOME IOJIHBA,
COCTOSTHHE M COAEPKaHUE MOYBHI CHIIBHO Pa3HATCS.

310, 6€3yCIOBHO, OTpaXkaeTcsi Ha pa3Mepax M COJACpP)KaHHM CeMsH cadiopa, BO3JEIBIBACMBIX B PA3IHIHBIX
TIOJIEBBIX YCIIOBHSIX.

CrenoBatenbHO, CPaBHUTENBHBIN aHAMM3 (U3UKO-XUMHYECKHX M TEXHOJOTHUECKHX CBOWCTB Pa3IMIHBIX
cOpTOB ceMsiH cadJopa, MPOM3pacTaloNINX B Pa3HBIX KIMMATHYECKUX W IIOJIEBBIX YCIOBHSX, SIBISETCS aKTyaJbHOM
3aj1ayei.

Obvexmvl u mMemoovl ucciedoganus. C yBeIMUEHHEM 3acyIUIMBOCTH KJIMMara B PEruoHax BO3HHKAET
HEOOXOJMMOCTh BO3JENBIBAHUSA 3aCyXOYCTOMUMBBIX MACIMYHBIX KyJbTyp. VI3MeHeHHe KJIMMaTa IO IPOrHO3aM
BEIYIIUX y4YeHBIX POCCHICKON akaeMHu CelNbCKOXO3SHCTBEHHBIX HAyK NPUBEAET K COKPAIICHHIO OHMOJIOTMYEeCcKON
MPOJYKTUBHOCTH 3KOCUCTEMBI [2].

Hocnenuue roasl B LlenTpansHoit A3un Hadanu KyiabTHBHpoBaTh caduop (Carthanus torius) kak MaciuuHyro
KynsTypy. M3BecTHO, uTOo caduiop sBisieTcst ApeBHEHINEH OHONIETHEH KyJIbTYpOH W NPHHAIIEKHUT K CeMEHCTBY
Asferaceae. B xopsune caduopa comepxutcs ot 80 mo 120 mrogoB, a kop3uHOK B kycte — oT 30 mo 50 mmT.
BripanBanue cadiaopa Ha GOTapHBIX 3eMJIIX PETHMOHOB OOYCIIOBJICHO €TI0 HENPUXOTIMBOCTBIO, OH JIETKO IIEPEHOCHT
HHU3KHE TEMIIepaTyphl, He TpeOOBaTENICH K IOYBE U K BIIare.

Tak, Ha AKTIOOMHCKO# CEeTbCKOX03SIMCTBEHHOM OINBITHON cTaHuu B 2011 Toay BeIBEICH HOBBIH cOpT cadiopa
Axpam, KOTOPBIH PEBOCXOIUT PaHOHUPOBAHHBIN COPT AKMail. PacTeHHs MMEIOT KOMIIaKTHYIO (OpMy, YHCIIO BETBEH
MIEpBOTO TOPs/IKa COCTaBJIseT 6-8, KONMYECTBO KOP3MHOK Ha | pacreHmu- 16-18 wT., BhicOTa pacteHuil 65-75 cm.
Macca 1000 cemsia cocrasisieT 45-47 r. Macnuunocts cemsin — 27,3-26,7 %. Ypoxaii — 9,0-10,5 w/ra [3].

Copt «KambiinHckuii 73» paitonnpoBannblii B CapaToBckoil obnactu umeer yposkaiHocts 11,7 w/ra, macca
1000 cemsin 40,2-48,6 r. Macamunocts 31,4 %, cogepxanue nmpoteuHa 1o 16,6 %.

Pesynomamor  u  ux obcyscoenue. YUeHble Ppa3HBIX PETHOHOB H3ydyalnd (U3HUKO-XUMHYECKHE U
TEXHOJIOTUUECKHE CBOICTBA ceMsH caduiopa, MPOU3PACTAIOIIEro Ha OOTrapHBIX M OpolIaeMbIX 3eMisix LleHTpanbHon
Azuu [1].

B Tabmune 1 npencraBieHsl pe3yabTaThl (PU3NKO-XUMHYECKHX M TEXHOJIOTMYECKHX CBOWCTB ceMsH caduiopa,
MIPOM3PACTAIONINX Ha OOTapHBIX U OPOIIAEMBIX 3MJISIX PA3IMYHBIX PETHOHOB.

Tabauya
Iloka3aTenu kayecTBa ceMsH cadyiopa, npou3pacraoniero Ha opoumaemsbix (1) u 6orapubix (II) 3emasax
Maccosas nons borannueckas
Macca 1000 mir. A Maccosast nois Oo6bemHast
JKHpa B CEMEHax, o MAaCIHYHOCTh
CEeMsH, T Ha o Jy3TU B CEMEHaX, % N macca
Copt cemstH % Ha cyxoe my3ru, % Ha
CyX0€e BELIECTBO Ha CyXO0€ BEIIECTBO CeMstH, I/
BEILIECTBO CYXO0€ BEIIECTBO
Cewmena (1)
TamkeHnTckuii-51 49,1 30,5 38,51 1,42 293
Axpam 47,1 21,7 37,2 1,41 287

© Tynrabaesa M. U., XKynycosa I'.C., Cadpyanu XK.E., lonoes K.A., Asumos 3.H. /
Tultabaeva M.Ch., Zhunusova G.S., Safuani Zh.E., Dodoev K.A., Azimov Z.N., 2021
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Oxonyanue mabauyol

Macca 1000 mT. Maccosast o MaccoBas 10 borammieckan O0ObeMHas
JKUpa B CEMEHAX, o MaCJIMYHOCTh
CeMsiH, T Ha o Jy3TH B CeMeHax, % o Macca
Coprt cemsiH % Ha Cyxoe y3ru, % Ha
CyX0€ BEUIECTBO BEIIIECTEO Ha CyXO€ BEILECTBO CYXOE BEIIECTEO CeMsiH, I/
Cemena (1)
KampiuscKuit 73 48,2 | 31,9 | 34,5 | 1,51 | 299
Cemena (1)
Tamkenrckuii-51 42,6 26,8 43,24 1,25 273
Axpam 44,7 26,4 41,7 1,19 274
Kampimuackuii 73 415 29,1 425 1,32 277

3akniouenue. YCTaHOBICHO, YTO ceMeHa caduiopa, BhIpallleHHbIe Ha OOTapHBIX 3eMJISIX, MEHBIIE 110 pa3Mepy U
MaCIIMYHOCTH I10 CPAaBHEHUIO C OPOIIAeMbIMU ceMeHaMU. Takas e 3aBUCHMOCTh Ha0JII0JaeTcsl IO OTHOILEHHUIO JIy3TH B
ceMeHax caduiopa — Ha Oorape BbIILIE, YEM Y OpOLIAEMbIX CEMSH.

Taxoke aBTOpaMH TPOBEACH aHAIN3 TCOMETPUYECKHX pPa3MEpPOB CEeMSH cadiopa M MPOYHOCTH MX Jy3TH.
YcraHoBIeHO, uTO mHHA ceMsH caduopa (1) B cpearem Ha 1-2 MM Oonpmie, yem mmHaA ceMsH (II). AmamormaHas
KapTHHA HAOI0Janachk U Ha pa3Mepax ux mupuHel. TommuHa y3ru cemsH (1) Gompime, gem iry3ru cemsH (II). Kpome
TOTO, UMEIOTCS OTJIMYHUS B IPOYHOCTU JIy3TH B PA3IMUYHBIX HAIPABICHUAX OTHOCHUTEIBHO OOJIBIION OCH CEMEHH
caduopa. IIpenen mpovYHOCTH JIy3TH NPH Pa3phIBE VIS BCEX MCCIECJOBAaHHBIX COPTOB CeMsH cadiopa BHoib OONBIIONHN
OCH 3HAYUTENBHO BHINIE, YEM B IIONEPEYHOM HANpPAaBICHUH, YTO OOBACHIETCS BOJIOKHHCTOW CTPYKTYpOH IIy3TH.
VYcTaHOBIIEHO, YTO 3HAYCHHE DPa3pyILAIOIIUX HArpy30K MpPU pa3pbiBe IUIONOBHIX 000J04YeKk ceMsiH cadiopa BIOJb
6osbII0# ocu cemeru B 10-14 pa3 Bblilie, YeM BIOJIb MaJIOH OCH.

AHanu3 QpU3MKO-MEXaHMYECKUX CBOWCTB JIy3rH IOKa3ajl, YTO MpeJiesl MPOYHOCTH JIy3TH HPHU pa3pbiBe BIOJb
MaJloli ocH ceMsiH cadiopa y copta Axpam Beiie, yeM y coproB TamkenTckuii-51 wnu Kambimmackuit 73/1. Yeunne
npu paspeiBe J1y3ru cemsH cadiopa (1) B HampaBieHuH Oonplod M Maniod ocell ceMeHHM MeHblne Ha 20-25 % mo
cpaBHeHuto ¢ nysroit cemsia (11).

*Ucemounuk ¢unancuposarus Munucmepcmeso cebCKo2o X03a1icmea
Pecnybnuku Kaszaxcman no npoepamme BR10764977.

This research has been/was/is funded by the Ministry of Agriculture
of the Republic of Kazakhstan BR10764977.
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COMPARATIVE ANALYSIS OF PHYSICAL AND CHEMICAL CHARACTERISTICS
OF SAFFLOWER SEED VARIETIES GROWING IN VARIOUS CLIMATIC CONDITIONS

M.Ch. Tultabaeva', G.S. Zhunusova®, Zh.E. Safuani®, K.A. Dodoev*, Z.N. Azimov®
L4 Doctor of Engineering Sciences, Professor, % ° Candidate of Engineering Sciences,
3 Kazakh University of Technology and Business (Nur-Sultan), Kazakhstan
* % Tashkent Chemical and Technological Institute, Uzbekistan

Abstract. The results of a comparative analysis of the physicochemical and technological properties of various
varieties of safflower seeds growing in different climatic and field conditions are presented. The data obtained show
that safflower seeds grown on rainfed lands are smaller in size and oil content compared to irrigated seeds. The same
dependence is observed for the ratio of husk in safflower seeds on dry land, higher than that of irrigated seeds.

Keywords: safflower, oil content of seeds, degree of wetting of territories, biological productivity of
ecosystems.
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®U3UKO-XUMHUYECKUE MOKA3ATEJIU MEJIA
BOCTOYHO-KA3AXCTAHCKOM OBJIACTH*

T.4. TyJITaﬁaeBal, V.T. Kymanosa’, M. Y. TynTaﬁaeB3, K.E. Ca(ilyam/l4
13 nokTop TexmmuecKuX HayK, mpodeccop, - KaHAMAAT XUMHUECKHX HAYK, | KAHIMIAT GHONOTHUECKHX HAYK
Kazaxckwuit arporexandeckuii yausepcutet uM C. Cetipymmnaa (Hyp-Cynran), Kazaxcran

Annomayusn. [Ipeocmasnenv pesyibmamol UCcie008aHus NO OYeHKe Kavecmea obpasyos meda Bocmouno-
Kasaxcmanckoii obnacmu. Onpedenenvi opzanonenmuyeckue ceoucmea: ysem, 6Kyc u apomam mpex euoos meoa
(eoproe pasnompasve, epedutblil U NOOCOHEUHUKOBbI). 1Ip0600UTOCy U3yUeHue PU3UKO-XUMUYECKUX nokasamenet
meda: maccosas 0015 600bl, PeOyYupylowux caxapos U caxaposvl, OUACMA3HO20 Hucia, odujell KUCIOMHOCIU U
cooepacanue okcumemuryp@ypona. Ionyuennvle OanHble NOKAZLIEAIOM, YMO MACCO8AsL 001 600bl OISl 6CeX BUN08
meda oocmamouno nuskas (15,0-17,3 %), umo xapaxmepusyem e2o 3penocme u onpeoensem HpuoOHOCMb Ol
onumenvrozo xpanenus. Obpaszysbl Meoa OMAULAIOMCA BLICOKUM COOEPIHCAHUEM PeOVYUPYIOWUX CaXapo8, HA Ux 000
npuxooumca 83,3-87,9 % cyxux eewjecme meda, umo ceudemenbcmeyem 00 UX 3peiocmu U RUmamenrbHOCHU.
Maccosas dons caxaposwl 6 ucciedyemuix obpasyax meda eapbupoganacs 6 npedeiax om 2,5 oo 4,5 %. 3nauenus
ouacmasHozo 4ucia écex 8udo8 meda (8 npeoerax 13,1-15,1), a maxoice ompuyamenvHas KaueCmeeHHds peakyus Ha
npucymcemeue oKcumemuapypgypoia noomsepicoaem, 4mo uzyuenHsvle oopasybl Meoa He No08epeaiuch HAepesaHur
U XPAHUIUCL ¢ coOM00eHUueM YCa08ull XpaneHus. Yyumuleas, ymo akxmueHOCHb 600bl UMeem 8adCHOe 3HaueHue O
KOHMPOJIA 6€30NACHOCIU U KA4ecmea mMeod, HaMu npo8edeno onpeodeneHue akmusHOCMU 600bl Ol UCCIE0YeMbIX U008
meoa. Tlonyuennvie Oannvie NOKA3bIEAIOM, YMO 6Ce 6UdbL Meda no nokazamento akmugnocmu 600vl (0.4010; 0.4400;
0.5400) omnocsames k RPOOYKmMam ¢ HU3KOU GIANCHOCMbIO, COOMBEMCMBEHHO AGISIIOMCS Oe30NACHBIMU NPOOYKMAMUL,
3AWUWEHHLIMY Om MUKPOOUOIo2UYecKol nopuu. B pesynomame npogedennblx ucciedo8anuii yCmaHo61eHo, 4mo
obpasyvt meda Bocmouno-Kazaxcmanckoii obracmu A1AI0MCA  HAMYPATLHLIMU KAYECMEEHHBIMU NPOOYKMAMU,
COOMBEMCMEYIOWUMU HOPMAMUBHBIM MPeDOBAHUIM.

Kntouesvie cnosa: méo, maccosas 00is 800bl, OUACTNAZHOE YUCTO, KUCTOMHOCHb, CAXAPO3a, COOEPHCAHUE

okcumemuapyppypona.

Beeoenue

[TuenoBomcTBO — OfHA W3 JPEBHEHIIMX OTpacied CelbCKOro Xo3siicTBa BO BceM Mupe. KazaxcraHckomy
ITYETI0BO/ICTBY HacuuThiBaeTcs okoyio 200 mer. Ha ceromnsmmuii neHr B Pecmy6mmke HacumThiBaeTca 6Gosiee 100
TBICAYM ITYETMHBIX CeMEH, B IIOCIEAHEE BpeMs B CTpaHe MPOM3BOAAT Oonee 15 Teic. ToHH Mexa B rox [1]. Ha
MEXTyHapOJHOM apeHe JuaepaMu Mo MPOU3BOJICTBY Mea SIBIISIOTCS Takue cTpaHbl, kKak Kurait (400 TeIcsid TOHH Mena
B rox), Aprentuna (150 teicstu ToHH), CIIA (100 ThICS4 TOHH), Typums (86 Thicsu ToHH). CorylacHO AaHHBIM
BcemupHoii Genepanny muenoBoAYECKUX acCOLUALINM, B ATHX TOCYIapCTBaX OJUH YEIOBEK B CpelHeM mnoTpediser 1
KI' MeJla ©KeroHo. B To ke BpeMsi cpelHecTaTUCTUYECKU Ka3axcTaHel — Beero S0 T Meza B rof, a caxapa — 36 kr. [2].

