q)eﬂepaHBHOG rocyagapCTBCHHOC 6I-O,H)KCTHOC O6p&30BaTeJH>HO€ YUpPCIKIACHUC
BBICHICTO 06p330BaHI/I}I

«TBepcKkoM rocyIapCTBEeHHbIN TEXHUYECKU YHUBEPCUTET)
(TBI'TY)

BECTHHUK
TBEPCKOI'O T'TOCYIJAPCTBEHHOI'O
TEXHUYECKOI'O YHUBEPCUTETA

Cepus «CTpouTteabCcTBO.
DJIEKTPOTEXHUKA U XUMHUYECKHE TEXHOJIOTHID)

Hay4Hblil pereH3MpyeMbli Ky pPHAJI

Ne 3 (27), 2025

Tseps 2025



Bectauk TBepckoro rocyaapCTBEHHOTO TEXHUYECKOTO YHHUBEPCUTETA!
HayuyHblil KypHall. Cepusi «CTpOUTENBCTBO. ODNEKTPOTEXHUKA M XUMHUYECKHUE
TEXHOJIOTUM». TBepb: TBEPCKOM TOCYyNapCTBEHHBIM TEXHUYECKUN YHUBEPCUTET,
2025. Ne 3 (27). 102 c.

Bxitouaer HaydHble CTaThU, MOATOTOBJIECHHBIE HAa OCHOBE PE3YJbTaTOB
UCCJIEOBAHUM M 3KCIEPUMEHTAIBHBIX pPa3padOTOK B 0OJACTU CTPOUTEIBCTBA,
ANEKTPOTEXHUKHU U XUMUUYECKUX HAYK, BHIMOJHEHHBIX YUYEHBIMU U CHIEIUATIMCTAMHU-
MpakTUKaMH BEAYIIMX BY30B U HAayYHO-UCCJIEAOBATEIBCKUX  YUPEKICHUN
Hameil cTpaHbl W 3apyOexbsa. I[lpencraBiieHbl pabOThl, COOTBETCTBYIOIIUE
npouill0 U3AaHUS 1O CIEIYIONUM HaydyHbIM crnenraibHocTsM: 2.1.5 Ctpou-
TeJIbHBIE MaTepuanbl U uznenus; 2.4.4 DIEKTPOTEXHOJOTUS U DIIEKTPODU3UKA;
2.6.10 TexHONOTHsI OPraHUYECKUX BEIIECTB.

3apeructpupoBan B denepaibHoil ciayk0e Mo Haa30py B cdepe CBS3W,
MH(OPMAITMOHHBIX TEXHOJOTHH M MAaCCOBBIX KOMMYHHKaIMi. PerucrpairioHHbIN
Homep: D11 No ®C77-74949 (ounaitn) ot 25 siuBaps 2019 r.

Nunekcupyercss B 0aze JaHHBIX POCCHMICKOrOo MHAEKCAa HAYy4YHOTO ILIUTH-
poBanust (PUHLI).

ISSN 2686-794X (oHnaiin)

© TBepckol rocy1apCTBEHHBIN
TEXHUYECKUH yHUBEpcUTeT, 2025



COJIEPKAHUE
CTPOUTEJIBCTBO U APXUTEKTYPA

bapkas T.P., Cokonoe C.A., /leyscunos A.C. OnieHka s3koHOMUYeCKOH 3 (HEKTUBHOCTH
MOKPBITH, BHIMOTHEHHBIX B Pa3JIUYHBIX BapUaHTaX UCIIOTHEHUS JCPEBSIHHBIX

KOHCTPYKIUUA HA TPOJETAX OT 7 JIO 12 Mu.uuiiiiiiiiiiii i e e eriree e D
Kypamnuxoe IO.10. [IpumeHeHre CTEKJI0OKOMIIO3UTHOM apMaTypbl JJ1s apMUPOBaHUS
3a0UBHBIX CBAM KBAIPATHOTO CEUCHMS . .. uuvrnnrsenssenneeenneenneeenseeaneennseenneeanneanneennnns 11
Cyb6oomun CJIL., bapkaa T.P., IIponuna A.B. Ouenka BausiHus A1e(pOpMUPYEMOCTH
CKATO-U30THYTON KOJIOHHBI HA €€ YCTOMUMBOCTD . ...t uteueenteneeneenneeneennenneaneanneanennns 17
Tpogpumoe B.H. K Bonpocy NpUMEHEHHUSI TSHKEIIOTO OETOHA ¢ YU€TOM U3MEHSIOIIUXCS
YCIIOBUM CTPOUTENBCTBA B APKTUUECKOM BOHE .. euueenttenttennteanteette e enneeaiaeanneennans 25
JJEKTPOTEXHUKA

Mapunosa C.B. Anroput™ aHajlv3a JaHHBIX 7151 MOJCIUPOBaHUS rpaduKa Harpy3Ku
3JIEKTPONOTPEOICHUS IPOMBIIUIEHHOTO MPEIIPUATHS C LEJIbI0 CHUXKEHHSI pa3mepa

10008 2216 N S Be D) 150N 010162 1] ) 1 1 36
Ilasnoe B./]. DneKTPOMEXAHUUECKUHM AKKYMYIIITOD .. e uvnntennententenneennenneaneennennennnens 47
Ilonoe H.I1. CBoiicTBa MAarHUTHBIX MOHOIIOJIEH M CHJIOBBIE JIMHUM MarHUTHOTO TOJIS. ... .. 53

Paxmanoe A.A., Pycun A.FO. Pemienue Bonpoca MECTHOTO Je(PHUIIMTA MOIIIHOCTH B
AHEPTOCUCTEME C TOMOIIBIO MATBIX T DC ... . i, 60

XUMHNYECKASA TEXHOJIOT'UA

Kypazun A.A., luuyzuna A.U., Jlakuna H.B., Cynoman M.I., /lonyoa B.IO.
Omnpenenenre BEpOITHOCTH CTOJIKHOBEHUN Pearupyroninx MOJIEKYI B OJJHOMEPHOM
kanaie neonmta H-ZSM-5 niis nporiecca Tpancopmaiivuu CiupToB B yIAEBOAOPOHL....... 68

Kypacun A.A., Iluuyzuna A.U., Cmaposoiumosa H.IO., Cmapoeoitmos A.B.,

Yanoe K.B., Yemumos A.B., /lonyoa B.IO. Onipenenenne METPOJIOTHIECKUX

XapaKTEPUCTHK XpoMaTorpagpuueckoro aHajan3a CMEeCH BOJOPOAA U YIIIEKUCIIOTO ra3a

B IIPOLIECCE MOITYUEHUS (POPMATIBAETUIA H €TO MPOU3BOMHBIX ...eenneeneenneneaneeneenneannen 80

Ilemposa A.HU., l]leemxkoe /I.10., /lakuna H.B., /lonyoa B.I10., Cuoopos A.H.
HCCJ’IG}IOB&HI/IG ONTUMAJIBHBIX METOJJ0B KOJITMYCCTBECHHOI'O OIIPEACICHUA
MO ()EHOIBHBIX COCTUHEHUI B (PHTOCOOPAX . . e tuttententeantenteteententeeneeneenneaneeneannns 86

Cmapoeoiimos A.B., [luuyzuna A.U., /lonyoa B.IO., Cobonee¢ A.E. Bnusaue
OpPraHUYeCcKUX JT00OABOK HAa CKOPOCTh OKUCIECHUS CYIbMOUTA HATPHS. ..« v veneeneeeneneennnennen 95



CONTENTS

CONSTRUCTION AND ARCHITECTURE

Barkaya T.R., Sokolov S.A., Dvuzhilov A.S. Assessment of the economic efficiency of
coatings made from various versions of wooden structures on spans from 7 to 12 m............. 5

Kuryatnikov Yu.Yu. Use of glass-composite reinforcement for producing square-sectioned
1021 153 R USRUPSRRUPSRUUUSRROP I |

Subbotin S.L., Barkaya T.R., Pronina A.V. Assessment of the influence of deformability
of compression-curved column on its Stability.........ccccveeriieeiiieeiiie e 17

Trofimov V.1I. On the issue of the use of heavy concrete in the Arctic zone, taking into
account changing construction CONAItIONS. ......oueentintiitt i, 25

ELECTRICAL ENGINEERING

Marinova S.V. Data analysis algorithm for graph modeling electricity consumption

of an industrial enterprise with the aim of reducing electricity costs ................ceeevennn.. 36
Pavlov V.D. Electromechanical battery.............coooiiiiiiiiiiiiii e, 47
Popov I.P. Properties of magnetic monopoles and magnetic field lines of force............... 53

Rakhmanov A.A., Rusin A.Yu. Solving issue of local power shortage in energy system
with help of a small scale hydroelectric power plant...............c..cooiiiiiiiii . 60

CHEMICAL TECHNOLOGY

Kuragin A.A., Pichugina A.lL, Lakina N.V., Sulman M.G., Doluda V.Yu. Determination
of the probability of collisions of reacting molecules in the one-dimensional channel of
zeolite H-ZSM-5 for the process of alcohols transformation into hydrocarbons............... 68

Kuragin A.A., Pichugina A.1., Starovoytova N.Yu., Starovoytov A.V., Chalov K.V .,

Ustimov A.V., Doluda V.Yu. Determination of metrological characteristics of

chromatographic analysis of a mixture of hydrogen and carbon dioxide in the process of
obtaining formaldehyde and its derivatiVes. ........cocuevieririiiiiiniiiereeeeeeeeeee e e e 80

Petrova A.L, Tsvetkov D.Yu., Lakina N.V., Doluda V.Yu., Sidorov A.I. Research of
optimal methods for quantitative determination of polyphenol compounds

TN NEIDAL DIANCRES. ..o et e e e e e e e e e e e e e e e e e eeeaneaas 86
Starovoytov A.V., Pichugina A.1., Doluda V.Yu., Sobolev A.E. Effect of organic additives
on the oxidation rate Of SOATUM SULTITE. .......eee e eeeeeeaees 95



Ne 3 (27), 2025 BectHuk TBEpCKOro rocyjapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMUYECKUE TEXHOIOTHI

CTPOUTEJIBCTBO U APXUTEKTYPA

YK 624.011.1:674.031

OIIEHKA DKOHOMHWYECKOM 3®®EKTUBHOCTHU INOKPBITUI,
BbIINIOJTHEHHBIX B PA3JINYHBIX BAPUAHTAX UCIIOJTHEHUS
JEPEBAHHbBIX KOHCTPYKIIUU HA ITPOJIETAX OT 7 10 12 M

T.P. bapkasa, C.A. Coxonos, A.C. /[gyscunos
Tsepckoii cocyoapcmeennviii mexHuueckuil ynueepcumem (2. Teepn)

© Bbapkas T.P., Cokonos C.A., IByxwuinos A.C., 2025

AHHoOTanusi. B COBpEMEHHBIX CTPOUTEIbHBIX KOHCTPYKLHUAX JE€PEBSHHBIE MOKPBITHS
HaXOJAT ILMPOKOE MpHUMEHEHHE Osarojapst cBOe SKOJIOTMYHOCTU M JIETKOCTH B COYETAaHUM C
JIOCTaTOYHO BBICOKOW IPOYHOCTHIO. B craThe paccMOTpeHbl TpU TUIIA JEPEBSHHBIX OajoK:
KJIeeHble, Oanku JlepeBsirvHa U INNpeHreabHble. M3ydeHbl X KOHCTPYKTUBHBIE OCOOEHHOCTH U
IIPOYHOCTHBIE XapaKTEPUCTHUKU B OOJBLIENIPOJIETHBIX 34aHUsAX. [lpoBeneH cCpaBHUTEIbHBIN
aHanmu3 paboThl OaJloK O] HArpy3KoM, HccieqoBaHa HX Je(QOpPMAaTUBHOCTh, a TaKXke
SKOHOMHUYECKas IP(PHEKTUBHOCTD.

KiroueBble cii0oBa: JepeBsiHHbIE KOHCTPYKLUH, KieeHble Oanku, Oanku JlepeBaruna,
HINpPEHTeNbHbIe 0aKu, SKOHOMHUYECKas 3P (HEKTUBHOCTD, )KECTKOCTb.

DOI: 10.46573/2658-7459-2025-3-5-11

BBE/IEHUE

JlepeBsiHHbIE KOHCTPYKIIMM OCTAlOTCS BOCTPEOOBAHHBIMH B CTPOUTENBCTBE Osarofaps
COUYETAaHUIO0 NPOYHOCTH, JIETKOCTU M ACTETUKH. OJHAKO NMpPUMEHEHUE OOBIYHBIX JEPEBSIHHBIX
KOHCTPYKLUH M3 CTaHJApTHBIX MUIOMAaTEpPHaJIOB XBOMHBIX MOPOJ Ha Mposerax Oojiee 6,5 M He
IpeJICTaBIsIeTCs BO3MOXKHBIM. B 3TOM ciiydae HE0OXOIMMO HCIIOJIb30BATh PA3IUYHBIE METObI
COEJMHEHUS CJIOEB, BBINOJIHEHHBIX W3 CTAHJAPTHBIX MHJIOMAaTepUanoB, MO0 KOMOWHAIMU
JIEPEBSHHBIX KOHCTPYKIIMM C 3JIEMEHTAaMU, BBIIOJIHEHHBIMU U3 IPYTUX MaTEPHAIIOB.

B nHacrosimee Bpemsi B MUPOBOW NPaKTUKE peIIeHHe JaHHON MpoOJIeMbl CMECTHIIOCH B
o0yacTh NMPUMEHEHMsI B MOJOOHBIX ClydasX KIeeHbIX OajoK. YKa3aHHBIH THIN KOHCTPYKLHN
SBJISIETCS BEChbMa JIOPOTUM B HCIIOJHEHHH, MOSTOMY OYEHb Ba)KHO, YTOOBI B CTPOUTENIHLHOM
oTpacyy ObUIM U Jpyryue BapHaHThl KOHCTPYKTUBHBIX PEIICHUN, KOTOpPbIe MOTJIM Obl HAa PaBHBIX
KOHKYPHPOBATH C KJIEEHBIMU Oasikamu [5].

lenp wuccnenoBaHus: CPaBHUTh SKOHOMHYECKYIO 3((EKTHUBHOCTh MPUMEHEHUS
pa3IMYHBIX BapUAaHTOB KOHCTPYKLHUH B IMOKPBITUSAX 3/1aHUN U COOPYKEHUH HA IPOJIETax oT 7 10
12 m.

MATEPHAJIBI U METO/IbI
B pamkax Hacrosiiei paboThel ObUTH HCCIICIOBAHBI TPU THIIA OAJIOK:
1. Kneenble — 6aiKku, NU3roTaBIMBaEMbIe U3 CIOEB JIPEBECHUHBI, CKJICCHHbBIE MEXIY CO00ii,
YTO 00€CIIeYnBaET BBICOKYIO IIPOUYHOCTh M YCTOMUUBOCTD K Ae(hOpMariHsIM.
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2. banku JlepeBaruHa — cocTaBHbIC OpycuaThie OaTKH, CIUIAYMBACMBIE U3 JIBYX WM TPEX
OpychbeB MpU MOMOIIM IJIACTUHYATBIX HArelel U3 TBEPAbIX COPTOB APEBECUHBI.

3. llnpenrenpHble — OaJIK¥, YCUJICHHBIC NOMOJHUTEIBHBIMU 3JIEMEHTAMH (3aTsDKKAMU,
MOJIKOCAMU ), BHIIOJTHEHHBIMU U3 CTAJIbHBIX JIETaCH.

CormacHo HOpPMaTUBHOM  JoKyMmMeHTanuu [l], HOMHHaIbHBIE pa3Mephbl  JJIUHBI
MAJIOMATEPUATIOB HE MPEBBIMIAIOT 6,5 M. 3a4acTyr0 MPOJIETHI MOKPBHITHA OoJibllie 6 M, TOITOMY
HeoOxoauma pa3paboTKa HECTAaHMAPTHBIX KOHCTPYKTUBHBIX PENICHUW TI0 HCIIOJHEHUIO
JIEPEBSIHHBIX KOHCTPYKLIUN BBIIICTIEPEUNCICHHBIX OaJIOK.

HcxoaHple JaHHBIE: MECTO CTPOUTENBCTBA — I'. OAMHIIOBO, 3aHUE OTAINIMBAEMOE, ITPOJIET
Oanku [ = 12 M, mar 6anok 2,0 M. Ha Ganky ACHCTBYIOT ITOCTOSIHHBIE W BPEMEHHBIC HATPYy3KH.
[TocTrositHHAs Harpy3Ka CKJIAJIIBACTCS U3 MACChl KOHCTPYKIUN TOKPHITHSI U COOCTBEHHOM MacChI
Oanku. 3a BpeMEHHYIO Harpy3Ky NpuHHMaeM Harpy3ky ot cHera ais Il cueroBoro paiiona.

Kneenass ©Oanka. Pacuer kieeHBIX JCpEeBSHHBIX OajlOK BEAETCS [0 HW3BECTHBIM
dbopmynam s U3rubaeMbIX 3JIEMEHTOB COTJIACHO HOPMATUBHOWM JokymeHTauuu [2]. BBoautcs
pSA TOMPaBOYHBIX KOA(PGUIUEHTOB k,, K MOMEHTY CONpPOTUBIICHHS CEUCHHS] U PacCUCTHOMY

COIPOTUBIICHUIO JPEBECUHBI HAa U3rM0, KOTOPHIE YUUTHIBAIOT TOJIIMHY CJIOEB, BBICOTY CEUEHMS,
Hanuuue ociabiaeHui u aApyrue GakTophl s KIECHBIX 3JeMEeHTOB [3].

B pesynbrare pacuera Obuto monydeHo ceueHue pasmepamu 140 X 594 mwm, a 3HaueHUs
KOA((UIIMEHTOB HCIIOJIb30BAHUSA IO MEPBOM M BTOPOM TpyINaM MpeaeibHBIX COCTOSHUN
COCTaBMJIU:

1. IIpounocTh npu AecTBUN U3rndaromero aementa — 0,91.

2. IlpouHocTh npH feicTBUY nomnepeuHoi cuisl — 0,38.

3. XKectkocth — 0,56.

Kax Mbl BuaMM, npy 3aJaHHBIX MUCXOJHBIX JIaHHBIX OINpPEAEISAIONIeH SBIISIETCS MPOYHOCTD
Oankw.

Bbanka JlepeBsirmna. Pacuer Oanku 3aKimro4aeTcsi B ONpeAeSieHHH pa3MepoOB CEUCHUs, Ynucia
TUTACTUHOK U BEJIMYMHBI CTPOUTEIBHOIO MOABEMA COTITACHO HOPMAaTUBHOM IOKyMEHTAIUH [2].

PaccunthiBanach Oajika U3 Tpex CJI0€B CTaHJAPTHOM JPEBECHUHBI JUIMHOM 6 M, KOTOpbIE
O00BEANHSIINCH HATeNbHBIM COSAMHEHHUEM, BHITIOJTHEHHBIM U3 TBEPIBIX CIIOEB JAPEBECUHEI [4, 6].
PaccmoTpens! mimnoHku 2 TUTIOB — U3 Ay0a U akaiuu [7].

B pesynbrate pacuera ObIIO MOJTY4YeHO cedeHue pazmepamu 150 X 600 MM, KOITHYECTBO
MITOHOK 13 akanuu Ha 14,29 % menbIe, yem u3 ayoa.

3Ha4YeHUs MOJyYEHHBIX KOA((UIIMEHTOB MCIIOIB30BaHMs 110 TIEPBOM U BTOPOM rpymmam
MpelebHBIX COCTOSHUNA COCTABUIIH:

1. ITpounocts npu AelcTBUM U3rudaromiero iementa — 0,94.

2. IIpoynocTts npu aericTBAn nonepeyHon cuisl — 0,1.

3. XKectkocts — 0,74.

Kak u B mpenpiyiieM BapuaHTe UCIIOJHEHUSI OalIKM, MPU 3aJaHHBIX MCXOJIHBIX TaHHBIX
OIPEACIIAIONINM NIOKA3aTeNIEM SBISAETCS POYHOCTbD.

Ha puc. 1 npuBenieHbl pacyeTHbIE CXEMbI M MOJOOPAHHbBIE CEUEHUS JUISl KIIECHOH Oallku U
6anku JlepeBsruna.
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Puc. 1. PacueTHble cxeMbl Oajok: a — kiieeHas Oainka; 6 — O6anka JlepeBaruna

Ha puc. 2 noka3zana paccraHOBKa IUTACTHHYATHIX Harejaed u3 ayda W akauuu ajisi Oaiku
JlepeBsaruna.
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Puc. 2. PaccTtanoBka miacTHHYATHIX Harenel 0anku JlepeBsruna:
a—u3 1yba; 0 — U3 akauuu

BBuny Oonee BBICOKOH MPOYHOCTH AaKallMd KOJWUYECTBO TIUIACTUHYATHIX Hareileil B
KOHCTPYKIIMU COKpAIAeTCsl, OJHAKO H3-3a €€ 0ojee BBICOKOW CTOMMOCTH yMEHBILICHHE YHCIa
Hareyei He MPUBOJUT K yJICIIEBIECHUIO KOHCTPYKIIMH.

IInpenreasnas 6Ganaka. Ilnpenrens mnpeacrtaBisier coboit ¢depMy, TaAe CcUCTEMA
PAcKOCOB U CTOEK MO3BOJSAET PaKTUUECKHU MOTYIUTh TOTOTHUTEIHHYIO OMOPY B CeperHe OaTKu.
[IpoBepky cedeHusi BEpXHETO Mosica MPOBOAT MO (HOpMYJIe I CKATO-U3THO0AEMBIX CTEPIKHEH.
PacueTsl BBINOTHAIOTCS B COOTBETCTBUM C HOPMAaTUBHOM JOKyMeHTalue [2, 8].

B pesynpraTe pacuera OBLIO TOJYYEHO CEUYEHHUE BEpPXHEro Iosica pa3Mepamu
140 x 363 mMm. CeueHue packoCOB MPUHUMAEM M3 KPYyIJiol apmarypHoil ctanu (crainb C355 mo
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I'OCT 27772-2021, R, = 345 MIla = 34,5 kH/cM?), ceueHre CTOMKH — W3 KPYyIJoi TpyObl
30 x 2,5 mm (ctans C245, R, = 240 MIla = 24 xH/cm?).

3Ha4YeHUs MOJYYSHHBIX KOA(PUIIMEHTOB HCIIOJIB30BaHMS 110 TIEPBOM U BTOPOM rpymmam
IPEJENbHBIX COCTOSIHUNA COCTaBUIIN:

1. IIpounocts BepxHero nosica — 0,89.

2. Ilpounocts packocoB — 0,8.

3. Ilpounocts croiiku — 0,78.

4. XKecrrkocts — 0,5.

Kak u B mpeaplaymiux BapHaHTax, NMPH 33JaHHBIX MCXOTHBIX JAHHBIX ONpEICISIONIeH
ABJISIETCSA IPOYHOCTh OAJIKH.

Ha puc. 3 nokazana mmnpeHrenabHas 0ajika, a TakKe 3I0pa HOPMaJIbHBIX CHJL.
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Puc. 3. llnpenrensHas 6anka

[TonydyeHHble 3HA4YeHHs] KECTKOCTEH OalloK CBEACHBI W TMpEACTaBIEeHH Ha Tpaduke
BEPTUKAIBHBIX TMIepeMeleHuii (puc. 4).
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Puc. 4. I'paduk nedpopmarun 6aok
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PE3YIIBTATBI HCCIIEJJOBAHUA
Ilo pesynpTaTam pacyeToB Obula ONpeE/ETIeHAa CTOMMOCTh DPAa3JIMYHBIX BapHaHTOB
UCIIOJIHEHUS] KOHCTPYKIUI MOKPBITUS HA IpojeTax oT 7 10 12 M. YUUTBIBaIUCh BCE 3JIEMEHTHI
KOHCTPYKLIUH, a MOHTaXOM MOYKHO IpeHeOpedb, IOCKOJIbKY OH SBJISIETCS HPHUMEPHO
OJIMHAKOBBIM JUISI BCEX THIOB 0aJoK. Pe3ynpTaThl moka3zaHsl B Ta0IHIIE.

Pe3ynbTaThl OLIEHKH CTOMMOCTH PaCCMOTPEHHBIX TUIIOB KOHCTPYKIIUI

Tun KoHCTpYKIIMHU CroumocTh, pyo/mT.
Kreenas 6anka 60 000
banxka /lepessirnna (1y0) 45 200
banka JlepeBsruna (akarus) 45 500
HnpenrenbHas 6anka 38 700

Kak BHMIHO, SKOHOMHYECKH I€J1€COOOpAa3HO UCIOJIB30BaTh Ha PacCMaTPUBAEMBIX
npoJieTax INIPEHreabHble OaJIKM, TaK Kak NPUMEHEHHE B HUX CTAJbHBIX IOJIEPKUBAIOIIUX
3JIEMEHTOB, O0JaJAIOIIMX 3HAYNUTEIBHO OOJBIIEH NPOYHOCTBIO, CYIIECTBEHHO CHMXKAET
CTOMMOCTh KOHCTPYKLMHU M IPU 3TOM IPAKTUYECKU HE YBEIMUYMBAeT ee Bec. lcrosb3oBaHue
Oanok JlepeBarnHa B JAHHOM CIlyda€ TOKE SBJISETCS HKOHOMUYECKU OIPABIAHHBIM, €CIIH
CpaBHUBATh C KJICEHbIMH OajlKaMH, B Cllydae HE)KEJIaHUS IPUMEHEHHs B KOHCTPYKLIUHU CTAJIbHBIX
3JIeMEHTOB. [Ipu 3TOM BHIHO, YTO UCIOIB30BAHUE KIEEHBIX OATOK — 3TO CAMBIN TOPOTOCTOSIIHHA
BapUaHT M3 PAacCMAaTPUBAEMBIX, HO C TOUKH 3PEHHs 3CTETUKH OHH, pa3yMeeTcs, BBIUIPHIBAIOT B
CPaBHEHMHU C OCTaJIbHBIMHU.

3/ech cleayer OTMETHUTh, 4TO HauOoibiuii mporu® mmeer Oanka JlepeBsirnHa. OTO
CBSI3aHO C MOJATJIMBOCTHIO IIMOHOYHBIX COETUHEHUM, COSIUHSIIOMIMX MEXIY COO0M ciou OajKu.
Kneenass Oanka MMeeT MEHBUIYIO MOAATIMBOCTh U, KAaK CIEJCTBHE, OOJBIIYIO KECTKOCTb. Y
HINPEHTeIbHOM OalKky caMble MaJeHbKUE MEpPEeMELICHUs] BBUY OOJbIIeN JKECTKOCTH CTaJbHBIX
PacKocoB.

3AK/TIOYEHHUE

C Touku 3peHHs HKOHOMHUYECKOW d()PEKTUBHOCTH Jydyllle BCEro IokKa3ana cels
HINPEeHreNbHas 0ajika, OJHAKO C TOYKM 3PEHUS apXUTEKTYpbl U KOMIIO3UIIMOHHBIX PELICHUN
HauOosee NpeaNouTUTENIbHEE BBINISIIUT KieeHas Oanka. Ilpu 3Tom mmpeHrenbHas Oanka
o0aaet 6ONbIIeH KECTKOCThIO, YeM JAPYTHe TUIIBI KOHCTPYKIHUIL.

banka [lepeBsiruna umeeT HauOosibIIUMK NpOrud M cpelHIO cTouMOcTh. [IpumeHenue
IIMOHOK M3 aKallud YMEHbBIIAeT UX KOJMWYECTBO, HO SIBJISETCS HELENecO00pa3HbIM, MOCKOIBKY
BEJIET K yJIOPO’KaHUIO KOHCTPYKIMHU. Pa3HuIa B cTouMocTH 0ajoK ¢ pa3luyHbIMUA MaTepualaMu
HIMOHOK He Oy/eT nmpeBbimuath 1 %.

HeoOxonmuMo oOTMETHTb, 4YTO NpUMEHEeHHe Oanok JlepeBAruHa yBETUYMBAET, IIO
CPaBHEHHIO CO IIMPEHTEIbHBIMH OajJKaMH, CTOMMOCTb OJHOIO KOHCTPYKTHBHOTO >JIEMEHTa B
cpenHeM Ha 20 %, a UCTIOIb30BaHUE KIEEHBIX 0AJIOK BEJET K YBEIMUEHHUIO CTOMMOCTH B 1,8 pa3a.

IlonBoas WMTOr, MOYHO CKa3aTbh, YTO Ha CETOAHSAIIHUN [I€Hb CYIIECTBYET JOBOJBHO
HeIuloXasl ajJbTepHAaTHUBA MPUMEHEHHUIO KIIEEHBIX OaJoK B MOKPBHITHSX 3[JaHUIl HA MpoJeTax OT
7 no 12 m. HanGonee 3KOHOMHUYECKH OMPABIAHHOM SIBJISIETCS LINpPEHTeNbHas 0ajka, KOTOPYIO
MOYKHO HCIIOJIB30BaTh IPHU CTPOMUTENBCTBE 3AaHUH, I'Zleé HET O0COOBIX TPeOOBAaHUI K BHEIIHEMY
BUJY KOHCTPYKIMI MOKPBITUSA. DTO MO3BOJIUT CHU3UTh CTOMMOCTb KOHCTPYKIIMI ITPAKTUUYECKH B
JIBa pasa.
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ASSESSMENT OF THE ECONOMIC EFFICIENCY OF COATINGS
MADE FROM VARIOUS VERSIONS OF WOODEN STRUCTURES
ON SPANS FROM 7TO 12 M

T.R. Barkaya, S.A. Sokolov, A.S. Dvuzhilov
Tver State Technical University (Tver)

Abstract. In modern building structures, wooden coverings are widely used due to their
environmental friendliness and lightness combined with sufficiently high strength. This article
discusses three types of wooden beams: glued, wooden and spar beams. Their design features and
strength characteristics in large-span buildings are studied. A comparative analysis of their work
under load, deformability and economic efficiency is carried out.

Keywords: wooden structures, glued beams, Derevyagin beams, sprengel beams,
economic efficiency, rigidity.
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IHPUMEHEHUE CTEKJIOKOMHO‘;I/ITHOI\/‘I APMATYPBI
JJIsA APMUPOBAHUSA 3ABUBHBIX CBAU KBAJIPATHOI'O CEYEHUSA

10.10. Kypamnukos
Tsepckoii 2ocyoapcmeenHblil mexHudeckull ynusepcumem (2. Teéeps)

© Kypsarauxkos 10.10., 2025
AHHoTanus. PaccMoTpeHa BO3MOKHOCTh IPUMEHEHHUSI CTEKJIOKOMITIO3UTHON apMaTyphl B

KOHCTPYKLIMU 3a0MBHBIX CBail KBaJpaTHOTO cedyeHus. l[IpencrTaBiieHbl pe3ynbTaThl ONBITHOU
3a0MBKM CBall, AapMHUPOBAaHHBIX KOMIIO3UTHOW apMaTypoi. YCTaHOBJIEHO, UYTO CBaw,
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apMUPOBAaHHBIE KOMITO3UTHOH apMaTypoil, M0 CBOMM CBOICTBaM B paOouyeM IOJIO)KEHUH HE
OTIMYAIOTCSL OT CBal, ApMHUPOBAHHBIX CTAJbHOM apMaTypoil. YCTaHOBIEHA 3aBUCUMOCTH
3HAQYCHUSI MAKCUMJIbHO JOIYCTMMOW CWJIBI OT €€ OpHMEHTAlMU IIPU BIABIMBAaHUU CBawu.
OnpezneneH SKOHOMUYECKHH A(PQEKT OT 3aMeHbl CTalbHOM apMmaTypbl KOMIIO3UTHOMH,
BBIPAKAIOIIMICS B CHUKEHUN CTOMMOCTH KOHEYHOI'O ITPOIYKTA.

KuroueBble cjioBa: 3a0MBHbIE CBau, CTEKJIOKOMIIO3MTHAs apMmarypa, MCIbITaHUS Ha
IIPOYHOCTH U TPEIIMHOCTOUKOCTD, TPEXTOUEUHBINH U3THO.

DOI: 10.46573/2658-7459-2025-3-11-17

TexHonorus NpUMEHEHUs CBall B TPYHTAX IIPU BO3BEACHUM 3JAHUM U COOPYKEHUU C
LEJIBIO PEIIeHHs] Pa3IMYHbIX TEXHUUECKUX 3aJ]1au U3BeCTHA C Iiy0okoi apeBHocTH. Hanbonbee
pacnpocTpaHEeHUe MOJIy4YUIIU 3a0MBHBIE CBAU CILIOIIHOTO KBAJIPaTHOIO CEYEHMsI, UCIIOJIb30BaHUE
KOTOPBIX MO3BOJISET CYLECTBEHHO COKPATUTh TPYIOEMKOCTb U CTOMMOCTD, a TAKXKE YMEHBIIUTh
CPOKM TIPOBEICHUS CTPOMTENBHBIX paboT. TpaaWIMOHHO CBaW apMHUPYIOTCS CTAIbHOU
apMarypoi, CTOMMOCTb KOTOPOH CYHIECTBEHHO BJIMSET Ha CTOMMOCTb KOHEYHOI'O W3JIENHSL.
OpHuM HM3 cocoOOB YMEHBIICHUSI CTOMMOCTH CBail MOXET OBITh 3aMEHa CTAJbHOW apMaTyphl
KOMIIO3UTHOU (Hampumep, crekyiokoMno3uTHoil (ACK)). Taxke KOMMO3UTHBIE apMaTypHbIE
CTEp)KHU O0ECTIEYMBAIOT 3aLIUTY CBaW OT Pa3pyLIAIONIETO BO3ACHCTBUS KOppo3uH. Pa3pymienue
XKeNne300€TOHHBIX M3JIeNUid U KOHCTPYKLUMH H3-3a KOPPO3MM CTaJbHOM apMaTypbl — OJHA W3
npo0JeM, ¢ KOTOPOM CTOJKHYNACh cTpouTenbHas orpacib [1]. KommosuTHas apmartypa Obuia
u3zobpereHa eme B 60-x rogax XX Beka, OJHAKO JIO CHUX IOp HE MOJy4ywsia OOJIbLIOrO
pacnpocTtpaHeHusi. CBS3aHO 3TO € TE€M, YTO MOKa HET rOCYAapCTBEHHOrO CTaHAapTa Ha cOOpHBIE
OETOHHbIE M3/IeNUs C UCIOJIIb30BaHMEM KOMIIO3UTHOW apMaTyphbl, KOTOPbIH Obl BKJIIOYal B ce0s
TpeOoBaHusl K KauecTBYy mnponaykuuu [2]. [locromncrBa u Hemoctatkn ACK mnoapoOHO
paccMOTpPEHBI B UICTOYHMKAX [3, 4].

OtnuBKa OETOHHBIX CBall OCYILECTBISETCS Ha MPOU3BOJACTBE, IOITOMY BO3HHKAET
HEOOXO/MMOCTh ~ TPAHCHOPTUPOBKM TOTOBOTO M3JENHMS Ha CTPOUTEIbHYIO  IUIOMIAJKY.
TpancropTupoBKa OETOHHBIX CBall YBEJIMYMBAET PUCK MOSBICHUS MEXAHUYECKUX MOBPEXKACHUN
B TOTOBOM H3JIeJIMU, NPUBOJAALIMX K BO3HUKHOBEHHMIO TPEIIMH, CKOJIOB, OOHa)XaroIuX
apMUpYIOIIMKA Kapkac. 3aMeHa METAJUIMYeCKOM apMaTypbl KOMIIO3UTHOM CIIOCOOCTBYET
MOBBIIIEHUIO JI6(POPMATUBHOCTH CBaH, YTO YBEJIMYMBAET BEPOATHOCTH IMOSIBICHUS TPEIIMH MPH
TPaHCIIOPTUPOBKE, MOIPY30-pa3rpy30uHbIX paboTax u 3a0uBke cBail. Hamuune B OeTOHHOHN cBae
pa3INYHBIX J1e(EKTOB MPUBOIUT K YXYAIIEHHIO MPOYHOCTHBIX XapaKTEPUCTHK CTPOMUTEIHHOM
KOHCTpyKuuu [5]. B Hacrosmieil crarbe MOKa3aHbl pe3ylbTaThl 3KCIEPUMEHTAIbHBIX
UCCIIEIOBaHUI Pa0OThl CBaM Ha TPEXTOUEUHBIH HM3THO B JAOOPATOPHBIX YCIOBHUSAX, OINBITHOM
3a0UBKHM CBal, apMHpPOBAHHBIX KOMIIO3UTHOM apMaTypod, Ha CTPOMTENbHOH IUIONIAJIKe; JaHa
OLIEHKa YKOHO-MUYeCcKoil 3¢ (heKTHBHOCTH 3aMeHbI MeTaiunueckoi apmaTypsl Ha ACK.

B xauectBe 00OBeKTa mMccieqoBaHusl ObuTa BhIOpaHa THUIOBas OCTOHHAs 3a0WMBHAs CBas
KBaJpaTHOTO CIUIOIIHOIO CeuYeHus. B uccieqoBaHMSIX paccMaTpUBAJIMCh JBa BapHaHTa
apMHUPOBAHMUS:

tun [ — cransHO# apmatypoii (Tunosas cast C40.20-3);

tun Il — ACK (puc. 1).

Knacc Oerona mo mnpouHocTH Ha cxatue cBau — B25. Ilapamerpbl cTanbHOTO
apmaTypHoro Kkapkaca: crepxkenb @10A400 (4 mrT.) m coupans OD4Bpl. [lapamerpsr
CTEKJIOKOMITO3UTHOTO apmarypHoro kapkaca: crepxkeHb O10ACK (4 mT.) u noaumepHbie
XOMYTBL.
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Puc. 1. Cau xenezo0eToHHbIe KBagpaTHOro ceyenus Ha ACK

C nenpro BepupHUKAIMN MTOTyYSHHBIX PE3Y/IbTaTOB aHATUTUYECKUX PACYETOB BBHITOITHEHBI
9KCHEPUMEHTAJIbHbIE HCCIEIOBAHUS HECYLIeH CIIOCOOHOCTH CBall MpH TPEXTOUEHYHOM H3ruoe.
bbun mcnbITaHbl cBaM ¢ KOMIIO3UTHBIM M CTajbHBIM apMupoBaHueM. Ha puc. 2 mpencrasieH
UCIBITATENbHBIN CTEH/I, @ B Ta0J. 1, 2 MpuBEIEHBI PE3yJabTaThl UCIBITAHUNA. Y CTAHOBJIEHO, YTO
[JIABHBIMU OTJIMYUSAMHU PabOThl cBail C KOMIO3MTHBIM apMHMpPOBAaHUWEM OT paboOThl CBall ¢
METAJIIMYECKUM KapKacoM SIBJISIFOTCS:

1) mOHM)KEHHbIE MPOYHOCTHBIE XapaKTEPUCTUKU CBaW Ha M3ru0 (moreps Hecyluei
CIOCOOHOCTH B 2,4 paza);

2) nosiBI€HHE TPEUIMH YK€ IPU HadyalbHOM CTaAMK Harpy»KeHUs B IEHTPAIbHOM CEYEHUHU
Ha BCIO BBICOTY IONEPEYHOrO0 CEUYEHMsI, MPUUMHAMU KOTOPBIX SIBISIOTCS OOJblIas U3ruOHas
negopmaruBHocTh cBail ¢ ACK, a Taxke mpUMEHEHHE B KOHCTPYKIMHM apMaTypHOro Kapkaca
MOJIMMEPHBIX XOMYTOB. BBISIBIEHO, YTO 3HAUEHUs HArpy3o0K, IpU KOTOPBIX MOSIBISIETCA MepBas
TpeUIMHa, IPU SKCIEpUMEHTaIbHBIX HccnenoBaHusx (3,66 kH) B 1,34 paza Bellie 3HaueHUil,
MOJIyYEHHBIX IIPU YUCIEHHOM MojenupoBanui (2,73 kH). D10 B mepByro ouepe/b CBA3aHO C TEM,
YTO peajibHas MPOYHOCTh OETOHA CBail Ha CKaTHe BBIIIE IUIAHOBOIO Kiacca mpoyHocTH B25.

Puc. 2. Crenp 11 uCIBITAHUHN CBaii HA TPEXTOUYCUHBIN U3THO
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Tabauya 1
Pe3ynbTaThl Hcciie1oBaHN Ha TPEXTOUYCHYHBINA N3THO CBai
Harpyska, F, kH ITporuo6, v, MM
C;zrl;eyH_b O6pa- 3§6§2 5 O6pa- O6pa- O6pa- O6pa-
3er Ne 1, ’ 3er Ne 3, 3er Ne 1, 3er Ne 2, 3er Ne 3,
KEHUS KOMITIO3UT-
KOMITIO3UTHAsI Has CTaJlbHas | KOMIIO3UTHAs | KOMIIO3UTHAs | CTaJbHAs
1 3,80 3,52 3,80 0,83 0,88 0,45
2 7,60 7,20 7,20 1,95 2,09 0,97
3 10,82 9,89 11,47 3,70 3,87 1,99
4 — — 15,23 — — 3,11
5 — — 19,25 — — 4,61
6 — — 22,50 — — 6,77
7 — — 25,20 — — 8,12
Tabnuya 2
Pe3ynbpTathl HcclieJOBaHUs TPEIIMH PU TPEXTOUEUHOM U3rude cpai
Crynesb Tpenunsl
Harpy- Obpazen Ne 1, Ob6pazen Ne 2, Oo6pazen Ne 3,
HKEHUS KOMIIO3UTHAsI KOMITO3UTHAsI CTaJIbHas
1 2 3 4
ITosiBUIIaCH TpEILMHA ITosiBUIaCh TpeIuHa Menkue TpemuHsl (5 mr.),
B LICHTPAJIbHOM YacTH Ha B LICHTPAJIbHOW 4acTH PaBHOMEPHO
1 BCIO BBICOTY CEUEHHUSI. Ha BCIO BBICOTY CEUEHHUS. pacnpeeIeHHbIE MEXAY
MakcumanbsHoOe MakcumanbsHoOe onopamu. JinHa TpenuH
packpsiTue 0,1 MM packpsiTe 0,1 MM 1/3 OT BBICOTBI CE€UEHUS
PackpsITHEe HEeHTpanbHOU
JlanbHei1iee pacKpbITHE TpemuHsl 10 0,30 Mm.
LHEHTPAIBHOM TPEIIUHBI Heckonbk0 HOBEIX Poct Tpemun o 1/2
) 10 0,20-0,25 mm. HoBast | TpemuH cieBa u cupasa OT BBICOTBI CEUEHU,
TpelrHa AIuHON 2/3 OT LIEHTPAJIBHOTO CEYEHUS | PACKPBITUE HEHTPAIBHBIX
OT BBICOTBI CEUCHMUSI. JUTMHOH 2/3 OT BBICOTHI tpemH 10 0,15 mm
PackpsiTue g0 0,15 mm cedyeHus. PackppiTue
10 0,10-0,15 mMm
PackpsiTue 1-ii n [TosiBIeHE HOBBIX TPELIVH.
2-1i TpeluH 10 PackpsITHE LEHTpaIbHOU IlenTpanbHas TpelrHa
3 0,5-0,7 mm. [Tanenne  |Tpemuubl a0 0,45-0,50 mm. BBIpOCTa 10 2/3 ot
Harpysku g0 7,75 xH. [TaneHnue Harpy3ku 10 BBICOTHI ceueHus. [llupuna
[ToTeps Hecymiein 8,8 kH. ITotepst necymenn | packpeitus 0,15-0,20 mm
CIIOCOOHOCTH CIIOCOOHOCTH
HesnauutenbHslii IpupocT
TPEILUH 110 JUINHE
4 — — (15-20 mm).

MakcumanbHas UpUHA
packpsitus 0,20-0,25 MM
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Oxonuanue maon. 2

1 2 3 4
JanpHelmuii poct

5 — — TpemyH. MakcuManbHOe
packpsitue 0,3—0,4 Mmm

6 o o MaxkcumanbHoe
packpsitue 0,5-0,7 Mmm

7 o o [Toreps Hecyiei

CIIOCOOHOCTH

B pabouem mosokeHHM CBaM HCIBITHIBAIOT BEPTHKAIBHYIO HAarpy3ky, paboTaroT Ha
c)KaTue, a Haubouplee 3HAaUCHHE UMEIOT PE3YNbTaThl JUHAMUYECKUX UCTIBITAHUN NIPU 3a0MBKE B
rpyHT. Bo BpeMs Kaxnoro ynapa cBas IIOJy4aeT YCKOPEHME, a 3aTeM TEpsieT €ro, IpU 3TOM
HE00XO0UMO MIPE0/10JIEBAaTh CUJIbI MHEPLIMH CBal U AMHAMUYECKOE COIPOTUBIIEHUE IPYHTA.

PaccmaTtpuBanace 3ajada O BOABIMBAaHMM CBaW, apMHUPOBAaHHOM KOMIIO3UTHOU
apMaTypoH, 1moj AeHCTBUEM CHJIbI, OPUEHTUPOBAHHOM IOJ YIJIOM ¢ K ocH cBau. Onpenensiach
3aBUCUMOCTb MaKCUMAaJIbHO JOIIYCTUMOM Harpy3ku F, He mpuBozsiien K pa3pylIeHUIO CBau, OT
yIijla €€ OTKJIOHEHHs OTHOCUTEIBHO OCH CBaW. YCTaHOBJICHA CWJIbHAs 3aBUCUMOCTb 3HAYEHHUS
MaKCHMAaJIbHO JOIYCTUMOM CHJIBI OT €€ OpHEHTaluuu. Tak, IpU OTKIOHEHHHM OCH IIPHIIOKEHUS
CWJIBI OT BEpPTUKaIU B 1° 3Hau€HHME KPUTUYECKOM CHibl magaeT B 12 pa3 mO CpaBHEHUIO CO
CJIy4aeM CHJIbI, IPUIIOKEHHON BIIOJb OcH cBau. JlaHHBIA (akT 0OBACHAETCS BO3HHUKHOBEHUEM
U3TUOAIOIINMX HArpy30K, KOTOpbIE MPUBOAAT K MOSBICHUIO OOJACTU pacTsKeHHs U (BBUIY
pa3HOi COMPOTHUBIIIEMOCTH OETOHA PACTSKEHUIO U CKATHIO) CIOCOOCTBYIOT PE3KOMY CHUKEHHIO
JIOTTYCKaeMbIX HaIpPsSKEHUH.

C uenbio onbITHOM anpobanuu Bo3MokHocTH npuMeHeHnss ACK nis apmupoBaHus cBait
Oblsla BBHITIOJIHEHA OIBITHAS 3a0MBKAa CBail Ha CTPOUTENBHON TUIomaAKe. B pesynbrare
YCTaHOBWJIM, 4YTO cBaW, apmupoBaHHble ACK, He omimuarorcs OT CBail, apMHUPOBAHHBIX
TPAAULMOHHOW METAJUIMYECKOM apMaTypoi, MOCKOJIBKY TPEIIMH IIPU TPAHCIOPTUPOBKE CBaW,
YCTAHOBKE U 3a0MBKE MX B POEKTHOE MOJIOKEHHE He OblJI0 00Hapy»keHo (puc. 3).

Puc. 3. 3a6uBka cBaii, apmupoBaHHbix ACK, Ha cTpoUTETHHON TUTOMIAIKE
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bbuta BbIMOIHEHA 3KOHOMHYECKAs OICHKA CTOMMOCTH JIBYX THIIOB 3a0MBHBIX CBai
KBaJPaTHOI'O CIUIOUIHOTO CEYEHUs, AapPMHUPOBAHHBIX pPa3JM4YHBIMU BUJAMU  apMaTypBbl.
VY cTaHOBIIEHO, YTO MIPU UCHOJIb30BAaHUU KOMIIO3UTHOW apMaTypbl CTOUMOCTb CBall YMEHbBIIIAETCS
Ha 12 % 1o CpaBHEHUIO C TPAAUIIMOHHON METAJUIMUECKON apMaTypoi, MpH 3TOM HauOOJbIINE
3aTparbl Ha Kapkac (10 50 %) mpuxoasTcs Ha KOMIO3UTHBIE XOMYTHI, CTOMMOCTb KOTOPBIX
MOJKET OBITh CYIIECTBEHHO CHI)KEHA IIPU UX ONTOBOM 3aKyIIKeE.

Taxkum oOpa3zom, ObUT MPOBEJCH aHAIM3 TUIA MCIIOJIB3YeMON apMaTypbl B KOHCTPYKIIUU
3a0MBHBIX CBail KBaJpaTHOTO cIuiomHoro ceueHus. [Ipu cratnueckom ucnbitanuu cBau Ha ACK
YCTYMAIOT 1O MPOYHOCTH TMPH HM3rH0e M TPEHIMHOCTOMKOCTH CBasM Ha CTaJbHOM KapKace.
OpnnHako B X0/1€ JUHAMHYECKUX UCTIBITAHUM MPU 3a0MBKE B TSXKENbBIN TPYHT (CYTJIMHOK U BaTYHBI)
OBLIO YCTaHOBJICHO, UTO cBau, apmupoBaHHbie ACK, HE OTIMYAIOTCS OT CBal, apMHPOBAHHBIX
TPAAULMOHHONW METAJUIMYECKON apMaTypoOHu.

Kommo3uTtHble apMaTypHbI€ CTEpP>KHHU OOECHEUMBAIOT 3AIIUTY CBAaU OT Pa3pylIArOILEro
BO3/IeiiCcTBUS KOoppo3uu. [Iporecc xkoppo3uu apmaTypbl HAaUMHAETCS C OOpa30BaHMs TPEIIWH B
0eToHe, a OHM BO3HUKAIOT M3-3a MEXAHUYECKUX U aTMOC(EpHBIX BO3JeHCTBUM. Uepes TpeliuHbl
NPOHUKAET BOJA, COJHU, TMOJA JeicTBHEM OOpa30BBIBAIOIICHCS HAa apMarype prKaBYMHBI
HAUMHACTCS TaK HAa3bIBAGMbBIl MPOLECC «OTCTPENMBAaHUS O€TOHa». ITO MPHUBOAUT K
JalbHEHIIEMY OrOJICHUIO apMaTypbl M pPa3pylLICHHI0 KOHCTPYKUUHU. BbICOKOKauecTBEHHbIE
KOMIIO3UTHBIE CTEP)KHU SBJSIOTCS pELIEHUEM NpoOJeMbl apMUPOBaHUS U albTEPHATHUBOU
TPaJULIMOHHOMN CTall, KOTOPAsl UCIIOJIb3yeTCsl B OETOHHBIX KOHCTPYKIIMSIX B arPECCUBHOM cpeie.
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USE OF GLASS-COMPOSITE REINFORCEMENT
FOR PRODUCING SQUARE-SECTIONED PILES

Yu.Yu. Kuryatnikov
Tver State Technical University (Tver)

Abstract. The possibility of using glass-fiber reinforced concrete in the design of square-
section pile driving is considered. The results of experimental driving of piles reinforced with
composite reinforcement are presented. It has been established that piles reinforced with
composite reinforcement do not differ in their properties in the working position from piles
reinforced with steel reinforcement. The dependence of the maximum allowable force on its
orientation during pile driving has been established. The economic effect of replacing steel
reinforcement with composite reinforcement has been determined, resulting in a decrease in the
cost of the final product.

Keywords: driving piles, fiberglass reinforcement, strength and crack resistance tests,
three-point bending.
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OIEHKA BJIMAHUA AEQOPMUPYEMOCTH
CKATO-U30THYTOM KOJOHHBI HA EE YCTOMYUBOCTD

C.JI. Cyooomun, T.P. bapkas, A.B. Ilponuna
Tsepckoii 2ocyoapcmeenHblil mexHudeckull ynusepcumem (2. Teéeps)

© Cy66otun C.JI., bapkas T.P., [Iponuna A.B., 2025

AHHoOTanusi. B cTarbe NpeNCTaBIEHO COINOCTABIEHUE pACUYETOB CKAaTO-U30THYTOM
CTYNEHYATOM KOJIOHHBI MpOMBINUIEHHOro 31aHus 1o meroauke CII 16.13330.2017 «CranbHble
KOHCTPYKLMU» M IO MOJEIH, YYUThIBaroIeH nehopMUpOBaHHE KOJOHHBI METOJaMU TEOPUHU
YCTOMYHBOCTH B CTPOUTEIIBHON MEXaHUKE.

KuroueBbie c¢Jj10Ba: KOJOHHA MPOMBILIUIEHHOTO 3/1aHUS, YCTOWYMBOCTH, BHELIEHTPEHHOE
cxatue, 1e(opMalMOHHBIN pacyerT.

DOI: 10.46573/2658-7459-2025-3-17-25
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Pacuer crynenuaToil KojOHHBI (puc. 1) 1O HOpMAaTHBHOW METOJMKE BBIIOJIHAETCS B
cootBercTBuU ¢ npuHiunamu CII 16.13330.2017 «CransHbie KOHCTpYKIMU» [1]. OH OcCHOBaH Ha
orpeneneHnd K03()(PUIMEHTOB pacyeTHOW JUIMHBI CHKATBIX CTEPXKHEH 1O MOJENU IEHTPaIbHO
CKATOro CTEepXKHS. YueT JAeMcTBHS M3rHOAIONIMX MOMEHTOB U IMOMNEPEYHOM Harpys3Ku
MPOU3BOJIUTCS C TIOMOIIBIO JOMOJHUTENBbHBIX KO3(pdumumentoB u Tabmui. CHauana
ONpEACNAIOTCS pAacyeTHbIE JJIMHBI YYacTKOB KOJIOHH, 3aT€M BBIMOJHSETCS IPOBEpKa
YCTOMYMBOCTHU C YUYE€TOM BHELIEHTPEHHOCTHU MPHIIOKEHUS KPAHOBOM HArpy3Ku U TOPU30HTaIbHON
TOPMO3HOI Harpy3KH.

Fa

12

[1

ﬁ:1=F2+F1

Puc. 1. PacueTHas cxema KOJOHHBI (COCTaBIEHO aBTOPaMH)

B mporpammuo-erunciurensHom komiiekce (IIBK) SCAD Office Obuta cosnana
pacyeTHast MOJIeJb 1e(OPMAIIMOHHOTO OTCEKa MPOMBINITIEHHOTO 31anus [2]. U3 ee pacuera ObLIH
MOJy4YeHbl KCXOJAHBIE JaHHble, HeoOXxoawmble uis Beuucienud mo CIT 16.13330.2017
«CranbHble KoHCTpyKImn»: Fy=73,831; F, =459 1; 1, =941 M; ;=647 m; EI, = 8337 ™™’
(nByTaBp wmpokomnonounsiii mo TOCT 26020-83 40I112); A; = 1416 cv*; EL, = 6416 ™
(nByTaBp mmpokononounsii mo CTO ACUM 20-93 40I111); 4, = 112,91 cm*; T = 1,52 15
e=1,1m.

BeprtukanbHast Harpy3ka Juis EpBOTro U BTOPOrO y4acTKa KOJIOHHHI (CM. pHc. 1):

Ny=F, +F =7383+4590=119,73 ;
N,=F, =459T. (1

Omnpenenenne kK0d(h(UIIMEHTOB pPacUETHOH JUIMHBI Ly TIEPBOTO M BTOPOTO YYacTKOB
KOJIOHHBI BBHITIONHSETCS 4epe3 Hqiq U MWy 1o Tabm. W.3 mpunoxenust CII 16.13330.2017 [1]
«KoapdummenTsl pacuyeTHOH ITUHBI JJII  OMHOCTYNEHYATBIX KOJIOHH C HEMOJBH)XKHBIM

1 I,
MIAPHUPHO-ONEPTHIM BEPXHUM KOHI[OM» B 3aBUCHMOCTH OT = = 0,688 u * = 0,770 meronom

WHTEpHoJIAIuH (puc. 2):
K14 = 0,815 — BenuumHa (4 npu F, = 0;
Ly = 1,400 — BenmumHa (4 ipu F; = 0,
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Fa
Mz |El; M2 |El
F'i =>"L11 =>y42
w |EM ]  ||E |

TR \
Fy |F2

Puc. 2. PacueTHble cxeMbl JIs1 onpeiesieHuss KOAPPUITUSHTOB
pacueTHOU JuIiHBI 110 Tabi. 1.3 [1] (cocTaBineHo aBTopamu)

Pacuer na IMPOYHOCTb C)KaTO-U3TM0aEMBIX (BHeHeHTpCHHO—C)KaTLIX) KOJIOHH M3 CTaJIu C

— 2 2
HOPMAaTHBHBIM conpoTuBieHueM R, = 306,5 H/mm™ < 440 H/MM®, KOTOpBIE HE ITOJABEPIarOTCs

HEMOCPEJCTBEHHOMY BO3JIEHCTBHIO JTMHAMMYECKMX Harpy3ok (mpu HampspkeHusix T < 0,5R; u
a = N/A, > 0,1R,)), BBIIOJHAIOT TOJBKO HPHU 3HAYEHUU HPUBEICHHOIO OTHOCUTEIBLHOTO
SKCLEHTPUCHUTETA M ¢ = 20 ¥ OTCYTCTBMHU OCIAOIECHUS CCUEHHMS.

N,

Pacyer Ha ycTOHYMBOCTH [UIsl BEpXHEro ydacTka C Yy4eToM BblpaxkeHus (1) mpu

F, = 45,9 T BRINNIAIUT CIEAYIOMUM 00pa3oMm:

[ .
I;= ||Jri: ||EJ[:: ||,.. — .“_h_s,, —— =0,164; (2)
\A:z A Edy  4[21-10°-10-112,91-10
Ay =t =2 EH 118354, 3)
ig 0,164
_ (e ep—
Z=2, |2 = 118354 [2=2 = 4656, ()
N E y 21-10
mﬂ:ﬁ :MZ?J?SAL = 5 < m., < 20, (5)
2 W, 1 595,61 2
Jia npouns 4011
f.ri _ (259 - 12,5} — X
Ayrn (383-12,5-2) - 9.5 1,099>1; (6)
=n, = 1,4 — 0,024,=14—-0,02- 4656= 1,307, (7)

My = Nymy = 1,307 - 7,784 =10,174.
[pu k., = 4,656 u Mg¢z = 10,174 no Tabu. /1.3 CIT 16.133330.2017

VYcnoBre yCTOWYUBOCTH BBITIOIHSAETCS:
N, (45,9-1000)

= <1. )

®eA Ryy, 0,091 112,91-3250 -1

Pacyer Ha ycTOMYMBOCTH 7Sl HMDKHETO ydacTKa aHaorudeH ¢popmynam (1)—(9):
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By ||Jr = ||EJr T = = 0,167;
-\‘A -\JEA_ -\‘__.J. 10® -10 - 141.6- 10
_pgly _ 1211-941 _ '
hy=tte = 2R 5037,
'_ ¥
I, =1, [ = 68237 |'3'—5“'E_ = 2,684;
\E 21-10
m, =24 = LA W0 NG _ 5690 = 5<m, < 20.
W,, 2 025,51
Jost mpodmisa 401112
S BRI 159> 1,
Ay (3%2-15-2) -11,5

=n, = 1,4 — 0,021,=1,4 —0,02- 2,684 = 1,346,
=mn,my=1,346-7,690=10,351.

Ipu 4, = 2,684 MM, 10 351 no tabn. 1.3 CII 16.133330.2017 =+ @4 = 0,113.
N, (119,73 - 1 000)
tpE.A-_-R}-}'l- = o1z e 3zol L.
VYcnoBue yCTOMYMBOCTH BBITIOMHAETCS JIJIs1 000MX YYACTKOB.
Pacuer no nedopMalinoHHONH MOAENHU CKATO-U30THYTON KOJOHHBI BEJETCSI HA OCHOBAaHUU
pelieHuss MeToJlaMU  CTpouTenbHOM Mexanuku [3—6] (puc. 3). Ilpu pemenun 3amau
CTPOUTENIbHON MEXaHHKH BBOJUTCS YIPOILEHHAs KOHCTPYKIIHS, OCBOOOXKIEHHAs OT (hakTOpOB,

HECYIICCTBCHHO BJIMAIOIINX HaA €€ pa60Ty B IICJIOM.

3EL
Fie Z4 12 -z ) 35’2
.Ltl__ 77 F\\ 7N\ R, n.(vz)
3 =
-1_T _1_ ) Z2. J@x(”z) z=1
6E]
g l_zlq"(v') Ry 125!. n2(vy)
AT 7 -
KOHCTpYKTHBHAS N=Fz+F, Ni=F2+F4 N=F2+F, 5511 ou(oy) N=F2tFs
cxema PacuerHas OcHOBHas cUCTEMa METOIa — —
o an.M; an.M,
cxema NEPEMEMICHUU U HEU3BECTHBIX
Puc. 3. PacueTHbie CXEMBbI U €IUHUYHBIE MTIOPbI
C)KaTO-U30THYTOM KOJIOHHBI (COCTaBJIEHO aBTOPaMM)
Brruucium pacueTHble IJTMHBI M COOTBETCTBYIOIINE ITAPAMETPHI:
(10)
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L, [, E,
vz = :;*q||;. m vy =ayvy = 0,547, (D)
=2 =2785. (12)

Ipu sToM 1, Oepercs He Gonee p5™* = 3. [IpunumaeM B, = 3. C y4eTOM BBIYMCIEHHBIX
KOX((UITMEHTOB MPUBEACHUS L4 H |15 [IOJ1y UMM pacquHHe JUTHHBIL:

(13)

Ii-lr:-par_.._] I—Iﬂiﬂ = 19,41 M.
Ha ocHOBanun IIpUHIUMIIa HE3aBUCHUMOI'0O HeﬁCTBHﬂ CHUJI OKOHYATCJIBbHYIO OJIIIOPY

MOMEHTOB MOYKHO ITOJIyYUTb IIyTE€M CIIOKEHUS B XapaKTEPHBIX CECYEHMSAX OPJAMHAT IPy30BOU U
UCIIPABJIEHHBIX €IUHUYHBIX 310D (puc. 4):

Mux=“'—flzl+‘ﬁ222+m'p' (14)
Fs
|_ :
R -_— ,
El,
N I’]/]_ Mo
F =
WoN E§ 21
MR == K
e =
] % £
% =
=
=
= =
V8
F1+F2 m] mz

Puc. 4. KoappunmeHTs! peakTHBHBIX MOMEHTOB,
nepeMeIeH! U eIMHUYHBIE AMIOPHI (COCTaBIEHO aBTOPaMH)

BenuuuHbI Z4 U Z; HAXOAATCS U3 PELICHHS CHCTEMBl YPaBHEHUN:
12 T2 T Ry, =0
{T2121+T2222+R2'p =0, (15)
[Ipn nocTmkeHnn HArpy3Kod KPUTHUECKOTO 3HAYEHMsI KOJIOHHA TepsieT YCTOWYMBOCTH U
U3rubaercs, 4YTo COMPOBOKIACTCS IMHEHHBIMU U YIIIOBBIMU CMEILIEHUSIMU €€ y3110B. [lapameTpsl
YCTOMYMBOCTHU IIPU 3TOM CTAHOBSITCSI KPUTUYECKUMHU.

CucteMa ypaBHEHHMI CONEPKMT TpUroHOMeTpuueckue GyHKIUM @5 (vy), @4(vy4),

7, (V1) 3aBUCAIIME OT TApaMeTPa ¥ CHKATON KOIOHHBI.
C yuerom BbipaxeHuil (10)—(13) 3naueHus QyHKIMM, BXOASAIMINUX B CUCTEMY YpaBHEHHM

JUISL C)KaTO-U30THYTHIX CTEPKHEH, OyAyT ClIeayIOIUMHU:

_ _vkegyy  _ .

@y (v,) = Atgv, — vy) 0,980; (16)
5

ny(vy) = m = 0,880, (17)
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v;':tgv._ - 1:._:'

@y (vy) = Bravilee-Z) 0,957; (18)
v, (v, —sinw, )

‘pEl (?'?1] = 431;3_{rgu_-___u__} = 1!0227 (19)

|I(l:' } gl:' ’

ps(vy) = :af _g___i} = 0,979, (20)
(2)°

72 (v) =f,;-—5 = 0873; e

ny ==, () + 2@, (v,); (22)

=2 ‘3‘?5(;:1(uﬂ] + 3544 cpn(ul] =6 306,258 Ti;

) (23)
Ty =Ty =460 ¢4 (1::,.] 565 @,(v,) = —102,163 Tv;
oy =25 m () + S, (v); 24)
Fap = 71,07 my () + 120, (vlj = 167,260 T™;
Det = *rll*n.ﬂ e =0; (25)
Ry, = —Fje = —8121 1M, (26)

RE?J =T7T= 1,52 T.
C yueroM HaiineHHBIX M0 Qopmynam (16)—(26) BenuuuH nonyduM U3 BeipakeHus (15)
OPJMHATHI JIUIST € IMHUYHBIX MOMEHTOB:

|—R.“ Tos
ip 1
—Rown  Ton Bow Toy— Byp " Too
. = 4 = E = =F . 27
j: D}ar i 9 Det > ( )
1,52 - (—102,163)— (—81,21) - 167,260
z, = ~0,0129;
1044 345,660
Tas  ~Hup
z. = Tzs  —Hap — Byp " Tgy— Bap Ty : (28)
= Dat} Det
—-31,21 - (—102,163 1,52 - 6306,258
z, = =-0,0012.
= 1 044 345,660

Omropa m3rubaromux MoMeHTOB (14) mpu HaiineHHbIX Mo BblpaxkeHUsM (27) u (28)
3HAUEHUSAX Z| U Zp CTPOUTCSA B OCHOBHOM CHCTEME METOJA NMEPEMEIIEHUH, 1€ NMEETCsl CUIIOBOE
BO3/eiicTBUe. B 1aHHOM cllydae BHEUIHUE HArpy3Ku AEHCTBYIOT B CEUEHMSIX, I/I€ BBE/ICHBI CBSI3H,
T.€. mpu M,, = 0 (puc. 5).

[IpoBepsiem nornepeuHoe ceueHne KOJOHHBI M0 YCIOBUIO

_ ;".' M
Omax — A W, =R }'r,;a
NI
J"!I- ]"’I
+ <1, (29)
ARyye WiRyy:
I[J'IH HUKHETO y4aCTKa
N, M, 119,73 - 1 000 43,086 - 100 000
= = = + =0260+ 0,655=0914 =< 1.
A, R} Yo Wy, R} ¥e 141,51 -3 250-1 2025,51- 3250 -1
Jlnist BEpXHEro yyacTka
Ny M, 25,9 -1 000 37.068 - 100 000
= + =0,125+ 0,715 = 0,840 = 1.

AyRyye  WyoRpye  112,91-3250-1  1595,61-3250-1
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43,750 0,541 =) 43,086
E 37,609 0,664

23,361 0,664 22,697

3n.M”1= H1*Z1 3n.M”2=h72*22

(m*w) () anMox (m*m)

Puc. 5. OxoHuarenbHast S10pa MOMEHTA (COCTABJICHO aBTOPAMH )

PesynpraTthl mpoBepok ycioBus (29) moayuwsinch BecbMa ONM3KUMHM K pE3yJbTaTaM,
nosyueHHbIM u3 pacuera no CII 16.133330.2017 «CranbHble koHCTpykuuu» u B IIBK
SCAD Office.

Ha ocHOBe mNpoBeneHHOro aHajliuW3a MOXHO CcJeJaTb BBIBOJABL. B 1e0M BiausiHue
negopMaluy Ha MOBEJIEHUE CHKATO-U30THYTBHIX KOJIOHH SIBJISIETCS BaXKHBIM ACIEKTOM, KOTOPBIi
cleyeT MPUHUMAaTh BO BHUMaHHME IPU MX MPOEKTHUpoBaHUU. VccienoBaHUs MOKa3bIBAIOT, YTO
UCIOJIb30BaHUE pacyera Mo Ae()OPMUPOBAHHOMY COCTOSHHIO CHOCOOCTBYET COKpAIIEHHIO
MOTPENIHOCTH, KOTOpast MOKeT focturath 15-20 % mpu pacueTax KJIacCUUYECKUM METOAOM. DTO
NOJUYEPKUBAET BAXKHOCTh 00Jiee TIIATEIBHOrO aHalu3a. Y4er Ae(OopMalMOHHBIX XapaKTEePUCTUK
KOJIOHH (M3TMOHBIX JedopManuii) TMO3BOJSET Jyyllle MOJEIMPOBaTh HMX IOBEIEHUE 0]
Harpy3koi. BkitoueHue JaHHOTo pacdera MOBBICUT BEpPHOCTh IPOTHO30B HECyIIel ClIOCOOHOCTH
KOJIOHH.

JUig KCIONIb3yeMBIX MaTEpPHAJIOB MAaKCUMAJIbHOE HANpPsUKEHUE B KOJIOHHE, COIVIACHO
KPUTEPUIO TPOYHOCTH Mmu3eca, He MpEeBbIIIAET IOMYCTUMOro. Takas MoJeslb oOecreunBaeT
HA/IeKHOCTh ONOPHONW KOHCTPYKILMH B 3KCIUTyaTallMM, MOMOraeT u30exarh JIMIIHUX 3aTpaT Ha
MaTepuabl, ejasi IPOeKTUPOBaHUE 00J1ee SIKOHOMUYHBIM.

OcHoBHbIE (DaKTOPHI, BIHMAIOUIME HA HAJEKHOCTh C)KATO-U30THYTHIX KOJIOHH, — 3TO
IPOYHOCTh Marepuana, ¢opMa U YCIOBUS HMX KpEIJIEHHs, KOTOpbIE IMOMOTarT KOJIOHHAM
COpPAaBIATBCS C Harpy3kaMd M COXpPaHSATh CBOIO IEJIOCTHOCTh. BBIOOp ONTHUMAaIbHBIX
FEOMETPUUECKUX MMapaMeTPOB CHUXKAET PUCK JIOKAJBHBIX pa3pylIeHHH, a MaTepHall ¢ BBICOKOM
IPOYHOCTHIO 00ECIeYBaET OONBIITYI0 YCTOMUYUBOCTD K U3TUOY, CKATHIO.
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K BOITPOCY NPUMEHEHUSI TSKEJIOI'O BETOHA C YYHETOM
NU3MEHSIOIINXCSA YCJIOBUH CTPOUTEJLCTBA B APKTUYECKOM 30HE

B.U. Tpoghumos
Teepckoti eocyoapcmeennblii mexnuieckuil yHueepcumem (2. Teepv)

© Tpodumos B.U., 2025

AHHOTauus. B crarbe paccMoTpeHa akTyanbHas mpoOiieMa HoBbImeHus 3G dekTuBHOCTH
UCIIOJIb30BaHMsl TSKEJIOro OeTOHAa B TPAHCIIOPTHOM M OOOpPOHHOM cTpouTtenbcTBe Ha Cesepe.
Jana xnaccugukanus obnacteid IpUMEHEHUS TSKEIOro OETOHA C YYETOM €ro paboThl B CIOXKHBIX
IPUPOJHO-KJIMMAaTUYECKUX U TPYHTOBBIX YCIOBUAX cTpoutenbcTBa Ha Cesepe. [lokazaHo, uTto
JUIsl TIOBBILIEHUST 3((EKTUBHOCTH pabOThl OETOHHBIX M3JEIMM M KOHCTPYKIHUI Heo0X0oauMo
UCMOJIb30BaTh  MOIM(UIIMPOBAHHBIE U  JUCHEPCHO-apMHUPOBAHHbIE OETOHBI, a  TaKXke
MHOTOCJIONHBIE OETOHHBIE W3/EIHsI U KOHCTPYKIIMHM C IIMPOKUM MPUMEHEHHEM KOMIIO3UTHBIX
MaTepHaJloB.

KuroueBble ciioBa: Tskenblid 0€TOH, (PU3MKO-MEXaHUUECKHE CBOMCTBA, TPAHCIOPTHOE U
00OpOHHOE CTPOUTEITHCTBO, APMUPOBAHHE, MOAU(PULIPOBAHHE.

DOI: 10.46573/2658-7459-2025-3-25-35

D¢ exkTuBHOE OCBOEHUE YHUKAJIbHBIX, CTPAaTeTMUeCKH BAXKHBIX Ul HAIIeHd CTpaHbl
HE(TAHBIX MECTOPOXKICHHH, PAaCIONIOKEHHBIX B YJAJIEHHBIX pailoHax ApKTUYECKOW 30HBI, U
Ha/Ie)KHAsg WX 3allUTa HEBO3MOXKHBI 0€3 MPUMEHEHHUS HOBBIX CTPOMTEIbHBIX MaTepHajioB, B
YaCTHOCTM OETOHOB HOBOTO IMOKOJEHMS, M TEXHOJIOTMYECKHX pelleHui Ha 0aze wux
UCIIOJIb30BAHUS.

CTpykTypHass cXeMa OCHOBHBIX pPa3sHOBHJIHOCTEH TsKeloro O€TOHa, IIMPOKO
NPUMEHSEMbIX B CTPOUTENBbCTBE, MpenacTaBieHa Ha puc. 1. Kak BuaHo, Tsokenblii OeToOH
OTJIIMYAETCS XOPOIIMMHU (PU3UKO-MEXaHMUECKUMH CBOMCTBAMU M HaXOJUT LIMPOKOE MPUMEHEHUE
B PA3JIMUHBIX OTPACiIsAX HAPOJHOTO XO35NCTBA.

Pemenne Bonpoca ObICTpelIIero BOBIEUEHHs] ApKTUUECKUX MECTOPOXKICHUI B HApOAHO-
XO3SHCTBEHHYIO JEATEIbHOCTh C YUE€TOM 0OecreueHHs X HaJIe)KHOM 3allUThl ObUIO OTPasKEHO B
ClieliMajIbHOM TOCYIapCTBEHHOM Mporpamme, npunsToi [IpaBurensctBom PO mis peanuzanuu 10
2030 roma. Ilpm »STOM meEpCHEKTHBBI pa3BUTHS BakHeiIIed HedTerazoBol oTpacid B
ApKTHYECKOW 30HE HampsSMYyI CBS3aHbl C pealu3alieid KOMIUIEKca HH(PPACTPYKTYPHBIX
IPOEKTOB: CTPOHUTEIHCTBOM JOPOT M HE(TEnpoBOAOB, HE(PTAHBIX M Ta30BBIX PE3EPBYaPOB,
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MOCTOB, IUIOIIAJOK IIOJl HACOCHBIC CTaHIMHU U np. [1]. Bce 3Tto TpeOyer Oombmmx 00bEMOB
TsDKEI0ro 0€TOHa ¢ 0COOBIMU CBOMCTBaMH (pHC. 2).

Knaccuoukaums taxenoro 6eToHa

| | \

Mo Mo Mo eugy Mo eugy Mo Mo ycnosuam Mo cocraBy
NNOTHOCTU NPOYHOCTU BAXKYLLEro 3anonHuTens npUMeHAeMocCTH pa6ortbi
o " MenKo3epHUCTbIN A MopudnumpoBaHHbIi
Obneruenrbiit Hemerwels P rm,a,pOTeﬁquecr(oro puuinp
3
1 800-2 000 Kr/m
CTpOUTENbCTBA
\ [ CamoynIoTHAIOLLMIACA
O6bi4HbIf 6eTOH CunnKaTHbIN Ha menkom [Ana fopoxHoro u
<50 MMMa necke A3pOAPOMHOro
| | CTpOMTfanTBa C ucnonb3osaHnem
o 06aBoK
Taxenbin | A
2 000-2 500 KI'/M3 MmncobetoH Ha BTOpMYHOM Ana
cbipbe TpaHCNOPTHOro KOpPO3UOHHO-CTOM KM
, CTpOUTENbCTBA
|
BblCOKONPOUHbI Ha WwaKo-LenouHom ns
50-100 MNa [uncnepcroHHo-
BAXYLEM 3HepreTM4Yeckoro apMUPOBaHHBIA
CTPOUTENbCTBA
Ocobo Taxenblin CepHblii 6eToH H p BbiCTpoTBEpACIOLMil
a oTxo4ax aAMaUNOHHO-
>2 500 kr/m’ A A Ll‘ N
npoussBoaCcTBa CTOVKMIA

| |
YNbTPaBbICOKOMNPOUHbIiA
>100 MMNa

Ha menkux 1 KpynHbix
3anoNHUTeNaxX

Hanpsratowmii

Puc. 1. CtpykrypHas cxema kinaccuukanum TSKeaoro 6eToHa

Taxenblit 6eToH
AN APKTMYECKOW 30HbI

TpaHCNopTHOE CTPOUTENLCTBO W O60pOHHOE CTPOUTENBCTBO
Mopckune -
enesHble AsTogoporu Aspopombl ToBapHbIit 3arpaxpaeHua Y6exua LWaxTbl
N peyHble
P Aoporu 6etoH paKeTHble
aHanoru
enesobeToH- A3popOMHble dunbpobeToH YpaponpoyHbli KaponpoyHbii
Hble Wnanol NAUTBI 6eToH W OTHECTOUKUKU
6eToH
BogonpoBogHble JloporKHble Cranedunbpo- BeToH Ha
COOpYKeHUA nAnTbI 6eToH rpaHy/MpoBaHHOM
$ubpouemeHTe

Puc. 2. CtpykrypHas cxema IpUMEHEHHS TSKEJIOro OeToHa B APKTUYECKOM 30HE
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W3 CTpyKTYpHBIX CXeM MPUMEHUMOCTH TsDKENOro OeroHa (cm. puc. 1, 2), BUAHO, YTO B
HEKOTOPBIX 00JIACTSAX CTPOUTEIHCTBA (JOPOKHOM, a3POJPOMHOM, IHEPreTUYECKOM U JP.) MIUPOKO
UCTIONB3YIOTCSI  MOAM(UIIUPOBAHHBIA  TOBApHBIM  OETOH, IKENE300CTOHHBIC U3JCIUS W
KOHCTPYKIIMH (IOPO’KHBIE U adpPOAPOMHBIE IUIMTHI, BOAOIPOIYCKHBIE TPYOBl U JIOTKH, CBaW,
onopsl JIDII u mp.), KOTOpbIE UMEIOT JABOWHOE HAa3HAUYCHHE, T.€. HAXOASIT NMPUMEHEHUE KaK B
Ipa)KAaHCKOM CTPOUTEIILCTBE, TAK U B 00OPOHHOM OTpaCIIH.

OcoOble  HEOnMaronpusATHbIE  KIMMAard4yeCKUEe  YCIOBUS  ApKTUUECKUX  TEPPUTOPHI
CONPOBOXKIAIOTCS  IIMPOKMM  PAcClpOCTPAaHEHHEM  BBICOKOJIBAUCTBIX (B OCOOEHHOCTU
TOHKOJIMCIIEPCHBIX 3aCOJIEHHBIX) TPYHTOB, KOTOPHIE MOI'YT HAXOAWUThCS B IUIACTUYHO-MEP3IIOM
COCTOSIHMH, SIBJISIOTCSI HanOojee CIOKHBIMU U ONAcCHBIMU C TOYKH 3PEHHUSI CTPOHUTENLCTBA. Takue
TPYHTBI B MPOLIECCE OTTaWBAHUS MEPEXOAAT B CTPYKTYPHO HEYCTOMUMBOE COCTOSHUE, YTO TPUBOIUT
K pa3pyleHnI0 OETOHHOTO MOKPBITHS AOPOT U IUIOLIAI0K MO/ Pa3IMYHbIE COOPYKeHHS [2].

B mHacrosimmee BpeMs  OCOOEHHO  BOCTPEOOBaH  JUCHEPCHO-AapMUPOBAHHBIA U
MOTUGUIUPOBAHHBIA TsDKENIBIA OCTOH [l NMPUMEHEHHMs] Ha apKTUYECKUX TEPPUTOPUSLX MpPH
TPAHCIIOPTHOM U 0OOPOHHOM CTPOUTENILCTBE (CM. pHC. 2).

Takum o00pa3oM, IpYyruM Ba)XHBIM BOIIPOCOM, KOTOPBIM OTpakeH B CHEIHAIBHOU
TOCYJIapCTBEHHOM MPOTrpaMMe MO0 YKOHOMUYECKOMY Pa3BUTHIO ApPKTHUUECKON 30HBI PO, siBisercs
pa3paboTKa KOMILJIEKCa Mep MO HAAEKHOM 3amuTe He()TEera3oBbIX COOPYKEHUI Ha OCBAMBAEMBbIX
TEPPUTOPUSAX, IJISI YEro HEOOXOIMMO BO3BEICHHME CIELHUAIbHBIX HHKXEHEPHO-CTPOUTEIbHBIX
COOPY)KCHHUH B HEISIX HAAECKHOTOo (DYHKIIMOHMPOBAHMS OOOPOHHBIX OOBEKTOB (a3pOAPOMOB,
JIOpOT, paJapoB, YCKOBBIX PAKETHBIX YCTAHOBOK U Jp.).

be3 mnpuMmeHeHus cHenMadbHBIX A(PQPEKTHBHBIX BHUJAOB MOHOJIMTHOIO O€ToHa H
JKeJIe300€TOHHBIX U3/eNUi B OONBIINX 00bEMaX B CYpPOBBIX MPUPOTHO-KIMMATHUECKUX YCIOBUSAX
CTPOMTENHCTBA HE 00OUTHUCH.

KIIUMATHYECKHE H I'PYHTOBBIE YC/IOBUA PABOTHI
TAKEJIOTO BETOHA B APKTHYECKOH 30HE

Ha cocrosBmemcss 18 anpens 2024 rogma pacmmpeHHoM 3acenaHuu  Komurera
locynapctBennoit Jlympl mo passututo JlanmpHero Boctoka u ApKTHKHM ObUI paccMOTpPEH
cepbe3Hbll Bompoc «O COBEPIIEHCTBOBAHWU IPUHMMAEMBIX MEp IO MPOEKTUPOBAHUIO U
CTPOUTENIBCTBY OOBEKTOB KalHUTAJIbHOTO CTPOUTENIbCTBA B ApKTHUecKoil 30He Poccuiickoi
®enepanun». bpls1o 0TMEYEHO, UTO JIerpajalusi MHOTOJNIETHEH (BEYHOM) MEp3/I0THl B YCIOBHSIX
M3MEHSAIOIIErocss KjiuMara naryOHO BIIHMSET Ha Oe30MacHOCTh 3KCIUTyaTalluu >kujoro Gouza,
HKCIUTYaTallMOHHYIO HAJEKHOCTh M MPOMBIIUICHHYIO O€30MacHOCTh 3JIaHHi, COOpY)XEHUIl u
JUHEWHBIX 00BEKTOB [3].

B TedyeHue roma HaOMIONAIOTCS 3HAYMTENbHBIE KOJNEOAHUS TeMIepaTypbl BoO3lyxa IO
apKTHYECKNM 30HaM. B 3MMHHMI MepHox Temmeparypa omyckaercs 10 —50 C, a B KOPOTKHA
nepuox nera mogHumaercst 10 +30 C. IIpH 9TOM MIHMPOKO PACTPOCTPAHEHBI BEIHOMEP3IIBIC
NbLJIEBATHIE BHICOKOJIBIUCTBIE U arpeCCUBHBIE 3aCOJICHHBIE TPYHTHI, OMIACHBIE IS CTPOUTENHCTBA
U 9KCIUTyaTallud KOHCTPYKLMH U COOpPY)KEHUH: (PyHIaMEHTOB, JOPOXKHBIX U a3POJIPOMHBIX ILIHT,
&Kene300eToHHbIX cBail, omop JIDII, moctoBeix omop u ap. OAHAKO BOIMPOC HCIOJIB30BAHUS
IBIJIEBATHIX M MEJKUX MECKOB B MPOHU3BOACTBE dPPEKTHUBHBIX OCTOHHBIX M3JEIUN 10 KOHIA He
pEIleH.

B TO ke BpeMsi HEOOXOJMMO YUHMTHIBATh, YTO Ha TeppUTOpUN Poccun TemIibl n3MEHEeHUs
KJIMMaTa MPEBBIIIAIOT CPEAHME II0Ka3aTelu IO IUIAHETe, OCOOEHHO 3TO XapaKTepHO JUId
apkTH4Yeckux 30H. O3a00YEHHOCTH BBI3BIBACT M BO3ACUCTBUE KIMMATHUYECKUX W3MEHEHUH Ha
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TPAHCIIOPTHYIO HMH(MPACTPYKTYpPY B pallOHaX pacHpOCTPAHCHUS BEYHOU MEP3JIOTHI, MOCKOIBKY
9TO CKa3bIBACTCS HAa CHIDKCHUM HECYIICH CIIOCOOHOCTH T'PYHTOB W Pa3BHTHUU JECTPYKTHUBHBIX
reoMop(OIOTHYECKUX TPOIIECCOB, KOTOPHIE MOT'YT IIPUBECTH, a B PSJIC PETHOHOB YK€ MPHUBEIH, K
HApYIICHUIO JKCIUTYaTallHOHHBIX YCJAOBHH U Pa3pylICHHIO TPAHCIOPTHBIX OOBEKTOB C
MIPUMEHEHUEM TsKeIoro 6etona [4].

TPEBOBAHHUA K TAKE/IOMY BETOHY C YYETOM EI'O PABOThHI
B CJIOKHBIX IIPUPO/THO-K/THMATHYECKHX H I'PYHTOBBIX YC/IOBHAX

[Tpob6aeme MOBBIIEHUST MOPO30CTOWKOCTH M KOPPO3MOHHON CTOMKOCTH OETOHA ylenseTcs
NpUCTAJIbHOE BHUMAaHHE B OTEYECTBEHHOW M 3apyOekHOW nureparype. [Ipu 3TOM HOKHBIM
o0pa3oM HE paccMaTpuBaeTcs TO, 4YTO psAl OCTOHHBIX KOHCTPYKLHMH IIOIBEpraeTcs
OJJTHOBPEMEHHOMY JEHCTBUIO LUKIMYECKUX 3HAKOIEPEMEHHBIX TEMIIEpaTyp MU Harpy3ok. ITo
OCTOHHBIC  JJIEMEHTHl  THIPOTEXHHYECKUX,  IMPOMBIIUICHHBIX,  CEIbCKOXO3SHCTBEHHBIX
KOHCTPYKIIM M COOPYXXCHHUI, pacloOKEHHBIX B MOBEPXHOCTHBIX CIIOAX TPYHTa WM B 30HE
MIOTIEPEMEHHOTO YBIQKHEHUS U BBICYIIMBaHUs. VccrnenoBanuid, MOCBSIIEHHBIX TaKoi mpobieme,
KpaiiHe Maso. B wactHoCTH, B paboTe [5] nmpoaHaaM3upOBaHO MOBBIICHHE CTOMKOCTH TSHKENBIX
0ETOHOB K IIMKJIMYECKUM BO3/ICHCTBHSM B CYPOBBIX YCIOBHUSX IKCILTyaTallNH.