Huskuii ypoBens notpebienus myennHoro Mena B KazaxcraHe cBsi3aH cO MHOTMMH IpuuuHamu. OpHOU u3
B )XHEHWIINX M3 HUX SIBJISIETCS HAJIMYME Ha KA3aXCTAaHCKOM PBIHKE OOJIBIIOTO KOIMYECTBA MeJa ¢ HU3KUM KauecTBOM, a
TaKke (anscuduupoBaHHoro Mena. PanbcuuKannuio MOXKHO paccMaTpyUBaTh KaK JEHCTBHS, KOTOPbIE HAIPABIICHBI
Ha yXyJIIeHHe IMOTPEOUTEILCKIX CBOMCTB Meaa. HeoOXoauMo yBenMYUTh MOTPEOUTEILCKIH CIIPOC HA MEJ] MECTHBIX
MIPOM3BOJIUTENEH M3 Pa3IMYHBIX PETMOHOB Ka3zaxcraHa 3a cyeT MOBBINICHUS KayecTBAa HPOIYKIMH ITYEJIOBOJICTBA.
OmnpenerneHre KadecTBa U HaTYpaJbHOCTH MeJia ABJSETCSA BaXKHOM 3aaueil, HOCKOJIBKY OTPaXIaeT 370POBbE YeJIOBEKa
OT HETaTMBHOTO BO3ACHUCTBHS PA3IHYHOTO POJAA TMOAJENOK 3TOro mponykra [7]. OOHHUM M3 OCHOBHBIX KPHUTEpHEB
KOHTpOJISI Ka4eCTBa M HATYpaJbHOCTH MEZa SBISIOTCSA ero (PU3MKO-XMMHYECKHe IMOoKazaTedu. B CBs3M ¢ 3TUM HaMu
TIPOBEIEHBI UCCIIEIOBAaHUS (PU3NKO-XMMHUYECKUX MOKa3aTelel Tpex BuoB Mena BoctouHo-Ka3axcranckoi odnacty.

Obvexmul u Memoosl UCCIe008aHUSA

B kxadecTtBe 00BeKkTa MCCIIEIOBAHUN MOCITYXHI Mea ¢ acek Boctouno-KazaxcraHckoi o0nacTu Tpex BUIOB:
MOJICOTHEYHHKOBBIM, TIpeunIIHbIi U ropHoe pasHoTpaBbe (Karon-Kaparaiickuil). Bremnuil Bun, apomar, BKYyC,
NIPU3HAKH OPOKEHHS yCTaHABJIMBAIN OPTaHOJIENTHYECKUM METOJIOM.

Onpe,uensmn q)HBI/IKO'XI/IMI/ILIGCKI/IG TNokaszaTeji B COOTBETCTBUU C HOPMATHBHBIMU JOKYMCHTAMU. (FOCT
19792-2017) [6].

MaccoByro J0M0 BOABI B Meae — pePpakKTOMETPHYCCKHM METOJIOM C HCIOJIb30BaHUEM HH(POBOTO
pedpaxromerpa moaean CHEJI-104.
MaccoByo J0JII0 PEAYLHMPYIOIIMX CaxapoB M €axapo3bl — KOJIOPUMETPUYECKHM METOJIOM, BBbIYHCIISIS

ONITHYECKYIO MJIOTHOCTh PACTBOPA XKEIE30CHHEPOANCTOTO KaJIKs TIOCIIE TOT0, KaK OH IIPOPEArupyeT C peayHPYOIUMH
caxapamy MeJa.

© Tynrabaesa T.U., XKymanosa V.T., Tynrabaes M.U., Cadyanu X.E. /
Tultabayeva T.Ch., Zhumanova U.T., Tultabayev M.Ch., Saufani Zh.E., 2021
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Wzmepsum nuactaznoe unciio Ha @OK-3 MeTo10M KOJIOPUMETPHYECKOTO ONpeiesieH s KOJIMYecTBa cyocTpara,
PacIIEIUICHHOTO B YCIOBUSX NPOBEACHHS (PepPMEHTATUBHOM PEAKIMH, U TIOCIEIYIOIINM €TI0 BHIYUCIICHUEM.

OOI111yr0 KHCIIOTHOCTD ONPEACIISIIIM THTPOMETPHYECKHM METOIOM.

Jns oueHku cozaepkanusi runpokcumerundypdypans (I'M®D) nonp3oBamuck meronom CenuBanoBa-®dure,
OCHOBaHHOM Ha 00pa30BaHHMM B KHUCJIOH cpeae Mpoaykra B3ammoneicTBusi M@ c pe3opLuHOM, OKpAaIICHHBIM B
BUIIHEBO-KPACHBIN LIBET, TIPH MOJOKUTEIbHON peakunu u coaepxanun I M® ve menee 25,0 Mr/kr.

OmnpeneneHne akTHUBHOCTH BOABI (AW) B HCCIIEIyEeMBIX 00paslaXx OCYIIECTBILUIA C MOMOIIBI0 IOPTaTHBHOTO
ckopoctHoro npudopa AqualLab Cepru 4 Mogens TE (CILA).

Pezyromamer u ux obcyscoenue.

OpraHonenTHYecKHe MMOKa3aTed BCeX OOpa3loB COOTBETCTBOBANIHM HOPMATHBHBIM TPeOOBaHUAM, 00Iamann
CaJIKUM, TIPUATHBIM BKYCOM M apoMaTOM pa3HOW WHTEHCHBHOCTH, 0€3 IMOCTOPOHHMX IIPHBKYCOB U 3aIlaxoB.
Koncucreruus 00pa3noB ObLTa CHPOIIO00Pa3HOM B TeUeHHE 2—3 MeCSIIeB MMocie Menocoopa 1 BA3KOH B Ooiee mo3IHIE
cpoku. [Ipr3HaKoB OpoxkeHUs He OOHAPYKUIIH.

I[Ber wuccienoBaHHBIX 00pa3lOB MeJa: JKENTBHIH — IS ITOJCOJIHEYHHKOBOTO, TEMHO-XKENTBIH — s
TPEYUIIHOTO, CBETIIO-XKEITHIN — /11 TOPHOTO Pa3HOTPABBSI.

[Ipy n3yyeHNH XMMHUYECKHX CBOMCTB Meja MPOBEICHO MCCIICJOBAaHHE MAacCOBOM JOJIM BOJBI, PEAYLMPYIOIINX
caxapoB M caxapo3bl, AMACTA3HOTO YKCIIa, 00IIeH KMCIOTHOCTH M COJIepIKaHue OKCUMeTHIA(Qypdypona.

Pe3ysbrarhl MccaeOBaHUH MpeACTaBIEHbI B Tabuuie 1.

Tabnuya 1
Du3uKo-XHMHYECKHE NMOKAa3aTeJn
HauMeHoBaHUe moka3arest Bun mena TpeboBanus
INoaconHeYHNKOBEII I'peunmmnbIii T'opnoe cornacHo 'OCT
pa3HOTpaBbe
MaccoBas 10111 BOJsI, %, 15,0 17,2 17,3 20
He boiee
MaccoBas 1015t 87,9 86,5 83,3 65
PERYLUPYIONINX caxapoB, %,
HE MeHee
MaccoBas 10 2,5 3,9 45 5
caxapo3ssl, %, He boiee
JlnacTasHoE YHCIIO 14,6 15,1 13,1 8
enuHMI] I'oTe, HE MEeHee
OO06m1as KUCIOTHOCTE, 2 3 2 1-4
cM3 NaOH, ne 6onee
KauecTtBennas peakuust Ha TM®D OTpULIATeNIbHAs OTpULIATENIbHAS OTpulaTeIbHAS OTpULATeIbHAs

HOJ’Iy‘IeHHLIe JAHHBIC ITIOKA3bIBAKOT, YTO MAaCCOBaA A0JIs1 BOABI AJIs1 BCCX BHJIOB MEaa AOCTATOYHO HU3KAasA (15,0'
17,3 %), 9TO XapakTepu3yeT ero 3peocTh U ONPEIENSIeT MPUTOHOCTD IS ATUTELHOTO XpaHeHHs. 3pesblii MeJl UMeeT
BIAXHOCTh He Oonee 20 %, KpHCTALIM3HPYETCS B OJHOPOIHYIO MacCy, MOXKET [UIMTEIEHOE BpeMs XpaHUTBCS Oe3
MOTEPH TPUPOIHBIX JOCTOMHCTB. BIa)XHOCTH Mela 3aBHCHUT OT KIMMAaTHYECKUX YCIOBHH B Cce30H MeaocOopa, oT
COOTHOIICHUS caxapoB (d4eM OoJbIle PPYKTO3EI, TEM BEIIIE BIAXKHOCTH), 4 TAK)KE YCIIOBUH XpaHeHH [7].

OO0pa3ipl Mena, COTIacHO JaHHBIM TaOJHIBI, OTJIMYAIOTCS BBICOKHM COJECpPIKaHHUEM PEIyNUPYIOMIUX CaXapoB,
Ha ux gonro npuxomutes 83,3-87,9 % cyxux BemecTB Mena, YTO CBHUACTENBCTBYET 00 MX 3PENOCTH U MUTATEIHHOCTH.
BoccranaBnuBaronue (peayupyoomme) caxapa o0pa3yloTcs B MeJie U3 caxapo3bl U HAKAIUIMBAIOTCS B MPOIECCE ero
CO3pEBaHUs, ONPEEIAIOTCS KaK MoKa3aTeNlb HaTypalabHOCTH [3].

MaccoBast oas1 caxapo3bl B HccienyeMblx oOpasliax Meaa BapbHpoBasiach B mpenenax oT 2,5 mo 4,5 %.
Huskoe comepkaHue caxapo3bl CBHIACTEIBCTBYET O THAPOJIHM3E CIOXKHBIX CaxapoB MO ACHCTBHEM BHOCHMBIX IMUEION
(epMEeHTOB, COOTBETCTBEHHO M 3penoctd. ComepikaHHe caxapo3bl B HATYypaJbHOM MEIE HE3HAYUTENLHO W IIPH
XpaHCHUU MOXKET YMCHBIIATHCA BCJICIACTBHUE MPOIECCCa CaAMOMHBEPCUM. HOII BIIMAHUEM q)epMeHTOB 1 OPraHUYCCKUX
KHCIIOT, COJIEPIKAIINXCS B MEJIe, caxapo3a HHBEPTUPYETCS C 00pa3oBaHreM (PYKTO3bI U TIIIOKO3BI [4].

Juacra3Hple yncia [UTS BCEX BUIOB Mella UMCIOT JOCTATOYHO BBHICOKOE 3HaueHue: 14,1 — moIcoTHEeYHUKOBEIN;
15,1 — rpeuntuHeiii u 13,1- TopHOE pa3HOTPABHE, YTO SBISCTCS IMOKA3aTENIEM COXPAHHOCTH MPUPOIHBIX CBOMCTB MeJa.
W3 noxy4eHHBIX MaHHBIX BHJHO, YTO JHMACTAa3HBIC YHCIa TPEX BHJOB Mela OJHM3KH IO CBOMM 3HAYCHUSAM (pa3HHUIA
COCTaBJIICT 2 €IUHHMIEI). DTO CBA3aHO C TEM, YTO Y BCEeX 00pa3IoB Mela OojJHA 30HA cOopa HekTapa — BocTodHsiid
peruon Kasaxcrtana. JlmacTa3sHoe YHCIO HATYpalTbHOTO Mela SBISETCS IIOKAa3aTeleM CTCICHW HArpeBaHus U
JUINTCJIBHOCTU XpaHCHUA MEOa, T.K. AuacTas’a, sABJIAACH ¢)epMeHTOM, OYC€Hb YYBCTBUTCJIbHA K HArpCBaHUIO. HpI/I
HarpeBaHMU U JUINTEIFHOM XpaHEHUH (HepMEHTHI M JpyTHe IeHHbIe OMOAaKTHBHBIE BEIIECTBA MEa Pa3pyIatoTCs.

[Toxa3zaTens 00mIei KHCIOTHOCTH SBISETCS KPUTEPUEM OaKTepUIIMIHON aKTUBHOCTH Mefa [3], B HCCleayeMbIX
oOpasmax Mena ero 3HaueHue HaXoAuTcs B quana3one 2 -3 cm3 NaOH.

Conepxanune okcuMeTHIhypdypona XapaKTepu3yeT HATypalbHOCTh Mela W CTETNEeHb COXPAaHHOCTH €ro
TIPUPOAHBIX KadecTB. OTpuIaTeNibHAs Ka4eCTBEHHAS peaklusi Ha TPUCYTCTBHE OKCUMETWIDypdypoiia OATBEPKIAET,
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YTO W3y4YeHHbIE 00paslbl Mea He OABEPraliCh HArPEeBAHUIO U XPAHUIIMCH C COOJIIOICHUEM YCIOBHIA XpaHEHHUSI.

MaccoBast 107151 BOABI B MeJie SIBIISICTCS Ba)KHBIM IIOKa3aTeleM IIPH JKCIEepTH3e Meaa. Mex, comepsKamui
MeHee 20 % cBOOOMHOW BOIBI, HE COpakMBacTcs IpoxokaMu. Men BiIakHOCThIO Oonee 21 % 3akucaer mpu Oonee
HU3KUX WK pU 00Jiee BRICOKHX TemmepaTypax [7].

OnHaKo MoKa3aTenb BIKHOCTH HE OTPa)kKaeT BCEro KOMIUIEKCA B3aWMOJCHCTBHH, KOTOpPBIE NPHCYTCTBYIOT B
IIUIIEBOM MPOJYKTE M YYaCTHUKOM KOTOPBIX SIBISIETCS BoAa. BmecTte ¢ TeM, CyllecTBYeT IOKa3aTellb «aKTHBHOCTb
BOJIB», KOTOPBIH SIBISIETCSI OCHOBHBIM KPHTEPHEM XaPaKTEPUCTUKH COCTOSHHS BOJBI B MHUIIEBBIX MPOAYKTAX U MIHPOKO
MIPUMEHACTCS BO BCEM MHpE, Kak 11 HPOTHO3MPOBAHHMSA TEXHOJOTMYECKHX CBOMCTB NMPOAYKTOB, TaK M KadecTBa
MMUIIEBOTO TIPOAYKTAa M CPOKOB €ro XpaHeHws [5, 8]. AKTHBHOCTH BOJIBI cama IO ceOe BenmnumHa Oe3pa3MepHas U
omnpexensercs B nuanazone ot 0 go 1.

AKTHBHOCTb BOJIBI — OJINH U3 CaMbIX KPUTHYECKUX MAapaMETPOB B OINPEACICHHN KadecTBa M 0E30IACHOCTH
TOBApOB, KOTOPBIE MOTPEOISIOTCS KaKIbIM JIeHb. BogHAs aKTHBHOCTH 3aTpParMBaeT CPOK T'OJHOCTH, OE30IMacHOCTS,
CTPYKTYpY U 3amax HMUIIEBBIX IPOAYKTOB [5, &].

VYuuThIBas, 4YTO aKTUBHOCTH BOJBI MMEET BAXHOE 3HAUCHHE JIsi KOHTPOJIS OE30MAaCHOCTH M KayecTBa Mea,
HaMU MPOBEICHBI NCCIIEJOBAHUS TI0 OTPEICNICHHUIO0 aKTUBHOCTH BOJBI JJIs1 HcclieryeMbIX BUoB Meaa (Tabnuna 2).

Tabnuya 2
AKTHBHOCTH BOJIbI B Mejle
HaunmenoBanne mena AKTHUBHOCTB BOJIBI (Ayy)
AW 1 AW 2 AW 3 AW CcpeaHee
ITo1COMHEYHUKOBBII 0.4007 0.3909 0.4113 0.4010
I'peunmnsrit 0.4180 0.4518 0.4503 0.4400
I'opHOe pazHOTpaBbe 0.6224 0.4942 0.5034 0.5400

[TomyueHHbIC TaHHBIC MOKA3BIBAIOT, YTO BCE BHIBI MEAa IO MOKa3aTenio aktuBHOcTH Bombl (0.4010; 0.4400;
0.5400) oTHOCATCS K TPOAYKTAaM C HHU3KOW BIIAXKHOCTHIO. Takum oOpa3oM o0Opasmpl Mena SBISIFOTCS Oe30MacHBIMHU
MIPOAYKTaMH, 3aIIUMICHHBIMI OT MUKPOOHOIOTHIECKOH MOopYH. DTO CBSI3aHO C TEM, YTO MPH MOHIKCHUH aKTUBHOCTH
BOJIBI YMEHBIIIAETCS BOBMOKHOCTB MCIIONB30BAHMS BIATH I METa00IH3Ma MUKPOOPTaHU3MOB.