CaaiiHble U cTONI0UATHIE JKeJIe300€TOHHBIE (DYHIaMEHTHI B IOJIONbE 3AaHUH, a 0COOEHHO B
30HE TIPOMEP3aHus — OTTaUBaHUs, IOABEPKEHBI (PU3MIECKOMY H3HOCY — KOoppo3uu. B pesynbrare
JIEHCTBUS TEXHOTCHHBIX BOJ, HACHIICHHBIX XJIOPUAAaMH, CyAb(aramu, yIIIeKUCIOTOH, MIEI0YaMH 1
JIPYrMMHU XUMHUYECKUMHU COEIMHEHUSIMHE, apMarypa U 0eTOH (yHIaMEHTa MOABEPraloTCcs KOPPO3HH,
YTO TPHUBOAUT K TMoTepe Hecymed crnocoOHocTH (puc. 3a) [6]. JlopoXHble IJIMTHI TaKxkKe
MOJBEP>KEHBI PA3PYLIEHHUIO B TPOLECCE IKCIUTyaTallMH B apKTUYECKUX 30Hax (puc. 30) [7].

X ? g o

b‘\‘ \

a §)

Puc. 3. [Ipumeps! nqecTpykuuu OeToHa: a — pa3pylieHue pOCTBEPKOB M CBaii 3/1aHUs
13-3a KOppO3uH O6eToHa; O — AECTPYKIIHS JOPOXKHBIX IUTUT TUTOIIAKA
OBIBIIIEH paAMOIOKAIMOHHON CTaHINH (ITOCENIOK AMIEpMa, MOITyocTpoB Pribaunit)

Jnst 3ammTel  OETOHa OT KOPPO3HOHHOTO pa3pylIeHUs PEKOMEHIYeTCs TOBBIMIATh
IUIOTHOCTh O€TOHA, MPHUHUMAaTh 0COOble J00aBKM U CIEIHalbHbIE LIEMEHTHI: MYyLIOJaHOBBIMH,
Cynb(aTroCTONKUIA U Ap.

IIYTH YIIYYIIEHHUA IKCILTYATAITHOHHBIX CBOHCTB FETOHA
B Hacrosiiee BpeMs OCHOBHBIMU IIYTSMH YIy4YIIEHUs OKCIUIyaTallUOHHBIX CBOMCTB
0eToHa SIBISAIOTCS €ro MOAM(DULUUPOBAHHE C MCIIOJIB30BAaHUEM BBICOKOKAYECTBEHHBIX CBHIPHEBBIX
KOMIIOHEHTOB, COOTBETCTBYIOLINX J100aBOK, JUCIIEPCHOTO apMHPOBAHUS, MUKPOHAIIOJTHUTENEH U
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MoAM(UIMPOBAHHE C TPUMEHEHHEM ONTHMHU3UPOBAHHBIX COCTABOB CMECH M ONTHMAaJbHBIX
TEXHOJIOTHUECKUX PEKUMOB IPU H3TOTOBIEHUU OETOHHBIX M3JCJIUH WM HENOCPEACTBEHHO B
YCIIOBUSIX CTPOUTEIBCTBA.

OnuH U3 crnoco0OB MOBBINIEHUS MPOYHOCTH OeToHa — apMupoBaHue. HenpepblBHBIN 1
JMCTIEPCHBIN BUIBI APMUPOBAHUS OETOHHOM MaTPHIIBI CIIOCOOCTBYIOT JBYX- MJIM TPEXMEPHOMY €€
YIPOYHEHUIO, MO3BOJIAIOT MPUHIMIINAIBHO U3MEHATh CBOMCTBA IEMEHTHOTO KaMHsl, o0ecrieunBast
yIIy4IlIeHHbIE (U3UKO-MEXaHMYECKUE CBOWMCTBA (MOBBIIMIEHUE TPEIIMHO-CTOWKOCTH, OCOOCHHO
OpyU JEHUCTBUM YJapHBIX M JAWHAMHYECKUX HAarpy3ok, CHIKEHHE aOpa3suBHOIO H3HOCA,
MOBBILIEHHE BOJIOHEIIPOHUIIAEMOCTH, MOPO30CTOMKOCTH U Jp.), IPU UCIOJIb30BaHUH, HAIIPUMED,
HEKOHIUIIMOHHBIX TOHKOIUCIIEPCHBIX MECKOB [ 8].

B TeI'TY nmpeminoxkeHo u 00OCHOBAaHO IPUMEHEHHME HOBOW KOMIIO3UTHOW H
METaJUTMYeCKOW (UOPHI MOBBIMICHHOTO creruieHus: mnareHT Ne 2490406 — MHKPOCETKH;
nareHT Ne 2582254 — muoroankepnas ¢uOpa; mareHt Ne 2601705 — nByxBerBeBas ¢udpa;
nareHT Ne 2806090 — kpyuenas ¢ubdpa.

KpomMe »sTOro, CcoOBpeMEHHBIC WCCICIOBAaHUS OCOOCHHOCTEH paboTel (hubdpodeToHa
JIOKa3aJll CYILECTBEHHOE BIIMSHUE METOAA IOJMAPMHUPOBAHUS Ha YIyYlEHHE €ro (QHU3MKO-
MEXaHUYECKUX CBOWCTB. MeToj MOIMapMUpPOBAaHUS 3aKJIIOYAETCSl B UCIOJIb30BAaHUH, HAIPUMED,
JBYX Pa3JIMYHbIX BUAOB (GUOPHI, OTIMYAIOIIMXCA pa3MepaMu U Gpopmoii [9].

Tem He MeHee BO3HHUKAIOT ONpEesICHHbIE TPYAHOCTU IIPU JTO3UPOBAHUU U IPUTOTOBIECHUU
OeTOHHOI cMecH, eCIIi B €€ COCTaB BKIIFoUeHa (hudpa, 0cCOOEHHO BOJIOKHUCTAsI, HU3KOMO/Y/IbHAsL.

B naHHO# CBSI3U NPEJIOKEHO J1BA HOBBIX TEXHMUYECKUX PELIEHUS: UCIOJIb30BaTh BMECTO
MSTKHX BOJIOKOH OoJjiee KeCTKHE KOMIIO3UTHbIe MUKpoceTkH (mareHT Ne 2490406), a Takxke
IPUMEHSTh HOBBIA Crloco0 npuroroBieHus (pudpoderoHHoi cmecu (mareHT Ne 2725054), nmpu
KOTOPOM Ha IIEPBOM JTale pas3AeibHO AO3MPYIOT MEJIKHMI 3allOJIHUTENb, BOAY U IOAAIOT B
CMECHUTEIb, @ Ha BTOPOM JTale B IMPUTOTOBJICHHYIO CMECh BBOJAT BMecTe (UOpPY U IIEMEHT B
BUJIE TOTOBBIX JI03UPOBAHHBIX PACTBOPUMBIX (PMOPOLEMEHTHBIX IPaHy]l ¢ KOHKPETHO 33JJaHHBIM
ux cojepxkanuem. Ilpu stom B cocTtaB (UOPOLUEMEHTHBIX TpaHyll JOMOJHUTEIBHO MOXKET
BBOJUTHCA J00aBka. lcrnonb3oBaHue a1si OETOHOB HOBOTO MaTepualla — IpaHYIHPOBAHHOIO
¢ubponiemenrta, mnpengoxeHHoro B TBI'TY, NO3BOAUT YHOPOCTUTH U COKPAaTUTh BpeMs
NPUTOTOBJIEHUS] OETOHHBIX CMECeH, OTKa3aTbCs OT JOCTaBKM M XpaHeHus (uOpsl, 100aBOK,
KOTOpbIE YK€ BKJIIOYEHBI B COCTaB I'PaHyJ, YTO OCOOEHHO BAa)KHO INPHU BBHIMOJIHEHUU CIIOXHBIX
PEMOHTHBIX PabOT B YCIOBHX apKTH4ecKux 30H [10].

Jlpyroii MeTox ymydlIeHHs] SKCIUTyaTallMOHHBIX CBOMCTB O€TOHA CBsI3aH C HM3YYEHUEM
(GU3UKO-XMMHUYECKUX  MPOLIECCOB  TUAPATAIMOHHOTO  TBEpPAEHHS  MNOPTIAHALEMEHTa U
CTPYKTYpOOOpa30oBaHUs LIEMEHTHOTO KaMHSI OETOHOB C Pa3IMYHBIMU IUIACTHQUIMPYIOUIMMU U
AKTMBHBIMH MHHEPAIBLHBIMH JOOaBKaMHU. YCTAQHOBJIEHO, YTO JUIS MOBBIIIEHUS MOPO30CTOHKOCTH
OETOHOB HCIIOJIB3YIOT B OCHOBHOM JIBa CHOCO0a: TOBBIIIEHHE IUIOTHOCTH I[EMEHTHOTO KaMHs
0eToHa C yMEHbUIEHHEM O0beMa MAaKpomop M MX BOJONPOHUIIAEMOCTH (HAlpuUMep, MyTeMm
BBEJICHHUSA B CMECh MOJIMKapOOKCUIIATHBIX CYNEpPIUIACTU(PUKATOPOB M AKTUBHBIX MHHEPATIHHBIX
N00aBOK); CO3/laHME B LIEMEHTHOM KaMHEe OeTOHa pe3epBHBIX BO3AYIIHBIX mop (4—8 % ot ero
o0bema) ¢ obecrieueHreM TOJIIMHBI MPOCIOEK MEXIy coceqHuMH mopamu He Oonee 0,025 mm
(HampuMep, TyTeM BBEIECHUS BO31yXOBOBJIEKAIOMINX 100aBOK). OIHAKO TaKOW METOJ, HECMOTPS Ha
peasbHOE MOBBIIIEHNE MOPO30CTOMKOCTH OETOHA, CHMKAET CTPYKTYPHYIO MPOYHOCTh LIEMEHTHON
Marpuibl. B 3ToM ciaydae Ui yCcTpaHEHHs HENOCTarka PEKOMEHAYETCsl BBOAUTH B COCTAB CMECU
BMECTE C BO3TyXOBOBJICKAIOIIEH 100aBKo# 1 (hudpy.
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CrolikocTh 0ETOHOB K (DU3MKO-MEXaHUYECKUM BO3JCHCTBHSM B 3HAYUTEIHHON CTEICHH
3aBUCUT OT BUJAa HOBOOOpa30BaHUIl IIEMEHTHOTO KaMHsl, MapaMeTpOB MHUKPOCTPYKTYPbl U HUX
CTa0MJIBHOCTH. YTpaBisATh (PAa30BBIM COCTABOM, CTPYKTYpOoOOpa3oBaHHEM M IUIOTHOCTBHIO
CTPYKTYpBI IIEMEHTHOTO KaMHSI O€TOHA IS TIOBBIIIEHUS €r0 CTOMKOCTH K BHEUTHUM LIUKINYECKUM
BO3JCHCTBHUSIM B YCJIOBUSIX APKTHYECKOW 30HBI MOXKHO 3a CUET BBEJCHHS B OCTOHHYIO CMEChH
cynepruiacTuGuIUpyomux (BOAOPEIyLIUPYIONINX) U aKTUBHBIX MHHEPAIbHBIX 100aBOK. Takum
0o0pa3zoM, 0coOyl0 LEHHOCTb IMPEACTABISCT IPOBEIECHHE KOMIUIEKCHBIX HCCIEIOBAaHUNA 10
GbopMHUPOBAaHUIO IUJIOTHOW M  CTa0WJIBHOW BO BpPEMEHH MHKPOCTPYKTYpBI, COCTOSIIEH
NPEUMYILECTBEHHO M3 HU3KOOCHOBHBIX THIPOCHIIMKATOB M OOECIIEUMBAIOIICH MOBBIIICHHYIO
CTOMKOCTh  IIEMEHTHOIO  KaMHS  OeToHa MNpU  LUKIUYECKUX  (U3UKO-MEXaHHMUECKUX
BozzaeiicTBusix [S5]. Ilo pesynpraraMm uccienoBaHWil ObUIO YCTAaHOBJIEHO, YTO B KOMILIEKCHOM
no0aBKe, COCTOAIIeH W3 IUTacTH(HKATOpa W MHUKPOKpPEMHE3eMa, 3aMeHa IacTudukaropa Ha
ocHOBe HaranuHpopMaIbIeTHIA IIACTU(PHUKATOPOM Ha OCHOBE MOJIMKApPOOKCHIIaTa 00eCIIeYBaET
YBEIMYEHUE MapKHU 10 MOPO30CTOMKOCTH OeTOHa [Tt JOPOKHBIX okpeiTuii ¢ F2300 no F,500. Oto
IIPOMCXOIUT BCIEICTBUE COXPAHEHUS MpPU IUKINYECKHX BO3JIEHCTBUAX <«3aMOpPaXUBAHUE —
OTTaNBaHUE» B IIEMEHTHOM KaMHE CJIa003aKpUCTAIUTM30BAaHHBIX HU3KOOCHOBHBIX THIPOCUIIMKATOB
KaJIbLIMA IUIACTUHYATOTO CTPOEHHUS 32 CUET CHIKEHUS COJEpKaHNs B HEM MOPTIIaHIUTa.

B TeBI'TY Obuia mpoBeneHa paboTta, 1eib KOTOPOW COCTOsJIa B OOOCHOBAaHMHM METOJIA
YIIYYIICHHUSI CTPYKTYPHO-MEXaHMUECKHUX CBOWCTB JIOPOKHOTO OETOHA Ha OCHOBE KOMILIEKCHOTO
HCIIOJIb30BaHUS CIIOCOO0B HEMPEPHIBHOTO M IUCIIEPCHOTO MOIHMAPMHUPOBAHUS OETOHHON MaTpPHUIIBI
HOBBIMU KOMIIO3UTHBIMM CETYaTbIMU JJIEMEHTAaMHU Uil IHPOM3BOJICTBA JOPOXKHBIX IUIUT
MOBBIIIEHHON AKCIITyaTallMOHHOM HajexkHoctu [11]. Ha mepBom srTame wuccienoBaHuil Oblia
pelieHa 3a/iauya Mo OLEHKE BIMSHHS pa0OThl MO/ HAarpy3KOoM HENpepbIBHOM KOMIIO3UTHOM CETKU
(ycraHoBIIEHHON B OETOHHOM MaTpHlle ¢ y4eTOM pa3Mepa €€ OTBepCTHil) Ha Mpo4yHOCTH [12].
Crnenyromuii Tan KCCIEIOBaHUM 3aKiioyasics B ONPEAETICHUH MOAXOAAIIEH MPOYHOCTH Ha
u3rud M cXaTue B 3aBHCHUMOCTU OT IPOLIEHTHOTO COAEp)KaHUS KOMIO3UTHOM ¢(ubpel B
KOMIIJIEKCE C KOMITIO3UTHON CETKOM, MMEIOIIEH paHee BBISABICHHBIA ONTHUMAIIBHBIN pa3Mep sUeeK.
Pe3ynbTarel BBINOJIHEHHBIX UCTIBITAHUN MOKa3adu 3((GEKTUBHOCT COBMECTHOTO MCIOJIb30BaHMS
KOMITO3UTHBIX MHKPOCETOK JBYX pa3MepoB Il AMCIEPCHOIO MOJUApMUPOBaHUS OETOHHOU
MaTpulpl B KOMIUIEKCE C NPUMEHEHHEM HENPEPBIBHON KOMIIO3UTHOM CETKM Ul IOBBILICHHUS
MoKasaresiell MPOYHOCTH Ha U3THO U CxKATHE.

OnHuM M3 JTOCTOMHCTB HOBOM ()UOpBHI MOBBIIMIEHHOTO CIEMJIEHUs SBIAETCS TO, YTO
mukpoceTku (mareHT Ne 2490406) u mMHoroankepHas ¢ubpa (mareHT Ne 2582254) moryT OBITH
JIETKO W3TOTOBJIEHBI (Hape3aHbl) W3 OOBIYHBIX CETOK (CTaJbHBIX WM TOJIMMEPHBIX H
KOMITO3UTHBIX), KOTOpPbIE IIMPOKO HCIOJIB3YIOTCS B PA3JIMYHBIX OTPACSAX MPOMBIIIJIEHHOCTH.
[Tpu 3TOM MOTYT OBITH HCIIOIB30BAHBI U OTXO/IbI TPOU3BOJICTBA CETOK.

B cnywsae paboTbl OeToHa € BOCHPUSTHEM JAMHAMUYECKHUX HArpy30K Mpeasaraercs
UCIOJIBb30BaTh Kpyuenyo Guopy (marent Ne 2806090) (puc. 4).

Puc. 4. Kpyuyenas kommno3uTtHas ¢pudpa: a — YeThIpEXaHKEPHAs;
6 — JBYXaHKCpHas ¢ JOIMOJIHUTCIBbHBIM KOJIbBICBBIM aHKCPOM
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B TeI'TY takxke Bemyrcs paOOThl 1O COBEPIICHCTBOBAHHIO KOHCTPYKIHHU IOPOKHON
IUINTBl C LEJNbIO MOBBIIEHUS €€ TPEIMHOCTOMKOCTH Ha OCHOBE MCIIOJIb30BaHUS CIIOEB U3
TOTOBBIX KOMIO3UTHBIX TIUT (TtateHT Ne 201315, marenT Ne 2739818) [13].

ABTOMOOMJIBHBIE JOPOTU IMEPECEKal0T Ha CBOEM IYTH MHOXKECTBO BOJHBIX Iperpan, K
KOTOPbIM OTHOCSITCSI MaJlble BOJOTOKH, BKJIIOYAIOIIKME pPY4YbH, MaJlble PEKH C IUIOIIAJbIO
BozocOopHoro Oacceiina He 6osee 100 KM, a TaKKe OBparu u cyxonosisi [ 14].

B nocnennee Bpemst Ha CeBepe Bce MIUpe MPUMEHSIOT CTajbHBIE TPYObl, cOOMpaeMble Ha
MECTE CTPOUTENbCTBA M3 OTAENbHBIX CErMeHTOB [15]. DTO MO3BOJSET HCHONB30BaTh KpPaHBI
MaJIOl TPY30MOIBEMHOCTH W BEPTOJIETHI, YTO OCOOEHHO BAKHO TPU BBHIMOJHEHHH pPadOT B
TPYAHOIOCTYIHBIX U CIOKHBIX YCIOBUSAX CTPOUTENbCTBA. OAHAKO TaKas TEXHOJIOIHSI OTIMYACTCS
NOBBILICHHONW TPYIOEMKOCTBIO M HEJIOCTAaTOYHOM HaJEKHOCTbIO 00pa3yeMbIX IIBOB MEXAY
CEerMEHTaMH, YTO CHUXKAeT ee 3(h(HEKTUBHOCTb.

B nensx nosbimeHust 3)()EeKTUBHOCTH CTPOUTENBCTBA BOAOIPOITYCKHBIX COOPY)XEHUH (B
YaCTHOCTH, Ha MaJIbIX PeKax B CIOKHBIX MPUPOAHO-KIMMaTH4YecKux ycinoBusx) B TBI'TY Obuio
IPEUIOKEHO HOBOE TEXHUYECKOE pEeLIeHHEe, a HMMEHHO MHOIOOYKOBOE BOJIOIPOIYCKHOE
COOpYXKEHHE B BHUJ/I€ MHOTOKAHAJIbHOW CHMPATIbHOM TPYOBI, a TaKKe TEXHOJOIHsI €€ BO3BEICHMS
[16].

TexHuueckass uies CTPOUTENILCTBA ObICTPOBO3BOAMMOIO OETOHHOIO BOAOIPOIYCKHOIO
COOPY)KEHHUsl pealn3yeTcssi IyTreM (OpPMUPOBAHHUS Ha TPYHTOBOM OCHOBAHMU apMaTypHOTO
CIMpAJbHOIO Kapkaca U3 IIOJIMMEPHOW TE€OCEeTKM C BOJONPONYCKHBIMH KaHAJaMH U3
KOMIIO3UTHBIX TPYOOK IO BCEMY CEUEHHUIO TPYOBI, TIOCJTE Yero yCTaHABJIMBACTCS ONMaTyOKa W B
Hee nozjaercss 0eToHHas cMech. [Ipu 3TOM B OETOHHYIO CMeCh INpeiaraeTcs BKIOUaTh HOBBIE
JUCIIEPCHO-apMUPYIOIIME KOMIIO3UTHBIE BOJIOKHA MOBBIIIEHHOIO CIEIUICHUS: MUKPOCETKH WU
MHOTOaHKEepHYI0 (uOpy, KOTOphle, KaK MOKa3alu MpeABAPUTEIbHbIE MCIBITAHUS, MOBBILIAIOT
IpoYHOCTh OeroHa Ha cxarne U u3ru0 Ha 25-30 %. IIpodyHOCTH BOJIOHACHIIMIEHHBIX
(¢uOpoOeTOHHBIX 00pa3loB B ATOM ciydyae He cHibkaercs [17]. Takoe TexHHMUeCKoe peleHHe
MO3BOJIIET 3HAUUTENBHO YCKOPUTH MPOIECC CTPOUTENHCTBA BOJOINPOIYCKHBIX COOPY)KEHUH B
CJIO’KHBIX MPUPOJHO-KIMMATHYECKUX YCIOBUSAX U COKPATUTh 3aTPaThl.

OCOBEHHOCTH IIPUMEHEHHUA TAKEJIOT'O BETOHA
B ObOPOHHOM CTPOHTEJ/IBCTBE

B cnyyae mpumeHeHus Tskenoro O6eroHa B OOOPOHHOM CTPOMTENBCTBE HEOOXOIUMO
YUNTHIBaTh, KPOME CYPOBBIX YCIOBUH cTpoutenscTBa Ha C(eBepe, Takke BO3JCHCTBHE
BO3MOXKHBIX YJapHBIX Harpy3oK Ha CIelHajJbHble OETOHHBIE M Kele300€TOHHbIE KOHCTPYKIIUH
(HarpuMep, CeM3AEIH IS 3aTPaXKICHUN: «eKN», «3yObl JpakoHa», OyHKepHI U Ap.).

B 51011 cBsI3u 0OparuMcs K onbITy Ipyrux pernoHoB Pocccun. Tak, Bnactu benaropoackoii
o0acT yCTaHaBIMBAIOT (C y4eTOM MPOAOJDKAIOUIEHCs clennaabHOW BOSHHOW oIepaiuu Ha
VYKpanHe) 3alUTHBIE COOpYKEHHs. B 4acTHOCTH, B OTKPHITOM I0JI€ B HAIIPABICHUHU BO3MOYKHOTO
yaapa MpOTUBHHKA B JIBa psija ObLUTH pacCTaBIeHBI OCTOHHBIC OJOKM MUPaMHUAIBHOU (OpPMBI B
Buae «exen» (puc.S). Kak mpaBwio, HX HCHOJIB3YIOT B KadeCTBE NPOTHMBOTAHKOBBIX
3arpaxkaenwii [18].
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a §)

Puc. 5. 3amuTtHOE COOpyXEeHUE B BUJIE MUPAMUAAIBHBIX OJIOKOB:
a — B MoJIeBbIX ycioBusx [19]; 6 — B ropoznckoit cpene [20]

[TockoabKy TsKENbld OETOH OTIMYAETCS MOBBIIMIEHHON XPYIKOCTBIO IPH BO3JEHCTBUU
yAAapHBIX HArpy30K WM OOeNnpunacoB, COINPOBOXKIAEMOM Pa3JIeTOM OCKOJKOB, IpEAIaracrcs
NPUMEHATh MOJU(HIMPOBAHHBIN TSHKEIBIH OCTOH C YCHJIEHHOH CTPYKTYpOH M AeMIl(hepHBIM
¢ dexToM (Hampumep, ¢ MCIOJIb30BAaHHUEM XHMHUYECKUX J00aBOK B KOMIUIEKCE C JUCIIEPCHBIM
apmupoBanuem). Mmkenepsl BoenHoro y4yeOHoro neHTpa JaibHEBOCTOYHOTO (enepaabHOro
YHHUBEpCUTETa pa3paboTand Ccrnoco0 TMOJy4YeHUS HOBBIX IEMEHTHBIX PEMOHTHBIX H
CaMOYIUIOTHSIFOLIIUXCS COCTaBOB C HCIIOJIb30BAHWEM OTXOAOB NPOW3BOACTBA, IPUIOAHBIX JIS
NPUMEHEHHs Ha pa3IMyHbIX oObekTax MuHuctepcrBa o6opoHsl Poccuiickoit denepanuu. [Ipu
pa3paboTKe TakuUX KOMIO3MIMHA OBUIM MCIOJb30BAHBI KOMIIOHEHTHI TOJIBKO POCCHICKOrO
npousBojcTBa [21]. B yacTHOCTH, OB pa3paboTaH COCTaB yAApPOIIPOYHOrO OETOHA, B KOTOPOM
40 % 1memMeHTa 3aMEHWIN OTXOJAaMH IIPOU3BOJICTBA: 30JI0M PUCOBOM IIETYXU, OTCEBOM APOOJICHUS
U3BECTHSKA M KBapIEBOIO Iecka. YCTOMYMBOCTh K TpELIMHAM HOBOro OeToHa B 69 pa3
IIPEBOCXO/IUT aHAJIOTUYHYIO YCTOMYMBOCTh TPAJULIMOHHBIX 00pa3lloB, U3TOTOBJIEHHBIX COINIACHO
['OCTy. Pa3paboTky mnpeanaraioT HCHOJIb30BaTh JJI 3allUTHBIX COOPY)KEHHH BOEHHOTO M
IpaXXAaHCKOTO Ha3HAYEHMsI, HECYILIMX KOHCTPYKIUH aTOMHBIX CTaHIIUI B APKTHKE.

Oco6eHHOCTh HOBOTO O€TOHAa COCTOUT B TOM, YTO €r0 MPOYHOCTh BO3PACTAET BMECTE C
YBEJIMYCHUEM BO3ACHCTBYIOIIEH Ha HEro yaapHod cuibl. [lpu ymape B OETOHHOW TITUTE
BO3HHMKAET 3((EKT PEe3UHbI»: OHA CKUMAETCS W YaCTUYHO NPYXKHHUT, HE PacCTPECKUBASCh.
Pa3paboTunky cUMTAIOT, YTO KOHCTPYKITUS 00JaaeT «IMHAMHUYECKOM BSI3KOCTHIO», TOTIIONIACT
ynap. Takoro s¢¢ekra ynanock AOOMTbCSA 3a CUET apMHUpPOBaHUs OeTOHAa A0OABKaMH BOJIOKOH
MeTaJia WId IPUMOpPCKOro 0azasnbTa.

Kpome ynapHbBIX Harpy3ok, OETOH MOXeET OBITh IOJBEPKEH U OTHEBOMY BO3JEHCTBHIO.
Hanpumep, s moBbllieHHuss 0€30MaCHOCTH aBUAIIMOHHOM M Jpyroil CHenuanibHOM TEXHUKU
UCTIONIB3YIOT 3aIlUTHBIE OETOHHBIE YKPBITHUS apodyHOro Tuma. [Ipum TepMuueckoM BO3AEHCTBUH
0eTOoH U apmarypa IMO/IBEpKEHbI JOCTATOYHO OBICTPOMY HATpeBY /10 KPUTHUUYECKON TeMIleparyphl,
YTO MPUBOIUT K CHIDKCHMIO HECyIIeH CIIOCOOHOCTH M YCTOHYMBOCTH KeJIe300€TOHHBIX
KOHCTPYKIIMIA.

B Hacrosmee Bpems I MOBBIIIEHUS OTHECTOMKOCTH C COXPAaHEHHEM HOPMAaTHUBHOMU
IPOYHOCTH KE€JI€300€TOHHBIX KOHCTPYKLUH BCE LIMPE NMPUMEHSIOT TEXHOIOIHIO MHOTOCIONHBIX
U3JIEeIUH, T.€. UCIOJB3YIOT CTPOUTEIIBHBIE U3CIIH U KOHCTPYKLIUA BapUATPOIIHOM CTPYKTYpPBI, B
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KOTOPBIX MMEETCSI HECYIIMH BBICOKOIIPOUHBIA OCTOHHBIN CIIOW M 3aIUTHBIA (OTHECTOWKHI) C
MPUMEHEHHUEM TepMOCTOKoro OeroHa [22]. 3agayu TOBBIIMICHHS ITOKa3aTejed MPOYHOCTH M
CHIDKEHHMSI ~ TPEIIMHOCTOMKOCTM  HECyIIero cjosi ©OeToHa pemajuch 3a CYeT  ero
MUKpPOApPMHUPOBAHUS BOJIOKHAMHU XPHU30TUI-acOECTa, a 3a[aud MOBBIIIEHUSI OTHECTOMKOCTH — 3a
CUET BHECEHUSI MUHEpaJia IIYHIUTa B 3aIIUTHBIN CIIOW TOPHU30BaHHOTO OETOHA.

BaxxupiM BonpocoM 0€30MacHOCTH SIBJISICTCS MPEAOTBPAIllEHUE WM COKpalleHne oobema
OCKOJIKOB TIPH YIapHO-OTHEBOM BO3JCHCTBMM Ha 3allUTHBIE OETOHHBIE COOpYyXeHus. B
pabote [23] mokazaHo, YTO XapakTep pa3pylIeHUs BBICOKOIPOYHOrO OETOHA MpU BO3ACHCTBUU
OTKPBITOTO OTHS OTIMYACTCS OT MEXaHU3Ma JACCTPYKIIMUA OOBIYHOTO TsDKeNIoro OeroHa. Pazmuune
BBIPQXXEHO IJIaBHBIM 0OOpa3oM B3pbIBOOOPA3HON MOTEpei I[EeNOCTHOCTH KOHCTPYKIUM U3
BBICOKOIIPOYHOTO0 O€TOHAa MpU PE3KOM HarpeBe BO Bpems noxapa. [Ipeanmararorcst cnocoObl
CHI)KEHHUS BEPOSITHOCTHU MPOTEKaHUs B3PHIBOOOPA3HOTO pa3pylieHusi OeToHa, OAHUM U3 KOTOPBIX
SIBJIICTCS BBEJICHWE B COCTaB OETOHA BBITOPAIONICH MOJUMEPHON (GHUOPHI, a TakkKe CTaTbHOU
buopHL.

[lomuMepHOEe BOJOKHO TIOBBIIIAET YCTOMYMBOCTH  BBICOKOIPOYHBIX OETOHOB K
B3pPBIBOOOPA3HOMY pa3pyLICHHIO B OCHOBHOM 3a c4eT 00pa3oBaHUs B OETOHE KaHAJIOB TpyO4aToii
CTPYKTYpbl IIOCJI€ IUIABJICHHUS IOJIMIIPONMIIEHOBOTO BOJIOKHAa mipu Temmeparype 160 °C.
Bo3HuKHOBeHHE pa3BETBICHHOW CHCTEMBbI TaKMX KaHAJIOB B CTPYKType OeTOHa crnocoOCTBYeT
CHIDKEHHIO BHYTPEHHETO [aBJICHUS I1apa, OOpa3yloIIerocss MpH HCHApeHUH (QHU3HYECKH W
a7copOLIMOHHO CBA3aHHOM BOABI U3 IEMEHTHOTO KaMHSI.

B 3akitoueHue MOXHO cKa3aTb, YTO BBIINOJHEHHBIM aHajIM3 U3BECTHBIX padoT,
NOCBAILICHHBIX CBOMCTBAM TSDKENOTO OETOHa U €ro HCIHOJb30BAaHUIO B TPAHCIOPTHOM
CTPOUTENICTBE U OOOPOHHOW OTpaciv, NPUMEHHUTEIbHO K APKTUYECKUM 30HaM IOKa3all, 4YTo
TSOKENbI OeTOH sBIsSEeTCSs OJHMM W3 HaumOosiee IIHPOKO HCHOJIb3YEMBIX CTPOUTENBHBIX
KOHCTPYKIIMOHHBIX MarepuanioB. Kpome Toro, BBISBIEHO, YTO B HAcTOsIIEEe BpPeMs OCOOEHHO
BOCTpeOOBaHbI MOJU(PHUIIMPOBAHHBIE U IUCIIEPCHO-apMUPOBAHHBIE TSKeNble OETOHBI — OETOHBI C
VAYYIIEHHBIMH  (DU3UKO-MEXaHUYECKUMHU CBOMCTBAMM JJIi  MCIIOJIb30BaHUS B  CJIOXKHBIX
IIPUPOJHO-KJIMMAaTUYECKUX U TPYHTOBBIX YCIOBUAX CTpoUTENbCTBA Ha CeBepe.
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YK 621.31 + 621.311.1

AJITOPUTM AHAJIN3A JAHHBIX JJISA MOAEJIMPOBAHUA
I'PA®UKA HAT'PY3KH SJIEKTPOIIOTPEBJIEHUSA
IMPOMBIIIVIEHHOT' O NPEAIIPUATUA
C HEJbIO CHUXKEHUSA PASMEPA OIIVIATBI QJIEKTPOOHEPI'MHN

C.B. Mapunosa
Tsepckoii 2ocyoapcmeenHblil mexHudeckull ynusepcumem (2. Teeps)
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AHHOTanusi. B crarke OTMEYEHO, UYTO CMELIEHHE 4YacTU 3JIEKTPONOTpeOIeHUs
IPOMBIIIIEHHOTO MPEANpPUATUS C YacOB MAaKCHUMaJbHOM M IHKOBOM HAarpy3sku Ha JApyrue
BpPEMEHHbIE IMala30HbI MOXKET JaBaTh SKOHOMUUYECKYIO BBITOAY 3a CUET BbIpaBHUBAHUS rpaduka
Harpy3ku. [loguepkHyTo, 4TO nepepacnpeneeHue SHEPronoTpe0IeH sl ¢ LEIbl0 BRIpaBHUBAHUS
rpaduka HE TOJIBKO CHMKAET PAcXOJbl MPOMBIIUICHHBIX MPEANPHUITAN Ha MPOU3BOJCTBO, HO H
JaeT  BO3MOJKHOCTh  CyOBEKTaM  3JIEKTPOIHEPreTHKH  ONTHUMM3HPOBATH TIEHEpalHi0 U
TPAaHCIOPTUPOBKY IHEPTrOPECYPCOB.

KiroueBble ciaoBa: sHepretuyeckas >(PQEeKTUBHOCTb, INPOTHO3UPOBAHHE, MOJEIH-
poBaHue NMOTpeOIeHUs, TOTPEOIECHHE AIEKTPOIHEPTUH, IPAYUK HATPY3KH.

DOI: 10.46573/2658-7459-2025-3-36-47

BBE/[EHHE

OnHuM W3 HampaBJ€HUN pa3BUTHUS NPOU3BOJACTBA SBISETCS BHEAPEHHE TEXHOJOTUU
SHEProcOepeKeHNs] W MOBBIIIEHUS SHEpPreTuyeckod 3(PPEeKTUBHOCTHU, K KOTOPHIM OTHOCHUTCS
MPOTHO3UPOBaHUE AyeKTponoTpediaeHus. [IporHosupoBanre — 3TO OCHOBA IJIAHUPOBAHUS U
KOHTPOJISI, a MOMNBITKU paccunuTaTh OyAylLIMe TEHIEHIUU HEOOXOAUMBI Uil (PYHKIIMOHUPOBAHUS
AIIEKTPOdIHEPreTUKH. PacTymme QUHAHCOBBIE pPAcXOAbl TMPOMBINUICHHBIX MPEANPUATANH Ha
ANIEKTPOSHEPTHIO  OMPENENSIOT  BBICOKYIO  aKTyallbHOCTh  IUIAHUPOBAHUSA  PEKHMA
AIIEKTPOTNOTPEOICHHS, W3MEHEHHUSI PEXKHMOB pPAOOTBI AIEKTPOTEXHUYECKUX YCTAHOBOK U
p33pa6OTKI/I TEXHOJIOI'MYECKUX METOJUK, CHOCO6CTBYIOHH/IX CHHNKCHHIO pacxoa0oB Ha
AIIEKTPOIHEPTHIO.

[IporHo3upoBaHue 3JIEKTPONOTPEOSECHUS TMPOMBIIUIEHHOTO TPEANPUSATUS  SBISETCS
TPAJUIIMOHHBIM  CHOCOOOM  COKpaIleHHs pacxoioB Ha JHeproHocutenu. Ilpu 3ToM
MPOU3BOAUTCIIAM OJICKTPOOHCPTIMH W CETCBBIM KOMIIAHUAM, BBICTYIIAIOIIUM Cy6T)eKTaMI/I
AIIEKTPOIHEPTETUKH, TOYHBIH MPOTHO3 JJEKTPONOTPEONICHNUs NaeT Ps BBITOJ: BO3MOXKHOCTb
ONTUMHU3HPOBATh TPOU3BOJICTBO DHEPrOPEeCypCcoB, TPAHCIOPTUPOBKY U  PE3EPBUPOBAHHUE
3JIEKTPOIHEPTUH, IUIAHUPOBATh MPOQMIAKTUYECKHE M PEMOHTHBIE pPAa0OTHI, 3a CYET YEro B
KOHEYHOM UTOTE€ IIOBBIIIACTCS OE30MacHOCTh PabOThI Bcel »sHeprocucteMbl. CeroHsIIHAN
PBIHOK 3JIEKTPOIHEPIHH — 3TO «PBIHOK MPOJAABIA», KOTOPBIM MOCPEICTBOM IIEHOBOM MOJUTUKHU
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JTUKTYET MOTPEOUTENSAM TCHICHIIMIO Ha U3MEHEHHE PEXXIMa padOThI I BEIpaBHUBAHUS rpaduka
Harpy3ku (I'H) Bceil cucteMbl «pOUM3BOAUTENH — TPAHCIIOPTUPOBILUK — OTPEOUTENbY.

CTPYKTYPA 3ATPAT HA SHEPI OIIOTPEB/IEHUE

TBepckas obmacTb — KpynHemuii cyObeKT eBponeiickoit uactu Poccuu, Ha TeppuTOpUn
KOTOpPOIro Iepejadyy W pacopeieieHue d3JIeKTPUYEeCKON sHepruu obecrneyuBaeT Quinan
[TAO «Poccetn ILlentp» — «TBepbanepro» [1]. Oxomo dYerBepTH NOTpPEOUTENEH CETEBOU
UHQPACTPYKTYpbl Ha TeppuTopuu TBepckoil 001acTH — 3TO MPOMBIIICHHBIE MPEIIpPUATHS,
IIPUCOEAMHEHHBIE K CETSAM II0 CpeJHEMY YpOBHIO HampspkeHus 6, 10 kB ¢ omnatoii anektpo-
SHEPTHH 10 YeTBEPTOU 1eHoBOM kareropuu (4 11K).

[IpenenbHblil ypoBeHb Heperyaupyemblx 1eH ains 4 LK rapanTtupyromuii nocTaBIIUK
(I'IT) paccuntsiBaeT B cootBeTcTBUM ¢ [locTanoBnenuem IlpaBurensctBa PO Ne 442 ot 4 mas
2012 roga [2]. B cTpyKTypy LIEHBI BXOAAT CIAEAYIOLIUE COCTABISIOINE:

1. uddepenumpoBanHas MO yacaM pacyeTHOrO IEpHOJAa HEperyiaupyeMas lLieHa Ha
AJIEKTPUYECKYIO SHEPIUI0 Ha ONTOBOM pBIHKE, ONpeleNseMas M0 pe3yibTaTaM KOHKYPEHTHBIX
0TOOPOB Ha CYTKH BIIEepe]l U [yl OalaHCUPOBAHUS CUCTEMBI.

2. CpenHeB3BeIlICHHAs] HEPETYJIUpyeMasi IieHa Ha MOIIIHOCTh Ha OIITOBOM PBIHKE.

3. CraBka 11 LieJel OIpeleIeHHus] pacX0[0B Ha OIUIaTy HOPMATUBHBIX TEXHOJOTMYECKUX
NOTEPh DJIEKTPUYECKON SHEPTHHM B JJCKTPUYECKMX CeTAX Tapuda Ha YCIyTH IO Iepegayde
JIEKTPUYECKOM SHEPTHUU.

4. CraBka, oTpakarollasi yJeJIbHYI0 BEJIMUYMHY PACXO0JI0B Ha COAECPKAHUE FIEKTPUUECKUX
cerel, Tapuda Ha yCIyTH MO Iepeaade NEeKTPUUECKON IHEPTUH.

5. CObITOBas Haj0aBKa rapaHTUPYIOLIErO MOCTAaBLINKA.

6. IInaTa 3a yciyru Mo ynpaBieHHIO U3MEHEHHEM pEeXHUMa MOTPeOICHUs AIEKTPUUECKON
SHEPIHH.

7. IlnaTa 3a MHBIE YCIYTH, OKa3aHUE KOTOPBIX SABISAETCS HEOTHEMIIEMOM YaCTBIO MpoIiecca
MOCTABKH 3JIEKTPUUECKON SHEPTUU TOTPEOUTETAM.

VYnpouieHHo 3aTpathl Ha sekTponorpednenue no 4 LK 3aBucAT oT Tpex cocTaBIAIONIUX,
CpeIu KOTOPBIX pacxojabl Ha OAJIEKTPOIHEPIHI0, TI'eHepanuio (MPOU3BOACTBO) MOIIHOCTH U
nepeaayy (TpaHCIIOPTUPOBKY) MOIIHOCTH (puc. 1).

B Djektpuyeckas
SHeprus

I'enepanus
(TIpon3BOACTBO)
MOIIHOCTH

Ilepenaya
MOILIHOCTH

Puc. 1. Ctpykrypa 3aTpaT Ha 35eKTponoTpediieHue
JUISL IPOMBIIIJICHHBIX MPeAnpusTUii [3]

3aBUCHUMOCTB BBIpa3uM (hopmyioit

C= C33 + Pmax : Hmax + Pcemu : Hcemu, (1)
rac C33 — CTOHUMOCTH COCTaBHHIOHICﬁ IJIaTel 3@ OJJICKTPOSHCPTHUIO, py6, BKJIHOYAROIIasa
,I[I/I(b(l)epeHI_[I/IpOBaHHI)IC M0 YacaM pacuC€THOro IepuoJa HEPETYIHPYEMBIC TICHBI Ha
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ANEKTPUYECKYIO SHEPIUI0 HA ONTOBOM PBIHKE, ONPEAEISEMbIEC 110 PE3yIbTaTaM KOHKYPEHTHBIX
0TOOpPOB HA CYTKH BIIEpE ¥ JJis OaTaHCHUPOBAHUS CUCTEMBI; P, — BEIMYMHA MOIIHOCTH, MBT,
cootBercTByomas nokynke [Tl y mpousBoauTenei 3eKTpUUECKON sHEpruu (MOIIHOCTH) Ha
PO3HUYHOM DPBIHKE; [[,, — CPEITHEB3BEILICHHAsL HEPETYJIMpyeMas 1IeHa 3a MOIIHOCTh Ha ONTOBOM
pBIHKE, PYO.; Premy — MEpeaBacMasi MOIIHOCTH (TPAHCIOPTHPOBKA MOIIHOCTH) B pacxoiax Ha
COZEP)KAHUE DJIEKTPUUYECKUX CETEHM M YCIayrax Mmo mnepeaade 3JIEKTpUYecKor sHepruu, MBT;
L cemy — npdepeHInpoBaHHas 110 YPOBHSAM HANPsDKEHUS cTaBKa Tapuda Ha yCIIyru Mo nepegaye
AIIEKTPUYECKOM SHEPTUU 32 COJCPIKAHUE IIEKTPUUECKUX ceTeid, pyo/MBT.
CronmocTh COCTaBISIONICH MIIaThI 3a AnekTpodHepruto C,, onpeaensercs no Gopmysne

C33 = ZZ Zjétccmk]»'nwc'/g», (2)

riae Cemj — CTaBKa IPENEIBbHOIO YPOBHS HEPETYIHPYEMBIX LIEH 3a IEKTpodHepruto, pyo/MBr-u,
UIsT Kaxzaoro j-ro 4vaca k-x cyrok (mist 4 LK norpebutens, KOHKPETHOTO auama3oHa
MAaKCHUMaJIbHOH  TPHCOEIMHEHHOM MOMIHOCTH 00OpynoBaHMsA HOTpeOuTens); [l
notpebnenue snekTpo’Heprur, MBT-u (MmommuocTs, MBT), 3a KOHKpEeTHBIH Yac B CyTKax
pacueTHOro Mecsua; d — KOJIUYECTBO JHEH B pacueTHOM MecsIIe.