3axnouenue

I[Ipn wccinenoBaHWM OPraHONENTHYSCKUX CBOWCTB MeAa, CcoOOMpaeMoro Ha Tepputopun BoctodHo-
Kazaxcranckoli o6yiacTu ObUIO YCTAHOBIJICHO, YTO BCE OHHM O0Jaqaiy CIaJKUM, IPUSITHBIM BKYCOM M CBOWCTBEHHBIM
Meay apomaroMm, 0e3 IMOCTOPOHHMX IPUBKYCOB U 3amaxoB. Vccrieayemble 00pa3ibl MIMENH IBET OT CBETIO-KEITOTO 10
TEMHO-)KEJITOTO B 3aBUCUMOCTH OT OOTAaHMYECKOTO MPOUCKOKICHHS.

IMpn (PU3HMKO-XMMHYECKHX HCCIEIOBAaHHUAX B TpeX BHUAAX Mena OOHApYKEHO BBICOKOE COJEpIKaHHe
penyuupyromux caxapoB — 83,3-87,9 % u HuU3KOe conepkanue caxaposbl — oT 2,5 10 4,5 %. [nacta3Hasi akTUBHOCTh
JUI BCeX 00pa3moB ObUIa OJHM3KOW MO 3HAYCHUSIM, UTO SIBIICTCS XapaKTEPHBIM JJIS MeJa OJHOTO PETHOHA. 3HAUCHUS
JIMAacTa3HOW aKTHBHOCTH HCCIIEIYeMBIX 00pa3IoB Mela COOTBETCTBYIOT HOPMATHBHBIM TPeOOBAaHMSAM U IMOKA3BIBAIOT,
9TO 00pa3Isl He MOIBEPTalUCh HATPEBAHHIO.

Hdus  Bcex oO0pasmoB Meoa TIONyYeHAa OTPHIATENBHAS KAYeCTBCHHAs peakius Ha TPUCYTCTBHE
okcuMeTmhypdypona, 4UTO TOATBEPXKAAaeT OTCYTCTBHE HArpEeBaHHWsS Mela W MPAaBWIBHOCTH €ro XpaHCHUS.
[IpencraBneHHbIe TOKa3aTeNH 00MIeH KUCIOTHOCTH Me/la XapaKTePU3YIOT BEICOKYIO OaKTepHAIbHYIO aKTHBHOCTE MEJIa.

Iloxasarenn aKTHBHOCTM BOJBI MeJa OTHOCSATCS K MHPOAYKTaM C HU3KOH BIAXKHOCTBIO, B CBSI3U C 3THUM
HcclieayeMble 00pasIipl Mea SIBISIOTCS 0€30MacHBIMHU MPOAYKTAMH C JITUTEIBHBIM CPOKOM XPaHEHHUS.

Takum oOpa3oM, wuccieqyeMble 00pas3lbl Mela COOTBETCTBYIOT HOPMATHBHBIM TpPeOOBaHMSM. SIBISsCH
HaTypaJbHBIMH KaueCTBEHHBIMH NPOAYKTaMHM, MOBBIMIAIONINMA HMMYHHUTET, MOTYT OBITh PEKOMEHIOBAHBI I Ooiee
IIMPOKOT0 YHOTPEOJICHHS B palliOHE HACEIECHUS PECITyOIUKH.

ABtopsl cratbu Omaromapst Kommanmto "Men [lansrga” mocrasnstomero men 6osiee 30 jer ¢ cemeitHoi
naceku [lepesepseBbix n3 Boctouno-Kaszaxcranckoit obnactu.

*Ucmounux unancuposarus Munucmepcmeo cenvckozo xoszaucmea Pecnybnuxu Kazaxcman
no npocpamme BR10765062 «Paspabomka mexnono2uu no 06ecnedeHuio cOXpanHocmu Kauecmed ¢/x colpbsi
U NPOOYKmMoe8 nepepabomxu 8 Yesx CHUNCEHUSI NOMEPb NPU PA3IUYHbBIX cnocobax xpanenusny na 2021-2023 ze.

*«This research has been/wasl/is funded by the Ministry of Agriculture of the Republic of Kazakhstan

BR10765062 "Development of technology to ensure the preservation of the quality of agricultural
raw materials and processed products in order to reduce losses with various storage methods" for 2021-2023.
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PHYSICOCHEMICAL INDICATORS OF HONEY OF THE EAST KAZAKHSTAN REGION

T.Ch. Tultabayeva®, U.T. Zhumanova? M.Ch. Tultabayev®, Zh.E. Saufani*
13 Doctor of Engineering Sciences, Professor, 2 Candidate of Chemical Sciences,
* Candidate of Biological Sciences
S. Seifullin Kazakh Agro Technical University (Nur-Sultan), Kazakhstan

Abstract. The results of a study on assessing the quality of honey samples from the East Kazakhstan region are
presented. Organoleptic properties were determined: color, taste and aroma of three types of honey (mountain herbs,
buckwheat and sunflower). A study of the physicochemical indicators of honey was carried out: the mass fraction of
water, reducing sugars and sucrose, diastase number, total acidity and the content of oxymethylfurfural. The data
obtained show that the mass fraction of water for all types of honey is quite low (15.0-17.3 %), which characterizes its
maturity and determines its suitability for long-term storage. Honey samples are high in reducing sugars, they account
for 83.3-87.9 % of honey dry matter, which indicates their maturity and nutritional value. The mass fraction of sucrose
in the studied honey samples varied from 2.5 to 4.5 %. The values of the diastase number of all types of honey (in the
range of 13.1-15.1), as well as a negative qualitative reaction to the presence of oxymethylfurfural, confirms that the
studied honey samples were not heated and were stored in compliance with storage conditions. Taking into account that
the water activity is important for the control of the safety and quality of honey, we have carried out a determination of
the water activity for the studied types of honey. The data obtained show that all types of honey in terms of water
activity (0.4010; 0.4400; 0.5400) belong to products with low moisture content, respectively, they are safe products
protected from microbiological spoilage. As a result of the research, it was established that the samples of honey from
the East Kazakhstan region are natural high-quality products that meet regulatory requirements.

Keywords: honey, mass fraction of water, diastase number, acidity, sucrose, oxymethylfurfural content.
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BAJKHOCTH BOBJIEYEHUSI IIU®POBO SJKOHOMUKHA B SdKOHOMMKY CTPAHBI

A.P. Mnsros’, P.T. Aquabuaes’, III.M. PemenMypaTOB3, A.A. EMﬁepreHOBa4
! fouenT Kad)ephl SKOHOMHUKH, ° KAHIHAAT SKOHOMHUUIECKHX HAYK,
JIOLEHT, 3aBeIyIONIHi Kadyepoit SKOHOMHKH, ° CTYIEHT 3-T0 Kypca, * acCHCTEHT Kadyephl SKOHOMUKH
Kapaxammakckuii ['ocynapcTBennsiii Yausepcurer umenn bepnaxa (Hykyc), Y306ekucran

Annomauyun. B Oannoti cmamve paccmampugaemcs CmpemMumenvHo pazéu8arowdacs 8 Hacmosujee 8pems
cpepa yupogoil IKOHOMUKY, ee UHDPACMPYKMYpA, a MaKdice npeocmasiensl 3a0adl, CesA3aHHble ¢ NpodiemMamu,
JeAcaumUMU 8 OCHOBE YUPPOBOTI IKOHOMUKU, U OAHHbIE O MEXAHUZMAX nepexodd K Hell.

Knioueevie cnosa: yugposas, mexHonozusi, 9KOHOMUKA, YNpAelenue, UHHOBAYUS, CUCMeMd, UHMepHem,
ungopmayusl, dNeKmMporHble Cemu, IeKMPOHHblE NPOOYKMbL, YCIYeU, CePEUC, DIOKUELH.

B Hacrosimee BpeMsi HU(pOBas SKOHOMHUKA W PsJi CMEKHBIX TEXHOJOTHH CTPEMHTENBHO BXOJST B HAIIy
XWU3Hb. BOT movemy A7t yCcKOpeHHs pa3BUTHS TOCYJapCcTBa M 00IECTBA PYKOBOACTBO PECITyOINKH MPHHSIIO HECKOJIBKO
BaxxHBIX pemeHnil. Hanpumep, Ilpesupent Pecrybmmkm VY30exwmctan B cBoem [locmammm Omumit Maxkimcy ot 28
nexabpst 2018 roma 3asBWi, YTO pa3BUTHE LU(PPOBOW HKOHOMHKH TpeOyeT maimbHEeWIned MpopadOTKH, CIexyeT
pa3paboTaTh HAMOHATBHYIO KOHIENIHIO IM(POBOH SKOHOMHUKH, INPEIyCMAaTPUBAIONIYI0 OOHOBJIEHHE BceX cdep
SKOHOMUKH Ha 0a3e 1] pOBHIX TEXHOJIOTHH, M Ha 3TOH OCHOBE BHeAPHUTH IporpamMmy «{udpooit Y3oekucran-2030x.

B noxymeHTe oTMeuaeTcs, 4TO CTpaTerys HalpaBieHa Ha:

® YCKOpEHHOE LU(POBOE PA3BUTHE CTPAHbI;

(dbopmupoBanue nupPOBOI FIKOHOMHUKH, OCHOBAHHOW Ha JaHHBIX;

co3/1aHue GJIarONpUATHON cpenibl Ui Pa3BUTHS MHHOBALIMOHHBIX NPOIYKTOB,

noBbIlIeHHe 3G HEKTHBHOCTH FOCYAaPCTBEHHOTO YIIPABIICHUS;

IIpeOCTaBJIeHHE yIOOHBIX FOCYIapCTBEHHBIX YCIYT HACETICHUIO U CYOBEKTaM MpeIpUHIMATEIIECTRA.

ITo muenuto cnenmanuctoB UKT, B pecrryOnrke MHHOBAIIMOHHBIMH TIPOAYKTAMH TIOJIB3YIOTCS Oonee 22,5 MITH
nojb3oBarteneil (HaceleHHWe CTpaHbl), KOTOpble HMEIOT IOCTYyIl B HWHTEPHET, IIPH 3TOM HYHCIIO TOJIb30BaTeleH
MOOMIIBHOM CBSI3M TPETHETO U YETBEPTOTO TIOKOJIEHHUH IPeBBICHIIO Ooee 16 MiTH aDOHEHTOB.

[Homns 3arpar Ha noanepxky u passurue chepsl UKT oT obmierocyaapcTBEHHBIX Pacxo/I0B COCTABIISET JINIIb
1,5 % (7,8 MuH 1ojU1apOB), YTO, KAK OTMEYAETCs, SIBJIETCS HU3KMM MOKaszareneM Uit 3¢dexkTuBHON mudpoBu3annm
pecnyOiuKu Kak B KPaTKOCPOUHOM, TaK W B JOJITOCPOYHON MEPCTIEKTUBE. AHAJIOTMYHBIM MUHUMAJIBHBIA TOKa3aTeNlb
JUISL pa3BUTHIX cTpaH-TuAepoB (BemukoOputanus, Ouunsaaus, anus, Hunepnanner, [IBenus, CIIA, ®panmws,
Hopgserus, SIlnonust) B 3TOM HanpaBiIeHUH cocTaBisieT 6omnee 12 % OoT Bcex ToCyAapCTBEHHBIX PacXo/I0B.

B noxymeHTe TakKe OTpaXXeHbI OCHOBHBIE HAIPABICHHUA JUII YCKOPEHHOTO pa3BUTUS IUBPOBOH
nHppactpykrypsl. s 3TOro HEOOXOAMMO HE TOJBKO PACHIMPUTh CETH TEJNIEKOMMYHUKAlUi, 00ecHeYuTh HuX
CTaOMJIBHOCTb, @ TaKXKE OpraHM30BaTh OECIPEepBHIBHYIO paboTy LUQPPOBBIX YCTPOHCTB ceTel CBS3M, BKIHOYAs
TIOCJIEI0BATENILHYIO PEaTM3aLUI0 TIPOCKTOB «YMHBIX» H «0€30MacHbIX» roposioB. Kpome Toro, He00X0auMO Kak MOXKHO
CKOpee HauyaTh OCBOSHHE IM(POBHIX HABBIKOB Ha PaHHEM 3Tale B CHCTEME 0Opa30BaHUs IyTeM KOHTaKTa YYaIlIuXcs C
U (POBBIMHU TEXHOJIOTHSIMH, ITEPEX0/isl Ha LU(PPOBEIE yueOHbIe MaTepHaibl B 00pa30BaHUM U T.II.

Taxoke B TOKYMEHTE OTPa)KEHbI BOIIPOCHI, CBS3aHHBIE C BHEPEHHEM M Pa3BUTHEM LH(PPOBBIX TEXHOJIOTHH Kak
B CTOJHMIE, TaK U B APYrMX PErHOHAX CTPaHbl METOJOM B3aMMOJEHCTBUS C MEKBEIOMCTBEHHBIMU OPraHU3aLMsAMU 3a
cyeT oOMeHa JTaHHBIX.

B toMm umcne, mnaHupyeTcs co31aBaTh SKOCHCTEMBI IIU(POBBIX HHHOBAIMHA M CTUMYJIHPOBATH HHHOBAIIMOHHEIE
KOMIIAHHH W CTapTam-TIPOEKTHl, «IHU(QPOBBIE PETYIATOPHl IMECOYHMID», AKTHBH3UPOBATh COTPYIHHYECTBO MEXKIY
TOCYJapCTBEHHBIM M YaCTHBIM CEKTOPaMH, OKa3bIBaTh cojeiicTBue IT-mpeanmpuHUMaTensiM B 3KCIIOPTE MPOTYKTOB, a
TaK)Xe HaIaJUTh JIOKAIH3ALHUIO C 3apyOeKHBIMHA MHHOBAIIMSMH Ha B3aUMOBBITOIHBIX YCIIOBHSX.

CrtopoHoii He 000IIH ¥ BOMPOCHI IO CO3/1aHUI0 2P GEKTUBHON crcTeMbl HHQOpPMaMOHHON Oe3omacHocTH. B
YaCTHOCTH, HEO0XoauMO oOecrednTh KHOepOe30macHOCTh, KaK MOXKHO dalle IPOBOAUTH INPOQHIAKTHKY
pacrpocTpaHeHus] HHOOPMALMOHHBIX yTpo3, YIpaBlieHHE KOH(UAECHIMAILHOCTBIO M 0€30MaCHOCTHIO MCIOIb30BaHMS
MEPCOHANbHBIX JaHHBIX.

© Wustos A.P., Anuipuaes P.T., Pexxenmyparos I1I.M., EmGeprenosa A.A. /
Inyatov A.R., Adilchaev R.T., Rezhepmuratov Sh.M., Yembergenova A.A., 2021
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Oxupaercs, 4To IpHU KaueCTBEHHOM BHeApeHuu faHHoi Konnenuuu k 2030 rogy MOXKHO NMOJTyYUTh:

*  KauyeCTBEHHBIH, 0€30MacHBIN M HEJJOPOrol TOCTYH K BEICOKOCKOPOCTHOMY MHTEPHETY M MOOHMJIBHOU CBSI3H;

*  YCTOHYMBBIN U KOHKYPEHTOCIIOCOOHBII PHIHOK CBS3M M TEJICKOMMYHHKAIHH;

* CHIKEHHE IU(POBOr0 HEPABEHCTBA MEXKAY FOPOIAMH U CEIbCKMMHU MECTHOCTSIMU;

*  TJIaBEHCTBO JICKTPOHHOI 3aIKCH HaJ TPaJUIIMOHHBIM OYMa>KHBIM HIIU 3JIEKTPOHHBIM JJOKYMEHTOM;

* ycwieHne 60pbOBI ¢ KOPPYIIHEH.

A Taxxe, B xoze peamm3anun Ykaza [Ipesmnmenra PecrryOmmku Y30ekucran ot 19 ¢espans 2018 roma VII-
5349 «O mepax 1Mo manbHEHIIEMy Pa3BUTHIO HH(GOPMAIIMOHHBIX TeXHOJOTHA 1 KoMMyHHKanuii» B CTpaHe MPOBOIUTCS
MociIeioBaTeNbHas paboTa Mo Pa3BUTHIO COBPEMEHHBIX MH()OPMAIMOHHBIX TEXHOIOTHH W KOMMYHHKAIHH, CO31aHHIO
LETOCTHOW CHCTEMbI OKa3aHMS SJIEKTPOHHBIX TOCYJApCTBEHHBIX YCIYT, BHEIAPCHHIO HOBBIX MEXaHM3MOB JHaiora
TOCYAapCTBEHHBIX OPraHoB C HacesneHHeM. Kpome sTtoro, B memsx obecrnedeHns MH(POPMALMOHHONW OE30IIaCHOCTH
Kaburerom MunuctpoB PecryOnmkum VY30ekncTaH NpHHATO MocTaHOBIeHHE «O JOTONHUTENBHBIX Mepax IIo
BHEJIPEHHIO U JAJIbHEHIIEMY pa3BUTHIO IIU(POBO SKOHOMHKH B PecniyOnmke Y30ekucran» ot 31 aBrycra 2018 roxa, B
KOTOPOM OIIpE/ICNICHbI LIeJIU U 331241 HU(PPOBOIT IKOHOMHKH.

CoryiacHO 3TOMY peIICHHIO, Hauboyee BaKHBIMH 3a/auaMH I8 JalbHEWIIero pasBUTHA LH(PPOBOM
SKOHOMMKH SIBISIOTCS caeayromue [1]:

e BHEApEHHE W  pa3BuTHEe 000pOTa  KPUNTOBAIIOTHL Uil AMBEPCU(PUKANMKA  WHBECTHLUH U
NpeANPUHUMATEIbCTBA, BKIIOYAsh MAaWHHUHT, CMapT-KOHTPAKThl, KOHCAJITHHI, OMHCCHIO, OOMEH, XpaHEHHE,
pacIipezneneHue, ynpaBieHne, CTpaxoBaHUe, COBMECTHOE (DMHAHCHPOBAHNE U OJIOKYCHH-TEXHOIOTHH;

® TOATOTOBKA KBAJIU(HUIIMPOBAHHBEIX KaJpOB C MPAKTHIECKUMH HABBIKAMH B ITPOM3BOICTBE U HCIIOIb30BAHUHI
OJIOKYEHH-TEXHOJIOT U,

® TECHOE COTPYIHHYECTBO TOCYJApCTBEHHBIX OPraHOB M OW3HECa B peaju3alliil MHHOBAIIMOHHBIX WJEH,
TEXHOJIOTHH U pa3pabOTOK IS JaTbHEHIEro pa3sBUTHA (POBON SKOHOMHKH;

® BCECTOPOHHEE Pa3BHTHE COTPYJHUYECTBA C MEXIYHAPOJAHBIMU U 3apyOCIKHBIMU OPraHU3alUsIMH B 00JIaCTH
KPHIITOBATIOTHI U OJOKYEHH-TEXHOJIOTHH M MPUBJICYEHHE BHICOKOKBAIH(UIIMPOBAHHBIX 3apyOEXKHBIX CIELUAIUCTOB B
00J1aCcTH MPOU3BOJICTRA,;

e CO3JaHuE NMPABOBOW 0a3bl AJIsl BHEIPEHUs OJIOKYEHH-TEXHOIOTHH C YU€TOM MEXAYHapOoIHOTO onbITa [2].

Beibop rocymapctBa ans pa3BUTHS LU(PPOBOM 3KOHOMHKHM OTKPHIBA€T HOBBIE HM3MEPEHUs B 00JIacTH
WH(OPMALMOHHBIX TEXHOJIOTHH W, B LIEJIOM, B O0JACTH 3JEKTPOHHOIO JOKyMeHTooOopoTa. Ilepexox k nudpoBbM
TEXHOJIOTHSIM OBLT 00yCIIOBIIEH pa3BUTHEM MHTEpHETa N BRICOKOKAYECTBEHHOH CBS3H.

Ilon BnHWsAHMEM HAayYHO-TEXHHUYECKOTO IPOTrpecca M 3KOHOMHUYECKOTO PA3BUTHUS MPOHMCXOMAAT 3HAUYNTEIHHBIC
W3MEHEHHMs B TIIpaBWIaX pPHIHOYHOM OKOHOMHKH, TNpaBWIaX BeAEHHS OW3Heca U IOABICHUHM TPaJWIMOHHBIX
SKOHOMHYECKMX HOpPM W TpaBwil. Hampumep, mMosBIeHHE W pa3BUTHE 3JIEKTPOHHBIX CETEH, KOMIIBIOTEPOB H
MIPOTPaMMHBIX TIPOAYKTOB, HHU(PPOBBIX TEXHOJIOTHH, 3JIEKTPOHHBIX HMPOJIYKTOB U YCIYT PaJUKaIbHO M3MEHHT CMBICI,
MIPONOPIHMOHATIBHOCTh M BAKHOCTh CJIETYIOUIUX MOHATHH B HOBOM 3KOHOMHKE: MAaTE€pHUAaJbHBIX (HEMaTepHaJbHBIX) U
HeMaTepHaJbHbIX (reorpaduueckux), reorpaMueckux paccTOSHUM, BPEMEHH M MECTOIOJIOKEHHUE, MOTPeOUTebCKast
LIEHHOCTh (TMPHOBIIFHOCTH) M I[EHHOCTh, KAYECTBO U KOJHUYECTBO, KOHKYPEHIUSA M MOTPEOUTENbCKHE NMPEANOYTeHNUS,
MOCPEAHUYECTBO W JIOTMCTHKA, YEJIOBEUECKHH KaluTajd W JIeJIoBasi 9THKA, BEJCHUE MEPEeroBOpoB U 3P PEKTUBHOCTS,
moTpeOuTeNe U MPOU3BOAUTENEH HOBBIX OTHOIIECHHUH, MApKETHHTa, TEXHOJIOTHHA U MPOJIax.

Takum oOpa3om, pa3BuTHE IUPPOBONH OSKOHOMHKH ONPEACTSIeTCS HE TOJIBKO PEBONIOLMOHHBIMU
TEXHOJIOTUYECKIMH JIOCTIKCHNUSMH, HO TAKXKE U 3BOJIIOLIOHHBIMHU 3aKOHAMH HOBOH 9KOHOMHKH, KOTOPbIE OOYKAal0T
COBPEMEHHOE YIIPaBJICHHE, YIUTHIBATH HOBBIC IPUHIIMITBI YIIPABICHHUS U METOABI BEJCHUs OM3HECa, MOBBIIIAs KaueCTBO
U TIPOM3BOJUTENILHOCTh NPOJYKIMH, a TaKKe HEJIOCTaTKH B HKOHOMHUYECKOM MLHMKJE. YcTpaHseT HHQUIAINI0 U
6e3paboTHily, 1 00eceYMBaeT YCTOWYNBBIN SKOHOMUYECKHH POCT B YCIOBHSX INI00ATM3ALINH.

I'moGanuzamus SKOHOMHYECKMX IPOIECCOB CTAHET OCHOBHOW TEHJCHLUMEH W TEHICHIHMSIMH pa3BUTHSA
COBPEMEHHOW SKOHOMHUKHU OJiarojapsi MHTErpaluy Pa3iIMYHBIX CEKTOPOB HKOHOMHKH, CBS3aHHBIX ¢ (OPMHUpPOBAHHEM
r7100aTbHON SNEKTPOHHOH CETH.

B 3axmioueHme, cHcTeMa CYBEpEeHHOTO TOCYJapCTBEHHOTO Oyioka Y30ekucraHa, OCHOBAaHHas Ha
BBIIIECKa3aHHOM, Temeph TpeOyeT CO3MaHus pPAa3INYHBIX CYBEpEeHHBIX (MHAHCOBBIX WHCTHTYTOB. K Takum
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Introduction

Managing a project team involves harmonizing of activities performed on its behalf with an intent of achieving
goals in a manner that is efficient, i.e., using resources (including human capital) wisely and without unnecessary waste,
and effective i.e., leading to an intended result [16].

Project management is a relatively young discipline. The history of project management reaches back to the
19th century. It is related, inter alia, with works of Frederick Taylor (1856-1915) and Henry Gantt (1861-1919), a
creator of the popular Gantt chart (1910). This proves that practical problems and ways of solving them have a key
impact on the development of this discipline. Extensive projects (including the Manhattan project devoted to the
construction of the atomic bomb in 1941, the Polaris project focused improvement of military programs, or the Apollo
project, related to space projects) turned out to be particularly important in that development. They were difficult to
manage with the use of traditional methods, and thus forced the creation of new standards [40].

Currently used management techniques, methods and methodologies are constantly evolving. Hence, the
literature on the subject provides new concepts in the approach to project management and project teams, e.g., CSR
(corporate social responsibility), Agile or Scrum (virtual team management), or Kanban.

This work is theoretical and empirical in nature. It is based on the following research methodology:

o Literature analysis: As part of the theoretical analysis, Polish and foreign publications on the management
were reviewed.

e Web resource analysis: Many materials and examples of the project management application are published
on the Internet, as it enables quick publication. Thus, in turn, a given publication can be reached quickly.

e SWAOT analysis: analysis of the overall Kanban assumptions.

The aim of this paper was to characterize the project team management. A research hypothesis was formulated
that the knowledge of available resources determines proper management of the project team. This hypothesis
was verified by reviewing the literature on the subject, and by a case study using the SWOT analysis.

Introduction to project team management

The concept of management and its essential aspects

In the literature on the subject, the definition of management uses many different concepts and methods.
Therefore, nowadays it is difficult to formulate a single and recognized definition. Table 1 presents definitions from the
turn of the 20th century, developed by researchers such as R.W. Griffin, P. Drucker, and R. Caude and A. Moles.

Table 1
Definitions of management
Timeframe Researcher Definition
20™/21% century. R.W. Griffin Management is a set of activities (including decision making, organizing, leading,
i.e., managing people and controlling) directed at organization (human, financial,
material and information) resources, and used and carried out with the intent to
achieve the organization's goals in an efficient and effective manner.
20™/21% century P. Drucker Management is primarily about people. Its aim is such cooperation of many people
that allows neutralizing weaknesses while making the most of participants’ talents
and strengths.
20™/21% century.. R. Caude, The trick is to combine various resources available to a company, so it achieves its
A. Moles goals with the maximum efficiency. Management should not be confused with
directing, which is the essence of decision-making. It is a set of activities aimed at
achieving positive financial results at the end of certain periods, the selection,
distribution and application of the company's resources, as well as any
relationships that it may have with other legal persons.
Source: own study, after: R. W. Griffin, Podstawy zarzqdzania organizacjami, Wydawnictwo Naukowe PWN, Warszawa 2005, p.
6.; P.Drucker, Skuteczne zarzqdzanie, Wydawnictwo Naukowe PWN, Warszawa 1976, p.76.; R. Caude, A. Moles, Methodologie
vers une science de l'action, Paryz 1964, p. 450.
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Analyzing the literature on the subject, it can be noticed that for a long time management will resemble art
rather than a hard science. However, it is worth adding that management is increasingly based on achievements of hard
sciences. They include the use of technology in management, e.g., computer or multimedia systems that can predict
effects of decisions made, and such analysis is specific to hard sciences [13]. Hence, management is based on the hard
sciences.

Project — basic concepts and definitions

In the literature on the subject, the concept of a project can be considered from a point of view of its several
meanings (depending on the adopted approach or context). In general, a project is an action plan, an initiative or an
idea. On the other hand, in legal terms the project is understood as a document presenting changes, while in technical
sciences, a project involves a sketch, a technical drawing, etc. [8].

In management sciences, a project is considered in terms of an organization and a process. It means a skillful
combination of intentionally planned, integrated, and coordinated activities undertaken with an intent of achieving a
precisely defined goal and obtaining specific results [36].

Features of a project understood as a planned and implemented undertaking are presented in Table 2.

Table 2

Features and characteristics of a project

Feature Characteristics of the project
Objective Shows a direction for achieving a specific goal.
Actions Understood as coordinated and interrelated activities.
Human capital Tasks are carried out by a team (contribution of the human capital factor).
Complexity A project is characterized by a high degree of complexity.
Originality Solutions used in a project are unique and unrepeatable.
Cooperation Collaboration and cooperation between specialists in various fields is required.
Budget It has a specific budget and resources involved in the implementation of a project.
Unigueness The uniqueness of a project.
Separation It goes beyond a scope gf da_lily, routine. activities carr_igd out in a given grganization, it means that
a project is characterized by a specific group of beneficiaries.
Beneficiari The project is targeted at a specific group of beneficiaries and must also have a person responsible
eneficiaries L .
for its implementation.
Ri The implementation of a project is associated with a certain degree of a risk, which may depend on
isk . i - .
multiple factors, and can often be difficult to precisely predict.

Source: own study, after: W. Walczak, Orientacja na cele w zarzqdzaniu projektami Master of Buisness Administration, 4(99)20009,
Akademia Leona Kozminskiego, Warszawa 2009, p. 47.

The above features are necessary for the implementation of the project. It is worth adding that the project may
be implemented within an organization or by several organizations, because projects are often interdisciplinary. A pre-
defined goal must be the result of each project. Targets provide and explain information. However, when analyzing the
meaning of goals, it is worth paying special attention to functions assigned to goals in project management.

Project management functions

An organization is a body where many tasks at different levels of progress are implemented. Hence, different
combinations of activities are carried out in each organization. There are differences in the intensity of those activities
and the amount of time they spend in carrying out these functions. This proves that the management process is
repeatable and that managers are involved in performing functions in a continuous way, called the management cycle
[30].

As the term "functions" is used in the context of the term "type of activity", therefore, different types of
functions are distinguished, including production, service, commercial, and marketing [43].

The literature on the subject provides also a different classification of functions performed by managers, i.e.,
management functions, such as (Table 3) [16]:
Planning
Organizing
Directing / Motivating (in relation to staff)
Controlling.
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Table 3
Management functions and the role of a middle manager
Function Description A role of an executive A role of a middle manager
manager
Planning A manager is responsible for They set global goals as They mostly deal with tactical
setting a global goal and a well as strategic goals, the planning, also known as mid-term
group of detailed goals that implementation of which planning. Usually it will concern a
contribute to its will involve the allocation period from one month to one year.
implementation. of time from one to five
years.
Organization Managers define who should Establishes a hierarchy of goals and tasks. Managers assign
do what, so that the individual tasks, and thus determine the selection, placement and
organization can achieve its training of personnel to perform work in the organization.
goals.

Steering (Leadership/ Managers conduct activities Managers performing these functions work directly with members
Motivating that make members of the of the organization and must provide motivation that releases
Initializing) organization act in a way efficiency and energy among their subordinates.

that will contribute to
achievement of set goals.

Controlling This function is part of the activities that can be termed "managerial feedback”. Managers strive to
ensure that actions of the staff actually lead to the achievement of the set goals. For this reason,
they:

o establish measures to assess task performance
e compare assumed assessment measures with current measurements,
o take possible corrective actions in the event of deviations.

Source: own study after: R.W. Griffin, Podstawy zarzqdzania organizacjami..., op.cit., p. 98.; J. Kurnal (ed.), Twdrcy naukowych
podstaw organizacji.., op. cit., p. 311.

The implementation of projects usually places higher demands on employees than those that must be met in the
case of repetitive activities. Hence, in project management, the issue of creating and managing task teams gains crucial
importance [34]. Hence, in the literature on the subject, concepts related to the manager and team leader appear.

Manager and their tasks in a project

The term ‘manager’ means a person managing an enterprise or a part of it [18]. As a result, an organization
without a manager, their vision and creative elements, motivating and inspiring team members, is an organization with
aspirations to operate.

A manager should have three basic skills:

1) Technical — understood as the ability to use tools, methods and technology.

2) Social, i.e., the ability to cooperate with others.

3) Conceptual — meaning the ability to coordinate the activities of individual groups.

Furthermore, it is very important to include fully incorporated Lean, Problem Solving and Statistical
techniques within the Six Sigma methodology [31]. Consequently, for a manager, conceptual skills are the most
important. The literature on the subject includes numerous studies with guidelines on management, including those by
Henri Fayola or Frederick Winslow Taylor.

Henri Fayola encouraged practicing of principles such as [25]:

1) Work allocation — helps to achieve team efficiency.

2) Authority — is necessary in the performance of managerial duties.