Bennunna w™omuoctu  P,,, coorBercTBYROWas nokynke [Tl y mnpousBogurTenei
ANEKTPUYECKON SHepruu (MOIIHOCTH) Ha PO3HUYHOM pBIHKE, OMNpPENENeTcs KaK cpeaHee
apudmMeTHyecKoe 3HAYCHHE (PAKTHUCCKUX IMO0YACOBBIX OOBEMOB TOKYIKH JJIEKTPUICCKOU
sHepruu I'Tl y Takux npousBoautenei B ykazanusie B 1. 95 [loctanoBnenus [IpaBurenscrea PO
[2] gachl pacueTa BEIMYMHBI HAa PO3HUYHOM pBIHKE, KOTOpbIE MYOJIMKYIOTCS KOMMEPUYECKUM
onepaTopom onToBoro peiHKa (AO «ATC» [11]) B coOTBETCTBUU € MPaBUIAMU ONTOBOTO PHIHKA.
BenuunHa MOIIHOCTH ycTaHaBIMUBaeTCs 1o (popmyiie

Pmax = ZPATC /dpaﬁa (3)
i=1

rne i — pabounit neHp (OyAHM) pacdeTHOro Mecsua; Pyrc — 3Ha4YeHHEe MOIIHOCTU B KOHKPETHBIH
4ac MaKCUMalbHOH Harpysku, onpeneneHHbii AO «ATC» mna I'Tl, MBT; d,.; — xonudecTBo
pabounx anel (OymHel) B paC4ETHOM MecsIIIe.

[lepenaBaemasi MOITHOCTH (TPAaHCHOPT MOUIHOCTH) B KaXKIbIH pabOuuii 1€Hb PACYETHOIO
Mecsilla ONpPENENSAETCs] B 4Yachl NHMKOBOW HAarpys3KH, yTBep)KJIeHHble CHCTEMHBIM OIEpaTopoM
Enunoit suepreruueckoir cuctemsl (AO «CO EDCy») [3]. Hua pacueTtoB BeIOHpaeTcs
MaKCHUMaJibHasi MOIIHOCTb, MBT, U3 aMana3oHa yCTaHOBJIEHHBIX YacOB KaKJOro pabouero aHA
pacueTHOro Mecsa, CyMMHPYETCs, a MOJIydUeHHOEe 3HaYeHHUE JENIUTCS Ha KOJIUYECTBO paboyux
JHE:

Pcemu = ZPCO /dpaga (4)
i=1

rae Peem, — OIIAYMBaEMOE 3HAYCHHE MOIIHOCTH, TiepenaBaemMoit cetsiMmu, MBT; i — pabouwnii n1eHb
(OyHM) pac4eTHOro Mecsla; dp,; — KOIMYECTBO pab0UnX JHEN B MeCAIIE.

AJITOPUTM IIOCTPOEHHA MOEJIH 'PA®HUKA HAT'PY3KH
[Toctpoenue pacuerHoit moxaenu I'H 3akmtouaercs B BBISIBJIEHUHM B3aUMOCBSI3€M MEXKIY
Pa3IMYHBIMK TTOKA3aTeISIMU: TUHAMUKOW W3MEHEHHUS IIEH PO3HUYHOTO PBIHKA, TEXHHYECKHUM,
OpPTaHHU3AI[MOHHBIM TPOILIECCOM IMPOU3BOJICTBA M PabOTON COOTBETCTBYIOIIETO OOOPYAOBAHHUS,
BIIMSIHUEM BHEITHUX (pakTOpoB (pabourie THU/BBIXOAHBIC, CE30HHOCTh, PEMOHT U T.J1.).
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Paccmorpum anroputm aHaiuza JaHHBIX, B TOM YUCJIE IIEH PbIHKA JIEKTPOIHEPTUH, IJIs
IUTAHUPOBAHMS 3JIEKTPONOTPEOICHUSI PACIIONIOKEHHOTO Ha TeppuTopuu TBepckoi olmactu
KUPIHUYHOTO 3aBOJa, UMEIOIIETO MPUCOSIUHEHHYI0 MOIIHOCTE 2 500 kBA, B nensix cokpamieHus
pasMepa oIuIaThl dJeKTponoTpedeHus 3a uroHb 2025 roga. [loTpeburens paccunuThIBaeTCs IO
4 K, I'H npenmnpustisi 0TMEYaETCsl BBICOKOW CYTOYHOM BOJATHJIBHOCTBIO (HEPABHOMEPHOCTBIO
MI0YaCOBOI0 MOTPEOIICHUs B TEUEHUE CYTOK).

[Ipennaraercs cienyrOMWMUN anropuT™ s nporaozuposanus ['H:

1. Anamu3 o0coOEHHOCTEHM 3aTpaT Ha JJIEKTPONOTPEOJICHHE M HMX COCTaBISIOIIUX C
WCIIOJIb30BAHUEM JIAHHBIX TAKOIO K€ MecsIa, AJii KOTOPOTO MPOBOAUTCS MPOTHO3UPOBAHUE, 32
HECKOJIBKO MPONUIBIX JIET (B JaHHOU paboTe — 3a 4 mpoleAlnx rojaa), a Takke COCTaBIISIONINX
CTOMMOCTH 3JIEKTPOTIOTPEOICHHUSL.

1.1. Pacxonap! Ha anekTposHepruto. Coctapistomas Cs,.

[Tpu amanmuze muddepeHIPOBAaHHON M0 YacaM PacueTHOrO MEePUOJIa HEPETyIUPYEeMOM
LEHbl Ha DJICKTPUYECKYIO SHEPrHUI0 Ha ONTOBOM pBIHKE, ONpPEAEIseMOW IO pe3ysbTaTam
KOHKYPEHTHBIX OTOOPOB Ha CYTKH BIIEpE] U JJIs OATAHCUPOBAHHS CHCTEMbI 1 0003HAYCHHOHN KaK
C5,, BBISIBUM JMANa30H YacOB C MAKCUMAIbHBIMU Cyy0x U MUHUMAIBHBIMU Cyyiy LICHAMMU.

BeposiTHbie MUHMMAabHBIE IIEHBI MOYACOBOI0 MOTPEOJEHUS MPOTHO3UPYEMOI0 MecsIia
NPUXOJATCA Ha JMana3oH ¢ 4-ro mo 5-ii 4ackl B CYTKax; BEpPOSITHbIE MaKCUMAJIbHBIE LIEHBI
cocrapsitomiei C,, s paccMaTpUBaEMOro Mecsna — ¢ 9-ro mo 23-il yachl BKIIOYUTEIBHO B
CyTKax ¢ HauOOJIbIIIEH YacTOTOH, BblNafaromiel Ha uHTepBai ¢ 15 no 17 gacos.

1.2. T'enepanus (mpon3BoAcTBO) MOUTHOCTU. CoCTaBIsAOWAS Py

B 3arparax Ha MOIIHOCTh, MOKYNAa€Myl0 Ha ONTOBOM pPBIHKE, YYHUTHIBAIOTCA
CPEIHEB3BEIIICHHAs] HEPETYIUpyeMasl IleHa Ha MOIIHOCTh Ha OMTOBOM PBIHKE [,y W BETUYHHA
MOKYaeMOMl MOIIHOCTHU P, Bennunaa MoHocT Py, YIaCTBYET B pacueTax B OIpeIeICHHbIE
4yackl MaKCUMyMa Harpy3Ku, KOTOpPbI€ HE M3BECTHHI 3apaHee, a MyOJIIMKYIOTCS aIMUHUCTPATOPOM
toproBoii cucremsl (AO «ATCy») mna I'll Tonbko mo mpouiecTBUM pacueTHoro nepuona. [lpu
y4eTe JaHHOW COCTAaBJIAIONICH B MPOTHO3HOM MOJIENN MPEIJIAraeTcs UCMOJIb30BATh BEPOSITHOCTh
BBIMA/ICHUs TOTO WU MHOTO Yaca JUIs JalbHEeHIero pacuera MakCUMaIbHON Harpy3Kku (Tadmnuia)
Mo pe3yibTaTaM 00paOOTKH CTATUCTUKH TAaKOTO >K€ Mecslla, Kak W MPOTHO3UPYEMbIH, HO 3a
MPOLLLIBIE TOJIBI.

BeposATHOCTH BbINaJECHNs 4aCOB MAaKCUMaIbHON HArpy3KU
JUIsl TAPAHTUPYIOIIETO MOCTABIIHMKA HA IPOTHO3UPYEMBIN MECSI

YacBcyrkax | 10 | 11 12 | 13 | 14 | 15 16 17 | 18 19 20 21

Bepost- | 3, 130102150 0 | 0 [24 |39 | oo | o | o 2,5
HOCTB, %

Janaple TaOAMIBI TMOKA3bIBAIOT, YTO MEPUOJ MAaKCUMyMa MOIIHOCTH P, 1718
MPOTHO3HPYEMOT0 Mecslla, O4eBHAHO, OyneT Bbmanate Ha 10, 11, 12-if gacel B cyTKax,
CJIeIOBAaTENbHO, MPH IJIAHUPOBAHUM MOTPEOJICHUSI IPEANPUITUS HE0OOX0JMMO MUHUMU3HUPOBATh
paboTy 31eKTpooOOpyAOBaHUSA B 3TOM Iepuonae. Kpome Toro, u3 Tabuuisl BUJHO, YTO HEPUOJ
MaKCHUMaJIbHOW HArpy3KH JiIsl IPOTHO3UPYEMOI0 MecsIia HUKOrAa He Bbinaaaer Ha 13, 14, 17, 18,
19, 20-i1 yachl, HO3TOMY TaKOW IEPUOJ MOXKHO pacCMaTpuBaTh B KAadeCTBE MOTEHIMAIA JUIS
YBEJIMYEHUS HArpy3KU 3JIEKTPOOOOPYAOBaHUS.
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1.3. Ilepenaua (TpancnopTupoBka) MomHOCTH. CocTaBustomas Py

CocraBnsomas CTOMMOCTH  YCIyr 1O Mepenadye  dJIEKTPOSHEPTrUU  OTpa)aer
OTIepallMOHHBIC U NHBECTHLIMOHHBIE 3aTPaThl JIEKTPOCETEBOM HH(PPACTPYKTYPHI HA 0OecTIeYeHre
OecniepeOOHOTO U HAZC)KHOTO SHEPTOCHAOKEHHUS TOTPEOUTEIIS.

3arparbl ceTeBOH MHPPACTPYKTYPHI HA TPAHCIOPTHPOBKY MOLIHOCTH MPEAYCMATPUBAIOT
I1aTy 3a CoJAep)KaHHEe SJCKTPUUECKUX CEeTel, Tapud Ha YCIyrd IO IMepeaaye 3JIEKTPUUYECKOU
SHEPTUH [ eopy, YIET MAKCUMATBHOW MOMIHOCTH Pey, TO pabounM mHSM Mecsua. [Ipu sTom
JIaHHBbIE O TEepUoaax IUIAHOBBIX 4acoB NMUKOBOM Harpy3ku AO «CO EDCy» u3BecTHbl 3apaHee,
nepe] HadajJoM KaJeHJAapHOro ToJAa, YTO SBISIETCS NPEUMYLIECTBOM M HCIOJB3YETCS B
MIPOTHO3HON MOJICIH.

Tax, nnst mporHo3upyemoro Mmecsina (utoHb 2025 roma) y TeppUTOpHIl, K KOTOPBIM
otHocuTcs TBepckas obOnacTe (MCXOAs M3 MATUAHEBHOW paboduell Henenu), TUIaHOBBIE Yachl
nukoBoi Harpy3ku onpeneneHsl AO «CO EDCy» B quanazonax ¢ 8-ro mo 16-ii yacsl u ¢ 20-ro no
21-i1 yacsl.

[InaHoBBIE 4Yackl NHUKOBOM HArpy3KH, YTBEP)KJICHHBIE Ha IPOTHO3UPYEMBIA MECHL
AO «CO EDCpy, BKIIOYAIOT Yachl pabo4ero BpeMEHU MPOU3BOJACTBA, KOTOPHIE OTCYTCTBYIOT B
ycraHoBiIeHHbIX AO «ATCy» yacax MakCUMaJbHOM Harpy3ky M HE YYUTBIBAIOTCS B pacyeTax Io
oIIaTe nepeaayu (TPaHCHOPTUPOBKU) MOILTHOCTH.

Takum oOpazom, paboTa 3JIEKTPOOOOPYIOBAHUS B OCTABIIMECS JAWAIMA30HBI — HOYHOM
(c 22 mo 7 4vacoB) u gHeBHOU (¢ 17 mo 19 yacoB) — He OyaeT cOCOOCTBOBATH YBEIMYEHUIO
cocTaBJsitoleH 3atpat Peeyy, B IEKTPONOTPEOICHUH.

CoBmecTuM Ha rpaduke pabouux CyTOK NMPOTHO3UPYEMOro Mecsua (puc. 2) clieayromue
Jana3oHbl, paccMoTpeHHble B 1. 1.1-1.3:

BEPOSATHBIE YaChl MAKCUMAJIbHBIX MIOYACOBBIX 1IEH 32 dNEeKTPodIHEPTUto Cy,,, (CHHUIA 1IBET);

4achl BEPOSATHOTO MaKCUMyMa Harpy3ku P, AO «ATC» (kpacHblil);

Yachkl MUKOBOW Harpy3kH, yreepxaeHHsle AO «CO EDC» (3enenslit).

100
0 +———t+H+ 111+ —
g0 +— —HH =
R E R EE R R |

BepositHOCTB, %
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1l 1| THEIE

1234567 89101112131415161718192021222324
Yacel

n Cmax

|
P max

Pcemu

Puc. 2. CyTku B IpOrHO3UPYEMOM MECSIIE C HAJIOKEHUEM TIJIAaHOBBIX YacOB MMMKOBOM HArpy3KH,

BCPOATHBIX YaCOB MaKCHMaJIbHOM LCHBI 3a DJICKTPOOHCPIUIO
1 BCPOATHBIX 4aCOB MaKCHMaJIbHOM Harpys3ku
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2. [Moctpoerre TumoBoro rpaduka OSIEKTPUUSCKON HATPY3KH MPEANPUATHS C
BbIeNieHreM cratuctuueckux rpymi (CI).

2.1. loctpoenue Tunosoro I'H.

Jljig IaHUpPOBAHUS IOYACOBOTO DJIEKTPONOTPEOICHUS HEOOX0IMMO TTOCTPOUTH TUIIOBOM
cyrounblii rpadguk Harpy3ku (CI'H) mpeanpusatvs ¢ wcrmonb3oBaHHEeM (DAKTHUECKHX JTaHHBIX
ABTOMATU3UPOBAHHONW HWH(OPMALMOHHO-U3MEPUTEIBLHOM CUCTEMBl KOMMEpPYECKOro  ydera
anektposneprun (AUUC KVY3) 3a npomemmme nepuoasl. Ha sTomM 3Tame BBIABISIOTCS
NepUoANYEcKre KOoJIeOaHHUs BJIEKTPONOTPeOIeHUsT B 3aBUCHUMOCTH OT CYTOYHBIX (paborta,
OTKJIFOUCHHE 000pY/IOBaHUs), HENCTbHBIX (paOOuyuii JAeHb, BBIXOJHOM), CE30HHBIX MU3MEHEHU,
KIIMMATHYECKHUX U IPYruX (PakTopoB.

Crnpoc Ha  2J€eKTponoTpeOJeHHE  PacCMaTPUBAEMOIO  MPEANPHUATHS-IIOTPEOUTENS
XapaKTepU3yeTcsl BBICOKOW BHYTPHCYTOYHOM BOJATHIBHOCTHIO, modToMy CI'H pomkeH ObITh
pa3ziesieH Ha HECKOJIBKO 30H.

B tunmoBom CI'H mnpenmpusitusi, OTpakalolleM CYTOYHbIE CTaguu MPOU3BOJICTBA,
BBIJICJISIEM TPH 30HHI [5]:

MUHUMAIbHON HArpy3K (HOYHBIC Yachl, WJIM HOYHOM MPOBaji) C MOIIHOCTHIO HE OOJbIIIE
3HaYeHUA Py,

CpeIHel, NN MOTYIUKOBOM, HArPy3KH ¢ MOIIHOCTBIO Py,

MAaKCHUMaJIbHOM, WM TUKOBOM, HATPY3KHU P,y .

[Totpebnenue B kaxapiid yac nug CI'H nporHo3upyeTtcs kak cpeiHee apupMeTHuecKoe 3a

AQHAJIOTMYHBbIE BBIOpAaHHBIE THU B TOT k€ 4ac (¢akrtuyeckoro I'H mpeanpusitus nmo JaHHBIM
ANNC KVYO:

n
Py= 2 Py/n. 5)
d=1
rie P, — 3HaYeHWE TUIIOBOTO  JJICKTPONOTpeOseHus  (MOIIHOCTH) B  dYac

P:s — notpebieHne 31eKTpO3HEPruu (MOIIHOCTh) B Yac ¢ B IEHb d; ¢ — IOPSIIKOBBIA HOMEp yaca B
neub d o manueiMm AUMC KVYD.
Tunosbie I'H mnpenmpusaTs MOXXKHO IONy4aTb APYTUMU METOAAMM, OIHMCAaHHBIMH,
HaIpuMep, B UCTOUHUKE [5].
2.2. Beiienenue CI'.
B T'H mpeanpusituss Heo6xoaumo BwiaenuTh CI', HCHONB3ys CIEIYIONIYIO CHCTEMY
AHAINTUYECKUX XapaKTEPUCTHK [5]:
1) koadduLMeHT HepaBHOMEPHOCTH (BOJATHIILHOCTH):
a= PHO'—I/PHMK' (6)
Koadduurent HepaBHOMEpHOCTH (BOJATUIBLHOCTH) MOKET MPUHUMATh 3Ha4deHus ot 0
no 1. IlpubnmxeHue 3HaueHHUs OHTOro mokaszaTenss K O CBUAETENBCTBYET O BBICOKOU
BonatwibHOCTH ['H motpeburens (u Hao6opoT) [6];
2) k03hHULHUEHT 3aTIOTHEHHUS:
B =P/ P (7)
Koadpdunment moxxker meHsThes B auanazoHe or 0 go 1. Uem Beie moxasarenb
npubimKaeTcss K 3Ha4eHHIo 1, TeM MEHbIIe BOJATHIBHOCTH CIIpoca MOTpPeOuTeNns B paMKax
CYTOYHOT'O MHTEpBaJa.
JlaHHBIE TIOKa3aTeNn y paccMarpuBaeMoro norpedutens: « = 0,3; = 0,6;
3) NOIyNUKOBBIN AMAIa30H PETYIUPOBAaHUS HATPY3KU:
AP,y = Py — Proy; (8)
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4) NUKOBBIH Mana3oH peryJIupoBaHMs HArPy3KHU:

AP, = Py — Py (9)

Ecnmu BeIXOOHBIE JHM WIM CYTKH C HEXapakTepHOW HArpy3kod OyAyT HMeETh
paccMOTpPEHHBIE BhINIE aHaNUTH4eckue xapakrepuctuku CI', CHIIbBHO OTIMYaromuecs OT TaKHX
Ke ToKaszarene paboumx gHEH, To HeoOxomumo BeimenuTh CI' I BBIXOAHBIX OHEH U
HEXapaKTEePHBIX CYTOK.

Ananutuueckue xapaktepucTuku ['H BBIXOJHBIX JHEH y paccMaTpUBaEMOIo 3aBOjia
AQHAJIOTMYHBI TOKa3zareiasiM OynHed, JHU TPOCTOEB (PEMOHTA) HE IUIAHUPYIOTCSA, IOSTOMY
JIOCTaTO4HO Tpex copmupoBaHHbIX CI.

TunoBoil TpaduK >IEKTPUYECKOW HArpy3ku npennpustus ¢ BoiaenaecHueM CI s
paccMaTprUBaeMOro KUPIHYHOTO POU3BOJICTBA C OJHOCMEHHBIM Ipa)uKoM paboThl COCTOUT W3
cnenyromux CI: nukoBoil crarucrtudyeckod rpymnnel CI'm, MONMYNMKOBOM CTaTUCTUYECKON
rpynnsl CI'mim, HouHOM (6a3zoBoit) CI'nou. TumnoBoit I'H ¢ ykazanuem CI'm (BepXHsisl 4acTh),
MOJYMMUKOBOM cTaTucTuyeckoil rpymmbel CI'mm (cpemusis yactb), HOuHOHM (OazoBoit) CI'HOU
(HMKHSAA 4acThb) IPEJCTABIIEH Ha puc. 3.

1 800,00
1 600,00 S P
1 400,00 Cl'n
=~
2 1200,00
g
é 1 000,00 Cl'om
& 800,00
<
T 600,00
CTI'nou
400,00
200,00 \
PHO‘{
0,00

12345678 9101112131415161718192021222324
Yacel

Puc. 3. TunoBoii rpaduk 31eKTpUYecKor Harpy3ku npeanpusaTus ¢ BeiaesneHuem CI1
JUISL KUPITUYHOTO TPOU3BO/ICTBA C OTHOCMEHHBIM I'pa)KoM paboThI

CrnenyeT OTMETUTD, UTO MOJIyY€HUE TUIIOBOTO rpaduKa 3JEeKTPUUECKON Harpy3KH MOKET
IPOBOJIUTHCA JIPYTMMH METOAAMHU MOCTpoeHHs rpaduka 0a30BOH HArpys3kH, OMHCAHHBIMU B
UCTOYHUKE [6], a pyNIUpOBKa 1O 30HaM — C IPUMEHEHHUEM, HaIllpuMep, KJIACTEpHOro aHalln3a
[8].

3. Bbiaenenue B CTPYKType 3JEKTPOINOTPeOJICeHUs NMPEINpUSITUS HArpy3Kd OCHOBHOTO
IPOM3BOJICTBA, BCIIOMOTAaTEIbHOrO 000pynoBaHMs. PaccMoTpeHHe BO3MOXXHOCTH TepeHOca
paboThl BCIIOMOTaTEIbHOTO 00OpynOoBaHUs JHOO €ro 4yacTH (OTAETbHBIX arperaTtoB) 3a CyeT
YMEHBIICHUS HArpy3KH, IPUXOASIICHCS Ha CleAyIOINe AUana30Hbl B CyTKaxX, B KOTOPBIX:

YTBEPK/ICHBI IJIAaHOBBIE Yachl MUKOBOW Harpy3ku AO «CO EDCy;

oTMevaeTcs BeposTHOCTh HazHaueHust AO «ATCy» yacoB MakcumyMa Harpysku juist ['11;

BO3MOKHBI MAKCHMAJIbHBIE TI0YACOBBIC LIEHBI AJIEKTPOIHEPTUH;
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HET y4eTa COCTaBJIAIOLIEH MPOU3BOJCTBA WU mepeaaun mMouHocty (em. . 1.2, 1.3) mus
UCIIONIb30BAaHUsI B pacyeTax JHOO0 OTCYTCTBYET Takas BEpPOSITHOCTh Y4eTa COCTaBIISIONICH
MOITHOCTH.

CwMmenieHre Harpy3Ku 3J1eKTPONOTPeOIeHUS WM €€ YaCTH XOTs Obl U3 OJJHOTO JIMara3oHa,
0003HAaUEHHOTO IIBETOM Ha pHUC. 2, TPUHECET BBIFOJYy B OTHOIIEHUH 3aTpaT Ha HIEKTPO-
norpebnenue. Hambonpimnii skoHoMuueckuil 3PdexT ciaeayeT OXuaaThb OT KOMIUIEKCHOTO
cmemerns ['H u3 nmeproaoB, oTMeUeHHBIX ABYMS U (0COOEHHO) BCEMHU TPEeMsi COCTABIISIOIIUMH.
[Tpu 5TOM MPOUCXOAUT MepepacnpesiesieHne 00beMOB AIEKTPONOTPEOICHHUS HAa TO BpeMs, KOrjaa
3TO IKOHOMHUYECKHU BBITOJHO. K Takum mepuomam otHocsitcs 10, 15, 16-i gacer (cMm. puc. 2).
[Ipenmpusitie OOMKHO OBITH TOTOBO K IOJAOOHOMY OCHOBATEIBHOMY IIEPECMOTPY CBOEIO
TEXHOJIOTUYIECKOTO PEKUMA.

IIPUMEP MOJIEJIHPOBAHUA ' PA®HKA HAI'PY3KH

B kagectBe mpumepa mokaxem ['H paccmarpuBaemoro motpeOutens 0e3 CMeEIIeHUS
Harpy3kd M CO CMEIICHHEM Harpy3Kd BCIOMOTaTelbHOro oOopymoBaHusi B pasmepe 10 % c
Iuanas3oHa, Bkiarovaromero 10, 11, 12-i yacel, Ha auana3oH, BKiIrovaromui 17, 18, 19-i1 yacel,
0e3 W3MEHEHHUs OOIIEero JJIEKTpOnoTpedaeHuss M 0e3 Bpena TEXHOJIOTHYESCKHM IPOIECCaM.
Huanazon ¢ 17 no 19 yacoB UMeeT HECKOJIbKO MOTEHIHAIbHBIX JJIi SKOHOMHUYECKOU BBITObI
KaueCTB: BO-TIEPBBIX, 3TO JHEBHOE BPEMs, IIOITOMY HE TpeOyeTcsi cMemarh paboTy mepcoHana Ha
HOYb; BO-BTOPBIX, B 3TOM IEPHOJI€ OTCYTCTBYET y4Y€T TPAHCHOPTUPYEMOU CETSIMHU MOUIHOCTH
(cocraBmsromast  Peepy); B-TPETBbUX, HET BEPOSTHOCTH TMOMNAJAaHUS YacOB MaKCUMAaJIbHOM
Harpy3ku, HazHagaeMoil AO «ATC» 1o npomecTBUN pacueTHOrO MeCsLa.

YacTh epeHOCUMOM Harpy3Ku 0003HAYUM APYTUM IIBETOM (puc. 4).
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Puc. 4. Tunosoii I'H npennpusitus
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[Tocne cmemieHust yacTH HArpy3KH Ha YKa3aHHBIA JMANa3oH IMOJYYMJIA HOBBIM rpaduk
(puc. 5). Jlns ompeneneHus: MOJYYEHHOW BBITOJBI TMPOBEJIM pacueT CTOUMOCTH 3aTpaT Ha
anekTponorpednenue ¢ HOBBIM ['H 3a Mecsll W CpaBHWIM CTOMMOCTh 3aTpaT 3a TOT XKe
pacyeTHBI MepHoJ C MepBOHAYAIbHBIM TpauKoM, T.e. 0€3 CMElIeHUs YacTh HarpysKu.
[IpennaraeMblii TIEpeHOC OCYIIECTBIEH B Mpeaeniax paboThl Bcell pabodeld CMEHBI, KOTOpas
ocraercsi B nauamnazoHe ¢ 9 go 20 uacoB, paboumii rpaguk IepcoHana CYHIECTBEHHO He
C/BHMHYJICS, IPU 3TOM TEPECMOTPEH TEXHOJOTHYECKUH rpaduK BKIFOUEHHUS BCIOMOTATEIHLHOTO
ob0opynoBanus. Tak, AJis KUPIUYHOTO IMPOU3BOJICTBA, HANPUMEP, MOXKHO MepepactpeneIuTh
paboTy YacTM TEXHOJOTMYECKOro OOOpydoBaHHs  (IpOOMIIOK, MENbHUI], YCTAaHOBOK
TPAHCIIOPTUPOBKH, YIAKOBOUHOTO 000PYI0OBAHUS).
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Puc. 5. Tunosoi I'H npennpusrus
C TIEPEHOCOM YacTH pabOThI TPOU3BOICTBEHHBIX MOLTHOCTEN

B xone cpaBHEHus 3aTpaT yCTaHOBJIEHO, YTO MpPE/UIaraéMblil MEPeHOC YacTH Harpy3KH 3a
paccMOTpeHHBIN Mecsll 1aeT 2 % SKOHOMUU MPH OIIATE IEKTPONOTPEOICHHS TPOMBIIUIEHHOTO
npeanpusTus. B mepecdyere Ha Toi 3TO MO3BOJUT MOJYYHUTh BBITOJY B CyMME MOpsjaKa
700 000 py6seir. OdeBUAHO, YTO TPHU TUIAHUPOBAHWHM TPAPUKOB DIIEKTPOMOTPEOICHUS
MPOMBIIIJICHHOTO MOTpeduTeNs, ocylecTBistoniero pacuersl no 4 LK, B aipyrue mecsupl BeIroga
MOXET OBITb TO OOJBINE, TO MEHBIIE B 3aBUCHMOCTH, HalpuMep, OT pa3dpoca CTOMMOCTH
yacoBoro mnorpednenus Cguy B KakXIOM Mecdle, OT HeoOXoauMocTd (HopMUpOBaHHA
nornomHUTENbHBIX CI” 1 0T MHOXeCTBa IPYTHX MPUIHH.

B nensix cokpaienus pa3mepa Iiathl 3a 3JIeKTPOroTpedIeHne alrOPUTM MOJICTUPOBAHUS
TUTAHOBOM HATPY3KH JIOJDKEH KOMIUIEKCHO PelaTh 3aJauu:
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aHaJIM3a CTOMMOCTH COCTABJISIFOIIMX 3aTpaT Ha AJIEKTPONOTpeOIeHHE;

BEPOSTHOCTM M  paclpesielieHuss BPEMEHHBIX  JMANa30HOB  MAaKCUMaJbHBIX U
MUHUMAaJIbHBIX UG (HEpEeHIMPOBAHHBIX 10 YacaM PacyeTHOTO MEepHoJa HeperyJIupyemMbIX IIeH Ha
JIEKTPUUECKYIO SHEPrHI0 Ha ONTOBOM PBIHKE, ONPEAEISIEMbIX 110 pe3yiabTaTaM KOHKYPEHTHOTO
0TOOpa LIEHOBBIX 3as5BOK HA CYTKU BIIEpEN;

OLIEHKHM BEpPOATHOCTU IIONAJaHMA YacoB MaKCUMyMa Harpy3kH, OIpeensieMoi
AO «ATC» mnsa xonkperHoro I'Tl mpeanmpusitTus-norpeOUTENs, HA OCHOBE MaTeMaTHYECKOU
CTaTUCTHKH;

yueTa UHTEpBaJOB IIMKOBOM HAarpy3ku, ycraaBinaeMbix AO «CO EDCy;

COCTABJICHUS] TEXHOJOIMUYECKMX KapT paboThl 000pYHOBaHMs Ha KaXKAbIM Mecs s
OTJIEIbHBIX IPOU3BO/ICTBEHHBIX YYaCTKOB.

IlepeHoc (akTUYECKUX MAaKCHMyMOB Harpy3ku MOTpeOuTeNs M3 BPEMEHHON 30HBI, IJie
YYUTBIBAETCS MOIIHOCTB, B JIIOOOM ciiydyae siBIsieTcs 3((EKTUBHBIM B CBSI3U C JOPOTOBHU3HOM
CTOMMOCTH T€HEpaluy M TPaHCIOPTUPOBKU MOIIHOCTH B 3THX BPEMEHHBIX HMaIlla30HaX IO
CPAaBHEHUIO CO CTOMMOCTBIO 3JIEKTPOIHEPTUH.

M36eranue BEpOSITHBIX YaCOB C BHICOKOM CTaBKOM 3a 3JIEKTPOIHEPIUIO, BEPOSTHBIX YacOB
MakCHMyMa Harpy3ku B pabouue JHH, UCIOJIb30BaHNUE UHTEPBANa B IIEPHO/Ibl, HE YUUThIBA€MbIE
B IU1aHOBOM nKoBoi Harpy3ke AO «CO EDCy», — 310 xapakTepHas 0COOEHHOCTh Ipe/iaracMou
MOJIEJIH, CIOCOOHON CHMXXKATh 3aTpaThl OJTHOBPEMEHHO 110 TPEM COCTABJISIOLIUM.

W3 aHanu3a coCTaBIIAIONIUX 3aTpaT Ha JIEKTPOIHEPTHUIO, a TAKXKE U3 PUC. 2 CIIEAYET, UTO
HauOOJBIIYI0 BBIFOJY MOI Obl JaTh MEPEHOC Harpy3ku Ha 4, 5-i 4achl B CyTKax, Kak 3TO
IIPEUIOKEHO B cTaThe [8]. B maHHOM nepHoje CTOMMOCTb IIOYAaCOBOM CTAaBKHU 3JIEKTPOIHEPIHH
HauMEHbIIasg, a HOYbIO B pacyeTax HE YUUTHIBAETCA KaK P, CO CTOPOHBI NPOU3BOAUTENEH
AIIEKTPOIHEPTUH, TaK U Peepmy CO CTOPOHBI CETEBBIX OpraHM3alMi. JTa pPEeKOMEHJAlus JaHa
aBTOPOM cCTaThu [8], HO TaKUM MOTEHLMAJIOM OOJAJAIOT JAJeKO HE BCE MPEANpPHUATHS, B TOM
yuciae M paccMaTpuBaeMblii B JaHHOW paboTe mnoTpebutens. B HouHble yacel paboTaroT
NPENNPUATHS-IOTPEOUTENHN, U TaK MMEIOLME BO3MOXXHOCTh MPUMEHEHUs MOJA00HOro rpaduka.
Cpenu HHX XJeOoneKkapHble KOMOHMHATBHI, MPOM3BOJAIINE MPOIYKIMIO HOUYBIO, YTOOBI yTPOM
MIOCTaBUTh €€ B TOPTOBYIO CE€Th, a TAK)XKE CTPOUTENbHBIE Kapbepbl, IJie J00ObIYa IIeOHS U MecKa
BEJIETCSI SHEPTOEMKUMU 3€MCHapsIaMU UCKIIOYMTEIBLHO B HOYHOE BPEMSI.

3AK/TIOYEHHE

[Ipennoxxenusiii anroputM moaenupoBanusa I'H umeet psig 1OCTOUHCTB:

MPOCTOTY, KOTOpasi TO3BOJSET IMOTPEOUTENI0 CaMOCTOSTENILHO OMNPEIEIUTh CTETCHb
oxkumaeMoro ddexra mpu nepepacrnpeesiCHIH 3aJaHHON YaCTH JIEKTPOIIOTPEOIeHNS;

BO3MOXXHOCTh MojienupoBanus ['H B qocTymHO# cpefie SJIeKTPOHHBIX TaOIUI] HA OCHOBE
uMerommxcs AaHHbIx coBMecTHO ¢ AMC KYD npeanpusitusi, uto obierdaer BHEAPEHUE TaKOH
MOJIEJIA Ha MPAKTHUKE;

BO3MOKHOCTh ~ DKOHOMHH  CPEJCTB  MNPEANPHUITHEM-TIOTPEOUTENEM TMpU  OIUIATE
aNeKTponoTpebaeHus, mpuyeM Oe3 H3MEHEHUs OOIIero ayeKTpornoTpebieHuss U 6e3 Bpena
TEXHOJIOTHYECKUM TIpolieccaM U OU3HECY;

CIOCOOHOCTH aJIaNTaIluH K IPYTUM IMPOMBIIIIEHHBIM MPEATNPUATUSIM;

BO3MOKHOCTh  HCIIOJIb30BaHUS B TpOrpaMmax  yIOpaBJICHHWs  CIIPOCOM  Ha
anekrponiorpebnerne (Demand Response), T.e. B WHUIMATHBHOW (hOpME IKOHOMHUYECKOTO
B3aMMOJICHCTBHS CYOBEKTOB AJIEKTPOIHEPTETUKH C KOHEUHBIMH MOTPEOUTENIMU AIIEKTPUIECKON
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9HEpPIuu, 00ecHeunBaloniell B3aUMOBBITOJIHOE, SKOHOMUYECKH A(PQPEKTHBHOE PETyIUpOBaHHE
00BEMOB U PEKUMOB dJICKTPONOTpeOaeHus [8].

Anroput™m MoaenupoBaHuss I'H akTuBu3uUpyeT BHYTPEHHME PE3EPBBI AJI MOBBILICHUS
3¢ (PeKTUBHOCTH DJIEKTPONOTPeOIeHH HE TOJBKO HA YPOBHE IMOTPEOHUTENs, HO M Ha ypPOBHE
HHEPTOCHCTEMBI B IIEJIOM 32 CUET CHIDKEHHS BBIPAOOTKH AJIEKTPOCTAHIUSMH YHEPTUH, UMEIOIICH
Han0oJiee BRICOKYIO ce0eCcTOMMOCTh [9].
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MapunoBa C.B. AnroputMm aHanmu3a MJaHHBIX JUIS MOJCIMPOBaHMS TrpaduKka HArpy3KH
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«CTpOUTENBCTBO. DIIEKTPOTEXHUKA U XUMUYECKUE TexHomorum». 2025. Ne 3 (27). C. 3647.

DATA ANALYSIS ALGORITHM FOR GRAPH MODELING
ELECTRICITY CONSUMPTION OF AN INDUSTRIAL ENTERPRISE
WITH THE AIM OF REDUCING ELECTRICITY COSTS

S.V. Marinova
Tver State Technical University (Tver)

Abstract. The article notes that shifting some of the industrial enterprise's electricity
consumption from hours of maximum and peak load to other time ranges can provide economic
benefits by leveling the load schedule. It emphasizes that redistributing energy consumption to
level the schedule not only reduces the costs of industrial enterprises for production, but also
allows electricity providers to optimize the generation and transportation of energy resources.

Keywords: energy efficiency, forecasting, modeling of consumption, energy
consumption, electrical load graph.
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AHHOTanMA. B craThe 0TMEUEHO, YTO KPATKOBPEMEHHBIC MTUKOBBIC HArPY3KU MAIWH U
MEXaHH3MOB CO3JIal0T HEOOXOJUMOCTh B aKKyMYJIMPOBAaHWW MEXAHHYECKOW SHEPTHU IS €¢

MOCJICAYIOICTO HUMITYJIBCHOI'O HCIIOJIb30BaHUA. OTO BIIOJIHE AKTyaJIbHO, HapUuMep, I
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a’pOJIPOMHBIX TArayeld Ha CTApTOBOM 3Tame OYKCHPOBKU TSDKENBIX camojeToB. [Ipumenenue
AKKyMYJIATOPa MEXaHUYECKOW JHEPruy IO3BOJIUT YMEHBIIUTh MOIIHOCTb JBMIaTess TArada.
AKKYMYJISTOpP MEXaHUYECKOH SHEPTUU MOXKET OBITh BBHITIOJIHEH B BUJE AJIEKTPUYECKON MAIIHHBI
IIOCTOSIHHOTO TOKAa WJIM BEHTWIBHOM, Ha Baly KOTOpPOM 3aKpeluleH cynepMaxoBuk. llpum
MOAKJIIOYEHUHN JJIEKTPUYECKOM MAIMHBI K MCTOYHUKY IHUTAHWS BO3HHMKACT HECTAlMOHAPHBIN
Ipolecc, ONMChIBaeMbI IByMs JIu(p(EepeHUUaTIbHbBIMA  YPaBHEHUSAMM: OJHUM — JUIS
MEXAHUYECKUX BEJIMYMH, JPYTUM — JJIS DJIEKTPUUYECKUX. AKKYMYJIATOP MEXaHUUYECKON 3HEprun
MOKHO TPaKTOBaThb KaK HMCKYCCTBEHHBIM JIEKTPUYECKUN KOHIEHCATOp, KOTOPBIM 3amacacT U
OTHACT HE DHHEPrUI0 JVIEKTPUYECKOTO IOJsl, a KUHETUYECKYK) DHEPrUI0  BpAILLEHUs
CylepMaxOBHKa.

KiroueBble cioBa: Tarau, Harpyska, OYKCUpPOBKa, IpPHIIEIN, aKKyMYJATOp, JHEpPrus,
JJIEKTPUYECKAsl MAIlIMHA.

DOI: 10.46573/2658-7459-2025-3-47-53

BBE/IEHHE

HakonuTenn KUHETHMUYECKON SHEPruM HIMPOKO HPHUMEHSIOTCS B 00jacTu TeXHUKU. B
IIEPBYIO OYEpEb ITO MAXOBUKH U CYNEPMAXOBUKHU. V3BECTHBI yClIENIHBIE IIPOEKTHI PeAIn3alun
NOCIEAHUX JaK€ B JIETKOBBIX aBTOMOOWJISAX JUISl YTWIM3allMM SHEPrud TOPMOXKEHUS U
UCIOJBb30BaHUSl €€ B IeNsAX Hocieayrouero yckopeHus. OcHOBHas mpobiiemMa MoJo0HOro
INPUMEHEHHUS 3aKJIOYAeTCsl B CIOKHOCTH M T'POMO3JKOCTH YCTPOMCTB i TpaHC(hOpMaluu U
nepejaud  MexaHuueckod sHeprud. llpemnaraemoe TEXHHYECKOE PEIIEHUE JIMIIEHO ATHUX
HEJOCTAaTKOB. Ero HCmoiap30BaHME ONPAaBJaHO B MallMHAaX C HEPAaBHOMEPHOW Harpyskou
(HampuMep, B TpakTopax u Taraudax) [1-3].

MATEPHAJIBI H METO/IbI
AKKyMYJSITOp MEXaHUYECKOW HHEPrMM MOXKET OBITh BBIIOJHEH B BHUJE AJIEKTPUUYECKOU
MAIIMHBI TOCTOSIHHOTO TOKA MM BEHTWJIBHOM, HA BaJly KOTOPOM 3aKpEIIEH CYIIEpMaXOBHK.
Korpa mammba mnojakiirodaeTcss K UCTOYHUKY INMTaHWSA, BO3HUKAET HECTAllMOHAPHBIN
IIPOLIECC, ONTUCBHIBAEMBIN CIEAYIOUIMMH BBIPAXKEHUAMH [4—6]:
d’¢

J
dt’

+k@ = B2lw2i§
dt 2

B2 9@ piy,
2 dt

rae J — MOMEHT MHEepLUHU CyllepMaxoBUKa B COBOKYITHOCTH ¢ COOCTBEHHBIM MOMEHTOM MHEPLIUU
AIIEKTPUYECKON MAIIMHBL, () — YTIIOBOE MOJIOKEHUE POTOPa; k — KOIDPUIIMEHT BSI3KOTO TPEHUS;
B — 3HayeHne MarHuTHOM uHAyKuuH [7, 8]; 2/ — paGouas JyiMHA BUTKA SKOPHOM OOMOTKU; W —
YHUCIO BUTKOB SIKOPHOH OOMOTKM; D — nauamerp sikops; R — akTHUBHOE COINPOTHBIICHHUE
ayIeKTpudeckon nenu; U — HanpspKeHWE UCTOYHUKA ITUTaHUS.