3) Discipline — understood as compliance with the rules and norms established by an employer.

4) Unity of command — each subordinate receives orders from one person (manager).

5) Unity of management — there should be one manager in each team.

6) Subordinating the personal interest to the general interests, i.e., interests of employees cannot predominate
over interests of the organization.

7) Wages — should be fair and depend on work results.

8) Centralization — limiting a decision-making role of subordinates — means centralization, while its increase
leads to decentralization.

9) Hierarchy — linear arrangement of positions (from the highest to the lowest level).

10) Order — every thing and every employee should be in a right place at a right time. Employees selected in
terms of their competences.

11) Appropriate treatment of staff — managers should respect their subordinates and treat them in a favorable
and fair manner.

12) Stability of staff — avoiding high team turnover.

13) Initiative — managers should create conditions for the free implementation of their plans.

14) Esprit de corps, or team harmony — a sense of community in staff.
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In turn, the leader, creating effective visions, is characterized by creative and versatile thinking skills. This
shows that they are not afraid to take risks. This means that the leader, despite all difficulties encountered during the
implementation of a project, is able to lead people efficiently, guiding them in the right direction. They are responsible
for establishing a team, and for developing its goals, action strategy and its capabilities. It is worth adding that an
inspiring leader has the gift of convincing team members, focuses their attention and creates a group of own followers
who accept and understand their vision, and strive for its implementation [38].

Defining the concept of a project leader is rather complicated, and there are many factors that affect the overall
picture. First of all, by acquiring certain character traits and skills, you can learn how to become a leader. To be an
effective leader, a leader must have a right attitude and character traits. We are talking about creativity, responsibility,
charisma, openness, and the ability to handle difficult situations, as well as a kind of persistence in pursuing goals.

Project characteristics and the implementation of proper tasks define the competency profile of the leader. It
covers the skills presented in Table 4.

Table 4
Competency profile of a leader
Specialist skills Innovative skills Interpersonal skills
Particularly important for innovative and They play the greatest role in complex | All leaders have them, and they should
unconventional projects. The most important projects that require significant increase with the complexity of a
of them are: expenditures in terms of time, costs and project. The most important of them
- knowledge, human resources. They include: are:
- experience gained, - creativity, — the ability to think - conflict resolution, — building
- acquired qualifications, e.g., certified creatively and analytically, relationships with people and
language skills, - the ability to use modern delegating powers,
- ability to manage a budget. technologies, — the ability to learn - active listening, empathy,
quickly, - creating the atmosphere in the
- speed reading skills. organization,
- influencing people,
- availability of information in verbal
and non-verbal form.

Source: P. Kopacka, Rola lidera w efektywnym zarzadzaniu zespolem projektowym, [in:] A. Rogozifiska — Pawetczyk (ed.)
Gospodarowanie kapitatem ludzkim. Wyzwania organizacyjne i prawne, Wydawnictwo Uniwersytetu Lodzkiego, £.odz 2015, pp.
129 — 144,

The leader's competences significantly influence the success of a project. Low competences of a manager increase
the risk of failure. Managing a team requires a specific group of qualities that a leader should have. An effective leader is
able to use the acquired knowledge and experience already at a very beginning of team building, i.e., during the selection
and recruitment of candidates for the team. Not every employee shows leadership predispositions. Leadership is related to
charisma, i.e., specific qualities that an individual possesses, influencing the group. The leader has authority, the group
listens to and obeys them. An effective leader is able to estimate the situation without any major problems [42].

It should also be emphasized that in the project management, personnel management aims at achieving the
following three tasks [40]:

1) creating a personnel management system,

2) maintaining the operation of this system,

3) improving the system.

Therefore, it is important to establish the concept of project management and highlight those of its functions
that facilitate the achievement of an intended project goal [22].

Basic assumptions for a project team

Human resources in a project

Human resources are one of the basic factors having a significant impact in the project implementation.
Intended goals are achieved using available resources with a help of people working on a project. Therefore, it is
important to properly motivate employees and create comfortable working conditions [40].

In the project, human resources allocated to it are called a team, i.e., a set of people who have a common,
specific goal for action and mutually complementary skills [19]. The team is also treated as a specific, coherent group of
people with clearly defined roles, norms and group responsibilities [32]. A team shares a sense of mutual responsibility
and of belonging, and a willingness to take action together. As a result, the team strives to perform specific tasks in
order to achieve material and non-material gratification [23].

Therefore, teams in organizations are needed for [1]:

e Analysis of the project environment
Selection of team members
Assigning roles in the project team
Improvement of team members
Team intelligence
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Creation processes during team building

Stages of team development and the role of a leader — Tuckman’s model

The literature on the subject provides many theoretical models of the process of group team development, e.g.,
according to Denise Bonebrigh, or B.W. Tuckman and M.A.C. Jensen. In this work, the author adopted the assumptions
of B.W. Tuckman and M.A.C. Jensen, that for most teams there are five common stages of development. They will
break down the group process into phases (Table 5):

e Stage 1: team formation (Forming),
e Stage 2: settling into the team and conflict (Storming),
e Stage 3: standardizing creation of rules and regulations in the team (Norming),
e Stage 4: action, cooperation (Performing),
e Stage 5: suspension, parting (Adjourning).
Table 5
5 stages of team development
Stage Description Stage and assumptions Leader role in team building
Step 1 Team members meet for the first | Moving from thinking “I” | e  assigning of tasks,
Team formation time. They experience: to “we” ¢ establishing team assumptions,
Forming e caution, e specifying structures and roles,
e uncertainty, o developing rules,
e searching for a direction, e establishing a goal,
e and visible avoidance of a e giving feedback to each person in the
conflict team.
e interactions between team
members are random
Stage 2: Members of the team settle into | Time of stormy talksand | e assigning tasks in such way that
settling into a it. In the team functioning, it is disputes. people need each other, and in
team and conflict | reflected as: consequence, cooperate with each other,
(Storming) e continuous conflict e creating a safe area for talks, exchange
e members resisting of arguments without conflicts,
emotionally e assistance in creation of the team
o fight for power structure,
e avoiding controlling of the team.
Stage 3: Team members: Members accept e ensuring that each team member feels
standardizing e move from conflicts to established norms and responsible for the project and is able to
creation of rules | constructive discussions. roles in the team. The manage time themselves,
and regulations in | e ideas are shared and mutual | leader’sroleis basedon | e supervising and reacting to any
the team support is demonstrated. observing. possible conflict,
(Norming) e being a partner, not a leader, for team
members.
Stage 4: It is a stage of: Team members strive for | e being interested in what is happening
action, e most effective team work. constructive problem in the team,
cooperation e when solutions are | solving. Leadership is e establishing new goals and challenges,
(Performing) implemented accepted e motivating the team,
e being interested in who does what in the
group,

e support in case of any problems,
e providing options for development to
team members.

Stage 5:
suspension,
parting
(Adjourning)

At this stage: A time for summing up e ability to sum up group work

e the cooperation ends the work and draw e emphasizing successes and
because goals have been | conclusions for the future. | achievements of the group,

achieved or all team members o discussing obstacles encountered by the
left the project. group during the process, including an analysis
e relations are  loosened, how the team handled those problems
members  undertake  other e summing up of roles performed,
challenges. ¢ indicating the group potential,

e the group is closed rapidly o discussing with the group the lesson
or during a longer process. learned during team work on that project,

e specifying what development
opportunities were offered to the group
members

e giving them energy for further work
on a different project.

Source: own study after: P. Bohdziewcz, Efektywnosé gospodarowania kapitatem ludzkim, Wydawnictwo Uniwersytetu L.odzkiego,
£6dz 2011, pp. 406 — 407.
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To form a team, the leader should be aware that it is impossible to create an effective team in one day. Building
a team is a group process. Roles are created in it, and members develop common rules of operation. Relationships
between group members are formed, such as conflicts, competition, or cooperation with each other. The way in which
the leader leads the group will have an impact on its further development or disintegration. In turn, the condition for
creating a team is to specify a goal and to establish values, a strategy and a scope of responsibilities [29]. Hence, you
can distinguish factors that affect the effectiveness of the team.

Characteristics of an effective team

Researchers focus on characteristic related to formation of a team and its tasks, as well as to a potential of
individuals within the team and relations between them. The literature on the subject includes studies on characteristics
of an effective team, according to Katzenbach and Smith [23], or the Perform model according to K. Blanchard [7].

When examining the team effectiveness, links both to external factors, i.e., the team's environment, and to
characteristics represented by the team itself can be noted. Therefore, five features of an effective team can be
distinguished, after J.R. Katzenbach and D.K. Smith (Table 6) [23].

Table 6
Five characteristics of an effective team
ITEM Feature Description
1 The team has a goal The goals should:
representing a challengeanda | e  be specific, understandable and act on imagination;
certain problem for the e engage the team emotionally;
members e be translated into specific tasks indicating an actual, desirable result.
Task specification results in a targeted work and a discussion focusing on
relevant subjects. Furthermore, it facilitates assessment of previous work of the
members.
2 Work methods accepted by all Implementation of schedules for meetings and required works.
members
3 Team members have mutually | Team is:
complementary e agroup of no more than 25 people,
interpersonal and specialist | o a set of personalities with the following interpersonal skills: motivating,
skills. negotiating, and predispositions to create challenges.
4 Members are responsible The principle “all for one, and one for all” applies. This confirms that the
towards the team for responsibility is shared by the entire team.
performance of specific work
undertaken by them.
5 The team requires A key task of the team is a sense of:
commitment of each member | e  responsibility for correct performance of activities;
e duty.

Source: Opracowanie wilasne za B. Kozusznik, Zachowania czlowieka w organizacji.., op. cit, p. 17.; K. Blanchard et al.,
Przywédztwo wyzszego stopnia.., Op. Cit., pp. 145 — 146.; M. Belbin, Nie tylko zespot, Oficyna a Wolters Kluwer business, Warszawa
2014,

On a basis of Table 6, it can be seen that creating an effective team requires many actions. The team, on the
other hand, does not automatically become an outstanding group. This shows that people face many barriers to working
together, the first and most banal being that teamwork is not an approach developed during standard education.

Barriers to an effective team

The key barriers to team effectiveness include (Table 7): too little team autonomy, excessive negative
competition between teams, conflicts, a group thinking syndrome, taking overly risky decisions, and social laziness.

Research shows that creating and developing interpersonal relationships is essential for the effective team
functioning [3]. This involves:

o direct influence, i.e., maintaining positive relationships between team members facilitates cooperation,

e indirect influence, i.e., properly shaped and pre-existing interpersonal relationships that improve
communication. Good communication is the basis for the team work effectiveness.

Additionally, many authors emphasize the importance of work autonomy and the complexity of tasks when
building organizational commitment of employees. It was discussed by various authors, including Dunham, Grube,
Castaneda, Meyer, Bobocel, Allen, and Parker. On the other hand, the positive impact of the task complexity on the
team commitment is described, among others, by Van der Vegt, Emans, Van der Vliert, and Parker. Consequently, the
determinants presented above do not exhaust all classifications that can be found in the literature. However, this proves
the existence of many stimuli and groups of factors that are worth taking care of when thinking in a context of building
organizational commitment of employees, thus influencing the increase in the employee team effectiveness [3].
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Table 7
Barriers to an effective team
No Feature Assumptions Possible application
1 Too little team Restricting team activities and The use of flexible organizational structures that will
autonomy excessive control can lead to a enable the adaptation of team activities to an existing
conflict in the organizational situations, and thus improve their effectiveness.
hierarchy.
2 Excessive negative Competition between individual When: work is not done properly, the information flow
competition between teams can have negative is uneven or too slow, members are not inclined to
teams consequences in certain situations. rotate between teams, teams do not collaborate on tasks
that require cooperation.
3 Conflicts Team members put their own Avoiding Conflict.
interests above the collective interest
of the team, adopt passive attitudes,
or the conflict is so strong that the
members decide to leave the team.
4 Group Thinking The team has a sense of infallibility. Theses stated are not questioned, the opponents are
Syndrome ignored or forced to submit.
5 Making overly risky Team members are more likely to Avoiding the lack of a sense of individual responsibility.
decisions take actions that are unpredictable or
they do not consider future
consequences, as they believe that
the responsibility will be borne by
the entire team.
6 Social laziness Reduced involvement of individuals Involvement of every team member.
due to the belief in team
responsibility (“someone from the
team will do this task anyway"),
which leads to a reduced
effectiveness of the entire team.

Source: own study after: J. Blythe, Komunikacja marketingowa, Polskie Wydawnictwo Ekonomiczne, Warszawa 2002, pp. 36-37.;
Armstrong, Zarzqdzanie ludzmi, Rebis, Poznan.2007, pp. 65-66.

Team management and group motivation — selected elements aiming at increasing team effectiveness

The literature on the subject provides numerous suggestions for motivating the project team. Examples include
research by E. Sundstrom. One of the most important factors influencing people’s motivation to work are finances
(small salary increases or bonuses) [6]. Motivating is influenced by needs of a group and tailoring of activities to their
expectations and skills. Consequently, another way of motivating employees is to change their duties [3].

Teamwork is a basic form of work, understood as bringing members of an organization together in a work
process, with established goals and tasks. It is worth adding that effective teams are not created by accident.
Consequently, it is necessary to clarify the goal and the analysis of team work in relation to a management method
(Table 8). According to Sundstrom, well-designed teams promote creativity, extraordinary results, and quick and
flexible response to customer needs [39].

Table 8
Teamwork goals and analysis in relation to the management method
Feature Analysis Management method
Improvement of quality, What was the purpose and meaning of Increasing the product quality.
reduction of shortages and absences. today's meeting?
Determining the hierarchy of tasks by each What was it for? Raising the level of product quality.
employee (including managers), willingness
to help colleagues in work-related problems.
Each employee is able to support others by. Who was supporting them? Increased employee satisfaction due to
less strenuous work.
Reduction of problems with "blocking" What has it interrupted? / Who was Reducing the time needed to hand over
when new products are being launched. interrupting the meeting? the product.
What conclusions can we draw: for our | Increase in the project team efficiency.
team and for an individual member?

Source: own study after: D.P. Schultz, S.E. Schultz, Psychologia a wyzwania dzisiejszej pracy, Wydawnictwo Naukowe PWN,
Warszawa 2002, p. 257.

Managing people in a team is a process that ensures the most effective use of the resources of people involved
in a project. This also applies to the project's stakeholders, including: clients, sponsors and partners [18].
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Kanban as a team management method - essential aspects of the method

Kanban' is a production management method. It was developed in Japan in the 1950s. The term kanban was
first used by Taiichi Ohno. The word Kaban comes from Japanese and means a sheet of paper (Japanese Kan — "visible
description”, Ban — a sheet of paper) [1].

The kanban method reflects the process visualization. A physical or virtual kanban board is the most popular
tool facilitating presentation of the most important stages of work. In practice, it comes down to three columns: To Do,
In Progress, Done [4].

The widespread use of this method in management was brought about by Toyota's insufficient productivity and
efficiency, when compared to American automotive rivals. Toyota's use of Kaban allowed the company to achieve a
flexible and effective just-in-time (live) production control system. This increased productivity while reduced costly
inventories of raw materials and finished semi-finished products.

The ideas of Kanban are summed up by six principles (Table 9) of this concept (Table 10) and the Kaban idea
of — the “7 x nos’ [24]:

1) no defects,

2) no delays,

3) no stocks,

4) no queues — anywhere and for anything,

5) no idle time,

6) no unnecessary technological and control operations,

7) no movements.

Table 9
The six principles of the Kanban system
No Principle Function
A subsequent process turns to earlier process Creates a drive, ensures collection or transport of information.
1 and gets a number of items specified in the
Kanban card.
The preceding process produces items in a Provides information to prevent overproduction.
2 number and sequence specified in the Kanban
card.
3 No items are produced or shipped without It prevents overproduction and unnecessary transportation.
Kanban cards.
4 Always attach a Kanban card to items. Ensures orderly work
5 Defective components are not transported to the | Prevents defective items from being collected: Identifies a faulty
next stage of the process. process.
6 Reducing the number of Kanban cards Reduction of work in progress reduces waste and makes the
increases their sensitivity. system more sensitive.

Source: M. Apreutesei, I.R. Arvinte, Application of kanban system formanaging inventory. “Bulletin of the Transilvania University
of Brasov”, Vol. 3 (52), 2010, pp. 161 — 166.

The basis of Kanban techniques are forms. They are completed in the following order:

1) A dispatcher in a production department (on a basis of data on the forecast demand for a given item) fills in
the planning part of the kanban card and passes it to the production department.

2) A planner in a production department prepares an appropriate production order for a batch of items
(including specifying contractors and allocating resources necessary to perform the task). They fill in the next part of
the card.

3) After the end of production and the quality acceptance of a batch, a contractor detaches one part of the card
and hands it over to the planner (it is a proof of the order completion). The remaining two parts of the card are placed in
a container with finished items (they are transported to the department from which the orders came).

4) At the moment when an employee tears off the second part of the kanban card, they start using the
delivered item. The kanban card is handed over to the production department dispatcher. The dispatcher is informed that
the new stock is already in use.

5) The third part of the kanban card is handed over to the dispatcher when the stock of the item is exhausted.

Table 10
Project management — Kanban concepts
Feature Description
Task (activity) log The following are distinguished:
1. Product Backlog (a set of all activities into which the project was divided, the implementation
of which will lead to the achievement of a goal)
2. User stories — isolating from the entire project activities on which all team members will work.
This method is presented in a form of sticky notes attached to the board.
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The end of the table 10

Feature Description
Board It helps to visualize the work:
1. Shows the current work status.
2. Shows the workload of individual departments in the project team.
3. Shows information about activity limits of individual activities. as well as the status of work on
individual activities.
Visualization of work Helped by:
1. Aboard.
2. Itallows to quickly determine the status of the project, facilitates the work of team members,
and also integrates them.
Kanban Team Team:
1. Defines its maximum capabilities.
2. Cooperates with each other and can solve problems together.
3. Decides about processes modifications during their performance.

Process objective The expected outcome of the process is the handover of the finished process.
WIP (Work-In-Progress) The WIP Limits rule assumes that:
limits 1. Each department has its own maximum "capacity", that is, the maximum number of activities

that it can handle

2. After some space “becomes available” in the department, another task can be accepted.

3. The time devoted to activities is not specified. This means that the team must be disciplined (to
prevent artificial prolonging of the entire project duration)

Priority line Priority line introduced:

1. In the event of an unplanned activity which is necessary for urgent processing, in order to
maintain the process balance.

2. To create a separate "channel" on the board, where the task moves from department to
department outside specified limits.

Source: own study after: M. Krasinski, Mozliwos¢ zastosowania metodyki Kanban w zarzgdzaniu projektami..., op.cCit., pp. 25- 27.

A characteristic feature of this method is the practical liquidation of pre-production (the entire stock is at a
workstation), intermediate, and finished products warehouses. Materials and semi-finished products are delivered from
suppliers with an hourly accuracy. In turn, with the production capacity reserves and the production process flexibility,
it is possible to produce almost any item at any time. Production orders are closely synchronized with orders received
from customers.

Kanban SWOT analysis as an example of a modern management method in a project team — general
assumptions

To test whether the Kanban method is helpful in project management, the author will use a SWOT analysis. As
with any management method, defining the goals you want to achieve is essential for the success. Using Kanban as an
example, to correctly define strategic goals for the project team management it is necessary to analyze external and
internal factors affecting project management. For this purpose, a SWOT analysis (Strengths, Weaknesses,
Opportunities, Threats) was carried out?, which will provide answers to the questions about the strengths and
weaknesses of Kanban (Table 11).

Table 11
SWOT analysis — Kanban method — general assumptions for a modern management method
Strengths Weaknesses

1. Minimize the processing time. 1. The original version of kanban is based on paper

2. Minimize stock levels with simultaneous forms.

harmonious production and timely execution of 2. Increase in transport costs.

orders. 3. Requires greater availability of suppliers — often

3. Match the production volume to the number | raw materials have to be delivered several times a day.

of orders. 4. The method assumes the production in fixed-size

4. Achieve the effect of self-control at every batches corresponding to the capacity of the standard

Kanban — stage of the process to minimize costs of control. shipping container for that item.
general Opportunities Threats
assumptions 1. Visualization of work. 1. Lack of an interactive approach.

2. Measurement and flow management. 2. Limitation of work in progress.

3. Use of models to identify improvement | 3. Low resistance to large fluctuations in demand.

opportunities. 4. It does not take into account the safety stock of

4. Possibility to implement many projects. finished goods, but assumes defect-free production,
requiring a total commitment from all employees,
which creates significant problems in non-Japanese
cultures.

Source: own study after: M. Krasifiski, Mozliwos¢ zastosowania metodyki Kanban w zarzgdzaniu projektami..., op. Cit., pp. 24-32.
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Strengths — Kanban — general assumptions
1. Reduce processing time to a minimum
The sticky note system helps to systematize tasks. This shortens the processing time.

2. Minimize stock levels with simultaneous harmonious production and timely execution of orders
Clear and precise tasks help to achieve the planned goal.

3. Match the production volume to the number of orders
Tasks allocated according to needs and a number of people in a team. This helps to match the production
volume to the quantity of the ordered goods.

4. Achieve the effect of self-control at every stage of the process to minimize costs of control
Tasks verification using a board with cards. Enables an effective process control at every stage.
Kanban improves the perception of tasks allocation in the team and facilitates achievement of project goals.

Weaknesses — Kanban — general assumptions
1. The original version of kanban is based on paper forms
Generating unnecessary forms, thus extending the working time and project implementation.

2. Increase in transport costs
This is associated, among others, with the same tasks specified at different stages of the process implementation.

3. Requires greater availability of suppliers — often raw materials have to be delivered several times a day
No proper assessment of a situation related to the procurement and delivery system. Generating additional time
that extends the implementation of the project.

4. The method assumes the production in fixed-size batches corresponding to the capacity of the standard
shipping container for that item

The method does not take into account any changes introduced during the process. Any changes are possible
after their implementation.

Using the Kanban method may, but does not have to, slow the process of achieving the project objectives.

Opportunities — Kanban — general assumptions
1. Visualization of work
The use of a board with sticky notes as a work tool helps to analyze current tasks and shows individual stages
of the project.

2. Measurement and flow management
By using a board with sticky notes, the measurement and flow of tasks can be observed. This facilitates project
management.

3. Use of models to identify improvement opportunities
Verification of tasks through action models facilitates an analysis of advantages and disadvantages of a given
solution. It also helps to find options for improvement.

4. Possibility to implement many projects
The method is based on multitasking. Using its tools (the Board), it is possible to verify and supervise several
projects.

The Kanban method enables verification the progress of work in the project, e.g., by using Boards with sticky
notes.

Threats — Kanban — general assumptions
1. Lack of an interactive approach.
The Kanban method is geared towards one task only, and the next one may, or may not, disrupt the process.

2. Limitation of work in progress.

A lack of flexibility in action (the use of predetermined guidelines on a board with sticky notes) may, but does
not have to, limit the process of achieving the goal.
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3. Low resistance to large fluctuations in demand.
Changes in demand may make it difficult to achieve the project goal.

4. 1t does not take into account the safety stock of finished goods, but assumes defect-free production,
requiring a total commitment from all employees, which creates significant problems in non-Japanese cultures.

It does not take into account cultural changes. It may or may not be missing some universal applications to
facilitate the implementation of the project.

By constantly analyzing changes in the environment, it can be noticed that the Kaban method may have
cultural limitations. Therefore, it is worth working on these changes. Some of these changes may prove very important
to Kaban development, others less so. By assessing their importance for Kaban, opportunities and threats to its
development can be determined.

The importance and the role of projects in managing a contemporary team

The literature on the subject contains numerous studies on a role of projects in the management of a
contemporary team. This subject was discussed, for example, by M. Flasinski, A. Stabryta, M. Trocki, B. Grucza, K.
Ogonek, and others [15].

In an attempt to explain the significance and the role of projects in managing an organization, several most
important levels and areas can be indicated where their implementation results in measurable benefits. Projects generate
benefits for the entire organization, project teams managers and employees, as well as for clients of the organization [12].

In turn, from the point of view of the entire organization, projects primarily influence [9]:

o effective implementation of business goals, expand ranges for customers;

e increase in the market competitiveness of the organization (improve the position on the competitive
market), help to acquire new customers;

o offering of products or services that meet needs of customers, providing measurable value and benefit for
the customer;

e better improvement in the financial situation of the organization through the product created under the
project;

e away and a form of establishing cooperation and collaboration with other companies;

o development of key competences, and they support the improvement of business processes, implementation
of new technologies, products, solutions, etc.;

e generating significant financial benefits, especially if the organization is involved in large infrastructure
projects (e.g., construction of stadiums, highways, hotels for the European Football Championship Euro 2012, etc.);

e improving the image of the organization. Successful projects significantly improve the image, credibility,
trust, potential of intellectual capital and, in consequence, increase its market value (this can be considered the most
important element of management in a strategic perspective).

Taking into account the changes in the environment, strategic enterprise management requires adaptation of the
existing development options and the necessity to adapt to the current market situation. This means adjusting the
portfolio of implemented projects to the emerging new market requirements.

Hence, projects for managers and members of project teams enable such measurable benefits as [9]:

o professional experience, improvement in professional qualifications, gaining new valuable knowledge;

e increasing the level of job satisfaction, as well as obtaining a source of additional income;

e learning responsibility in a team and developing interpersonal skills and a sense of identification with the
goals of the organization;

¢ building a relationship of mutual trust and esteem,

o elements of organizational learning (provided that the project manager demonstrates an appropriate level of
knowledge, skills and competences, which will allow them to manage the work of the team appropriately. This concerns
motivating people to share knowledge, and to create appropriate communication rules).

o delivery of the final product and service that will meet the customer's needs and expectations;

e asense of customer satisfaction, thus providing measurable added value;

e Dbuilding lasting relationships and increasing the level of customer trust in a given organization.

Nowadays, enterprises implement projects in order to meet the requirements of consumers, global competition
and bodies regulating the market. Projects are understood as the necessity to implement various changes in enterprises.
Their efficient implementation contributes to gaining and maintaining a competitive advantage. In consequence, it
supports an increase in the organization value. With this point of view in mind, it should be stated that projects have a
central place and play an important role in the process of strategic company management.

Conclusion
The aim of this work was to describe and characterize the management of the project team. The hypothesis that
the knowledge of available resources determines the proper management of the project team has been maintained.
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The data provided above shows that managing a project team is an important and useful method for planning
project works. Using the knowledge about the available resources, appropriate activities can be planned (mainly due to
flexibility). The considerations presented in this study emphasize the important role of skillful project planning. From a
practical point of view, this is crucial in the project management. The successful planning of a project results from
many factors, including the role of a manager, business and technological conditions, as well as customer orientation or
the impact of the stakeholder influence [6]. Leadership, motivation and encouraging the participants to share their
knowledge and experience are also important [28]. Another aspect that should also be taken into account is the fact that
the development of a project plan is a task that requires interdisciplinary knowledge from the manager, including in
management, psychology, sociology, technology, etc., as well as appropriate predispositions and skills.

The future of the development of project management sciences will largely depend on the development of
knowledge and access to it. This can be seen in the education. Offered postgraduate studies courses are good example
here, including those at the Higher School of Vocational Education in Przemysl. Therefore, it can be inferred that
managing a project team is an interesting and attractive field of knowledge.

The above work does not fully exhaust the discussed topic. It can only be a point of reference for
considerations related to this issue, and an inspiration for further research.

* Basis of this article is my thesis ,, Present Project Management Process” written as a part of the Business
English course at the Higher School of Vocational Education (in 2021).

Note

! When used as a name of the methodology, the word kanban is written with a capital letter. When kanban is used to
describe the production control system, it is written with a small letter, because it is an idea, a tool.

2 The swot analysis is based on the analysis of the company's strengths and weaknesses, which mainly concern internal
aspects of the analyzed entity (factors that have an impact on it), as well as opportunities and threats that mainly concern
surroundings of that entity (factors beyond its control) after: r. Tylinska, analiza swot instrumentem w planowaniu rozwoju,
wydawnictwa szkolne i pedagogiczne, warszawa 2005, p. 7.
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TEKYIIUI IPOIECC YIIPABJEHHUS TIPOEKTOM

A. INacek, KaHOUAAT YKOHOMUYECKUX HAYK
Bapackas mkosa 3k0oHOMUKH, [Tonbiia

Annomayun. B cmamve npeocmasien npoyecc YnpagnieHus npoekmom. Imom aHAIu3 8 YNPOUeHHOM uoe
npeocmagum Ccnocod noo2oMoSKU K YAPAGIEHUI0 NpoekmoM. B kauecmee npumepa onuuwem memoo Kanban.
Hcnonvzyemvle mMemoowl ucciedo8anus 6K04aiom 0030p co8peMenHol aumepamypusl no oannomy eonpocy u SWOT-
aHanus.

Knrwouesvie cnosa: npoexm, ynpasienue, ynpaeienue npoekmamiu, Kanoan.
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Medical sciences
Mez[mmncxne HayKI/I

V]IK 61

3HAYEHME BBICIINX )KAPHBIX KUCJIOT ITPA ’)KUPOBOM FOJIE3HU NEYEHA

H.IO. Camannapos,
HayuHo-mccnenoBatenbckuid HHCTUTYT TaKUKCKOTO HAIIMOHAFHOTO YHUBEPCUTETA
(Ayman6e), Tamxukucran

Annomayun. B O0annoii pabome npeocmasneHo CpasHUmMeNbHOe 2a30XPOMAmMospauueckoe ucciedo8anue
COOEPICAHUSL BBICULUX JICUPHBIX KUCIOM 8 CblBOPOMKE KPOGU NPU OE3aNKO20IbHOU U AIKOZOAbHOU JHCUPOBOU 6OoNe3HU
neuenuy. Ilokaszano, umo OCHOBHOU NPUYMUHOU PA3GUIMUSL OXCUPEHUSL SGISEICS NOBbIUEHHOE COOEPIICAHUe 6 NedeHU
CB0OOOHBIX HACHIUWEHHBIX HCUPHBIX KUCTOM.

Kntouesvie cnosa: scuposas donesnv neuenu, AcAT, AnAT, LD, I'T'T, neanxozonvuas dcuposas OOLe3Hb
newenu, GUOXUMUYECKUE UCCIEO08AHUSL, HCUPHBLE KUCTIOMbL.

AKTYaJbHOCTb. [[JI1 AMarHOCTHKM >XHPOBOW OOJIE3HH IE€YEHH HCIONb30BAIHM Pa3NIHbIe OMOXMMUYECKHE
METO/IbI MICCIIEAOBAHMS, HAIIPUMED, ONpeeIeHHE 00IIEero XoecTepruHa, oouiero 0enka, akTHBHOCTH (hepmeHTOB AcAT,
AnAT, IN®, I'TT, ypoBHS HMHCYJIMHA, YJIbTPa3BYKOBOE HCCIEAOBAHHWE M PEHTTEHOJOTMYECKOE M Ip., KOTOPbIE HE
MO3BOJISTIOT OKOHYATENBHO TIOCTABUTh IMArHo3 IPH )KUPOBOM OOJIE3HU NEUCHH.

B cBs3u ¢ 3TMM pa3paboTka JOCTOBEPHBIX METOJOB ONPEJENICHUs] COJACPIKAaHMs BBICHIMX JKUPHBIX KHCJIOT B
CBIBOPOTKE KPOBHU 3JI0POBBIX U OOJBHBIX JIOJEH >KUPOBOIM OOJE3HBbIO NMEUeHH (HEaJKOTOJbHAs KHUPOBas OOJe3HH
MEYCHN U JKOTOJIbHAS )KUPOBasi OOJE3Hb IEUYEHH) NPEICTABIAIOT COO0M aKTyallbHYIO 3a/1auy KaK B IUIAHE Pa3BUTHSA
OMOXMMHUYECKHUX UCCIIEIOBAHUH, TaK U IPAKTHYECKOH MEJUIINHEI.