JJ11 KOMIIAKTHOCTH BBOJUTCS] 0003HAUYEHKE

BiwD=Y . (1)
OueBHIHBIE HAYAIBHBIE YCIOBUS CIEAYIOIINE:
d
0(0) = @y ; 7?(0) =, @)
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N3 BTOPOroO BBIpa)KEHMS CUCTEMBI YPABHEHUI BBITEKAET, YTO
d R. U
do_ R;,U. 3)
dt Yy Y
d’¢ R di

dr* Ydt
[Ipu nmojicTaHOBKE B IEPBOE BBIPAKEHUE CUCTEMbI YPABHEHUM MOJTy4aeM:
JRdAi kR . kU .
—i+—=Yi;
Yd Y Y
Y* k)., kU
— | —=t+—=|i=——.
d \JR J J R
[[J'ISI KOMITAKTHOCTHU BBOIATCSA 0603Ha‘IeHI/I$IZ
Y k

JRJ
v
R

b

k
J
B cootBeTcTBUM € 3TUM
di .
—+A4i=B. (4)
dt
OO11ee pelieHne 3TOro ypaBHEHHUsI UMEET BUJ]
i =Ce ™.
Yacrtrnoe pemwenune — i, =C,.
N3 storo B couetanuu ¢ BelpakeHueM (4) cneayer:
B
0+4C,=B; C,=—.
A
Tok B 11leTIi UMEET BU]T
N « B
i=i+i,=Ce At+z. (5)

Ecnu umets B Buay Beipaxenus (2) u (3), To

U Yo
i(0)=——-——=",
R R
3 5TOr0 B COUETaHUHU C BBIpAXKCHUEM (5) CIIeIyeT, 4TO

U Yo, B

. U—YCOO U 1/t U
= - e t—m7T——=
R Y /k+R Y?/k+R

(Y=E_ U |, U (6)
R R, +R R, +R
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3necy E, =Yw,.
LN U SRR S 1
v R J/Y Ik R IV (J)7)(v/k)
11 1

L+ =—+—. (7
RC, RC, 1, =

e m

Ecmun k=0, R, =00, TO

. U_Eo —t/t

i=——e¢"", 8
R @)
RJ

T=F=RCJ. (9)

PE3YJIBTATBI HCCJIE/IOBAHHA
Boipaxkenuss (8), (9) MOBTOPSAIOT COOTHONICHUS JJS  3apSAKU  AJIEKTPUUYECKOTO
KOHJIEHCATOPA.

. . . _Eo ~t/t
Ecin COCAUHUTDL MCKAY cobon KOHIbI SKOPHOHU O6MOTKI/I, TO ZITQ . D10

BBIPOKECHUE MTOBTOPSIET COOTHOILICHUE JUIS PA3PSIKH FJICKTPUIESCKOT0 KOHACHCATOPA.
N3 dopmyn (6)—(9) cnemyer, d9ro A DIEKTPUYCCKOH IEMH paccMaTPUBACMBIMA
AKKyMYJISITOp MEXaHUYECKOM SHEPTHH HEOTIIMYMM OT JIEKTPHUECKOTO KOHICHCATOPA.
Takum 00pa3om, B JAaHHOM CITydae MOKHO BECTH pedb 00 UCKYCCTBEHHOH AJIEKTPUICCKOM
J

emkoctH [9, 10], kotopast BeIrsaaut kak C, = IR

KpOMe TOr0, BO3HHUKACT HCKYCCTBCHHOC JJICKTPUYCCKOC COIIPOTUBJIICHUC (KOTOpOC HC
2

CBA3aHO C YACIBbHBIM COIIPOTUBJICHHUEM, JJIMHOM U ILTOIIA/IbI0 CeUCHUS HpOBOI[HI/IKOB) Rk =—.

k

AKKYMYJSTOp MEXaHUYECKOM SHEPriUH HAKAIUIMBAET SHEPTHIO
_cuUr Juvt Jo
o2 2t 2]
OKBHMBAJICHTHAsl  DJIEKTPUYECKass CXeMa aKKyMyJIsTopa MEXaHM4YecKOW SHepruu
IIpeCTaBJICHA HA puC. 1.

/4

Yk

Puc. 1. Dnexrpuueckas cxema
AKKyMYJIATOpa MEXaHHUUECKOH SHEPTUu
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Ha puc. 2 nokazan rpadux Toka 3apsAKu/paspsliKM HCKYCCTBEHHOHM 3JIEKTPUYECKOM
€MKOCTH.

=[S

Y?/k+R

v

Loff

Puc. 2. XapaxTep Toka npu 3apsjike U pa3psike
HMCKYCCTBEHHOM JJIEKTPUUYECKOU EMKOCTH

B ¢Bs3M ¢ M3I0KEHHBIM aKKyMYJISTOP MEXaHUYECKOM DHEPrMU MOXKHO TPAaKTOBAaTh KaK
VCKYCCTBEHHBIN JJIEKTPUYECKUN KOHJIEHCATOP, KOTOPBIA 3al1acacT HE SHEPTHI0 AIEKTPHUYECKOTO
T0JIsl, @ KHHETUYECKYIO SHEPTUIO BPALLEHU CyIIEpPMaXOBHKa.

3AK/ITIOYEHHE
EcTh KOHCTpPYKIIMM CYNEpPMaxOBUKOB, CIOCOOHBIE 3amacaTh CYIIECTBEHHBIH O00BEM
KHHETHYECKOM dHepruu. M3ydanack naxe BOZMOXKXHOCTh X YCTAHOBKH Ha JIESTKOBOM TPAHCIIOPTE.
B 3TOM cMBICTIE MACCUBHBIE TATaYl HMEIOT O€CCIIOPHOE MPEUMYIIECTBO, MTOCKOIBKY YBETUUYCHUE
Beca JUIsl HUX HE TOJIBKO HE MPOOJIEMAaTUYHO, HO U KEJIATeIIbHO B HEKOTOPBIX CIIyJasiX.
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ELECTROMECHANICAL BATTERY

V.D. Pavlov
Vladimir Electromechanical Plant (Viadimir)

Abstract. The article notes that short-term peak loads on machines and mechanisms
create the need to accumulate mechanical energy for subsequent impulse use. This is quite
relevant, for example, for airfield tractors at the starting stage of towing heavy aircraft. The use of
a mechanical energy accumulator will reduce the power of the tractor engine. The mechanical
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energy accumulator can be made in the form of a direct current or valve electric machine, on the
shaft of which a super flywheel is fixed. When connecting an electric machine to a power source,
a non-stationary process occurs, described by two differential equations: one for mechanical
quantities, the other for electrical ones. The mechanical energy accumulator can be interpreted as
an artificial electric capacitor that stores and gives off not the energy of the electric field, but the
kinetic energy of the super flywheel rotation.

Keywords: tractor, load, towing, trailer, battery, energy, electric machine.
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YAK 537.611

CBOMCTBA MATHUTHBIX MOHOITIOJIEN
U CUJIOBBIE TUHUU MATHUTHOTI'O ITOJIS

U.IL. IIonoe
Kypeanckuii cocyoapcmeennwiii ynusepcumem (2. Kypean)

© Ilomos M.II., 2025

AHHoTanusi. B craTbe M3/I0KEHO NOMOJHEHHE K paHee YCTAaHOBJIEHHOMY (akTy, uTO
MarHuTHbIE 3apsbl ) = gV, P = —eV, dp = Id]l co31at0T NoTeHualIbHOE chepruIeckoe MarHUTHOE
1oJie, KOTOPOe YIOBIETBOPAET Teopeme ['aycca. Yka3zaHO, YTO CUIIOBBIE JIMHUM MAarHUTHOTO TTOJIS
VCKJIIOYUTENIBHO pajvajbHble, T.€. HAUMHAIOTCS HA OJJHOM MAarHWTHOM 3apsfe U 3aKaHUYMBAIOTCS
Ha JApyroM. Mexay COOCHBIMH MarHUTHBIMH 3apsgaMu WU =gV, M. =—eV, dp = Idl neiictByior
CWJIBI, KaK ¥ MEXJy NapajuieabHbIMA. OTMEUEHO, YTO TEOPUSI MAarHUTHBIX MOHOIIOJIEH U 3apsiioB
Jy4dlle yIOBJIETBOPSIET JKCIIEPUMEHTAIBHBIM JaHHBIM, YEM KJIACCHYECKas JJIEKTPOJMHAMHUKA.
DT0 KacaeTcs 0CEBOr0 B3aUMOJIEHCTBHUS U TpeThero 3akoHa HeroToHa.

KiiroueBble c¢JjioBa: MarHWTHBII MOHOIOJIb, MAarHUTHBIM 3apsiji, MarHUTHOE IIOJIE,
CUJIOBBIE JIMHUU, IUBEPIEHLINs, DJIEKTPOAUHAMUKA, OCEBOE B3aUMOJECHCTBHE.

DOI: 10.46573/2658-7459-2025-3-53-60

BBE/IEHUE
IIpencraBnenne MarHuTHBIX MoHomoJei [lupaka, Xodra — IlonsikoBa, YpyikoeBa u
JPYTHX HE BBI3BIBAET COMHEHHUS.
[IpeacraBnenne MarHUTHBIX MOHOMOJEH B Buje [1]

n=qv; (1)
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B, =—ev; (2)
dn=1dl, 3)
I71e g — SJEKTPUUYECKUHN 3aps/l; V — CKOPOCTh; e — 3apsAll AJIeKTpoHa; / — aneKkTpudeckuil Tok; dl —
3JIEMEHT MPOBOJIHUKA, BHI3BAJIO KPUTUKY Y HAydHOTo coobmiectBa. [Ipu sTtom Mmonononu upaxa,
Xodra — IonsakoBa, YpylkoeBa W mpoyue B NPHPOAEC HE CYIIECTBYIOT, a MoHomoiu (1)—(3)
LIMPOKO PaCHpOCTPAHEHBI.
lenpt0o paboTHl SBISETCS OCBEUICHHWE HE PACKPBITBIX B HCTOYHHMKE [l] CBOMCTB
MarHuTHbIX 3apsaoB (1)~(3) B cBS3M C BO3HUKIUMMH KOHCTPYKTUBHBIMH KPUTHYECKHUMHU
3aMeYaHHUsIMHU.

MATEPHAJIbBI H METO/IbI

APpPrymMeHTbI H KOHTPAPTyMEHThbI

Ilepsviti apeymenm Kpumuxu: TPABUTAIMOHHBIN U SJIEKTPUYECKUN 3apslbl SBISIOTCS
ckanspamu, a BenmnauHsl (1)—(3) — Bekropamu, mostomy ouu ((1)—(3)) HE MOTYT OBITH 3apsiIaMHu.

Koumpapaymenm. Ecnn Ob1 3Ta noruka pabotana, TOr/ia U3 TOTO OOCTOSITENBLCTBA, UTO
IPaBUTALMOHHBIN U 3JIEKTPOCTATUUECKUN TOTEHIIUAJIBI SBJISIOTCS CKAJISIPaMHU, CIEI0BAJIO Obl, YTO
BEKTOPHBIN MOTEHIIUAII HE MOXET OBITh MOTEHIIMATIOM.

Bmopou apeymenm kpumuxu: aBTOp Ha3bIBA€T MArHUTHBIM 3apsSoM TO (IJIEMEHT
JNEKTPUYECKOTO TOKA), YTO MM HE sBIsETCS (XOTs ObI MOTOMY, YTO BBEACHHAS aBTOPOM
BEIIMYMHA HE COXPAHSIETCs).

Koumpapaymenm. DneKTpudecKuil 3apsii ToXe He coxpaHsercs (Mpu aHHUTHISIUU
AJIEKTpOHAa M TMO3UTpoHA). ['paBUTAllMOHHBIA 3apsin He coxpaHsercs (JepeKT Macchl u
AHHUTUJISIMS), YTO HE MeEIIaeT DJIEKTPUYECKOMY W TPaBUTAIIMOHHOMY 3apsiiaM OCTaBaThCs
MMEHHO 3apsaMH.

Tpemuii apeymenm Kpumukuy: CUJIOBBIE TUHUM (HAIpUMeEp, DJIEKTPOCTATUYECKOTO TOJIsS)
HAUYMHAIOTCS U 3aKaHYMBAIOTCS Ha DJIEKTPUUECKUX 3apsiax, a CUJIOBbIE TMHUM MAarHUTHOTO IOJIA,
00yCJIOBJIEHHbIE NPOTEKAHWEM TOKa MO MPOBOJHHKY, MPEJICTABIISAIOT COOON 3aMKHYTbIE JTHHHUU
BOKPYT MPOBOJTHUKA.

Konmpapaymenm. Ilockonbky onHOM (ppa3oif oTBET HE cPOpPMyIUPOBATH, EMY OTBOAUTCS
CJIEIyIOIasl YacTh CTaThU.

O cunoevlx TuHUAX
CuioBast TMHUS TOJIST — 3TO JIMHMS, BJOJIb KOTOPOW HampaBi€Ha CHJIA, IEUCTBYIOIIAS CO
CTOPOHBI MOJISl Ha 3aps/I.
Ha puc. 1 moka3zaHo cuiaoBoe B3aMMOAEHCTBHUE IByX MOHOMOJIEH C 3apsiaamMu Ila’l1 u 12d12

MOCPEICTBOM MarHUTHOTO ToJis [ 1].

b

L
@ dl, dl, g:?l

4—
dB; dFs, dF,

v

I
Puc. 1. B3aumonelicTBre MarHUTHBIX MOHOIIOIEN
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He BBI3BIBaeT pazHOUTEHU TOT (PAKT, UTO CHUIIOBAS JIMHUS, HEOOXOAUMO COBIAIAOINAS C
HAIPaBJICHUEM CHJIbI, HAYMHAETCS HA OJJHOM MAarHHUTHOM 3apsijie U 3aKaHYUBACTCS HA JPYTOM.

Hecmotpst Ha To, uTo nmuuuu dB; u dB; (ux cnempl o603HaYeHbl ® U ) monroe BpeMs
HAa3bIBAIOTCSI CUJIOBLIMHU, HA CAMOM JI€JI€ OHH TAKOBBIMH HE SIBJISIIOTCS. DTO SKBUIIOTECHI[HAILHEIE
JIMHHUMH.

JlaHHOE 3a0JTy’KJIeHHE BO3HUKIIO H3-3a IIKOJBHBIX OIBITOB IO BHU3YAIM3AllMH CHJIOBBIX
JIMHUH C IIOMOIIBIO JKEJIE3HBIX OIMUIOK.

Ha puc. 2 moka3aHbl CHJIBI B3aUMOJEHUCTBUS MEXIAY TOKOM [, TPOTEKAIOIIUM B
BEPTUKAJIHHOM 3JIEMEHTE NPOBOJAHHMKA dl, M SKBHUBAJICHTHBIM KPYrOBBIM MHUKPOTOKOM /12 B

OTIHJIKE, TIPOTEKAIOIINM B JIEMEHTaX a?l1 u dlz.
qt Al
' <"

Puc. 2. OpI/IeHTaHI/IH KCJIC3HBIX OITUJIOK

@axtuueckue cuiabl dF, u dF, sBusiorcs paguanbHbIMU. VIMEHHO 53Ta mapa cui
OPHUEHTUPYET OIMUIIKY IO IPSMBIM YIJIOM K PaIuycCy.

[Ipu 5TOM y HIKOJIBHUKOB CO3JAETCS MILTIO3USI BOSHUKHOBEHMSI APYroil mapsl CUil, SKOOBI
TAHYLIUX ONMJIKY 3@ KOHIIBI B IIPOTUBOIIOJIOKHBIX HAMPABIECHUAX BAOJIb OKPYKHOCTH, HA OCHOBE
4yero GopMupyeTcsi yCTOMUUBBIN MU} O BUXPEBOM XapaKTepe CTaTUYECKOI0 MarHUTHOTO MOJISL.

KoHIeHTpUUYecKMMH SBIAIOTCS OpPUEHTAllMK ONWIOK. B 3TOM HampaBieHuu (KpyroBom)
He JEeMCTBYIOT HUKakue cuiibl. [[03TOMy B 3TOW CUTyallMM KPYTOBBIX CHUJIOBBIX JIMHUN OBITH HE
MoskeT. CHJIOBBIE JINHUU UCKIIOYUTEIBHO paJiaibHbIe, T.€. HAUNHAIOTCA HA OJHOM MarHUTHOM
3apsae U 3aKaHYUBAIOTCS HA JPYTOM.

APryMeHTbI M KOHTPAPITYMEHTbI
Yemeepmuiii apaymenm Kpumuky: IIPYA HATUIUHU HIEKTPUUECKUX 3apsAI0B B UCCIETYEMOM
o0weme B Teopeme ['aycca mpaBast yacTh He paBHa (), a IpHU 3aNUCH MPUHIUIA HETIPEPHIBHOCTU
CUJIOBBIX JINHUM MarHUTHOTO TOJIS B MpaBoii yactu Beeraa 0.
Koumpapaymenm ompuo#t ¢pa3oit He chopMyIupoBaTh, MOITOMY €My OTBOJIUTCS
CJeIYIOIAast YaCTh CTAaThHU.

Jlugepzenyus macHumMHO20 nois
[TockonabKy CTaTHYECKOE€ MAarHUTHOE TIOJI€ SIBIISIETCSl HE BUXPEBBIM, a pagualbHBIM,
COBEpIICHHO HEYIMBUTEIBHO, YTO JUIsl HETO MpaBas 4acTh TEOpeMbl ['aycca He MOXKET paBHATHCSA
HYIIIO.
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B ucrounuke [l] mokazaHo, 4TO MeXAYy COOCHBIMH MarHUTHbIMH 3apsaamu (1)—(3)
NEHCTBYeT cuja, Kak U MeX1y MapaulebHbIMU. B CBsI3U ¢ 9TUM He BBI3BIBAET BOIIPOCOB TO, YTO
muddepermman marautHoro 3apsaa (1)—(3) cozmaer moTeHIMaNbHOE chepuaeckoe MarHUTHOE
nosie, KOTopoe, 0Oe3yclOBHO, YIOBIETBOpsAeT Teopeme Iaycca. DTo cTporo Jo0ka3aHO B

HuCcTOYHUKE [2].
=3 IN+Y 1 Al

IS TALLY T Al

;

diij ”}:V-Bj ¥ _ j+ 2L
ot
diva ’ i+ 2
ot

@durypHble CKOOKM 3/IeCh SBISIFOTCS 4YacTblo (opmain3Ma BEKTOPHOW —aireOpsl
MIPUMEHUTEIBHO K pacCMaTpUBacMoOMy ciydaro [2].

APryMeHTBI U KOHTPAPIYMEHTbI

IIamulii apeymenm Kpumuku: HECMOTPSI Ha BCE IMOMBITKH HAWTH YaCTHUIIBI C MAarHUTHBIM
3apsIOM, OHU TaK U He ObLTH OOHAPYKEHBI.

Konmpapeymenm. Marautasie MoHomnonu ooHapyxensl [1]. Ha ocunose (1)—(3) moxHO
CeNaTh BBIBOJ, YTO 3TH OOBEKTHI PEaIbHO CYIIECTBYIOT.

Lllecmoti apeymenm Kpumuku: KilacCU4YecKas OJJIEKTPOJMHAMUKAa OCHOBBIBAe€TCS Ha
ypaBHeHMsIX MakcBesuta, onpenensiomux noias £ u H no 3agaHHOMY pacupeieseHUI0 TOKOB U
3apsiioB, U Ha BBIPOKEHUM Ui CHibl JlopeHIa, OmpenensionieM CHily, JCHCTBYIOUIYIO Ha
JBYDKYILMICS 3aps]] cO CTOPOHBI Noje £ u H. DTH COOTHOIIEHUs €CTh Pe3ysbTaT 0000IIEeHHS
0ECUYHCICHHOTO MHOKECTBA dKCIIEPUMEHTAIBHBIX JaHHBIX. [l0aTOMY MOauduKaIms Kakoro-amuoo
U3 3TUX COOTHOLIEHUH (HamonoOue gopmyisl (1)) Oyner NpoTUBOPEUUTh IKCIEPUMEHTY MOUYTH
HaBepHSKA.

Koumpapaymenm. Teopuss MaxkcBenia TPOTUBOPEUYUT pe3ysbTaTaM JKCIEPUMEHTOB,
BBITIOJIHEHHBIX AMriepoM [3], YCTaHOBHBIIMM B3aWMOJICHCTBUE COOCHBIX TOKOB. OJIEMEHTHI
TEOPUHU MarHUTHBIX 3aps/10B [1] He MPOTUBOpEUAT IKCIIEPUMEHTAIBHBIM JaHHBIM.

Ceovmoti  apeymenm Kpumuxu: B paboTe HE TNPUBOAUTCS HHUKAKOTO CPAaBHEHMS
MOJUGHUIMPOBAHHON TEOPUHU C IKCIIEPUMEHTOM.

Konmpapeymenm. CpaBHEHHWE TIPUBOIUTCS: OJHOWMEHHBIE MAarHUTHBIC — 3apsbl
MPUTITUBAIOTCA APYT K IPYTY, a pa3HOMMEHHbBIE OTTaNKuBatoTes [1].

Bocvmoti apaymenm xpumuku: NeHCTBUTENBHO, Ui JIEMEHTOB TOKa JBYX MPOBOIHUKOB
Tpetuit 3akoH HeloToHa He coOmromaercs. OHAKO SIEMEHTHI TOKAa HE  SABISIOTCS
CaMOCTOSITENIFHBIMU ~ O0OBbeKTaMu. Kak HeTpymHO yOemuThes, s JIBYX 3aMKHYTBIX
ANIEKTPUUYECKHX Iienelt TpeTuii 3akoH HptoToHa cobutoiaeTcs.

Konmpapeymenm. 3apsokeHHbIE KOCMHYECKHE YACTHIBI SIBIISTIOTCS CaMOCTOSTEITHLHBIMHU
o0bekTaMu. OHU HE SBJSIFOTCS 3aMKHYTBIMH JJICKTPHUUECKUMHU LeTssMU. [T HUX TpeTui 3aKoH
HrroToHa HE co00AaeTCsI, U 9TOMY HET HUKAKOTO OOBSICHEHHUSI.

Hesambitl apeymenm Kpumuku: CTaThsl HE aKTyallbHa. Bce, 4TO CBS3aHO ¢ MarHUTHBIMHU
3apsaaMH, yke ObLIO UCCIIEIOBAHO.
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Konmpapaymenm. Bee, 4T0 KacaeTcss MAarHUTHBIX 3apsiIoB, HE MOTJIO OBITh UCCIIEIOBAHO,
TaK Kak 10 nyOnukanuu crathd [1] He ObUIM ONHUCAaHBI caMM MarHuUTHbIE 3apsabl. To, yTo ObLIO
ornucaHo panee (monomnonu [lupaka, Xo¢ra —IlonskoBa, YpyukoeBa u [1p.), B NPUPOJAE HE
cymectByeT (B orimuue ot (1)—(3)).

Hecamuuii apeymenm Kpumuku: TO, YTO aBTOp Ha3Bajl /dl MarHUTHBIM 3apsJ0OM, IPUHSTO
Ha3bIBATh 3JIEMEHTOM TOKa.

Koumpapaymenm. 3pnecb HET HHUKakoro IpotuBopeuuss. To, 4TO NpPUHATO HAa3bIBATH
KaMHEM, JIpEBHUE CUUTAIN OpykueM. Kak INpuHATO Ha3biBaThb =gV, TOXE Ha3bIBA€MbIi

aBTOPOM MArHUTHBIM 3apsiioM? JIaHHBINA BOIIPOC SIBJISIETCS] PUTOPUUECKUM.

OouHnnaoyamulil apeymenm KpUmuky: COTIACHO OIpe/eJIeHHI0, MarHUTHBII MOHOIIOJb
eCcTh  yacTula (BO3MOJXKHO, D3JIEMEHTapHas), MPEACTABISIONAs U3 CeOsl OJIHOIMOIIOCHBIM
MarHur.

Konmpapzymenm. Otipenenenne MOXET OIMUCHIBATH CIIOKHOE TOHSATHE 00Jiee MPOCTHIMH
sneMeHTaMu (He HaoOopot). [laHHOe ompeselieHne HEKOPPEKTHOE, TaK KaK OHO OIMCHIBACT
IPOCTOE (BO3MOXHO, 3JIEMEHTApHOE) MOHATHE «MAarHUTHBIA MOHOIIOJIB) CJIOKHBIM IOHSTHEM
«MarHuT) (IPeICTaBISAIONINI cO00M CyNeprno3ului0 OpOUTANBHBIX M CIMHOBBIX MAarHUTHBIX
NOTOKOB). MHaue: MarHut — 3T0 CyNepro3uliis MarHUTHBIX MOHOMOEH. Tak ke, Kak U J0M, 3TO
KOMMO3UIMS U3 KUpnuyei. JIoM ¢ MOMOIIbI0 KUPIUYEH ONMpeAeNuTh MOXKHO, a KUPIUY depes
oM — HeT. To e U ¢ MarHUTOM.

KoppekTHbIM 1 yHU(DUITUPOBAHHBIM OMPEICIIEHUEM SBISIETCS CeaAyIolIee.

(*) Maenummnwiii 3apsa0 — smo @usuyeckutl 06veKm, co30aWuULl MACHUMHoe noje U
83AUMO0eUCMBYIOWULL NOCPEOCMBOM He20 € OPYUMU MACHUMHBIMU 3aPSA0amMU.

MOXHO 3aMEHHUTH CJIOBO «MarHUTHBII» Ha «3JIEKTPUUECKUI» WIN «TPaBUTALIMOHHBIN».
[TomygaTcst KOppEeKTHBIE ONPEAENICHUs] COOTBETCTBYIOLIUX 3apsAaoB [4—7].

Jeenaoyamurii apeymenm kpumuxu: B paboTe MpeUIokKeHa MOJENIb MOHOMOJS, KOTopas
HE COOTBETCTBYET OOIICTIPUHSATOMY OIPEAETICHUIO (TOMY, T/Ie MarHur).

Koumpapaymenm. W 3170 npaBUiIbHO, MOCKOJIBKY OHO (OIpPENEIEHHUE) BbI3bIBAET MHOIO
HapeKaHH (CM. BBIIIIE).

Tpunaoyamuiti apeymenm Kpumukuy: TPOCTOM aHAJIOTMU Mexay 3akoHoM KyioHa,
3aKOHOM BCEMHPHOI'O TATOTEHUS U, COOTBETCTBEHHO, 3aKOHOM AMIIEpa HEAOCTATOYHO AJIs TOTO,
YTOOBI MTOJIYIUTh MATHUTHBIHN 3apsiI.

Koumpapaymenm. BozHuKkaeT BOmpoc: mouemy 3To Tak?

Kpowme toro, ananorus He Takas npoctas. OHa MOJHOCTHIO COOTBETCTBYET ONPEIEICHUIO
(*) [8—11], uro siBisSIETCSA JOCTATOYHBIM YCIIOBUEM.

Yemvipnaoyamuwlii ap2yMeHm KpUMuKy. ...A OTCI0/1a OTPEIeIIeTCss MarHUTHBIHN 3aps]l Kak
p=gv. Ho B onpeneneHuy MarHUTHOTO 3apsiia CTOUT CKOPOCTh €ro JIBM)KEHUS, CIIEI0BaTENbHO,

€ro BeJIMYMHA 3aBUCUT OT BbIOOpA CUCTEMBI OTCYETA, a 3TO HEPUEMIIEMO.
Konmpapaymenm.

Macca snekTpoHa
2

e

m, =—to_
2
4ra,o
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CymiecTByeT HempuHATHE 3ToW Qopmynbsl. TeM He MeEHee €€ HECOCTOSTENLHOCTh HE
JI0Ka3aHa, TaK 4TO OTPULIAHUE MTPEKAECBPEMEHHO.
B pesynbrare

0
21 ao’5 (xmf’5 1
- 0,5 0,25 °
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prrI/IMI/I CJIoOBaMHM, BCJIIMYMHA OJJICKTPHYCCKOI'O 3apsda TOXKE 3aBUCUT OT CKOPOCTHU, a
CJICA0OBATCIIBHO, OT BI)I60pa CUCTEMBI OTCYCTA.

e

3AK/ITOYEHUE
Ha ocnoBe aprymeHTOB KpUTHKH (B JIOTIOJIHEHHWE K H3JI0KEHHOMY B cTarthe [1])
YCTaHOBJEHO, 4YTO MarHuTHbIe 3apsansl (1)—(3) co3matoT moTeHHMaIbHOE cdepuyeckoe
MarHuTHOE TI0JIe, KOTOpoe, Oe3yCIIOBHO, YAOBJIETBOPSET Teopeme laycca, a MMEHHO: TOTOK
BEKTOpPa MArHUTHOM MHAYKIUU CKBO3b IPOU3BOJBHYIO 3aMKHYTYIO MOBEPXHOCTb paBeH
BEKTOPHOW CyMMe 3aKIJIFOUEHHBIX BHYTPH 3TOH MOBEPXHOCTH MarHUTHBIX 3aPSIOB.
CunoBble JIMHUM MarHUTHOTO TMOJIA, HAYMHAIOIIMECS HAa OJIHOM MAarHUTHOM 3apsijie U
3aKaHYMBAIOIINECS HA JIPYTOM, SBIISIOTCS PadaIbHBIMU.
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PROPERTIES OF MAGNETIC MONOPOLES
AND MAGNETIC FIELD LINES OF FORCE

LP. Popov
Kurgan State University (Kurgan)

Abstract. In addition to the above, it has been established that magnetic charges p = gv,
n. =—ev, dp = Idl create a potential spherical magnetic field, which certainly satisfies the Gauss
theorem. The lines of force of the magnetic field are exclusively radial, i.e. they begin at one
magnetic charge and end at another. Between coaxial magnetic charges p=gv, p.=-—ev,
dp = Idl, the same forces act as between parallel ones. The theory of magnetic monopoles and
charges satisfies experimental data better than classical electrodynamics. This concerns axial
interaction and Newton's third law.

Keywords: magnetic monopole, magnetic charge, magnetic field, lines of force,
divergence, electrodynamics, axial interaction.
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PEHNEHMUE BOITPOCA MECTHOI'O JE®UIIUTA MOIIIHOCTH
B OQHEPTTOCUCTEME C IOMOIbIO MAJIBIX I'C

A.A. Paxmanoe, A.JO. Pycun
Teepckoti eocyoapcmeennblii mexnuieckuil yHueepcumem (2. Teepv)

© PaxmanoB A.A., Pycun A 1O., 2025

AnHotanus. CTaThs MOCBSIIEHA MPOOIeMe YCTPaHEHUsI MECTHOTO JIe(hUIIMTa MOIITHOCTH
B ’Heprocucremax Poccuu ¢ momorisio manbix ruaposiektpoctannuid (I'C). [Ipoeaen ananus
s dexktuBHOCTH MabiX [ DC Kak aBTOHOMHBIX UCTOYHUKOB SHEPTrOCHAOKEHUS IS OTJAICHHBIX
peruoHoB. PaccMOTpeHBI BO3MOXHOCTH TpuMeHeHuss Maneix [DC i obecrniedueHus
AJIEKTPO’HEPTUel MpeAnpHUsATUi Majoro U cpenHero OusHeca. [loka3zaHO, 4TO HCIIOJIb30BaHHE
MaJIOW THIPOIHEPTETHKH JISl JIOKATbHOTO SHEProCHA0XKEeHHUsS YKOHOMHUYECKH IeNIeco00pa3Ho U
DKOJIOTMYECKU ompaBiaaHo. OTmeueHo, 4TO BHeApeHHEe Manbix ['DC CHIKaeT Harpysky Ha
MarucCTpaJbHbIE JJIEKTPOCETH W IMOBBIIIAET DHEPTreTHYECKYI0 aBTOHOMHOCTh OTHAJ€HHBIX
PETHOHOB.

KiroueBble cjoBa: Mayias TUIPOIEKTPOCTAHLIMS, TUIAPOIHEPreTHKA, JCPHUIUT
MOITHOCTH, 000COOIEHHBIE SHEPTOCUCTEMBI, IPOU3BOJICTBO JEKTPOIHEPTUH, MBI U CPEeIHUN
OusHec.

DOI: 10.46573/2658-7459-2025-3-60-67

BBEJ/IEHUE

Bonpoc nedunmra MOIIHOCTH B JOKaJIbHBIX 3HeprocucremMax Poccum mnpuoOperaer
0cO0yI0 aKTyaJbHOCTh Ha (OHE YycTapeBaHMs M U3HOca UHOpacTpykTyphl. [lo gaHHBIM
UCCIICIOBAaHUM, CTENEHb M3HOCAa OCHOBHBIX (DOHJOB B 3JIEKTPOIHEPIeTUKE B PsJie PErMOHOB
JIOCTUTAET KpUTUYECKUX 3HaueHui: 6omnee 50 % obopynoBaHus u ceTeil TpeOyroT MOJEpHU3AINH
win 3ameHbl [1]. Tloacranmum u auHum snekrponepenaun (JIDII) 3auvactyro pabortaroT Ha
npeJiese CBOMX BO3MOMKHOCTEW, YTO OTpaHMYMBAET MPOMYCKHYIO CIIOCOOHOCTH U pe3epBHBIC
MOIITHOCTH, a TaKXKe YCYTr'yOJsieT npobiieMy MOIKIIOUEHUS! HOBBIX MOTpeOUTeeH.
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His manoro u cpepnero Ousneca (MCDB) nmanHast cuTyalds CTAaHOBHUTCS OCOOEHHO
OLIyTUMOH. BbICOKHME 3aTpaThl Ha MOIKIIOUEHHUE K JIEKTPOCETSM, CIOKHBIC OIOPOKPAaTHYECKUE
POLEAYPHl U JITUTEIBHBIC CPOKU peaTH3aIii MPOEKTa MOAKIIOYCHUS CO3/Ial0T 3HAYUTEIIHHBIC
Oapbephl IS pa3BUTHS TpEANPUHUMATENbCTBA [2]. B pesynbrare mpeAnpusTHs BBIHYKICHBI
UCKaTh AJbTCPHATHBHBIC PEHICHUS, YTOOBI 00ECIEYUTh CBOM MOTPEOHOCTH B AJICKTPOIHEPTHUH.
[Tpu 3TOoM pocT TapuoB Ha AIEKTPOIHEPTHUIO U CTEIICHh U3HOCA HH(GPACTPYKTYPHI 3HAYUTEIHHO
YBEJIMYUBAIOT YKOHOMHUYECKYIO HArPY3Ky Ha Ou3Hec u Hacenenue [1-3].

OmnpenenviM cpelHUE IICHBI TPOHM3BOJIUTEICH Ha JIIEKTPOIHEPTHUIO IO KaTErOpUsIM
notpeduteneit 3a 2018-2022 roasl (PUCYHOK).

—¢— DJIeKTPO3HEPTUs, OTHYIEHHA NPOMBINUIEHHBIM MPEANPUATHAM
DIEeKTPOIHEPTHA, OTIYIIEHHAA CENbCKOX03AHCTRBEHHBIM IPOU3BOIHTEIM

=== DIeKTPO3IHEPTHA, OTIYIIEHHAS HACEICHHID
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CpenHue 11eHbl IPOU3BOIUTENIEN Ha 3JIEKTPOIHEPTUIO
o kareropusm norpedureneit (2018-2022 rozasr) [1]

W3 pucyHka BHIIHO, YTO OCHOBHOW JOXOJ MAJII SHEPTrOCOBITOBBIX KOMIAHHWHA MPUHOCST
CEBCKOXO035UCTBEHHBIC MPOU3BOJIUTEIN U MPOMBIILIEHHBIE TipeAnpusTus. C Ipyroil CTOPOHBI,
pa3BUTHE MaJlOM  DHEPreTHKH, BKIOYas MHKPOTHaApodneKTpocTaniuu  (Muxpo-I'3C),
MpEACTaBIsIET COOOM TMEepPCHEeKTHBHOE HAIMpaBiICHUE JUIsl PEIICHHUs] TPOOJIeMBbl JIOKAJIBHOTO
neduruta MourHocTH. Mukpo-I'9C 06nagaroT psioM IPEeUMYIecTB, TAKUX KaK MUHHMAalbHbIE
AKCIUTyaTaIlMOHHBIE 3aTPATHI, SKOJIOTHYHOCTh U HE3aBUCUMOCTH OT MTOCTaBOK TOTUIMBA.

Mamnbie I'DC — 310 2 deKkTUBHOE pelieHue Al CHAOKEHUS DIIEKTPOIHEPTUe yIaaeHHBIX
MPEANPUITHA U HACEJIEHHBIX MYyHKTOB, TJI€ CTPOUTEIHCTBO JIMHUM SJIEKTPOTIEpEIadul SIBISETCS
CJIMIIKOM 3aTpPaTHBIM. DTH CTAHIIMU HCIOJIB3YIOT YHEPTHI0 TEUCHHs] HEOONBIINX PEK U Py4YheB
JUIST BBIPAOOTKH CTaOWJIIBHOTO DJIEKTPUYECTBA C BBICOKMM Kade€CTBOM, COOTBETCTBYIOIINM
TpeOOBaHUSAM K YaCTOTE U HANpsHKEHUIO. biaromaps CoBpeMEeHHBIM TEXHOJOTUSIM TaKHue CTaHIIU
MMEIOT BBICOKHMU YPOBEHb aBTOMATH3aIlMU, YTO MO3BOJISIET UM paboTaTh Kak aBTOHOMHO, TaK W B
COCTaB€ E€IUHON HHEprocucTemMbl. IDTo nAenaeT Maible ['DC yHUBEpCadbHBIM U HaJEKHBIM
HMCTOYHHKOM DHEPTUU JJII 00BEKTOB MaJIOi MOITHOCTH [2].
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Cormacio pganneiM, okono 50 % tepputopuu Poccum ocraercs BHE  30HBI
LEHTPaIN30BaHHOTO AJeKTpocHabkeHus [4]. B Takux pernoHax jJoKajibHbIE pElICHHs TeHepalun
AIIEKTPO’HEPTuy, Bkioyass Manble ['DC, MOTyT cTaThb OCHOBHBIM 3JIEMEHTOM OOECTICUCHHS
HAJCKHOTO SHEProcHadXeHHs. OTO OCOOEHHO AaKTyalbHO [UIsl CEeJIbCKOXO3SHWCTBEHHBIX U
IIPOM3BOJICTBEHHBIX MPEANPUATHI, DPACIIOIOKEHHBIX B YAAJEHHBIX palioHax, a Takxke s
MOCEJICHHH ¢ OrpaHUYECHHON UHGPACTPYKTYPOM.

Bueapenne mukpo-I'DC kak sieMeHTa Malloil SHEpreTHKH sABNseTcS 3((HEKTUBHBIM
crocoboM pelleHusi MpoOJeMbl JIOKaJbHOrO Jaeduuura MOIIHOCTH. B naHHOW crarbhe
pacCMaTpUBAIOTCS  OCHOBHBIE  aClEKThl  mnpuMeHeHuss  MHUKpo-I'DOC,  3KoHOMHUYECKas
1€J1€CO00Pa3HOCTh UX BHEAPEHUS U MEPCIEKTUBBI Pa3BUTHUSL Maloil rUaposHepreTuku B Poccuu.
Oco0oe BHUMaHHE YJENAETCS BO3MOXKHOCTSAM JIOKaJIbHOTO sHeprocHadxenus it MCB, a takke
MOTEHIIUATy UCTOIb30BaHusI MUKPO-I' IC B TpYAHOJOCTYHBIX U YAaJECHHBIX PErHOHAX.

IIPOB/IEMbBI IIEHTPA/IH30OBAHHOI' O SHEPI' OCHABKEHHUA

Kak yxe roBopuiaoch, OTHUM W3 3HAUUMBIX NpensTcTBuil 11 passutust MCh B Poccun
SBJISICTCS CJIOKHOCTh IMOJKIIOYEHUSI K LEHTPAIM30BaHHBIM SHEprocersM. Bbicokas cTOMMOCTBD,
TPYAHOCTb COIJIACOBAHMS U JJIUTENIbHBIE CPOKU pealn3aliu CO3Jat0T Oapbephl, CIEP/KUBAIOILINE
PETHOHANBHYIO S5KOHOMHUKY. J{a)ke B pernoHax ¢ OTHOCUTENIbHO HU3KMMU pacXoAaMu (Hampumep,
B YIIbSIHOBCKON 001acTH) cTOMMOCTh Ipokiaaaky HOBbIX JIDOII muuHOM 1 KM MOKET MpeBbIIIaTh
300 000 py6uneii. Kpome TOro, 3T pacxonbl HE SIBISIFOTCS €AMHCTBEHHBIMH MPU MOAKIIOUYEHUU
[5].

JUia 4acTHBIX JOMOB cuTyauus Taioke yxyamaercs. C 1 urona 2024 roga cTOMMOCTH
MOAKITIOUEHUs K CeTsAM cocTaBUT He MeHee S5 570 pyOnedt, makcumym — 11 140 pybOneir 3a
KaX/Iblii KWJIOBATT MOIIHOCTH, YTO NPH HEOOXOJUMOCTH MOAKIIOYEHMs CTAaHAApPTHBIX 15 kBT
oboitnercs Oonee yem B 83 550 pyOneit. OnHako 3TO HE Bce 3aTpaThl: KPOME ILUIaThl 3a
MOIIHOCTb, MOTPEOUTENIO HY)KHO OIUIaYMBaTh JIOMOJHUTENbHBIE paboThl, TAKHE KaK yCTAaHOBKA
IIMTKOB, NMPOKJIaJIKa Kabeseil oT onopel K JOMY M 00yCTpPOHCTBO 3JIEKTPUYECKOro BBOJIA [6]. OTH
pacTylye 3aTpaThl JeNAI0T HEHTPAIN30BaHHOE YHEPTOCHA0KEHUE MEHEe JJOCTYITHBIM, 0COOCHHO
JUISL YACTHBIX JIUI] U MaJIbIX MPEANPUATUHN B YAAJCHHBIX PETUOHAX.

Jns 060coOeHHBIX peruoHoB (ropHbIX pailioHoB Anrtas umm Kpaiinero Cesepa)
HHEProcHa0KEHNUE OCTaeTcs CIOKHOM 3amadell. OCHOBHBIMU MOTPEOUTENSIMU SHEPTUM B ITHX
30HaX BBICTYNAIOT CEJIbCKOXO3AHCTBEHHbIE OOBEKTH: YabaHCKUME Opurajsl, HeOOIbIINE
’KUBOTHOBO/IUYECKHUE (hepMbl U Mocenku. B HacTosiee BpeMs JUisi TAKMX 0ObEKTOB HUCIOJIb3YIOTCS
cenbckue JIOII wm mepensumxuble ausenb-dnekTpuueckue craHuuu  ([I9C). Opgnako wux
HCIIOJIb30BaHUE COMTPOBOXKAAETCS PSIIOM TPYIHOCTEM.

JIuHMM BJIEKTpOINepenaun B TaKUX palloHaX IMPOEKTUPYIOTCS C YBEIWYEHHBIM CEYEHHEM
MPOBOJIOB. DTO OOYCIOBICHO HEOOXOIMMOCTHIO O0ECTeUeHHsT MX MEXaHMYECKOW MPOYHOCTH
JUIsL  YCTOMYMBOCTH B  CJOXKHBIX YCJIOBUSX, TaKMX KaK TOpHCTas MECTHOCTb WU
CypoBbIE KJIMMaTHueckue yciaoBus. OJHAKO 3TO pelleHHe NPUBOJUT K HU3OBITOYHOU
NPOMYCKHOW crmocoOHocTH, KoTopas B 10-30 pa3 mpeBbILIAET peaibHyl0 TMOTPEOHOCTD
B SHepruu. B pesymprare 3aTpaTsl Ha CTPOMTENBCTBO M 3KcIuryatauutoo JIDII 3HaumTenbHO
BO3PACTAalOT, 4YTO JENAeT UX HSKOHOMHYECKH Maiod(p(EKTUBHBIMU JUIS PACCPEIOTOYCHHBIX
noTtpedureneit [7].
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Hcnons3oBanue JI9C, B cBOIO o4epe/ib, TAKKE HE PeLIaeT MPpoOIeMy 3HEProcHA0KEHHUS.
Bricokasi CTOMMOCTB JIOCTaBKH TOILIMBA B TPYAHOJOCTYIHBIE PETHOHBI, & TAKXKE CI0XKHOCTh MX
OKCIUTyaTallMl B SKCTPEMAIIbHBIX YCIOBUSAX MPUBOMIAT K 3HAUUTENIBHBIM 3aTparaM. Bmecte 31n
(aKTOpel yCHIIMBAIOT HEOOXOJMMOCTh BHEIPEHMS albTEPHATHUBHBIX ABTOHOMHBIX PEIICHUH,
Takux Kak MHKpo-I'DC, koTopbie cnocoOHBI 00ECHeuuTh HAJEKHOE HSHEProcHaOXKEeHHEe C
MHHUMAJIbHBIMH 3KCILTYaTAallHOHHBIMU H3JIEPKKAMU.

DAKTOPBI, BTHARIIHE HA DOPEKTUBHOCTbh MHKPO-I'3C

JUia  npoekTupoBaHuss U 3KcIulyatauun MHUKpo-I'DC  HYXHO y4MTHIBaTh psij
(GakTOpOB, KOTOpbIE HANpsMYI BIUSAIOT Ha MX JSPPEKTUBHOCTH M 3KOHOMUYECKYIO
11eJIECO00Pa3HOCTD.

1. Cxopocmb nomoka 600ul.

Bbicokasi CKOpOCTh IOTOKAa MOBBIMIAET 3HEProd((HEeKTUBHOCTh CTAHLUHU, TaK Kak
MO3BOJISIET MOJYYUTh OOJIbIlIE SHEPTUU Ha €IUHMILY BOJbl. PekoMeHayemMast CKOpOCTb MOTOKA JUIs
Mukpo-I'9C cocrasmser ot 1 10 2 m/c.

IIpu Hu3kol ckopoctu (MeHee 1 M/c) yacTo TpeOyercs co3qaHHE JOIMOJHUTEIbHBIX
yclIoBUM (Harpumep, 0OBOJAHOIO KaHaja MepeMEHHOr0 CEYEHUs UM MCKYCCTBEHHOIO Iepenanaa
BBICOT) [8].

2. Hanop 600ul.

Hanop Boabl — 3T0 pa3HuIa B BBICOTAX MEXAY MECTOM 3a00pa BOJABI M BBIXOJOM €€ U3
TypOunel. BricokoHamopubie Mukpo-I'2C (6omee 60 M) obecrneynBarOT MaKCHMAIbHYIO
HHEProoTAauy U Yallle BCEro MPUMEHSIOTCA B TOpHBIX paiioHax. CpenHeHanopHsle (25-60 M) u
HU3KOHAIOpHBbIE (3—25 M) yCTaHOBKH MOJXOMAST JUIsl pABHUHHBIX pek [8].

3. Pacxo0 600bi.

Pacxon BoJbl, u3MepsieMblil B KyOMUECKHUX METpax B CEKYHJYy, OIpeneisieT 00beM BOJBI,
KOTOPBbII MPOXOMUT uepe3 TypOMHY 3a €AMHHUILy BpEeMEHHM. DTO KIIOUEBOM IOKazaTellb JUis
BbIOOpPA TUIA U MOIITHOCTH CTAHLIUU.

4. Penvegh mecmuocmu.

I'opHble pailoHbI ¢ ecTecTBEHHBIMU IepenaaaMu BbIcoT (Aurai, KamuaTtka, Kaskas)
UCAIBHO MOIXOIAT Ul BBICOKOHAMOPHBIX MUKpO-I'DC, 4TO CHM)KAaeT 3aTpaThl Ha CO3/IaHUE
HCKYCCTBEHHBIX YCIIOBUH.

B paBHuHHBIX paiionax (Hanpumep, B LleHTpanpHoii Poccum) ucnomb3yrorcs
Hu3koHarnopuele ['9C, kotopble TpeOyroT Oojiee 3HAUUTEIbHBIX KaHUTAJIOBIOXKEHUNA JUIs
CO3/1aHMsI HAIIOPHBIX PE3EPBYapOB U IUIOTHH.

5. Cezonnocms u cmabunbHocms NOMoKa.

JU1st HOCTOSIHHOM BBIPAOOTKHU HEPTUH BaskHA CTA0MIIBHOCTh PeYHOTo cToka. Hampumep, B
ceBepHbIX pernoHax Poccunm ce30HHOCTH paboOThl peK (JeAoCTaB 3UMOM) OrpaHHUYMBAET
ucnonb3oBaHue MUKpo-I'DC, Torga Kak B IOKHBIX paliOHaX CTOK OCTaeTcs CTaOMIBHBIM B
TEeJeHHe Bcero rozaa [9].

6. Dxonozuueckue u UHGpacmpyKmypHle acnekmeol.

Mukpo-I'DC nomkHbl ObITh MHTETPUPOBAHBI B HKOCHUCTEMY PEKM C MHHHMAJIbHBIM
BO3JICUCTBHEM Ha OKpyxawouylo cpeny. Ocoboe BHHMMaHue ynensercs peldoxonam H
COXpaHEHHUIO MpUpoaHoTo JaHamadra [9].

bnmzocte Kk o0bekTaM TOTpeOJieHUs (CENbCKOXO3SHUCTBEHHBIM (pepMaM, MalbiM
IPOM3BOJICTBAM) CIIOCOOCTBYET CHMIKEHUIO 3aTpaT Ha Nepeaady SHEpIruu.
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IIOTEHITHAJI MUKPO-I'3C JlVIA TPYJHOJAOCTYITHBIX PAHOHOB.
TI'EOI'PA®HYECKHE IIPEUMYIIIECTBA POCCHH

Poccuiickass ®enepanusi 007a1aeT YHUKAJIBHBIMH THIPOJIOTUYECKHMHU  YCIIOBHSIMH,
KOTOpBIE€ JEJAI0T €€ OJHOM M3 BEAYIIMX CTpaH MO IMOTEHIMANTy MaJOd TMApPO3HEpreTuku. B
ctpane HacuutbiBaeTcs Oosee 2 500 000 pex o6mieit npotsmkeHHOCTHIO cBbiie 8 000 000 kwm.
IIpu sToMm 90 % pex umeror mmHy mMeHee 100 kM [10], 4TO MO3BOISAET OTHECTH UX K KATETOPHUU
MalbiX pek. OHM HE TOJBKO COCTABISIOT OCHOBY THIpOrpapuueckoid CeTH, HO M HUIPAIoT
KIIFOUYEBYIO POJIb B PA3BUTUU MECTHOW SKOHOMHUKH, 00eCIeurBas BOAHbBIE PECYPCHI IJI CETBCKOTO
XO035KCTBa, TPOMBILIJIEHHOCTH U KOMMYHAQJIBHOTO X035 CTBA.

HecmoTpss Ha OrpOMHBIN THAPOJIOTMYECKHM MOTEHLMAN, ISl XO3SHMCTBEHHBIX HYX]
uCrosib3yercs MeHee 2 % cymMMapHOro BOAOCTOKAa cTpanbl [11]. DTo CBUAECTENBCTBYET O
3HAYUTEIIBHBIX pe3epBaxX, KOTOpblE MOTYT OBITH 3aJ€HCTBOBAHBI [IJISl pEIHICHUS MpodiieM
JIOKaJIbHOTO SHEPro/iepUINTa, 0COOEHHO B TPYIHOJOCTYITHBIX M 000COOICHHBIX paifOHAX.

BonbIIMHCTBO ManibIX pPeK pacHojOkKEeHO B TaKMX peruoHax, kak Bocrounas Cubups,
Kamuarka, Antait u Skytus. DT TEpPUTOPUU XapaKTEPU3YIOTCSl 3HAYUTEIbHBIMU INE€penaiaMu
BBICOT, UTO CO3/a€T ONAroNpUsTHBIE YCIOBUS AJIs CTPOUTENbCTBa MUKPO-I'DC.

Anmaii: TopHBIA penbed obecrneuynBaeT NOCTOSHHBIC TIEPENaIbl BHICOT, YTO JIENIAET PEKU
pPErvoHa UeaabHbIMU AJI1 MaJIOM THIPO3HEPTETUKU.

AKymusa: HeCcMOTps Ha CE30HHBIM XapakTep peK, B IOXKHBIX pallOHAX pecrnyOlIMKU OHU
OCTarOTCsl CBOOOJHBIMU OTO JibJIa B T€UEHHE 5—O MecsleB, YTO JaeT BO3MOXXKHOCTh CHAOXKaTb
SHEprueu Maibie nmocenenus [9].

Kamuamxka: peku pervoHa oONagaloT MOIIHBIM TEYEHHEM Onaronapsi BBICOKOTOPHBIM
JIeIHUKAM, 4TO JIeJaeT UX MOAXOASIIMME ISl pa3padOTKU THAPOIHEPTETUUECKUX TPOEKTOB.

CeepioBckast  o0nacTb, Hampumep, HacuuThiBaeT Oosee 18 000 pex  oOmiei
MPOTSHKEHHOCTHIO OKoJIo 68 000 KM. DTOT pPEeruoH MpeACTaBIseT COOOM ONUH U3 KIIFOUEBBIX
MPUMEPOB JOCTYIMTHOCTU MaNbIX PeK IS TUAPOIHEpPreTuku. Pexu 31ech 0061aaaoT J0CTaTOYHON
IPOMYCKHOW CHOCOOHOCTbIO M CTAOMJIBHBIM TEUEHUEM, 4YTO TO3BOJISET 3A(P(PEKTUBHO
UCI0Nb30BaTh UX Juist MUKpO-1"IC [2]. Kpome Toro, 3Ha4nTENbHAS 4aCTh MAJIBIX PEK HAXOJIUTCS B
palioHax, TIIe OTCYTCTBYEeT LEHTPAJM30BaHHOE OJJIEKTPOCHAOXKEHHE, YTO JeJaeT Uux
€CTECTBEHHBIMHM TOUKAMHM Il BHEAPEHUSI aBTOHOMHBIX dHEpreThueckux pemieHuil. Ecnu yuectsb
MUHUMaJbHbIE 3aTpaTbl Ha CTPOUTENILCTBO U IKCIUTyaranuto Mukpo-I'9C, To ucnonab3oBaHME
THX PECYpCOB OTKPBIBAET BO3MOXKHOCTH JIJIsl 0O€CleYeHHs JOKaIbHOTO YHEProCHAOXKEHHUS U
YCTONYMBOTO pa3BUTHS PETMOHOB.

Manble peku ¢ UX MOCTOSHHBIMHU MOTOKAMU M MEpenajiaMy BBICOT MPEICTABISIIOT CO00
UJeATbHYIO OCHOBY A BHenpeHus: Mayibix ['9C, 0coOOEHHO B TPYAHOIOCTYIMHBIX PETHOHAX. DTO
MO3BOJISIET HE TOJBKO OO0ECIeYUTh AaBTOHOMHOE JHeprocHaOxeHue, HO U 3(P(PEKTUBHO
UCIIOJIb30BaTh MPHUPOJHBIE PEeCypchl, MUHUMHU3HUPYS 3aTpaThl Ha TPaHCIOPTUPOBKY TOILIMBA U
CTPOUTENHCTBO HHPPACTPYKTYPHI.

IKOHOMHUYECKAA HEJIECOOBPA3HOCTb BHE/IPEHUA MUKPO-I'2C
Mansie I'SC no3BOJISAIOT CYIIECTBEHHO COKPATHUTh 3aTpaThl Ha crpouTtenbeTBo JIOIL Mx
BO3Be/ICHHE TpeOyeT MEHbIIUX KalMUTaJbHBIX BIOXKEHUH, YTO YIPOUIAET NPUBJICYCHHE
WHBECTOPOB U JIENIAeT MPOEKThI 0oJiee TOCTYNMHBIMU IJi peanu3anuu. biarogaps KoMOakTHOCTH
U TEXHOJIOrHueckoil npoctore Maible ['DC sBISIOTCS MEHEe TPyN03aTPATHBIMU B CPAaBHEHHH C
kpynuabiMu ['9C [7, 9].
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[Tpumepom skoHOMHUYeckol 3ddekTuBHOCTH Mamblx [DC MOXKET CIIyKUTh OIBIT
TamkuKrcTana, TI€ CTPOMTENIBCTBO CTaHIMM MOITHOCTHIO 500 kBT 00x0oauTcst B cpenHeM B
15 000 000 py6mneit [12]. Cpok OKymaeMOCTH TaKHX MPOEKTOB COCTaBISET OT 5 A0 7 JET, 4TO
JieNaeT uX MpuBiieKaTebHBIMU Kak 11t MCB, Tak u miis okaibHbIX coobmiects [9, 12]. Kpome
TOT0, CTPOUTENBCTBO M BBOJA B 3KcIUlyarauuio Manbix ['DC 3aHMMarOT MeEHbIIE BPEMEHU B
CPaBHEHHMH C KPYMHBIMHU THAPOIHEPTeTUYECKUMH OOBEKTaMH, YTO YCKOPSIET MX HHTETPALUI0 B
PETMOHAJIBHYIO YHEPTOCUCTEMY.

HecmoTps Ha TO 9TO cTOMMOCTH BhIpa®oTKH 1 kBT 3Hepruu Ha Mukpo-I"3C BhIle, yem Ha
cpennux u KpynHbix ['DC, UX mpeuMyliecTBa B aBTOHOMHOCTH M HHU3KHUX JKCILTyaTallMOHHBIX
3aTparax JACNaloT MX HJCaJbHBIM PEIICHHEM Ui JIOKaJbHOTO SHeprocHaOkenus [7, 12]. Dto
0COOEHHO aKTyaJIbHO B YCJIOBHUSAX, KOrJia Mpokiaka HoBbIX JIDII unu TpaHCcnopTHpOBKaA TOMIIMBA
SKOHOMMYECKHU HEIeIecCO00pa3Hbl.

Muxkpo-I'DC cTaHOBSTCS ONTHUMAaJIbHBIM PEIICHUEM ISl JIOKAJIbHOTO SHEProCHA0KEHUS
0 CJIEIYIOUIUM IPUYUHAM:

1. Huskue xanumanwvhsie 3ampamol. CpeiHAsT CTOUMOCTb CTpOUTENbCTBA MUKPO-I'DC
3HAUUTEIIbHO HUKE, YEM 3aTpaThl Ha Npokiaaaky JIDII B TpyaHOAOCTYIHBIE PETHOHBI.

[Ipumepom ycnemHoro BHeapeHus: MUKpo-I'DC sBisierca onbIT bemapycu, rae Takue
CTaHUMHU TO3BOJIIIOT CHU3UTh MOTEPHU 3JIEKTPOIHEPIHH IPH Mepeaade U NOBBICUTh HAJEKHOCTh
YHEPTOCHAOKEHUS TPAHCTIOPTHON MHPpacTpyKTypsI [ 13].

2. Haoexxcnocmv u aemonomnocms. CoBpemMeHHble MHKpPO-I'DC UMEIT BBICOKHIA
YpOBEHb aBTOMATU3ALMU U MOTYT pabOTaTh Kak aBTOHOMHO, TaK U B COCTaBE YHEPIOCUCTEMBI.

3. IOkonocuueckasn ycmouiuueocms. Muxkpo-I'OC MUHUMU3HPYIOT BIMSHHE Ha
OKPYXXAaloIIYl0 Cpely, COXpaHss NpHUpPOAHBIM penbed, U 00ecrneyruBalOT BO3MOXKHOCTb
HCIIO0JIb30BaHUS BOJIOEMOB AJI XO34MCTBEHHBIX HYX] [8, 9].
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Abstract. The article addresses the elimination of local capacity deficits in Russia’s
power systems through the deployment of small hydroelectric power plants. It analyses the
efficiency of small hydropower facilities as autonomous energy sources for remote regions and
explores their application in supplying electricity to small and medium- sized enterprises. The
study demonstrates that using small hydropower for local energy supply is both economically
viable and environmentally justified. It is noted that the introduction of small hydropower
plants reduces the load on trunk power grids and enhances the energy autonomy of remote
areas.
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XUMHNYECKASA TEXHOJIOI'USA
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YAK 544.4.032.7

OIIPEJIEJIEHUE BEPOSATHOCTH CTOJIKHOBEHU PEATUPYIOIIIAX MOJIEKY.JI
B OJHOMEPHOM KAHAJIE HEOJ/IUTA H-ZSM-5
JJISA TPOUECCA TPAHC®OPMALIMHU CITUPTOB B YIVIEBOAOPOAbI

A.A. Kypazun, A.U. ITuuyzuna, H.B. /lakuna, M.I'. Cynoman, B.IO. /lonyoa
Teepckoii cocyoapcmeennviii mexHuueckuil ynusepcumem (2. Teepw)

© Kyparun A.A., [Tnayruna A.W., Jlakuna H.B.,
Cynsman M.I'., lonyna B.1O., 2025

AnHoTauus. [IpencraBiensl pe3ynbTarbl pacieToB, MOKA3bIBAIOLINX 3aBUCUMOCTD MEXIY
00BEMHOI MOJIEKYSIPHOW IUIOTHOCTBIO M COOTHOIICHHWEM PA3JIMYHBIX THIIOB CTOJIKHOBEHUIA
MOJIEKYJl B peakLMOHHOM cpene. IToka3aHo, 4yTO Mpu HU3KUX 3HAUYEHUSX IUIOTHOCTH (0T 0 10
0,05 MOIeKyI/M’) IPeo6IanaoT CTOIKHOBSHHS HCXONHBIX PEAreHTOB CO CTCHKOH M aKTHBHBIME
LEHTpaMM LI€0JuTa Ha MoBepXHOCTH. [Ipu yBennyeHnn o0bEeMHOI MOJIEKYISIpHOW IIOTHOCTH
Oosnee yeM Ha 15 % pacter H0asS MEXKMOJEKYISPHBIX CTOJIKHOBEHHUH pearupyrouiux BEIECTB.
BbIsiBIIEHO, YTO yBEJIMYEHHE MOJIEKYISIPHON IJIOTHOCTH 3alOJHEHUS KaHAJIOB HETaTMBHO BIIUSET
Ha CKOPOCTh PEAKIINU UCXOIHBIX COSTMHEHUN U CITIOCOOCTBYET HAKOTIIICHHUIO MTOJINAPOMATHIECKUX
COEAMHEHUN M3-32 NPEUMYLIECTBEHHOTO  BCTYIUICHMS B  PEAKIMIO  MPUCTEHOYHOTO
MOJIEKYJIIPHOTO CJIOSl. OJTH JaHHBIE MOTYT OBITh TIOJNE3HBI JUISI ONTHMHU3AIMH  YCIOBHUU
NPOBEJICHUS] XUMMUYECKUX PEAKIIMIA C UCIIOIb30BAHUEM LIEOTUTOB.

KuroueBble cjioBa: 11€0JIUTHI, COUPTHI, YIJIEBOAOPOAbI, KOH(pUrypanuonHas nudpdysus,
muddysus Knyncena, razosas nuddysus, CTOIKHOBEHHE, 00beMHast MOJIEKYIIIpHast IIIOTHOCTb.

DOI: 10.46573/2658-7459-2025-3-68-80

BBE/IEHUE

l'eomerpuueckue (nnuHa, TUAMETP) M CTPYKTYpHbIE (KOJUYECTBO AKTUBHBIX IIEHTPOB,
AIIEKTPOHHOE COCTOSIHUE) XapaKTEPUCTHKH MOP OKa3bIBalOT pellaroliee BiIMsgHuEe Ha auddy3uio
pearupyromux BEIeCTB W  KOJMYECTBO AaKTHUBHBIX CTOJIKHOBEHHUH, UTO  OIpeesieT
CEJIEKTUBHOCTh XMMHUYECKUX MPEBPAIIECHU, B TOM YHCIIE MIPOLIECCOB TpaHCHOpMaIMK CITUPTOB B
yreBofoponsl. B Hacrosimee Bpems MonekynspHas Aud@y3us B LE0JUTaX paccCMOTPEHA B
00JIbIIOM KOJIMYECTBE PaboT, cpeld KOTOPBIX €CTh TPY/bl, MOCBSILEHHbIE IPABUMETPUUECKOMY
UCCIIEIOBaHMIO [4], MeTomy KaJOpUMETpPUYECKOro Mukpobamanca [2], KBa3Hympyromy
paccessHHI0 HeWTpoHOB [l], XpomarorpaduyeckuM METO/IaM HCCIEIOBaHMs, SAEPHOMY
MarHUTHOMY pe30HaHCy [3] ¥ MaTeMaTHu4ecKoMy MOJIENUPOBaHUIO. J[aHHbIe pabOThl MOTYT OBITH
MCIIOJIb30BaHbl MpU HU3ydeHHH IU(GGY3MOHHBIX CBOMCTB 1I€OJIUTOB. Pa3BeTBieHHas CTpPyKTypa
IOp LIEOJINTOB HAKJIABIBAET CYILIECTBEHHbBIE OTPAHUUYEHUS HA SKCIIEPUMEHTAIIBHOE OIIPEIEICHUE
MeXaHU3MOB U dy31un peareHToB B IOPax M KaHajax LIEOJUTOB, B CBS3M C YEM TEOPETHUECKUE
METOABl M MareMaTHYecKOE€ MOJEIMPOBAHUE CTAHOBATCSA ONPENCISIIOIIMMHU  METOAMH,
CHOCOOHBIMU IPOJIUTH CBET Ha AU(()y3MOHHBIE IPOLIECCH! B BhILICYKa3aHHBIX Marepuaiax.
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PE3YJIBTATBHI H ObCYK/JIEHUA

MOXHO BBIIEIUTh TP OCHOBHBIE MoAeNUd AUGGY3HOHHBIX IPOIECCOB B MOPUCTHIX
cuctemax: KoHpUrypannoHHyl auddysuo, audpdysuro KHyncena wu rasoByw. Mojaensb
KOHQUrypalmoHHON Au(QPy3uu MpUMEHSETCS MPHU OTHOLICHUH JAMaMeTpa KaHalla K JAUaMETpy
MOJIEKYJbI, ONMM3KoMy K enuHuie. Monenb razoBod aud@ysuu HCronb3yercss HMpU BBICOKUX
COOTHOILICHUSAX JMaMeTpa KaHaia u Auamerpa auddynaupyromux Monekyn, a nuddy3uoHHas
Mozaenb KHyiaceHa mpeuMyIIeCTBEHHO NPUMEHSETCSl NPU MEHBIIMX COOTHOUIEHMSIX JuaMeTpa
MOpbl ¥ JMaMeTpa MOJIEKYJIbl M 0ojiee HU3KHX IUIOTHOCTSX 3alOJHEHMsI KaHajla peareHTaMu.
Mopnens muddy3un  Kayncena Oblla  3IKCIEPUMEHTANbHO TOATBEpXKAECHA i ciaabo
afcopOUpOBaHHBIX dYacTUll Ipu uX Iud@y3ud B ME30MOPUCTHIX MarepHualiax, COoAepKallux
LMIMHAPUYECKHE TOpHI cO cpeanum guamerpoM 120 A [5]. IlpoBeneHHblE HCClEIOBaHHS
MOKa3ajiu, 4To JUisi 0ojiee CHUIIBHO aJIcCOPOMPOBAHHBIX YacTHIl MpH MU GY3UH B MEJIKUX MOopax
CHJIOBBIE TIOJS BOJIM3M CTEHOK MOP BBI3BIBAIOT YMEHBIICHHWE CpPEIHEro mpolera MOJEKYIbl 10
COyIapeHus CO CTEHKOM, yMeHbIas TakuM 00pa3oM 3¢ dekTuBHbIN kodpduient auddyzuu mno
CpaBHEHHMIO C pacuyeTHbIM kod(pdunmentom muddysmn Knayncena [6-8]; omHako naHHOE
3aHmkeHne kodhduurento auddysun Knyncena ne HabI0OaT0Ch SKCIIEPUMEHTAIBHO B MTOpax
¢ gmamerpoM 35 A [9]. Dto mnossomunmo [10, 11] mIpoBecTH KOIMYECTBEHHYIO OLEHKY
KnynceHoBckoil 1 moBepxHOCTHOU Auddy3un B mopax neonura [12, 13].

Huddysuss Monexyn B KaHaJaX IICOJIMTOB TECHO CBSi3aHA C WX TPACKTOPUSIMH
NEepeIBMKCHHS] M BUJAaMH BO3HUKAIOUIMX CTONKHOBeHUH. KHyncenoBckas nuddysus B KaHamax
LIEOJIUTa M3ydajach C TOUKHM 3pPEHUS] UCCIEIOBaHMS OCOOEHHOCTEW CTOJIKHOBEHMHM Ha OCHOBE
MeTon0B MoHTe-Kapiio u pa3iauyHbIX TeopeTudeckux mMonenei [14—16]. Onqnako MonenupoBaHue
npoueccoB AUGGYy3UH i1 ONTUMHU3ALNN XUMHUYECKUX IPOLECCOB JOKHO OCHOBBIBAaTHCS Ha
TEOPETUYECKUX MOJOKEHUSAX MOJEKYIIpHOH nuddy3un © XMMHUYECKMX OCOOEHHOCTSX
MPOUCXOJAIIMX TPEBPAIICHUN, B CBSI3U C 4eM TpeOyeTcsl TeopeTudeckoe uizydeHue auddysun
OCHOBHBIX YYaCTHHMKOB IIpoliecca TpaHc(hopMaIiy CIUPTOB B YIIIEBOIOPO/IbI B IIOPAX LIEOJIUTA.

[Iporexkanue peakuuu B OJHOMEPHBIX KaHajlaX IIEOJIUTOB MOXET pacCMaTpUBaThCS C
no3uuun KuynceHoBckoil nud¢ys3un, razoBoi muddy3un u KoHGUTryparroHHONH auddysuu.
I'pannna mexnay pexumMamu aud@ysun omnpenensiercss BEpOATHOCTbIO OMMOJIEKYISIPHOTO
CTOJIKHOBEHHMS Pg,. [Ipn 3TOM BO BpeMs ABMKEHHsI MOJIEKYNl B KaHaje BO3MOXHO CTOJIKHOBEHHE
UX KaK CO CTEHKOM, TaK W C JAPYTMMH MOJEKYIaMH. YBEIUYEHHE MOJEKYISIPHOM IMIOTHOCTU
3all0JTHEHUS KaHala MPUBOJUT K YMEHBIICHHIO BEPOATHOCTH CTOJIKHOBEHMH MOJIEKYl €O
CTEHKaMH MOPbI Py, a BEPOSTHOCTh OMMOJIEKYISPHBIX CTOJKHOBEHUH P, yBenuuuBaercs. [lpu
3TOM HPUCTEHOUHBIH MOJIEKYISAPHBIN CJIOH peareHTOB y4acTBYeT B OTHOCHUTEIBHO OAMHAKOBOM
KOJIMYECTBE KaK MEKMOJIEKY/ISIPHBIX CTOJIKHOBEHUH, TaK U CTOJIKHOBEHHM CO CTEHKOM MOPBHI.

IIpu paccMoTpeHMM TNpPOTEKaHHWS XUMHUYECKUX pEaKUUi B KaHalax I[€OJIMTOB MOXKHO
BBIIETIUTH HAJTMYHE CIETYIOIINUX COCTOSIHUM CUCTEMBI:

1. Mornekyna cTaqKUBaeTCsl CO CTEHKOM KaHala, He aJIcOpOHpysCh Ha €€ TOBEPXHOCTH.

2. Monekyna CTaJlKMBaeTCs TOJIBKO CO CTEHKOW KaHaja, aJAcopOupysch Ha ee
MIOBEPXHOCTH.

3. Monekymna craJkuBaeTcs ¢ aacopOMpOBaHHOW HaA CTEHKE KaHaja MOJIEKYJION C
00pa30BaHUEM IEPEXOHOI0 KOMILIEKCA.

4. Tlpoucxomnut TpaHchopManus TMEPEXOJHOTO KOMIUIEKCa ¢ 0Opa3oBaHMEM HOBOU
MOJICKYJIBI.

5. IIpoucxomut nporekanue nuddy3nn 0Opa3oBaBIICHCS MOJICKYJbI CO CTEHKH IICOJIUTA
B [IOTOK PEAreHTOB.
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6. MoneKkyIbl CTaTKUBAIOTCS IPYT ¢ APYTOM B 00beMe KaHalla IIEOTUTa.

7. Monekyna pearupyroiero BeIecTBa orpaHu4eHa CTCHKOH.

B ob6mem uucie cronkHoBeHUH MOJIeKyn co cTeHKamu C., MOXHO BBIICTUTH Cy .y U
CB.cm- BepoITHOCTh OMMOJIEKYIISIPHOTO CTOJIKHOBEHUS P, OTIpeaeseTcs mo hopmyie

'P:'J"II'J"I = C."-L'l-l'l'l‘l(c.'lﬂ-l' + C{'J‘Jf) ! (1)
rne C,, — KOJIUYECTBO MEXKMOJEKYISIPHBIX CTONKHOBEHHH; C.p — KOJTUYECTBO CTOIKHOBEHUU CO
CTCHKOH IICOIHUTA.
BeposTHOCTh CTOJNKHOBEHHSI MOJICKYJIBI CO CTCHKOH C OOpa30BaHHMEM MEPEXOIHOTO
KOMILIEKCa Pjjx BO3MOXKHO OTIPEEIUTh TI0 YPaBHEHHUIO
P = e 2)
; AL + C{'J‘i‘f
e ¥ — oS aJcOPOIMOHHBIX IICHTPOB HA MMOBEPXHOCTH KaHAaJIa [IEOIHTa.

[Ipn HaxokIeHMM MOJIEKYJ pPEarupyroliero BEIIECTBA B Pa3HbIX KaHAJIAX IEOJIMTOB
pasnuyaroTcs  OObeMHBIC IUIOTHOCTH — 3allOJIHEHHMS  KaHAJOB Kak HM3-3a  KOJMYECTBa
MPUCYTCTBYIOIIMX B KaHalle MOJICKYJ, TaK M M3-3a Pa3HUIIBl AMAMETPOB KaHajoB. Heobxomumo
paccUMTHIBaTh MOJEKYISIPHYIO OOBEMHYIO IIJIOTHOCTH P, JUIsl KaKIOTO CiIydash OTACJIBbHO I10
bopmyne

NV,
Py = 3)

rae N — of1ee KoJMuecTBO MOJIEKY B KaHaie; V,, — 00beM KaHaja, 3aHUMAaeMOI'0 MOJIEKYJIaMH,
3 o 3
M; V. — obmmii 00beM KaHaja [eoJInTa, M.
OObeM, 3aHMMaeMblii pearupyrome Monekyaod V,, MOXeT ObITb paccyMTaH
o ¢popmyse
3
md, “)

V. _6 5
rae d,, — IMaMeTp MOJIEKYIbI, M
OO0beM KaHaIa MOXKHO HalTH 110 hopmyIie
mdg L, (5)
VK - Py
4
rne d, — nuaMeTp KaHana, M; L, — JTiHa KaHaja, M.
Pacrnipenenenne MonekyIsipHBIX CKOPOCTEH ycTaHaBIUBaeTCs Mo popmymne

" mu®

f (u) = 4mu? [ = )3;2 eli- =W},

(6)
InkT

IJie ¥ — CKOPOCTh pearupyronie MoJEeKylbl B KaHaje Le0JuTa, M/C; m — Macca MOJEKYNbI B
—2.
KaHaJIe [IEONNTa, KT; k — mocTostHHas Bonsivana, 1,38 x 1072 [x/K; T— TeMIiieparypa, K.

CpenHsisi CKOPOCTb pearupyrolleld MOJEKYIbl B KaHalle IIE0JIUTa PACCUUTHIBACTCS IO
dbopmyre
fr
Bk Y? (7)
u=|—
Tm i
TJIe m — Macca pearupyroiieil MOJIeKyIbl B KaHAIE 11€0JIUTa, K.

CkopocTh coymapeHuil MOJeKyl B KaHalle IIEOJMTa CO CTCHKOW PacCUUTHIBACTCS IO
bopmyne
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7, = 28, ®)

&nr 4
e pp — OOBEMHAS IUIOTHOCT 3AONHEHHS KAHATOB LIEOIHTA MONCKYIAMH, MOJCKYI/M; & —
CpenHsisl CKOPOCTh MOJICKYJT B KaHaJIe 1ICOJTUTa, M/C.
Kpome Toro, KOHIIEHTpaIMsi MOJICKY] B €IHHHUIIC 00beMa KaHalla [[EOIUTa MOXKET OBbITh
paccuuTana 1o gpopmyie

p= ©)

Vi’
rae N — 9iciio MOJICKYIT B KaHase [1eoNuTa; V; — 00beM Mmophl IIE0IuTa, M
[Ipu 5TOM B KaHAJIEC IIEOTUTA CKOPOCTh OMMOJIEKYISIPHBIX CTOJIKHOBEHUIN BBIYUCIISICTCS 110
dbopmyrne
7 — P.'r‘?d?mﬁ (10)
AL Voo
TI€ p, — KOHIIEHTpAIMs MOJIEKYN B eUHHIEe 00beMa KaHala [eoIuTa, MOJ'IeKyJ'I/M3; U — cpeaHss
CKOpPOCTh MOJICKYJI B KaHaJIe I[€ONuTa, M/C; d, — TUaMETp MOJECKYIbI, HAXOISIICHCS B KaHAJe
[IEOJINTA, M.
Jly1st pacdeTa miomnaan moBepXHOCTH MOPHI BO3MOXKHO MCIIOIB30BaHKUE (POPMYITBI
“in = Hdnapui"uapb: 5 (1 1)
TA€ dyopy — IAAMETP TOPBI HEONIUTA, M; Lyyop, — JUIMHA IOPBI LIEOTIHUTA, M.
PacueT miomaay moBepXHOCTH OPHI aCOPOIMOHHBIX IIEHTPOB MOXKET OBITh MPOU3BEICH
o popmyre

“in = HFerapHL:Japu ’ (12)

TJIe Y — JA0JIS TOBEPXHOCTH, 3aHATON aKTUBHBIMU IICHTPAMH B KaHaJIe IEOIUTa, %o

ITpu ob6beaunenun ypaBHeHuit (1)—(12) momyyaem HOBOE ypaBHEHHE AJS ONpEAETICHHUs
KOJINYECTBA PA3HBIX TUIOB coyAapeHus. Uncio coynapeHuil B 00beMe KaHaja [e0JInTa BO3MOXKHO
OTIpeNIeNIUTh 10 (popMyIie

c, .=z, V.=
AL At ¢ Tm

p,wdySEN ndiL, (13)
V2 ( ) 4 7
TI€ p, — KOHLEHTPALUS MOJIEKYI B €UHUIE 00beMa KaHala 11e0JInTa, MoneKyn/M3; d, — nuametp
MOJIEKYJ, HaXOMAIIMUXCS B KaHalie IIEOJUTa, M; M — Macca MOJIEKYJ, HaXOMIIUXCS B KaHaje
LIe0InTa, KT; kK — mocrosHHas bonbinmana, 1,38 x 10723}:[;1(/1(; T — Temneparypa, K; d, — nuamerp
KaHaJa I1e0JInTa, M; L, — ININHA KaHaJla IIe0JInTa, M.

Omnpenenenne OO0IIETO YMCIA COYIAPEHUN pEarupyroliux MOJIEKYI O CTEHKY KaHaia
MIPOU3BOUTCS TTO (hopMyITe

12
B P, 8k (14)
CJL‘I’ - Z‘[-IJ‘J? J‘iﬂ_ ? ( TN ) ;I(fﬂﬂph.‘j_r‘ﬂﬂpb“ 5
e Zy.em — CKOPOCTh COYAape€HHMl MOJEKyld €O CTeHKOW 1eonuta; A, — I1omaib

MOBEPXHOCTH TIOPHI I[EOJIUTA; P, — KOHIICHTPALIMSI MOJIEKY/ B €IMHHIIC 00beMa KaHaJla 1IE0JINTa,
MOJIEKYI/M".

Ompenenenre 4YMcia COYIAPEHUM MOJICKYI DPEarupyroIuX BEMIECTB O IMOBEPXHOCTH
AKTUBHBIX IIEHTPOB, PACIOIOKEHHBIX Ha CTEHKAX KaHalla IE0IUTa, TPOU3BOAUTCS 10 popMyIie

12
_ L Py Sk
C.-erp_ ,1|-..-_-m“ina' - T(T_J‘::_} I(f.l‘l-ﬂpb.‘ﬂﬂ-ﬂp'b.‘ 5 (15)

1€ Z,.cm — CKOPOCTh COYJIAPEHHUI MOJIEKYJI CO CTEHKOM KaHaJOB LIEOJUTOB; p, — KOHIICHTpaLUs
MOJIEKYJ B €IUHUIE O0beMa KaHaia IEOJUTa, MOHGKYH/M3 ; Y — JOJi1 TOBEPXHOCTH KaHaja,
3aHSATOrO AKTUBHBIMH LIEHTPAMH.
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HpI/I 9TOM J0JI aKTUBHBIX ICHTPOB HA MOBECPXHOCTU KAaHAJIOB MOXCT OBITh paccunTaHa 1o

YPaBHEHHIO
o — e S (16)
; 510 >
e Syo.aom — YIEIbHAS IUIONIA]b AKTHBHOTO LEHTPA HA MOBEPXHOCTU LEONHTA, M?/MOJIB; Cyo —
YACJIBHOC KOJIMYCCTBO AKTUBHBIX LCHTPOB Ha IMOBCPXHOCTU ILCOJIHMTA, MOHB/F; Sy() — YyAaclibHad
miomaab MUKPOIIOp HECOJIUTA.
Jlist ompejeieHUs COOTHOLICHHS 4YUCIA COYNApEHMH O CTEHKY KaHaja LeoluTa H
MEKMOJIEKYIIIPHBIX COYAapEHHI MOKHO BOCIIOIb30BaThcs (POPMyYIIOi
C.‘-I"-L' (f.'l-l' (17)

C.tr-.lr B 3\,"?({)051._ ’

rae d, — IuamMeTp MOJEKYNbl, AUPPYHIUPYIOMIEH B MOPbI, M; dy — OTUAMETpP MOPbI, M; O, —
MOJICKYJISIpHAsE 00BEMHAs TUIOTHOCTh TUPPYHAUPYOIICH MOJICKYIIHI.
[Ipy 5TOM COOTHOIIEHME 4YHUCIA COYJApPEHUl MOJIEKYI C AaKTUBHBIMU LICHTPAMH,
PACONIOKCHHBIMU B KaHAJIAX IICOJIMTA, MOKHO BBIYHCIUTH 110 (hOpMYIIe
C.!r-ar,l — :'Iﬂr.u , (18)
C.lr-.ir 3 ‘v'l?ﬂrxﬁ,_.
rne d, — auaMeTp MOJICKY/bl, TUPPYHIUPYIOIIEH B Mopax LEoNuTa, M; dy — JAHUAMETP TOPHI
[EONUTa, M; P, — MOJIEKYIsipHas 00beMHas TUIOTHOCTh 3allOJHEHUS KaHalla 1I€0JIUTa; Y — JOJS
MMOBEPXHOCTHU MOPHI IIEOJIUTA, 3aHATOU aKTUBHBIMU IICHTPaMH.
OcHoBHbIE (PU3UKO-XMMHUYECKHE XapakTepucTuku neonuta H-ZSM-5 mpencraBieHsl B
Tabn. 1.

Tabnuya 1
DU3NKO-XMMHUYECKHE XapakTepucTUkH neonnra H-ZSM-5
KoHnuenTpanus IToBepxHOCTHAs
Huamerp Cpenusis nmuHa | O6bem kaHaia HerTpal P

3 aKTUBHBIX IJIOTHOCTbH aKTHB-

nopsl, A nopsl, A HOPEL, M .
LIEHTPOB, MMOJIb\I' | HBIX IEHTPOB, %o

7,5 103 431 x10°7 1 1,61

OCHOBHbBIE XapaKTEPUCTUKU MOJIEKYJ, BCTYMAIOIIMX B PEAKLUIO TpaHC(HOPMALIUU CIIUPTOB
B YIJIEBOJIOPO/IbI, TPUBEIEHBI B Ta0I. 2.

Tabnuya 2
XapaI(TepI/ICTI/IKI/I MOJ'ICKYJ'I, BXOOAIIUX B peaKI_II/IOHHHﬁ IIUKII
nporiecca TpaHchOpMaIi CIUPTOB B YIIICBOAOPOIBI
COCHH- dKuH; HM Vwoﬂ Mr’ COCHH- dKuH; HM V.wm Mr’
HEHUEe /MOJb HEHUE /MOJIb
1 2 3 4 5 6 7 8
CH;OCH; | 046 |51x10%| 46 CeHy 0,66 1,5x 1028 78

CH;0H 039 |[3,1x107] 32 C¢HsCH; 0,69 1,L1x10% 92

C,HsOH 0,45 [33x10%7 | 56 | CeH4(CH;), 0.7 13x10% 106

CoHsOCHs | 0,58 [9,6x107 | 74 |CeHy(CHy)s | 071 [1,35x107 | 120

CH,OH [ 047 [35x107 | 60 [CeHyCHs)a| 0,72 [1,38x107 [ 134
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Oxonuanue mabn. 2

/ 2 3 4 5 6 7 8
C4HyOH 049 |1,1x10% | 74 | CH(CHy)s 0,73 1,4x107% 148
CH,4 0,38 [29x107% 16 Co(CHs)s 0,74 15x10% 162
C,H, 039 [3,1x10% ] 28 CgH;sC,Hs 0,67 1,2x10°% 94
C;Hg 045 [48x10% | 42 CeHsC3H; 0,68 1,4%x 1075 120
CaHs 054 |82x107 | 56 CeHsCsHo 0,72 22x107° 134
CsHi | 058 [1L,0x107"] 70 | CioHs 074 | 3.0x10% | 128
CeH» 0,63 [13x107° | 84 _ _ _ ~

Ha ocHOBe BblllIeyKa3aHHBIX [AHHBIX OBUIM pacCUYUTaHbl COOTHOIIEHUS KOJIUYECTB
CTOJIKHOBEHHH «MOJIEKYJIa — MOJIEKYJIa», «MOJIEKYJia — CTEHKa», «MOJIEKYJIa — aKTUBHBINA IIEHTP»
U MPUBEICHBI JJI1 TUMETUIOBOTO 3(pHpa, METaHOoJa, JUITUIIOBOTO 3(Upa, 3TaHOIa, IPOIIaHoa U
6yranoma (puc. 1). IIpu 0ObEMHOH MOJEKY/SPHOH IIoTHOCTH MeHee 0,05 MOIEKyI/M’
npeodsiajaloT  CTOJNKHOBEHHUS.  HCXOJHBIX  PEareHTOB C  TOBEPXHOCTBIO  IIEOJIMTAa U
JIOKQJIM30BAaHHBIMM Ha HEH aKTUBHBIMHU IeHTpaMu. [loBbIieHUE OOBEMHOW MOJCKYISIPHOM
IJIOTHOCTU CBEPX YKa3aHHOTO YPOBHS YBEJIMYMBAET JOJIK MEXKMOJEKYISPHBIX CTOJIKHOBEHUM
pearupyromux 4Yactuil. BciencrBue 53TOro B NPUTPAHUYHOM CJIO€ TPEUMYIIECTBEHHO
peanu3yeTcsi B3auMOICMCTBUE MOJIEKYJI C TIOBEPXHOCTBIO 1IE0JIUTA U €r0 aKTUBHBIMHM YYaCTKAMH.
Takum 00pa3om, pocT 0OBEMHON MOJIEKYJSPHOM IIJIOTHOCTH 3allOJHEHHS MOP OTPHUIATEIBHO
CKa3bIBAa€TCS Ha YCKOPEHUU XUMHUYECKOW PEAKIMM HCXOJHBIX KOMIIOHEHTOB U OJHOBPEMEHHO
CIOCOOCTBYET AaKKyMYJISIIIUU TIOJIMAPOMATUYECKUX COEAMHEHUN BCIEJICTBHE BOBJICUCHUS B
MPOLIECC PEAKIINI MOJIEKYJISIPHOTO CJIOS, TPUJIETAOIIETO K CTEHKAM.

e Cmc/Cvwm e Cwmc/CvmMm
41 o Cwm-au/Cm-m 124 o Cwmau/Cw-m

Cwm-c(m-au)/Cm-m
Cwm-c(m-au)/CM-m

o
o

0.0 01 0.2 0.3 0.4 0.5 0.0 0,1 0.2 03 04 05

Pv Pv
a S
PI/IC. 1 COOTHOI_HCHI/ISI KOJINYCCTBaA CTOJ’IKHOBCHI/II‘/JI ((MOJ'ICKYJ'Ia — MOHCKyJ'Ia»,
((MOJ'IeKy.]'Ia — CTCHKa», ((MOJ'ICKy.TIa — aKTHBHBIfI I_[eHTp»: a — JJIs1 ME€TaHOoJ1a,

0 — IMMeTUIoBOrO AGUpPa; B — 3TAHOINA; T — AUITUIOBOTO dPHUPA;
Il — IponaHoJiia; e — OyraHosa
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e  Cmc/CmM e Cwmc/CvmMm
o Cwmau/Cmm 1 o  Cwmau/Cmm

Cwm-c(m-au)/Cm-m
Cwm-c(m-au)/Cm-m

Pv

e  Cwmc/CmMm
o  Cwmau/Cwmm

Cm-c(M-au)/CM-m
Cwm-c(m-au)/Cm-m

Pv

Puc. 1. Ilponomxenue

Jlis HachIIeHHBIX (METaHa) M HEHACBIIIEHHBIX YIIEBOIOPOIOB (ITHIICHA, MPOIMUIIEHA,
OyTeHa, MIEHTeHa M TeKCeHa) HaOIroaeTcs aHamornyHas kaptuHa (puc. 2). [lpeumyiiectBeHHoe
B3aMMOJICWCTBHE MOJIEKY]l CO CTEHKaMH IICOJHTa MPOUCXOJUT MPU OOBEMHBIX MOIEKYISPHBIX
IUIOTHOCTSIX 3alONHEHHsT mopsl MeHee 0,05 MONEKyl/M’, d9TO YKasblBaeT Ha OOIACTb
ONTUMAFHBIX KOHIIEHTPAIIUH PearupyroIINX BEIIECTB Ha TOBEPXHOCTH 1[EOTUTA.

e  Cwm-c/CwmMm e Cmc/Cm-m
124 o Cwmau/Cmm 12 o Cwmau/Cmm

Cwm-c(m-ay)/Cm-m
Cwm-c(m-au)/Cm-m

Pv

0

Puc. 2. CooTHOIIEHNS KOITUYECTBA CTOJIKHOBECHUH
«MOJIEKYJIa — MOJIEKYJIa», «MOJIEKYJa — CTEHKa,
«MOJIEKYJIa — aKTUBHBIN IIEHTPY»: a — JUIsl MeTaHa; O — dTUJICHA;
B — IIPOTICHA; T — OyTeHa; [T — IEHTEHA; € — TeKCEeHa
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Puc. 2. Ilponomxenue

Jljia apoMaTUYeCKUX COEIMHEHUI — OeH30J1a M €r0 MOHO3aMEILEHHBIX MPOU3BOAHBIX —
TPH MIOTHOCTAX 3amojHeHns mop Meree 0,05 MoneKyq/M® HAGMIONAETCS NpEBBIIICHHE UYHCIA
COy/apeHUIl O CTEHKM I10 CPAaBHEHHUIO C MEXMOJEKYISpHbIMU coynapeHusmu (puc. 3). Ilepexon
OT COYyIapeHHH MOJEKYl CO CTEHKaMHM IEOoJuTa K MEXKMOJEKYISIPHBIM CTOJIKHOBEHHSIM
TPOVCXOINT MPH 0OBEMHBIX MOJIEKYIAPHBIX IOTHOCTSX 3aMOTHEH s 60ubie 0,2 MOTeKy/M .