OO0cysxnenne pe3yJbTaToB. B HacTosIIee BpeMs MOUCK JIMTEPaTyphl MOKA3bIBAET, UTO IOKA HE CYIIECTBYET
Kakoro-Jimbo OJHOTO JabOpaTOpPHOTO METOAA HCCIICTOBAHUS, IO3BOJISIONIETO JIOCTOBEPHO MOATBEPANTD, HIIH
UCKJIIOYNTH JUATHO3 KUPOBOH OOJIE3HU NEUSHH.

WzBectHO (1), 94TO CBOOOAHBIE KUPHBIE KHUCIIOTHI, B OOJIBIIOM KOJMYECTBE BBHICBOOOKAAIOIINE U3 XUPOBOU
TKaHU OpPIOUIHOW ITOJIOCTH, MOCTYMAIOT MO BOPOTHOH BEHE B IIEYCHB, a 3aT€M B CHCTEMHBIH KPOBOTOK M HapyIIAIOT
(YHKIMIO HHCYJTHHOBBIX PELENTOPOB, H YCYTYOJSIOT HHCYJIMHOPE3UCTEHTHOCTE. DTOT MPOIECC MPUBOJNUT K YCUIICHHIO
CHHTE3a B HEW TPUIIIMIEPHUIOB U JIMIIONPOTENI0B OUCHb HU3KOH IJIOTHOCTH, YBEINYMBAs HX COJEpKaHKWEe B KPOBU. DTO
SIBIICHHE CIIOCOOCTBYET Pa3BUTHIO KHUPOBOH OOJIC3HH ITECUCHH.

Ectp npyrme MHEHHE O TOM, YTO OCHOBHOM NPWYMHHONW pPAa3BUTHA OXXKHUPEHUS CUHUTACTCS MOBBIIMIEHOE
coJlepKaHNe B TICUCHH XOJIECTEPHHA, TPUTIIUIIEPUIOB, KUPHBIX H JKETUHBIX KHUCIOT. HegocTaTok 3T0i hopMymTupoBKH
JUIS TIOCTaHOBKH 00Jiee TOYHOTO AUArHO3a KUPOBOH O0JIE3HNU MEUSHHU 3aKITI0UACTCS B CIEAYIOIIEM:

1. He ompeneneHHO coaepikaHHE KaXKAOM MO OTIENBbHOCTH JKUPHBIX KHCIIOT B CHIBOPOTKE KPOBH y OOJBHBIX
KHPOBOI 0OJIC3HBIO TIEUCHH.

2. He yureHo o0Opa3oBaHHME XOJICHHOBBIX KHCIOT, KOTOpbIE IIOCTYHAalOT B CTEHKY KHIIEYHHKA U B
SMHTETNAIBbHBIE KJICTKH KUIIEYHBIX BOPCHHOK, BHOBD PACIafaloTCs Ha KUPHBIE U )KEITYHbIE KUCIIOTHI.

OcHOBHasi TIpUYHMHA Pa3BUTHS TIpoliecca SKUPOBOW OOJNE3HM IEYEeHH — 3TO IMOBBIIIEHHOE ITOCTYIUICHHE
TPUTIIMLEPUIOB, XHUPHBIX KHCJIOT, MOAABIEHHE OKHCIEHHs XUPHBIX KHCJIOT, MOBBIIICHHE COJCP)KaHHS B IEUCHHU
riunepoin-3-ocdara, ycuiIeHne CHHTE3a )KUPHBIX KUCIIOT B MeUeHH (TIPH 370YIOTPEOICHNH aJIKOT0JIeM) U st APYTHX
MeTa0OJMUECKUX MEXaHW3MOB, JEHCTBHE KOTOPBIX CIIOCOOCTBYET YBEIMUYCHHIO COICPKAHUS TPHUIIIHLEPUIOB H
XOJIeCTeprHA B MapeHXuMe nedenu [1].

Hcxons w3 BhIIECKa3aHHOTO, pa3pa0dOTKa JOCTOBEPHBIX M IOCTYIHBIX METOIOB OIPEACICHUS COACpKaHHS
XOJIeCTepoia M JKMPHBIX KHCIOT WTPAlOT BAXHYIO POJb IS IHMATHOCTHKHU KMPOBOHM Ooyie3HM TedeHH. BrlsBienue
YCIIOBHI OTIpeIeIeHHUs] BBICIINX KHUPHBIX KHCIOT M OJJHOBPEMEHHO MCIIONB30BAaHIE ITHX PE3yIbTaTOB ISl JUATHOCTHKHU
KHPOBOI OONE3HM MEYEHH B COOTBETCTBHM C HACTOSIIMM HCCIEJOBAaHHEM, NPEICTAaBIIIET COOOH BaXKHBIN BOMpOC,
HEOIUCAHHBIN B JINTEPATYpE.

PesynbraTel onpesieneHus ypoBHS BBICIIMX JKUPHBIX KHCIOT B CHIBOPOTKE KPOBH 3/I0POBBIX JIMII U OOJIBHBIX
CTEaTO30M MEYEHU M CTEaTOrenaTuTOM Ha Pa3IMYHBIX CTATSAX NpeICTaBIeHb B Tabmune. [lokasaHo, 4TO y 3/I0pOBBIX
JIOACH Cper HACBIICHHBIX KUPHBIX KUCIOT 29 % cocraBmimm nanemutrHOBas (C16:0 19,50 %) u creapunosas (C18:0
9,50 %), npuueM MpOLEHTHOE COIepKaHNe TTATbMUTHHOBOW KUCIIOTHI OBLIO MTOYTH B J]Ba Pasa BBIIIE, YEM CTEAPHHOBOM.
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Yt0 KacaeTCsi MOHOHEHACHILICHHBIX JKHPHBIX KHCIOT, B OCHOBHOM Mpeobnanana onenHoBas kucnora (C18:1),
cozepxanue kotopoi coctaBuio 24,05 %. 13 nonnHeHACHIIEHHBIX KUPHBIX KUCIOT Oblja MOBBIIIEHA KOHIIEHTPAIUI
smmHoJNeBoit (C18:2) u apaxunoHoBoii (Cyg4) kucnoT u coctraBuna 22,80 u 8,80 %, coorBeTcTBeHHO. JlaHHBIE TaOIUIIBI
CBUJICTEIBCTBYIOT, YTO COJIEp)KaHHE HACBHIIIEHHBIX JXHPHBIX KHCJIOT B CBIBOPOTKE KPOBH OOJIBHBIX OKa3aJoCh
MOBBILLIEHHBIM TI0 CPAaBHEHUIO C KOHTPOJIEM M COCcTaBWio B cpenHeM 36,31; 31,13; 34,83 u 73,42 % oT oOuieil cymmbl
BBICIINX YKUPHBIX KUCIIOT, CPEIH KOTOPBIX Npeobianany nansmutrHoBas (C16:0 60,08 %) u creapunosas (C18:2 42,19
%) xucaoTel. OTMEYEHO TaK)Ke 3aMETHOE IIOBBIICHHE KOHIECHTPALMH MOHOHCHACHI[CHHON OJCHHOBON KHCIOTHI —
99,94 %.

Tabauya
CopepixaHue ;KMPHBIX KHCJIOT B CBIBOPOTKE KPOBH 30POBBIX JIMII, 00/IbHBIX CTEATO30M MeYeHH
HA Pa3IMYHBIX CTAIUAX U cTeaTorenaTuroM (B % ot oduiero coaep:xxanus, M £+ m)

7Kupneie IpakTHyecku
KHCIOTHI 310pOBEe CTEATO3 CreaTorenaTurt
(n=22) Icr. II ct. 111 cr. (n=21)
(n=21) (n=39) (n=39)
ITaneMuUTHHOBAS 19,50 £ 0,70 2290 +0,78 18,61 +£0,64 18,57 £ 0,63 47,93 +1,71
CreapuHOBast 9,50 + 0,55 13,41 £0,78 12,52 +£0,73 16,26 + 0,94 2549 £1,47
OrnenHoBast 24,05 + 0,94 32,2+1.25 29,63 +£1,15 38,11+1,4 5723 £2,24
JluHoNEBast 22,80+0,31 8,35+0,10 11,45+0,14 10,41 £0,12 13,65+0,17
JIunoneHoBast 6,62 + 0,09 7,28 £0.09 7,08 £ 0,09 3,55+£0,047 16,50 +0,22
ApaxuoHoBast 8,80 +0,27 15,80 £ 0,49 11,77 £ 0,36 7,77 £0,24 33,29+1,10
Cymma:
> HachleHHbIX 29+141 36,31 £1,74 31,13 +1,48 34,83 £ 1,66 73,42 +3,57
> MOHOHEHACHIIICHHBIX 24,05 + 1,04 3224125 29,63 +0,88 38,11 +£1,49 5723 +2,24
> TlonuHEeHACUIIICHHBIX 38,22 +1,69 31,43 +1,37 30,03 +1,31 21,73 +0,95 63,44 +2,79

Ecnu OGpaTI/ITI) BHUMAHHC Ha COJACPKAHHC MOJIMHCHACBINICHHBIX >XUPHBIX KHCJIOT Ha IMPHUMEPE JIMHOJIEBOU
apaxuJOHOBON KUCIIOTHI, TO UX CyMMa B cpeaHeM coctaBisieT 30,28 %, a B cimyuyae creatorenatutoB 13.65 %. Kak BunHO
coJiep)KaHue JIMHOJIEBOM KHUCIOTHI CHIKaercs A0 13,67 % munoneBoit 10 — 16,50 % u apaxumonoBoii 10 — 33,20 %. B
cydae cTeaToremaTuTa CoJep)KaHWe JIMHOJIEBOW KHCIOTHI cocTaBisieT — 13,65 %, munHomeHoBodt mo 16,50 % wu
apaxunoHoBOH — 33,29 % (cM. Tabnuiry).

Pe3ynbTaThl ra30XpoMaTorpaduuecKoro aHainnu3a CBHACTEILCTBYIOT O TECHOM CBSI3HM Pa3BUTHsI HEAIKOTOJIbHON
KUPOBOM OOJIE3HU TIEYeHH C abJOMHUHAIBHBIM MPOLECCOM, TaK 4YTO OXKHPEHHE I[EYCHH MOXHO OOBSICHUTDH
YBEJIMUYCHHBIM MOCTYILICHHEM HACBHIIIEHHBIX XUPHBIX KUCIOT HEMOCPEACTBEHHO K MEYSHH MO MapTojibHOW BeHe. Ha
OCHOBE TIOJIyYCHHBIX PE3YJIbTATOB, MOCTPOCH TIpauK 3aBUCHUMOCTH KOHIEHTPALMH BBICHINX IKHUPHBIX KHCIOT
CBIBOPOTKH KPOBH 3/I0POBBIX JIMIl M OOJNBHBIX CTEATO30M IEUCHH HA PA3IMYHBIX CTA[UIX M CTEATOrenmaTUTOM. Takum
o6pa30M, MNpCACTABJICHHBIC TaHHBIC ABJIAIOTCA OJOCTOBEPHBIMU W WX MOXHO HCIOJb30BaTb, B Ka4Y€CTBE
JIOTIOJTHUTEIBHOTO TECTa C IEJIbI0 MOCTAHOBKA TOYHOTO MPOTHO3a W 3(PQPEKTHBHOrO JICYCHUST OOJBHBIX CTEATO30M
TNICYCHNW Ha Pa3/IMYHbIX CTAAUAX U CTCATOICHAaTUTOM, PE3YJbTAaTbl KOTOPLIX MOXHO HCIOJIB30BATh JJIA JUATHOCTUKU
OO0JIbHBIX KUPOBOU 0O0JIC3HU MEYCHU.
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Abstract. This paper presents a comparative gas chromatographic study of the content of higher fatty acids in
blood serum in non-alcoholic and alcoholic fatty liver disease. It has been shown that the main reason for the
development of obesity is the increased content of free saturated fatty acids in the liver.
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V]IK 61
AHAJIN3 DHIOKPUHHbBIX HAPYUIEHUI B ACNEKTE MEJULIMHCKON BUOJIOT UM

H.A. CyaraHfexoBa, KaHIUIAT OMOIOTHYECKUX HAYK,
Kadenpa meagummaCKO# 1 OMOTIOTHYECKOW XUMUH, MEAUIIMHCKON ONONOTHH, O0IIIei TeHeTHKN
TamkenTckwii [lennatpuaecknit Meaunmacknit UacTuTyT, Y30eKNCTaH

Auuomauuﬂ. B Hauty cmanmbvio 6KII0Y€eHbl oanmvle JaumepamypHoco 0630[761 no acnekmam SHaOKpuHHblx
HapymeHuﬁ, Komopble umerom 6diiCHoe 3Ha4erue 6 MeauuuHCKOﬁ buono2uu u ocmaromcs OMKpPbIMbIM 60NPOCOM.
Knroueeuvie cnosa: ananus, 36160]16661Huﬂ, nou4Ku, cep()ue, OCJIOHCHEHUAL.

C pocToM 4acTOThl YHJOKPUHHBIX 3a00JIeBaHUIl y JeTeil Bo3pacTaeT (pOpMUpOBaHHE MOPAKEHUH OpraHoOB —
MHUILIEHEH, yale — Mo4eK. Y 3HAYUTEeNIbHOW YacTH JrofAed ¢ SHIOKPUHOMATHSIMHU MATONOTHS MOUYEK JUArHOCTHPYETCs
HECBOECBPEMEHHO, UTO HETaTUBHO BJIMSET HA TEUCHHE M IPOTPECCHPOBAHUE 3a00JICBaHUSI.

Kak oTme4aroT aBTOpHI JUTEpATYpHBIX UCTOYHUKOB, OKUpeHHe, caxapHblil auadet (C]) u, hopmupyromasics
Ipu 3TUX 3a00JIeBaHUsIX, apTepuanbHas runepreHsus (Al) sBsIOTCS «MeTabOIMYECKOH Tpuamol» pa3BHTHS
COMAaTHYECKHUX 3a001€BaHHN C TOPAKEHUEM TTOUYEK.

OnunMu 13 HamOoJiee YacThIX NPUYMH Pa3BUTHSA HEPPOCKIEPO3a, NPUBOAAIIECTO K PAa3BUTHIO XPOHHUYECKOH
MOYEYHOW HEJOCTATOYHOCTH M CMEPTH OOJBHBIX TPYJOCIHOCOOHOTO BO3pACTa, SIBISIOTCS WMMYHHO-BOCTIAIUTEIbHBIC
3abosieBaHns KiIyOO4YKoB modek M caxapHbii nuaber (CJI). B cBsa3m ¢ 3TUM 3amemieHne WM TPEIOTBpAILCHHE
MIPOTPECCHPOBAHUS XPOHWYECKUX 3a00JIEBaHMH TOYEK MPEACTAaBISAIOT cOOOH OJHY U3 CEpPhE3HBIX NpOoOIEeM
COBpPEMEHHOW He(POJIOTHH, PEICHUEe KOTOPOH HEBO3MOXKHO O€3 BBISICHEHHSI TaTOreHe3a ATUX 3a00JIeBaHHH.

3apyOeXHBIMH M OTEUECTBEHHBIMU aBTOPAMHM TaKKe OTMEYEH TOT (DAKT, YTO IIMPOKasi PacHpOCTPAaHEHHOCTh
caxapHoro nauabera BO BCEM MHpE, OCOOEHHO B NPOMBIIUICHHO pPa3BHTBHIX CTpaHaX, W HENPEpPBIBHBIA pOCT
3a00JIEBAEMOCTH CaxapHbIM JHa0ETOM C OJHOBPEMEHHBIM YBEIWYEHHEM IPOJODKUTENFHOCTH JKH3HU OOJBHBIX
MPEAINOoJaraloT ¥ POCT JUa0ETHYECKOTO IMOPaXKCHUs IMOYeK, TaK Has3biBaeMoil nuadbermueckoil Hedpomatuu (IH),
KOTOpast SIBJISIETCS OJTHMM W3 HanOoJiee TPO3HBIX COCYIMCTBIX OCIOXKHEHHUN AnadeTa U pa3BUBAETCS, IPEXKAE BCETO, IPH
HEYZOBJICTBOPUTEIEHON  KOMIIGHCAIIMM  YIJIEBOJHOTO oOMeHa. KimHmipmcramMm oOTMedeH TOT — (akT, dUTO
pactpoctpaHeHHOCTh [IH BapbHUpyeT B pa3inuHBIX PETHOHAX MHpPA, COCTABIS IIPH caxapHOM auadere | U 2 THIIOB OT
25 no 40 % mocne 25-30 netHero TeyeHus Oone3HU. B TO ke BpeMs, OT ypeMHH yMHUPAET KaKIbIA TpeTHH OOJbHOU
caxapHbIM nuabeToM | THHa M KaKIBIH MATHIA OOJMBHOM caxapHbIM amaderom 2 tuma. Oxumaercs, 9to kK 2010 romy
9rcII0 OOJBHBIX C TEPMHHAIBHOW IMOYEYHOH HemocTaTOYHOCTRI0 BeneacTeue JJH yaBoutces. s npenorspamenns JH
HEOOXOAMMO CBOEBpPEMEHHBIE NpoduiIakTuka U jedeHne OonbHbIX CJl ¢ nnmabetnmueckoil Hedponarmen. ITosTomy
Ba)XKHO 3HaHHe MexaHu3MoB pazButus IH, daxkTopoB prcka U mporpeccMpoBaHusi, a Takxke Hanbosiee 3()(EeKTHBHBIX
JIEKapCTBEHHBIX CPEACTB, CO3JaHHE KOTOPHIX HEMBICIMMO 0Oe3 BBIACHeHMs matoreHe3a J|H. B mocnemgnue roxsl, He
OoTpHIas 3HAuU€HHE Tumeprimkemun, paszsutue JIH cTamm CBA3pIBaTh C  HapylmleHHEeM MeTaboiam3Mma
riko3amuHorimkanoB (I'AI), ocobenno remapancynbsgara (I'C), ¢pyHkumu 6azanbHONH MeMOpaHbI, ME3aHTHAIbLHOTO
MaTpuUKCca M COCYIOB Kak B TJOMepylax, Tak M B TyOyspHOW dacTu HedppoHa. Hapymenme wmerabonmsma
[JINKO3aMHUHOTIMKAHOB MMEET MECTO U B MaToreHe3e Hepockiaeposa mpu XpoHudeckoM riiomepyiaonedpute (XI).

A TaxKe MHOTMIMH aBTOpaMHU YCTaHOBJIEHO, YTO 3HAUEHHE HapyIICHH METa00JIM3Ma IIIMKO3aMHUHOTIINKAaHOB B
passutiu JJH u XI' moarBepkmaercs addextuBHOCTRIO NedeHus JJH m XIT mpemapaTamMu TIHKO3aMHUHOTIIHKAHOB,
KOTOpBbIE yMEHBUIAIOT WIM MPEAYNPEeKAAT TOSBICHHE MUKPOAIbOYMHUHYPUH, YMEHBIIAIOT IPOTEHHYPHIO.
BbesycnoBHo, mnst cosmanust Gonee 3¢ddexTuBHBIX cpenctB u3 AL, HeoOXOIMMO HE TONBKO KOHCTAaTHPOBAThH
HapymeHne Merabomm3ma odmmx ['AT, Ho u Beuicauts npu JJH u XI' m3meneHus B merabommsme dpaxmumit ['Al,
o0ecrieunBaIMX HOPMabHYIO (DYHKIHUIO TI0YEK, — 3TO B OCHOBHOM renapaHcyibdar u xonapoutuHeyisdar (XHUC).
OpHaKko JaHHBIE JTUTEPATYPHI, YKa3bIBAIOIINE HA N3MEHEHHMS B cogepykanuu ooutmx Al u ux ¢paxiuii B Mode 1 KpOBH
mpu JJH wn XI' noBospHO mpoTHBOpednBHL. B ocHOBHOM m3ydanock coxaepxkanme Al B moue. Jlump B
HEMHOTOYHCIICHHBIX paboTax coaepxanue I'Al" y 6ompHBIX CJ HCcienoBaioch B CHIBOPOTKE KPOBH U XI .

JanepHeWmuii aHanW3 JUTEPATYPHBIX HMCTOYHUKOB TIIOKa3ajd, YTO B TPAJUIMOHHOM IIPE/ICTaBICHUH
(¢opMHUpOBaHHE XapaKTepHBIX CTPYKTYPHBIX HM3MeHeHHH B moukax mpu CJ[ | THma yHUKanbHO, THIIMYHBIC
Mopdoornyeckne U3MEHEHHs 3aTparuBaloT IPEHMYLIECTBEHHO KIYOOUKOBBIM ammapaTr ¢ yTOJNIIEHHEM Oa3aibHOH
MeMOpaHbl U pa3BUTHEM ME3aHTHAIBHOM HKCIIAHCHH, B TO BpeMsl Kak crenuduyeckne M3MEHEHHs KaHaJIbLIEBOTO
ammapara, a Takke MHTEPCTHIMS M apTepHol HOSBISIOTCS ye Ha Oojee MO3AHUX cTaausx 3aboneBanHus. OpHaKo
UCCIIEIOBAaHMs TIOCIEAHHUX JIeT MOKa3ald BOBJIICYEHHOCTb B IATOJOTHUECKUIl NpOLECC U APYTUX CTPYKTYpPHBIX
KOMITOHEHTOB TKaHM II0YEK, a UMEHHO: KaHalblleB M MHTepcTHLUs. Jnaberndeckast TyOysomaTus XapakTepH3yeTcs
PSZIOM CTPYKTYPHBIX M (DYHKIHMOHAJIBHBIX W3MEHEHHH: TUNEPTPOGHs TyOYIOSIUTENHAIBHBIX KIETOK, YTOJIIEHHE
6a3ampHON MeMOpaHBl KaHAJBIEB, AIHUTENHAIBHO-ME3EHXUMalbHas TpaHcopMauss M HAKOIUIEHHE TJIHKOTEHA.
Pa3Burne yka3aHHBIX M3MEHEHHWH B KaHAJIBLIEBOM amlIapaTe MOXKET MPEIIIeCTBOBATH JINOO MPOTEKATh MapPaJUIETIHHO C
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N3MEHEHHMSIMH B KITyOOYKax M Ha JOKJIMHWYecKod cranuu J|H, korna Bce nmaboparopHble nokasarenu (yHKIUU MOYeK
OCTaroTCsi B HOPME, M B BHUJy BBICOKMX pE3EPBHBIX BO3MOXKHOCTEH MACKUPYIOT CHIDKEHHE (QYHKIHH IIOYeK.
Bruomapkepbl kaHanblleBOW AMCHYHKIMU MPEICTABISIOT cOOOW PH3UMBI MOUYM (PH3MMYPHS) WM IUIA3Mbl C HU3KUM
MOJIEKYJISIPHBIM BecoM. [loBbIIICHHE MOUYEBOIM IKCKPELUH 3TUX OEJIKOB MOXKET IPOMCXOAUTH BCIICACTBHE CHMIKEHHOM
peabcopOuMK W3 TUIa3Mbl WM TOBBIIMICHHON CEKPElMW SIHUTENUATbHBIMUA KJIETKAMU KaHAJIbLEB, YTO MPUBOAMT K
pasBuruto I1Y. Hanbonee n3y4eHsl cpean HUX JIMIIOKAINH, aCCOLMUPOBAHHBIN C jxkenaTuHa3zol HertpoduinoB (NGAL)
1 MOJIeKyJa modeqaoro nospexaeHus 1 tuna (KIM-1), kotopsie B 20 HacTosIIIee BpeMs paCCMaTPUBAIOTCS B KaUeCTBE
MPEANKTOPOB OCTPOTO IOYEYHOTO TIOBPEKACHUS TNPH PA3IWYHBIX TOKCHYECKHX HE(PPONMaTHAX, HIIEMHICCKOM
MOPAXECHUH TOYEK MPH OOIMPHBIX KapIUOXUPYPTUUECKHX BMEIIATEIbCTBAX WK cercuce. Pomp 3THX 6moMapkepoB B
Pa3BUTHH XPOHUYECKOI MATOIOTMU MOYEK [TOKA HE U3yYeHa.

CrnennanuctaMy OTMEUYEHO, YTO KoyutareH IV Tuma sBISIETCS OCHOBHBIM KOMIIOHEHTOM ME3aHTHalIbHOTO
MaTpuKca, a Takke 0a3arpHOW MeMOpaHBI KITyOOYKOB M KaHAIBIIEB, OOECTIeYNBas CTPYKTYPHYIO M (PYHKIIMOHAIEHYTO
MOJJIEPKKY PA3IMYHBIM THIIAM KJIETOK. BBUIY BBICOKOM MouseKkyisipHOit Maccsl (540 k/la) dwibTpanus storo Oenka B
KIIyOOuKaXx MHUHHMMallbHa, TaKMM 00pa3oM O3KCKpEIHs KoJlareHa C MOYOH MOXKET OTpa)kaTh HPOLECCHl M3MEHEHUS
MaTpUYHOTO CHHTE3a/Aerpajalud B MOpaXKEHHBIX Moukax. [lokazano, yto npu CJI Hapymaercst OanaHC MEXIy
OCHOBHBIMH KOMIIOHEHTaMH Oa3ajibHOi MeMOpanbl kiyoouka (BMK) B BuJe MOBBIIIEHHOTO OTJIOKEHUs KOJIJIareHa |
CHIDKCHUS COJIEpKaHUsl JIAaMUHMHA M IPOTEOINIMKAHOB TenapaH-cynbgara. [loBblieHHOE 00pa3oBaHME KOJIareHa
SIBJISIETCSI IEHTPAILHBIM 3BEHOM B ITOPAYKEHUH IKCTPALICIUTIONSPHOTO MaTpHKCa KITyOOUYKOB.

A TakxKe aBTOpaMH YTBEPXKAEHO, YTO IIOJOLMTHI MPEACTABISIOT cOOOW HE CIOCOOHBIE K pETCHEpaIiy
BBICOKOCTICIIAIN3NPOBAHHBIE BUCIEPAIBHBIC SIHUTEIUATIbHBIE KICTKH, (OpMHpYIOIINE AKTHHOBBIM ITMTOCKENET M
PETYIHPYIONINE CEJIEKTHBHOCTh M IPOHUIIAEMOCTh IENIeBON AnadparMel KiyooukoB. CrenuaiucTaMu 3Toid obmactu
YCTaHOBJICHO, YTO ITOJOLMTOIEHUS MHUIMHUPYET MPOIECCH INIOMEPYJIOCKIepo3a, yCuianBas (OpMHUPOBaHUE CHHEXHH
Mexay mnogomuraMu u  BMK. TloBpexkaeHne LENOCTHOCTH MOAOLMTAPHOTO IUTOCKENETa COMPOBOXKAAETCS
CIUTIOIMBAHUEM, DACIIUPEHHEM U COKpAallleHHEeM NOJAOLMTOB, pPa3BUTHEM T.H. (PEHOMEHa «CTHUpAHHUM» HOKEK
MOJIOLIUTOB, YTO MPHUBOAUT K PA3BUTHIO NMPOTEHHYPUH. 3aKOHOMEpPEH HHTEpPeC K HKCKPELUH PA3IUYHBIX ITOJOLHUT-
cneuupUYHBIX OENKOB, MO3BOJISIOIINX OLIEHHTh HAJIMYHE NUA0CTHYECKUX HM3MEHEHHH B NMOYKaX Ha CaMbIX PaHHHUX
craguax 3aboneBanusi. HeppuH M momonuH OTHOCATCS K OelkaM, acCOLMUPOBAaHHBIM C IeneBod nuadparmoii
kiyooukoB. Hedpun oTHOCHTCS K cynepcemelicTBy nmMmyHorno0yniHoB (IgCAM), BHEKJIETOYHBIE JOMEHBI KOTOPOTO
(hOPMHUPYIOT «CKEJIeT» IeNIeBOi auadparMbl, a BHTYPHKJICTOYHBIN JOMEH, cofepkaiiuii 8 17 THPO3UHOBBIX OCTATKOB,
peanu3yeT AelicTBUEC He()pHHA KaK CHTHAIBHOW aare3nBHOW MOJIEKYIBl. [100IiH nMeeT MOJIeKYIsIpHYyIo Maccy 42 k/la
U OTHOCHTCS K OelKaM CTOMAaTHHOBOTO CEMEWCTBA, JIOKAIM3YSCh B HOXKAxX IIOJOLUTOB, OH B3aUMOJCHCTBYET ¢
HeppuHoM u CD2- accommmpoBaHHBEIM mpoTemHOM (CD2AP), y4acTByss B 00pa3oBaHHM TpPaHCMEMOPAHHOTO
KOMIUIEKCa, 3aKperisist HeprH B TIIOMepYIIIpHOi MeMOpane. [loBpekaeHne i MyTaluy B reHaX, KOJUPYIOMINX 3TH
0eNKM, MOTYT NPHUBOIUTH K MAaCCHBHOW mpoTeMHypuuu. OJHMM W3 BO3MOXXHBIX MEXaHH3MOB ydacTHs He(ppuHA B
matoreHese J[H sBnsercs cBs3piBaHWE OENKOB, Takux Kak (ocdomHozuTun-3- kmHaza u ¢ochomumaza Cyl ¢
LUTO30JIbHONH THUPO3UH(POCHOPUINPOBAHHON YacThlO, YTO IO3BOJISIET MOAJEPKUBATH IIUTOCKENET IOJ0LUTAPHOTO
anmapara.

Knuauimucramu otmedeHo, 9to y nanueHToB ¢ J{H skcmpeccus HeppuHa u conepkanne MPHK cHmxensl, uto
COTIPOBOXKJAETCS TIOBPEXKACHUEM aKTHHOBOTO IIUTOCKENETa, CTUPAHWEM HOXKEK MOJOIMTOB U Pa3pyLICHUEM IIeNeBOil
nuadparmel. BTopoil BO3MOXXHBIH MEXaHH3M, 3TO y4dacTHe HepuHA B PETYJSIMH YyBCTBUTEIBHOCTH K HHCYIUHY
moounToB. L{uTommasMaTinueckuii JOMEH OTBETCTBEHEH 3a CBSI3bIBaHNME MHCYNMHHOBBIX perientopoB GLUT1 nu GLUT4
¢ MeMOpaHHBIMHU OeJIKaMH, CBsI3aHHBIMHU C Be3nkynaMu (VAMP), 4To 1o3BossieT paciio3HaBaTh HHCYJIMH U peali30BaTh
(aKTUBMpPOBAaTh) BHYTPUKIETOYHBIE CHUTHAJIbHBIE MYyTH. Tak, B YCJIOBHAX HOPMOTJIMKEMUH yJaJleHWE MOIOLMT-
CHEeUU(pHUIHOTO PELEeNTOpa WHCYJIMHA Y MBIIIeH NPHUBOIWIO K Pa3BUTHIO ANbOYMHHYPHH W THCTOIIATOJIOTHYECKUX
n3MeHeHnid TunudHEIX it JJH. KpoMe Toro, B CHIKEHHM aKTHBHOCTH (MOpaXXEHUH) HE(pPUHA UTPAIOT BAXKHYIO POJIb
AT Il u VEGF.

Takum 00pa3zoMm, MOABOAS UTOT JUTEPATYPHOTO 0030pa MOXHO OTMETHTH, YTO M3yUCHHE MaTOT€HETHYECKHX
¢akTOpoB W MeTabONMUYECKMX HApyIIEHHH NpH (OPMHPOBAHMU BTOPHUYHBIX HE(POMATHH MO3BOJIUT HE TOJIBKO
QUAarHOCTHPOBATh JIOKIMHIYECKYI0O CTaguio 3a00JieBaHMSA, HO W CBOEBPEMEHHO TIPOBOAWTH IPEBEHTUBHBIE
MEPOIPUSITHS.
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ANALYSIS OF ENDOCRINE DISORDERS IN THE ASPECT OF MEDICAL BIOLOGY

I.A. Sultanbekova, Candidate of Biological Sciences,
Department of Medical and Biological Chemistry, Medical Biology, General Genetics
Tashkent Pediatric Medical Institute, Uzbekistan

Abstract. Our article includes data from a literature review on aspects of endocrine disorders that are

important in medical biology and remain an open question.
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