20

L]
o

Cm-c/Cm-M
Cwm-au/Cv-m

o

Cm-c/Cm-m
Cwmau/Cv-m

Cm-c(m-ay)/CM-m
Cwm-c(m-ay)/Cm-m

0,0 0,1 0,2 03 0,4

Pv
a 0

Puc. 3. CoOoTHOILIIEHHS KOJTMYECTBA CTOJIKHOBEHUHN «MOJIEKYJIa — MOJIEKYJa,
«MOJIEKYJIa — CTEHKay, «MOJIEKYJIa — aKTUBHBIN [IEHTP»: a — IAJisl OCH30171a;
0 — ToJryoJia; B — ATHJIOCH30J1a; T — MPOMMIIOEH301a; 1 — OyTHI0eH30I1a; € — KCHITOJIa
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Puc. 3. IIpogomxenne

[Tonu3amenieHHbIE TPOM3BOIHBIE O€H30J1a U HaTAIMHA TaK)Ke NMOKA3bIBAIOT MTPEBBIILICHUE
Yucaa COYNApeHUH O CTEHKH IO CPaBHEHHMIO C MEXMOJIEKYISIPHBIMU COYJapeHUsIMH MpU
3HAYEHMsX OOBEMHBIX IUIOTHOCTEll peareHToB MeHbine 0,5 Mmouexyim/m® (puc. 4). Ilepexon ot
COYJIapEeHUH MOJIEKY] CO CTEHKaMU II€0JIUTA K MEXKMOJIEKYISIPHBIM CTOJIKHOBEHUSM HaOIr0qaeTcs
TpH 0OBEMHBIX MOJICKYIISPHBIX IIOTHOCTSX 3aMOTHEHHs OpbI 6ombe 0,2 MOTeKy/M’.

e Cmc/CvMm e Cmc/CvMm
o Cwmau/Cw-m 2 | o Cmau/Cwm

20 1

Cm-c(m-au)/CM-m
Cwm-c(m-au)/Cm-m

Puc. 4. CooTHOILIEHNSI KOIMYECTBA CTOJIKHOBEHUM «MOJIEKYJIa — MOJIEKYJIay,
«MOJIEKYJIa — CTEHKa», «MOJICKYJIa — aKTUBHBIN IIEHTP»: a — I TPUMETHUIIOCH301a;
0 — TeTpaMeTIIIOCH3011a; B — MEHTAMETHIIOSH30J1a; T — TeKcaMeTui0eH30a; 1 — HadraauHa
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e  Cwmc/CvmM e Cwmc/CmMm
o Cwmau/Cv-m 2 4 o Cwmau/Cwm

20 4

Cwm-c(m-ay)/Cm-M
Cwm-c(m-au)/Cm-m

Pv

Pv

e  Cwmc/Cm-M
o  Cwmau/Cwm

20 +

Cwm-c(M-au)/Cm-m

0,0 0,1 0,2 03 0.4

Pv

A

Puc. 4. Ilpogomkenue

JIJIs  pacCUMTaHHBIX COCAMHCHHWI HAONIOMAeTCs CXOKas 3aBUCUMOCTH CTOJKHOBCHHIMA
MOJIEKYJIBl O MTOBEPXHOCTh OT MEKMOJEKYISPHBIX CTOIKHOBEHUH. B nuamazoHe MOJEKyISpHBIX
wioTHocTel 3anoiHeHus oT 0 no 5 % HaOmomaercs NMpeBalMpOBaHUE COYIAPEHUH O CTEHKY
[[EOJTUTa M €T0 aKTHUBHBIE IIEHTPHI, MPHU MIIOTHOCTAX 3amoiHeHus oT 5 1o 20 % wnabmromaercs
MEePEXOTHOM PEKUM MPOTEKAHUS TIpollecca, a MPHU TUIOTHOCTH 3aroJIHeHUs kKaHaioB Baiie 20 %
MPEBATMPYIOT MEXKMOJICKYIISIpHBbIE CTOJNKHOBeHHs. [Ipm 3ToM [UIsi MPEeUMYIECTBEHHOTO
0o0pa3oBaHMsl  KUIKUX  YIIEBOIOpOAOB  (pakmuu  OeH3ona, ToOJyona, ATHIOEH307a,
npornuideH3ona, OyTWIOEH305la, KCHUJIOJIOB HEOOXOAMMO MPOBOAWTH TMIPOIECC B 00NacTH
KnyncenoBckoit auddy3un, 94To TaKKe MOJOKHUTEIBHBIM 00pa30M CKa)XETCS Ha 3aMeIJIeHU!
00pa30BaHwMsI MOTUMETHUIOCH30JIOB U MOTMAPOMATHUECKUX COSTUHEHUH.

3AK/IOYEHHE

[IpoBeneHHble pacueThl COOTHOIICHUS KOJMYECTBA CTOJKHOBEHUH  «MOJIEKyJa —
MOJIEKYNa», «MOJIEKyJda — CTEHKa», «MOJIEKyla — AaKTUBHBIM IEHTp» NOKa3ajld, 4YTO MpHU
3HAYEHUSAX O0O0BEMHON MoNeKymsipHord MmioTHoctTH oT 0 mo 0,05 M0J1e1<yJ1/M3 MPEBATHPYIOT
COyHapeHUs MCXOJHBIX pPEAreéHTOB CO CTEHKOM W C aKTUBHBIMU LIEHTpamMH 1I€OJIHTa,
pacroNOKEHHBIMI Ha €ro IMOBEPXHOCTH. YBEIWYeHHE OOBEMHOW MOJEKYISPHOM IJIOTHOCTH
6oree 15 % cmocoOCTBYET pOCTY JOTU MEKMOJICKYIISIPHBIX COyAapEHUN pearupyroniiux BEmecTB.
[Ipy 5ToM B MNPUCTEHOYHOM CIJIO€ PEATHPYIOIIMX COEIWHEHUN HauyHET MPOUCXOAUTH
MNpEUMYIICCTBCHHOC B3aPIMOIIeI>’ICTBPI€ MOJICKYIT CO CTCHKOU [COJHUTa U C aKTUBHBIMH LICHTPAMU.
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Takum o0Opa3om, yBelWYeHHE OOBEMHOW MOJEKYISPHOW IJIOTHOCTH 3alOJIHEHHUS KaHaJoB
OKa3bIBACT OTPULATEIBHOE BIMSHUE HA YBEIUYECHHUE CKOPOCTH PEAKLUM UCXOIHBIX COCAVUHECHUH,
a KpoMe TOro, YyBEIMYCHHE MOJIEKYISIPHOM IIJIOTHOCTU 3allOJIHCHUS KaHAJIOB  OyneT
CHoCcOOCTBOBATh HaKOIJICHUIO MIOJINAPOMATUYECKUX COCIMHEHUN B pesynbrare
IIPEUMYILECTBEHHOTO BCTYIUICHUS B PEAKIUIO IIPUCTEHOYHOIO MOJIEKYIISIPHOTO CIIOS.
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DETERMINATION OF THE PROBABILITY OF COLLISIONS OF REACTING
MOLECULES IN THE ONE-DIMENSIONAL CHANNEL OF ZEOLITE H-ZSM-5
FOR THE PROCESS OF ALCOHOLS TRANSFORMATION INTO HYDROCARBONS

A.A. Kuragin, A.1. Pichugina, N.V. Lakina, M.G: Sulman, V.Yu. Doluda
Tver State Technical University (Tver)

Abstract. The results of calculations demonstrating the relationship between the bulk
molecular density and the ratio of different types of collisions of molecules in a reaction medium
are presented. It is shown that at low densities (from 0 to 0,05 molecules/m’) collisions of the
initial reagents with the wall and active zeolite centers on the surface prevail. With an increase in
the volumetric molecular density by more than 15 %, the proportion of intermolecular collisions
of reacting substances increases. It was revealed that an increase in the molecular density of
channel filling negatively affects the reaction rate of the initial compounds and contributes to the
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accumulation of polyaromatic compounds due to the predominant reaction of the wall molecular
layer. These data can be useful for optimizing the conditions of chemical reactions using zeolites.

Keywords: zeolites, alcohols, hydrocarbons, configuration diffusion, Knudsen diffusion,
gas diffusion, collision, bulk molecular density.
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ONNPEAEJIEHUE METPOJIOTHYECKHNX XAPAKTEPUCTHUK
XPOMATOI'PAOGNYECKOI'O AHAJIU3A CMECHU BOJOPOJA
N YITIEKUCJIOT'O T'A3A B ITPOHECCE HOJYYEHUSA ®OPMAJIBAETI' TIA
N ETO ITPOU3BOJHBIX

A.A. Kypacun, A.U. Iluuyzuna, H.FO. Cmapoeoiimosa, A.B. Cmapoeoiimoa,
K.B. Yanoe, A.B. Yemumos, B.10. /lonyoa
Tsepckoti cocyoapcmeen bl mexHudecKull yHusepcumem (2. Teepw)

© Kyparun A.A., [lnuyruna A.1., CraposoiitoBa H.10O.,
CrapogoiitoB A.B., Hanos K.B., Ycrumos A.B., lonyna B.1O., 2025

AnHoTranusa. OnpenencHre METPOJOTUYSCKUX XAPAKTEPUCTUK XHUMHUYECKHX U (DU3HKO-
XUMHUYECKUX aHATUTHYCCKUX TPOIEAYp SBISICTCS OCHOBOIIOJIATAIONICH 3a/a4eil COBPEMEHHOM
AQHAJTUTUYECKOM XUMUU. YyBCTBUTEIBHOCTb, MHUHHUMAJIBHO OIpEAeNsieMble KOHIICHTPALIHUH,
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OH_II/I6Ka 1 BOCIIPOU3BOAUMOCTDL BBIIIOJIHACMBIX I/I3M€peHl/Iﬁ BBICTYIIAIOT OCHOBHBIMH MCTPOJIOTH-
YeCKUMHU TokazarensiMu. [Ipy 3TOM ycTaHOBJIEHHME TOYHOTO COCTaBa CJIOXKHBIX, MHOTOKOMIIO-
HEHTHBIX CMecell camo 1o cebe sBIsIeTCS HEOPIWHAPHON aHATMTUYECKOW 3aJaveid, 3a4acTyio
TpeOyrolel HCIONIb30BaHUsl Pa3IMYHbIX aHAJUTHUYECKUX MpoueAyp U TexHuku. OnpeneneHue
BEILIECTB, CYIIECTBEHHO OTIMYAIOIIUXCSA IPYr OT Apyra Mo XMMHYECKUM U (PU3HMUECKUM CBOMi-
CTBaM, B paMKaxX OJHOW aHAJIUTHYECKOM MPOIEypbl CUUTACTCS CIOXKHOW HAyYHO-TEXHHUYECKOM
3azadeil. B Hacrosiee BpeMs Uil ONpeAeeHus JIETKUX ra30B — BOJOPOJa, METAHA, YITIEKUCIIOTO
ra3a 1 MOHOKCHJA YIJIepofa — HCIOJIb3YIOTCS XpoMarorpaduyeckue MeTonbl, uHppakpacHas
CIIEKTPOCKOMUS, JEKTPOXUMUYECKHUE JTATUYUKH, aJCOPOIMOHHBIE U BOJIOMOMETPUUYECKHE METO-
IIbl, XpoMmaro-macc-crekTpockonus. [Ipu sToMm Tonbko Xpomartorpaduyeckue METOIbl aHalln3a
o0ecIieunBaroT MNpUEMIICEMYIO YYBCTBUTCJIBHOCTL IIPU COBMECTHOM JACTCKTUPOBAHHWU AWOKCHIA
yriepoaa ¥ Boopoaa. B craree mpuBeneHbI pe3y/nbTaThl YCTAHOBICHHS KaJTUOPOBOYHBIX 3aBUCH-
MOCTEH, HUCHOJb3yEMbIX MAJIi OJHOBPEMEHHOIO OIpENEIeHMs] BOAOPOAa M YINIEKHCIOro rasa
XpoMarorpapuu4eckuM METOAOM C JIETEKTUPOBAHUEM [0 TEIUIONPOBOJHOCTH ra3oB. Paznenenue
MMPOU3BOANJIOCH Ha ABYX MapalJICJIbHBIX HACaAOYHLIX KOJIOHKax IIJII/IHOﬁ 5Mu BHYTPCHHUM
IUaMETPOM 2 MM, a B KayeCTBE ra30B-HOCHUTEJEH HCIONB30BaIKNCh renuil u aproH. [lomydeHst
JaHHBIC O HAUMCHBIIUX ONPCACIACMBIX KOHICHTpAUIUAX, omrnoKax ONpCaACICHUSA KOHHCHTpaHHﬁ,
YyBCTBUTEIBHOCTU HCIONb3yeMoro meronaa. [loka3aHa BO3MOXHOCTb JIMHEWHOTO JETEKTHPO-
BaHUs BOJOPOJA U JUOKCH/JIA YITIEPOJIa C UCIIOJIb30BAHUEM JETEKTOPA O TEILJIONPOBOIHOCTH.

KiroueBble cioBa: TUOKCHA yIIEpoaa, BOAOPOI, Xpomarorpacdusi, aHalu3, YCIOBUS
aHanu3a, TeMIeparypa, olmulKa aHaiIu3a.

DOI: 10.46573/2658-7459-2025-3-80-86

BBE/I[EHUE

Omnpenenenue conep)kaHus BOJOpOJAa M JTUOKCHIA yIJIepoAa B TEXHOJIOTHMYECKHX H
7a00paTOPHBIX Ta30BBIX CMECAX SBISETCS BAaXHOM HayuyHO-TEXHHYECKOW 3ajavel, pelieHue
KOTOPOH BO3MOXKHO DPa3NUYHBIMU aHamuTHdeckumu Metonamu [1]. Comeprkanme Bomopona u
TUOKCH/IAa  yIiepoAa  MOXeT  ObITh  ONpENEeNIeHO  BOJIOMOMETPUUYECKMMH  METOAAMH,
QJICOPOIIMOHHBIMH,  DIEKTPOXUMHUYECKUMH,  WHPPAKPacCHON  CHEKTPOCKONHMEW,  Macc-
CHEeKTpOMEeTpUeH, a Takke rasoxpomarorpadpuyeckum wmerogom [2]. Ilpu »stom i
JNETEeKTUPOBAHUS BOAOPOAA U JMOKCHJAA YIIEpo/Ja BO3MOXHO HCIOJIb30BaHHE AETEKTOpa IO
TEIUIONPOBOIHOCTH, MAacCC-CIIEKTPOMETpa WM  IUIAMEHHO-MOHU3AIMOHHOTO  JIETEKTOpa C
IpeIBapUTEIbHBIM METAHUPOBAHUEM JAMOKCUIA yriiepoaa 10 MeraHa [3, 4]. JlerektupoBaHue 10
TEIUIONPOBOIHOCTH Ta30B MPHUEMIIEMO B IIJIaHE CTOMMOCTH JETEKTOpa, B TO BpeMs KaK Macc-
CHIEKTPOMETPUYECKOE  JETEKTHPOBAHHE BBICTYNAeT KpailHE JOPOTOCTOSIIIUM  CIOCOOOM
onpeNiesieHus] KOHIEeHTpauuid ra3oB [5, 6]. OpHako qas oOecredeHus: MaKCHMAJbHOM
YYBCTBUTEJIBHOCTH JIETEKTOpa 10 TEIUIONPOBOJHOCTH B CIyyae ONpEIeNIeHUus BOAOPOAA
TpeOyeTcs MCIIONb30BaHME aproHa B KaueCTBE Ia3a-HOCHUTENs, a MPH OINpeleseHUH JUOKCHIA
yIjiepona TPEarnodYTUTEILHO TPUMEHEHHE Tenus. Takum oOpa3zom, Tpebyercs pazpaboTka
KOMOMHUPOBAaHHON CXeMbl COBMECTHOTO aHajlIM3a BOJOpOJA M JUOKCHIA YINIEpona, a TaKke
OTIpeJIeIeHUe METPOJIOTHYECKHX XapaKTEPUCTUK aHATIN3a.

METO/IbI, METO/IUKH H MATEPHAJIbI
Jlnst mpoBeneHHUsT KaTMOPOBKHM HCIIONB30BAIMA Ta3000pa3HBI  BOIOPON M JHOKCH]L
yriiepoaa, KOTOpPbIEe TO3UPOBATUCH Yepe3 COOTBETCTBYIOIIYIO CUCTEMY HAITyCKa. AHAIHU3 ra30BoU
¢a3sl mpoBoMIICS ¢ IpuMeHeHHeM Xxpomarorpada «Kpucrammokc-4000M», cHaOKEeHHOTO ABYMS
HaCcaaOYHbIMU KOJIOHKaMH ,Z[JIHHOI‘;I 5Mmmu BHYTPCHHUM OHUaMCTPOM 2 MM, 3aIllOJJHCHHBIMU
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copbentom MN-270 ¢pakuueit 70-120 mxm. Temmneparypa TepMocTara KOJOHKH COCTaBIIsIA
40 °C, a nuHelHas CKOPOCTb ITOTOKA ra3a-HOCUTENS aproHa Jjisl aHajIM3a BOJIOPOAA, a TAKKe rasa-

HOCHTEIISl TeNns JIJIS aHAJIM3a BCEX ra3oB MOMJEpKUBANAch MOCTOSTHHON — 0,32 cMm/MUH, BpeMs
aHaju3a MMpy 3TOM COCTABJISIIO 7 MUH.

PE3YJIBTATHI H ObCYK/IEHHA
[TomyueHHass 3aBHCHMOCTh CHUTHaja JIE€TEKTOpa IO TEIIONPOBOAHOCTH OT KOJIMYECTBA
JNETeKTUPYEeMOro BoJopoja IpuBeneHa Ha puc. 1. OHa noka3plBaeT Halu4ue OOJIACTH
HEJIMHEWHON 3aBUCHUMOCTH TPU KOJIMYECTBE aHAIM3HpyeMoro Bomopona Oomee 110 Mkt
COOTBETCTBEHHO, 00JIaCTh YBEPEHHOTO JIMHEWHOTO JEeTeKTHpOBaHUs cocTaBisieT 14—100 Mkr, B
CBSI3U C YeM HEOOXOJUMO COOTBETCTBUE KOJIMUECTBA BBOJUMOMN MPOOKI JIMHEMHOMY HHTEPBATY.
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Puc. 1. 3aBucUMOCTb CUTHAJIa JETEKTOPA MO TEIJIOMPOBOJHOCTH
OT Pa3IMYHOTO KOJIMYECTBA BBOJMMOTO BOJIOPOAA
(toemexmopa = 120 °C, raz-HOCHTENb — apIOH, JMHENHAas ckopocTh raza — 0,31 cm/MuH)

B kanubpyemom nuanasone (puc. 2) koapduiueHt koppensuuu cocrasiser 0,994, a
MUHHMMAaJbHO OnpezensemMas KOHIEeHTpaus — 9,5 MK BoopoJa.
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Puc. 2. 3aBucUMOCTB CUTHaja JETEKTOpa M0 TEMIONPOBOIHOCTH
OT KOJINYECTBA BOAOPO/IA B JINHEIHO KaJIMOpyeMOM Jinana3oHe
(2oemexmopa= 120 °C, raz-HOCHUTENb — apIOH, JMHENHas ckopocTh rasa — 0,31 cM/MuH)
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Crayuaiinass ommOKa OINpenesieHus] KOHIEHTpauuid ¢ ydetom 95%-i1  3amaHHOU
BEPOSATHOCTH NPHU TATUKPATHOM HM3MEPEHUH XpOMAaTorpauyeckoro CHrHajga MOXET OBITh
ompeernieHa 1mo Gopmyie

Amig, = 2.8 ||||:m._—n“’i¢}1+|:mz—n"'1:p}5+|:m1—rﬁ=]:,}=+I:mz—n"izp}5+ (my—Ai)® . 1)
8y 20
IIpubopHass morpemHocTs Xpomarorpada HOpuU H3MEPEeHHMH Macchl BOIOPOAA paBHA
[IOJIOBUHE MUHUMAJIbHO JIE€TEKTUPYEMOW Macchl M cocTaBisieT 4,24 Mr JAeTeKTHPYeMOro
BoZiopozia. TakuM 00pa3oM, MOJIHYIO MOTPEIIHOCTh HM3MEPEHUs MacChl BBOAMMOIO BOJOPOAA
MOXHO OIPENeNUTh 1o hopmyre

-

[
| 2 2
Am_+Am_
Aty = *'ill &1 TpoM . (2)

HonyquHa;[ 3aBUCUMOCTb CHI'Hajla OCTCKTOpa IO TCIJIOMPOBOAHOCTH OT KOJIMYCCTBA
ACTCKTUPYEMOI'0O JUOKCHU A YITIEpOaa MPHUBCJACHA HA pUC. 3.
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Puc. 3. 3aBucUMOCTb CUTHaJA I€TEKTOpa MO TEIIOIPOBOJHOCTH
OT Pa3IMYHOrO KOJIMYECTBA BBOJMMOIO JTUOKCUIA yIeposa
(toemexmopa = 120 °C, Ta3-HOCHTEND — TeNNH, THHEWHAs ckopocTh ra3a — 0,31 cM/MuH)

3aBUCUMOCTh OTKJIMKA JIETEKTOPa OT Pa3IMYHOI0 KOJIMUYECTBA BBOAMMOIO JUOKCHAA yTJe-
poJia MOKa3bIBAET IIUPOKUH UAa30H BO3MOXKHOHN JIMHEHHOHN kamuOpoBku: ot 84 no 3 000 mkr.
Koadduument xoppemnsuu npu 3toMm coctasiger 0,993, a MUHUMaIbHO omnpesensemMasl KOHIICH-
Tpauusi AMokcuaa yriaepona — 36,5 Mkr. Ilpu stom ciydaiiHast ommOKa OnpeneneHusi KOHIIEH-
Tpauuii ¢ yuetom 95%-i 3a7aHHON BEpOSTHOCTH INPU MATUKPATHOM HM3MEPEHHUH XpoMmarorpa-
(duyeckoro curHajga MoXkeT ObITh Takxke omnpenesneHa mo Gopmyne (1). I[lpubopHas morpemHoOCTh
Xpomarorpada npu U3MepeHHH Macchl AMOKCH/IA yIiepo/ia paBHa MOJIOBUHE MUHUMAJIBHO JI€TEK-
TUPYEMOM MacChl U cocTaBisieT 18,25 mr gerexktupyemoro auokcuaa yriepoaa. [lonHyro nmorper-
HOCTbh U3MEPEHHsI MAaCChl BBOAMMOTO JHMOKCH/IA YIIIEpOoaa MOXKHO OIpeaenuTh 1o Gopmyie (2).

3AK/IIOYEHUE
OmpeneneHbl KaTMOPOBOYHBIE 3aBHUCHUMOCTH JICTEKTUPOBAHHUS BOJOpOAA M JAHMOKCHIA
yriepojia JIe€TeKTOPOM OT TEIUIONPOBOJHOCTH, IMO3BOJISIONIME MPOBOJUTH H3MEPEHHE UX
KoJM4yecTBa B auanazoHax 14—-100 MKr s BomopoJa C€ HaMMEHBIIEH ONpeaessieMoun
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KOHIIeHTpamuei, paHot 9,5 mkr, u 84-3 000 MKr mjis AUOKCHUIA YIIIEpoJla ¢ HAMMEHBIIEH
omnpeaesieMor KOHIEHTpauue, paBHod 36,5 mkr. CiydailHas TOTPEIIHOCTh MPOBOJMMBIX
U3MEPEHUIl MOXeT ObITh omperneneHa ¢ yderoM Koddduimenta CTbIOEHTa NMPH KOJHMYECTBE
MIPOBOJIMMBIX M3MepeHuil Oosiee 5, a mpubOopHas MOrpeurHocTh XpoMartorpada mpu U3MEpeHUn
MacChl JETEKTHPYEMBIX Ta30B MOXET ObITh paBHA MOJIOBUHE MHHUMAIILHO JIETEKTUPYEMON MacChl
aHAIM3UPYEMOTO Ta3a.

BIIATOJAPHOCTH
UccnegoBanusi mpoBefeHbl B pPaMKax BBIMOJHEHHS TBEPCKUM TOCYJIapCTBEHHBIM
TEXHUYECKUM YHUBEPCUTETOM paboT 1o mpoekty PHD Ne 25-23-00333.

CIIUCOK JIMTEPATYPBI
1. Yan X,, Yin Z., Xu Y., Xie H. A Dual-mode Electrochemical and Electrochemiluminescent
Sensor Based on Hydrogen-bonded Organic Frameworks for Highly Sensitive Detection of
Mercury and Zinc lons // Sensors and Actuators B: Chemical. 2025 P. 431-439.
2. Mofidi M., Hudson M.K., Sievers R.E., Bartle K.D. Flame Infrared Emission Detection of
Hydrogen // Journal of Chromatography A. 1992. Vol. 589. No. 1-2. P. 241-248.
3. Mori M., Ikedo M., Hu W., Helaleh M.I., Xu Q., Itabashi H., Tanaka K. High-speed Ion-
exclusion Chromatography of Dissolved Carbon Dioxide on a Small Weakly Acidic Cation-
exchange Resin Column with Ion-exchange Enhancement Columns of Conductivity Detection
/I Journal of Chromatography A. 2005. Vol. 1092. No. 2. P. 250-253.
4. Herran J., Fernandez-Gonzalez O., Castro-Hurtado 1., Romero T., Castaino E. Photoactivated
Solid-state Gas Sensor for Carbon Dioxide Detection at Room Temperature // Sensors and
Actuator B: Chemical. 2010. Vol. 149. No. 2. P. 368-372.
5. Martan T., Mare§ D., Prajzler V. Local Detection of Gaseous Carbon Dioxide Using Optical
Fibers and Fiber Tapers of Single-cell Dimensions // Sensors and Actuators B: Chemical. 2023.
P. 375-383.
6. Li X., Jiang Y., Huang N., Liu J., Ma Y., Zhuang J., Zheng Y. Catalytic IR Thermal Imaging-
based Hydrogen Detection // Sensors and Actuators B: Chemical. 2025. P. 427-438.

CBEJEHUSA Ob ABTOPAX
KYPAI'HH Anexceti Anopeesuu — acnupant, ®I'bBOY BO «TBepckoit rocynapcTBeHHBIN
TexHuueckul yHuepcutet», 170026, Poccus, r. TBepp, Hab. A. Hukuruna, a. 22. E-mail:
xt-337@mail.ru
ITHYYT'MHA Anna Heopesna — KaHOuAaT XMMHUYECKHUX HayK, JOLEHT Kadeapbl XUMUU U
TexHonornn  nomumepo, @DI'BOY BO  «TBepckoil  rocysapCTBEHHBIH  TEXHUYECKHH
yauBepcuteT», 170026, Poccus, 1. TBeps, Ha6. A. Hukutuna, 1. 22. E-mail: xt-337@mail.ru
CTAPOBOHTOBA Hamanvs FOpvesna — KaHAUAAT XMMHYECKHX HAyK, JOHEHT Kadeaphl XUMUH
u TtexHosoruu nonumepoB, DPI'BOY BO «TBepckoil TroCyIlapCTBEHHBI TEXHUYECKHU
yauBepcuteT», 170026, Poccus, 1. TBeps, Ha6. A. Hukutuna, a. 22. E-mail: xt-337@mail.ru
CTAPOBOUTOB Anamonuii Brnaoumupoéuu — cTapmmii mperogaBarens Kadeapsl XUMHH 1
texHonorun nonmumepos, PI'bOY BO «TBepckoil rocyapCTBEHHBIN TEXHUUECKUI YHHBEPCUTETY,
170026, Poccus, r. TBepb, Ha0. A. Hukutuna, 1. 22. E-mail: avstarovoytov7@yandex.ru
YAJIOB Kupunn Bsauecnasosuu — KaHOUNAT TEXHUYECKUX HAyK, MOLEHT Kadenpbl XUMHUH H
texHonoruu nommmMepo, PI'bOY BO «TBepckoil rocynapCTBEHHBIM TEXHHUUYECKH YHUBEPCUTET,
170026, Poccusi, 1. TBepb, Ha0. A. Hukurtuna, 1. 22. E-mail: tschalov_k@mail.ru

84


https://www.researchgate.net/scientific-contributions/Zhaojiang-Yin-2172141379?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/Yanqing-Xu-2305440630
https://www.researchgate.net/scientific-contributions/Haotian-Xie-2288228338?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/O-Fernandez-Gonzalez-2011760786?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Irene-Castro-Hurtado?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Txema-Romero?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/Enrique-Castano-3?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/profile/David-Mares?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19
https://www.researchgate.net/scientific-contributions/V-Prajzler-2226815694?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6InB1YmxpY2F0aW9uIiwicGFnZSI6InB1YmxpY2F0aW9uIn19

Ne 3 (27), 2025 BectHuk TBEpCKOro rocyjapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMUYECKUE TEXHOIOTHI

YCTHUMOB Anexcandp Braoumuposuu — xannuaar xumuueckux Hayk, @PI'bOY BO «TBepckoit
TOCYJIapCTBEHHBIN TexHUYeCKui yHuBepcuteT», 170026, Poccus, r. TBeps, Ha0. A. Hukutuna,
n. 22. E-mail: xt-337@mail.ru

JOJIV][A Barenmun FOpveguu — MOKTOP XMMUYECKHX HayK, 3aBEAYIOIIMN Kadeapold XUMHUU U
TexHonorun  nonmumepo, @®I'BOY BO  «TBepckoil  rocynapCTBEHHBIH  TEXHMUYECKHUN
yauBepcuteT, 170026, Poccus, 1. TBeps, Ha0. A. Hukutuna, a. 22. E-mail: doludav@yandex.ru

BUBJINOI'PAOUYECKAS CCBLJIKA
Kyparun A.A., Ilmuyruna A.W., CraposoiitoBa H.IO., CraposoiitoB A.B., YamoB K.B.,
Yetumo A.B., Jonyma B.IO. Onpenenenne  METPOJOTHMYECKHX  XAPAKTEPUCTUK
Xpomarorpauueckoro aHaju3a CMECH BOJIOpOJa M YINIEKUCIIOro ra3a B IIpoLiecce MOJNyYeHUus
dopmanbaeruia U ero npousBoaHblx // BectHuk TBepckoro rocynapcTBEHHOIO TEXHHUYECKOTO
yauBepcuteTra. Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMHUYECKHE TexHojorum». 2025.

Ne 3 (27). C. 80-86.

DETERMINATION OF METROLOGICAL CHARACTERISTICS
OF CHROMATOGRAPHIC ANALYSIS OF A MIXTURE
OF HYDROGEN AND CARBON DIOXIDE IN THE PROCESS
OF OBTAINING FORMALDEHYDE AND ITS DERIVATIVES

A.A. Kuragin, A.l. Pichugina, N.Yu. Starovoytova, A.V. Starovoytov,
K. V. Chalov, A.V. Ustimov, V.Yu. Doluda
Tver State Technical University (Tver)

Abstract. Determining the metrological characteristics of chemical and physicochemical
analytical procedures is a fundamental task in modern analytical chemistry. Sensitivity, minimum
detectable concentrations, measurement error, and reproducibility are key metrological indicators.
Determining the precise composition of complex, multicomponent mixtures is a unique analytical
challenge in itself, often requiring the use of various analytical procedures and equipment.
Determining substances with significantly different chemical and physical properties within a
single analytical procedure is considered a complex scientific and technical challenge. Currently,
chromatographic methods, infrared spectroscopy, electrochemical sensors, adsorption and
volumetric methods, and chromatograph mass spectroscopy are used to determine light gases —
hydrogen, methane, carbon dioxide, and carbon monoxide. Only chromatographic methods of
analysis provide acceptable sensitivity for the combined detection of carbon dioxide and
hydrogen. This article presents the results of determining calibration curves used for the
simultaneous determination of hydrogen and carbon dioxide using a chromatographic method
with thermal conductivity detection. Separation is performed on two parallel packed columns,
each 5 m long and 2 mm in internal diameter, using helium and argon as carrier gases. Data on
the lowest detectable concentrations, determination errors, and sensitivity of the method are
obtained. The feasibility of linear detection of hydrogen and carbon dioxide using a thermal
conductivity detector is demonstrated.

Keywords: carbon dioxide, hydrogen, chromatography, analysis, analysis conditions,
temperature, analysis error.
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YK 661.123

HNCCIEJOBAHUE OITUMAJIBHBIX METO/10B
KOJUYECTBEHHOI'O OIIPEJAEJIEHUA
MOJIM®EHOJIBHBIX COEJUHEHWUI B ®UTOCBOPAX

A.U. Ilempoesa, /I.10. I]eemxos, H.B. /lakuna, B.IO. /lonyoa, A.H. Cuoopoe
Tsepckoti cocyoapcmeenHblll mexHudeckuti yHusepcumem (2. Teepw)

© ITerpoBa A.W., IierkoB /1.1O., Jlakuna H.B.,
Honyna B.YO., Cunopos A.1., 2025

AHHoTanusi. B paboTe mpoBeIeHO KOIWYECTBEHHOE OMpeJelieHne MoNu(EeHONTbHBIX
coenuaeHNi B ¢putovasx «Purtouair Ne 39y, «Durtocoop Ne 1» u «OnmanuxoBckuit». OT™MEUYEHO,
YTO HauOOJBIIIEe KOJIUYECTBO MOTUPEHOIBHBIX COCTUHEHUN COACPKUTCS B BOJHOM H3BICUCHUU
¢utouas «Durtouait Ne 39» (26,57 %), HauMeHbllee — B CIUPTOBOM H3BICUEHHUU 3TOTO K€
dutouas (3,94 %) B mepecuere Ha KarexuH. CHeKkTpo(OTOMETPHUECKUII METOJH aHalIn3a
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HOJII/I(I)CHOJIBHLIX COGIII/IHGHI/If/’I B nepGquTe Ha FaJIJIOBYIO KI/ICJIOTy MU TaHHUH COYTCH
ONTUMAIBHBIM JUISI KOJIMYECTBEHHOTO OMPEIEICHUS CyMMapHOTO KOJUYECTBA MOJU(DEHOIBHBIX
COCIMHECHUH.

KiroueBble ciioBa: 1moiaud)eHONbHBIE COCTUHECHHMS, TAJIOBAsE KUCIIOTa, TaHWH, GUTOCOOD,
JIEKaPCTBEHHOE PACTUTEIBHOE ChIPHE.

DOI: 10.46573/2658-7459-2025-3-86-95

BBE/I[EHUE

B HacTos11ee BpeMsi B KaueCTBE JIEKAPCTBEHHOT'O CBIPbS IIUPOKO UCHOJIb3YIOT PACTEHHUS.
3HAYUTENBbHBIN UHTEPEC MPEJICTABISIOT IPUPOIHbIE MOIN(PEHONbHBIE cCOeAMHEHUS ((DITaBOHOUIBI
U WX TIMKO3UABI, (peHOTKapOOHOBBIE KHCIOTHI, KyMapuHBI, JyOWIbHBIE BEIIECTBA W p.),
00ycIoBIMBaIOIINE OUOJOTHUECKYI0 aKTHBHOCTh TAKOTO ChIphbs. MIX cOCTaB M KOJNMYECTBEHHOE
CoOJIep’KaHue OIPENEISAIOTCS apeajoM MPOU3pacTaHus PacTeHUs U MOTYT UMETh OOLIUE YepThl y
pacTeHuii OIHOTO poja.

[TomudeHonpHbIE COEAMHEHUS] MIMPOKO HM3BECTHBI OJjaronmaps CBOEH aHTHOKCHIAHTHOW
akTuBHOCTH. CorynacHo OOLIENPUHATON TOYKE 3pEHUs, HX aHTHOKCHUIAHTHBIE CBOWCTBa
OCHOBaHbl Ha CIIOCOOHOCTHU COEAMHEHUN CIYKUTh JOBYIIKaMH JJIsi CBOOOJHBIX PAaIUKAJIOB, a
TaK)Ke XelIaTUPOBAaTh MOHBI METAJUIOB, YYACTBYIOIIMX B MEPEKUCHOM OKHCIeHHHU. DEHOIbHBIC
COEIMHEHUSI MOTYT B3aUMOJEMCTBOBAaTh C TUAPOKCUIBHBIMU M INEPOKCHIBHBIMHU paJMKalaMu
JUTIUIOB (QTKOKCHJIAaMH) OJlarojiapsi X CIIOCOOHOCTH OT/aBaTh JEKTPOH (MJIM aTOM) BOJOpO/a.
B pesynbrare oOpasyrorcss pagukanbl (GeHoNoB — (DEHOKCHIIBI, KOTOphIE HE YYacTBYIOT B
pacrpoCTpaHEHUH OKUCIMTEIBHOTO IpoLecca. OTO CBA3aHO C YHUKAIbHOW CTPYKTYpOM HX
MOJIEKYJI, B KOTOPOM MPOUCXOIUT JI€JIOKAIN3alusl HECIApPEHHOr0 3JEKTPOHA, YTO MPHUBOJIUT K
CTa0MIIN3aLUU CBOOOIHBIX PAUKAIIOB.

Bo BceM Mupe akTUBHO UCCIIEAYIOT JEeHCTBUE OOTraThIX MOJIN(EHOIBHBIMU COEAMHEHUSIMHU
pacTUTENBHBIX AKCTpakToB. Ha HMX OCHOBE BO3MOXKHO CO3/1aHHE HOBBIX BBICOKOAKTHUBHBIX
JIEKapCTBEHHBIX IpenapaToB, 00JaJalolIMX MPOTUBOBOCIAIUTENBHOM, MPOTUBOBUPYCHOM,
AQHTUKAHLEPOT€HHOW, aHTUIIAPAa3UTAPHOM WIM OaKTepULIMIHONW aKTUBHOCThIO. braromaps
ciocooHoctu  mnomudenonoB  ([ID) momaBnsaTh paboOTy MEXaHU3MOB MHOXKECTBEHHOM
JIEKapCTBEHHOH YCTOMYMBOCTH YY€HBIE CO3/IAIOT U MCIBITHIBAIOT HOBbIE AaHTMOMOTHKH, a TaKXkKe
areHThbl, BBI3BIBAIOIIME YCHJIEHUWE JEHCTBUS ApYyrux JjekapcTB. B cBsi3u ¢ mepcnexkTuBaMu
UCTIOJIb30BaHUS NMONM(EHOIBHBIX COCMHEHUH B MEAMLIMHE B HAcTosllee BpeMs HalronaeTcs
3HAYUTENbHBII pOCT HMHTEpeca K HUX H3YYEHMIO. 3a IOCIEAHHUE TPU JECATHIIETUS YUCIIO
uccieioBaHuid B 3Toi obsactu coctaBuio ot 8§ 000 o 10 000 myGnukauuii B roa (10 JaHHBIM
PubMed) [2].

OOBEKTOM HACTOSIILIETO MCCIEOBAHUS SIBISAIOTCS Takue ¢puTovau, kak «Purouait Ne 39»
(B cocTaB BXOJAT IIMIOBHUK, dXWHAIEs, NEBACWI, JHUMAa, MATA, pOMallKa, KOPEHb COJIOAKH,
cTeBud, Iande, aymmia, ’BKanunT, 4adpen); «durocbop Ne 1», (TONOKHSAHKA, KaleHIyJa,
YKpOT, 3JE€YTEPOKOKK, MsTa); «OmnanuxoBcKui» (3BepoOOi, JWIa, poMaiika, MsTa, TYIIHIA,
mandeii, TAMbSH).

[Tonmudenons! — pa3HOOOpa3HbIE U IUPOKO PaCcTIPOCTPaHEHHbIE MUHOPHBIE OMOIOTHYECKU
AaKTHUBHBIE COEIMHEHHUS PACTUTENILHOTO MpoucxXoxaeHus. OHU cojep)KaTcsi B pa3iIMYHBIX
NUILEBBIX MPOJIYKTax: (pyKTax, OBOIIAX, Kpymax, opexax, kode, Kkakao, Crenusx, ceMedkax. B
3aBUCUMOCTH OT CTPOEHHUS MOJIEKYJbl BBIICISIOT (DEHONbHBIE KHUCIOTHI, CTUJILOEHBI,
(daBoHOMABI, JIMTHAHBI, AyOWJbHBIE BemiecTBa. [lonmpeHonasl MPHUBIEKAIOT BHUMAaHUE
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UCCIIeIoBaTeIe B CBSA3HM C IIMPOKUM HAOOpPOM OHONoruyeckux 3¢ (eKToB, OKa3bIBAeMbIX Ha
OpraHu3M uenoBeka [3].

B nayuHO#l nuTeparype MOKHO BCTPETUTh pa3IM4Hble BapHaHThl Kiaccudukanuu [1O.
OO1EenpUHATO BbIJEICHUE CIECAYIOUIMX TPYII:

1. ®eHonbHBIE KUCIOTHL. TO apOMaTHYECKUE KHCIOTHI, CoAepKalie (eHOIbHOE KOIbIIO
U KapOOKCWIbHYIO (DyHKIMOHaIBHYIO rpynny. OHU cojepxkarcs B TKaHSAX pacTeHUil, yaie B
CBsi3aHHOW C caxapunamu win apyrumu [1® ¢opme (psOunHa uYepHOIUIONHAS, OOSPBIIIHUK
KpPOBaBO-KpacHbIN, Kopa ayba u ap.). B opranusme uenoBeka OoHM 00pa3yroTcs B pe3ysbTare
MHUKPOOHOTO pacUIeIUICHUs B TOJICTOW KHUIIKE JIMOO MPU BHYTPUKIETOYHOM MeTabonmu3me Ooee
KOHJICHCUPOBAHHBIX MOJIEKY [4].

2. ITpou3BoHbIE THAPOKCUKOPUYHON U THAPOKCUOEH30MHOM KUCIOT. DTO IBE€ OCHOBHBIE
rpynibl (EeHOJIbHBIX KUCIIOT, BBIAEISEMbIE B 3aBUCUMOCTH OT CTpOEHHUs MoseKynl. Hanbomnbmmii
MHTEpEC HCCleoBaTeNell NpPUBJIEKAIOT TajiioBasi, »>JularoBas, KoQeilHas KHUCIOTBI H
IPOM3BOJIHBIE TIOCIIEHEN: XJIOPOTreHOBAs!, HEOXJIOPOT€HOBAsA, PO3MapUHOBAsE KUCIOTHI U .

3. ®naBoHouabl. 10 rpynmna [1P, yyacTByrOmKX BO MHOTHX IIpoLeccaX, IPOTEKAIOLIUX B
opranuzMe. OHM OKa3bIBAlOT aHTHMOKCHAAHTHOE IEWCTBUE, CHUXKAIOT CBEPTHIBAEMOCTh KPOBH,
YMEHBIIAIOT JIOMKOCTh W TPOHUIIAEMOCTh KaNWUISPOB, YJIYYIIAalOT OOMEHHBIE Mpolecchl [6].
HauOonee pacipocTpaneHbl U U3y4YeHbI IPEACTaBUTEIHN (PIABOHOJIOB — KBEPLIETUH U KeMII(epo.
Onu conepkarcs B OBOIIAX, (PPYKTax U 3epHOBBIX KyIbTypax [5].

4. JlybunbHble BewiecTBa. OTO rpymnmna pacTUTedbHbIX [ID, cnocoOHBIX «1yOUTH»
HEBBIJIETIAHHYIO LIKYPY, peBpaliias ee B KOKy. ITa ClIoCOOHOCTh TyOMIIbHBIX BEILIECTB OCHOBaHA
Ha UX B3aUMOJICHCTBUHM C OEJIKOM KOXXHBIX ITOKPOBOB — KOJIJIar€HOM, IPHUBOSIIUM K
00pa30BaHUIO CTPYKTYpP, YCTOMUMBBIX K mporeccaM rHueHus. OJHaKoO HE BCE TaKUE BEILECTBA
CHOCOOHBI K JTyOJIEHUI0. DTUM CBOMCTBOM 00Ja/al0T TOJBKO MPUPOJHBIE BBHICOKOMOIUMEPHBIE
COCIMHEHMS, HUMEIINUe MOoJeKysipayto maccy 1 000-5000; Oonee HU3KOMOJIEKYISPHBIC
COEMHEHUS UMEIOT TOJIBKO BSKYLIMH BKYC M HECIIOCOOHBI K TyOsieHut0. UToObI He myTaTh Takue
BEIIECTBA C TMOJUIMHHBIMM JYOMTENSIMH, HX YacTO HAa3bIBAIOT <«IIHULIEBBIMU TaHUHAMU»,
«4alHBIMU TaHUHAMMY [7].

®durovau (JaT. phyton — pacTeHue) — yailHble HAUTKU U3 PACTEHM, KOTOpbIE IIHPOKO
UCTONB3YIOTCS B KayecTBe MPOJYKTOB NHUTAaHUSA, a Takke O0O0JalaloT HE TOJIbKO
OpraHoOJIEeNTUYECKUMH, HO U 11eJ1eOHBIMHU CBOMCTBAMHU (B 3aBUCUMOCTH OT COCTaBa PacTUTEIbHOU
komnosuiuu) [8]. B Hacrosimee Bpemss Ha (apMalleBTUYECKOM pBbIHKE HMEETCs JO0BOJIBHO
HIMPOKUH BBIOOP (PUTOYAEB, HO €XKETOJHO MOSBISAIOTCA HOBble. HeoOXoauMo OTMETHUTH, UTO B
KOMITO3UIIMHN (PUTOYAEB BKIIIOYAIOT KaK KYJIbTUBHPYEMbIE, TaK M AMKOpAcTylue pacteHus [9].
Kaxxgas xommno3unust ¢purtodasi, KOTOpas MOSBISETCS Ha PbIHKE, OTIMYAETCS OT MPEABLAYLINX
BUJOBBIM COCTAaBOM pACTUTENIbHBIX KOMIIOHEHTOB. Bce ¢uToyam MOXHO pa3fenuTh Ha
MOHOOCHOBHBIE U MOJIMKOMITIOHEHTHbIE. B HacTosiee BpeMs peKo UCIOJb3YIOT MOHOOCHOBHBIE
yap U Jaxe 2—3-KOMIIOHEHTHbIE CUCTEMbI NPUMEHSIOTCA HE TakK 4acTo. TakuM oOpa3om, eciu
HAIIUTOK BKJIIOYAET TOJIBKO OJUH BUJ PACTUTEIBHOTO CHIPhS, TO MOXHO MPEANOI0KUTh, YTO OHO
ObUIO TOABEPrHYTO OO0pabOTKe, KOTOpas MO3BOJSIET MOJYYUTh JOMOJHHUTEIbHBIN BBIXOJ
OMOJIOTMYECKH aKTHUBHBIX BEIIECTB. Tak, B MCCIEAOBATEIbCKOM padoTte [9] mpeacTaBiieH crocod
NPOM3BOJICTBA Yasi, 3aKIIOYAIONIMKCA B JOMOJHHUTEIBHOH (EepMEHTALUU ChIPbi, KOTOPYIO
OCYILECTBIISAIOT UMITYJIbCHBIM 3JIEKTPUUECKUM IOJIEM.
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Ha puc. | mpencraBnena cxema KiaccupuKanuy Gpuroyaes.

KyneTHEHpYEMEIE JuxopacTymue
Ofmeyxpennsonie OcHoBHEIE Koppurapyiomue
Pacrenus
OuTouail
MoHOoOCHOBHEI! | IMomMKoMIOHEHTHEIA
[Tumesoit MpodunarrHyeckmit JleueGuELi
]
YcnokanBarouiuit [IpoTuBOCKIEpOTHUECKUI [IpoTHBOMUKPOOHEII
ToHu3upyroumit [IpoTrBOoCIa3MaTHYECKUI Kenueronuslit
OO0meyKpemsomui Ycnokausaromuit OTXapKUBaIOIINNA
ITonuBUTaMUHHBIN U Jp. [TpoTHBOMUKPOOHBII Pano3zaxuBistomuii
u zip. U JIp.

Puc. 1. Knaccudukanus ¢urouaen

ITomMKOMITIOHEHTHBIE COCTAaBbI HAXOJAT Bce OOJble CTOPOHHUMKOB. Hanmpumep, u3BecteH
naTeHT Ha ¢urodaid, cocrosmuid u3 77 TpaB. OnHaKO HEOOXOOUMO OTMETHTh, YTO
MOJIMKOMITOHEHTHBIE KOMITO3UIIMH, TIOMUMO MOJIOKHUTEIbHBIX YEPT, UMEIOT U PsAJl HEJOCTATKOB:
JUINTETIbHOE BpeMsl 3aBapUBaHUs, HEPAaBHOMEPHOE paclpesesieHue BKYCOapOMAaTUYECKUX U
OMOJIOTMYECKHUX BELIECTB MO MOPLUAM MPOAYKTa (B pe3yibTaTe TPAHCIIOPTUPOBKU U XPAHEHUS).
Kpome Toro, cnumkom 0oJbIIoe KOJTUYECTBO KOMIIOHEHTOB HE IMO3BOJIIET UM B IOJIHOM Mepe
NPOSIBJIATH TOJIE3HbIE CBOWCTBA, TaK KAaK HAMpaBIEHHOE JEHCTBHE OJHOTO KOMIIOHEHTAa MOXET
HEUTpanu30BaThCA JAeicTBreM npyroro [10].

Bmecre ¢ TeM JKCIEPUMEHTAIbHO YCTAHOBIIEHO, YTO IPAKTUYECKHM HEBO3MOXKHO B
OKCTpPAKTE TMOJYYUTh TO KOJMYECTBO OKCTPAKTUBHBIX (TOJE3HBIX) BELIECTB, KOTOPOE
TEOPETUYECKH COJEPIKUTCS B MCXOAHOM ChIppe. Ilo 3TOM NpHuYMHE OYEHb LEHATCS TPaMOTHO
COCTaBJICHHbIE KOMIIO3HMIIMHM, KOTOpBHIE IO3BOJIAIOT YMEHBIIUTh HHTUOMpPOBAHUE Ipoliecca
BBICBOOOXKJICHHSI TOJIE3HBIX BELIECTB B OSKCTPAKT CONMYTCTBYIOIIMMH BeulectBamu. [lpu
pa3zpaboTke KOMMO3MLIUKA (UTOYaEB HEOOXOAMMO TPUHUMATh BO BHUMAaHHE JO3UPOBKU
JEMCTBYIOIIMX BEIIECTB PACTCHUN JJIsl TOCTHKEHHUS 3asBJICHHOTO 3 dekTa.

Ha puc. 2 npoaeMOHCTpHUpOBaHAa YacTOTa BCTPEYAEMOCTH PACTUTEIBHOTO CBIPbS B
peuentypax pUTOYAEB.
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Puc. 2. YacToTa BcTpeuaeMOCTH PaCTUTEIBHOTO CHIPhS B pelenTypax pUTovyaes

W3 puc. 2 BugHO, uTOo Haubojee YacTo B KOMIO3ULUAX (UTOYAEB BCTPEUAIOTCS
CIIEIyIOIIME PACTEHUs: IMIMIIOBHUK, MsTA, MyIIUIA, TMOMCKYC, Kaccus, 3BEpoOOM, KpamuBa U
pomaitika.

METOJIUKH SKCIIEPUMEHTOB
Memoouka KonuuecmeeHH020 onpedenenus nOAUPEeHoIbHbIX COCOUHEHUT
6 oopazyax ¢pumouaes
Jlnia uccnenoBanus ObUIM B3ATHI TpU oOpasna ¢urocbopa. [IpousBonurenu u TOpropbie
MapKU MpeJCTaBIeHbI B TAOIUIIE.

CDI/ITOC6OpLI, 06J1az[alomne MIPOTUBOBOCHTAJIUTCIIBHBIM JIeicTBHEM

olégr;fa HazBanue [IpousBogurens
1 «®Duroygait Ne 39y 00O «Cuna pocCUUCKUX TPaB»
2 «®Putocbop Ne 1» Green
3 «OnanuxoBCKUN» Green

AHaTUTHYECKYIO TIPOOY CHIPhS U3MEJIbYAIN A0 BETUYMHBI YAaCTHUIl, TPOXOISIIUX CKBO3b
CUTO ¢ OTBepcTUsIMU pazmepoM 3 MMm. [Tomemanu 1,0 T (TouHas HaBeCKa) U3MEITLYESHHOTO CHIPhS
B KOHHYECKYIO KOJIOY C MPUTEPTOM MPOOKOH W BMecTUMOCThIO 250 mil, mpubaBisiu 50 mi
50%-ro cnupra u B3BemmBaiu ¢ TouHOCThIO 0,01 1. Konly ¢ comep>XuMMbIM IPUCOEAUHSIIN K
o0OpaTHOMY XOJIOAWJILHUKY W HarpeBajiu Ha BOAsHOW Oane B TeueHue | 4. [lomydeHHoe
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M3BJICUCHHUE OXJAXKJANM JO0 KOMHATHOM TeMIlepaTypbl M B3BELIMBAIHU, MPU HEOOXOJAUMOCTH
nopoguin 50%-M COMPTOM A0 TEPBOHAYAIBHOM Macchl, (pUIBTpPOBaIM dYepe3 O0e330JbHBIM
¢mibTp, orOpackiBasg mepBeie 10 mi ¢unbTpara. B MepHylo K00y BMECTUMOCTBIO 25 M
nomemanu 0,5 ma ¢unbrparta, npudasisuin 10 M 50%-ro cnupra MOAKUCIEHHOTO, TOBOJIUIH
00beM pacTBOpa YKa3aHHBIM CHOUPTOM J0 MeTKd. PactBop cpaBHeHus — coupt 50%-it
OKUCIECHHBIN.

W3mepsimy ONTHYECKYIO IIOTHOCTh MCHBITYEMOT'O PacTBOpa Ha CHEKTPO(OTOMETpe MpH
JauHax BOJIH 279 HM u 305 HM B KIOBETE€ C TOJIIMHOM cJiog | CM OTHOCHTEIBHO pacTBOpa
CpaBHEHHUS.

Copep:xanuie cyMMbl OJIU(GEHOIBHBIX COCIMHEHUN B Iepecuere Ha (+)-KaTeXUH B CyXOM
CBIpbE B IIPOIIeHTaX (X) ycTaHaBIUBAIU IO opMyJIe
A4 -50-25-100 {
© 144-@-0,5-(100— W)’ M
rae A — onTudeckas INIOTHOCTh UCIIBITYEMOTO PacTBOPA; @ — HaBeCKa ChIphS, T; 144 — ynenbHbIi
1oKa3arenb MoriomeHus (+)-katexuHa B pactBope 50%-ro cnupra MOAKUCIEHHOTO IPU JUIMHE
BOJIHBI 279 HM; W — BIaX)HOCTb ChIpb, Y.

X

CnexkmpogomomempuuecKkuil ananu3 nOIUPEHOIbHBIX COCOUHEHUT

no 2a110601 KUc10me u manuHy

Jliig crekTpoOTOMETPUUECKOTO aHaIu3a MOMU(EHOIbHBIX COeIMHEHUN B Iepecyere Ha
TaHUH U TAUIOBYIO KUCIIOTY Opaiyin 2 T (TOYHAasi HABECKAa) U3MEJIbUEHHOTO ChIPhSI.

Jlnst mpoBeieHHs. UCCIeI0BaHMsl ObUIM TPUTOTOBJIEHBI PACTBOPBI CTAHJAPTHBIX 00pa3IoB
(PCO) ranmoBoit KUCITOTHI U TAHWHA.

Ilpucomosnenue PCO e2annosoti xuciomwsi. Oxono 0,025 r (TouHas HaBecka)
CTaHJApPTHOTO 00pa3lia KUCIOTHl TAIJIOBOM IMEPEHOCAT B MEPHYIO KOOy oObemom 50 wul,
JOBOJAT OUYMIIEHHON BOMOM 10 MeTKH, 0,5 MJI MOJIy4€eHHOrO0 pacTBOpa MEPEHOCAT B MEPHYIO
K010y Ha 25 MJI U JOBOJAT OOpaTHBIM Oy(epHBIM pacTBOPOM /10 METKU. M3MepsI0T ONTHUECKYIO
IUIOTHOCTB PacTBOpa NpH AnuHax BoyH 275+2 n 305+2 HM.

Ilpuecomosnenue PCO manuna. Oxono 0,025 r (TouHast HaBeCKa) CTaHAAPTHOTO 0Opasia
TaHUHA TEPEHOCAT B MEpHYIO KoiOy Ha 50 MJj, T0BOJSAT OUMIIEHHOW BOAOH a0 MeTkH, 0,5 M
MOJIy4EHHOTO pacTBOpa MEPEeHOCAT B MEPHYIO KOJIOy Ha 25 MII M 10BOJAT OGOpaTHBIM OydepHbIM
pacTBOpoM 10 METKH. M3MepsIoT ONTUYECKYIO MIIOTHOCTh PacTBOpa MpH JUIMHAX BOJH 27542 u
30542 uMm.

CopepxaHue TauIOBOM KHUCIOTHI M TaHWHA B NPOIEHTaX B PAcTBOpE B Iepecuere Ha
abcomoTHO cyxoe chlpe (X, W X)) YCTaHaBIMBAIOT IO CJIEAYIOIIUM (dopMyIam:

EEZA"I _ Eflx’fl"z

C:a.' = (EilEEZ _ Eiz Eéljf’ (2)
B Eilﬂf-f N Ej.‘-fﬂ.‘-l .
" (EEE EPEDL ®
v - C W, W, x 100 @
* a(100-B)V, ’
o = oo a1, ©)

rae A" — omrHueckas MIOTHOCTH HCCIIEyEMOT0 PAacTBOpa IO TaJLIOBOW KHUCIIOTE NpPHU JINHE
BOJHBI 27542 HM; A — OnTHUeCKas MIOTHOCTD HCCIJIEyEMOI0 pacTBOpa IO TAHWHY NpU JUIMHHE
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BoJIHBI 305+2 HM; a — Macca ChIpbs, I'; B — [IOTepsl B Macce MpU BBICYLIMBAHUU ChIpbS, %; Wi u
W, — 00beM MepHBIX KOJO, B3ATHIX Ul pa3BelNeHMs, MJI; V, — 00beM aIMKBOTHI W3BJICUYEHUS,
B3STOM Ha aHamu3, M1, £ — Bemmunna YZI€IBHOTO M0Ka3aTes NOrIoeHus nIpu 275+2 Hwm; E” -
BEJIMYMHA yJISJTbHOTO TTOKa3aTess rnoryionieHus npu 305+2 HM; [/ — ToJIUHA KIOBETHI, 1 cM.

PE3YJIBTATBI HCCIIE/IOBAHHUA
Konuuecmeennoe onpeodenenue noaughenonbHvlx coeOuHeHull 6 pumouanx
Ha puc. 3 npencraBieHbl MOJNy4Ye€HHbIE pacueTHbIE JaHHbBIE CIIEKTPOPOTOMETPUUECKOTO
aHamM3a BOJHBIX M CHUPTOBBIX MOJU(PEHONBHBIX M3BICUCHUN HCCIEAYeMbIX 00pa3IoB
(1ZI/ITOC60p0B, o0aarouX MPOTUBOBOCIAIUTEILHBIM U UMMYHOMOYJIUPYIOIIUM JICHCTBHEM.

30 1. CnupToBOE M3BNEYEHNe
26.568 4 duTodas «dutodait Ne 39»
2. BopgHoe u3Bneyexne
25 | 23.4957 ;

tputouas «dutovan Ne 39»
3. CnupToBOe n3BneyeHve
cutouas «dutocbop Ne 1»
20 A 4. BopHoe n3BneyeHme

cutouas «Putocbop Ne 1»
5. CnupTOBOE M3BMEYeHNe
12,756 8 cuTouas «OnanuxoBCkuiny
6. BogHoe n3Bneyenne

10,0495 chutoyas «OnanuxoBckuiny

5 13,850 0

10 A

CopepaHve NnormgeHorsHbIX CoeanHeHnin, %

O T T T T T T
1 2 3 4 5 6

Homepa o6pasuos

Puc. 3. Jluarpamma cymMmMapHOTO COAEpKaHMs MOTU(DEHOTBHBIX COSAMHEHUH,
pacCUMTaHHBIX 0 KaTEXHHY, FaJNIOBOM KHCIOTE U TAHUHY B HUCCIIEyeMbIX (puTodasx

CoracHO  TOJIYYCHHBIM  JAaHHBIM, HAWOOJbIIEe  KOJWYECTBO  MOJU(EHOIBHBIX
COCTMHEHUN COJEPKUTCS B BOAHOM u3BiIeUeHHH Qurodas «Dutouait Ne 39» (26,5 %),
HauMEHbIIIEe COJIep’KaHnue — B CIIUPTOBOM HM3BII€UEHUU 3TOro ke ¢utoyas (3,9 %). PezynbraTsl
MOKa3bIBAIOT, YTO ONTHUMAJIBHBIM CIIOCOOOM M3BJICUECHUS MOTU(PEHOIBHBIX COSTUHEHNN SBISETCS
BOJIHOE, TaK Kak IPHMEHEHHE CIUpTa B KauecTBE OSKCTpareHTa MNPUBOAMT K SKCTPaKLUU
0anmacTHBIX BEIIECTB B BHJAE O€JIKOB M  YIJIEBOAOB, YTO CYIIECTBEHHO MeEIIaeT
CHEKTPO(OMETPUYECKOMY OIpPENEICHUI0 KOJUYECTBEHHOTO COJAEpKaHMUS MOJU(EHOIbHBIX
BEIIIECTB, OCHOBaHHOMY Ha 3akoHe byrepa — JlamGepra — bepa.

AHanu3upysi pacyeTHble JaHHble, MOXHO CcJeJaTb BbIBOJ, UYTO MaKCHUMYMBI
CBETOIIOTJIONIECHHUS MPUXOAATCS Ha JUTUHY BOJMHBI 27544 HM u 30542 HM, a 5TO CBUACTEILCTBYET
0 Hanmuyuu B (UTOYAAX MONM(EHONBHBIX COCOUHEHHM THMAa THAPOJU3YEMbIX MO TaJUIOBOM
KHUCIIOT€ W HETUIPOJIM3YyEeMbIX MO TAaHWHY B NPHOJIM3UTEIHHO PaBHBIX KOJIWYecTBax. boibiie
BCEro TaHMHA COJAEPKUTCA B CIUPTOBOM H3BJieueHuu ¢utouas «Pdurtocoop Ne 1» (12,7 %), a
raJuloBOM KHUCIIOTBI — B CHOUPTOBOM u3BIedeHUM ¢utodas «OnamuxoBckuit» (10,2 %).

92



Ne 3 (27), 2025 BectHuk TBEpCKOro rocyjapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMUYECKUE TEXHOIOTHI

CnektpodoromeTpus sisieTcst 0ojiee TOYHBIM METOJIOM, OJHAKO BBIOpaHHAs METOJUKA
OIpenesieT JIMIIb yOHIbHBIC BEIIECTBAa B NIepecyeTe Ha TAaHWH M TaJUIOBYIO KHCIOTY. JlaHHBIN
METOJI YHHUKAJICH, TOCKOJIbKY MCKIIIOYAaeT MOTPEIIHOCTh B BUJIE IPUMECEH U MO3BOJISET U3Y4aTh
OTJIeNIbHBIC TyOWITbHBIC BellecTBa 0€3 UX pa3iciCHHUS.

Ha ocHoBe mpomenaHHOW pabOTBI MOXHO CHAENaTh BBIBOJ 00 aKTyaJbHOCTH
KOJIMYECTBEHHOTO  OMpPENEJICHUS]  OTICIbHBIX  OWOJIOTHYECKHM  aKTHUBHBIX  KOMITIOHEHTOB
¢$uTOCOOPOB, TAKKX KaK MOJIM(EHOIBHBIE COCTUHEHNUS.

3AK/ITIOYEHHE

3HauUMMOCTh HacTosAllell padoThl MPOJMKTOBAHA BO3paACTaloOlIed MNOTPEOHOCTHIO B
3¢ (heKTUBHBIX U 0E30MACHBIX HATYPAIBHBIX CPEACTBAX IS MPO(HIAKTUKA U BCIIOMOTAaTEIHHOU
Tepanuyu BOCHAIUTENbHBIX 3a00JIeBaHMIA, a TaKkKe HEOOXOJUMOCThIO HAy4YHOTO OOOCHOBaHUS
KauecTBa W CTaHIAapTU3alud (PUTONPOAYKIMHU. Pe3ynbrarbl HccaeAoBaHUsl TMOATBEPIKIAIOT
BXHOCTh  KOJMYECTBEHHOTO  OMNpeAeNieHUs  MONU(EHONBHOTO  COCTaBa  METOAOM
yIBTPapUOIETOBON CIEKTPOGHOTOMETPHH KAaK OJHOTO U3 KITFOUYEBBIX (PAaKTOPOB, OKA3BIBAFOIINX
BIUSHUE Ha NPOTHUBOBOCHAIMTEIBHYIO U UMMYHOMOIYIUPYIOIIYIO aKTHBHOCTh. llomydeHHble
JAHHBIC O KA4eCTBE HMCCIICIOBAHHBIX KOMMEPUYECKHX 00pa3ioB (UTOYACB MOTYT OBITH IOJIC3HBI
KaK JIJIs CIIEIMATIUCTOB B 001acTu hapmaiiii 1 MEIUIMHbI, TaK U JUIS IOTpeOuTeneil.
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RESEARCH OF OPTIMAL METHODS FOR QUANTITATIVE DETERMINATION
OF POLYPHENOL COMPOUNDS IN HERBAL BRANCHES

A.L Petrova, D.Yu. Tsvetkov, N.V. Lakina, V.Yu. Doluda, A.l. Sidorov
Tver State Technical University (Tver)

Abstract. This study quantified polyphenolic compounds in the herbal teas
"Phytotea No. 39", "Phytosbor No. 1", and "Opalikhovsky". The highest amount of polyphenolic
compounds was found in the aqueous extract of "Phytotea No. 39" (26,57 %), while the lowest
amount was found in the alcoholic extract of the same tea (3,94 %), calculated as catechin.
Spectrophotometric analysis of polyphenolic compounds calculated as gallic acid and tannin was
deemed optimal for quantifying total polyphenolic compounds.

Keywords: polyphenolic compounds, gallic acid, tanin, herbal medicine, medicinal plant,
raw materials complex.
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BJIUAHUE OPTAHUYECKHUX TOBABOK
HA CKOPOCTDb OKUCJIEHUS CYJIb®UTA HATPUSA

A.B. Cmapoeoiimos, A.U. [Tuuyeuna, B.1O. /lonyoa, A.E. Co6ones
Tsepcxotui 2ocyoapcmeenHulil mexHudeckuu ynusepcumem (2. Teeps)

© CraposoiitoB A.B., [lnuyruna A. 1.,
Honyna B.1O., Co6ones A.E., 2025

AHHoTanus. VccrnenoBaHo BIMsSHUE OpPraHMYecKUX J00aBOK HAa CKOPOCTb OKHCJICHHUS
CyIb(QUT-UOHOB KHCIOPOJOM BO3/yXa B BOAHBIX pacTBopax. OTMEYEeHO, YTO OpraHUYecKHe
N00aBKM MOTYT KaK yCKOpSATh, TaK M 3aMeIJsATh IPOLECC OKHUCIEHUS CYyJIb(pUT-MOHOB
pacTBOpeHHbIM KuciIopogoM. Iloka3aHo, 4YTO Majble KOHLEHTpPALMU CIHpPTa CIOCOOHBI
MOJIHOCTbIO TMOJABJATh PEAKLUI0 OKUCICHHUS CYJIb(UT-UOHOB PACTBOPEHHBIM KHCIOPOJOM
BO3/yXa.

KuroueBble cjioBa: cynb(pUT HaTpUsl, peakIis OKUCIEHUS, BOJHO-CIIUPTOBOI pacTBOp.

DOI: 10.46573/2658-7459-2025-3-95-100

BBEJ/IEHUE

OpHOM M3 axkTyalnbHBIX 3a7ad XHMMHUYECKOM TEXHOJOTMHM SBIIAETCS W3BICUYCHUE
0JIarOpOJHBIX METaJVIOB, B YACTHOCTH 30JI0Ta M cepedpa, M3 AJIEKTPOHHOIO JioMa WIH
IOBEIMPHBIX u3enuil. TpaauuonHble crnocoObl U3BIeUEHHs OJAarOpOIHBIX METAUIOB OCHOBAHBI
Ha UX PAaCTBOPEHHUU B BOJHBIX pPAcCTBOpaxX, KOTOPHIE COJEP’KAaT OJHOBPEMEHHO OKHCIUTENb U
KOoMILIeKcooOpa3oBarenb. [Ipyroil crmocod — 3TO 3IEKTPOJUTHUECKOE AHOIHOE OKHUCIIEHUE,
KOTOpO€ OCyUIeCTBiIseTcs ©0e3 BBEIEHUS B pacTBOp okuciautensd. [lepcrieKTUBHBIM
KOMILIEKCOOOpa3oBareneM B MpoleccaXx 3NeKTPOXMMHUYECKOTO OKUCIEHUs OJaropoJHbIX
MeTaioB  siBisieTcss  cynbdur  Harpus. [loTeHuman — cynbQUT-HOHOB B KadecTBe
KOMILIEKCOOOpa3oBareist OOyCIOBIIEH TEM, 4YTO OHH OO0pa3ylioT MPOYHBIE KOMIUIEKCHI C
OTrPaHUYEHHBIM KOJIMYECTBOM MeTaioB. Kpome Toro, cyiab(uT MOXKHO HCHOIb30BAaTh B
IEJIOYHOM cpene, B KOTOPOW MHOTHE JpPYyrue MepexoJHble METaIbl 00pa3yloT HepacTBOPUMBIE
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ruApoKcuabl. Bee 3T0 mMO3BOJISAET 0KMAATH BBICOKOW CEJIEKTMBHOCTHU IIPH W3BJICYEHUU 30J10TA
win cepebpa B pacTBOp B IPUCYTCTBUM IPYTUX METaUIOB. B TO ke BpeMs HM3BECTHO, YTO
CyIb(UT-UOHBI HEYCTOWYMBBI K JICHCTBHIO KHCIOpOAa BO3AyXa. BeposATHO, MMEHHO LIMPOKO
pacIpoCTPaHEHHOE MHEHHE O OBICTPOM OKHCICHUU KHCIOPOJOM IOCIYKUIJIO MPENATCTBUEM IS
pa3pabOTKW METOJ0OB, B paMKaX KOTOPBIX CYJIb(UT-MOHBI HCIOIB3YIOTCI B KadyecTBE
KOMIIeKcooOpasoBareneli. Kunernka u MexauusMm okuciaeHuss SO;” B BOAHBIX PacTBOpax
JIOCTaTOYHO TMOAPOOHO wu3ydeHbl B wucrtoyHmkax [1-5]. Kpome toro, B paborax [1, 2]
YIOMUHAETCSl, YTO HaJIM4uMe B BOJHOM pAacTBOpPE [JaXe CIENOBBIX KOJHMYECTB CIHPTA
CHOCOOCTBYET pE3KOMY CHIDKEHHIO CKOPOCTH OKHCICHHS CyIb(UT-HOHOB PACTBOPEHHBIM
kucinopoaoM. I1oaToMy OcHOBHas 11€1b JAHHOM PabOThl COCTOUT B MOJIyYE€HHH KOJIMYECTBEHHBIX
OLICHOK YCTOWYHMBOCTH CYJb(UTHBIX Cpell K OKHUCICHUIO B MPHUCYTCTBUHU J00ABOK PAa3IMYHBIX
OpPraHUYECKUX BEILECTB.

METO/IbI, METO/THKH U MATEPHAJIbI

DKCIIEpUMEHTHI 110 U3YYSHHIO YCTOHUMBOCTH pacTBOPOB Nap,SO3 MpOBOIMIN CIIEAYIOIIUM
o0pa3om. CBeXenpUroTOBICHHBIN BOAHBIN pacTBOp (00bemMoM 250 mit), copepkamuid cynabur
Hatpusi (C(Na,SO;)=0,1 Mmonp/1) U 100aBKY OpPraHUYECKUX BEIIECTB, MOMEIIAIM B CTAaKaH
(TmameTp OTKPBITON YacTH, Yepe3 KOTOPYIO OCYIIECTBIISIETCS KOHTAKT pacTBOpa ¢ aTMOC(epoid,
paBeH 6 cMm). B TeueHne Bcero sKcrepuMeHTa IPOBOIMIN MPOAYBKY BO3AyXa Yepe3 pacTBOP IS
HACBIIIEHUS €ro KKCIopoJoM. Kpome crienuaibHO OrOBOPEHHBIX CIIydaeB, JUIsl BCEX PAacTBOPOB
xapakTepHa ectectBeHHass pH cpenpl. Uepes 3amaHHbIE TPOMEKYTKH BPEMEHU OCYIIECTBIISLIH
ot6op mpo6. KoHueHTpamuto cyinbpura B Mpodax ONpenensyii METOA0M HOIOMETPHUUYECKOTO
TUTpPOBaHUA [6].

PE3YJIbTAThI H ObCYK/IEHHA
Cuctema «Bosa — Cyab(QUT» JOBOJBHO XOpoIIo u3yueHa. OKHUCIEHHE CylIb(QUT-HOHOB B
BOJIHBIX pAcTBOPax pAacTBOPEHHBIM KHCIOPOJOM TIIPOTEKaeT IO CBOOOIHOPAIUKATIHLHOMY
nenHomy Mexanusmy [1, 2]. Ilocme mnornomeHus cyab(UT-MOHOM KBaHTa CBETa OH
npeBpalniaercsa B cBOOOAHBIN pagukan SO; :

SOy* +hv=S0; +e. (1)
BricBOOOAMBIIIHMIICS AJIEKTPOH MOTJIONIAETCS OJJHON U3 CYyIb(PUTHBIX (HOpPM:
e + HOSO, =H + SO5~. )
[Tocne oOpa3oBanmsi CBOOOIHBIN pajvKall 3aIMyCKaET IIeTh B3aUMOICHCTBUI:
SO; + 0, =805 ; (3)
8Os + 805> =S04 + S04 ; (4)
SO, + SOs* =SS0+ +S05, (5)

a TaKk)Ke peaKIfio OOpbIBa LEMH.

WuTtepecHo, uto B paboTe [2] uccienoBaHHe KUHETUKH OKUCICHHS CYJIb()UT-HOHOB
KHCJIOPOJIOM TPOBOJWJIOCH B YCIOBUSAX IIOJHOM TEMHOTHL. [Ipm 3TOM KUHeETHUecKue
3aKOHOMEPHOCTH Majo OTIMYAJIUCh OT PEe3yNbTAaTOB, MOJYYEHHBIX MpPHU OCBEIIEHUHU. ABTOPHI
paboThI MPEAINOATratoT, YTO 3TO CBSA3aHO JHOO0 C YACTUYHOM 3aCBETKOW Ha ATare MPUrOTOBICHHS
pacTBOPOB M 3HAYUTEIBHBIM BpPEMEHEM KHU3HU paJUKaIoOB (0T MOMEHTa MPUTOTOBJICHUS
pacTBOPOB /0 Hayaja d3KclepuMeHTa mpouuio nopsiaka 30 mMuH), 1MO0 ¢ MHBIM CIIOCOOOM
VUHULHAALIH.

B pa6ore [1] coobmaercsi, 4TO CIUPTHI MOTJIOUIAIOT CBET B TOM ke 00JIacTH M3IIy4eHHS,
KOTOpOe TpeOyeTcst I WHHUIHAIMU IIEMHOW peakiuu. TakuM o0pa3oM, MpH OINpeAeICHHON
KOHIIGHTPalMN coupTa (WM ApYruxX BEIIECTB, OOJIAAAIONMX AaHAJOTMYHBIMH CBOMCTBAMM)

96



Ne 3 (27), 2025 BectHuk TBEpCKOro rocyjapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMUYECKUE TEXHOIOTHI

BO3MO)XHO IIOJTHOE IOIJIOUIEHHE HMHULMUPYIOUIEH YacTH CIIEKTpa M, CJIEA0BATENbHO, MOJIHOE
M0JIaBJICHHUE MPOIIecca OKUCICHUS CYIb(UT-HOHOB PACTBOPEHHBIM KHUCIOPOIOM.

Ha puc. 1 nmpencraBieHbl 3aBUCUMOCTH — KOHIIGHTPALIMU  CYJIb(UT-HOHOB  OT
MPOJOKUTEILHOCTH MPOJYBKA BO3AYXOM CYJIb(UTHOTO pacTBOpa B NPUCYTCTBHM J00aBOK
Pa3IMYHBIX OPraHUYECKUX COCIMHEHUM U npu paimuHoi pH cpensl. HayanbHas KOHLEHTpanus
Na,SO; nmns Bcex pactBopoB paBHa 0,1 MoJIb/JI, KOHIIEHTpaIs 100aBOK BO BCEX pacTBOpax —
0,2 MoJb/11.

0,12

0,1

0,08

0,06

0.04 M

0,02 -

O L] L] L] L] L]
0 1 2 3 4 5

KoHueHTpauua cynbdut-noHos, Vi

Bpemsa, u

Puc. 1. 3aBUCHMOCTH OCTAaTOYHOM KOHIIEHTPALIUHU CYJIb()UT-HOHOB
B PAacTBOPE OT MPOJIOKUTENILHOCTH TPOBEICHHS SKCIIEPUMEHTA!
1 — 6e3 no6aBok npu pH = 7; 2 — 6e3 nodaBok npu pH = 10; 3 — ¢ arieratom HaTpus;
4 — ¢ areToHOM; 5 — C 3TaHOJIOM; 6 — C U30TPOIMAHOJIOM;
7 — ¢ 6yranonom-1; 8 — ¢ ruLEepUHOM

Kpusle 1 u 2 (cm. puc. 1) moka3pIBalOT CKOPOCTb OKHCIEHHS CyJIb(UT-MOHOB B
pactBopax 0e3 100aBoK. BuaHo, 4TO Hayano 3TUX KPUBBIX JIEKUT 3HAYUTENBHO HIKE HAaYalIbHOM
KoHIeHTpauuu 0,1 MOnb/I. DTO CBS3aHO C YAaCTHUUHBIM OKHCIEHHEM Cylb(puTa YK€ Ha JTare
MIPUTOTOBJIEHUS pacTBOPoB. HekoTopoe pacxokieHne B CKOPOCTH OKUCIICHUS (HAKJIOHE KPUBBIX )
U3-3a pasauuuid B BenuuyuHax pH pacTBOpoB coryacyercs € JUTEPATypHBIMH JIaHHBIMH.
3aBUCHUMOCTh CKOPOCTH OKHUCJIEHMsI CylIbQUT-MOHOB OT pH mnpoxoautr uepe3 MakcuMyMm B
obnactu pH = 6-8 [5].

JloGaBka arerata HaTpusi (KpuBas 3) HE BIHAET HA CKOPOCTh OKHCIEHHUS CYJIb(UTa.
JlobaBnenue areroHa (kpuBas 4) pPE3KO YBEIMYMBACT CKOPOCTh OKUCIEHHMS Ha J3Tame
MIPUTOTOBJIEHUS PacTBOpOB. OJIHAKO B JAJBHEHIIEM HAKJIOH KPUBOM Majao OTIMYAETCS OT
HAKJIOHOB KPUBBIX 0€3 100aBKH.

Bce cynbduTtHBIE pacTBOpHI ¢ J00aBICHUEM CIIUPTOB (KpHUBBIE 5—8) MOKa3alu MOXO0XKHE
pe3ynbratel. JloOaBiaeHue JIOOBIX CIHUPTOB IOBBIIIAET CTOHKOCTH CYIb(UTHBIX PACTBOPOB K
okucieHuto. EcrtectBenHbli pH cpeapl s BCeX CHHUPTOBBIX PACTBOPOB HAXOAWICA B
uHrtepBaiue 7,5-8,5.

97



Ne 3 (27), 2025 BectHuk TBEpCKOro rocyjapcTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA

Cepust «CTpOUTENBCTBO. DIEKTPOTEXHUKA U XUMUYECKUE TEXHOIOTHI

Ha puc. 2 mnpencraBieHa 3aBUCUMOCTh CKOPOCTH OKHCICHHUS CYJIb(QHUT-HOHOB OT
KOHIIEHTpAuU crupTa B pacTBope. CKOPOCTh OKHCIEHUS IO CBOEH CYyTH XapaKTepU3yeT CTEIEHb
HAKJIOHA KPUBOU OKHCIICHUS CYITh(UTHOTO pacTBopa (MIPUMEPhI TAKMX KPUBBIX C HAKIIOHOM OBLTH
npecTaBieHsl Ha puc. 1). Jlns uccneaoBanus ObL1 BEIOpaH U30MponuiioBsid cniupT. Kpusas, Ha
puC. 2 XapaKTepu3yeTcs MepernOOM MPH KOHIICHTPAIMH HW30MPOIMUIOBOTO CIHUPTA, PAaBHOMN
0,01 M. Jlna CcHM)KEHHS CKOPOCTH OKHCJIEHHUs cyibputa Hatpus B 10 pa3 OTHOCHTEIBHO
pactBopa 6e3 100aBoK moTpedyercst KoHIeHTpanus ciupra, paBHas 0,03 M. [Ipu koHIIeHTparun
uzonponanona 6onee 0,2 M kpuBas mepecekaeT OCb KOHIIGHTpAMi U CKOPOCTh OKHCIICHUS
CTaHOBHTCS MOJIOKHUTEIHHOW. DTO 03HAYAET, UTO €CIIM OKUCICHHE CYJIb(PUTA HATPHS TIPOBOIUTCS
pu KOHIEHTpanusax crupTa Beime 0,2 M, To konueHntpaius Na,SOs B pacTBope He yObIBaeT, a
Bo3pactaer. OOBSICHEHHE 3aKJIIOYaeTCs B TOM, YTO PACTBOPUTENh HCIApsSeTcss ObICTpee, 4em
OKHUCIISIETCS CyNb(UT HATPUSL.
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KonnenTpanms nusornpomuiosoro crmpra, M

Puc. 2. 3aBUCUMOCTBH CKOPOCTU OKUCIIEHUS CYJIb()UT-HOHOB
OT KOHLIEHTPALUU CIIUPTA

3AK/TIOYEHHUE
Iloxazana IMpUHIUIIHAJIbHAasA BO3MOXXHOCTE IMOBBIIICHHA yCTOI\/II'-II/IBOCTI/I Cy.]'H)(bI/ITHI)IX
pPacTBOPOB K OKHUCIICHHUIO pACTBOPCHHBIM KUCJIOPOAOM BO3AYyXa 3a CUCT )1063.BHCHI/IH HE0O0JIBIIOTO
KOJIN4YCCTBA CIHpTa. OTO MOXET OBIThb HCHOJB30BAHO AJId YIYUYIICHUA  TEXHOJIOTMHU
SJICKTPOXUMHNYCCKOT'O H3BJICUCHUA 6J'Ial"0p0I[HLIX MCTAJJIOB M3 J3JICKTPOHHOI'O JIOMa WKW IJIA
COBCPHICHCTBOBAHUA TCXHOJIOTHU HAHCCCHUS 6J'IaFOpOJIHI)IX MCETAIJIOB Ha MCETANIIMYCCKUC
IMMOBCPXHOCTH.
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EFFECT OF ORGANIC ADDITIVES
ON THE OXIDATION RATE OF SODIUM SULFITE

A. V. Starovoytov, A.1. Pichugina, V.Yu. Doluda, A.E. Sobolev
Tver State Technical University (Tver)

Abstract. The effect of organic additives on the rate of sulfite ion oxidation in aqueous
solutions by atmospheric oxygen was studied. It was noted that organic additives can both
accelerate and slow down the oxidation of sulfite ions by dissolved oxygen. It was shown that
low concentrations of alcohol can completely suppress the oxidation of sulfite ions by dissolved
oxygen.

Keywords: sodium sulfite, oxidation reaction, aqueous-alcoholic solution.
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